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MO PAU

1. Pit van dé

Trong nhitng nam gan day, vai trd ctia hé vi sinh vat duong rudt déi véi stc khoe
con nguoi ngay cang duoc quan tam, dac biét trong viéc duy tri chirc nang tiéu hoa va
chuyén héa binh thudng cua co thé. Nhiéu nghién ctru da ching minh rang sy mat can
bang hé vi sinh ¢d lién quan mat thiét dén cac rdi loan trao d6i chat va suy giam chuc
nang duong rudt. Do do, viéc tim kiém céc hop chat cd ngudn gbc tu nhién ¢ kha nang
diéu hoa hé vi sinh duong rudt, dac biét 1a cac hoat chat prebiotic, dang trd thanh xu
huéng nghién ciru va ang dung quan trong trong linh vuc cong nghé thuc pham va cong
ngh¢ sinh hoc.

Prebiotic dong vai tro 1a ngudn co chat chon loc thuc day sy sinh truéng cia cac
loi khuan (probiotic), tir d6 gop phan thiét 1ap va duy tri sy can bang cua hé vi sinh vat
duong rudt. Bén canh do, ciu trac dic thi cia mot sb prebiotic con c6 kha ning can tro
su bam dinh cua cac vi sinh vat gay hai. Bac biét, qua trinh 1én men prebiotic boi loi
khuan tai rudt gia s& san sinh ra cac acid béo chudi ngan (SCFAs). Cac SCFAs nay la
ngudn ning luong chi yéu gitp duy tri hoat dong cua té bao biéu mé dai trang, déng
thoi gop phan 1am giam pH moi truong rudt, tir d6 Gc ché sy phat trién caa vi khuan tap
nhiém va hd trg qua trinh hap thu khoang chat [1].

Trong linh vuc nghién ciu va (ng dung prebiotic, cac hop chat c6 ngudn goc thyuc
vat nhu Fructo-oligosaccharides (FOS/inulin) va Galacto-oligosaccharides (GOS) hién
dang chiém uu thé chi dao. Xuét phét tir nhitng loi ich sic khoe thiét yéu ma prebiotic
mang lai, cac nd lyc nghién cau hién nay dang tap trung khai pha nhitng nguon nguyén
liéu méi 6 hiéu suat cao va tinh an toan sinh hoc dam bao. Trong bdi canh d6, nAm noi
1én nhu mot d6i twong tiém nang nhd thanh phan cau tao giau carbohydrate khong tiéu
hoa duoc nhu chitin, hemicellulose, - va a-glucans, mannan, xylan va galactan [2]. Cac
polysaccharide nay, ciing véi cac duong chudi ngan (glucose, galactose, fructose va N-
acetylglucosamine), dong vai tro 1a chat nén dac hiéu kich thich sy tang truéng cua hé
vi sinh vat c6 loi, dic biét 1a Bifidobacteria va Lactobacillus [3]. Vé mit hoat tinh, bén
canh céc tac dung dugc 1y kinh dién, cac nghién ctru gan day bat dau hé 16 tiém ning to
I6n ctia nim duoc liéu trong vai tro 1a prebiotic — ngudn thirc dn chon loc cho hé vi sinh
vat duong rudt [1]. Polysaccharide tir nAm an va nAm duoc liéu nhu Cordyceps militaris



va Trametes versicolor s¢ hiru ciu tric bén viing, khdng bi tiéu hda & da day va c6 kha
nang kich thich chon loc cac loi khuan nhu Lactobacillus va Bifidobacterium rat hiéu
qua [4,5]. C. militaris tir 1au da noi tiéng trong y hoc co truyén véi kha nang ting cuong
sinh luc, hd trg chirc ning phoi va diéu hoa mién dich [6,7]. Trong khi do, T. versicolor
dugc biét dén nhu mot ngudn cua B-glucan va cac phac hop polysaccharide-peptide
(nhu PSP, PSK), dd dugc wng dung rong réi trong hd tro diéu trj ung thu va kich thich
mién dich [8,9]. Tuy nhién, thyuc té cho thay viéc khai thac va st dung hai loai nam nay
hién nay chii yéu van tap trung vao qua thé. Phuong phap nudi trdng qua thé truyén
thdng trén co chat ran thudng tén nhiéu thoi gian, phu thudc vao yéu td thoi tiét, kho
kiém soat chat lugng d6ng nhat va chi phi san xuat cao, gy tré ngai cho viéc ang dung
dai tra trong cong nghiép [10,11]. Trudc thach thirc d6, viéc trng dung céng nghé nudi
cay chim (SmF) dé san xuat sinh khdi hé soi nAm dang trd thanh mot xu hudng nghién
ctru m&i. So véi nudi trong qua thé hay 1&n men rin (SSF), SmF cho phép rit ngan dang
ké thoi gian sinh truong, dé dang kiém soét cac thdng s6 moéi trudng nhu pH, nhiét do,
oxy hoa tan va thuan loi cho viéc mé rong quy mé cong nghiép dé thu nhan sinh khoi
hitu co soi nam. Quan trong hon, nhiéu nghién ciru da chitng minh hé soi nam nudi cay
dich thé khong chi ¢6 nang suét sinh khéi cao ma con tich lily cac polysaccharide véi
hoat tinh sinh hoc dic trung. Cu thé, Kim va cs. (2003) di ching minh viéc ti uu hoa
diéu kién nudi cay long gidp C. militaris dat nang suat sinh khdi va exo-polysaccharide
rat cao [12]. Tiép ndi hudng di nay Shih va cs. (2007) da lam rd vai tro cia viéc kiém
soat cac thong sé van hanh trong hé théng bioreactor, cho thay su tuong tac gitra nguon
nitrogen va téc d6 khudy tron 1a chia khoa dé duy tri sy 6n dinh cta ham luong
cordycepin trong san xuat quy md Ién [13].

Tuy nhién, da s6 cac nghién ciru hién nay méi chi dirng lai ¢ viéc tach chiét hoat
chat tir qua thé va mot sb hoat tinh sinh hoc cua sei nam trong khi tiém ning prebiotic
cua sinh khéi hé soi ndm nuéi cay dich thé van 1a mot huéng nghién ciu 16n chua duoc
khai pha twong xtng. Xuat phat tir thuc tién va cac luan diém khoa hoc néu trén, dé tai
“Thu nhén, danh gia hoat tinh prebiotic caa polysaccharide tir sgi nAm (Cordyceps
militaris, Trametes versicolor) va bwéc dau wng dung sinh khéi trong ché bién thuc
pham bé sung” duogc thuc hién. Pé tai khong chi huéng dén viéc 1am chi cong nghé
san xuat sinh khéi nam chét luong cao bang phuong phap 1én men dich thé, ma con cung
cap nhirng dan liéu khoa hoc maéi vé hoat tinh prebiotic cua hé soi nim, tao tién dé phat



trién cac san pham thuc pham chire ning thé hé méi chu dong ngudn nguyén liéu, hiéu
qua cao va bén viing.
2. Muc tiéu nghién cwu

2.1. Muc tiéu tong quat

Xéc lap co s khoa hoc vé diéu kién nudi ciy, dic diém hinh thai va hoat tinh sinh
hoc (khang oxi hoa, prebiotic) cua cac phan doan polysaccharide tir hé soi nam
Cordyceps militaris va Trametes versicolor; tir 46 danh gia kha ning wng dung sinh khdi
nim trong ché bién san pham thuc pham bé sung dang nudc udng 18n men giau hoat
tinh sinh hoc.

2.2. Muc tiéu cu thé

- T6i wu hoa diéu kién nudi cy dich thé soi nAm nham thu nhan téi da hiéu suat
sinh khéi va ham luong polysaccharide cao nhat tir hai chang nim Cordyceps militaris
va Trametes versicolor.

- Panh gia, so sanh hiéu suat thu nhan, dic diém hinh théi va cac hoat tinh sinh
hoc invitro (prebiotic va khang oxi h6a) cua cac phan doan polysaccharide duoc chiét
Xuat tuan ty bang nudc nong (HWE), kiém (AE) va acid (AEC).

- Panh gia tiém nang sir dung sinh khdi hé soi ndm trong ché bién nudc nam bao
ngu 1én men lactic gidu probiotic va c6 cac hoat tinh sinh hoc hd tro sic khoe nhu khang
oxi hoa va khang khuan.

3. Pdi twong, pham vi nghién cieu

3.1. Péi twrong nghién creu

Soi nam: bao gom 2 ching Cordyceps militaris va Trametes versicolor

3.2. Phgm vi nghién cizu

Noi dung nghién ctru cua luan an duoc gidi han trong cac pham vi sau:

- Téi vu céac diéu kién pH, ham luong glucose va cao nim men trong qué trinh
Ién men thu sinh khéi va polysaccharide.

- Chiét xuat, danh gia kha nang trung hoa gdc tu do ABTS, tiém ning prebiotic
in vitro cua 3 loai PS khéc nhau chiét bang nuéc nong (HWE), chiét kiém (AE) va chiét
acid (AEc) tir 2 chung ndm Cordyceps militaris va Trametes versicolor théng qua céc
danh gia in vitro.
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- Ung dung sgi nAm van chi phat trién san pham nuéc udng 1én men lactic tir ndm

bao ngu.

- Céc hé vi sinh vat sir dung danh gia hoat tinh prebiotic bao gom: Cac chang lgi
khuan Lactiplantibacillus plantarum WCFS1, Lactiplantibacillus casei — 01,
Bifidobacterium animalis YC381, Lactiplantibacillus pentosus NH1, Pediococcus
acidilactici NBD8 va Céc chung hai khuan Escherichia coli ATCC 25922 va
Staphylococcus aureus ATCC 25923.

- Qua thé nAm Bao ngu tim (Pleurotus ostreatus) thu mua tai trai nAm Quynh Tam-

Hoa Phong — Hoa Vang — Thanh phé Pa Néng dé ché bién nuéc nAm bao ngu 1én men.
- Céc thi nghiém duoc tién hanh tai cac phong thi nghiém cia Khoa Sinh — Néng
nghiép — Méi truong, Truong Pai hoc Su pham — Pai hoc Pa Nang va Khoa Hoa,
Trudng Pai hoc Bach khoa - Pai hoc Pa Nang.
- Thoi gian thuc hién: tir ndm 2021 dén nam 2025.

4. Phwong phap nghién ctiru

4.1. Phwong phdp nghién ciru Iy thuyét

Tim kiém va thu thap c4c tai liéu, tu liéu, séch bao, cling cac cong trinh nghién ciu
lién quan dén nudi ciy, toi vu diéu kién nudi cay hé sgi nam, nghién ctiu tach chiét phan
doan PS noi chung tir cac nguon thuc vat ciing nhu tir soi nam, cac nghién ciru danh gia
hoat tinh khang oxi hoa va prebiotic cua PS, céc loai prebiotic khac va cac nghién cuu
ché bién san pham 1&én men... tir nguon tai liéu trong nuéc va qudc té.

4.2. Phwong phdp nghién ciru thuc nghiém
- T6i vu diéu kién nudi cy thu sinh khéi tir soi nAm giau Polysaccharide
+ Phuong phap thuc nghiém co dién (OFAT)
+ Phuong phap bé mat dap tng (RSM)
- T4ch chiét tuan ty va danh gia hinh thai, hoat tinh khang oxi héa, prebiotic cua céc
chiét xuat PS
- Ung dung hé soi nAm ché bién san pham thuc pham b sung

- Thu thap va xt Iy s6 liéu



5. Y nghia

5.1. Y nghia khoa hoc

- Luan &n cung cap bo dir liéu khoa hoc day du va c6 hé thdng vé anh huong cua
cac yéu té dinh dudng (C, N) va méi truong (pH) dén sinh khdi va su tich liy
polysaccharide cua hé sgi nAm Cordyceps militaris va Trametes versicolor trong diéu
kién nudi cay chim.

- Luén 4n di sau phan tich, so sanh cac phan doan polysaccharide duoc chiét xuat
tuan tu (nudc, kiém, acid). Viéc xac 1ap su khac biét vé hoat tinh khang oxy hoa va dic
tinh prebiotic cua timg phan doan d6i véi cac chung lgi khuan khac nhau d3 mang lai
mét goc nhin mai mang tinh hé théng. Pay 1a co s khoa hoc gitip dinh hudng lua chon
tac nhan chiét tach phi hop nham téi wu hoa hoat tinh sinh hoc mong muén, thay vi chi

tap trung vao phuong phap chiét nudc ndng truyén thong.

- Két qua nghién ctru cung cap cac bang chung dinh luong cu thé vé kha ning
khang tiéu hoa (khang o-amylase), chi sé prebiotic (PI) va dic biét 1a lwong acid béo
chudi ngan (SCFAs - Acetate, Propionate, Butyrate) duoc san sinh tir PS nim do céc
chung loi khuan dic hiéu (L. plantarum, L. casei, B. animalis, L. pentosus, P.
acidilactici) 1én men. Piéu nay gop phan cang ¢ co so Iy luan cho viéc sir dung soi

nam duoc lidu nhu mot ngudn prebiotic.

- Cung cap nén tang khoa hoc cho cac nghién ciru sau hon vé dac tinh phan ti, cau
trdc hda hoc va twong tac sinh hoc cua PS d6i véi hé sinh thai dudng rudt cling nhu viéc
tim kiém phat hién cac phan tir PS mai tir soi nam.

5.2. Y nghia thuc tién

- Thiét lap dugc cac diéu kién tdi wu cho quy trinh nudi ciy dich thé nam C.
militaris va T. versicolor dé dat hiéu suat sinh khéi va ham luong polysaccharide cao.
Day 1a giai phap dé tao ra ngudn sinh khéi hitu co, gitp cha dong ngudn nguyén liéu on
dinh cho cong nghiép thuc pham va dugc pham, dong thoi nudi cay dich thé ciing 1a
phuong thic nhan giéng nhanh, ning cao ning suat hiéu qua nudi trong nam, hién dai

hoa cdng nghé nudi trong nam.

- Pa dang hoa san pham thuc pham tir nam: Két qua nghién ciu tng dung da tao
ra san pham "Nu6c nim Bao ngu 1én men b6 sung hé soi nam Trametes versicolor” voi
chat luong cam quan tét, dam bao an toan vé sinh thuc pham va sé hitu hoat tinh sinh
hoc (khang khuan, prebiotic) da duoc kiém chimg. DPay 1a mé hinh san pham thuc té,



kha nang @ng dung ban dau trong thuc pham b sung, dap tng xu huéng tiéu ding thuc
pham xanh va hd trg stc khoe duong ruot.
6. B6 cuc caa luan an

Luan &n gdm 136 trang (khdng ké phan phu luc va TLTK), két ciu bao gdm: Mg
dau c6 5 trang trinh bay tinh cap thiét, muc tiéu, noi dung, phuwong phap nghién ctu, ¥ nghia
khoa hoc, ¥ nghia thyc tién cua luan an.

Noi dung chinh gdm 3 chuong:
Chuong 1: Téng quan van dé nghién cau gdbm 39 trang;
Chuong 2: Vt liéu va phuong phap nghién ctru, gdm c6 23 trang;
Chuong 3: Két qua nghién ctru va thao luan gom c6 61 trang;

Phan két luan va kién nghi gom 4 trang; Danh muc cac cong trinh nghién ctru da
cong bé 2 trang. Ngoai ra, phan tai liéu tham khao gém 22 trang. Trong luan an tong
cong c6 24 bang, 28 hinh vé va d6 thi. C6 221 tai liéu tham khao gom tiéng Anh va tiéng
Viét 1a cac bai bao dugc cdng b trong tap chi khoa hoc va sach.



CHUONG 1. TONG QUAN TAI LIEU

1.1. Giéi thiéu vé nam Cordyceps militaris va Trametes versicolor

1.1.1. Piic diém phan logi va gia tri truyén thang

C. militaris 1a mot loai nim ky sinh c¢6n tring thudéc nganh Ascomycota, 16p
Sordariomycetes, ho Cordycipitaceae. Tir 1au, nAm di duoc sir dung trong y hoc ¢6
truyén Trung Hoa (dudi tén goi “dong trung ha thao”) dé hd tro diéu tri cac bénh vé
than, phoi, gan, sinh Iy nam va nhiéu loai ung thu khic nhau, ciing nhu ting cuong ning
lwgng va stc khoe tong thé [14]. So vai loai ho hang la Cordyceps sinensis, C. militaris
duoc ua chudng hon trong san xuat cdng nghiép do kha ning nuéi trong dé dang, thoi
gian phat trién ngan va kha nang tong hop cordycepin véi nang suat cao hon [15,16].

Hinh 1.1. Qua thé nam C. militaris
(Anh: Nguyén Thi Bich Hang, 2022)

Nguoc lai, T. versicolor 1a mot loai nAam muc gé thudc nganh Basidiomycota, ho
Polyporaceae, thuong moc trén than ciy gd muc. Trong y hoc phuong Pong, no duoc
biét dén vai tén goi “Van chi”, dung trong tra hodc chiét xuat lam thudc bo, dac biét
trong diéu tri ung thu tai Trung Quéc va Nhat Ban [17,18]. Véi hinh dang giéng dudi
ga tiy dic trung, T. versicolor ciing dé nhan dién va khai thac trong tu nhién.



Hinh 1.2. Qua thé nam T. versicolor

(Anh: Nguyén Thi Bich Hang, 2022)

1.1.2. Cac hgp chdt hoat tinh sinh hec chinh ciia Cordyceps militaris

Trong nhitng thap ky gan day C. militaris da thu hat sy chu ¥ dang ké trong gisi
khoa hoc va nganh céng nghiép duoc pham nho chira cac hop chat ¢é hoat tinh sinh hoc

phong phd véi tiém nang tng dung trong y hoc co truyén va hién dai. Nam nay ndi bat

khong chi nho kha ning tang cuong hé mién dich, khang oxi hda va chéng ung thu ma

con nhd kha nang hd tro didu hoa chuyén héa nang lwong va hé vi sinh vat duong ruot

[19].
Bang 1.1. Cac hep chat chinh cia nam C. militaris
] Pic diém Hoattinh | ¢ h&tscdong | TLT
Hop chat % sinh hoc noi .
cau tao A chinh K
: bat
- Can thi¢p vao qua
trinh tong hop
... | Tuwong tu | -Chdngung RNA.

_Cordycepln ® adenosine thu - Biéu hoa cac con

Jeoxvadenosin nhung thiéu - Khéang viém duong tin hiéu [19,20]

) y nhom -OH ¢ -Khang virus PI3K/Akt va

vitri 3'. va vi khuan MAPK. ’

- Uc ché nhan t6
phién ma NF-«xB.




) Pic diém Hoat tinh Coché ticdpng | TLT
Hop chat % sinh hoc noi .
cau tao n chinh K
bat
- Kich thich dai
thuc bao, té bép
‘ - Tang cuong NK, san  xuat
Bao gom ca mien dich cytokine.
homopolysa - Prebiotic - Ho trg sy phat
Polysaccharide ccharide (- - Khang oxi tricn cua loi khuan [21]
(PS) glucan) va héa duong ruot. [22]
heteropolysa - bieu hoa - Quét goc tu do,
ccharide. duong huyét tang  hoat  tinh
va lipid mau enzyme khéang oxi
hoa noi sinh (SOD,
CAT).
- Piéu hoa tim
mach  (nhip
tim, gian - Téc dong Ién cac
Adenosine, mach) thu thé purinergic
Adenosine va uridine, -Qhéng Viém, trong co theé. [21]
Nucleoside guanosine, chong mét - Hiép dong tac
inosine. moi dung Voi
- Cai  thién cordycepin.
giac ngu va
nhan thuc
- Khing oxi - Tao ra cac loai oxj
Ergosterol héa va ché phan tng (ROS) d¢
U x 6a va chong o L s
va Ccac dan . cam tng qua trinh
4 _— viem . e A
5 xuat oxi hoa £ apoptosis (chéet te
Sterol va ) . .. | - Chong ung X
cia nod (vi bao theo chuong [20]
Ergosterol _ thu N
du. X s A e trlnh).
- La tién chat , X z
ergosterol ) s - Uc ché su hap thu
: cua vitamin o
peroxide). D2 cholesterol tai rudt
non.
. , - Khang oxi | -Bao vé tébao khoi
Céc acid . 2 X
z . hoa manh ton thuong do goc
Hop chat phenolic X S A
: . : - Chong viém tu do ogay ra
phenolic  va | (caffeic, N « X X . [22,23]
) . s va chong lao - biéu hoa cac
flavonoid ferulic) va . PR
i hoa enzyme chuyeén hoa
flavonoid.

- Bao vé gan

xenobiotic.
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T6m lai, ndm Cordyceps militaris 1a nguon duogc liéu quy véi phd hop chit hoat
tinh sinh hoc da dang va nhiéu tiém nang tng dung trong y hoc hién dai va thuc pham
chirc ning. Cac nhom hop chat chinh gdm cordycepin, polysaccharide, adenosine, sterol
va polyphenol déu da dugc chirng minh ¢6 nhiéu hoat tinh sinh hoc néi bat nhu chdng
ung thu, ting cuong mién dich, Khang oxi héa, diéu hoa chuyén hda va hé tro sirc khoe
duong rudt. Tuy nhién, dé ¢ng dung rong réi, can ¢ thém cac nghién ctu 1am sang
va toi uu quy trinh chiét tach, nubi cdy nham dam bao hiéu qua va do an toan cho
nguoi su dung.

1.1.3. Cac hgp chdt hogt tinh sinh hec chinh ciia Trametes versicolor

T. versicolor ndi bat vai hai hop chét polysaccharide gin protein c6 hoat tinh manh
la PSK (polysaccharide-K, hay con goi la Krestin) va PSP (polysaccharide peptide). Ca
hai déu c6 kha nang kich hoat mién dich manh mg, ting san xuat cytokine (IL-2, TNF-
o, IFN-y), thiic ddy hoat dong cua té bao T, té bao sat ty nhién (NK) va dai thuc bao. Tai
Nhat Ban, PSK dd dugc cap phép sir dung nhu mot tdc nhan hd trg diéu tri ung thu
duong tiéu hoa, vd, phoi va gan trong liéu phap két hop véi hoa tri [8,17].

Bang 1.2. C4c hep chat chinh ciia nam T. versicolor

. ax % Hoat tinh Co ché tac dong
£ Dac diém cau . Z: N TL
Hop chat sinh hoc noi va wng dung
tao A\ ; TK
: bat chinh
- Kich hoat té bao
T, té bao NK; tang
- H3 tro didu san Xxuat IL-2,
triung the(Pa | TN :
PSK Glycoprotein rung . - Ung dung: Két
: dugc cap phep oz : [17]
(Polysaccha (Polysaccharide A X hop voi hoa tri,
. A 7% . lam sang) S nt s [24]
ride-K) lién ket protein) A : kéo dai thoi gian
- biéu hoa X A
mizn dich song cho bénh
: nhan ung thu da
day, dai trang,
phoi, gan.
s . - Uc ché NF-xB,
. - biéu hoa . , .
PSP Polysaccharide X ) giam cac cytokine
A2 K : mien dich U [25]
(Polysaccha lien ket peptide , . tien viém TNF-a,
. . - Khéng oxi [26]
ride (ham lugng , IL-6.
: : hoa : I [27]
Peptide) peptide cao) . . - Uc ché virus
- Khang virus, a Co
viém gan B va vi
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Lz s Hoat tinh Co ché tac dong
£ Dac diém cau . Z: 3 TL
Hop chat : sinh hoc noi va wng dung
tao N 7 TK
: bat chinh
khang khuan | khuan Staphyloco
- Chong viém ccus aureus.
- Cai thién thoi
gian song cua
bénh nhén ung
thu.
- Hoat hoa dal
thuc bao va té bao
lympho.
- H6 tro hé vi sinh
Polysacchar B-glucan  (cac - Tang cuong duong rudt, lam
ide (B- | lién két B-1—3 | mién dich | tang cic acid béo | [28]
glucan) va -1—6) - Prebiotic chudi ngan
(SCFAs) nhu
acetate,
propionate,
butyrate.
- Quét goc tu do,
Gallic acid, - Khang oxi che_lat hoa ion kim
Hop chat | caffeic acid hoa ~ manh ) loal, C
NI : . - Chong viem | - Uc ché céac [29]
phenolic & ferulic acid, A R
flavonoid quercetin - Bao vé gan, | enzyme gay viem | [30]
Kaem fer’ol giam lipid COX-2va5-LOX,
P mau giam PGE2 va
LTBA4.
- Cam wng qué
- Chéng ung tnrgh aApop§05|s (tur
. . chét t¢ bao) qua
Triterpenoid thu . 2
) ] con duong ty the,
. (Trametenolic - Khang . X
Terpenoid . 2 . uc che [31]
acid), Ergosterol, khuan, khang
& Sterol : proteasome. [32]
Ergosterol virus X sl
) A . - biéu hoa céc gen
peroxide - bicu hoa n X
x lién quan dén
mien dich .
apoptosis nhu Bax
va Bcl-2.
Enzyme Laccase, - Phan huy - Phan huy lignin,
(Laccase, Manganese sinh hoc thuoc trur sau, chat [33]
Peroxidase) Peroxidase - Khu doc mau cdng nghiép.
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Lz s Hoat tinh Co ché tac dong
£ Paic diém cau . Z 3 TL
Hop chat : sinh hoc noi va wng dung
tao n 7 TK
: bat chinh
(MnP),  Lignin | - Hb trg chiét | - Pha v& cu tric
Peroxidase (LiP) Xuat mdi trudng nuoi
cay, tao dicu kién
thu@n loi cho vié’c
chiét Xuat
polysaccharide.
- Cam g cac gen
- Khang oxi chong ung thu
. . , . (Nrf2, HO-1).
Cac hop Quinone, hoa, khang x , -
£ \ . - - Ho tro stra chira
chat nho Aldehyde, Acid viém NS [34]
, - o A DNA va tang
khac hiru co - Hi¢p dong A .
TN cuong hoat tinh
bao vé te bao . ,
cua Cac enzyme
giai doc.

C6 thé néi rang nam T. versicolor 1a mot kho tang hop chat hoat tinh sinh hoc c6
gia tri cao véi cac (ing dung tiém ning trong y hoc, thuc pham chirc ning va cong nghé
sinh hoc. Cac nhém hop chat chinh bao gom PS (PSK, PSP), phenolic, flavonoid,
terpenoid, sterol va enzyme oxi hoa da duoc ching minh cé hoat tinh chong ung thu,
diéu hoa mién dich, khang oxi hda, khang khuan va hd tro hé vi sinh dudng ruét.

Nhin chung, C. militaris va T. versicolor déu la nhitng loai nam dugc liéu quan
trong, thé hién tiém ning dugc 1y da dang thdng qua cac hop chat hoat tinh sinh hoc
phong phd. C. militaris noi bat véi cordycepin va polysaccharide cé hoat tinh chdng ung
thu, khang viém va hd trg chuyén hoa, trong khi T. versicolor dugc ching minh hiéu
qua 1am sang rd rét thong qua PSK va PSP. Ca hai loai déu 1a ang ctr vién sang gia cho
nghién ciu tng dung trong linh vyuc thuc pham chirc nang va tién sinh hoc. Viéc téi vu
héa diéu kién nudi cay chim nham nang cao hiéu suat sinh khdi va hoat tinh sinh hoc
cua hé soi hai loai nay 1a mot huéng nghién ctiru mang tinh thuc tién va trién vong.

1.2. Tong quan vé hoat tinh prebiotic

1.2.1. Lich si va dinh nghia cua prebiotic

Khéi niém “prebiotic” 1an dau tién duoc gidi thiéu vao nam 1995 boi Gibson va
Roberfroid, nham phan biét cac hop chét c6 kha ning diéu hoa hé vi sinh vat duong rudt
ma khong phai 1 vi khuan séng, tic khac véi probiotic. Trong cong bd nay, cac tac gia
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dinh nghia prebiotic 1a “mét chat khong tiéu héa dugc, ¢6 anh huéng cd loi ddi véi vat
chu thdng qua viéc kich thich chon loc sy phat trién va/hoic hoat dong caa mot hoic
mot sé vi sinh vat ¢o loi trong dai trang”. Khai niém nay d tao tién d& cho mot linh vurc
nghién ctru méi vé cac hop chét chic ning trong thuc pham, dic biét 1a cac carbohydrate
khong ti€éu héa duoc, nhu fructooligosaccharide (FOS), inulin, galactooligosaccharide
(GOS), va gan day 1a PS c¢6 ngudn gdc tir nam va thuc vat [35].

Theo thoi gian, khai niém prebiotic da dugc mo rong va lam rd hon nho vao su
tién bo trong khoa hoc vi sinh vat, sinh hoc phan tir va cong nghé “multi-omics”
(metagenomics, metabolomics, transcriptomics). Nam 2010, T6 chirc Khoa hoc Quéc té
vé Probiotic va Prebiotic (ISAPP) da d& xuat mot dinh nghia diéu chinh, theo d6
prebiotic 1a “mot thanh phan thuc pham khong tiéu hoa, dugc 1én men chon loc, dan dén
su thay d6i c6 loi trong thanh phan va/hoic hoat dong cua hé vi sinh vat duong rut”.
Tuy nhién, dinh nghia ndy van mang tinh dic thi cho hé vi sinh vt ruot va thiéu sy bao
ham cho céc tiém ning prebiotic ngoai hé tiéu hoa [36].

Vao nam 2017, mot nhdm chuyén gia ciia ISAPP tiép tuc cap nhat dinh nghia chinh
thirc cua prebiotic dé phan anh nhitng phat hién méi nhat, dong thoi mé rong pham vi
khai niém. Theo do, prebiotic duoc dinh nghia 1a “mot chat nén duogc sir dung chon loc
bai céc vi sinh vat cua vat chu, dem lai lgi ich sicc khoe cho vat chu” [37].

Nhin chung, khai niém prebiotic da trai qua qua trinh phat trién tir mot dinh nghia
ban dau tap trung vao hé vi sinh vat duong rudt, dén mot dinh nghia toan dién hon mang
tinh lién nganh va lién hé thong. Sy phat trién nay phan anh mai lién két ngay cang ro
rét gitra vi sinh vat va sac khoe vat chu, ciing nhu tiém ning ¢ng dung to Ion cua
prebiotic trong cac linh vuc y hoc, thuc pham chirc ning, va cong nghé sinh hoc hién
dal.

1.2.2. Tiéu chi phan logi va co ché hoat dgng ciia prebiotic

Trong nhitng ndm gan day, khai niém prebiotic khdng chi dung lai ¢ cac hop chat
oligosaccharide truyén thong ma da mé rong dé bao ham nhiéu loai chat nén khac nhu
PS c6 trong Iuwgng phén tir cao, polyphenol, acid béo khdng tiéu hdéa va tham chi la
peptide. Tuy nhién, bat chap su da dang vé cau tric va ngudn géc, dé mot hop chat duoc
cong nhan la prebiotic, n6 phai dap ng ba tiéu chi co ban, dugc xay dung trén co s&
nghién ctu vi sinh vat hoc, sinh héa va sinh ly hoc duong tiéu héa [37].



14

Tiéu chi thi nhat 1 khéng bi tiéu hoa hay hap thu tai rudt non. Didu ndy c6 nghia
la hop chat phai vuot qua qué trinh tiéu hda enzyme tuyén tuy va enzyme rudt mot céch
nguyén ven. Khac véi cac carbohydrate thong thuong nhu tinh bot hay duong don,
prebiotic khong bi phan giai boi a-amylase, maltase, sucrase hay lactase. Tinh khang
tiéu hoa nay cho phép cac hop chat prebiotic di chuyén dén dai trang — noi sinh séng
cuia quan thé vi sinh vat cong sinh — ma khong bi bién d6i dang ké. Pay 1a diéu kién tién
quyét dé prebiotic c6 thé tuong tac véi microbiota rudt va phat huy tac dung sinh hoc
dac hiéu.

Tiéu chi tha hai 1a dugc 1én men chon loc bai mot sé nhém vi sinh vat ¢é lgi trong
hé vi sinh duong rudt. Cac vi khuan nhu Bifidobacterium, Lactobacillus, Akkermansia
muciniphila va Faecalibacterium prausnitzii c6 kha nang st dung prebiotic nhu mot
ngudn carbon chinh dé phét trién, tao ra loi ich sinh hoc da dang. Qué trinh 18n men nay
khong chi gitip ting sinh sb lwong vi khuan cé loi ma con Gc ché su phat trién cua vi
khuan gay hai nhu Clostridium perfringens, Escherichia coli, va Salmonella spp., nho
vao su Canh tranh dinh dudng va thay d6i méi truong vi m. Viéc tac dong chon loc 1a
yéu t6 phan biét prebiotic voi cac chat xo thong thuong, bai khéng phai tat ca cac chat

x0 déu co tinh dac hiéu ddi vai microbiota.

Tiéu chi thi ba, dong thoi 1a muc tiéu cudi cung cuaa prebiotic, 1a mang lai loi ich
sinh 1y rd rét cho vat chi. Loi ich nay c6 thé biéu hién & nhiéu cap do khéc nhau, tir cai
thién tiéu hoa, hap thu dinh dudng, tang cuong mién dich niém mac, dén tac dung khang
viém va khang oxi héa. Mot trong nhiing co ché sinh 1y hoc quan trong cua prebiotic Ia
su san sinh cac acid béo chudi ngan (short-chain fatty acids — SCFAS) trong qué trinh
1én men. Cac SCFAs chinh nhu acetate, propionate va butyrate dong vai tro 1a ngudn
nang luong cho té bao biéu mo ruot (dic biét 1a butyrate), didu hoa pH dudng rudt, va
hoat hoa cac thy thé mién dich nhu GPR41, GPR43 — tir 6 anh huong dén cac con
duong tin hiéu lién quan dén viém, chuyén hoa lipid va insulin. Butyrate con duoc ching
minh 1a c6 kha ning lam giam biéu hién cua cac cytokine tién viém (nhu TNF-a, 1L-6),
hd tro diéu tri cac bénh Iy viém rudt man tinh nhu viém loét dai trang va Crohn.

Bén canh d6, mot sé prebiotic con thé hién tinh chat synbiotic khi dwoc két hop
cling probiotic, gilip nang cao kha ning dinh cu va sinh truéng cua vi khuan co loi.
Trong hé sinh thai dudng rudt, prebiotic khdng chi déng vai tro 1 “ngudn thirc dn” ma
con la yéu té diéu tiét hoat dong gen cua microbiota, anh huong dén biéu hién enzym
chuyén hoa, tao enzyme thay phan PS, va tuong tac véi hé thdng mién dich rudt théng
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qua cac receptor nhu TLR (Toll-like receptors) hay NOD-like receptors [38].

Nhu vay, prebiotic 12 cac hop chét dic biét véi ba dic diém cét 18i: khong bj tiéu
hoa, 18n men chon loc bai vi sinh vat ¢6 loi, va mang lai loi ich sinh Iy ddng ké. Co ché
hoat dong cua prebiotic, dac biét 1a théng qua qua trinh san sinh SCFAs va diéu hoa hé
vi sinh vat dudng rudt, dd mé ra nhiéu huéng nghién ctru va tng dung tiém ning trong
y hoc, dinh dudng va cdng nghé thuc pham.

1.2.3. Tiém niing prebiotic ciia Cordyceps militaris va Trametes versicolor

Trong s6 hang tram loai nAm dugc liéu da duoc nghién ciu, nAm C. militaris va
nam T. versicolor ndi bat nhu hai dai dién tiéu biéu nhd su da dang cau trac PS, kha
nang sinh t6ng hop hop chat sinh hoc ¢6 gia tri, va tiém niang tng dung rong rai trong
linh vuc thyc pham chic ning va dugc pham hién dai. Viéc lya chon hai loai nim nay
lam ddi twong nghién ciru khdng chi dya trén gia tri truyén thong ma con dya vao nhiing
bang ching khoa hoc dwong dai vé hoat tinh sinh hoc, dac biét 1a tiém ning prebiotic
cua PS dugc chiét xuat tir hé soi va qua thé caa ching.

C. militaris 1a mot loai nim ky sinh thudc 16p Ascomycetes, ¢ kha ning sinh
truong tot trong diéu kién nudi cdy nhan tao, khac vai loai C. sinensis vén doi hoi diéu
kién tu nhién phtc tap. Nam nay da dugc st dung rong réi trong y hoc ¢o truyén dé ting
cudng sinh lyc, cai thién chic nang phoi, gan va than. Thanh phan héa hoc chinh cua
nam C. militaris gdm c6 cordycepin (3’-deoxyadenosine), adenosine, D-mannitol, va
dic biét 12 PS hoa tan trong nudc ¢d trong lwong phan tir tir vai chuc dén hang trim
kilodalton. Cac PS tir C. militaris (CMPs) dugc chitng minh ¢6 cau trac da dang nhu
glucan, galactomannan va heteropolysaccharide, chira cac monosaccharide nhu glucose,
mannose, galactose, fucose, xylose va arabinose. Nhiéu nghién ctu gan day cho thiy
CMPs ¢6 kha ning diéu bién mién dich, khang oxi hoa, khang viém, dong thoi c6 tac
dung diéu hoa hé vi sinh vat dudng rudt, lam ting cac vi khuan cé loi nhu Lactobacillus
va Akkermansia muciniphila. Bic biét, CMPs thiic day san xuat SCFAs ma dic biét 1a
butyrate, tir d6 cai thién hang rao biéu mo rudt va lam giam viém dai trang trén mé hinh
chudt, goi mé tiém nang 16n trong tng dung prebiotic.

Nguoc lai, T. versicolor, hay con goi 1a “nidm dudi ga tay”, 1a mot loai nAm muc
g6 phd bién thudc 16p Basidiomycetes, noi tiéng véi kha niang san sinh cac hop chat
polysaccharide—protein nhu PSK (Polysaccharide-K) va PSP (Polysaccharide-Peptide).
Tai Nhat Ban, PSK da dugc cong nhan nhu mot duoc pham bo tro diéu tri ung thu tir
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nhitng ndm 1970. C4u trdc caa PSK va PSP chira nhiéu phan tir f-glucan phuc hop véi
protein, tao nén hoat tinh sinh hoc manh mé trong viéc kich hoat mién dich bam sinh va
thich &ng, théng qua viéc ting biéu hién cytokine, ting hoat dong té bao NK va dai thyuc
bdo. Gan day, cac nghién ctru bat dau chii y dén kha ning diéu bién hé vi sinh vat ruot
cua PSP, cho thay n6 c6 thé lam ting ty 1& vi khuan sinh SCFAs nhu Roseburia,
Bacteroides, va Faecalibacterium, déng thoi 1am giam Clostridium va Enterococcus —
hai nhém vi khuan lién quan dén viém duong rudt. Didu ndy cho thay T. versicolor
khong chi c6 gié tri dugc Iy ma con 1a ngudn prebiotic tiém ning, dic biét trong phong
ngtra bénh viém dudng rudt va réi loan chuyén hoa.

Viéc lya chon C. militaris va T. versicolor 1am mé hinh nghién cau vé hoat tinh
prebiotic 12 hop 1y vi ca hai déu c6 thé nudi trong nhan tao 6n dinh, chiét xuat PS dé
dang, va dugc chitng minh cd tac dung diéu hoa hé vi sinh vat duong ruét thong qua
nhiéu co ché khac nhau. Hon nita, chiing dai dién cho hai nhém nam c6 hé sinh hoc va
sinh hoa khac biét: C. militaris thuoc Ascomycetes v6i hé soi to nhé manh, con
T. versicolor thuoc Basidiomycetes véi qua thé 16n va chaa nhiéu p-glucan. Su khéc
biét nay cho phép so sanh truc tiép hiéu qua prebiotic cua PS theo nguon goc phan loai
VA CAu trdc phan tu, tir d6 xac dinh duoc cac dic tinh hoa hoc lién quan dén hoat tinh
sinh hoc.

1.2.4. Tinh hinh nghién cizu vé hogt tinh prebiotic
1.2.4.1. Tqi Viét Nam

O Viét Nam, cac nghién ctu tap trung vao nghién ciu nudi trong va danh gia chat
lugng va hoat tinh qua thé va mot sé it hé sgi ndm. Céac cdng trinh nghién cau va cong
bd vé prebiotic con han ché. Hién nay, trén thi truong chi yéu cac san pham cé chic
nang cai thién dudng rudt duoc bd sung prebiotic Ia tir thuc vat nhu FOS, GOS. Prebiotic

van con kha méi & nudce ta vi vay can nhiéu hon cac nghién ctu vé no.

Liéu My Dong va Nguyén Thay Huong di khao sat anh huong caa Whey Protein
va Prebiotic Ién ti Ié séng s6t cua Bifidibacterium bifidum vi géi trong sira chua
Synbiotic. Két qua khao sat cho thay, pH cia mau chtza B. bifidum ty do c6 gia tri pH
thap nhit va luong té bao séng sét cling dat thap nhat so véi mau chaa san pham vi goi.
Khi canxi-anginat dugc bao phu bdi whey protein da cai thién hon 3 log (CFU/g) so voi
khi khong bao phu. Prebiotic FOS duogc bd sung vao sita chua ciing di gitip nang cao sy
séng séng cua B. bifidum trong qua trinh bao quan. Két qua ciing cho thay rang, ché
pham vi gdi canxi-anginat 2%, FOS 2% bao phi bai whey protein 10% cho hiéu qua
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bao vé tt nhat va dat ti 16 séng s6t 97% sau 9 tuan bao quan va 54% sau khi u 5h trong
méi trudng da day va mudi mat [39].

Nam 2017, Vii Thi Kim Hoa va céc cong sy da nghién ctru hiéu qua cua viéc bo
sung cac san pham dinh dudng c6 Probiotic va Prebiotic dén chi sé mién dich, tiéu chay
va nhiém khuan hé hap cua tré 25 — 36 thang tudi. Sau 5 thang nghién ciru, két qua chi
ra rang: doi véi cac tré dugc sir dung san pham Synbiotic thi tinh trang mién dich duoc
cai thién rd rét: nong do IgA trong mau ting cao hon (3,64 mg/mL) va IgA trong phan
(48 mg/mL) so véi di ching. Nhdm Synbiotic giam sé lan ciing nhu s6 ngay mac bénh
tiéu chay; s6 ngay méc nhiém khuan hd hap & nhom ding Synbiotic ciing giam dang ké.
Nhu vay, san pham c6 chira probiotic va prebiotic d giup diéu hda mién dich va on dinh
hé vi sinh duong rugt caa tré em [40].

Theo tac gia Tran Hiru Diing va Nguyén Hai Thuy da thuc hién dé tai “Tong quan
vé vai trd tinh bot khang trong kiém soat duong huyét sau in trén bénh nhan dai thao
duong type 2”. Qua nghién ctru da cho thdy vai sy han ché giai phong glucose trong
rudt non, RS di tham gia rat hiéu qua trong sy lam giam duong huyét sau an, gop phan
han ché su hap thu cholesterol trong huyét tuong va nong do thap hon, cai thién do nhay
cam insulin thu thé, ting cam giac no, giam luu trir chat béo. Sy 18n men va chuyén hoa
thanh cac acid béo mach ngan tao ra ngudn ning luong thap trong rudt gia da cho thay
RS c6 ban chat khong phai 1 céac soi cellulose thong thuong. Nghién ciu vé RS ing
dung trong linh vuc khoa hoc va cong nghé ¢ nudc ta dang van la mot tiém nang rat Ion
nhung ciing day thach thirc, dac biét 12 cac loai RS st dung nhu mot nguyén lidu trong
ché bién céc loai thuc pham chirc nang [41].

1.2.4.2. Trén thé gidi

Véi nhitng loi ich st khoe thiét thuc ma prebiotic mang lai da c6 rat nhiéu nghién
ctru V& phuong thirc san xuat, cdng dung, kha ning kich thich sinh truéng cua probiotic,
cling nhu cac nguon nguyén liéu dé san xuat prebiotic. Nhung nhiing nghién cau veé
ngudn nguyén lidu san xuat prebiotic chii yéu 1a vé thuc vat, chua c6 nhiéu nghién ctu
vé nam. Hién nay, nim dang duoc quan tim nhu ngudn nguyén liéu san xuat prebioic
mai, an toan, hiéu qua.

Polysaccharide chiém 3-8% trong toan bo trong luong kho va duoc xem la thanh
phan chinh gép phan tao nén hoat tinh sinh hoc cua Cordyceps, duoc chia lam hai loai
dwa vao vi tri caa ching trong nam: PS ndi bao va PS ngoai bao hay con goi la
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exopolysaccharide — EPS. PS tham gia tich cuc trong viéc ngan chan su hinh thanh va
lay lan cac khéi u, gay tc ché hoat dong cua cac goc tu do, kich thich va diéu hoa mién
dich, tham gia phan tng viém, khang oxi héa v.v...Trong d6 hoat tinh khang oxi hda
dang dugc quan tdm va nghién ciu nhiéu nhat. PS hién dién ¢ thanh té bao va tham gia
Vvao cau trdc thanh phan trong té bao chat cua Cordyceps [42]. Cac nghién ctu trén thé
gidi da khang dinh PS chinh Ia thanh phan quyét dinh hoat tinh khang oxi hoa cua C.
militaris. Dic biét, mot s6 nghién ctru di cho thay rang dich nudi cay C. militaris ciing
chira mot luong Ion exopolysaccharide ¢ hoat tinh sinh hoc.

Linvacong su (2012) da nghién ctru hoat tinh cua exopolysaccharide tir Cordyceps
militaris SU5 — 08, két qua cho thay rang PS c6 kha niang bit gc tu do hydroxyl,
superoxide anion va DPPH. Tir d6 co thé két luan rang PS cua C. militaris SU5 — 08 Ia
mét chat khang oxi hoa va tang cuong phan ng mién dich tiém ning [43]. Wei-Ting
Chou va cong su da nghién ciru tng dung phan géc va phan than nim nhu 1a mot ngudn
prebiotic. Tir nhitng két qua nghién ctu cho thay cac phan thai ciia nam nhu géc nam
hozc than nam ré hon cac ngudn khac va 1a nguon mai dé khai thac prebiotic [44].

Thornthan Sawangwan va cong su da nghién ctru dic tinh cia prebiotic chiét xuat
tir 7 loai nAm 4n khac nhau cho thay tong sb cacbohydrate va téng luong duong khir caa
nim Pleurotus ostreatus dat cao nhat lan luot 1a 6,7325 + 0,0261 mg/mL va 2,6737 +
0,0027 mg/mL. Cac dac tinh cia prebiotic xac dinh dya trén sy kich thich tang trudéng
cua probiotic vai nhém vi khuan c6 loi trong dudng rudt, ac ché gay bénh dbi véi vi
khuan c6 hai va dung nap duong tiéu hoa. Su e ché gay bénh thé hién qua duong kinh
vong va viing tc ché rong nhat cua Salmonella typhi trong méi trueang ¢ bd sung dich
chiét tir nAm P. ostreatus [45].

Ganoderma lucidum (ndm Linh chi) va Poria cocos (nam Phuc linh) 1a cac loai
nam duoc liéu duoc sir dung phd bién trong Y hoc ¢6 truyén Trung Québc va duoc tiéu
thu nhu cac loai thuc pham chirc niang. Céc polysaccharide (PS) chiét xuat tir thé qua va
hé soi nAm duoc cap cho chudt C57BL/6J (6 tuan tudi) qua dudng ubng mdi ngay Voi
lidu lwong 750 mg/kg trong vong 15 ngdy. Sau d6, hé vi sinh vat duong ruot (Gut
microbiota - GM) cua chuot dugc phan tich thong qua ky thuat ERIC-PCR va giai trinh
tu amplicon rRNA 16S. Tong cong ¢6 2,59 triéu doan doc chat lugng cao (> 200 bp) di
dugc xur Iy dé 1ap ho so cau tric hé vi sinh vat. Két qua cho thay viéc b6 sung PS lam
giam dang ké (p < 0,01) s6 lugng don vi phan loai hoat dong (OTU) va muc d6 da dang
sinh hoc caa hé vi sinh vat duong rudt. Bang cha y, su phong phi cua cac chung vi
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khuan lién quan dén kha ning chéng béo phi, sinh tong hop SCFA, phan giai
polysaccharide/xylan va san sinh acid lactic d4 tang 1én mot cach c6 y nghia thong ké
(p < 0,05) & nhém chudt duogc diéu tri bang PS. Nghién ctu nay két luan rang cac PS tur
hai loai ndm trén déng vai trd nhu céc prebiotic, giup diéu hoa cau trac hé vi sinh vat
duong rudt, tir d6 gdp phan tao nén cac dic tinh nang cao sic khoe cua G. lucidum va
P. cocos [46]. Gan day, Mitsou va cs. (2020) di nghién ciru vé tac dong cua p-glucan
trong nam an tGi hé vi sinh vat dudng rudt 130 hoa. Két qua thay rang B-glucan co thé
phat huy tac dung c6 lgi trong viéc khéi phuc hé vi sinh vat duong rudt va SCFAS &
ngudi cao tudi [28].

Polysaccharide 1a mot trong nhitng thanh phan hoat tinh sinh hoc cha yéu 1am nén
duoc tinh cua nAm Linh chi (Ganoderma lucidum). Nghién cau ndy nham muc dich
danh gia kha nang hé vi sinh vat dudng rudt & nguoi 18n men PS chiét xuat tir G. lucidum
(GLP), dong thoi khao sat tiém ning prebiotic ciia hop chat nay théng qua hé théng M6
phong Hé sinh thai vi sinh vat duong rudt nguoi (SHIME). Hop chat GLP duoc chiét
XUt tir thé qua cua G. lucidum cé trong lwong phan tir trung binh dat 133,1 kDa. Qua
trinh 1én men GLP in vitro md phong méi trudng rudt két trong thoi gian ngan cho thay
su sut giam lién tuc cua ham luong carbohydrate tong sé, duong khir ciing nhu gia tri
pH. Phan tich bang sic ky khi (GC) chi ra rang GLP thuc day qua trinh sinh tong hop
céc acid béo chudi ngin (SCFA), cu thé la acid axetic, acid propionic va acid butyric.
Bén canh d6, phan tich giai trinh tuw amplicon 16S rDNA cho thay GLP gilp cai thién
muc d6 da dang ciia quan xa vi sinh vat, lam gia tang ty 1é nganh Bacteroidetes so V6i
Firmicutes, dong thoi 1am ting dang ké su phong pht cua cac chung Bacteroides ovatus
va Bacteroides uniformis. Tom lai, GLP c6 kha nang dwoc hé vi sinh vat duong ruét ¢
nguoi str dung lam co chét, tir 6 diéu bién cau triic quan thé va chic ning trao doi chat
cua hé vi sinh vat nay. Do d6, GLP mang tiém ning 16n dé dugc ¢ng dung nhu mot
prebiotic mai nham nang cao sitc khoe con nguoi [44].

Hién nay, cac nha khoa hoc trong va ngoai nuéc dang tap trung nghién ctu didu
kién nudi cidy nham thu sinh khéi soi nam véi hiéu suat cao. Bén canh dé, viéc phan
tich, danh gia tam quan trong caa cac hop chat trong hé soi va qua thé nim thu hit su
quan tdm caa cac nha khoa hoc. Chinh vi vay, di c6 nhiéu cong bo co tinh khoa hoc va
thuc tién dé tién tdi san xuat cong nghiép tao ra nguon sinh khéi hitu co dap ang nhu
cau dinh dudng ciing nhu nhu cau stc khoe cia con ngudi. Hién nay, cac san pham bo
sung nham cai thién sic khoe duong rudt chu yéu chiét xuat tir thuc vat. Nhiéu nghién
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ctu trén thé gigi cho thay PS chiét xuat tir nAm c6 kha nang kich thich probiotic va tc
ché vi sinh vat gay bénh, dic biét 1 B-glucan tir soi nAm. Vi vy, viéc da dang ngudn co
chat san xuat, tao ra san pham c6 hoat tinh sinh hoc cao cai thién stc khoe sinh vat chi
la van dé hét stc cap thiét. Két qua nghién ciru danh gia hoat tinh prebiotic tir soi nam
la mét trong nhitng giai phap hiru ich 1am da dang ngudn prebiotic cung cap cho cong
nghé duoc pham, thuc pham va ng dung trong chin nudi. Ting su da dang va nang cao
hoat tinh céc loai prebiotic, dong thoi giam thoi gian nudi trong va chi phi san xuat 1a
muc tiéu ma cac nha khoa hoc dang hudng dén.
1.3. Téng quan vé polysaccharide trong nim va cac phwong phap chiét xuit

1.3.1. Polysaccharide trong qud thé va hé sei ndm

Trong gidi tu nhién, nAm duoc liéu 1a kho tang sinh hoc phong pht véi nhiéu hoat
chat, trong d6 PS dong vai tro nodi bat. Dac biét, cac PS ¢ nguon gbc tir Trametes
versicolor (nam Van chi) va Cordyceps militaris (Pong triing ha thao) da dugc nghién
ctiu rong rai nho cac dic tinh sinh hoc da dang nhu ting cudng mién dich, chong viém,
Khang oxi hoa, chong ung thu va diéu hoa chuyén hoa. Trén thé gigi, nghién cau vé PS
nam da phat trién thanh mot hé thdng toan dién, bao phu tir tach chiét, xac dinh cau trdc
phan tir phuc tap bang céac k§ thuat cao cadp (NMR, HPSEC), dén danh gia co ché tac
dong Ién té bao thdng qua céac thu thé mién dich nhu Dectin-1 va TLR2/4 [47,48]. Véi
tiém nang ung dung trong thuc pham chirc nang va dugc pham, hai loai ndm nay di tro
thanh trong tam cta nhiéu cdng trinh khoa hoc trén toan thé gisi. Tai Viét Nam, nghién
ctru vé PS tir nim trong nhitng nim gan day da c6 nhiéu khai sac, tap trung vao cac loai
O gié tri nhu Ganoderma lucidum (linh chi) va Cordyceps militaris.

Hé soi ndm 1a mot dang vat liéu sinh hoc tu nhién, dwgc cau thanh chi yéu tir mang
ludi cac polymer sinh hoc nhu chitin, glucan va protein [49]. Sinh ly sgi nam ¢ céc giai
doan khéac nhau dugc thé hién & hinh sau:

Sgi nam

Viéch ngin

Protein

Céc nhan
b. Cic thanh phén té bao ciia Sgi ndm

Hé s¢i ndm

i h > Chitin Glucan

a. Cac sgi vi md phan nhanh ciia hé sgi ndm ¢. Thanh phén thanh té bao ciia Sgi ndm
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Hinh 1.3. So' @6 biéu dién sinh Iy hé sgi nam
(Nguén: Rathore va cs. (2019) [49])

Trong T. versicolor, cac PS chi yéu ton tai dudi dang phuc hop protein-
polysaccharide, noi bat nhat 12 PSK (Polysaccharide-Krestin) va PSP (Polysaccharide
Peptide). PSK 12 mot B-glucan lién két vai protein, c6 cau trdc mach chinh p-(1—4)
glucopyranose va nhanh B-(1—3), p-(1—6). PSP ¢6 céu tric twong ty va duoc biét dén
nhu mét chat kich thich mién dich manh mé, day 1a minh ching rd rang cho méi quan
hé giita cau trdc (lién két voi protein, 6 phan nhanh) va chie ning sinh hoc, mot hudng
nghién ciu then chét trén thé gioi [50]. PSK da duoc phé duyét nhu mot liéu phap bo
tro trong diéu tri ung thu tai Nhat Ban tir nhitng nam 1970, duoc str dung két hop véi
hoa tri cho bénh nhan ung thu dudng tiéu héa va phdi. Nhiéu nghién ctru 1am sang da
cho thay PSK c6 kha ning kéo dai thoi gian séng va giam tai phat ung thu thong qua
viéc kich hoat cac té bao mién dich nhu té bao T, té bao NK va dai thuc bao, dong thoi
diéu hoa san xuat cytokine [51].

Bén canh d6, PSP ciing thé hién tac dung sinh hoc an twgng. N6 da duoc chang
minh c6 kha nang bao vé té bao khoi tén thuong do stress oxi hda, dong thoi 1am giam
céc chi sé viém trong md hinh chudt thi nghiém. Mot polysaccharide khac tir nam
T. versicolor ¢ tén Tramesan dugc chiét xuat tir dich nudi cay va cho thay kha ning
khang oxi hoa manh, thong qua viéc trung hoa cac goc ty do va 1am ting hoat dong cua
enzyme khang oxi hda noi sinh [52]. Ngoai ra, cac nghién ctru gan day con ghi nhan kha
nang cua PS tir nAm van chi trong viéc giam lipid mau, cai thién chuyén héa lipid théng
qua trc ché biéu hién cac gene nhu SREBP-1c va FAS trong md hinh chudt tang lipid
mau [53].

Nguoc lai, C. militaris ciing s¢ hitu hé PS phong phi khong kém, mic di ¢ cau
trdc khac biét. Cac PS cua loai nam nay chi yéu 1a B-(1—3)-glucan va o-(1—4)-glucan,
v6i nhiéu phan tir c6 trong lwong phan tir cao va cau tric phan nhanh phuc tap. Mot
trong nhitng PS duoc nghién ciu nhidu 1a CM1, dwoc phan Iap tir qua thé va soi nam,
thé hién hoat tinh chong viém va diéu hoa chuyén hoa lipid. CM1 di duoc chitng minh
c6 kha nang giam cholesterol va triglyceride mau trong md hinh chudt mac hoi chang
chuyén hoa, dong thoi 1am giam biéu hién cac yéu té phién ma lién quan dén tich liy
m& nhu PPARy va C/EBPa [54]. Cac nghién ciu qudc té da chung minh PS tir nim
C. militaris c0 kha nang kich hoat manh mé& dai thuc bao RAW 264.7 thdng qua cac con
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duong NF-kB va MAPK [8,55]. Tai Viét Nam, cac nghién ciru ciing da khao sat diéu
kién nudi cay chim tdi wu dé san xuat PS tir C. militaris va T. versicolor, cho thay tiém

nang ung dung trong nudc [56].

Ngoai ra, polysaccharide CP2-S duoc chiét xuat tir bao tir cia C. militaris cho thay
kha ning kich hoat min dich rit manh mé. Trong céc thi nghiém in vitro, CP2-S 1am
tang san xuat nitric oxide (NO), TNF-a va IL-6 tir dai thuc bao RAW?264.7, ching to
tac dong rd rét dén hé mién dich bam sinh [57]. Pic biét, CP2-S con duoc danh gia co
kha nang khang oxi hoa thong qua viéc ic ché cac con duong tin hiéu viém nhu NF-kB
va MAPK, gitp lam giam ton thuong mé do viém man tinh gy ra. Ciing giéng nhu T.
versicolor, cac PS tir C. militaris thé hién kha nang wc ché manh cac cytokine viém nhu
IL-1B, 1L-6 va TNF-a trong mé hinh gay viém bang LPS, tir d6 cho thay trién vong
trong viéc hd tro diéu tri c4c bénh viém maén tinh nhu viém dai trang, viém khép va xo
vira dong mach [57].

Khong chi dirng lai ¢ cac dic tinh duoc ly, PS tir hai l0di ndm trén con dang duoc
khai thac trong linh vyc cong nghé thuc pham va my pham. Trong mot nghién ciu gan
day, chiét xuat PS tir C. militaris da duoc wng dung vao san pham kem dudng da va thir
nghiém trén ngudi tinh nguyén. Két qua cho thay chiét xut cé tinh on dinh, khong gay
kich ung da va gilp cai thién d6 4m ciing nhu do dan hoi caa da. Trong khi d6, PS tir
T. versicolor dang duoc nghién ciru nhu mot thanh phan ¢ thé tich hop vao thuc pham
chie nang dang bot hozc vién nang nham tiang cuong mién dich va chong ldo hoa [58].

Mot diém chung dang luu ¥ 1 c4 hai loai déu cho thay hoat tinh sinh hoc phu thugc
rat 16n vao cau tric phan tir caa PS. Trong luong phan tir, mirc do phan nhénh, loai lién
két glycosidic va ty 18 két hop véi protein déu anh huéng manh dén hiéu qua sinh hoc.
Vi dy, cac PS ¢6 nhanh B-(1—6) thuong hoat héa mién dich manh hon so véi dang chudi
B-(1—3) don thuan. Bén canh d¢, viéc téi wu hoéa quy trinh chiét tich nhu chiét nudc
néng, chiét kiém, hoic chiét xuat cé hd tro cua enzyme dong vai tro thiét yéu dé thu
nhan san pham c6 hoat tinh cao va dé tinh sach ph hop cho tng dung cong nghiép [59].
Tuy nhién, trong khi nghién ctu quéc té da di sau vao phan tich cac méi quan hé cau
trdc-chtrc nang nay, thi phan 16n nghién ciru trong nuéc van con thiéu cac phan tich cau
trdc chi tiét (thanh phan monosaccharide, lién két glycosidic, NMR) va méi dung lai &
danh gia hoat tinh so b [60].
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Bang 1.3. Cau truc cia glucan phan lap tir mat sé loai ndm

Tén loai nAm Pon vi 13p lai caa glucan Tailigu
Hiap 12 g tham khao
—3)-a-D-Glcp-(1—3)-B-D-Glcp-(1—3)-B-D-Glecp-(1—6)-B-
Pleurotus | D-CleP(1— 6 (61]
florida I
a-D-Glcp
—3)-B-D-Glcp-(1—3)-p-D-Glcp-(1—3)-pB-D-Glcp-(1—6)-B-
Lentinus D-Glep-(1= 6
[62]
squarrosulus 1
B-D-Glcp
Calocvb —>[6)—B—D—GIcp—(1]z—>4)—g—D—GIcp-(1—»[4]—a—D—GIcp—(1]z—>
alocybe
indica I [63]
B-D-Glcp
—3)-B-D-Glcp-(1—3)-B-D-Glcp-(1—3)-a-D-Glep-(1—
Russula ? [64]
albonigra 1
a-D-Glcp-(3—1)-0-D-Glsp
) —6)-p-D-Glcp-(1—6)-B-D-Glcp-(1—6)-pB-D-Glcp-(1—
Ramaria CT% [65]
botrytis 1
B-D-Glcp-(1—3)-B-D-Glsp
—3)-p-D-Glcp-(1—3)-B-D-Glcp-(1—6)-p-D-Glep-(1—6)-B-
Tricholoma | D-GleP-(1= 6
: [66]
crassum 1
B-D-Glsp

T nhitng nghién ciru vé polysaccharide trong nam, cd thé nhan thay rang hoat tinh

ctia nam phan 16n do cac PS dam nhan. Qua thé ndm va soi nam nhu mot ngudn nguyén

licu day hira hen dé san xuat cac san pham bao vé sic khoe véi nhitng cong dung da

dugc chung minh: Khang oxi hoa, khang khuan, ha duong huyét, giam cholesterol,

chéng ung thu, khang viém. ..
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Polysaccharide tir T. versicolor va C. militaris la nhitng hop chat ty nhién day tiém
nang, khong chi trong linh vuc y hoc ¢6 truyén ma con trong cdng nghé thuc pham hién
dai. Cac nghién ctru hién tai da lam rd nhiéu khia canh vé ciu trac va co ché tac dung
ctia cac hop chat nay, nhung van con nhiéu khoang tréng trong viéc danh gia 1am sang,
doc tinh 1au dai va hiéu qua phdi hop véi cac liéu phap diéu tri khac. Véi su hd tro cua
cdng nghé sinh hoc va phan tich hién dai, twong lai ctia c&c PS ndm trong linh vuc chim
soc suc khoe va phong bénh hira hen sé ngay cang ma rong.

Polysacchride tir nam duoc lidu da thu hut sy quan tdm sau rong caa cong dong
khoa hoc toan cau nho vao tiém ning duoc 1y da dang nhu khang oxi hoa, khang viém,
tang cuong mién dich va hd tro diéu tri ung thu. Tuy nhién, khi so sanh tinh hinh nghién
ctru vé PS tir nam tai Viét Nam véi cac nudc phat trién, cé thé thay rd nhitng khoang
cach nhat dinh vé chiéu sau khoa hoc, k thuat phan tich va kha ning thuong mai hoa.
O cap d6 qudc té, cac nghién ctru da phat trién mot hé thdng nghién ctu toan dién, bao
phu toan bo chudi gié tri tir tch chiét, tinh ché, xac dinh ciu tric phan tir, danh gia co
ché sinh hoc dén ng dung 1am sang va céng nghiép hoa. Cac nghién ciu khong chi
chiét xuat PS tir C. militaris va G. lucidum ma con di sdu vao phan tich cau trdc bang
phd cong huong tir hat nhan (NMR), sic ky phan ti cao ap (HPSEC), va xac dinh co
ché tac dong 1én té bao mién dich théng qua céc thu thé nhu TLR4 hoic Dectin-1. Nhiéu
nghién ciru qudc té con tién hanh thir nghiém in vivo, in vitro, danh gia doc tinh va tiém
nang diéu tri trén mo hinh dong vat va ngudi. Hon thé nita, cac san pham PS di duoc
g dung thanh cong trong dugc pham, thyc pham chirc nang va my pham tai thi truong
chau A, chau Au va Bic My.

Nguoc lai, tai Viét Nam, phan 16n cac nghién ctiu van tap trung & mirc co ban hoic
trung gian, chii yéu xoay quanh viéc toi wu hoa diéu kién chiét xuat (nhu nhiét do, pH,
thoi gian, ty 18 dung méi), sir dung mot sé ky thuat moi nhu hd tro enzyme, siéu am,
hoic két hop ca hai. Cac hoat tinh sinh hoc duoc kiém dinh chi yéu 14 kha nang khang
oxi hda (DPPH, ABTS), khang khuan va chéng viém so cap. Tuy nhién, cac phan tich
chuyén sau vé ciu tric phan tir nhu xac dinh lién két glycosidic, khéi lwong phan to,
hodc chudi phan tir van con hiém hoi. Cac cong bé chi yéu xuat hién tai hoi nghi khoa
hoc hoic tap chi trong nude, it dugc qubc té hoa, didu ndy lam han ché kha niang lan toa
va dbi thoai khoa hoc toan cau. Mot diém yéu khac 1a su thiéu vang mai lién két giira
nghién ctu va doanh nghiép trong nudc, dan dén két qua nghién ciru kho duoc tng dung
vao quy trinh san xuét thuc té. Trong khi d6, & nhiéu nudc phét trién, cac cong trinh
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khoa hoc thudng gan voi du an R&D cua cac cong ty dugc pham, m§ pham hoic thuc
pham chirc nang, tir d6 rat ngan thoi gian thuong mai hda san pham va tao ra chudi gia
tri rd rang. Vi vay, viéc nghién ctu co so Ii luan, tim kiém cac dung méi, phuong phap
tach chiét PS soi nam phi hop véi diéu kién thyc tién 13 huéng di phd hop, dap ang viéc
khai thac hiéu qua cac ngudn PS tu nhién phuc vu cho nghién ciru va phét trién san pham
giau PS Ia that sy can thiét.

1.3.2. Cic phwong phdp chiét xudt polysaccharide tir ngm

Hién nay, cac ky thuat chiét xuat rat da dang, tir cac phuong phap truyén théng
nhu chiét nuéc ndng (HWE), chiét kiém (AE), chiét acid (AEc) dén cac phuwong phap
hién dai hd tro boi cong nghé nhu enzyme (EAE), siéu am (UAE) va vi séng (MAE).
Sy lya chon phuong phap phu thudc vao dic tinh cau trdc caa polysaccharide muc tiéu
(d6 tan, lién két), quy md san xuat va yéu cau vé do tinh khiét ciing nhu hoat tinh sinh
hoc cua san pham cudi cung. Mbi phuong phap déu hoat dong dya trén nguyén Iy riéng
biét nham pha v& té bao nam, tuy nhién, quy trinh tong thé thuong tuan theo mot trinh
tu logic chung dé dam bao thu hdi ti da lwgng polysaccharide thé.

Cac nghién cau trén thé gi6i thuong ap dung linh hoat va so sanh nhiéu phuong
phap dé tim ra giai phap toi wu cho tirng loai nam. Trong khi d6, nghién ctru tai Viét
Nam d3 bat dau tiép can cac phuong phap hién dai. Vi du, Do va cong su (2021) da két
hop siéu 4m va enzyme (UAEE) d¢ chiét PS tir G. lucidum, cho hiéu suat cao hon 42%
so v&i HWE truyén thdng. Tuong tu, nghién ciu cia Suong va cong su (2015) ciing toi
uu héa chiét xuat PS tir linh chi bang EAE [67]. Tuy nhién, di sir dung tac nhan pha vo
té bao khéc nhau, quy trinh chiét tach polysaccharide tir sgi nAm déu tuan theo cac budc
co ban sau [68-71].

Budc 1: Chuan bi va xir Iy nguyén liéu

Qua thé hoic hé soi nAm duoc 1am sach, say khé (thudng siy & 40-60°C hoic sy
thing hoa) dé loai bo nuéc.

Nghién nguyén liéu thanh bot min (kich thuéc < 1 mm) nhiam gia ting dién tich
tiép xdc bé mit gitra bot ndm va dung méi. Cac nghién ctru trong nude nhu ciia Pham
Chau Huynh va cong sy (2021) da chi ra tam quan trong cua viéc tdi wu kich thudc bot

(<2 mm) va ty 1& dung méi dé tang hiéu suét [72].
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Tuy chon: Loai bo chat béo va sic td bang cach ngam véi ethanol hoic ether trude
khi chiét (néu can san pham c6 do tinh khiét cao).

Budc 2: Qué trinh chiét xuat: Tai giai doan nay, sinh khdi bot nam duoc xir Iy bang
hé dung méi va cac tac nhan xUc tac phu hop nham pha v ciu tric véach té bao, qua do

giai phong va thu hoi tdi da ham luong polysaccharide.
HWE: Pun vdi nudc nong (90-100°C)
AE/AEc: Ngam trong dung dich kiém hoic acid (kém gia nhiét).
EAE: U vé&i enzyme dic hiéu (Cellulase, Protease...) & nhiét d6 va pH thich hop.
UAE/MAE: Xt ly bang song siéu &m hoic vi séng trong dung méi nudc.
Budc 3: Tach can va xu ly dich chiét

Ly tam (4000-8000 rpm) hoic loc dé loai bo phan ba ran (chitin, té bao chua vd).
Thu lay phan dich trong.

Luu y: DI véi chiét kiém/acid, can trung hoa dich chiét vé pH 7,0. Béi véi chiét

enzyme, can gia nhiét nhanh (100°C) dé bat hoat enzyme.
Budc 4: Co dic va két taa

Co6 quay chan khong dich chiét ¢ nhiét do thap (40-60°C) dé giam thé tich (con
1/3 hoic 1/4 thé tich ban dau).

Thém Ethanol 96% (hoic Methanol) lanh vao dich ¢6 dic véi ty 1& 3-5 lan thé tich
dich (dat ndng do con cudi khoang 80%).

U lanh ¢ 4°C qua dém (8-12 gio) dé polysaccharide két taa hoan toan.
Budc 5: Thu hoi Polysaccharide thd
Ly tam hoic loc liy phan két taa.

Rura taa 2—3 1an bang ethanol, acetone dé loai bé nudc, mudi du va cac tap chat

phan tir luong thap.

Say kho (uu tién sdy dong kho) dé thu dugc ché pham polysaccharide thd dang
bot, sdn sang cho cac budc tinh sach hozc phan tich tiép theo.

Budce 6: Tinh sach (Tuy chon)
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Loai protein (phuong phép Sevag), loai mudi (thdm tich), hoic tach phan doan (sac

ky).
- Uu nhuge diém ciia cac phwong phap chiét xuat
Bang 2.1. Uu nhuwoc diém caa cac phwong phap chiét xuét
Phwong o 2 .X
] Nguyén ly hoat déng Uu diém Nhuge diém
phap
- Thiét bi don gian, chi phil- Thoi gian chiét dai,
Chiét , ‘ ; BN N
) Pha vé té bao bing thap. tiéu ton nang lugng.
nuocC , ,
) nhiét, hoa tan PS tan |- An toan, khong doc hai. |- Hiéu suat thap vai cac
nong i A X =
(HWE) trong nudc. D& trién khai quy mo PS lién ket chat.
cong nghiép. - Do chon loc thap.
- Hiéu suat cao, thu hoi tot|- D& gay dat gdy mach,
cac B-glucan khong tan  |giam khéi lugng phan
Chiét | Ding OH- pha v& lién [frong nuoc. .
Kiém | két hydro/ester trong | Phu hop chiét kistsau Can trung hoa (gay
(AE) thanh té bao. budc HWE. nhiém mudi).
- Hoa chat gay dn mon,
xur ly thai phuec tap.
- Thu hdi tét cac PS acid |- Nguy co thay phan qua
hoic sulfat hoa. mirc 1am mat hoat tinh.
Chiét N <
Acid Dung H* thay phan mot- Ho tro thuy phéan tao - Kém chon loc, lan
Cl R . ] . . "
(AEQ) phan thanh té bao. |oligosaccharide cho nhicu tap chat.
c .
nghién cuu cau truc.  ft dwoc diing 1am
phuong phap chinh.
- Diéu kién ém diju, bao |- Chi phi enzyme cao.
H3 trg | Enzyme thily phan dzc 08N cau truc twnhién. 1 oy trinh phirc tap
enzyme |hiéu thanh phan vach té Tinh chon loc cao, it tap |(can kiém soat pH, nhiét
(EAE) bao. chat. do chat chg).

- Than thién moi truong.
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Phuwong o . .
) Nguyén ly hoat dong Uu diém Nhuoc diém
phap
- Kho &p dung dai tra
quy mé lon.
- R0t ngan thoi gian dang - S6ng siéu &m manh ¢6
ké. thé cat mach polymer.
Ho tro | Hiéu ung xam thyc |- Nhiét d6 thap, bao vé |- Kho dong nhat ning
siéu &m | (cavitation) ph& v co |hoat chat. lurong khi mo rong quy
- Chi phi thiét bi cao
hon HWE.
- Thoi gian cuc nhanh - Nguy co qua nhiét cuc
(tinh bang phat). bo gay phan hay PS.
Hb tro vi | Gia nhiét ndi tai nhanh | . o L .
] ] ~ FHiéusuat cao, gia nhi¢t |- Thiet bi chuyén dung
song | chong do ma sat phan | . . . s
dong déu tur bén trong.  |dat tien.
(MAE) tur.
- Tiét kiém nang lwong. |- Chua phu hop cho quy
mo san xuat 1n.

Trén co sé phan tich cac vu nhuge diém cua cac phuong phap chiét o trén, dé phan
doan dugc cé4c loai polysaccharide tir nam, ki thuat chiét tuan ty bang nuéc nong, acid
va kiém duoc sir dung vi nhirng Iy do sau:

- Céc phuong phap chiét truyén théng — chiét bang nudc néng (HWE), chiét kiém
(AE) va chiét acid (AEc) — da duoc &p dung pho bién trong nhiéu thap ky trong linh vuc
héa sinh va cong nghé duoc liéu. Chang 1a nhitng phuong phap kinh dién duoc trich dan
rong rai trong cac cong bb qudc té vé chiét tach polysaccharide tir nAm (Ganoderma,
Pleurotus, Cordyceps, Tremella...). Viéc lya chon cac phuong phap nay dam bao tinh
kha lap va do tin cay, gidp két qua nghién ctu d& dang duoc so sanh, ddi chiéu véi cac
cong trinh trudc, dong thoi tang gia tri khoa hoc khi cong bd. Trong khi d6, cac phuong
phap hién dai nhu EAE, UAE hay MAE du ¢6 tiém ning nhung con twong ddi méi, di
licu so sénh va chuin hoa chwa nhiéu, khién két qua nghién ctu kho dit trong hé quy
chiéu rong [71].
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Diy 1a cac phuong phap kinh dién dwoc s dung va trich dan rong rai trong cac
cong bé qudc té vé PS nam. Viéc &p dung chung dam bao tinh kha lap, gidp két qua dé

dang duogc so sanh, déi chiéu véi cac cong trinh trude do.

Viéc chiét tuan tu bang HWE, AE va AEc cho phép chiét tach toan dién hon céc
loai polysaccharide. Tuy nhién, qué trinh chiét acid (HCI) va kiém (Na2COs) tuy ting
hiéu suit nhung c6 nguy co gy dut gdy mach phan tir polymer, 1am giam khéi lwong
phan tir va thay di cau triic khdng gian cua PS thé.

HWE thu héi hiéu qua cac polysaccharide tan trong nudce, thuong 1a p-glucan va
heteropolysaccharide — nhdém c6 hoat tinh sinh hoc chinh.

AE gilp giai phong cac B-glucan gan chat trong thanh té bao, vén khong thé chiét
ra bang nudc ndng. Cac nghién ciru trén thé giGi da chi rd T. versicolor va C. militaris c6
chira ca PS tan trong nudc (nhu p-glucan hoat tinh mién dich) va céc PS lién két chat
trong thanh té bao can kiém dé giai phong.

AEc dic biét phi hop dé tach céc polysaccharide mang tinh acid (chira nhém
uronic acid hoic sulfate), von it tan trong dung méi trung tinh hozc kiém.

Sy két hop ba phuong phap nay cho phép khai thac hau nhu toan bo phd
polysaccharide (water-soluble, alkali-soluble, acid-soluble) caa nim. Nguoc lai, EAE,
UAE va MAE thuong chi uu tién ting hiéu suat thu hoi & mot dang nhéat dinh, nhung
chua du stc bao quat toan bo cac phan doan quan trong nay.

- S0 véi cac phuong phap hién dai (EAE, UAE, MAE) doi hoi chi phi cao cho
enzyme, thiét bi chuyén dung va quy trinh t6i uu phirc tap, ba phuong phéap truyén thong
6 wu thé rd rét vé tinh ng dung thyc té. Ching chi yéu cau hoa chat pho thong va thiét
bi co ban, pht hop véi diéu kién trang thiét bi va ngudn luc tai nhiéu phong thi nghiém,
vién nghién ciru va c6 tiém ning mo rong san xuat tai Viét Nam.

- Mét ly do quan trong dé lva chon HWE, AE va AEc la chiing cho phép kiém soéat
t6t qua trinh chiét, han ché nguy co phan manh polysaccharide. Cac phuong phéap hién
dai nhu UAE va MAE, do sir dung cavitation hoac vi song cong suat cao, d& gay cat
mach polysaccharide, 1am giam khéi luong phan tir va thay doi dac tinh sinh hoc. Trong
khi d6, EAE c6 thé gay thuy phan qua mic néu khong tdi wu hoa diéu kién, 1am bién
d6i hoat tinh tu nhién cua polysaccharide. Véi HWE, AE va AEc, mac du van c6 nguy
co bién tinh khi dun lau, nhung qué trinh thuy phan c6 thé kiém soét tét bang diéu chinh
nhiét 46, nong d6 dung moi va thoi gian.
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- Ngoai ra HWE, AE va AEc c6 chi phi thip va khong phu thudc vao ngudn cung
dic biét. Chling chi can hoa chat va thiét bi co ban, phu hop voi diéu kién nghién ciu
tai nhiéu phong thi nghiém trong nuéc.

* Tom lai, viéc ap dung hé thong chiét xuat tuan ty bang nuée nong (HWE), dung
dich kiém (AE) va dung dich acid (AEc) 1a mét huéng tiép can bam sat muc tiéu cua
luan an. Cac phuong phap nay cho phép phan 1ap dugc cac phan doan polysaccharide
c6 ban chat lién két khac nhau trong mang té bao. Do d6, viéc lya chon hé dung mdi nay
dong vai tro then chdt trong viéc xay dung mot quy trinh thu nhan polysaccharide chuan
hoa, tao tién dé vitng chic cho cc tng dung thuc tién ¢ quy mé cdng nghiép.

1.4. Phwong phap nudi cy dich thé

1.4.1. Gigi thigu vé nudi cdy dich thé

K§ thuat nudi cay dich thé (SmF) hay con goi la 1én men dich thé 1a mot phuong
phap nudi cay vi sinh vat trong méi truong long dinh dudng, dugc khuay tron va suc khi
nham téi wu hoa sy phat trién cua té bao va/hoic su tao thanh cac hop chét chuyén hoa.
Pay 1a k¥ thuat pho bién va dugc ang dung rong réi trong san xuat cac san pham sinh
hoc nhu enzyme, acid hitu co, khang sinh, PS, cac hop chat hoat tinh sinh hoc va sinh
khdi vi sinh vat, dac biét 1a ndm duoc liéu [73].

Khéac voi phuong phap 1én men thé ran (SSF), nudi ciy dich thé cho phép kiém
soat tot hon cac yéu td moi trudng nhu pH, nhiét do, oxy hoa tan, toc do khudy tron va
thong khi. Sy kiém soat chinh xéac nay gidp tdi wu hoa su sinh truéng cua vi sinh vat
cling nhu ning suat san pham [74]. Ngoai ra, qua trinh 1én men dich thé thuong c6 thoi
gian nudi cdy ngan hon, hiéu suat thu hoi sinh khbi cao hon, va dé dang ma rong quy
mo cong nghiép nho vao hé thong bioreactor hién dai [75]. Trong linh vuc nghién ctu
va (g dung duoc liéu, ki thuat nui cdy dich thé da duoc &p dung dé san xuat sinh khoi
va c4c hop chét thir cap tir ndAm duoc liéu nhu G. lucidum, C. militaris va T. versicolor
[76]. Quéa trinh nay khdng chi tao ra sinh khdi ndm giau hoat chat ma con cé thé diéu
chinh diéu kién nuéi ciy dé ting cudng san sinh PS, triterpenoid hay céc hop chat khang
oxi hda.

Mot trong nhiing loi ich quan trong cua nudi cay dich thé I tinh kha thi trong viéc
tu dong hoa va kiém soat qué trinh. Viéc tng dung céc cdng nghé cam bién, hé thdng
diéu khién ty dong va phan tich theo thoi gian thuc da giup cai thién hiéu suat san xuat
va giam thiéu sai st trong quy trinh. Bén canh d6, SmF con thuan loi trong viéc thu
hoach sinh khdi va chiét tach cac hop chat sinh hoc nho maéi truong long déng nhat,
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giam chi phi san xuat va nang cao do tinh khiét caa san pham [77]. Tuy nhién, ky thuat
nay ciing c6 mot s6 han ché nhu chi phi dau tu ban dau cao, yéu cau thiét bi phtc tap va
can kiém soat nghiém ngit cac diéu kién méi truong. Ngoai ra, mot sé 10ai vi sinh vat
hodc ching nim dic thu cé thé khong thich nghi tét véi diéu kién nubi cay long, 1am
anh huong dén hiéu suat san xuét. Do d6, viéc lva chon chang gidng, thiét ké moi treong
nudi ciy va téi ru héa cac thong s ky thuat 1a nhitng yéu tb then chét trong thanh cong
cua SmF.

C6 thé ndi rang k¥ thuat nudi cay dich thé 13 mot cong cu manh mé trong sinh hoc
cdng nghiép va cong nghé sinh hoc, véi tiém ning 16n trong viéc san xuat quy md 16n
cac san pham sinh hoc c6 gia tri cao. Trong bdi canh phat trién cong nghé va nhu cau
san pham ty nhién ngdy cang tang, viéc tiép tuc nghién cau, cai tién va téi wu hoa k¥
thuat SmF 1a rat can thiét,

1.4.2. Uu diém ciia nudi cay dich thé

Trong nhitng nim gan day, nhu cau st dung cac loai nim duoc liéu nhu
C. militaris, G. lucidum, T. versicolor va L. edodes ngay cang ting manh do tiém ning
sinh hoc da dang nhu khang oxi hoa, tang cudng mién dich, chéng ung thu, va diéu hoa
chuyén héa. Tuy nhién, viéc san xuét qua thé ty nhién hoic trén co chat rin gap nhiéu
thach thirc vé thoi gian, nang suét, va kiém soat chat lugng. Trong béi canh dé, ki thuat
nudi cdy dich thé da ndi 1én nhu mot giai phap wu viét, dic biét trong viéc san xuat sinh
khdi hé soi va hop chat hoat tinh tir ndAm duoc lidu & quy md cdng nghiép.

Mot trong nhitng uu diém 16n nhat caa nudi cay dich thé 1a kha nang kiém soat
chinh xéc cac diéu kién méi trudng nhu pH, nhiét do, nong do oxy hoa tan, toc do khudy
va suc khi. Didu nay gilp ti uu hoa sy sinh truong va chuyén hoa cia nam dugc liéu.
Theo Papagianni (2004), su kiém soét nay khong chi dam bao sy 6n dinh cua qué trinh
Ién men ma con anh huong truc tiép dén hiéu suat sinh khéi va chét luong cua cac hop

chat thir cap nhu polysaccharide, triterpenoid, va sterol [77].

So véi nubi cay trén co chat ran, SmF cho hiéu suat sinh khéi cao hon trong thoi
gian ngan hon. Trong mot nghién ctu caa Zhou et al. (2009), nudi cay dich thé C.
militaris cho thdy sinh khéi ting truong nhanh va PS hoa tan trong nude dat nong do
cao hon so voi nudi cay bé mat [76] . Tuong tu, Wang et al. (2022) bao céo rang SmF
gitip ting higu suat san xuat ganoderic acid tir G. lucidum nh¢ diéu chinh diéu kién nudi
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ciy phu hop . Biéu nay dic biét quan trong khi can san xuat nhanh va 6n dinh cac hop
chat dugc liéu trong quy mo thuong mai [78].

Mot loi thé ndi bat khac cua nudi cay dich thé 1a kha ning thu sinh khéi va chiét
tach hoat chat dé dang hon. Trong méi trudng long, hé soi phét trién phan tan, khong bi
két khdi nhu trong nuéi cdy ran, gidp qua trinh loc, ly tim va chiét xuat dién ra hiéu qua
hon. Ngoai ra, méi trudng 1ong sach hon vé vi sinh va it chira tap chét tir co chat, gidp
nang cao do tinh khiét caa san pham thu duoc [79].

Kha ning nhan rong 1a yéu té then chbt dé dwa nghién ctru vao tng dung thuong
mai. SmF cho phép dé dang mé rong quy mé théng qua hé thdng bioreactor vai thé tich
tir vai lit dén hang nghin lit, dong thoi duy tri duwoc d6 1ap lai va 6n dinh cia san pham.
Theo Palladino et al. (2024), sy phét trién cua cong nghé bioreactor va cam bién sinh
hoc da gitip giam sat qua trinh 1én men theo thoi gian thyc, tir d6 t6i wu hoéa quy trinh

san xuat tu dong va tiét kiém chi phi nhan céng [80].

Trong nghién ciru cdng nghé sinh hoc hién dai, viéc toi vu hoa cac didu kién nudi
cay bang cong cu thiét ké thi nghiém (Design of Experiment — DoE) nhu mé hinh dap
tng bé mat (RSM) hay thuat toan di truyén (genetic algorithm) ngay cang pho bién.
Nudi ciy dich thé 1a nén tang 1y tuéng cho cac nghién ciru ti wu hoa nay nho tinh linh
hoat va kha niang phan ¢ng nhanh cua hé thong [81]. Nho d6, cac nha nghién ctu c6 thé
diéu chinh ndng do chat cam ung, glucose, nito, hoic oxi dé dinh huéng sinh tong hop

cac hop chat muc tiéu tir nam.

SmF khdng chi gigi han & mot vai loai ma da duoc ching minh hiéu qua trén nhiéu
chang ndm duoc liéu khac nhau nhu Cordyceps militaris, Ganoderma lucidum,
Schizophyllum commune, Phellinus linteus, va Hericium erinaceus. Diéu ndy mé ra trién
vong tng dung rong réi cho nganh cong nghiép thuc pham chiic ning va duoc pham tir
nam [82].

Nhin chung, nuéi cay dich thé 1a mot chién lwgc nudi cdy tién tién, dem lai nhiéu
loi thé so véi cac phuong phap truyén thdng trong san xuat sinh khdi va hop chat hoat
tinh tir nAm duoc liéu. Tir kha ning kiém soat méi treong, hiéu suat cao, dé thu hdi san
pham, dén kha niang mé rong va téi wu héa quy trinh, SmF da va dang dong vai tro trung
tam trong xu hudng cdng nghiép hoéa san pham nam duoc liéu. Viéc tiép tuc nghién ctu,
t6i wu va ung dung SmF hira hen s& gop phan quan trong vao phat trién cong nghé sinh
hoc xanh, bén vitng va hiéu qua.
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1.4.3. C4c yéu té anh hwéng trong qué trinh nudi cdy dich thé

Lén men dich thé 1a mot phwong phap nudi ciy vi sinh Vit trong méi trueong 16ng,
duoc &p dung rong réi trong cdng nghiép sinh hoc nhiam san xuat sinh khéi, enzyme, PS,
va cé4c hop chat c6 hoat tinh sinh hoc. Trong nudi cdy nim duoc liéu, dac biét 1a cac loai
nam nhu C. militaris, T. versicolor, hé soi nAm khéng chi 12 ngudn sinh khdi ma con 1a
“nha may” tong hop céc chat chuyén héa thir cip cd gia tri cao nhu polysaccharide,
triterpenoid, va céc alkaloid. Tuy nhién, hiéu qua cta qué trinh nay phu thudc vao nhiéu
yéu t6 sinh hoc va moi truong. Bai viét nay s& phan tich cac yéu t chinh anh huong dén
su sinh truong cua hé soi nam va kha ning tong hop cac hoat chat sinh hoc trong nubi
cay dich thé.

1.4.3.1. Thanh phan méi truong nudi cay

a. Nguon carbon

Carbon l1a nguén ning luong va vat liéu xay dung cho té bao. Loai va nong do
carbon ¢6 anh huong dang ké dén toc do sinh truong va qua trinh tong hop hoat chét.
Glucose 1a nguén carbon phé bién trong nuéi cay dich thé vi kha ning hap thu nhanh va
hiéu qua chuyén hoa cao. Tuy nhién, ndng do glucose qué cao co thé gay ra hién tuong
trc ché do &p suat tham thau hoac hiéu (g catabolite repression [83]. Cac ngudn carbon
thay thé nhu lactose, maltose, hodc sucrose ciing dugc sir dung dé diéu chinh qué trinh
chuyén héa. Chang han, trong nuéi cay G. lucidum, ngudn carbon anh huéng dén ham
luong PS tong hop, véi glucose va maltose cho két qua tét nhat [84].

Nghién ctru Cui va cs. (2015) d3 tap trung danh gia anh hudng cia ngudn carbon
thay thé dén sinh truong va tong hop triterpenoid trong qué trinh nudi ciy dich thé
G. lucidum [85]. Bakratsas va cs. (2021) da phan tich sau anh huong cua loai va ty 1€
ngudn carbon dén qua trinh nudi cay dich thé nim duoc lidu. Tac gia nhan manh rang
ngudn carbon khong chi cung cap ning luong ma con dong vai trod diéu tiét qua trinh
sinh trudng va tong hop cac chat chuyén hda thtr cdp nhu polysaccharide, triterpenoid,
va alkaloid. Cac loai duong don (glucose, fructose), duong doi (sucrose, lactose), va
carbon phirc (molasses, malt extract) déu anh hudng khac nhau dén téc do ting sinh
khdi, hinh thai hé soi va ning suét hoat chat. Ngoai ra, nong do carbon cao c6 thé gay
rc ché sinh truéng hoic tich tu san pham phu khéng mong mudn, trong khi néng do
thap kéo dai thoi gian pha lag [86]. Kachrimanidou va cs. (2023) di danh gi4 hiéu qua
cua viéc st dung ngudn carbon han hop (glucose va xylose) trong nudi cay dich thé nam
P. ostreatus. Két qua cho thay su két hop nay khong chi gitp tang toc do tieu thu duong
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ma con cai thién rd rét ning suat sinh khéi, PS ngoai bao (EPS) va enzyme laccase so
véi khi dung ting loai duong don 1¢. Str dung ty 1€ glucose:xylose la 2:1 mang lai hiéu
qua cao nhat, voi ham luong EPS ting 28% va hoat tinh laccase ting 35% [87]. Trong
khi d6, Wang va cs. (2025) da nghién ctru anh hudng cua ngudn carbon dén qué trinh
tong hop PS va biéu hién gene lién quan trong nudi cdy dich thé nim 1. obliquus. Két
qua cho thiy cac loai carbon khac nhau (glucose, fructose, sucrose) khdng chi anh huéng
dén toc do sinh truong ma con diéu tiét rd rét hoat tinh enzyme va biéu hién cac gene
tong hop PS nhu PGI, UGP, va UGE. Pic biét, glucose thic day manh biéu hién gene
UGE, lam tang ham lugng PS tan trong nudc [88].

Nhu vay, nhitng cong b trén minh ching rang nguon carbon 1a mot dau méi quan
trong o thé diéu chinh dé ti wu hoa ca sinh khi va san luong hoat chét trong qua trinh
Ién men dich thé nAm duoc liéu.

b. Ngudn nitrogen

Nitrogen Ia thanh phan thiét yéu trong tong hop protein, acid nucleic va enzyme.
Ngudn nitrogen c6 thé ¢ dang vo co (NHsNOs, (NH4)2SO4) hoic hitu co (peptone, yeast
extract). Ham luong va loai nitrogen anh huong rd rét dén ty 18 sinh khéi va su tich lity
hoat chat. Vi dy, C. militaris khi duoc nudi ciy trong méi trueong ¢ yeast extract cho
ham lugng cordycepin cao hon so véi ammonium sulfate [89]. Su can ddi giira carbon
va nitrogen (ty 1& C/N) ciing quan trong. Ty 1é C/N cao thuong thuc day sinh truong hé
soi, trong khi ty 1¢ thap c6 thé kich thich san xuat chat chuyén hoa thir cap.

Nghién ctru ctia Zhang va cs. (2014) da tap trung khao sat anh huong cua cac loai
ngudn nito dén qué trinh tdng hop ganoderic acids trong nudi cay dich thé. Két qua cho
thiy ngudn nito khac nhau (ammonium sulfate, nitrate, peptone, yeast extract) khong
chi anh hudng dén sinh khéi ma con diéu tiét manh mé biéu hién cac gene lién quan dén
sinh tong hop triterpenoid, nhu hmgr, sgs va Is. Nghién ctiu khang dinh rang diéu tiét
nguon nito 1a cong cu sinh hoc quan trong dé t6i wu hoa qué trinh san xuat hoat chat tir
G. lucidum [90]. Nghién ciru cta Serody va cs. (2024) di cung cip bang chang rd rang
vé anh hudng cua ngudn va ham luong nito dén kha ning sinh truéng va tong hop PS
trong nudi cay dich thé nim duoc liéu. Két qua cho thay, khi ting gap doi ham luong
nito trong mai trudng (so véi mac chuan), G. tsugae khdng chi ting sinh khdi ma con
kich hoat mot pha sinh truéng thir hai sau pha log, giiip ting ddng ké ning suat
exopolysaccharide (EPS). Trong cac ngudn nito khao sét, peptone va ammonium sulfate
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mang lai hiéu qua tét nhat. Nghién cau nay cé thé mé rong wng dung cho céac loai nam
dugc liéu khac nhu T. versicolor va P. ostreatus, nhan manh rang tdi uvu hoa ngudn nito
khdng chi cai thién sinh truéng ma con 1a yéu té diéu tiét manh mé qua trinh tong hop
hoat chat sinh hoc trong nudi cay dich thé [91].

c. Vi chat va khoang

Cac ion kim loai nhu Mg?*, Zn?*, Cu?*, Fe?* dong vai tro 1a dong yéu t6 cua enzyme,
anh huong dén hoat dong sinh hda noi bao. Thiéu hut hoic du thira vi chat déu c6 thé
trc ché sinh truong hodc 1am thay ddi 16 trinh chuyén hoa [92]. Mot sé nghién cau ghi
nhan rang bé sung Mg?* va Zn?* ¢6 thé ting tong hop PS trong G. lucidum [93].

Khi danh gia anh hudng cua ion sat Fe?* (dudi dang ferrous sulfate — FeSO.) dén
kha ning sinh truéng va tong hop cordycepin trong nudi cay dich thé C. militaris. Fan
va cs. (2012) cho rang viéc bo sung FeSO4 ¢ nong d6 ti wu (0.3 g/L) gitip ting sinh
khdi hé soi 1én 26% va tang ham lugng cordycepin dén 42% so véi 16 d6i ching. Nghién
ctru khang dinh sit 1a vi khoang quan trong, cé thé (ng dung nhu mot chat bo sung don
gian nhung hiéu qua dé nang cao hiéu suat nudi cay dich thé C. militaris [94].

1.4.3.2. Cdc diéu kién vat ly

a. pH méi truwong

pH 1a yéu t6 quan trong anh hudng dén cau trlc, on dinh va hoat tinh cua nhiéu
enzyme, ciing nhu anh hudng dén tinh thim ciia mang té bao té bao vi sinh. Trong qua
trinh 18n men dich thé (hay con goi la Ién men dich thé) mdi loai nam cé khoang pH téi
wu riéng. Vi du nhu trong nghién ctiu téi vu hoa cac diéu kién 18n men dich thé nham
nang cao hiéu suat sinh khéi va PS c6 hoat tinh sinh hoc tir C. militaris. Yang va cs.
(2007) da b tri thi nghiém str dung thiét ké Box—Behnken dé danh gia anh huong cua
c4c yéu té nhu nhiét 6, pH va thoi gian 1én men. Két qua cho thay pH ban dau caa moi
truong c6 anh hudng dang ké dén sinh truong hé soi va ning suat PS, véi gia tri pH toi
uu dugce xac dinh 1a 6,0 [95]. Trong nghién ctru cta Showkat va cs. (2022), cac tac gia
d3 toi vu hoa diéu kién nudi cay dich thé dé nang cao nang suat cordycepin — mot hoat
chat sinh hoc chu lyc caa C. militaris. Thi nghiém st dung phuong phap mét yéu tb thay
d6i va thiét ké phan hoi bé mat (RSM) dé khao sat anh huong cua pH, nhiét do, thoi gian
nudi va ndng dd ngudn carbon. Két qua cho thay gia tri pH ban dau 1y tuéng dé san xuat
cordycepin la khoang 6,5, gitp tdi wu hoa ca sinh khéi hé soi va ham lugng cordycepin
trong moi treong long [96].
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Nghién ctru cua Fang va cs. (2002) nhim danh gia anh huéng caa pH ban dau dén
kha nang sinh tredng va san xuat hop chét hoat tinh sinh hoc cua G. lucidum trong diéu
kién nudi cay dich thé. Két qua cho thdy pH ban dau 1a mot yéu té quan trong anh huong
dén sinh khéi hé soi, ham lwong ganoderic acid va PS [97]. Trong nghién ciu cua Cui
va cs. (2015), cac tac gia di khao sat qua trinh san xuit va dic trung hoa triterpenoid
noi bao tir G. lucidum trong diéu kién nudi ciy dich thé véi muc tiéu 12 t6i wu hoa cac
diéu kién 1&n men nhiam nang cao sinh khéi hé soi va ham lugng triterpenoid. Két qua
cho thay gi4 tri pH ban dau ¢ anh hudng dang ké dén hiéu suat sinh hoc, trong d6 pH
5.5 la t6i uu cho ca sy phat trién mycelium va tich lily triterpenoid [85]. Trong nghién
ctru tong quan cta Zhou va cs. (2021), cac tac gia da trinh bay cac tién bo trong coéng
nghé sinh hoc hién dai nham téi wvu héa nudi cdy Ganoderma phuc vu san xuat dugc
liéu. Tai liéu nhan manh rang pH ban dau cua méi trudng nudi ciy 1 yéu t quan trong
anh huong truc tiép dén tdc do sinh truong va kha nang tich liiy cac hop chat hoat tinh
ctia nam [98].

b. Nhigt do

Trong qua trinh nudi cay dich thé hé soi nam duoc liéu, nhiét dd anh huong dén
tdc d6 sinh truong va hoat tinh enzyme. Pa s6 cac loai nam duoc liéu phét trién tot trong
khoang 25-28°C. Su sai léch khoi nhiét d6 ti wu co thé 1am giam sinh khéi hoic chuyén
dich qué trinh chuyén hoa sang con dudng phu, anh huong dén chat lwong hoat chét thu

nhan duoc.

Nghién ctu cua Liu va cs. (2019) tap trung vao viéc cai tién diéu kién nudi cay
dich thé nham nang cao san xuat exopolysaccharide (EPS) tir G. lucidum. Nhém nghién
ctiu sir dung phuong phap nudi ciy véi hat gidng dang bot min va ap dung thiét ké thi
nghiém dap tng bé mat (RSM) dé tbi uu hoa cac yéu té moi truong, bao gdm nhiét do,
pH, ty 1& giéng va thoi gian nudi. Két qua cho thay nhiét do téi wu dé dat duoc san luong
EPS cao nhat 1a 28°C. Nhiét do cao hon hoac thap hon mirc nay déu dan dén giam hiéu
suit sinh téng hop EPS va lam cham sy phét trién cua hé soi ndm. Nghién ctu khang
dinh rang kiém soat nhiét do chinh xéac 12 mot yéu té then chét dé nang cao hiéu qua va
d6 6n dinh trong nudi cdy dich thé G. lucidum [99]. Trong nghién ciru tong quan cua
Camilleri va cs. (2025), c4c tac gia da trinh bay toan dién vé cac tng dung va k¥ thuat
nudi cdy hé soi nam dé san xuat vat liéu sinh hoc va cac san pham c6 gia tri cao. Nghién
ctzu nhan manh rang nhiét d6 1a yéu t6 then chét anh huong truc tiép dén tée do sinh
truong cta hé soi, cAu tric té bao va hoat tinh enzyme. Do do, kiém soét nhiét d6 chinh
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xac 1a diéu kién bat budc trong cac hé thdng I8n men dich thé quy md phong thi nghiém
lan cong nghiép [100].

c. Oxi hoa tan va sw théng khi

Oxi 1a yéu t6 gigi han trong nudi cay dich thé, dac biét Ia khi sinh khéi ting cao
khién d6 nhét ting, can tré su khuéch tan oxi. Su thong khi khong du c6 thé gay ra qué
trinh 1én men ky khi, dan dén giam tong hop hoat chat va lam thay doi hinh théi hé soi.
Nghién ctru cua Fazenda va cs. (2010) da phén tich anh huéng ciia muc oxi hoa tan dén
hinh thai hé soi va hiéu qua 1én men trong nudi cay dich thé G. lucidum. Thi nghiém
duogc thuc hién trong ché do fed-batch voi hai phwong phap diéu khién DO: khong kiém
soat (DO giam tu nhién) va kiém soét tu dong bang hé thong cascade (tang toc do khuay
va cap khi khi DO giam). Két qua cho thay khi DO dugc duy tri & mutc > 30% thong
qua cascade, hé soi phat trién & dang phan tan déu va sinh khdi dat mic cao hon dang
ké. Nguoc lai, & diéu kien DO khdng kiém soéat, hé soi hinh thanh cac cum I6n, 1am ting
d6 nhot méi treong va giam tde do truyén oxi, dan dén hiéu suat nudi cdy thap. Nghién
ctru khang dinh kiém soat DO hiéu qua la yéu t6 then chdt dé téi wu hoa hinh thai va
nang suat trong Ién men dich thé G. lucidum [101]. Trong nghién ciu tong quan cua
Thakur va cs. (2023) da cung cap cai nhin toan dién vé vai tro caa cac yéu tb moi truong
trong nudi cdy dich thé vi sinh vat, dic biét 14 nam hiéu khi. Trong d6, DO duoc xac
dinh 1a mot yéu td gisi han quan trong, dic biét khi sinh khéi ting cao trong méi truong
long. D6i véi cac loai nam hiéu khi nhu Aspergillus, Trichoderma hay Ganoderma, mic
DO anh hudng truc tiép dén su téng hop enzyme ngoai bao, bao gom cellulase, xylanase
va protease. Khi DO thap hon muc téi vu (<20-30%), hoat tinh enzyme giam manh do
qua trinh chuyén héa chuyén huéng hoidc enzyme bi e ché tong hop. Nguoc lai, duy tri
DO 6n dinh bang cach diéu chinh téc do khudy va théng khi gilp téi da hoa ning suat
enzyme, dong thoi cai thién hinh thai hé soi va do on dinh caa qué trinh 18n men [102].

1.4.3.3. Hinh thai hé sgi va kha ndng trao d@si chat

Hinh thai hé soi nAm trong mai trudng nudi cay dich thé cé thé thay doi tir dang
soi roi, cum hat (pellet) dén dang mang. Hinh thai ndy anh huong dén su khuéch tan
chat dinh dudng, oxi va thai san pham. Trong nghién ctu tong quan cua Lu va cs. (2024)
d3 trinh bay toan dién vé cac dang hinh thai cua nam soi trong nudi cay dich thé va anh
huong cua chang dén qué trinh 1én men. Theo nghién ctu, hé sgi nAm trong moi truong
long cd thé ton tai dudi ba dang chinh: soi phan tan, cum soi hoac pellet, va mang bé
mat (biofilm hodc mat formation). Mdi dang morphology anh hudéng khac nhau dén kha
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ning khuéch tan oxi, dinh dudng, va sy thai san pham trao d6i chat. Viéc diéu chinh
hinh thai théng qua toc o khudy, bot khi, pH va thanh phan méi truong 1 chién lugc
hiéu qua dé toi uvu hoa nang suat 1én men [103]. Nghién ctu cua Veiter va cs. (2018)
cling chi ra rang c6 mdi lién hé giira hinh thai hé soi ndm (dic biét 1a dang pellet) va
nang suat sinh hoc trong qua trinh nudi ciy dich thé. Tac gia nhan manh rang hinh thai
la yéu t6 quyét dinh dén hiéu qua khuéch tan oxi, chat dinh dudng va kha ning loai bo
san pham thai, tir d6 anh huong truc tiép dén nang suat enzyme va chat chuyén hoa thir
cap. Pellet c¢6 kich thudc vira phai (~0.5-1.0 mm) thuong cho két qua tét nhat, vi ti wu
hoa ty 1é bé mat/khéi luong, gitp ting cuong trao d6i chat ma khong 1am ting d6 nhat
moi truong. Pellet qua 16n 1am han ché khuéch tan vao ving trung tam, gay thiéu oxi
cuc bg, trong khi dang soi toi roi lam tang d6 nhot va giam hiéu qua tron. Nghién cau
két luan rang viéc kiém soat hinh thai soi nAm la mot cong cu quan trong dé ti uu hoa
qua trinh 1én men c6ng nghiép [104].
1.4.3.4. CAc yéu té sinh hoc va diéu kién nudi cay

a. Chiing nam

MJi loai va mdi chung nam c6 tiém nang sinh truang va tong hop hoat chat khac
nhau. Viéc chon loc giéng va cai bién di truyén c6 thé nang cao ning suat dang ké.

b. Tudi cay va ty Ié ciy

Tudi va ty 18 caa giéng cdy anh huong dén kha ning thich nghi va téc d6 sinh
truong ban dau. Néu tudi gidng qué gia hoic qua non sé kéo dai giai doan pha lag lam
giam ning suat. Ty 1¢ cdy qué thap s& kéo dai pha lag, trong khi ty Ié cao c6 thé gay
canh tranh chat dinh dudng va oxi [77].

T6m lai, nudi cdy dich thé 1a cong nghé hiéu qua trong san xuat sinh khéi va hoat
chat sinh hoc tir ndm duoc liéu. Tuy nhién, hiéu qua cua qué trinh phu thudc vao nhiéu
yéu t6 nhu thanh phan mai trudng, diéu kién vat ly, hinh thai hé soi, giai doan phat trién,
va dac diém chang nam. Viéc hiéu rd va toi wu hoa cac yéu td nay sé gitip ning cao ning
suat va chat lwong san pham. Trong bdi canh cong nghiép hoa san xuat duoc liéu, su két
hop gitta cdng nghé nudi cay va ky thuat sinh hoc phan tir hita hen mé ra huéng di méi
cho viéc khai thac tiém ning ctia nAm duoc liéu. Tuy vay, véi xu hudng st dung nguyén
liéu tai ché, két hop 1én men dich thé va cdng nghé sinh hoc enzyme, SmF hira hen s&
trg thanh nén tang bén viing dé san xuét sinh khéi va hop chat chic nang tir C. militaris
va T. versicolor. Xu hudéng toan cau hién nay cho thay nudi cay dich thé khdng con chi
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la giai phap thay thé cho nudi cay truyén thdng, ma di tré thanh mot céng nghé chién
lugc trong san xuat duoc lidu, thuc pham chire nang, my pham va prebiotic tir nAm. Viéc
chu dong kiém soat moi trudng nudi, t6i wu hoa sinh khéi va hoat chat, két hop véi kha
nang mé rong quy md dé dang, da giup nudi cdy dich thé tro thanh hudng di c6 tiém
ning kinh t& — khoa hoc — cdng nghé rat Ién. Nhitng thanh teu quéc té trong linh vuc
nay c6 thé trg thanh hinh mau cho cac quéc gia nhu Viét Nam trong viéc phat trién chudi
gia tri nam duoc liéu cong nghé cao.
1.5. Téng quan vé kha ning khang oxi hoa

1.5.1. Khai niém va co ché

Kha ning khang oxi hoa la thuat ngir ding dé mé ta ning luc caa mot chat hoic
hé thdng sinh hoc trong viéc vo hiéu hoa cac goc tu do (free radicals) va cac loai oxi
phan &ng (ROS), tir d6 bao vé té bao khoi ton thuong oxi hda. Gdc tu do Ia nhitng phan
tr hodc nguyén tir co electron doc than, rat dé phan ting va c6 kha nang gay ton thuong
DNA, lipid, protein va cac thanh phan thiét yéu khéc trong té bao, dan dén a0 hda sém
va gop phan vao su phét trién cua nhiéu bénh 1y nhu ung thw, tim mach, thoai hoa than
kinh va tiéu duong [105].

Co ché khang oxi hoa co thé duoc chia thanh hai nhém chinh: Khang oxi hoa
enzyme (enzymatic antioxidants) va khang oxi hda khéng enzyme (non-enzymatic
antioxidants). Cac enzyme noi sinh nhu superoxide dismutase (SOD), catalase (CAT)
va glutathione peroxidase (GPx) tham gia loai bé ROS sinh ra trong qué trinh chuyén
hoa té bao.

Trong khi d0, cac chat khang oxi hda khong enzyme thuong 1a cac hop chat c6
ngudn goc ngoai sinh nhu polyphenol, flavonoid, vitamin C, vitamin E, carotenoid hoic
cordycepin chii yéu hoat dong thong qua co ché quét gbc tr do truc tiép. Co ché nay bao
gom viéc cac phan tir khang oxi hda hién ting electron hoic nguyén tir hydro dé trung
hoa cac goc tu do, qua d6 ngin chin phan ung day chuyén gay ton thuong oxi héa. Vi
du, acid ascorbic (vitamin C) va céac flavonoid c6 cau triic vong thom mang nhém
hydroxyl dé bi oxi hda, cho phép ching loai bo cac gbc nhu DPPHe, Oz+~, OH+ hoic
H.0: mot cach hiéu qua [106,107]. Pay 1a co ché cdt 16i 1am nén tang cho cac phuong
phap danh gia hoat tinh khang oxi hoa in vitro nhu DPPH, ABTS, va FRAP.

Ngoai viéc trung hoa gdc tu do theo cach vat ly — héa hoc, mot co ché diéu hoa di
truyén quan trong 1a con duong tin hiéu Nrf2—Keapl-ARE. Trong diéu kién binh
thuong, yéu té phién ma Nrf2 bi giir lai trong bao twong bai protein Keapl. Khi xuat
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hién stress oxi hoa, Nrf2 tach khoi Keapl, di chuyén vao nhan va gin vao ving ARE
(antioxidant response element), tir d6 kich hoat biéu hién cac gen ma hoa enzyme bao
vé nhu HO-1, NQO1 va GST [108]. Vi vy, cac chat khang oxi hda khong chi cé vai tro
truc tiép quét gbc tu do ma con cd kha niang kich hoat hé thong bao vé néi sinh caa co
thé & cap do phan tu.

1.5.2. Khd ndng khang oxi hoa ciza mgt sé hep chdt co trong Cordyceps militaris
va Trametes versicolor

Nam duoc liéu tir 1au da dugc st dung trong y hoc ¢b truyén va ngay cang duoc
cht y nhu nhitng ngudn chat khang oxi hoa tu nhién phong pha. Trong sb dé, C. militaris
va T. versicolor noi bat nho da dang cac hop chat hoat tinh sinh hoc ¢6 kha ning chdng
lai stress oxi hoa thong qua nhiéu co ché bd trg nhau.

C. militaris chira nhiéu hop chat hoat tinh nhu cordycepin (3'-deoxyadenosine),
nucleotid, polysaccharide, sterol nhu ergosterol va lovastatin, cung véi ergothioneine
[109]. Cordycepin — mot phan tir nho ¢6 ciu trac twong tu adenosine 14 mot chat khang
oxi hda va khang viém chu luc. Trong cdc mo hinh in vitro, nd lam giam sy hinh thanh
ROS va MDA, dong thoi 1am ting hoat tinh cua enzyme khang oxi hda nhu SOD va
GPx trong céc té bao than kinh duoc xu ly bang 6-hydroxydopamine; chiét xuat n-
hexane & nong do thap (5 uM) ciing ghi nhan hiéu qua tuong tu (GPx ting +25,6%, SOD
tang +20,5%) [110]. Ngoai ra, cordycepin con bao vé than kinh va chong mét moi: & md
hinh chudt chay trén may, liéu 10 mg/kg lam tang biéu hién BDNF, Nrf2 va HO1 & hdi
hai mé, (rc ché Keap1 va cai thién tri nhd, goi y 16 vai tro diéu hoa khang oxi hoa [111].

Cac PS chiét xuat tir C. militaris bao gom noi bao, ngoai bao va tir chat nén nudi
trong con lai cling cho thay tiém nang khang oxi héa manh. Mot chiét xuat bang enzyme
(EPCMa) kich hoat con duwong Nrf2/HO-1, tang cuong cac enzyme khang oxi hoa noi
sinh va tc ché ROS ciing nhu peroxid hoa lipid [22]. Nhiéu nghién ctu doc lap khéc
xé&c nhan hoat tinh quét goc tu do phu thudc liéu caa cac PS nay, dac biét 1a kha ning
giam dang ké gbc hydroxyl. Do d6, cac phan tir nho va dai phan tir hoat dong ciing nhau
dé loai bo ROS va diéu hoa biéu hién gen khang oxi héa. B6 sung vao d6 1a cac hop chat
phenolic va ergothioneine 1a mét loai thiol tu nhién c6 dic tinh 6n dinh sinh hoc — dong
vai tro bao vé than kinh va trung hoa peroxide. Cac nhom chat nay khéng chi c6 kha
ning quét gbc ty do ma con diéu hoa biéu hién gen lién quan dén can bang oxi hoa té
bao. Pang cha ¥, co ché khang oxi hoa cua cordycepin ¢ thé gop phan vao lgi ich tim
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mach thdng qua viéc lam giam viém mén tinh va ton thuong oxi hoa té bao. Tuy nhién,
c4c thir nghiém 1am sang giai doan 111 quy md Ién van con thiéu.

Trametes versicolor 1a mot loai nAm muc séng hoai sinh cé hoat tinh khang oxi
hda manh mé&. Thanh phan hoat chat gém B-glucan gan protein (nhu PSK, ~100 kDa) va
polysaccharopeptide (PSP), cting véi cac hop chit phenolic, flavonoid, terpenoid va acid
p-hydroxybenzoic, tit ca déu c6 kha ning trung hoa gbc tu do.

Trong cac phan tich in vitro sir dung phuong phap DPPH, ABTS, va FRAP, chiét
xuat methanol cua T. versicolor cé ICso khoang 5,6 pg/mL, trong khi chiét xuat acetone
dat muc tc ché goc tu do 50,9% & 500 pug/mL [112]. Phan tich LC-MS cho thay c6 t6i
28 hop chat phenolic khac nhau. Chiét xuat methanol va nudc c6 ham lugng phenol va
flavonoid cao, twong quan manh véi hoat tinh khang oxi hoa tong thé [113]. Trong s6
d6, acid p-hydroxybenzoic dugc xac dinh 1a hop chat chinh c6 kha nang quét gbc manh.
Vé kha nang diéu hoa mién dich, PSK — mot B-glucan duoc phé duyét tai Nhat Ban nhu
thudc hd tro diéu tri ung thu — da cho thay hiéu qua trong viéc kéo dai sdng sot va kich
thich cac co ché bao vé khang oxi hoa & gan va té bao mién dich [8]. Du vay, di liéu
lam sang truc tiép dénh gia chi dau stress oxi hda ¢ nguoi con han ché.

Cac téng quan gan dy xac nhan vai trd cua cac polyphenol, terpenoid va cac hop
chat khang oxi hoa trong T. versicolor [30]. Healthline nhin manh rang nam nay chta
hon 35 loai hop chat phenolic, bao gdm quercetin va baicalein, c6 kha ning tc ché hoat
dong cua COX va LOX, tir d6 lam giam stress oxi héa do viém. C. militaris va
T. versicolor déu chira t6 hop da hop chat khang oxi hoa, bao gom phan tir nhé nhu
cordycepin, phenol, ergothioneine va PS I16n nhu PSK, PSP ¢6 kha nang quét ROS, tang
cudng enzyme ndi sinh va didu hoa mién dich. Két qua tién 1am sang rat hira hen; dé
chuyén sang ung dung 1am sang can c6 dir liéu tir thir nghiém ngudi, nghién ciru co ché
sau hon va chuan hoa chiét xuat.

1.6. Co sé lwa chon nAm bao ngw va vai trd cia Lactiplantibacillus plantarum trong
I&n men lactic

1.6.1. Co sé lwa chon ndm bao ngw lam nguyén ligu 1én men

Nam bao ngu (Pleurotus spp.) 1a nhém nam an duoc nudi trong thuong mai pho
bién, trong d6 P. ostreatus duoc trong quy mé 16n va dung lam thyc phdm chirc ning
cling nhu nguyén liéu cho cac san pham nutraceutical [114]. Pleurotus c6 ham luong
protein cao v4i thanh phan amino acid thiét yéu can di, chat xo dic trung 1a B-glucan

phan nhanh, giau vitamin nhém B, vitamin D va cac khoang vi lugng (Fe, Zn, Cu, Se),
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trong khi ham luong natri va chat béo thap [115]. Bén canh d6, qua thé va sinh khdi soi
nim chaa nhiéu hop chat sinh hoc nhu polysaccharide (B-glucan), ergothioneine,
peptide, lectin, hop chat phenolic, lovastatin va triterpenoid [114]. P. ostreatus c6 cac
hoat tinh chéng oxy hoa, ha lipid mau, khang u, diéu hoa mién dich va khang khuéan.
Déi voi muc tiéu 1én men, dang cha ¥ 1a ham lugng phenolic tong ciia nAm bao ngu cao

hon nam chanterelle (Cantharellus cibarius) trong cing mot nghién ctru [116].

N4m bao ngu c6 nhiéu dic diém thuan loi khi lam co chat dé 1én men lactic. Dau
tién, ndm tuoi nhanh hu hong, trong khi 1én men lactic 1a phuong phép truyén thong dé
bao quan qua thé ndm va tao ra san pham c6 gié tri dinh dudng, cam quan cao [117].
Tha hai, ham luong natri va lipid thap gitp chi dong diéu chinh nong do mudi trong
dich Ién men [116]. Thi ba, Pleurotus sinh truong hiéu qua trén phy pham nhu rom, ba
bia [116], nén ngudn nguyén liéu d& nudi tréng va chi phi thap. Cubi cuing, nghién ctu
trong nudc cho thdy nam bao ngu xam (P. sajor-caju) 1én men bang L. plantarum c6 thé
trg thanh thuc pham ngudn gbc thuc vat hitu ich cho ngudi an chay [118].

1.6.2. Lén men lactic ndm bao ngw va nhing bién doi trong qua trinh 18n men

Lén men lactic 12 qua trinh LAB, nhdm vi khuan Gram duong, chuyén hoa duong
thanh acid lactic [119]. Su tich liy acid hitu co lam giam pH, tao méi trudng bat loi cho
vi sinh vat gay hu hong. Trong Ién men ndm, chang khai dong can si dung nhanh
carbohydrate sin c6 dé tao lwong lén acid lactic, vi vay dong hoc bién d6i duong tu do
va acid hiru co 1a chi thi cho dién bién dung cua qué trinh [120]. O nAm m& I&n men c6
kiém soat, acid lactic chiém wu thé trong san pham cudi, cting v&i malic, succinic, citric,
acetic va fumaric [120].

Khi Ién men P. ostreatus, A. bisporus va L. edodes bang chung L. plantarum EK11,
mat d6 LAB trong san pham cubi vuot 7 log CFU/mL; gia tri nang lugng va ham lugng
carbohydrate tiéu hoa dugc giam & ca ba loai; ty 1¢é acid béo khong bao hoa da ting ¢
P. ostreatus; nguoc lai, ham luong thiamin va riboflavin thap hon nam tuoi (trir L.
edodes) [121]. Nhu vay l1én men cd thé 1am san pham it nang lugng hon va cai thién cau
trdc acid béo, song gay hao hut mot sé vitamin nhdm B. V& tinh chat vat Iy, mau sic, do
ctng, chat ran hoa tan va pH 1a cac chi tiéu thuong duoc theo ddi trong suét qua trinh
[118].

Phenolic 1a nhém hop chat bién doi rd rét nhat. Khi 1én men ndm bao ngu va
chanterelle bang L. plantarum cho hiéu qua ha pH tt nhat, va cac acid phenolic nhu
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gallic, homogentisic, ferulic dat ndng do cao nhat & mau lén men bing L. plantarum
[116]. V&i nam bao ngu xam, 1én men ciing 1am ting TPC va hoat tinh bat géc ty do
[118]. Co ché dugc cho la do enzyme caa LAB thay phan dang lién két va chuyén hoa
cac acid phenolic [122]. Tuy nhién, chiéu hudng bién ddi phu thudc vao chang va loai
nim: & nim md, chung probiotic L. plantarum 299v cho ham lugng phenolic va hoat
tinh chdng oxy hoa cao hon chung ddi ching [116].

1.6.3. Vai tro cua Lactiplantibacillus plantarum trong 1én men

Lactiplantibacillus plantarum 1a loai dwoc ding rong rai dé 1én men tréi cay, rau
va sira, phan anh kha ning thich nghi voi nhiéu nén chat khac nhau [119]. Trén nam,
dic tinh nay phu thudc chung: B4i véi ching EK11 dugc phan 1ap tir thé qua Agaricus
bisporus trai qua qua trinh 1&n men lactic ty phat, cho thiy kha niang thich nghi tét va
tiém nang lam gidng khoi dong cho qua trinh 1én men nam. Khi dugc su dung dé 1én
men P. ostreatus, chung EK11 gitp duy tri pH san pham & mirc < 3,75 sau 7 ngay, dong
thoi dat mat do vi khuan lactic trén 7 log CFU/mL, gop phan kiém soét va on dinh san
pham 1én men. Bén canh hiéu qua acid hoa, qua trinh 1én men bang EK11 con lam giam
ham lugng calo va carbohydrate dé tiéu hoa, cai thién ty 1¢ acid béo khong bio hoa da
& P. ostreatus. Dic biét, chung EK11 khong c6 kha nang téng hop amin sinh hoc, day
la mét dac tinh thuan lgi vé mat an toan thuc pham [119]. Vé kha niang chiu diéu kién
Ién men, chang L. plantarum ding trén nim bao ngu xam 1én men thanh céng ¢ 15°C
trong 25 ngay Vvai 3,5-4,5% NaCl, mat d6 ban dau 10*-10° CFU/mL [118].

L. plantarum Ia chung hiéu qua nhat trong viéc giam pH khi 1én men qua thé nam
bao ngu so véi cac ching LAB khéac dugc thir nghiém; véi nam ma, ching 299v ha pH
xudng 3,6 sau mot tuan [116]. Su acid héa nhanh, nho acid lactic chiém wu thé, gidp
LAB canh tranh va kim hdm h¢ vi sinh vat gay hu hong [123]. Ngoc va cong su (2024)
nhan dinh 18n men c6 bo sung gidng thuan phd hop hon cho bao quan dai ngay, vi khi
LAB mong mudn khéng chiém wu thé thi nguy co hu hong ting [118]. Tuy nhién, vai
tro kiém soat nay chi hoan chinh khi chung duoc chon khéng sinh amine sinh hoc [123].

Mot trong nhitng dong gop dang chu y cua L. plantarum trong qué trinh 1én men
nam la kha ning 1am thay d6i ham luong va kha nang tiép can cua cac hop chét phenolic,
tir 6 gop phan cai thién hoat tinh chong oxy hda. Nghién ctiu trén ndm so xam cho thiy
qua trinh 1&n men voi L. plantarum lam ting tong ham lugng polyphenol (TPC), dong
thoi lam gia tang hoat tinh chdng oxy hoéa cia san pham [118]. Co ché nay duoc lam rd
hon qua nghién ctu cia Ayar-Siimer va cs. 2024, trong d6 qué trinh 1én men bang
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L. plantarum lam gia tang ham luong phenolic tu do, dac biét sau 24 gid, trong khi ham
luong phenolic lién két giam, cho thay cac hop chat phenolic lién két véi nén nguyén
liéu c6 thé duogc giai phong trong qué trinh 18n men. Su giai phong nay gop phan lam
taing kha nang tiép can va hoat tinh sinh hoc cua céc hop chat phenolic. Tuong tu,
Jablonska-Rys et al. (2016) ghi nhan nam I&n men bang L. plantarum c6 ham luong hop
chat phenolic va hoat tinh chéng oxy héa cao hon, dong thoi cho thiy diéu kién tién xu
ly nhu chan c6 thé anh huong dang ké dén ham luong phenolic va hoat tinh chéng oxy
hoa ctia san pham [116]. Nhu vay, L. plantarum khong chi thuc ddy qua trinh acid hoa
ma con c6 kha nang giai phong va chuyén hoa cac hop chat phenolic trong nén nam, qua
d6 gop phan nang cao ham lugng phenolic c6 kha ning tiép can va hoat tinh chng oxy
hoa cua san pham 1én men.

*Phan tich tinh hinh nghién ciru trong va ngoai nude ¢ thé thiy riang viéc nghién
ctru cac diéu kién nham thu sinh khéi soi nam trong méi trudng dich thé, ciing nhu viéc
phan tich, danh gia tim quan trong cua cac hop chat trong qua thé nam va hé sgi ndm
dang thu huat sy quan tam cua cac nha khoa hoc va da co nhiéu cong bé ¢ tinh khoa hoc
va thuc tién cao dé tién tai san xuat cong nghiép tao ra nguon sinh khéi hiru co dap tng
nhu cau dinh dudng ciing nhu nhu cau stic khoe ciia con ngudi hién nay. Tuy nhién, cac
san pham prebiotic hién nay b6 sung va thuc pham nham cai thién sic khoe duong ruot
cha yéu chiét xuat tir thyc vat. Nhiéu nghién ciu trén thé gigi cho thiy PS khang tiéu
hoa chiét xuat tir nAm c6 kha nang kich thich probiotic va ¢ ché vi sinh vat gay bénh,
dic biét 1a beta glucan tir soi nam. Vi vay, viéc da dang ngudn co chét san xuat prebiotic,
tao ra san pham cd hoat tinh sinh hoc cao cai thién stuc khoe sinh vat chu 1 van dé hét
sic cap thiét. Hon tat ca, nam va soi nim la ngudn co chét tiém nang cho van dé nay,
trong d6 viéc 1én men sinh khdi soi gilp rat ngin thoi gian nudi cdy, chu dong diéu
khién cong nghé tién téi hién dai hoa cong nghiép hda san xuat nguyén liéu cho thuc
pham va duoc pham la van dé dang dugc quan tam. Két qua nghién ciru danh gia hoat
tinh prebiotic tir soi ndm 1a mot trong nhitng giai phap hiru ich 1am da dang ngudn
prebiotic cung cip cho cong nghé duoc pham, thuc pham va tng dung trong chin nudi
nham ting cudng su da dang va nang cao hoat tinh cac loai prebiotic, ddng thoi giam
thoi gian nudi trong va chi phi san xuét.

Két luan tong quan

Cordyceps militaris va Trametes versicolor 1a hai lodi ndm duoc liéu so hitu hé
polysaccharide phong pht vai hoat tinh sinh hoc da dang. Tuy nhién, phan I6n cac
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nghién ctru trong nudc hién nay van tap trung vao viéc nudi trong va khai thac qua thé.
Trong khi d6, tai liéu qudc té da khang dinh tiém ning to 16n caa céng nghé nudi cy
dich thé (SmF) trong viéc thu nhan sinh khéi hé soi chat luong cao, gilp rut ngan thoi
gian, kiém soat tét quy trinh va dé& dang ma rong quy mé céng nghiép — mot huéng di
phu hop véi xu thé hién dai hoa nganh duoc liéu. Mic du hoat tinh khang oxi hda cua
hai lodi ndm nay di duwoc chiang minh rong rdi, nhung tiém ning prebiotic cua
polysaccharide tir hé sgi nAm van 1a mot khoang tréng 16n trong bic tranh nghién ctu
tai Viét Nam. Trong béi canh nhu cau tim kiém cac nguén prebiotic méi, an toan va hiéu
qua dé thay thé ngudn gdc thyuc vat ngay cang ting, viée danh gia kha ning hd tro hé vi
sinh vat dudng rudt caa nam 1a mot huéng di méi meé va cap thiét. Cac phuong phap
chiét xuat truyén thong don 1é thuong bo s6t cac nhom polysaccharide lién két chat trong
thanh té bao (nhu B-glucan khéng tan). Viéc ap dung quy trinh chiét xuat phan doan két
hop (nudc néng, kiém, acid) 1a can thiét dé tan thu ti da cac hop chat c¢d hoat tinh sinh
hoc cao.

Khéc biét v&i cac nghién ciu trude day thudng tap trung vao qua thé hoac cac hoat
tinh duoc ly co dién, dé tai nay tap trung vao cac diém méi chinh:

- Khai théc sinh khéi hé soi thong qua nudi cay dich thé thay vi qua thé, huéng toi
quy trinh san xuat bén viing.

- Tap trung danh gia chuyén siu hoat tinh prebiotic cua polysaccharide nam — mot
hudng tng dung mai tai Viét Nam, bén canh hoat tinh khang oxi hoa.

- S0 sanh song song tiém nang sinh hoc giita hai dai dién tiéu biéu cua nganh Nam
tai (C. militaris) va Nam dam (T. versicolor) trén ciing mot hé diéu kién nudi cay va
chiét xuat, tir 6 cung cap co sd khoa hoc tin cay cho viéc phat trién cac san pham thyc
pham chirc ning thé hé méi hd trg stc khoe duong rudt.

- Ung dung sinh khi hé sgi nam vao quy trinh ché bién thuc pham thyc té “Nudc
nam Bao ngu 1én men bd sung hé sgi nam Trametes versicolor”. Pay 1a mé hinh san
pham méi, két hop loi ich caa nim duoc liéu va cdng nghé 1én men lactic, tao ra san
pham d6 udng dinh hudng chirc nang giau hoat tinh sinh hoc (khang khuan, prebiotic,
khang oxi hoa).
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CHUONG 2. POI TUQONG VA PHUONG PHAP NGHIEN CUU

2.1. Pébi twong

- Chung nam C. militaris va T. versicolor dwogc luu trit tai bo swu tap giéng cua
phong thi nghiém Céng nghé Nam, thuoc Khoa Sinh — Néng nghiép — Mai truong,
Truong Pai hoc Su pham — Dai hoc Ba Nang. Danh phép céc ching di duoc kiém chang
thng qua phan tich trinh tu mot chiéu (gen ITS), véi do twong dong 100% so vai ching
chuan trén GenBank.

- Chung Lactiplantibacillus plantarum WCFSL1 (truéc day 1a Lactobacillus
plantarum WCFS1) sir dung trong nghién ciru nay duoc cung cap bai Pai hoc Khoa hoc
Poi séng Na Uy (NMBU), As, Na Uy. Ching dugc phan 1ap tir nudc bot nguoi theo
phuong phap mé ta trong nghién ctu goc cua Kleerebezem (2003) [124].

- Chung Lactiplantibacillus casei - 01 va Bifidobacterum animalis YC381 dang
bot say phun ciia Cong ty Chr. Hansen (Pan Mach), duoc cung cap bai chi nhanh cong
ty Chr. Hansen Malaysia Sdn. Bhd. Tai Viét Nam (dia chi: tang 16 tda nha Bitexco, s6
02 duong Hai Triéu, Phuong Bén Nghé, Quan 1, Thanh phé Ho Chi Minh). Mat sé vi
khuan ban dau 1 101 CFU/g dugc bao quan ¢ nhiét do -18°C theo quy dinh ctia nha san
xuat.

- Chung Lactiplantibacillus pentosus NH1 va Pediococcus acidilactici NBD8
duoc cung cap tir trudng Pai hoc Bach Khoa — Pai hoc Pa ning. Chung nay da duoc
dinh danh bang giai trinh tu gene 16S rRNA (Genbank: PP064920 va PP064833) va luu
giit trong bo suu tap gidng vi sinh vat cua phong thi nghiém.

- Chung hai khuan Escherichia coli ATCC 25922 va Staphylococcus aureus
ATCC 25923 hang san xuat: MicroBiologics - My, duoc cung cap bai vién Cong nghé
sinh hoc — Pai hoc Hué.

- Prebiotic thuong mai FOS dugc cung cap bai cong ty CP Duoc pham Novaco
(S6 6P, duong Ping Vian Ngit, Nam Dong, Dong Da, Ha Noi).

- Qua thé ndm bao ngur tim (Pleurotus ostreatus ) thu mua tai trai nAm Quynh Tam-
Hoa Phong — Hoa Vang — Thanh phé Pa Ning.
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2.2. Hoa chat, thiét bi va dung cu
2.2.1. Hoa chat

- Enzyme a-amylase mua tai Cong ty TNHH Céng nghé sinh hoc Aoboxing (Béc
Kinh, Trung Quéc), hoat d6 3700 U/g; ABTS mua tai cdng ty Roche (Dtic): DNS dugc
san xuat tai cong ty hoa chat Zhongyu (Thuong Hai, Trung Quéc); Pepton va cao nam
men duoc san xuat boi HiMedia (An B6), Cén 99,7% (Vietnam) va tat ca cac hoa chat
khac (K2HPO4, MgS04.7H20, Na;HPOs, CH3COONa, K2S20s...) dugc mua tur
Guangdong Guanghua Sci-Tech Co.,Ltd (Quang Pong, Trung Qudc).

- Céc acid béo mach ngin chuan: acid propionic 99,2% (CAS No. 79-09-4,
CPAchem Ltd, Bulgaria); acid acetic 99,9% (CAS No. 64-19-7, CPAchem Ltd,
Bulgaria), acid butyric 98,8% (CAS No. 107-92-6, CPAchem Ltd, Bulgaria).

2.2.2. Thiét bj va dung cu

- May ly tdm lanh Hermle: Model Z 446 K (Dtc)
- May lic 6n nhiét: Model: 1083, Nha san xuat: GFL (buc)
- May khuay tir gia nhiét
- May quang ph6 UV-VIS: Jacco 760
- Noi hap tiét tring: Model ALP MC-105L (Nhat Ban).
- Tt 4m CO2: Model ICO50med, Memmert (Dirc).
- Sic ky long cao 4p (HPCL) Ultimate 3000 - Dionex (M¥).
- Mot s thiét bi co ban khac trang bi trong phong thi nghiém.
2.3. Pham vi
- V& noi dung:
+ Pé tai tap trung tdi wu hoéa quy trinh nudi cay dich thé dé thu sinh khéi hé soi
nam, khdng nghién cau nudi trong qua thé hay 1én men trén co chat ran.

+ Str dung phuong phép chiét xuat tuan tw phan doan bang cac dung madi theo trinh
tu: nuéc néng (HWE), kiém (AE) va acid (AEc) dé thu nhin cac phan doan
polysaccharide (PS) da dang Vé ciu triic va do tan.

+ Panh gia hoat tinh sinh hoc:
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Hoat tinh khang oxi héa duoc danh gia in vitro thdng qua kha ning trung hoa gbc
tu do ABTS*".

Tiém ning prebiotic in vitro dugc dénh gia thong qua chi sé prebiotic (P1), kha
nang khang enzyme tiéu héa (a-amylase), kha nang sinh acid béo chudi ngian (SCFAS)
va kha niang wc ché vi khuan gay bénh trong diéu kién nuéi cay in vitro.

+ Ung dung sinh khéi soi nam vao quy trinh ché bién san pham nuwéc nAm Bao ngu 1én
men lactic, ddnh gia cac chi tiéu chat luong cam quan, hoa ly va vi sinh cua san pham.

- V& khong gian: Nghién ctru duoc thuc hién tai cac phong thi nghiém Sinh hoc tai
Khoa Sinh — Nong nghiép — Mai truong, Truong Pai hoc Su Pham — Pai hoc Pa Nang
va Khoa Hoa, Truong Pai hoc Bach Khoa — Pai hoc Pa Nang; cac chi tiéu danh gia an
toan thuc pham (kim loai nang va vi sinh) duoc giri phan tich tai Trung tam K¥ thuat
Tiéu chuan Po luong Chat lvgng 2 (QUATEST 2).

- V¢ thoi gian: Nghién ciru duoc thuc hién trong khoang thoi gian 4 nam tir 2021
dén 2025.
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2.5. Phwong phap thuc hién cac ngi dung nghién ciru

2.5.1. Ngi dung 1: Téi wu héa diéu kign nudi cdy dich thé nham thu nhgn sinh
khéi va polysaccharide tir hé sgi ném

Muc dich: Xac dinh diéu kién pH, glucose va cao nAm men pht hop cho su phat
trién cua soi nAm nham thu nhan PS véi ham luong cao nhat, qua d6 nang cao hiéu suat
san XUt

2.5.1.1. Phwong phdp nuéi cday hé spi nam

N4am C. militaris va T. versicolor dugc nhan giéng cap 1 trong cac dia petri thay
tinh (90 mm x 15mm) v&i thanh phan méi trudng gom: khoai tay (200 g/L), glucose (20
g/L) va agar (15 g/L), i & 23 - 25°C trong 10 ngay. Sau do, tir c4c dia tién hanh nudi cay
hé soi ndm cép 2 trén moi truong dich thé bang 2 phuong phap nuéi cay lic va tinh. M6i
truong nudi trong dich thé voi cac thanh phan twong &g vai timg diéu kién cu thé nhu
sau: Khoai tay 200g/L, glucose 20 — 40 g/L, cao nam men: 2 — 5 g/L, pepton 2 — 3 g/L,
pH: 5— 6. Cho 150 mL méi trudng trén vao céac binh tam giac (250 mL). Hap khtr tring
bang hoi nuéc néng ¢ 121°C trong vong 20 phut, dé ngudi ty nhién cho nhiét do ha
xudng dudi 30 °C. Dung que cay chia nho hé soi nAm trong dia thanh phan bang nhau
0,5 x 0,5 cm, sau d6 cdy vao binh dung méi truong dung dich (gat bo 16p thach phia
duéi hé soi). Giéng sau khi cdy giéng xong, duoc dé tinh trong thoi gian 24 gio. Tién
hanh nudi hé soi ndm bang hai phuong phap 1a nudi tinh va nuéi lac. Diéu kién nubi lic:
cudng d6 150 vong/pht, nhiét d6 22°C ddi voi nam C. militaris va 27°C d6i voi nam
T. versicolor, toi hoan toan va do am khdng khi 65 — 70%. Giéng cap 2 dich thé phai
duogc kiém tra hang ngay. Loai bo cac trudng hop bi nhiém khuan, nhiém méc, giir lai
cac binh giéng c6 hé soi sinh truong khoe, khuan lac cau phat trién dong déu. Sau 10
ngay nudi lac va 20 ngay nudi tinh thi hé soi nAm sinh truéng va phat trién tot, tién hanh
thu hoach va sdy kho & 50°C.

2.5.1.2. Phwong phdp bé tri thi nghigm
a. Phwong phap thuc nghiém cé dién (OFAT)

- Pdnh gid dnh hwéng cia cac yéu té don bién dén nding sudt sinh khoi va ham lwong
PS ndm C. militaris

+ Thi nghiém 1: Khao séat anh hudong cua pH. Hé soi ndm dugc nubi trong moi
truong PDB* véi pH & céc gid tri: 4,0; 4,5; 5,0; 5,5; 6,0. Biéu chinh pH dung dich bing
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HCI 0,1 N va dung dich NaOH 0,1 N. Cac buéc thi nghiém tién hanh nhu phwong phap
nudi ciy dich thé va thu sinh khéi hé sgi nam. Két thiic qua trinh nuéi cdy, tién hanh thu
hoach, siy kho sinh khéi & 50°C dén khdi luong khong ddi. Chi tiéu dénh gia bao gom:
Trong lwong sinh khdi kho (g/L) va ham luong PS (%).

+ Thi nghiém 2: Khao sat anh huéng cua ham luong glucose. Hé sgi nim duoc
nudi trong méi trudng PDB* véi pH téi vu (twong tng luong sinh khdi thu dugc 16n
nhat) duoc diéu chinh tir thi nghiém 1, sau d6 bo sung glucose véi ham luong lan luot
14 30, 35, 40, 45 va 50 g/L. Cac budc thi nghiém tiép theo tién hanh nhu thi nghiém 1

+ Thi nghiém 3: Khao st anh huong cua ham luong cao ndm men véi sy diéu
chinh pH téi wu tir thi nghiém 1 va b6 sung thém glucose t6i uvu duoc xac dinh tir thi
nghiém 2, sau d6 bo sung cao nam men véi ham luong lan luot 12 2, 3, 4, 5 va 6 g/L.
Céc budc thi nghiém tiép theo tién hanh nhu thi nghiém 1 va 2.

Bang 2.2. Tom tit bé tri thi nghiém OFAT nam C. militaris
Yéu td khao sat Yéu t6 ¢6 dinh
pH & céc gia tri: 4,0; 4,5; 5,0; 5,5;
6,0

glucose véi ham lugng lan luot 13

30, 35, 40, 45 va 50 g/L
cao nAm men véi ham lwong lan M&i truong PDB*, pH da chon va glucose da

luotla 2,3,4,5va6g/L chon

Moi trueong PDB™ (glucose 20g/L, CNM 4g/L)

Moi truong PDB* (CNM 4g/L), pH da chon

- Pdnh gid dnh hwéng cia cac yéu té don bién dén néing sudt sinh kKhoi va ham lwong
PS ndm T. versicolor
+ Thi nghiém 1: Khao sat anh huong cua pH.

Hé soi ndm dugc nudi trong moi trudng PDB* véi pH & céc gid tri: 4,5; 5,0; 5,5;
6,0 va 6,5. Biéu chinh pH dung dich bang HCI 0,1 N va dung dich NaOH 0,1 N. Céc
budc thi nghiém tién hanh nhu phuong phap nuéi cay dich thé va thu sinh khi hé soi
nam.

+ Thi nghiém 2: Khao sat anh huong cua ham luong glucose.

Hé soi nAm dugc nudi trong moi truong PDB+ véi pH t6i uu (twong tng luong

sinh khéi thu duoc 16n nhat) duoc diéu chinh tir thi nghiém 1, sau d6 bd sung glucose
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v6i ham luong lan luot 12 10, 15, 20, 25 va 30 g/L. Cac budc thi nghiém tiép theo tién
hanh nhu thi nghiém 1.

+ Thi nghiém 3: Khao sat anh huéng caa ham lugng cao nim men.

Hé soi nam duoc nudi trong méi truong PDB+ vai su diéu chinh pH t6i wu tir thi
nghiém 1 va bé sung thém glucose tdi wu dwoc xac dinh tir thi nghiém 2, sau d6 bd sung
cao ndm men véi ham lwong lan luot 13 1; 1,5; 2; 2,5 va 3 g/L. Cac budc thi nghiém tiép
theo tién hanh nhu thi nghiém 1 va 2.

Bang 2.3. Tom tat bé tri thi nghiém OFAT nam T. versicolor

Yéu té khao sat Yéu td co dinh
pH & cac gia tri: 4,5; 5,0; 5,5; 6,0; Moi truong PDB* (glucose 20g/L, CNM 2g/L)
6,5
glucose v&i ham luong lan luot 1a Moi truong PDB* (CNM 2g/L), pH di chon
10, 15, 20 va 25 va 30 g/L
cao nam men véi ham luong lan lugt  Méi trudng PDB*, pH da chon va glucose da
1;15;2;25va3g/L chon

b. Phuwong phap bé mit dap &ng (RSM)

Dua trén cac khoang gia tri tiém nang thu duoc tir két qua khao sat don yéu t6, ba
bién doc lap bao géom pH, nong do glucose va ham lugng cao nAm men duoc lya chon
dé tién hanh t6i wu hoa. Thiét ké Box-Behnken (BBD) thudc md hinh bé mat dap tng
(RSM) duoc 4p dung véi cau tric 3 mic ma hda (-1, 0, +1) cho mdi bién doc 1ap (Bang
2.4). Méi lién hé toan hoc biéu dién su phu thudc cua céc bién dap tng (ning suét sinh
khoi soi nam va ham luong PS) vao céc bién doc lap duoc mo ta thong qua phuong trinh
hdi quy da thic bac hai tong quét c6 dang:

3 3 2 3
2
Y=b+> X+ bhX+> > b XX
yor ]
i=1 i=1 i=l j=1+1
Trong do:
Y: Gia tri dy doan bién dap ung (ning suat sinh khdi sgi nam hodc ham lugng PS
du doan thu duoc).
bo 1a hé s6 tu do
Xi, Xj 12 nhan té doc lap anh hudng dén ham muc tiéu Y
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bi 1a hé sb hdi quy bac 1 mé ta anh hudng cua yéu té Xi véi Y (tuyén tinh)
bii 1a hé s6 hdi quy twong tac mé ta anh hudng cua yéu td Xi vai Y (phi tuyén)
bij1a hé sb hdi quy twong tac mo ta anh hudng dong thoi Xi va Xjvoi Y

Bang 2.4. B6 tri thi nghiém t6i wu hoéa diéu kién nudi ciy

Cac yéu to doc lap

Nghiem thire thi nghicm pH moi truong  Glucose (g/L) Cao ?gé}rllw)men
1 0 -1 -1
2 -1 1 0
3 0 -1 1
4 0 0 0
5 0 0 0
6 -1 0 1
7 1 -1 0
8 0 1 1
9 0 0 0
10 0 1 -1
11 -1 -1 0

12 -1 0 -1
13 1 0 1
14 1 1 0
15 1 0 -1

2.5.1.3. Phwrong phdp thu nhén va xdc dinh ndng sudt sinh khai hé sei nam

Két thlic thoi gian nudi cdy tinh (20 ngay), tién hanh thu nhan sinh khi hé sgi nAm
bang phuong phép loc. Sinh khéi thu duoc dem rira nhiéu 1an bang nuéc cat dé loai bo
hoan toan moi trudng nudi cdy du thira. Sau d6, mau duoc sdy khd ¢ 50°C cho dén khi
dat khéi lugng khong ddi (46 am xap xi 13%). Khéi luong sinh khbi khé duoc xac dinh
bang can phan tich va ning suat sinh khéi duoc biéu dién dudi dang g/L (gam sinh khdi
kho/1it méi truong). Soi nam thanh pham dugc bao quan kin trong tdi nilon hoac lo thuy
tinh & diéu kién tranh anh sang truc tiép dé phuc vu cho céac phan tich tiép theo.

2.5.1.4. Phurong phdp tach chiét xdc dinh ham heong PS hé soi nam
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Quy trinh chiét PS dé dinh luong dwoc thuc hién theo phwong phéap cua Sun va cs.
(2005) va cd mot sé stra d6i. Sinh khéi soi nam dugc say khd & 50°C dén khéi luong
khong dbi, sau d6 nghién thanh bt min va ngam véi nude ndng 80°C vai ti 1& 1:20
trong 3h (Iap lai 4 1an). Loc hdn hop thu dich loc va tua véi ethanol 96% theo ti 1¢ 1:5 &
4°C trong 24h. Tién hanh ly tdm hdn hop 5000 vong/phat thu tua va ria taa 2 lan véi
con 96%. Sau do két tua dugc hoa tan trong nudc cat va loai bo protein bang phuong
phéap Sevag (sir dung hé dung méi chloroform:n-butanol véi ty 1€ 4:1, v/v), taa lai trong
ethanol 80% (v/v). Sau khi ly tam, két tua duoc rira bang etanol, sdy ¢ 60°C dén khdi
luong khong doi thu duoc PS tho. Xac dinh ham lugng PS thd bang phuwong phép phenol
— sulfuric [125].

Sinh khéi soi nam (Say 50°C)

-2 -
Nghién >
A\ 4

B6t ndm

Chiét v6i nude nong 4 1an
(80°C trong 3 gi0)

>
P

Dich chiét nuée

Két tia véi con 96 do véi ti 1€ N
1:5 (24h, 4°C) g

Dich sau két tia

Ly tam thu két tia, rira két tia
bang EtOH 96%

>
P

Hon hop két tia

Hoa tan trong nudc, loai
protein bang phuong phap »
sevag Y

Dung dich Polysccharide

Két tia vai EtOH 80° véi ti 18 1:5
(24h, 4°C),'ly tam 5000 v/p, q
say 60°C y

Polysacharide tho

Hinh 2.2. Quy trinh tach polysaccharide thé tir sinh khéi nam
- PS dwoc xac dinh bang phwong phap phenol —sulfuric [126].

Nguyén tic: Trong mdi truong acid manh va néng, thanh phan oligosaccharide va

PS bi thity phan, giai phong monosaccharide. Tiép do, chung bi khir nudc va tao cac din
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xuat furan. Két qua thu dugc san pham c6 mau vang cam voi phenol va do hap thu cuc

dai & bude song 490nm.
Cic buéc tién hanh
Budc 1: Lap duong chuin D-Glucose: 10-500 pg/mL

Dung pipet chuyén 1ml mau (trong sudt) vao dng nghiém, mot mau tring (nudc
cat) ciing dugc chuan bi. Thém ImL phenol 5% vao hdn hop miu. Thém nhanh 5mL
acid sulfuric ddm dac (khi thém acid H>SO4 vao nudc sinh ra lwgng nhiét 16n). San pham
phan tng c6 mau vang cam. Lic déu mau va doi phan tng trong vong 20 phat Do do
hap thu ¢ budc song 490 nm. Lam mAu dinh luong tuong tu duong chuan.

Ghi cha: Thuéc thiz Phenol-Sulfuric phan ing véi tat ca cac logi carbohydrate
(dwong don, dwong déi, oligo va polysaccharide). Néu muc tiéu la dinh heong riéng
Polysaccharide (EPS hogc IPS), su hién dién cia cac dwong tur do (glucose, fructose,
sucrose) con sét lai trong dich 18n men hodc dich chiét té bao sé céng gép vao két qud,

gay sai so dwong rat lon.

+ Cach hléu chinh: ODthuC t6 = ODmau thir - ODmau nén

+ MAu trang: Nudgc cat (thé tich bang vai thé tich mau thir) + dung dich Phenol +
H2SO. dac.

+ Mau nén: Dich chiét mau + Nudc cit (thay cho dung dich Phenol) + H.SOs dic.

Budc 2: Xay dung duong chuan D-Glucose (Phu luc 5.9).

Budc 3: Tham chiéu duong chuan da 1ap tinh toan duoc ham lwong PS tong. Ham
lugng PS tho dugc tinh theo phuong trinh:

0D+0,0356 S\ X 100 x 162
0,00912 mx(1-w) ~ 180

Ham luong % PS =

Trong do:

% PS tinh theo khéi luwgng khé sgi nam
V: thé tich dung dich sau khi hoa tan (mL)
m: khéi luong mau ban dau (g)

w: d6 am ciia mau (%)
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2.5.2. Ngi dung 2: Chiét xudt tuan tw va danh gid hinh thdi, hoat tinh khang oxi
hod, prebiotic ciia cac chiét xudt PS

2.5.2.1. Chiét xudt tuan tu va dinh lwong cdc phdn doan polysaccharide hé sgi
nam

Trong nghién cau nay, mot quy trinh tach chiét PS tuan ty véi 3 loai dung moi
(H20, Na,COs, HCI) khac nhau da dugc thuc hién dua trén cac nghién ciru trudc cua
Peng va cs. (2023) Tian va cs. 2024 va Yu va cs. 2024 [127-129], va c6 mét sb diéu
chinh. Muc dich ctia quy trinh nay la nham xac dinh ham luong PS thu duoc & ting giai
doan dung méi, tir 46 1am co s dé danh gia toan dién hon vé hoat tinh sinh hoc cua céc
phan doan PS chiét xuat tir hé soi nam.

m gam mén

1. Chigt héi hwu béng ethanol 96° (3 Lin,
Cothu hoi dumgmdi | 18 mén/ dung mai: 125 (gimly)

2. Thixi gian chidt 3 giis

3. Nhigtdd chigt: 78°C

g
]

[hﬁusaukhichiétethaﬂﬂl ]

1. Chiét héi hru bing mréc (4

BEmrée lin, i 1& mén/' dung méi: 1:25
[ _J (g/mL)

1. Chiftngimbing Na,CO, | 2 [Nhigtdo chist 100°C
01 M (31 13 125 | 3 Thotgian chigt-4 gio

2. Nhigtds phong -

1. Chiét bing HCl | - Thoi gian chiet:3 gio 1. Cb quay chin khong vé 200

CAM, (3 lém, ti 18 dumg % mL
i min: 50:1 (ml'g) [ Dich Na.C0s ] 2. Tiia bing ethanol 96" { Vi
2. Nhigtd) 50°C, L. Trumg hod bing HQ | = Vesew=1:0)
3. Thoi gian chitt: 4 | ;g 3. Lam lanh dén 4°C, d% qua
g 2. Cécich thiy vé 200mL. | 38

4 Lytim

i 3. Tiia héng ethanol 96
Dich HCL ] { Vi - Vg = 1:4)

l.TrunghGﬁbﬁigNI-L 4. Lar.u lanh dén £°C, de Cao PSnwroc
qua dém

0,5M fuade
2. Choich thiyvé200 | - Lytim
mL

3. Tiia béng ethanol 96" Cao P% Na., 0O,
( Vian r:;Z‘\.-"m.:..-._'_= 1:4}
¥
Czo PSHCI

Hinh 2.3. So' @6 quy trinh chiét xuat tuan tu cac phan doan polysaccharide (PS)

—

tir sinh khoi hé sgi ndm
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20 g mau bot sgi nAm C. militaris hoac T. versicolor ban dau duoc chiét hdi luu
bang ethanol 96% & 78°C vai ti 1é mau va ethanol 1a 1:25 (g/mL) trong 3 gio, lap lai quéa
trinh chiét 3 lan dé thu hét cac hop chat tan trong dung moéi, sau d6 ly tam va loc dé loai
bo phan dich ethanol.

Mau con lai sau khi loai bo ethanol tiép tuc dugc chiét héi luu bang nude cat ¢
100°C vdi ti 16 mau (dugc tinh theo khéi lwong ban dau) va nuée 1a 1:25 (g/mL) trong
4 gio, 1ap lai qué trinh chiét 3 1an dé cho PS hoa tan hét vao trong nudéc.

Ly tdm va loc dé tach thanh 2 phan: dich chiét nudc va ba chiét nude

- Dich nuéc duoc ¢6 quay chan khdng & 55°C dén khi vé ~200 mL, taa véi ethanol
96° theo ty 1& Vaichps: Vethanol = 1:4, 1am lanh dén -4°C va dé qua dém, sau d6 ly tim, ria
lai két taa 2 lan voi EtOH 70%, siy kho ¢ 55°C r6i thu PS nudc. Can bang can phan tich
dé xac dinh ham lugng PS chiét bang nuéc.

Cho thém dung dich Na,CO30,1 M vao ba chiét nude theo ty 1& 25:1 (ml/g) (tinh
theo khdi lwong mau ban dau) @ ¢ nhiét dd phong trong 3 gio, lap lai qua trinh chiét 3
lan dé thu hét PS tan trong dung dich Na,C030,1 M.

Ly tam va loc dé tach thanh 2 phan: dich chiét Na,CO3 va b chiét Na,COs

- Dich chiét Na2COs duoc trung hoa bang HCI 0,1M (sao cho phan tng xay ra vira
du), cd quay chan khdng & 55°C dén khi vé ~200mL, taa vai ethanol 96° theo ty 18 Vaicn
ps: VEthanol = 1:4, 1am lanh dén -4°C va dé qua dém. Sau d6 ly tam, rira lai két taa 2 lan
véi EtOH 70% va siy kho & 55°C r6i thu dugc PS Na,COs. Can bang can phan tich dé
xac dinh ham lugng PS chiét bang Na2COs.

Cho thém dung dich HCI 0,1M vao ba chiét Na,COs theo ty I¢ 25:1 (mL/g) (tinh
theo khéi lwong mau ban dau) t ¢ 50 °C trong 4 gid, lap lai qua trinh chiét 3 1an dé thu
hét PS tan trong dung dich HCI 0,1M.

Ly tam va loc dé thu phan dich chiét HCI, trung hoa dich chiét HCI bang dung dich
NH3 0.5M (sao cho phan ung xay ra vira da). Cd quay chan khong ¢ 55°C dén khi vé
~200ml, taa véi ethanol 96° theo ty 1& Vaich ps: VEthanol = 1:4, 1am lanh dén -4°C va dé
qua dém. Sau d6 ly tam, rua lai két tua 2 1an voi EtOH 70%, siy khd & 55°C thu duoc
PS Na,COs. Can bang can phan tich dé xac dinh ham luong PS chiét bang HCI.

Cac PS chiét xuat tuan tir nam C. militaris bang dung méi H20, Na,COs va HCI
duoc ky hiéu lan luot 1a: W-PSC; S-PSC va A-PSC. Cac PS chiét xuat tuan tir soi nam
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T. versicolor bang dung méi H20, Na.CO3 va HCI duoc ky hiéu lan luot 1a: W-PST; S-
PST va A-PST.

Luu y: Cac phan doan polysaccharide thu dwoc trong nghién cieu nay (dac biét la
phdn doan kiém va axit) déu 1a PS dang thd. Quy trinh hién tai chira bao gom buéc tham
tach mang ban thdm dé logi bé cac mudi vé co sinh ra trong qud trinh trung hoa.

2.5.2.2. Phan tich hinh thai bé mdt cac phdn doan polysaccharide

Bé mit cac phan doan polysaccharide chiét dugc bang 3 loai dung méi dwgc quan
sat bang kinh hién vi dién tr quét (SEM) st dung thiét bi FEI-Quanta FEG 250 USA
v6i EDAX Element ¢ dién ap ting tc 5,00 kV. Lwong mau thich hop duoc chuan bi
bang cach dan ching trén mot tim nhém phing bang chat két dinh dan dién va sau do
phu chiing bang bot vang. Mic d6 phong dai cua hinh anh 1a 1000 lan, 3000 lan, 5000
lan va 10.000 lan [128].

2.5.2.3. Bdanh gid kha néing khdng oxi hoa bang phwong phdp ABTS

Hoat dong loai bo géc tu do duoc xac dinh bang phuong phap khir mau ABTS*
md ta boi Nenadis va cs. (2004) [130]. Dung dich ABTS** dugc chuan bi bang cach cho
2mL dung dich ABTS 7 mM va 2 mL dung dich K2S;0s 2.45 mM. U dung dich trong
bong tdi 16 gio, sau d6 pha lodng bang ethanol (khoang 50 lan), diéu chinh d hap thu
cua dung dich & budc song 734 nm c6 mat do quang 1a 0,7 + 0,05. Tién hanh khao sat
hoat dong trung hoa goc tue do ABTS®* bang cach cho 990 uL dung dich ABTS®** vao
10 L PS ndm. Hdn hop phan ung duoc u trong thoi gian 6 phut. Sau do, do do hap thu
quang phd & budc song 734 nm. Chat dbi chimg duong duoc st dung 1a vitamin C.

Kha niang bat goc tu do ABTS®* duoc tinh theo cong thic:
1(%) = (A4, — A7) /Ay X 100%
Trong d6: AO: gia trj mat d6 quang cua mau trang.
Al: gia tri mat d6 quang cua mau thir.

Tir cac gia tri 1(%), gia tri IC50 duge xac dinh bang cach xay dung d6 thi biéu dién
mbi twong quan giita cac nong do khao sat ciia mau thir va phan tram kha nang bat goc
tu do trong wng. Dua vao phuong trinh hdi quy tuyén tinh caa duong chuan, IC50 duoc
tinh toan 12 ndng do mau thir tai diém dat giGi han e ché 50%. Gia tri IC50 thu duoc ty
I& nghich voi hoat tinh khang oxy hda; mau c6 1C50 cang nhé chang to kha niang trung
hoa goc tu do cang manh..
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2.5.2.4. Panh gia tiém nang prebiotic cuia polysaccharide
a. Kha ning Kich thich sinh trwéng vi sinh vat co lgi
Chudn bi mdu
Cac mau danh gia 1a cac chiét xuat PS chiét xuat tir nam C. militaris bao gom:

W-PSC, S-PSC, A-PSC:; cé4c chiét xuat PS chiét xuat tir nam T. versicolor bao géom: W-
PST, S-PST, A-PST va FOS.

Chudn bj vi sinh vat

Lactiplantibacillus plantarum WCFS1, Lactiplantibacillus pentosus NHL1,
Pediococcus acidilactici NBD8, Lactiplantibacillus casei 01 va Bifidobacterium
animalis YC381 duoc nudi ciy trong méi truong nudi cady MRS & 37°C trong 24 gio.
Cac khuan lac thu dugc dua vao 10 mL moéi truong MRS dang long, nudi ciy ¢ 37°C
trong 24 gio dé vi khuan ting trudng.

Chudn bi méi trwong

Cac cong thtc nghién ciru dugc chuan bi nhu sau:

- Méi truong GF: moi truong MRS da loai bo glucose.

- Moi trudng PS: méi truong GF bo sung 1 g/L PS (W-PSC, W-PST, S-PSC, S-
PST, A-PSC, A-PST).

- Mbi trudng FOS: méi trudng GF bd sung 1g/L prebiotic thuong mai (FOS)

- Mbi trudng Glu: méi truong GF b sung 1 g/L glucose.

Cay 1% (v/v) cac chung loi khuan vao cac méi truong ¢ trén (~10°8 CFU/mL) roi
nudi cay ¢ 37°C trong 24 gio. Sau do, xac dinh mat do té bao ¢ cac cong thuc thi nghieém
thong qua mat do quang do ¢ budc séng 600 nm & thoi diém 0 gio va 24 gio [131]. Thi
nghiém nay nham muc tiéu nghién ctu kha nang vi khuan sir dung cac chiét xuat PS tir
soi nAm va FOS lam carbon do d6 s luong té bao vi khuan duogc biéu thi biang su tich
lity té bao thay vi don vi hinh thanh khuan lac.

Thi nghiém duoc lap lai 3 1an, mdi lan 15 éng.

b. Chi s6 prebiotic

Tiém ning prebiotic cua PS dugc danh gia twong tu nghién ciu cua Huebner va
cs. (2008) va Phirom-on & Apiraksakorn, (2021) va c6 mot sb sira doi nho [131,132].
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Cac chang lgi khuan dugc nuéi trong cac méi trudng nhu thi nghiém trén. Chung vi
khuan gay bénh E. coli ATCC 85922 dugc nudi ciy trong M9 ong da loai bo glucose
(Ecr), bo sung 1 g/L Glucose (Eg), méi trudng Ecr bd sung 1 g/L PS cua tirng chiét xuat
va bo sung 1 g/L prebiotic thwong mai (FOS) (Ep). Céc ching vi khuan duoc nudi &
37°C trong 24 gio. o mét d6 quang ciia cAc mau tai budc séng 600 nm (ODeoo) dé xac
dinh kha ning tich luy sinh khéi. Cac mau duoc thu thap ¢ thoi diém 0 va 24 nudi cy
dé do sy phat trién cia té bao bang ODggo. Chi s6 Prebiotic (PI) duoc xac dinh bang
cong thuc [133]:

_ [Pt —Pe) — ((Per — Pé’p)] _ [(E;2>4 — Ep) — ((E& — Egr)
(P& —P) — ((Pér — Pgp)|  [(EE* — EQ) — ((E&F — Egp)

Trong do:

PI

Pp°, Pp?* — Gia tri OD600 cua Probiotic & moi trudng chira 1 g/L prebiotic tai 0 gio
va 24 gio.

P2, P — Gia tri ODeoo ciia Probiotic & méi truong khdng bo sung glucose tai 0
gio va 24 gio.

P2, P2*— Gia tri ODeoo cua Probiotic & méi truong chira 1 g/L glucose tai 0 gio va
24 gio.

Ep°, Ex?* — Gia tri ODeoo ctia E. coli & méi trudng chira 1g/L prebiotic tai 0 gio va
24 gio.

E2, E2*— Gia tri ODgoo cuia E. coli & moi trurong chira 1g/L glucose tai 0 gio va 24
gio.

E2,, EZ%— Gia tri ODeoo cuia E. coli & méi truong khong bo sung glucose tai 0 gio
va 24 gio

c. Kha nang khang tiéu héa béi a-amylase

+ Chuén bi méi treong dém mod phéng khoang mi¢ng: Chuan bi dung dich thude thir
bang cach hoa tan 1an luot: 0,764 g Sodium chloride (NaCl); 1,491 g Potassium chloride
(KCI); 0,133 g Calcium chloride (CaClz) vao nudc cat v6i tong thé tich dung dich 1a
1.000 mL. Diéu chinh pH cua dung dich nay vé mirc 6,9 bang cach st dung dung dich
Sodium bicarbonate 1 M.
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+ Chuén bi dung dich enzyme a-amylase: Can chinh xac 0,345 g a-amylase va hoa tan
vao 400 mL dung dich thudc thir tiéu hda mo phong da chuan bi ¢ trén, khudy déu dung

dich nay trong vong 20 phiit & dam bao enzyme o-Amylase dugc hoa tan hoan toan.

+ U miu thir va mé phéng qua trinh tiéu héa: Lay mau thir loc, sau d6 thém vao 400
mL dung dich enzyme o-amylase di chuén bi. Mau thir s& dugc pha lodng theo ty 18 1:1
(trc 13 1 mg mAu thir hoa v6i 1 mL dung dich thube thir enzyme). Dung dich mau sau
d6 dugc dit vao bé on nhiét & 37°C dé mod phong moi truong tiéu hoa trong miéng

(trong tu diéu kién trong khoang miéng).

+ Thu thap méu phan tich: Mau phén tich duoc thu thap tai 0 gio (trude khi tiéu hoa
bat dau) va tai cac khoang thoi gian 0,5 gid sau khi bat dau. Sau d6, mdi mau s& duoc
dun soi trong 5 phut dé lam mat hoat tinh ctia enzyme o-amylase, tranh viéc enzyme tiép
tuc thuy phan khi thi nghiém dung lai. Str dung phuong phap DNS va Phenol — sulfuric

acid dé xac dinh luong dudng khir va dudng tong sb.
Murc do thuy phan (%) dugc tinh theo cong thirc:

buwong khtr thuy phan
g yp X100

Mitrc d6 thuy phan = -
> HUY P Puong tong s6—buong khir khong thuy phan

Puwong khir thiy phén: La lvong duong khir duoc tao ra sau qua trinh thiay phéan
(sau 0,5 gio).

Puwong tong so: Pugc xac dinh tir tong ham lugng cac loai duong c6 trong mau
thir

Pwong khir khéng thiy phan: Luong duong khtr ¢6 san trong mau trudc khi
enzyme hoat dong (tai thoi diém 0 gio).

d. Xac dinh dwong tong so
Puong tong s6 duoc xac dinh bang phuong phap phenol-sulfuric acid [126].

Nguyén tic: Trong mdi truong acid manh va néng, thanh phan oligosaccharide va
PS bi thuy phan, giai phong monosaccharide (glucose). Tiép d6, chung bi khir nude va
tao cac dan xudt furan. Két qua thu dugc san phadm c6 mau vang cam véi phenol va do

hép thu cuc dai ¢ budc song 490nm.
CAc budre tién hanh

+ Lap duong chuan D-Glucose: 10-500 pg/mL
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Dung pipet chuyén 1ml mau (trong sudt) vao dng nghiém, mot mau tring (nudc
cat) ciing dugc chuan bi. Thém ImL phenol 5% vao hdn hop mau. Thém nhanh 5mL
acid sulfuric dam dic (khi thém acid H2SO4 vao nudc sinh ra lwgng nhiét 16n). San pham
phan tng c6 mau vang cam. Lic déu mau va doi phan tmg trong vong 20 phut Po do

hép thu ¢ budc song 490 nm.

+ Lam mau dinh luong twong ty dudng chuan.

+ Tham chiéu dudng chudn da 1ap (Phu luc 5.3) tinh toan duoc ham lugng carbohydrate
tong.

- Xdc dinh dwong khir

Puong khir duoc xac dinh bang phuwong phap DNS (Miller, 1959) , cac budc tién

hanh nhu sau:

Budc 1. Hoa tan 300g mudi Kali natri tartrate trong 500 mL nudc cat (con goi la
dung dich mudi Rochelle). Cho muéi vao nudc tir tir dén hét.

Budc 2. Chuan bi 200 mL dung dich Sodium hydroxit 2N. Dung diia thuy tinh
khuay dén hoa tan hoan toan.

Budc 3. Hoa tan 10g DNS trong 200 mL natri hydroxit d3 chuan bi & budc 2 (st
dung may khuay tir c6 gia nhiét nhe).

Budc 4. Tron dung dich ¢ budce 1 va budc 3.
Budc 5. Dinh muic dén thé tich 1 L.

Budc 6. Bao quan thudc thir trong chai thuy tinh sam mau (Chuan 3 mL thuébc thi
DNS bang HCI 0,1 N vai chi thi phenolphtalein. Néu hét 5-6 mL Ia dat. Néu can, bd
sung thém NaOH).

Budc 7. Xay dung duong chuan (dung dich chuan glucose) theo Bang 2.4.
Bang 2.4. Xay dwng dwong chuan D-glucose bang thudc thir DNS

Nong d6 Dung dich , Thubc thir
STT , Nudc cat (mL)
(ng/mL) chuan (mL) DNS (mL)
1 10 0,3 2,7 1
2 20 0,6 2.4 1
3 30 0,9 2,1 1
4 40 1,2 1,8 1
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5 50 1,5 1,5 1
60 1,8 1,2 1
7 70 2,1 0,9 1

Budc 8: it cac dng vao ndi cach thuy soi trong 5 phat va lam ngudi dén nhiét do

phong (mau dé cam hinh thanh).
Budc 9: Do d6 hap thu quang & bude soéng 540 nm so vi mau tring.

Budc 10: Thiét 1ap duong chuan biéu dién su phu thudc ciia ham luong cht chuin

va do hap thy quang.
Budéc 11: Pinh luong mau thir

Dung pipet chuyén 3 mL mau x4c dinh dudng khir vao 6ng nghiém c6 nip van.
Thém 1 mL thubc thir DNS vao dung dich mau (Mau Blank dugc chuan bi bang cach
thém 1 mL thudc thar DNS vao 3 mL nudc cat). Pit cac 6ng vao ndi cach thuy soi trong
5 phut. Lam ngudi mau nhanh dén nhiét do phong va do do hip thu & budc song 540
nm. Tham chiéu duong chuan da 1ap (phu luc 5.10). Tinh toan dugc ham lugng duong

khtr ciia mau do.

Ghi chii: DNS khéng dac hiéu 100% cho dwong. Cac chat cé tinh khi: manh trong
dich chiét thyc vdt hodc ndm (nhw vitamin C, polyphenol, tannin, hodc cac protein co
chita nhém thiol) ciing cé thé khir DNS, lam tang khong két qua dinh lwong dwong.

+ Céch hiéu chinh: Céch hiéu chinh: ODinyc t8 = ODmiu thir = ODmau nén

+ Mau trang: Nudc cat + Thudc thir DNS. Hon hop duge dun soi 5-10 phit va lam

nguoi twong tu nhu mau thr.

+ Mau nén: Dich chiét mau + Nudc cat (thay cho thudc thir DNS). Hon hop ciing

phai duoc dun s6i va lam ngudi nhu mau thir nghiém.
¢. Kha ning wc ché hai khuan cia dich nuéi cay L. plantarum bo sung PS

Chung L. plantarum WCFS1 duoc nudi ciy tinh ¢ 37°C trong cac moi trudng
(Bang 3). Sau 24 gid va 48 gio 1én men tién hanh ly tim (5000 vong/phut & 4°C, trong
10 phut) roi thu 14y phan dich ndi dé xac dinh su e ché sinh truéng ddi véi E. coli va
S. aureus. Lay 50 pL dich vi khuan E. coli va S. aureus mat do 108 CFU/mL (0,5
MCFarland) cay vao cac dia moi truong NA bang ky thuat cdy trii dia. Tién hanh duc

16 thach c6 duong kinh 7 mm trén céc dia petri chira 2 vi khuan & trén. Cho véo céc 16
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thach 300 pL phan chat ndi thu tir qué trinh ly tAm & trén va t & 37°C trong 24 gio. Kha
nang e ché duoc xac dinh bang cach do dudng kinh vong vo khuan trén céc dia

thach) [134].

Bang 2.5. B6 tri méi trwong nudi ciy danh gia kha ning wc ché E. coli va S. aureus

TT Cong thurc Moi truong
1 CT1 MRS + 0,1% W-PS
2 CT2 MRS + 0,1% S-PS
3 CT3 MRS + 0,1% A-PS
4 CT4 MRS + 0,1% FOS
5  CT5 (Control) MRS

d. Pinh lwgng SCFAs

Acid lactic, acetic, propionic va butyric c6 thé duoc phat hién trong méi truong
tang truong va duge dinh lugng bang HPLC. Mbi trudng 1én men duoc ly tm va phan
ndi phia trén dugc thu hoach dé phan tich acid hiru co bang HPLC sau khi loc str dung
mang acetate cellulose 0,20 um. Hé théng HPLC-UV, sir dung cot Phenomenex C18,
pha dong acetonitrile/H-SO4 SmM, téc d6 dong 1 mL/pht, nhiét do cot duy tri & 30°C.

2.5.3. Ngi dung 3: Ung dung hé sei ndm ché bién sdn pham thec phdm bé sung

2.5.3.1. Bdnh gia an toan bot soi nagm

Sinh khéi hé sgi nam sau khi siy kho duoc dong goi kin trong bao bi PE
(polyethylene). Sau do, cic mau nay duoc gui dén Trung tdm K§ thuat Tiéu chuan Po
luong Chat lugng 2 (QUATEST 2) dé tién hanh danh gia cac chi tiéu an toan, bao gom:
du lwong kim loai nang, vi sinh vat gay bénh va doc tb nam mdc (mycotoxins).

2.5.3.2. Quy trinh sdn xudt nwéc ndam bao ngw lén men bé sung hé sei nam
Trametes versicolor

Qua thé nam bao ngu sau khi thu mua duoc tién hanh rira sach va duoc siy kho
dén khdi luong khong d6i ¢ 40°C, nghién thanh bot min. Sau dé, 1ay 50g bot nim cho
vao 1 L nudc cit rdi dun soi trong 20 phut, thu 1y dich chiét bang gidy loc Whatman
42: bd sung 50 g/L glucose vao dich chiét. Hé soi nam T. versicolor dugc nudi trong
moi truong PDB*, sau 20 ngay thu hé soi, say khd ¢ 50°C dén khéi lugng khong doi,
nghién nho thanh bot min. Sau d6, bo sung hé soi nam T. versicolor 0% (w/v, CT1,
control); 0,2% (w/v, CT2); 0,4% (w/v, CT3); 0,6% (w/v, CT4); 0,8% (w/v, CT5) va 1%
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(w/v, CT6) vao dich chiét nam bao ngu & trén rdi diéu chinh pH cua méi trudng vé 6,5
bang dung dich NaOH 1 N hoic HCI 1 N ((h6a chat cip thuc pham - food grade). Tiép
theo, cho 300 mL dich chiét vao céc binh tru dung tich 500 mL hap khir tring ¢ 121°C
trong 20 phut (Hirayama HV-50, Manufacturing Corporation, Japan), dé ngudi & nhiét
d6 phong. Sau d6 bo sung 1% (v/v) dich vi khuan Lactobacillus plantarum WCFS1 (mat
d6 108 CFU/mL) vao cac cdng thirc thi nghiém, lic déu, u & 37°C trong 12, 24 va 48 gid
[135].
2.5.3.3. Cdc phwong phdp danh gid chat heong san pham dé uéng 1én men

a. Xac dinh ham lwong acid tong sb

Ham luong acid tong sé (tinh theo acid lactic) dugc xac dinh theo phuong phap
chuan d6 Therner bang dung dich NaOH. Nho 1 — 2 giot phenolphthalein 0,1% vao mdi
binh Erlenmeyer chira 2 mL dung dich Ién men tir nAm bao ngu dugc bo sung hé soi
nam Van Chi. Tién hanh chuan do bang cach cho tur tir dung dich NaOH 0,1N vao trong
binh tam giac dén khi dung dich chuyén sang mau hdng nhat va bén mau trong 30 giay
thi dirng lai [136]. Ham luong acid téng sé (TAN) duoc tinh theo cong thuc sau:

VX Kx100

TAN =
Vi

Trong d6, TAN (mg/100 mL) 1a ham lwong acid téng sé tinh theo acid lactic; V
(mL) 14 thé tich dung dich NaOH 0,IN da st dung; V; (mL) la thé tich dung dich Ién
men tir nAm bao ngu c¢6 bd sung hé soi ndm Van chi; K 1a hé s6 khi tinh theo acid lactic
(K = 0,009).

b. Panh gia kha ning trung hoa géc tw do ABTS" cuia dich chiét nam bao ngw
bo sung sei nam T. versicolor

Hoat dong khtr goc tu do duogce xéac dinh bang phuwong phap khir mau ABTS* duoc
mo ta boi Nenadis va cs., (2004) [130]. Dung dich ABTS** duoc chuan bi bang céach
cho 2 mL dung dich ABTS 7 mM vao 2 mL dung dich K2S:0g 2,45 mM. U dung dich
trong diéu kién tdi 16 gio, sau d6 pha lodng bing ethanol dén khi dat do hap thu quang
& budc séng 734 nm 14 0,70 + 0,05. Pé danh gia hoat tinh khang oxi hoa, hdn hop phan
g duoc thiét 1ap bao gdm 990 pL dung dich ABTS®* vao 10 uL nuéc ubng 1én men
tir dich chiét nAm bao ngu ¢6 bo sung hé soi ndm T. versicolor. Hon hop phan tng duoc
1 trong thoi gian 6 phut. Sau d6, do do hap thu quang phé & budc séng 734 nm.

Kha ning bat goc tu do cua ABTS®* dugc tinh theo cong thuc sau [137].
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x100

(Ag-Ay)
A

0

SA (%)=

A, — do hap thu cua dung dich géc ABTS®* trude khi twong tac voi hop chat
nghién ctru; A, — do hap thu cua dung dich géc ABTS** sau khi phan tng véi hop chét
nghién ctru.

c. Xac dinh mat d té bao vi khuan L. plantarum

Dich chiét bao ngur c6 bd sung hé soi nim T. versicolor dugc 18n men boi chang
vi sinh vat L. plantarum WCFS1 & 37°C. Tai cac méc thoi gian 0, 12, 24 va 48 gid, mau
dich 1én men duoc thu nhan, tién hanh pha lodng thap phan, cdy trai dia va dém khuan
lac dé xac dinh mat do té bao trong céc cdng thuc thi nghiém. Mat do té bao (D) duogc
tinh theo céng thurc sau:

D= 2C
~ Vx(n;40.1n,)xd

Trong d6: =C la tong s6 khuan lac trén hai dia petri c6 do pha lodng lién tiép; n,,
n, 12 s6 dia petri & hai do pha lodng lién tiép da chon; V (mL) Ia thé tich mau dugc dua
vao moi dia petri; d 1a d6 pha loang twong (rng véi n, (46 pha lodng nho hon).

d. Panh gia kha niing vwc ché sinh truéng vi sinh vat c6 hai

Mau nude 1én men tir dich chiét nAm bao ngu c6 bo sung hé soi ndm Van chi & cac
cong thirc thi nghiém duogc li tim (5000 vong/20 phut & 4°C) rdi thu 1y phan ndi dé xéac
dinh kha nang trc ché sinh truong ddi véi E. coli va S. aureus. Lay 50 dung dich vi khuan
d3 pha loang ¢ 108 CFU/mL cay vao cac dia méi truong MH bang k¥ thuat cay tri dia.
Tién hanh duc 15 thach c6 duong kinh 6 mm trén céac dia petri chtra 2 vi khuén & trén.
Cho vao céc 16 thach phan chét ndi thu tir qua trinh ly tim & trén va u & 37 °C trong 24h.
Kha ning trc ché dugc xac dinh bang cach do duong kinh (mm) ving @c ché trén cac
dia thach. Déi voi thi nghiém khang khuan nay, ddi chimg 1a cong thic chi chira dich
chiét nAm bao ngu (khong bo sung hé soi ndm T. versicolor va chung loi khuan
L. plantarum) [134].

e. Panh gia cam quan

Phuong phap danh gia cam quan san pham nudc nam bao ngu 1én men lactic duoc
thuc hién bang thang do 9 diém Hedonic theo mo ta cua Adriana Gambaro nham xac

dinh murc d6 wa thich ctia ngudi tiéu dung dbi véi san pham. Cac chi tiéu cam quan dugc
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danh gia bao gdm mau sic, mui, vi, trang thai va mirc 6 chap nhan tong thé cua san
pham [138]. Hoi dong danh gia bao gdm 82 thanh vién (d6 tudi tir 18 — 40 tudi) thir chua
qua dao tao chuyén sau vé danh gia cam quan. Cac thanh vién nay duoc lua chon ngau
nhién, bao gém sinh vién va giang vién dang cong tac va hoc tap tai Khoa Sinh - Néng
nghiép - Moéi truong, Trudng Pai hoc Su pham — Pai hoc Pa Nang. Nguoi duoc moi
tham gia danh gia c6 stic khoe binh thuong, khdng di tng véi nAm hoic cac san pham
1én men va duoc huéng dan ngan gon vé cach sir dung thang diém Hedonic trudc khi
tién hanh danh gia nhung khong duoc cung cap thong tin chi tiét vé cong thirc mau nham
tranh anh huong dén két qua cam quan.

Mau nudc nam bao ngu 1én men lactic dugc ma hda bang cac ky hiéu ngau nhién
va trinh bay theo thir ty ngau nhién cho nguoi tham gia danh gia nham han ché sai s6
cam quan. Nguoi thir duoc yéu cau ném tiing mau doc lap va cho diém theo thang
Hedonic tir 1 dén 9, trong dé: 1 = cuc ky khong thich, 5 = khong thich ciing khong ghét
va 9 = cuc Ky thich.

Qua trinh danh gia duoc tién hanh trong diéu kién da anh sang, khong c6 mui la
anh hudng dén cam nhan. Nguoi tham gia duoc cung cap nudc loc dé siic miéng gitia
cac lan thar mau nham giam anh huong chéo gitra cac mau. Két qua cam quan duoc tong
hop va xtr Iy thong ké dé xac dinh mtrc d6 chap nhan cta nguoi tiéu dung d6i voi san

pham nudc nam bao ngu 1én men lactic.
f. Panh gia an toan chat lwgng san pham

Mau san pham nudc 1én men duoc giri dén Trung tm K§ thuat Tiéu chuan Po luong
Chat lugng 2 (QUATEST 2) dé tién hanh danh gia cac chi tiéu an toan, bao gom:

- Tong s6 vi sinh vat hiéu khi (CFU/mL) duoc thyc hién theo 1SO 4833-1:2013
- Tong s6 bao tir ndm men (CFU/mL) duoc thuc hién theo 1SO 21527-1:2008

- Mat d6 vi khuan E. coli (CFU/mL) duoc dém theo 1SO 16649-2: 2001

- Mat d¢ S. aureus (CFU/mL) duogc xac dinh theo I1ISO 6888-1:2021

- Ham Iuwgng Cd va Pb (mg/L) dugc xac dinh theo AOAC 999.11

- Ham luong Hg (mg/L) duoc xac dinh theo AOAC 971.21

- Vi khuan CI. perfringens dugc dinh lugng theo 1SO 7937: 2004
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2.6. Phuwong phap thu thap va xir ly sé liéu

Cac thi nghiém duoc bé tri ngau nhién, 3 lan l3p lai doc 1ap. Thi nghiém so sanh,
théng ké va phan tich sir dung phuong phap phan tich phuong sai (ANOVA) trén phan
mém Minitab 19.0, sai khac c6 ¥ nghia thong ké duoc xac dinh véi P < 0,05.
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CHUONG 3. KET QUA VA THAO LUAN

3.1. Téi wu héa diéu kién nudi cdy dich thé nhim thu nhan sinh khéi va
polysaccharide tir h¢ sgi nAm

3.1.1. Téi wu héa diéu kign nudi cdy doi véi hé sei nam C. militaris

3.1.1.1. Anh hwéng cua C&c yéu té dom bién dén nang sudt sinh khéi va ham lirong
PS hé sei nam C. militaris

Glucose, cao nam men, pH la nhitng yéu té quan trong nhat anh huong truc tiép
dén sinh truong va phat trién caa ndm; day nhiing yéu té dinh dudng va méi truong co
ban can duoc tdi vu hoa dé dat dugce sinh trudng hé soi nAm hiéu qua nhat. Viéc tim ra
ty 16 va gié tri tdi vu cua tung yéu té cho tirng loai nim cu thé 1a chia khoa dé thanh
cong trong nudi cay hé soi nam.

Nang suat sinh khdi va ham luong PS cua hé sgi nam C. militaris khi duoc nudi
ciy trong mdi truong dich thé ¢ céc gia tri khac nhau vé pH, ham lwong glucose va cao
nim men dugc thé hién Hinh 3.1.

A: Anh hudng cta pH
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B: Anh huéng ciia Glucose
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Hinh 3.1. Anh hwéng diéu Kién nudi: pH, ham lweng glucose va cao nAm men
trong mdi trwong dich thé dén sinh khéi hé sgi nAm C. militaris. A: Anh hwoéng
ciia pH, B: Anh hwéng cia glucose, C: Anh hwéng ciia cao hdm men

Ghi cha: D liéu dwoc trinh bay dwdi dang trung binh + dé léch chudn (n = 3).
Céc chir cai khac nhau trong mér diéu kién chi ra sy khac biét ¢é y nghia thong ké
(Tukey’s HSD Test, p < 0,05).

Két qua nghién ciru cho thay, tai pH 5, hé soi nAm C. militaris sinh trueong tét
nhat, dat ham lwong sinh khéi kho va ham lwong polysaccharide (PS) cao nhét, twong



72

tng 1a 5,42 g/L va 3,59%. Trong pham vi khao sat, khi ting dan pH cua mdi trueong
nudi cdy, sinh khdi hé soi ndm ting dan, dat cuc dai tai pH 5 va sau d6 c6 xu huéng
giam. Piéu nay chang to ndm C. militaris phat trién tdi wu trong méi trudng co tinh
acid nhe. Mac pH tbi wu nay gitp dam bao hoat dong hiéu qua cua cac enzyme noi
bao va tdi wu hoa qua trinh hip thu dinh dudng. Nguoc lai, néu méi trudng qué acid
hoac qué kiém, hoat tinh enzyme s& bj e ché, lam giam dang ké kha ning sinh truong,
tham chi gay chét hé soi.

Péng chu y, lugng sinh khéi thu duoc trong nghién ctru nay cao hon so vai két qua
cong bd cua Tran Thu Ha va cs. (2016) (dat 4,86 g/L) khi nudi cay C. militaris trong
moi trudng dich thé & cung diéu kién pH 5 [139]. Su khéc biét nay c6 thé xuat phat tir
su khong ddng nhat vé chang gidng hoic thanh phan dinh dudng trong méi tredng (nhu
ty 1é C/N, ngudn khoang chat va cac vi luong kich thich sinh téng hop) — nhiing yéu t6
anh huong truc tiép dén qua trinh trao ddi chat cua nam. Ngoai ra, cac thong sb vt Iy
trong qua trinh 1én men nhu kiéu binh nudi cay, toc d6 khudy hay cau tric hé sgi nam
cling 1a nhitng yéu t6 then chét tac dong dén hiéu suat tong hop sinh khéi va PS.

Khi ting ham luong glucose sinh khéi kho hé sgi nam c6 xu hudng tang 1én va dat
cuc dai tai mic ham luong glucose 1a 40 g/L. O giai doan nay hé soi nam sinh truéng
khoe va khéi lwgng sinh khéi khé va PS dat duoc thu dugc cao nhat twong wng vai 5,63
g/L va PS dat 3,673%. Tuy nhién, khi tiép tuc ting luong glucose thi lugng sinh khoi
cua hé soi ndm thu duoc c6 xu huéng giam, & ham lugng glucose 45 va 50 g/L vai khoi
lugng sinh khdi dao dong trong khoang 4,99 - 5,19 g/L. Nong d6 glucose trong moi
truong thap sé& khong di nguon cacbon dan dén sgi nam sinh truang cham, hé soi yéu,
va sinh khoi thap; mic khac, ndng do glucose qua cao trong moi truong long, cd thé tao
&p suat tham thau cao gay ¢ ché sinh truong cua té bao nam. Nghién cau cia Tran Thi
Thu Ha va cs. (2016) cho rang, hé sgi nam C. militaris sinh truéng tot trén méi truong
bd sung dong thoi sucrose va glucose véi ham lugng 1a 20 g/L [139].

Cao nam men la ngudn cung cip nito hitu co va vitamin nhom B, giap nam phét
trién manh mé va tao ra sinh khdi 16n hon. Nghién ctru nay cho thay khi ting ham luong
cao nam men dén muc 6g/L sinh khéi va PS hé soi nam c6 xu hudng ting 1én, lugng
sinh khéi khd va PS thu dugc cao nhat (7,47 g/L va 5,17%) khi dugc nudi cay trén moi
truong voi ham luong cao nam men 1a 5 g/L. Tuy nhién, tiép tuc ting luong cao ndm
men 1én qua 6 g/L sinh khéi lai giam con 6,55 + 0,28 g/Lva PS giam con 4,28%. Két
qua nghién ciru nay thap hon so véi nghién ciru caa Tran Thu Ha va cs. (2016), (10, 85
g/L) [139]. Nghién ciru cua Deshmukh va Bhaskaran (2024) cho thay trong diéu kién
t61 wu, nhiét do 20°C, glucose 2,5% (w/v) va chiét xuat nAm men 0,8% (w/v), ning suat
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sinh khéi soi nim t6i da dat 547 + 2,09 mg/100 mL [140]. Dua trén cac két qua khao
sét, cac thong s6 mai truong dich thé gom pH 5, ndng do glucose 40 g/L va cao nam
men 5 g/L duogc lya chon 1am gid tri tim cho céc thi nghiém tbi uu hoa tiép theo.

3.1.1.2. Xdc dinh diéu Kién téi wu nham thu nhdn sinh khoi va polysaccharide tir
hé sgi nam C. militaris

Pé danh gia anh huong cua cac bién doc 1ap (Xu: pH; X2: ndng d6 glucose; Xs:
nong do cao ndm men) ciing nhu sy twong tac gitta chung dén cac ham muc tiéu (Yi:
sinh khdi; Y2: ham luong PS), thi nghiém duoc thiét ké theo md hinh Box-Behnken. Céc
nghiém thirc va két qua thuc nghiém twong @ng vé sinh khdi va PS duoc trinh bay chi
tiét tai Bang 3.1. Tiép theo, két qua phan tich phuong sai (ANOVA) ¢ Bang 3.2 duoc
sir dung dé danh gia mirc d6 ¥ nghia cua cac bién don 1¢ va cac twong tac hiép dong ddi

vai hai ham muc tiéu néu trén.

Bang 3.1. Thuc nghiém khao sat t6i wu héa diéu kién nudi cay nam C. militaris

Céc yéu t6 anh huong Ham muc tiéu
TT Glucose  C2OMM hkhéi PS (%)
pH (X1) men (g/L)

(g/L) (X2) (X3) (g/L) (Y1) (Y2)
1 4 40 4 5,20 3,86
2 4 30 5 3,78 3,54
3 6 40 6 5,23 4,13
4 5 30 6 6,82 4,15
5 5 30 4 4,93 3,66
6 5 40 5 8,97 5,29
7 6 50 5 5,37 3,18
8 5 40 5 9,17 5,37
9 4 40 6 4,07 3,89
10 6 30 5 5,43 3,31
11 6 40 4 5,70 3,50
12 5 50 6 5,43 4,20
13 5 40 5 8,76 5,19
14 5 50 4 5,18 4,38
15 4 50 5 3,85 3,32
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Bang 3.2. Phén tich phwong sai ciia mo hinh héi quy bic hai ddi véi ning suat

sinh khéi hé sgi nAm C. militaris

Source DF Adj SS Adj MS F-Value P-Value
Model 6 41,2573 6,8762 17,93 0,000
Linear 3 38,8168 12,9389 33,74 0,000
X1 1 23,1543 23,1543 60,37 0,000
X2 1 13,1216 13,1216 34,21 0,000
X3 1 7,9835 7,9835 20,82 0,002
Square 3 38,1452 12,7151 33,15 0,000
X1? 1 22,1555 22,1555 57,77 0,000
X2? 1 13,4640 13,4640 35,10 0,000
Xa? 1 7,9471 7,9471 20,72 0,002
Error 8 3,0684 0,3835
Lack-of-Fit 6 2,9843 0,4974 11,83 0,080
Pure Error 2 0,0841 0,0420
Total 14 44,3257

Bang 3.3. Phén tich phwong sai cia mo hinh hdi quy bac hai d6i véi ham lweng

polysaccharide tir hé sgi nam C. militaris

Source DF Adj SS Adj MS F-Value P-Value
Model 6 6,93753 1,15626 23,10 0,000
Linear 3 6,74332 224777 4491 0,000
X1 1 4,39108 4,39108 87,72 0,000
X2 1 2,66875 2,66875 53,32 0,000
X3 1 0,45356 0,45356 9,06 0,017
Square 3 6,76786 2,25595 45,07 0,000
X1? 1 4,46093 4,46093 89,12 0,000
X2? 1 2,64681 2,64681 52,88 0,000
X3? 1 0,42474 0,42474 8,49 0,019
Error 8 0,40044 0,05006
Lack-of-Fit 6 0,38417 0,06403 7,87 0,117
Pure Error 2 0,01627 0,00813
Total 14 7,33797

Phén tich phuong sai (ANOVA) cho thay ca hai mé hinh héi quy bac hai mé ta

nang suat sinh khéi va ham lugng polysaccharide déu co y nghia thong ké rat cao (gia
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tri P ctia mé hinh = 0,000 < 0,01). D4i véi bién dap timg ning suat sinh khéi, su thay doi
ctia cac yéu td tuyén tinh bac nhat (X1, Xz, X3) va céac tac dong bac hai (Xi2, X22, X5?)
déu thé hién muc d6 anh huong cuc ky rd rét dén ham muc tiéu (p = 0,000). Trong khi
d6, tac dong tuong tac kép giira cac bién doc lap da duoc chang minh 1a khéng c6 y
nghia thong ké (p > 0,05) va duoc tinh gian dé t6i vu héa mé hinh.

Dic biét, chi sé Lack-of-Fit (d6 thiéu thich hop) cia md hinh sinh khéi dat gia tri
p = 0,080 > 0,05 khang dinh sy sai léch cia md hinh du doan so véi dir liéu thuc nghiém
1a khong c6 ¥ nghia, chtring t6 md hinh toan hoc phan anh dang két qua thuc té. Sy phu
hop va kha niang giai thich dit liéu caa cac phuong trinh hdi quy dugc minh chang rd
nét qua hé sb xac dinh R? dat muc rat cao, lan luot 13 0,9308 ddi voi md hinh sinh khéi
va 0,9454 d6i véi mo hinh ham lugng PS. Dua trén d6 tin cay nay, mé hinh dap tng
dugc yéu cau dé tién hanh trich xuat cac théng sé van hanh téi uvu cho qua trinh nudi
cay hé soi nam. Liu va cs (2012) da nghién ctu toi vu hoa didu kién nudi cdy nam
C. militaris bang phuong phap dap wng bé mat. Két qua cho thay, ham luong glucose
thich hop véi su sinh truong cua hé soi nAm trong moéi truong dich thé 1a 4,62%, tuong
duong 46,2 g/L trong moi trudng nudi cay [141]. Picu nay cho thay, su sinh truéng soi
nim C. militaris can ham luong glucose tir 39,9 - 46,2 g/L nhu mot ngudn dinh dudng
carbon thiét yéu [141]. Két qua nghién ctu cho thay, cao nam men la ngudn cung cip

thém nito cho sy sinh truong cua soi nam.

Blomass
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Hinh 3.2. Anh hwéng két hop ciia cac diéu kién nudi ciy dén ning suit sinh khoi

(hang trén) va ham hrong polysaccharide (hang dwéi) cia nAm C. militaris
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Ghi chl: (A) pH va glucose; (B) pH va cao nam men; (C) glucose va cao nam men

Tir cac d6 thi bé mat dap ang (Hinh 3.2), c6 thé thiy dang mit cong paraboloid 16i
hudng 1én trén, minh chang rd nét cho viéc ton tai mot diém cuc dai thuc sy cho ham
muc tiéu. Tac dong bac hai cua cac yéu té doc lap (pH, ndng do glucose va cao nam
men) thé hién su anh huéng manh mé nhit dén ning suat sinh khéi. Theo mé hinh duy
doan, ning suat sinh khéi dat cuc dai 1a 9,02 g/L tai diéu kién téi wu: pH 5,15; ndng do
glucose 39,9 g/L va cao nim men 5,03 g/L. Dé kiém chirng do tin cay cua mé hinh, thi
nghiém thyc té da duoc tién hanh I3p lai 3 1an tai bo thdng sb tdi vu nay. Két qua thuc
nghiém cho thiy ning suét sinh khdi kho dat 8,90 + 0,25 g/L, rat twong ddng vai gié tri
du doan 1y thuyét. Piéu nay khang dinh phuong trinh hoi quy mo ta sy twong quan la
phu hgp va c¢6 do tin cay cao.

Trong nghién ctu cua Sugenendran Supramani va cs. (2019), d tim ra diéu kién
t61 vu thu sinh khdi soi ndm Linh chi (Ganoderma lucidum) bang thiét ké phtc hop
trung tam (CCD) véi diéu kién pH dau vao 4,01; 32,09 g/L glucose va téc do lac 102
vong/phut cho sinh khéi dat 5,12 g/L [142]. Piéu nay cho thay, luong sinh khi soi ndam
C. militaris trong nghién ctru nay thu duoc cao hon so véi cac nam Linh chi. Vi vay,
viéc 1am chua va téi uu hoa hé thdng nudi cay dich thé ndy mé ra trién vong 16n trong
viéc san xuat sinh khéi nam quy mé 16n, cung cap ngudn nguyén liéu chat lugng cao
phuc vu cho nganh céng nghiép thuc pham dinh huéng chac nang. Nghién ctu cua
Deshmukh & Bhaskaran, (2024) di cho thay trong diéu kién tdi wu, nhiét 46 20°C,
glucose 2,5% (w/v) va chiét xuat nAm men 0,8% (w/v), ning suat sinh khéi soi nam toi
da dat 547 + 2,09 mg/100 mL, cao hon 1,95 1an so véi ning sut trong moi trudng co
ban. Nhitng phét hién nay cho thay viéc téi vu hoa cac diéu kién nudi cy va dinh dudng
cd thé tang cuong san xuat sinh khdi sgi nam caa Cordyceps militaris, cung cap ngudn
nam c6 gia tri nay bén viing va tiét kiem chi phi [140].

M6 hinh toan hoc md ta méi quan hé gitra khoi lugng sinh khéi va ham luong PS
Vi cac yéu té anh huong nhu sau:

Y1=-122,3+ 2510 X1+ 1,514 Xz + 14,74 X3 — 2,450 X1°—0,01910 X2? — 1,467 X3?
Y2=—-44,73+ 10,93 X1+ 0,6826 X2+ 3,51 X3— 1,099 X1?2—0,00847 X»°— 0,339 X3°

Trong d6: X1, X2, Xs lan luot 1a: pH, Glucose va cao nim men
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VUNG TOI UU DA MUC TIEU: BIOMASS & PS
(Cao nam men = 5.0707 g/L)
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Hinh 3.3. Phan tich ving téi wu da muc tiéu

pH Glucose CNM
High 6.0 50.0 6.0
Cur [5.0505] [40.0] [5.0707]
Low 4.0 30.0 4.0

Desirability
D: 0.9636

Optimal
D: 0.9636

PS
Maximum
y = 5.2843
d = 0.96087

Biomass
Maximum
y = 8.9883

d = 0.96630

Hinh 3.4. Biéu d6 t6i wu héa da muc tiéu diéu kién nudi cdy thu nhan sinh khéi va
polysaccharide
3.1.1.3. Thuc nghiém kiém tra cdc diéu kién toi wu soi nam C. militaris

M®d hinh du doan tai gia tri pH = 5,05, ham lugng glucose 40 g/L va ham lugng
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cao nim men 5,07 g/L thi khéi luong sinh khdi nam dat duoc cao nhét; tuong ng Voi
sinh khéi du doan dat dugc 1a 8,98 g/L. Thuc nghiém dé kiém tra cac diéu kién tdi uu,
két qua thuc nghiém cho thay khéi luong sinh khdi khé thu duoc tai diéu kién téi wu 1a
8,90 + 0,25 g/L; PS dat 5,28 + 0,16% twong dwong v&i gi tri du doan. Sai s6 tuyét doi
véi sinh khéi va ham luong PS lan luot 13 0,09 g/L va 0,0%. Twong @ng, sai s6 tuong
d6i & muc rat thap, dat 1,0 % cho sinh khdi va 0,00% cho ham lugng PS. két qua tdi uu
hoéa 1a co s¢ ban dau cho nghién ctru md rong quy mo nudi ciy dich thé nham thu nhan
sinh khéi hé soi nim giau polysaccharide.

3.1.2. Téi wu héa diéu kién nubi cdy déi véi hé sei ndm T. versicolor

3.1.2.1. Anh hwéng cua cac yéu té don bién dén ndang sudt sinh khéi va ham hrong
PS hé soi ndm T. versicolor

Sinh khéi va ham lugng PS hé sgi nam T. versicolor khi dugc nudi cdy trong moi
truong dich thé & céc gia tri khac nhau vé pH, ham luong glucose va cao ndm men duoc
thé hi¢n & Hinh 3.5,

7 7 A: Anh huéng cta pH -9
*
6_ I ~
X
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23 c 9 b -4 2
& z &0
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B: Anh huéng cta glucose
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Hinh 3.5. Anh hwéng diéu kién nudi: pH, ham hrong glucose va cao nAm men
trong mdi trwong dich thé dén sinh khéi hé sgi nadm T. versicolor. A: Anh hwoéng
ciia pH, B: Anh hwéng cua glucose, C: Anh hwéng ciia cao ndm men

Ghi chu: D ligu dwoc trinh bay duwdi dang trung binh + dé léch chuan (n=3).

Céc chir cai khac nhau trong cling mér diéu kién chi ra sy khac biét cé y nghia thong ké
(Tukey’s HSD Test, p <0,05).



80

pH, ham luong glucose va cao nam men anh huéng dén sy sinh truéng nam Van
chi nudi cay dich thé. Khi pH tang tir 4,5 dén 5,5 sinh khdi soi ndm va ham lugng PS
taing dan, & pH 5,5 soi nam sinh truong tot nhat khéi lwong sinh khéi kho va PS 1a
3,568+0,004 g/L va 7,93%, tiép tuc tang pH sinh khi va ca PS lai ¢6 xu huéng giam dan.
Két qua nay cling pht hop véi nghién ctru ciia Yadav va Tripathi (1991) chi ra rang diéu
kién pH téi vu dé 18n men soi nAm Van chi 1a pH = 5,5 [143]. Hoang Thi Yén Dung va
cs. (2023) d khao sat va cho thay pH 6 1a diéu kién t6i uu cho sinh khéi soi cao nhat
(4,76 g/L) [144]. Veena & Pandey (2012) ghi nhan pH tdi uu cho ting truéng soi la 4,5—
6,0 [145].

Tai ham luong glucose 20 g/L sinh khéi khd soi nam dat gié tot nhat 3,43 + 0,03
g/L va ham lugng PS ciing dat cao nhat 1a 7,99+0,15%. Tuy nhién, tiép tuc ting hoic
giam ham luong glucose, sinh khéi soi c6 xu huéng giam dao dong tir 2,42-3,18 g/L.
Diéu nay c6 thé 13 do ham luong glucose qua cao gay chénh 1éch ap suat tham thau, dan
dén té bao hap thu nudc kém, con ham luong glucose thap thi khong du ngudn dinh

dudng cho nim phat trién.

Bén canh ngudn Carbon va pH ngudn Nito hitu co bd sung ciing anh huéng dén
sy sinh trudng cuia hé soi nam. Khi tang lugng cao nim men thi lugng sinh khdi va ca
PS ¢6 xu hudng ting, ham luong cao ndm men t6t nhat trong nghién ctru nay 1a 2 g/L
v6i ham luong sinh khéi 14 3,67 + 0,062 g/L va PS 14 8,10 + 0,115%. Tuy nhién tiép tuc
tang lugng cao ndm men 1én thi sinh khdi ndm va ca PS ¢6 xu hudng giam. Piéu nay 1a
do ndng d6 Nito cao gy @rc ché hoat tinh cia mot sd loai enzyme lam anh huong dén
qua trinh chuyén hod cac chat trong té bao lam ndm sinh truéng kém. Nghién ciu cua
Adebayo-Tayo va Ugwu (20110 cho thay cao nam men cho sinh khdi cao nhat cua
T. versicolor (khoang 1,0 — 1,6 g/L khé) so véi cac ngudn nitrogen khac [146].

Nhu vay soi nam phat trién tét & khoang pH 5,5-6; nong do glucose tir 15-20 g/L;
cao nam men tir 2-2,5 g/L va pH 5,5; glucose 20 g/L; CNM 2 g/L thi sinh khdi sgi nam
Vin chi dat lwong sinh khdi cao nhit.

Phan tich mdi twong quan tuyén tinh giita ning suét sinh khéi va ham luong PS
cua nam T. versicolor khi nudi ciy & cac khoang pH, glucose va cao nam men cho thay
c6 su twong quan tuyén tinh thuan rat chat ché. Khi sinh khoi ting, ham luong PS ciing
tang. Gia tri p-value déu rat thap (p < 0,05) cho thay méi quan hé nay cé y nghia thong
ké cao va it kha ning xay ra do sai s6 ngau nhién. Dua vao két qua phén tich twong quan



81

c6 thé thay trong quéa trinh nudi cay, thay vi phai do ham luong qua d6 c6 thé uéc tinh
nhanh mét cach twong ddi chinh xac théng qua viéc do sinh khéi. Piéu nay gidp téi wu
hoa quy trinh theo ddi va thu hoach.

3.1.2.2. Xdc dinh diéu kién toi wu nham thu nhdn sinh khéi va polysaccharide tir
hé sgi nam T. versicolor

Thuc hién quy hoach thuc nghiém theo md hinh Box-Behnken. B6 tri cac nghiém
thire theo Bang 3.4, trén bang ciing thé hién két qua dinh luong sinh khéi va PS soi ndm
tir cc nghiém thurc. Bang 3.5 trinh bay két qua phan tich phuong sai dé danh gia mac y
nghia ctia cac bién va su tuong tac cua chung d6i véi cac ham muc tiéu lan luot 12 Y1
va Yo.

Bang 3.4. Thuc nghiém khao sat téi wu héa diéu kién nudi cay thu sinh khéi sei

nam T. versicolor

Cac yéu t6 anh huong Ham muc tiéu
- oH Glucose Cao nam Sinh khoi PS (%)
men (g/L) (g/L)
(X1) (9/L) (X2) (Y2)
(X3) (Y1)

1 55 20 2 3,67 8,21
2 15 2 2,12 4,42
3 20 2,5 2,33 6,55
4 25 2 2,48 6,52
5 55 25 1,5 2,41 6,67
6 55 15 1,5 2,30 5,53
7 55 20 2 3,68 8,34
8 5 25 2 2,30 5,34
9 6 20 1,5 2,32 5,94
10 6 15 2 2,21 5,47
11 5 20 2,5 2,20 5,53
12 5 20 1,5 2,32 4,93
13 55 20 2 3,59 8,15
14 55 15 2,5 2,77 5,46
15 55 25 2,5 2,41 7,28

Két qua phan tich phuong sai (ANOVA) tir Bang 3.5 va Bang 3.6 cho thdy ca hai
mo hinh hdi quy bac hai md ta nang suat sinh khdi va ham luong polysaccharide (PS)
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cua nam T. versicolor déu dat mirc ¥ nghia théng ké cuc ky cao (p = 0,000 < 0,01). Phan
tich chi tiét chi ra rang, tat ca cac yéu td tuyén tinh bac nhat (X1, Xz, X3) va tac dong bac
hai (X12, X22, X3?) déu c6 anh huong rat rd rét dén hai ham muc tiéu (p = 0,000). Trong
d6, dva trén gia tri kiém dinh F, yéu t& X1 (pH) 1a nhan té c6 tac dong tuyén tinh manh
m& nhat dén ca qua trinh sinh trudng (F = 103,49) va tich liy PS (F = 255,59). Pang cht
¥, cac twong tac hai chiéu gitta cac yéu té doc 1ap khdng thé hién y nghia théng ké (p >
0,05) va da duoc chu dong loai bo dé tinh gian md hinh, cho thay cac thdng sb nay tac
dong mot cach doc 1ap 1én ham muc tiéu. Céac twong tac hai chiéu khong ¢ ¥ nghia
thng ké c6 thé 1a do két qua dinh vi tét tir bude sang loc don yéu té (OFAT) trude do,
toa do diém tam da dwoc bd tri rat sat voi dinh ti vu thuc té. Tai viing khdng gian tiém
can bio hoa nay, cac anh huong tuyén tinh va anh huong bac hai da chi phdi gan nhu
hoan toan (d6ng gop tir 96% - 98% vao su bién thién cua mé hinh). Bén canh d6 vé mat
sinh 1y hoc, khi diéu kién méi truong da & trang théi téi uu, khong co su thiéu hut dinh
dudng hay stress cuc doan, ngudn carbon (glucose), nitrogen (cao nim men) va pH déng
vai trd 1a cac gioi han doc lap. Chung di truc tiép vao con dudng sinh trudng va sinh
tong hop chuyén hoa thir cap cua té bao nam ma khong doi hoi su bu trir hay tao ra cac
hiéu &ng hiép dong/ddi khang manh mé nhu & cac diéu kién nudi cay bat loi.

Mic di gia tri p cua Lack-of-Fit dat 0,08 (sat ngudng 0,05), nhung vé nguyén tic
thng ké (p > 0,05), diéu nay van khang dinh mé hinh khéng bi thiéu su phu hop. Do

d6, ham muc tiéu van dam bao d6 tin cay dé du doan diém tdi wu.

Gia tri R? = 0,96 chi ra rang cac yéu to dau vao (X1, Xz, Xs) & dang tuyén tinh va
bac hai giai thich duoc giai thich dugc hon 96% sy bién thién cua sinh khdi nim T.
versicolor trong qua trinh 1én men chim. Khoang céch gitra R? va R?gj kha nho (khoang
0,03, ndm trong ngudng an toan dudi 0,2), chtng td mé hinh khéng chtra cac bién nhidu
hoac bién thira gay sai léch. Su phu hop ciia mé hinh toan hoc véi dit liéu thuc nghiém
dugc khang dinh chic chan théng qua kiém dinh d6 thiéu thich hop (Lack-of-Fit). Cu
thé, gié tri p cua Lack-of-Fit d6i v&i md hinh sinh khéi va ham luong PS lan luot 12
0,082 va 0,166 (déu 16n hon ngudng 0,05). Diéu ndy minh chang ring sy sai léch gita
gia tri du béo tir mé hinh va gid tri thuc té 12 khong c6 ¥ nghia thong ké, dong thoi muc
d6 nhiéu (Pure Error) 1a thap. Do d6, cic phuong trinh héi quy da thice thu duoc dam
bao do tin cay dé biéu dién khdng gian bé mat dap tng va trich xuat bo thong sé van
hanh t6i wu.
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Bang 3.5. Phén tich phwong sai ciia mo hinh héi quy bac hai ddi véi ning suat

sinh khéi hé sei nAm T. versicolor

Source DF Adj SS Adj MS F-Value P-Value
Model 6 4,18620 0,69770 32,43 0,000
Linear 3 4,17382 1,39127 64,68 0,000
X1 1 2,22620 2,22620 103,49 0,000
X2 1 1,30965 1,30965 60,88 0,000
X3 1 1,25545 1,25545 58,36 0,000
Square 3 4,14500 1,38167 64,23 0,000
X1? 1 2,21531 2,21531 102,98 0,000
X2? 1 1,30534 1,30534 60,68 0,000
Xa? 1 1,24031 1,24031 57,66 0,000
Error 8 0,17209 0,02151
Lack-of-Fit 6 0,16722 0,02787 11,45 0,082
Pure Error 2 0,00487 0,00243
Total 14 4,35829

Bang 3.6. Phén tich phwong sai ciia mo hinh hdi quy bac hai dbi véi ham lwong

PS hé s¢i nam T. versicolor

Source DF Adj SS Adj MS F-Value P-Value
Model 6 21,1592 3,5265 87,52 0,000
Linear 3 16,4073 5,4691 135,73 0,000
X1 1 10,2984 10,2984 255,59 0,000
X2 1 5,5119 5,5119 136,80 0,000
X3 1 2,8164 2,8164 69,90 0,000
Square 3 15,4698 5,1566 127,98 0,000
X1? 1 10,0117 10,0117 248,48 0,000
X2? 1 4,8760 4,8760 121,01 0,000
Xa? 1 2,6625 2,6625 66,08 0,000
Error 8 0,3223 0,0403
Lack-of-Fit 6 0,3035 0,0506 5,36 0,166
Pure Error 2 0,0189 0,0094
Total 14 21,4815
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(A) (B) ©)
Hinh 3.6. Anh hwéng két hop ciia cac diéu kién nudi ciy dén ning suat sinh khoi

(hang trén) va ham lwong polysaccharide (hang dwéi) ciia nam T. versicolor
Ghi cha: (A) Cao ndém men va pH; (B) pH va glucose; (C) Glucose va cao ngm men

M6 hinh toan hoc md ta mdi quan hé gitra ning suat sinh khéi va ham luong PS
Vi C4c yéu té anh huong nhu sau:
Y1 (g/L) = 109,69 + 34,18 X1 +0,956 X, +9,36 X3 — 3,098 Xi? —0,02378 X2?
— 2,318 X352
Y2 (%) = —232,2 +7352 X1 +1,962 X, +14,02 X3 —6,587 X1 —0.04597 X»?
— 3,397 X342
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VUNG TO! UU DA MUC TIEU: BIOMASS & PS
(Cao nam men = 2.0354 g - L)
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Hinh 3.7. Phan tich viing t6i wu da muc tiéu

pH Glucose CNM
High 6.0 25.0 2.50
Cur [5.5455] [20.6566] [2.0354]
Low 5.0 15.0 1.50

TN T

Optimal
D: 0.9865

Composite
Desirability
D: 0.9865

PS
Maximum
y = 8.3405
d = 1.0000

Biomass

Maximum
y = 3.6381
d = 0.97316

Hinh 3.8. Biéu d6 t6i wu héa da muc tiéu diéu kién nudi cay thu nhan sinh khoi va
polysaccharide
3.1.2.3. Thuc nghiém kiém tra cdc diéu kién toi wu soi nam T. versicolor
Theo du doan caa mé hinh bé mit dap Gng, nang suit sinh khéi va ham luong PS
cO thé dat gia tri cuc dai lan luot 12 3,638 g/L va 8,34% tai bo thong sb nudi ciy Iy: pH
5,55; nong do glucose 20,65 g/L va cao nim men 2,035 g/L. Nham danh gia d6 chinh
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xé&c va kha nang ung dung thuc tién caa mé hinh, mét thi nghiém kiém chimg da duoc

tién hanh Iap lai 3 1an véi cac diéu kién téi vu néu trén.

Két qua thuc nghiém cho thay, nang suat sinh khdi kho thu dugc dat 3,59 + 0,12
/L va ham luong PS dat 8,23 + 0,27%. Sai s6 tuyét d6i dbi vai sinh khdi va ham luong
PS lan Iuot 12 0,05 g/L va 0,11%. Tuong &ng, sai s6 twong & muc rat thap, chi dat 1,37%
cho sinh khéi va 1,32% cho ham luong PS. Céc gi4 tri thuc té nay hoan toan tuong dong
va nam trong ving sai sé cho phép (< 5%) so véi gia tri du bao Iy thuyét. Bidu nay
khang dinh rang cac phuong trinh hoi quy da xay dung 1a phi hop, c¢6 dd tin cay.

Qua nghién cau ti wu diéu kién nudi ciy nham thu sinh khéi giau PS di xac dinh
thanh cong diéu kién toi wu dé san xuat sinh khdi sgi nam bang phuong phap nudi cay
dich thé, dat 8,9 + 0,25 g/L cho C. militaris va 3,59 £ 0,12 g/L cho T. versicolor. Cac
mo hinh t4i wu hoa cho thay do tin cdy cao va day la co s¢ ban dau cho viéc mé rong
quy md nudi cdy dich thé.

Dit liéu thu duoc tir qua trinh t6i vu hoa di khing dinh tiém ning to 16n cua hé
théng nudi cay dich thé trong viéc thu nhan sinh khéi nam giau polysaccharide (PS).
Tuy nhién, sinh khéi hé sgi nAm 1a mdt ma tran phuc tap, trong d6 cac phan doan PS
thuong lién két chat ché vai véach té bao va thé hién cac dic tinh hoa ly, sinh hoc khac
biét tly thudc vao dung moi hoa tan. Do d6, dé khai thac triét dé va 1am rd ban chat cua
nguon nguyén ligu nay, nghién ciu tiép tuc tién hanh phuong phap chiét xuat tuan tu
(sir dung lan luot dung moi nude néng, kiém va acid). Pinh hudng tiép can nay khong
chi nham nang cao hiéu suat thu hoi cac loai PS trong té bao, ma con dong vai tro cot
16i trong viéc danh gia sy anh huong ciia phuong phéap phan 1ap dén dic diém hinh théi,
hoat tinh khang oxi hoa va kha ning thé hién hoat tinh prebiotic cua ting phan doan PS
chuyén biét.

3.2. Chiét xuat tuan tw va danh gia hinh thai, hoat tinh khang oxi ho4, prebiotic
ciia cac chiét xuat PS
3.2.1. Phan tich cdu trac bé mat PS bang kinh hién vi di¢n tir quét

Hién vi dién tir quét (SEM — Scanning Electron Microscopy) la mét cong cu quan
trong trong nghién cau cau tric vi md cua PS chiét xuat tir hé soi nam. Viéc str dung
SEM cho phép quan sét truc tiép hinh thai bé mat caa PS sau khi chiét tach, cung cap
thong tin chi tiét vé hinh dang, d6 xp, kich thudc hat va mirc d6 két tu. Nhimg dic diém
nay c6 mdi lién hé chat ché vai tinh chat vat Iy — hoa hoc, kha ning hoa tan, tinh nhét,
va hoat tinh sinh hoc. Bic biét, viéc so sanh hinh théi hoc giira cac PS dugc chiét bang



87

nhitng diéu kién khac nhau (nhiét do, pH, loai dung méi...) s& giup danh gia anh huong
cua quy trinh chiét xuat dén cau tric san pham cudi cung.
W-PSC SPSC  A-PSC

o

Hinh 3.9. Anh chup bang kinh hién vi dién tir quét ciia cac PS chiét xuat tir hé sei
nam C. militaris (1000x) (A), (3000x) (B) (5000x) (C) va (10.000x) (D)



88

A

Hinh 3.10. Anh chup bing kinh hién vi dién tir quét ciia cac PS chiét xuit tir hé

si ndm T. versicolor (1000x) (A), (3000x) (B) (5000x) (C) va (10.000x) (D)

Hinh 3.9. va Hinh 3.10. Hién thi hinh anh kinh hién vi dién ti quét (SEM) ctia cac
chiét xuit PS tir 2 loai nAim & do phong dai 1000%, 3000%, 5000x va 10.000x. Nhin
chung, cac chiét xuat PS cho thiy hinh dang day dic va tirng khbi nho dinh nhau, c6 thé
¢6 lyc twong tac manh do cau hinh phan nhanh cao hoic tuong tac tinh dién giita cac PS
[147]. Su khéc biét vé cu tric vi md thé hién ¢ ¢6 phan manh, d6 min va sgi. A-PSC
c6 hinh dang nhu t6 ong, nhiéu khéi nho lién két lai, két cdu x6p. O 2 phan doan W-PSC
va S-PSC c6 su twong dong cao vé hinh dang, tuy nhién ciu tric bé mat c6 mot s6 diém
khac biét, W-PSC bé mit nhiéu khéi nho. Mau W-PST c¢6 cau tric bé mat go ghé, ciu
triic xop va nhiéu khoang trong, trong khi mau A-PST c6 cau trdc tong thé ¢é nhiéu ranh
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nirt né sau va bi chia cit manh do tac dong thay phan cia méi truong axit manh, mic
khac mau S-PST céu tric khdi két dinh chat chg, it x5p va it khe nut. Diéu nay chiing to
dung moi chiét xuat anh huong ddng ké dén hinh thai bé mat cua PS. Acid HCI c6 thé
da thiy phan mot sé thanh phan, dan dén bé mat min hon, trong khi méi truong kiém
cua natri cachonat c6 kha ning pha v& céc lién két chéo trong mang ludi polymer, dan
dén su trwong nd va hinh thanh ciu tric x4p. Khi d6 phong dai ting 18n, chi tiét bé mat
tré nén rd rang hon, cho thay su khac biét vé cau trlc gitra cac mau. Nhing khéc biét
nay cd thé anh huong dén tinh chat hoa ly va hoat tinh sinh hoc cua PS.

Cac nghién ctru trude day ciing da chi ra rang dung moi chiét xuat ¢ anh husng
I6n dén cau tric va tinh chat cia PS [148]. Pa ¢ nhiéu béo céo rang chat xo hoa tan
trong cam kiéu mach tu nhién c6 cau tric min, phang va dic, nguoc lai, chat xo hoa tan
duogc chiét xuat bang phuong phap xir 1y trude bang hoi nudc néng c6 cau tric long 1éo
va bé mit xdp [149].

Nhiéu nghién cau di chtng minh tly thudc vao dic diém cau tric céac
polysaccharide thé hién cac tinh chat sinh hoc khac nhau [150,151]. Su phu thudc nay
cha yéu lién quan dén khéi lugng phan tir (MW), thanh phan héa hoc, lién két glycosidic,
c4u trdc ba chiéu, cdu hinh phan nhanh va do hoa tan thu dugc [151,152]. Cac diéu kién
chiét xuat ciing déng vai trd quan trong trong mét sb thong sd, chang han nhu hiéu suat
va chét luong chiét xuat, cau triic hda hoc va cac dic tinh sinh hoc thu duoc [153]. Chang
han nghién cau cia Chen va cs. (2020) da so sanh cac polysaccharid duoc chiét xuat
bang nudc ndng (HW), &p suét cao (HP), vi song (MA) va hd tro siéu am (UA) tir nam
Schizophyllum commune cho thay phap chiét da anh huéng dén hiéu suat polysaccharid,
khdi lwong phan tir (MW), thanh phan monosaccharid va hoat tinh sinh hoc. Chiét xuat
bang s6ng siéu &m mang lai kha ning chdng oxy héa va ha duong huyét tét nhat, mic
du san lugng thu duoc it hon va kich thudc phan tir nho hon so véi cac phuong phap
nhu dung nudc ndng, ap suat cao hay 10 vi séng. Cac phuong phap chiét xuat nay khdng
lam thay doi cac lién két hda hoc co ban (theo phan tich quang phé hong ngoai), nhung
lai 1am thay d6i rd rét ty 1& thanh phan céc loai dudng don va cau trdc vi md bé mit cua
polysaccharide. Song song d6, kinh hién vi dién tir quét (SEM) cho thay su khac biét vé
cau triic vi mé ctia cac chat chiét xuat polysaccharide [154].

Tuong tu, Shang et al. (2018) da danh gia tac dong clia cac phuong phap chiét xuat
khac nhau dén hiéu suit, khéi luong phan tir (MW) va thanh phan monosaccharide cua
polysaccharide. Nghién ciru di so sanh bon phwong phap khac nhau: HW, UA, h tro


https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/buckwheat

90

enzyme va hd trg enzyme-siéu &m va cho thdy phuong phap hd tro enzyme tao ra
polysaccharide c6 tinh chat chéng oxy héa cao hon. Mic du trong nghién ciru nay da
ching minh dugc cau triic xoan ba cua polysaccharide dugc chiét xuat, nhung nghién
ctru nay ciing thiéu phan tich vé cac loai lién két va mic do phan nhanh ciing nhu cach
cac phuong phap chiét xuat c6 thé anh huéng dén céac théng sé nay [155].

T6m lai su khac nhau ciu trdc trén bé mat cua PS sau khi chiét xuat bang céc dung
mdi khac nhau cd thé anh huong truc tiép dén kha nang boc 16 cac vi tri phan tng trén
mach polymer, do d6 tac dong dang ké dén tuong tac ctia chliing véi cac goc tu do hay
kha nang str dung cua cac chung probiotic.

3.2.2. Ham Iwong polysaccharide tach chiét tuan te tir hé sei ndm

Polysaccharide (PS) 1a mot trong nhitng thanh phan céu tric chu yéu cua té bao
nam, dong thoi 1a nhém hop chét c6 hoat tinh sinh hoc trong tim da duoc chimg minh
mang lai nhiéu loi ich nhu: ha dudng huyét, khang oxi hoa, diéu hoa mién dich, khang
khéi u, khang khuan va chéng viém [156]. Thong thuong, PS duoc phéan 1ap bing cac
dung méi phan cyc, trong d6 nuédc 1a dung moi phd bién va 1y tudng nhat. Viéc tng
dung nhiét d6 cao trong qua trinh chiét xuat bang nudc gitip day nhanh toc do pha vo
thanh té bao, tir d6 gia ting kha ning giai phong va hoa tan PS [157]. Mic du chiét xuét
bang nudc nong 1a phuong phap truyén théng mang lai hiéu qua cao, mot luong 16n céc
phan doan PS khong tan trong nudc van bi luu giit lai trong phan ba. Dé khic phuc han
ché nay va khai thac toan dién cac dang lién két ciia PS, trong nghién ctru ndy, qua trinh
chiét xuat tuan tu sinh khoi hé soi nam C. militaris va T. versicolor da dugc tién hanh
bang ba dung méi lan luot 13: nude nong (H20), dung dich kiém (Na2COs) va dung dich
acid (HCI). Két qua vé hiéu suét thu hoi ctia cac phan doan PS dugc trinh bay chi tiét tai
Hinh 3.11.
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Hinh 3.11. Ham lwgng PS chiét xuat tir hé sgi nAm C. militaris va T. versicolor

Ghi cha: D liéu dwoc trinh bay dwdi dang trung binh + dé 1éch chudn (n = 3).
Céc chir céi khac nhau chi ra s khac biéz c6 ¥ nghia thong ké (Tukey’s HSD Test, P <
0,05). W-PS(C/T), S-PS(C/T), va A-PS(CIT) lan lurot 1a PS chiét xudt bang H20, Na2CO3
va HCI tir hé sgi nam C. militaris va T. versicolor.

Két qua chiét xuat tuan tu cac phan doan PS tir sinh khdi hé soi nam C. militaris
va T. versicolor duoc trinh bay tai Hinh 3.11. Dit liéu cho thay hiéu suét chiét bang
nuéc (H20) cao hon dang ké so véi hai tdc nhan Na2COs va HCL. Biéu nay c6 thé giai
thich do dic tinh cua polysaccharide nim phan I6n 1a cac hop chat d& tan trong nudc
nong; do do, da sd cac PS da duoc giai phong ngay tir giai doan dau. Hé qua 1a luong
PS con lai trong ba nam dé chiét xuat bang cac dung méi tiép theo dat gié tri thap.

Phuong phap xt ly bang acid va kiém gilp pha té bao, gay ra su phan hay cau tric
soi thd va céc lién két thay phan giita glucan va protein thanh té bao (chang han nhu nhiing
loai c6 chudi bén lién két O). Biéu nay gidp giai phong PS ndi bao va cho phép chiét xuat
céc thanh phan hoa tan trong acid va kiém ciing nhu chuyén doi cac thanh phan khéng hoa
tan trong nudc thanh cac thanh phan hoa tan trong nudc. Chiét xuat nude nong thuong dugc
str dung nhu mét bude so bo trudc khi chiét xuat acid hozc kiém tiép theo dé t6i da hoa qua
trinh thu hoi PS [158]. Diéu nay 1a do mot sé PS ¢d tinh chit khong hoa tan trong nudc
nong. Do d6, dung dich kiém (Na;COs) duoc sir dung dé ting kha nang hoa tan PS va acid
(HCI) duoc sir dung dé pha va cac lién két glycosid ciia PS nham thu duoc cac PS con lai
trong soi nAm sau qua trinh chiét suat bang nudc néng [159] .
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Hinh 3.12. Hinh thai cac phan doan Polysaccharide tach chiét tir sgi nAm

C. militaris va T. versicolor
3.2.3. Khd ndng trung hoa géc tw do ABTS cuia céc chiét xudt PS tir hé sei ndm

Dic tinh chéng oxi héa cua céc PS tir thuc vat va nam da dugc nghién cieu kha phd
bién va duoc st dung nhu cac chit chéng oxi hoa ty nhién. Hoat dong chng oxi hoa
ctia mot loai hop chét bat ky phu thudc vao khé nhiéu yéu té nhu ham lwong lipid, nong
d6 chat chdng oxi hoa.

ABTS** 1a mot géc tu do dang cation twong dbi 6n dinh. Khi twong tac voi cac
chat khang oxi hda géc tu do s& nhan dién tir hoac hydrogen dé bi khir thanh phan tir
trung hoa bén vitng va nhat mau. Trong nghién ctru nay cac phan doan PS khac nhau
duoc pha lodng nong d6 tir 100-5000 pg/mL véi ascorbic acid duoc sir dung 1am ddi
ching duong.
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Biang 3.7. Kha niing trung hoa goc tw do ABTS tir C. militaris

Nong do cao

kha ning trung hoa goc tw do ABTS (%)

chiét (ug/mL) W-PSC S-PSC A-PSC
100 11,84+0,342 7,49+0,74° 13,88+0,132
200 18,58+0,812 8,83+0,44° 16,99+0,132
400 21,58+0,542 13,73+0,44° 22,88+0,47°
600 22,25+0,47° 17,82+0,65° 26,94+0,592
800 26,14+0,29° 21,19+0,67°¢ 30,36+0,422
1000 31,37+0,918 24,54+0,34° 32,59+0,372
2000 44,88+0,31a 36,70+0,18° 46,910,272
5000 86,15%0,792 69,64+0,51° 81,51+0,562

IC50 (pug/mL) 2474,24+2 78° 3273,33+£18,52 2446,51+24,34°

Bang 3.8. Kha ning trung hoa goc tw do ABTS caia PS tir T. versicolor

Nong dé cao chiét Khi niing trung hoa goc tw do ABTS (%)

(ug/mL) W-PST S-PST A-PST
100 6,86+1,3° 10,14+1,7¢ 11,45£1,1°
200 9,610,3° 14,27+1,3b 17,93+1,0°
400 20,38+1,9° 21,36+3,3 29,09+2,2
600 27,1342,2b 28,73+1,7 36,72+1,4°
800 37,8342,9° 34,81+0,5" 43,4340,3
1000 4421+1,7° 43,86+0,5" 49,63+0,4°
2000 84,64+3,12 71,78+1,6° 79,08+0,5°
IC50 (pg/mL) 1142,5+21,72b 1279,1+18,04 1070,6+18,25¢

Ghi cha: D liéu dwoc trinh bay dwdi dang trung binh + dé 1éch chudn (n = 3).
Céc char céi khac nhau trong mét hang biéu th s khac biéz ¢é y nghia thong ké (Tukey s
HSD Test, P < 0,05).

Két qua cho thay, khi ndng d6 tang 1én kha ning trung hoa géc tu do cua céc chiét
Xuit PS ciing ting dan. Chiét xuat PS tir nAm T. versicolor cho hiéu qua trung hoa gdc
tu do tét hon so voi nAm C. militaris. Gia tri IC50 cua 3 chiét xuat PS (W-PSC, S-PSC,
A-PSC) nam C. militaris dugc xac dinh lan lugt trong phuwong phéap nay la 2474,24 +
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2,78 ug/mL, 3273,33 + 18,54 pg/mL va 2446,51 + 24,34 pg/mL con & nim T. versicolor
la1142,50 +2 1,72 pg/mL; 1279,10 + 18 pg/mL; 1070,60 £ 18,30 pg/mL. IC50 cia cac
chiét xuat PS cua 2 loai nim nay déu cao hon so v&i IC50 cua acid ascorbic vai 1C50
la: 83,89 + 0,39 pg/mL. Két qua nghién ctru nay ciing twong tw nghién ciu cua Hang va
cong sy ndm 2017, exopolysaccharide (EPS) chiét xuat tir Cordyceps sinensis duoc nudi
cdy & moi trudng M2 trong 20 ngay va duoc danh gia kha ning bét goc te do ABTS**
va xac dinh gia tri IC50 dat 2643,89 pg/mL, kha ning khang oxi hoa thap hon so véi
cao chiét xuat PS trong nghién ctru hién tai. Biéu nay cho thiy sy tiém ning cta cac PS
dugc chiét xuat tir soi nam C. militaris. Tuy nhién, day 1a dac diém phd bién & cac PS
c6 nguon goc tu nhién, do cau tric cua chung thuong khdng chira cac nhom chuc c6 kha
nang oxi hda khir manh nhu phenol hoic flavonoid, nhiing thanh phan chinh trong cac
chat khang oxi héa chuan. So véi mot sé cac nghién ciu khac vé hoat tinh khang oxi
hod ciia PS tir nam T. versicolor cho thay khé c6 su twong quan, nghién ctiu cta Petraglia
(2023) hoat tinh khang oxi hoa cua PS tach chiét tir ndm Pleurotus eryngi 1a 1,15 + 0,09
mg/mL [160]; nghién cru ciia Nesrine Teka va cs. (2022) cho thay hoat dong khang oxi
hoa cua cac phan doan PS WPL, CPL va BPL chiét xuat tir 1a Allium roseum lan luot 12
55,33%, 54,97% va 53,15%, & nong d6 3 mg/mL [161]. Cau tric xdp va long 1éo, chang
han nhu dang t6 ong ctia mau A-PS (C/T) da tao diéu kién gia ting dang ké dién tich bé
mit tiép xuc. Su phan cit khdng gian nay gilp boc 16 nhiéu hon cac nhém chic phan
cuc dang bi che khuat trong mang ludi polymer (nhu cac nhom hydroxyl -OH ty do).
Khi dién tich tiép xtc ting 1én, cic nhém chirc ndy dé dang tiép can va nhudng hydrogen
hoic dién tir dé trung hoa cac gic tu, tir d6 1am ting manh kha ning chdng oxy hoa cua
dich chiét.

O C. militaris, cac PS tir mdi trudng rin duoc tach thanh bon thanh phan bang
phuong phap két tiia phan doan ethanol cho thay hoat tinh khang oxi héa manh hon in
vitro [162]. Theo Chen va cs. (2013), PS tinh khiét chu yéu bao gom Glc (47,5%), Man
(34,3%), Gal (10,8%) va Ara (4,85%) trong lién két glycosid loai a c6 thé loai bo cac
géc tu do, hydroxyl va superoxide trong ng nghiém [163]. Nghién ctru nay ciing ching
minh rang Glc va cau hinh B c6 thé ting cuong hoat dong khang oxi héa. Thi hai, cac
ion chtra trong PSs ¢6 thé gop phan vao hoat dong khang oxi hoa.

Hoat tinh khir goc ty do ABTS® ctia PS chiu anh hudng cua nhiéu yéu té nhu khoi
lwong phan tir, thanh phan monosaccharide, nhém chirc, phuong phap chiét xuat va dic
diém cau trdc. Cac PS c6 khéi luong phan tir thip hon thudng thé hién hoat tinh khang
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oxi h6a manh hon [164]. Loai va ty 16 monosaccharide trong PS anh huéng dang ké dén
dic tinh khang oxi hoa ciia ching. Nghién ciiu trén Panax ginseng cho thay céac PS acid
c6 ham lugng acid uronic cao hon thé hién hoat tinh khu géc tu do ABTS®* manh hon
S0 v&i PS trung tinh [165]. Su hién dién cua cac nhém chie dac biét, nhu acid uronic va
sulfate, anh huéng dén hoat tinh khang oxi héa. Mot nghién cieu vé PS tir Cordyceps noi
bat tac dong cua cac nhom chuc [8n hoat tinh khir goc tw do ABTS. Qua trinh sulfat hoa
mot exopolysaccharide (EPS-1) tir Cordyceps sinensis lam ting dang ké hoat tinh khang
oxi hoa, tang TEAC tir 21,0 1én 66,5 pmol Trolox/g. Su cai thién nay dugc cho la nho
cac nhom sulfate, gitp ting mat do electron va kha nang khir gbc ty do [166]. Ky thuat
chiét xuat PS ciing anh huong dén kha nang khang oxi hoa cia ching. PS chiét xuat tir
hat va thit cha 1a Ajwa bang phuong phép siéu am hd trg thé hién hoat tinh khir goc tu
do ABTS" cao hon so véi chiét xuat bang nudc nong [167]. Cau trdc tong thé, bao gom
kiéu phan nhanh va lién két glycosidic, dong vai trd quan trong trong hoat tinh khang
oxi hoa. Vi dy, PS tir Astragalus c6 khdi luong phan ta trung binh cho thiy kha ning
khir goc ty do ABTS® manh nhat, goi ¥ rang ca khdi lwong phan tir va cau hinh cau trdc
déu la yéu té quan trong [168]. Nhitng phat hién nay nhan manh rang hoat tinh khang
oxi hoa cua PS, duoc do bang xét nghiém khir gbc tu do ABTS®', 1a da dién va chiu anh
huong cua nhiéu yéu té noi sinh va ngoai sinh.

Trong nghién ciru ndy, PS chiét xuét tuan ty tir soi nam C. militaris va T. versicolor
da thay duoc méi quan hé gitra nong do PS va hoat dong khang oxi hoa. Tuy kha ning
khang oxi hoa cia PS khong cao nhu Ascorbic acid trong cac thir nghiém truc tiép,
nhung gia tri tng dung thyc tién cia PS con duoc quyét dinh bai nhiéu co ché sinh hoc
phtic tap khéc. Ascorbic acid hoat dong nhu mot chat khang oxi hoa truc tiép, nhanh
chéng trung hoa cac géc tu do, con diém manh cua PS 1a tinh da ning, d6 an toan cao
va kha nang tuong tac phuc tap véi cac hé thdng sinh hoc trong co thé. PS ¢6 kha ning
g6p phan duy tri can bang noi moi oxi hoa - khir mot cach bén viing va toan dién thong
qua nhiéu co ché khac nhau nhu: kich hoat hé théng enzyme néi sinh (ting san xuat
SOD, catalase, glutathione peroxidase); diéu hoa con duong tin hiéu (tac dong lén
Nrf2/ARE, NF-kB dé kiém soat biéu hién gene lién quan dén stress oxi h6a): bao vé ciu
trdc té bao (6n dinh mang té bao, giam ro ri electron tir ty thé); chelate ion Fe* [169].

3.2.4. Tiém ndang prebiotic ciza PS chiét xudt tir hé sei ndm

Prebiotic, theo dinh nghia cua ISAPP, 14 thanh phan thuc pham khong tiéu hoa
duoc str dung chon loc lam thirc an cho vi sinh vat [170]. Hoat tinh prebiotic cta
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polysaccharide 1a do kha ning chuyén héa cé chon loc cua cac probiotic, do d6 kich
thich su phat trién caa ching [171]. Trong nghién ctiru ndy da danh gia hoat tinh prebiotic
cta cac PS chiét xuat tir soi nam C. militaris va T. versicolor thong qua dénh gia kha
nang cac chung probiotic sir dung PS 1am nguén dinh dudng va danh gia thong qua chi
s6 hoat dong prebiotic.

3.2.4.1. Kha nang kich thich sw sinh truerong probiotic

Dé danh gid mot loai carbohydrate nhat dinh c6 hoat tinh prebiotic, dau tién,
carbohydrate d6 ciing phai dugc chuyén hoa bai cac ching probiotic twong tuy nhu qué
trinh chuyén hoéa glucose. Trong nghién cau nay da st dung 5 chung vi khuan P.
acidilactici NBDS8, L. pentosus NH1 va L. plantarum WCFS, B. animalis YC381 va L.
casei — 01 dé danh gia kha nang st dung PS 1am nguon carbon. Panh gia thong qua cac
méi trudong khéng chira glucose, moi trudong kiém soat glucose (1g/L), moi truong bd
sung 1g/L PS, va mdi trudong bd sung 1g/L prebiotic thuwong mai (FOS). Két qua dugc
trinh bay trong Hinh 3.13 va Hinh 3.14.
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Hinh 3.13. Kha niing sinh truéng ciia probiotic trén méi trudang bo sung PS chiét
xuat tir sgi nAm C. militaris

Ghi chu: D liéu dwoc trinh bay duwdi dang trung binh + dé léch chuan (n=23).

Céc chir cai khac nhau trong cling mét chiing probiotic thé hién s khac biéz ¢6 y nghia

thong ké (Tukey’s HSD Test, p < 0,05) GF: khong chiza glucose, Glc: bé sung glucose

1g/L; W-PSC: bé sung chiét xudt PS tir nwéc 1g/L; A-PSC: bé sung chiét xudt tir HCI
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1g/L; S-PSC: bé sung chiét xudt tir Na2COs 1g/L, FOS: bé sung FOS 1g/L.
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Hinh 3.14. Kha niing sinh truéng cia cac chiing probiotic trén méi truong bo

sung chiét xuat PS nam T. versicolor

Ghi chu: D ligu dwoc trinh bay duwdi dang trung binh + dé léch chuan (n=3).
Céc chir cai khac nhau trong cting mét chaing probiotic thé hién s khac biéz ¢6 y nghia
thong ké (Tukey’s HSD Test, P < 0,05). GF: khong chiza glucose; Glc: bé sung glucose
1g/L; W-PST: bé sung chiét xudt PS tir nueéc 1g/L; A-PST: bé sung chiét xudt PS tir HCL
1g/L; S-PST: b sung chiét xudt PS tir Na,COs 1g/L; FOS: bé sung FOS 1g/L.

Két qua nghién cau cho thay tat ca cac chung probiotic déu sinh truéng trén cac
moi truong nghién cau. Tuy nhién & cac moéi truong khac nhau cac chung probiotic o
su sinh trudng khac nhau dang ké. Trén moi trudng GF, kha ning sinh truéng cia cac
chung probiotic rat thap do thiéu ngudn carbon can thiét cho qua trinh trao doi chat. Con
trén moi truong sir dung glucose 1a ngudn carbon cac chung probiotic c6 déu toe do tang
truong cao diéu nay 1a do glucose dé dang dugc hap thu va chuyén hda ngay lap tic
thdng qua cic con duong trao doi chat co ban. Trén cac moi trudng bod sung phan doan
PS, tat ca cac chung vi khuan déu c6 kha niang sinh truang, tuy nhién & mot sé phan
doan PS sy sinh truong ndy kha thap. Viéc st dung PS sinh trudng khong dong déu &
cac chung, mot sé chiing c6 thé sir dung chiét PS nay phat trién tot tuy nhién lai st dung
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kém chiét xuat PS khéac. Chung B. animalis va L. casei sinh truéng kém trén méi trudng
bd sung S-PSC va S-PST, chung P. acidilactici sinh truong kém trén ca moi trudng
S-PST va W-PST, nhung ca 3 chiing nay lai sinh truang tét trén A-PST. Nguyén nhan
la do PS 1a ngudn carbon phirc tap hon glucose, dé sir dung PS vi khuan can tiét ra cac
enzyme ngoai bao. Tuy nhién, khdng phai tit ca cac ching déu c6 kha ning san xuat da
lwong enzyme can thiét dé phan huy PS. Chi nhitng ching c6 bd gene ma hoa cho céc
enzyme phl hop méi c6 thé sir dung PS hiéu qua.

Hinh thai vi md ciing 1 yéu t then chot quyét dinh kha ning 1én men ciia cac
chang vi khuan probiotic. A-PS ¢6 cau tric xép, ¢6 mirc d6 phan nhanh cao va kich
thuéc hat nho nén co thé tao ra nhiéu khong gian vi 16 cho phép cac enzyme ngoai bao
cua vi khuan duong rudt dé dang khuéch tan, thAm nhap va bam dinh vao mach
polysaccharide dé thuc hién qua trinh cit dat lién két glycosidic diéu nay giai thich
nguyén nhan & phan doan A-PS c4c ching déu phat trién tét. Cac phan doan PS c6 két
cau 1ong 1éo s& bj thay phan nhanh hon thanh cac oligosaccharide va duong don, cung
cap ngudn carbon tirc thoi cho su sinh trudang cta vi khuan c6 loi. Trong khi d6, cac cau
tric hat 16n, dong cuc ran chac c6 thé 1am cham qua trinh 1én men.

Phan 16n cac ching c6 thé phat trién trén moi truong chiét xuat PS cho thay cac
chiét xuat PS tir soi nam C. militaris va T. versicolor co thé 1a ngudn dinh dudng cho
cac probiotic. Két qua nay ciing tuong ty nghién ctru Phirom-on & Apiraksakorn (2021),
L. plantarum SKKL1, L. plantarum TISTR 2075 va L. casei TISTR 1463 c6 thé sir dung
nguon cellodextrin chiét xuat tir vo chudi lam ngudn carbon [131]. Nghién cau cua
HongSong va cs. 2022 ciing cho thiy cac ASP duoc tach chiét bang cac phuong phap
khac nhau déu c6 hoat tinh prebiotic va diéu nay duoc giai thich 1a do ching déu duoc
c4u tao tir glucose va galactose [172] . Synytsya va cs. (2009) dd nghién ctru va cho thay
o-(1 3)- Glucan dugc phan 1ap tir thanh té bao cua hai loai P. ostreatus va P. eryngii
kich thich su phat trién cta vi khuan bifidobacteria va lactobacillus. Cac dic tinh
prebiotic cta nhiéu PS di dugc nghién ctru rong rii va dugc biét dén rong i, trong khi
& nhom a-(1 3)-glucan, hoat tinh prebiotic cua chi mot s loai a-(1 3)-glucan nhat dinh
da duoc chimg minh [173]. M6t nghién ciru khac caa Cor va Cs. (2018) da tong quan
vé cac PS tir nim duoc liéu va chi ra rang beta-glucans, mot loai PS pho bién trong nam,
c6 thé co tac dung prebiotic bang cach kich thich sy phat trién cua vi khuan duong ruot
O lgi [174]. Tuong tu, mot nghién curu cua Jayachandran va cs. (2017) da xem xét cac
dic tinh prebiotic ciia PS tir nam Ganoderma lucidum (Linh chi) va cho thdy no c6 kha
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ning ting cudng sy phat trién cua lactobacillus va bifidobacteria trong cac nghién ctru
in vitro [175].

O tat ca 5 chung nudi cay trén moi trudng bo sung A-PSC va A-PST déu thay c6
su sinh truong kha tot, c6 ching cao hon va ¢ chung gan twong duong nhu FOS. Trong
qua trinh tach chiét acid di pha v& ciu tric cua PS thanh cac phan ti nho hon
(oligosaccharide, dudng don) nén cac chung c6 thé d& dang st dung hon so vdi 2 chiét
Xuat con lai. FOS la mét prebiotic, c6 kha nang kich thich sy phéat trién cua céc chung
probiotic, dac biét la cac chung Bifidobacterium va Lactobacillus. FOS la cac
oligosaccharide, c6 ciu tric don gian hon so v6i PS nén dé& dang bi phan hay bai cac
enzyme cua vi khuan. Nhiéu nghién ciru ciing chi ra rang FOS 1a nguon cacbon tét nhat
cho su phat trién caa vi khuan probiotic [176]. Hon nita, FOS giau ketone Iam giam
viém da di &ng bang cach diéu chinh hé vi khuan duong rudt va né dong vai tro thiét
yéu trong viéc diéu chinh su phét trién cua céc vi sinh vat nay. PS chiét xut tir sgi nam
1a PS tho chua qua tinh sach va con mot sé khong tan trong nudc nhu S-PST nén kha
nang st dung c6 thé kém hon prebiotic thuong mai, Prebiotic thwong mai di duoc tinh
sach va duoc nghién ctu ching minh c6 thé kich thich sinh tredng mot cach chon loc
su phat trién cua céac loai vi khuan co loi.

Yu va cs. (2013) nhan thay rang chiét xuat PS peptide (PSP) tir nam Van chi lam
tang dang ké nong do Bifidobacterium va Lactobacillus trong méi truong nudi cay hé vi
sinh vat phan nguoi, tuong tu nhu tac dung cua fructooligosaccharides (FOS), mot
prebiotic da biét. Nghién ctu ciing cho thdy sy giam sé luong Clostridium,
Staphylococcus va Enterococcus spp., giam d6 pH va ting san xuat acid hiru co (lactate
va SCFAs) [177]. Trong nhiing nim gin day rat nhiéu nghién ctu di cho thiy
polysaccharide tir nim c6 kha ning kich thich sy sinh truéng caa probiotic va &c ché
mam bénh. Nghién cau ciia Zhou va cs. (2022) cho thay polysaccharid tir nAm Ramaria
flava, duoc phat hién c6 hoat tinh prebiotic bang cach kich thich sy phét trién
cua Lactobacillus rhamnosus va tang cudng san xuat SCFA. Qua thé nim P. ostreatus
da duoc ching minh 14 ¢6 hoat tinh prebiotic bang cach kich thich sy phat trién cua cac
chang vi khuan probiotic (Lactobacillus acidophilus , Lactobacillus plantarum) manh
hon cac probiotic thuong mai nhu inulin va fructo-oligosaccharide [178]. Cac nghién
ctru 18n men in vitro da chi ra rang polysaccharid nam c6 thé dong vai tro 1a chat nén c6
thé 18n men cho vi sinh vat duong rudt, dan dén nhimg thay doi chon loc trong quan thé
vi khuan [179]. Dac biét, mot sé nghién ciru di bao cdo su gia ting cac chi vi khuan
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thudng lién quan dén sirc khoe duong rudt, bao gom Bifidobacterium va Lactobacillus ,
dong vai trd quan trong trong viéc duy tri chirc nang hang rao rudt, san xuat cac chat
chuyén hoa c6 loi va e ché su phét trién caa vi sinh vat gay bénh [180].

Cac thu nghiém trén mo hinh dong vat da cang c6 thém nhitng nhan dinh nay. Cu
thé, viéc bd sung chiét xuat nam hoic polysaccharid vao khau phan da dugc chirng minh
la c6 thé thay ddi thanh phan vi khuan duong rudt va ting ty 1& cac chung vi khuan c6
loi [180]. Bén canh Bifidobacterium va Lactobacillus, mot s6 nghién ctzu con ghi nhan
su gia taing Akkermansia , mot loai vi khuan phan hay mucin c6 vai tro quan trong trong
viéc ting cuong hang rao bao vé niém mac rudt va cai thién stic khoe trao d6i chat. Bong
thoi, viéc str dung ndm ciing giup diéu chinh ty I¢ Firmicutes/Bacteroidetes, mot chi s6
vi sinh quan trong c6 mai lién hé mat thiét vai cac hoi chang rdi loan chuyén hoa va
tinh trang viém nhiém [181].

3.2.4.2. Chi sé prebiotic ciia cac chiét xudt PS sgi ndam

Hoat dong cua prebiotic dugce dinh nghia 12 kha ning cua mot chit nén cu thé,
thuong 12 mot chat prebiotic, trong viéc hd trg su phat trién cua cac vi khuan c6 loi trong
duong rudt so véi cac vi khuan khac. Bé danh gia hoat dong cua prebiotic, nd thudng
duoc so sanh véi sy phat trién trén mot chat nén khdng phai prebiotic, thuong l1a glucose.
Do d6, carbohydrate co diém hoat dong prebiotic tich cuc néu chung duoc chuyén hoa
cling nhu glucose bai cac ching probiotic; va dugc chuyén hda c6 chon loc bai probiotic
cha khéng phai béi cac vi khuan duong rudt khac [133].



101

Ai 0 EPI(W-PSC) mPI(S-PSC) EPI(A-PSC) mPI(FOS)
' a
094 2 a
0.8 by .
a
b
L. pentosus NH1 L. plantarum P. acidilactici B. animalis YC L.casei - 01
WCFS1 NBDS8 381
Chung probiotic
B
12 - mPI(W-PST) mPI(S-PST)
@PI(A-PST) mPI(FOS)
1 A a
a
a
=0.8 - b
e
x
g b
2%
s
o]
L
a 0.4 - o
c
0.2 1
d d
0 m
L. pentosus NH1 L. plantarum P. adicilactici ~ B. animalis YC- L. casei - 01
WCFS1 NBDS8 381
Chung probiotic

Hinh 3.15. Chi s6 prebiotic (PI) ciia cac phin doan polysaccharide ddi véi cac
chiing probiotic khao sat. (A) Cac phan doan tir hé sei nAm C. militaris; (B) Cac

phén doan tir hé sgi nAm T. versicolor.
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Ghi chi: Diz liéu duwoc trinh bay dudi dang trung binh + dé 1éch chudn (n = 15).
Céc chir cai khac nhau ¢ cuing thoi diém 1én men chi ra sie khac biét ¢é y nghia thong
ké (Tukey’s HSD Test, p < 0,05).

Két qua nghién ctiru cho thay chi sé Pl cua tat ca cac PS déu 16n hon 0, tuy nhién
c6 su khac nhau kha 16n giita cac chiét xuat PS va gitra cac chung. Cac chung probiotic
c6 kha ning st dung céc chiét xuat PS khac nhau. PS chiét xuat ¢ loai nAm khac nhau
ciing cho thay chi sé P1 khac nhau. O nam C. militaris chi s6 P1 cua S-PSC ¢ tt ca cac
chang nghién ctu déu rat thap. Mic khac, W-PSC va A-PSC chi s6 kha cao ¢ hau hét
cac chung trir B. animalis. Con & nim T. versicolor chi s6 Pl cua S-PST va W-PST ¢
chung P. acidilactici va S-PST ¢ chung B. animalis va L. casei rat thap. Nguyén nhan
la do ¢ cac PS nay cac chung sir dung dé sinh truong rat kém so voi Glucose. Tuy cac
chang maot s ching sinh truong rat kém trén mot s6 ngudn PS nhung chi s6 Pl khéng
bi &m vi E. coli khong hoic sir dung rét it cac PS nay dé sinh truong. Chi s hoat dong
prebiotic cia A-PST cao nhit dat 0,935 & chung L. casei cao hon kha 16n so vai ca FOS.
Trén céc ching B. animalis va P. acidilactici chi s Pl cua A-PST ciing déu cao hon so
v6i FOS; song song véi ¢6 W-PST ciing cho chi s6 PI cao hon so véi FOS, nguy@n nhan
la do A-PST va W-PST di kich thich manh su phét trién cua chung nay hon ca FOS. A-
PST déu cho chi sé PI kha cao ¢ tat ca cac ching nén day c6 thé 1a ngudn prebiotic tiém
nang trong twong lai. i v&i phan doan A-PST 1a phan doan chiét cudi cuing bang acid
nén day 1a cac doan PS nam sau bén trong té bao, theo hinh anh SEM thi cau trdc cac
PS min hon, ¢6 d6 phan nhanh, nhiéu khéi nho nén cac probiotic dé dang sir dung 1am
thire an cho su sinh truéng va phét trién, dan dén chi s6 PI cao ddi véi B. animalis va L.
casei.

Cung mot loai PS nhung & cac chung khac nhau va trong cung mot chang gitra cac
loai PS khéc nhau cd chi sb hoat dong prebiotic khac nhau kha Ion. Chi sb Pl & cac chiét
Xuat PS va FOS nudi trén 2 chang L. pentosus va L. plantarum WCES1 c6 bién d6 dao
d6ng nho hon so vai cac ching con lai. Nguyén nhan do 2 ching nay déu ¢ thé st dung
cac ngudn PS nay & muc cao va vira phai; & cac chung con lai ¢6 loai chiét xuat PS duoc
str dung rat tt con cé loai duogc st dung kha kém. Ly giai cho diéu nay la do cac ching
vi sinh vat khac nhau c6 kha nang trao d6i chat khac nhau gay ra su khéc biét vé diém
hoat dong prebiotic. Cac ching probiotic can cé hé théng enzyme thity phan cy thé dé
sir dung prebiotic. Do dé, cac gen mé hoa cho cac hé thdng trao d6i chat nay c6 thé c6
hodc khong c6 & cac chiing khéac nhau, din dén chi s6 hoat dong prebiotic khac nhau.
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MJi chiang probiotic c6 thé co su bién d6i gen va su hoan vi trong cac hé thong nay,
diéu nay co thé tao ra sy da dang trong kha niang chiing sir dung va chuyén héa prebiotic.
Do d6, cac chung khac nhau c6 sy hoan vi va su két hop khac giita cac doan gen trong
hé thong van chuyén ma hoa gen phan giai PS gay ra su khac biét vé diém hoat dong
prebiotic [182].

FOS Ia mét prebiotic phé bién, tuy nhién hiéu qua cua no ciing thay d6i dang ké
giita c4c chung duoc thir nghiém, chi s6 PI déu kha tét nhung c6 sy bién dong tuong doi
giita cac chung. Piéu nay cung cb thém tinh dic hiéu trong twong tac prebiotic-probiotic.

Chi sb PI ctia PS chju anh huéng caa nhiéu yéu té nhu cau tric phan tir va mae do
tring hop, kha ning hoa tan trong nuéc, toc do 1én men va san xuat SCFAs, tinh chon
loc cuia vi sinh vat, qua trinh ché bién va bién doi. Céc oligosaccharide chudi ngan (FOS,
GOS) c6 PI cao hon do dé Ién men, trong khi PS chudi dai (cellulose, tinh bot khang)
c6 PI thap do 1én men cham. Chat xo hoa tan (inulin, pectin, f-glucan) c¢6 PI cao hon do
thuc day 1én men va san xuét acid béo chudi ngan (SCFAs), trong khi chat xo khong hoa
tan (cellulose) c6 kha niang 1én men thap va Pl thap [183]. San xuat nhiéu butyrate,
acetate va propionate tuong quan voi Pl tét hon. Inulin, FOS va XOS thuc day vi khuan
san xuat butyrate, cai thién sic khoe duong rudt [184]. Prebiotic tét s& kich thich chon
loc lgi khuan (Lactobacillus, Bifidobacterium) trong khi han ché vi khuan gay bénh.
Avrabinoxylan, pectin va B-glucan c6 thé hd trg mot sé chung Bacteroides [185]. Thuy
phan bang enzyme c6 thé 1am tang PI bang cach pha va PS thanh oligosaccharide dé 1én
men hon. Trong khi d6, xur Iy nhiét (ép dun, hap khir tring) c6 thé lam giam hoat tinh
prebiotic & mot s6 chat xo [183]. Nhiéu nghién ciru cho thay viéc bd sung polysaccharid
c6 ngudn gdc tir soi nam lam giam dang ké cac triéu chang bénh Iy viém loét da day,
cai thién tinh trang dinh dudng, giam ty 1€ tiéu chay va giam viém. Quan trong hon, viéc
sur dung polysaccharid gitp tang cuong chirc nang rudt va dinh hinh lai hé vi sinh vat
duong rudt [186]. Nghién cau cua Larypoor va cs., (2025) da danh gia tiém ning
prebiotic va hoat tinh chéng oxy hoa cua polysaccharide (PS) chiét xuat tir sinh khoi
nam Linh chi (Ganoderma lucidum) va nim Huong (Lentinula edodes) cho thiy PS tir
nim c6 ciu trdc carbohydrate phirc tap, kha ning khang enzyme tiéu héa wu viét hon
inulin va thé hién hoat tinh don gdc tu do (DPPH) dang ké. Khi duoc bd sung vao moi
truong nudi cay khong duong ¢ diéu kién téi wu (pH 5.0, 37°C), PS cua ca hai loai ndm
da kich thich hiéu qua su sinh truong cua cac chuang probiotic theo mot dong hoc Ién
men dac thu [187].
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Théng qua chi s6 PI trong nghién ciru nay dé cho thay duoc PS tach chiét tuan tu
tir cac dung mdi khac nhau 1a ang vién tiém ning cho viéc phat trién cac thanh phan
prebiotic mai, ¢6 thé duoc tng dung trong cac san pham synbiotic dé ting cudng hiéu
qua cua cac chung probiotic cu thé.

3.2.4.3. Anh hwong cua céc chiét xudt PS dén ham lwong acid béo chudi ngdn tao
thanh

Acid béo chudi ngin (SCFAs) dang ndi 1én nhu mét sé hop chat duoc nghién ciu
nhiéu nhit trong thap ky qua, do tac dong c6 loi da duoc ching minh cta chung ddi véi
stc khoe con ngudi [188]. SCFAs, bao gdom acetate, propionate va butyrate, 1a cac phan
tr ning luong va tin hiéu quan trong, do d6 anh hudng dén nhiéu qua trinh sinh Iy khac
nhau [179]. Ngoai ra, c6 thé 1am giam nguy co mac bénh duong tiéu hoa, ung thu va
bénh tim mach. SCFAs c6 thé duoc phét hién trong méi truong tang trudng cua 5 chang
L. plantarum WCFS1, L. pentosus NH1, P. acidilactici NBD8, B. animalis YC381, L.
casei-01 sau 24 gio nudi cdy bang hé thong HPLC dong Agilent 1200 véi may do RI
(Agilent, Birc) va cot Aminex HPX87H (BioRad, Hercules, CA, M¥) duoc st dung dé
thuc hién phan tich SCFAs. Céc diéu kién phén tich nhu sau: pha dong 3 mM H2S04 &
0,6 mL min-1, 50°C.

a. Ham lrong SCFASs trong mdi trwong bd sung PS chiét xuat nam C. militaris

Két qua dinh lwong cac acetic acid, propionic acid va butyric acid duoc sinh ra

trong qua trinh sinh truang phét trién caa cac chung probiotic & cac nghiém thic bd
sung céc PS chiét xuat khac nhau cua soi ndm C. militaris duoc thé hién & hinh 3.16.
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Hinh 3.16. Anh hwéng ciia PS dén ham lwong SCFAs. A: Butyric acid; B:

Propionic acid; C: Acetic acid

Ghi chl: Dir liéu dwge trinh bay diedi dang trung binh + dg léch chudn (n = 3). Cac
chiz c&i khac nhau trong mgét nhém cét biéu thi s khac biér ¢6 y nghia thong ké
(Tukey’s HSD Test, P < 0,05).

Acetic acid 1a SCFA cao nhét thu dugc, dao dong tir 5044,35 - 7237,35 mg/kg, tiép
theo 14 acid butyric 3147,95 - 6634,99 mg/kg va thap nhat 1a acid propionic 138,31-
328,97 mg/kg. Ham luong acetic acid dugc san Xuat trong moi truong nudi cay probiotic
duoc bo sung cac chiét xuat PS khac nhau khong khéc biét dang ké (Hinh 3.16A). Trong
khi dé, lwong propionic acid va butyric acid thu dwgc cao hon dang ké khi probiotic (trir
chang B. animalis YC381) duoc bd sung chiét xuat W-PSC so v&i méi truong nudi ciy
dugc bd sung chiét xuat A-PSC, S-PSC va FOS (Hinh 3.16B va Hinh 3.16C). B.
animalis YC381 khi dugc nudi ciy trong méi trudong bo sung FOS ¢6 ham lugng butyric
acid va propionic acid cao hon nhiéu so véi mdi trudng bd sung chiét xuat PS tir soi
nam C. militaris.

Loai va ciu tric cia PS cd thé anh huong dén hiéu qua 1én men. Vi dy, cac PS c6
cau trdc phan nhéanh cao c6 thé can cac enzyme vi khuan chuy@n biét hon dé 1én men va
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c6 thé din dén ning suat SCFASs thap hon [189]. FOS la mot prebiotic thwong mai bao
gom céc oligosaccharide, c6 cau trac don gian hon PS, do d6 dé& dang bi phan huay boi
cac enzyme cua vi khuan dé san xuat mot luong Ion SCFAs. Khéng phai tat ca céc
probiotic déu c¢6 hiéu qua nhu nhau trong viéc san xuat SCFAs. Cac chung cu thé nhu
Lactobacillus rhamnosus, Bifidobacterium longum va Bifidobacterium breve da duoc
nghién ctru vé kha ning 1én men PS va san xuat mot luong dang ké SCFAs. Chi nhitng
chung c6 gen ma hda cac enzyme phi hop mai 6 thé st dung PS mot cach hiéu qua.
Diéu nay giai thich tai sao cac chung khac nhau san xuat lugng SCFAss khéac nhau tir
cuing mét ngudn PS; hoic tai sao cing mot chang lai san xuat lwgng SCFA khac nhau
khi duoc bo sung cac nguon PS khac nhau. Su da dang va thanh phan caa hé vi sinh vat
duong rudt anh huong déng ké dén viéc san xuat SCFAs. Cac nghién ciru da chi ra rang
cac chang vi khuan cu thé, chang han nhu Lactobacillus faecis, ¢6 thé anh huéng dén
ham luong SCFAs bang cach diéu hoa hé vi sinh vat duong rudt va giam réi loan chuyén
héa lipid [190].

Viéc nudi ciy probiotic dugc bo sung PS c6 ¥ nghia sau sic dbi vai viéc san xuat
acid béo chudi ngan (SCFA), vén rat can thiét dé duy tri sirc khoe duong rudt, chirc nang
mién dich va cac qua trinh trao d6i chat. Sy tuong tac giira cac chung probiotic cu thé
va cac PS nhu inulin, tinh bot khang va pectin gifip ting cudng san xuat SCFAS, voi
butyrate, acetate va propionate 1a cac san pham cudi ciing chinh. Cac SCFAs nay hd trg
tinh toan ven cua rudt, diéu hoa cac phan ang mién dich va mang lai loi ich trao doi
chat. Bang céach toi wu hoa viéc lya chon probiotic va cac chat bo sung PS, ¢6 thé khai
thac nhirng loi ich nay dé ¢ két qua stc khoe tot hon. Nghién ctru sdu hon vé cac tuong
tac cu thé theo chung va anh huong cua chung ddi véi viéc san xuat SCFAS s tiép tuc
ma& ra nhirng con duong mai cho cac liéu phap dua trén probiotic.

b. Ham lwgng SCFAS trong maéi truong bo sung PS chiét xuat nAm T. versicolor

Két qua dinh luong cho thay ham luong téng SCFAS va tirng loai SCFA ¢6 sy khac
nhau dang ké trong cac nghiém thac khi bd sung chiét xuat PS nudi cdy 5 chiang
probiotic khac nhau. Két qua duogc thé hién & hinh 3.17.
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Hinh 3.17. Anh hwéng ciia PS dén ham lwong SCFAs. A: Acetic acid, B: Propionic
acid; C: Butyric acid

Ghi chl: Dir liéu dwoe trinh bay dwedi dang trung binh + dg 1éch chudn (n = 3). Cac
chiz cai khac nhau trong mgét nhém cét biéu thi s khac biéz cé y nghia thong ké
(Tukey’s HSD Test, P < 0,05).

Nhin chung, acetic acid Ia loai SCFA c6 ham luong cao va kha dong déu so véi
cac nghiém thuac nghiém ctru, ham lugng dao dong trong khoang 5800 — 7200 mg/kg,
tiép theo Ia butyric acid vai muc tir 3200 — 7000 mg/kg, trong khi propionic acid c6 gia
tri thap nhat, chi khoang 100 — 360 mg/kg. Piéu nay phan anh quy luat sinh hoc pho
bién trong qué trinh 18n men chét xo va PS béi vi khuan ruét, trong dé acetic acid thuong
la san pham chinh do vai trd trung gian trong nhiéu con dudng chuyén hoa carbon [191].

Ham luong giita 3 SCFAs trong tirng nghiém thic b sung c6 mirc do dao dong
khong dong déu. Khi nudi ciy trén méi truong bo sung chiét xuat A-PST cho thay kha
nang tao butyric acid cao so vai cac nghiém thiac khac, dac biét trén cac chung nhu
P. acidilactici, B. animalis, L. casei. Két qua nay twong ddng vai két qua danh gia chi
s6 PI day 1a loai PS c6 chi s6 P1 cao & hau hét cac chung, céc ching probiotic da sir dung
PS nay sinh trudng va ting cudng san xuat butyric acid. Bén canh dé, chiét xuat W-PST

cling cho két qua ting san xuat ham luong Butyric khé cao, dic biét & mot sé ching nhu
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B. animalis, L. plantarum, W-PST cho thay d¢ hoa tan tét gitp qua trinh 1én men hiéu
qua. Nguoc lai, chiét xuat S-PST c6 xu hudng tao butyric acid thip hon dang ké, c6 thé
do cau trdc bi thay doi boi moi trudong kiém va kha nang hoa tan twong déi thap lam
giam kha ning 1én men. FOS, mac du la prebiotic pho bién, nhung ham lugng butyric
acid tao ra tir FOS c6 xu huéng trung binh va khéng 6n dinh gitta cac chung.

Ham luong Propionic acid thay doi gitra cac nghiém thirc nghién ctu c6 su tuong
dong véi Butyric acid. Chiét xuat A-PST ciing cho thay hiéu qua tét trong viéc kich
thich tao propionic acid, dac biét 1a ciing la chung L. casei, P. acidilactici, B. animalis.
Chiét xuat W-PST ham luong propionic acid cao nhat ching L. plantarum va c6 sy khéc
biét (P<0,05) so véi FOS va 2 chiét xuat con lai. Chung B. animalis ciing cho ham luong
SCFA nay cao nhat tuy nhién khong c6 su khéc biét so vai FOS (P > 0,05). Trong khi
d6, nudi ciy probiotic trén mdi trudng bd chiét xuat S-PST lai tao propionic acid véi
ham lwong trung binh va thap nhat, diéu nay cho thiy 1a Na-COs khong phai la dung
mdi chiét Iy twong cho muc tiéu tao nguon prebiotic.

Trong cac chung vi khuan duoc khao sat, B. animalis cho thay kha niang 1én men
PS dé tao SCFAs (dac biét la acetic acid va butyric acid) cao hon rd rét so véi cac chung
con lai. Biéu nay phu hop vai nhiéu nghién ctru trude ddy cho thay Bifidobacterium c6
kha ning thity phan tdt cac loai PS c6 cau triic mach ngan dén trung binh, va tao ra luong
I6n acetic acid nhu san pham chuyén hoa chinh [192]. Ngoai ra, L. plantarum va L.
pentosus cling thé hién hoat tinh 1én men kha cao, dic biét véi PS chiét bang nuéc, cho
thay ching c6 thé st dung tét PS ty nhién chua bi bién d6i manh — phti hop véi tinh chat
sinh ly cua vi khuan acid lactic [193].

Miao et al. (2015) d3 xac dinh ndong d6 SCFAS trong cac moéi trudng 1én men theo
mé so v&i 5 loai carbohydrate dugc thur nghiém (a-D-glucan, dextran, FOS 95, GOS 55
va insulin) va phat hién ra rang chiing c6 thé tao ra cac thanh phan va ty lé SCFA khac
nhau. Do d6, cac thanh phan khéac nhau cia chat xo trong ché do an uéng bao gém ca
PS khong tiéu hoa c6 thé dan dén cac ty 16 khac nhau trong céc thanh phan SCFA [194].
Nhiéu nghién ciru cho thay rang qua trinh Ién men polysaccharide invitro ¢ thé lam
tang dang ké san xuét tong SCFAs [195].

Noi dung nghién ctru da ching minh rang cac phan doan PS chiét xuat tir sgi ndm
c6 hoat tinh khang oxi kha twong dong véi cac nghién ciru cta cac ndm khac trude day.
Mic khac, Céc chiét xuat PS thé hién hoat tinh prebiotic rd rét (thé hién qua kha ning
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kich thich loi khuan, khang tiéu hoa, tc ché hai khuan va dic biét 1a san sinh céc acid
béo mach ngan (SCFAs)). Tuy nhién, hoat tinh nay khong dong déu giira cac phan doan,
phan doan A-PST (chiét bang acid tir T. versicolor) cho thay chi s6 PI cao va kha ning
kich thich sinh Butyric acid vuot troi. Nghién ciru ndy di cung cap co sé khoa hoc viing
chic dé khang dinh riang soi ndm (C. militaris va T. versicolor) 1a nguon nguyén liéu
prebiotic day tiém ning.

3.2.4.4. Kha nang bi phan gidi béi a-amylase cua cac chiét xuat PS sgi nam

Nghién cau vé kha nang khang tiéu hoa PS duoc thyuc hién dua trén cac xét nghiém
mo phong duong tiéu hda cia con nguoi. Kha nang khang thuy phan béi a-amylase in
vitro duoc khao sat bang phuong phap mé phong nude bot. Ty 1¢ khang thay phan boi
a-amylase in vitro duoc xac dinh dya trén mie do thay phan. Su khac biét tdi thiéu gitra
cac phan doan PS vé murc do thay phan duoc thé hién trong Hinh 3.18, hau hét cac mau
PS ¢6 murc do khang tiéu héa & mac do cao.
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Hinh 3.18. Phan tram PS bi phan giai béi a-amylase

Ghi cha: Di liéu diwege trinh bay diwedi dang trung binh + dé 1éch chuan (n = 5). Céc

chir cai khac nhau chi sy khac biéz c6 y nghia thong ké (Tukey’s HSD Test, P < 0,05).

Két qua nghién cau cho thiy, cac chiét xuat PS bj phan giai bai a-amylase khé
thap khoang (2,07%-15,05%). O ca 2 ching ndm S-PS déu it bi tiéu hoa hon so véi 2
chiét xuat khac. Qua trinh chiét kiém da chon loc hiéu qua phan doan B-glucan va loai
bo phan 16n tap chit glucan dang a (glycogen/tinh bot), khién S-PS tré nén tro véi
enzyme tiéu hoa, bén canh dé S-PS ciing tan kém trong nudc so véi 2 PS khac. Chiét
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xuit A-PS cho thay ty 18 bi phan giai cao nhét tirc 1 kha niang khang tiéu hoa bai enzyme
a-amylase thap nhat so véi cac mau khac. Biéu nay c6 thé giai thich 1a do méi trudng
acid thap da xtic tic qua trinh phan cat 1am pha v ma tran khdng gian phac tap cua dai
phan tir PS. Sy bung téa cau tric vat 1y nay da lam boc 16 mot lugng nho cac a-glucan
noi bao du trir hoic cac oligosaccharide tap chat mang lién két a bi vai 1ap sau bén trong
mang lu6i polymer. Mic du vy, phan khung mach chinh chtra céc lién két f mang hoat
tinh prebiotic van duy tri dugc su nguyén ven va dé khang tbt véi enzyme tiéu hoa &
phan trén 6ng tiéu hda dam bao kha ning tién vao dai trang 1am co chat cho loi khuan.

PS trong nam cha yéu 1a p-glucan véi lién két B-(1—3) & mach chinh va mot sé
nhanh B-(1—6) trong khi d6 amylase chu yéu tac dong 1én cac lién két o (1—4)
glycoside. Pac tinh khoéng bi amylase phan hay gitp PS nim tré thanh ngudn prebiotic,
kich thich lgi khuan duong rudt. Biéu nay pha hop véi cac nghién ciu khéc cho thay PS
tir c4c nguodn tu nhién c6 thé c6 kha nang khang tiéu hoa khac nhau tiry thudc vao phuong
phap ché bién va chiét xuat [50]. Trong nghién cau cua Yongjin Sun va cs. (2021) PS
tho tan trong nudc cua vo Passiflora edulis (WPEP), xylan (XY) va pectin cam quyt
(CP) c6 mtrc do thuy phén boi a-amylase khoang tir 2-10% [196].

Tir nhitng két qua trén ta co thé thay rang S-PS va W-PS c6 kha ning bi tiéu hoé
thap va trung binh, cd tiém ning cao dé tng dung trong linh vuc san pham prebiotic
thong thuong nhu sita 16n men, bot dinh dudng dac biét 1a 1am thuc pham prebiotic, hd
tro hé vi sinh vat duong ruét ma khong bi phén giai ¢ ruot non. Con ddi vai A-PS véi
kha nang bi thuy phan manh nhat thi s& ph hop véi cac san pham prebiotic chon loc tac
dong cha yéu & dai trang, dong thoi ¢ thé tng dung lam chat mang thude hudng dich
rudt gia hoac thanh phan thyc pham chitc niang cho nguoi tiéu duong.

3.2.4.5. Khdo sét kha ndng khdng khuan cua dich nudi cay

Escherichia coli va Staphylococcus aureus 1a nhitng tic nhan hang dau gay ra
nhiéu loai nhidm tring & ngudi va dong vat. Bd sung prebiotic vao mdi treong nudi cay
probiotic s& gidp kich thich sy sinh truang va san sinh ra cac acid béo mach ngin gop
phan ting cudng kha ning chdng lai cac cac mam bénh nay. Trong pham vi nghién ciu
cua dé tai sir dung dich nudi cay chang L. plantarum dwgc bo sung 0,1% cac chiét xuat
PS khac nhau tir soi nAm C. militaris va T. versicolor.

a. Hoat tinh khang khuén caa dich nudi ciy probiotic dwgc bd sung phan doan PS
chiét xuat tir sei nam C. militaris
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Nhiéu nghién ctru da cho thay PS chiét xuat tir nAm dic biét 1a nim C. militaris da
cho thay c6 kha nang kich thich sy tang trueang cac ching probotic dong thoi ting cuong
sinh tong hop cac acid béo chudi ngian (SCFAs). Nghién ciru nay da bo sung 0,1% céc
chiét xuat PS khac tir nAm C. militaris vao moéi truong nudi cdy L. plantarum ¢ 5 CT
(CT1: b6 sung W-PSC, CT2: bd sung S-PSC, CT3: bb sung A-PSC, CT4: b6 sung FOS
va CT5: Mbi truong MRS khdng bd sung PS) va danh gia hiéu qua tc ché E. coli va S.
aureus sau 24 va 48 gio. Két qua duoc trinh bay ¢ Bang 3.9 va Hinh 3.19.

Bang 3.9. Pwong kinh vong vo khuin caa E. coli va S. aureus (mm)

E. coli S. aureus
Cong thuc
24h 48h 24h 48h
CT1 27,06+1,212 27,68+0,623 26,93+0,502 25,01+0,35P
CT2 25,67+0,672 27,21+0,40% 26,47+0,302 23,80+0,47¢
CT3 27,00+0,382 27,11+0,39P 24,88+0,40P 24,63+0,42b¢
CT4 26,49+0,928 28,66+0,828 27,22+0,662 26,27+0,382
CT5 22,47+0,54° 25,56+0,48¢ 23,42+0,38°¢ 22,35+0,49¢

Ghi cha: D liéu duwoc trinh bay dwdi dang trung binh + dé léch chudn (n = 3).
Céc chir cai khac nhau trong mét cét biéu thi sir Khac biét ¢ y nghia thong ké (Tukey’s
HSD Test, P < 0,05). CT1, CT2, CT3, CT4, CT5 la cac nghiém thirc lan heot bé sung
0,1% W-PSC, 0,1% S-PSC; 0,1% A-PSC; 0,1% FOS va khéng bo sung PS.

Két qua nghién cau cho thay o tat ca cac cong thuc nghién ciru déu cho thay hiéu
qua e ché tét 2 chung vi khuan gay hai E. coli va S. aureus. O thoi diém 24 va 48 gio
dich 1én men b sung 3 loai PS va FOS déu tao ra vong khang khuan co duong kinh 16n
hon dang ké so vai CT khdng bé sung, cho thay viéc bo sung PS tir C. militaris (bang
cac phuong phap chiét khac nhau) va FOS vao moéi truong nudi cdy di kich thich L.
plantarum ting cuong san xuat cac hop chat c6 kha ning khang khuan. Cac PS va FOS
dong vai tro nhu cac ngudn thirc an wu tién cho L. plantarum, thiic day sinh truéng va

hoat dong trao d6i chat cuia chung.

O chung E. coli tai 24 gid hiéu qua e ché ¢ cac CT bo sung cac chiét xuat PS va
FOS khong c6 su khéc biét vé ¥ nghia thong ké (P > 0,05). Tai 48 gio hiéu qua uc ché
E. coli hau hét c6 su ting 1én hiéu qua tét nhat & CT bo sung W-PSC, S-PSC va FOS
véi duong kinh vong vo khuan lan luot 1a: 27,68+0,62 mm; 27,21+0,40 mm va
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28,66+0,82 mm. CT bd sung PS-HCL hiéu qua tc ché dat 27,11+0,39 mm thap hon
FOS, tuy nhién khong c6 sy khéc biét so voi bd sung W-PSC va S-PSC.

Khac voi E. coli, ¢ ching S. aureus tai 24 gio CT b sung A-PSC cho hiéu qua trc
ché thap hon so véi bd sung W-PSC, S-PSC va FOS. Tai 48 gio hoat tinh khang khuan
chdng S. aureus cua tit ca cac cong thirc lai c6 xu huéng giam nhe va c6 sy khac biét
giita cac CT bo sung cac ngudn PS khac nhau. Diéu nay c6 thé 1a do cac hop chit khang

khuan nhay cam véi S. aureus da bi suy giam sau 48h 1én men.

Sy khac biét vé hiéu qua gitra cac CT bo sung PS khac nhau cho thay phuong phap
chiét (H20, Na2COs, HCI) anh huong dén loai va cau trac ctia PS thu duoc. Cac loai PS
khac nhau nay co thé duoc L. plantarum 1én men véi hiéu qua khac nhau, dan dén viéc
san xudt lwong va loai chat khang khuan ciing khac nhau. Hiéu qua khang khuan & S.
aureus (Gram duong) va E. coli (Gram 4m) khac nhau vi ching c6 cdu trac thanh té bao
khac nhau. Malanovic va Lohner dd bao cdo rang hoat dong khiang khuan
cua Lactiplantibacillus spp. & rang hon ¢ vi khuan Gram am so véi vi khuan Gram
dwong. Vi khuin Gram 4m bao gdm mang ngoai c6 tinh chon loc ddi véi chat khéng
khuén [197]. Nghién ctru nay cho thdy S. aureus nhay cam hon véi cac chat khang khuan
do L. plantarum tao ra & giai doan 24 gio, mic khac E. coli thé hién sy nhay cam rd rét
& 48 gid. Pidu nay, phan anh phd tac dung khac nhau cua cac chat khang khuan do L.
plantarum sinh ra. Nghién ctru ctia Madhavi Joshi da cho thay chiét xuat ciia ndm C.
militaris bang dung méi nudc & ndng d6 100% cao chiét cho dudng kinh vong e ché
E. coli va S. aureus lan lugt 14 17,64 + 0,01 mm va 15,52 + 0,3 mm [198].

Két qua nghién ctru da chang minh rang viéc bo sung PS tir nAm C. militaris va
FOS c6 kha ning cai thién dang ké hoat tinh khang khuan caa dich nudi cay L. plantarum
chdng lai E. coli va S. aureus so véi nudi cay khdng bo sung. Cac phuong phap chiét PS
khéc nhau cho thy hiéu qua khéac nhau trén ting loai vi khuan.

S. aureus

Hinh 3.19. Kha niing khang khuan cia dich nudi ciy L. plantarum déi véi E. coli
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ATCC 85922 va S. aureus ATCC 25023

Ghicha: 1, 2,3, 4,512 CT1, CT2, CT3, CT4 va CT5 (Bé sung 0,1% W-PSC, bé sung
0,1% S-PSC, bé sung 0,1% A-PSC, bé sung 0,1% FOS va méi truong MRS khdng bé
sung PS)

b. Hoat tinh khang khuan cia dich nudi ciy probiotic dwoc bé sung phin doan PS

chiét xuét tir sei nAm T. versicolor

Nghién ctru nay di b sung 0,1% céc chiét xuat PS khac tir nam T. versicolor
vao méi trudng nudi cdy L. plantarum ¢ 5 CT (CT1: bé sung W-PST, CT2: bé sung
S-PST, CT3: b6 sung A-PST, CT4: b6 sung FOS va CT5: méi trudng MRS) va danh
gi4 hiéu qua &rc ché E. coli va S. aureus sau 24 va 48 gio. Két qua dugc trinh bay ¢
Bang 3.10 va Hinh 3.20.

Bang 3.10. Pwong kinh vong vo khuan ciaa E. coli va S. aureus (mm)

E. coli S. aureus
Cong thuc
24h 48h 24h 48h
CT1 28,28+0,302 27,880,762 28,47+0,812 27,04+0,25P
CT2 28,47+0,852 26,91+0,392 27,35+0,68% 26,05+0,35¢
CT3 28,48+0,622 27,74+0,292 26,60+0,56° 27,49+0,502
CT4 28,86+0,342 27,65+0,928 27,53+0,25% 28,19+0,152
CT5 23,86+0,74° 24,33+0,34° 23,57+0,50¢ 24,21+0,209

Ghi cha: dir liéu dwoc trinh bay dwdi dang trung binh + dé léch chuan (n = 3).
Céc chir cai khac nhau trong mét cét biéu thi sir Khac biét ¢ y nghia thong ké (Tukey’s
HSD Test, P < 0,05). CT1, CT2, CT3, CT4, CT5 la cac nghiém thirc lan Lot bé sung
0,1% W-PST, 0,1% S-PST; 0,1% A-PST; 0,1% FOS va khong bé sung PS.

O ca hai ching vi khuan thir nghiém tai ca hai thoi diém 24h va 48h, tat ca cac
cong thic bo sung chiét xuat PS va FOS déu cho thay hoat tinh khang khuan cao hon so
Vvé6i cong thire ddi chirng khdng bo sung (p < 0,05). Nguyén nhan 1a do b sung PS va
FOS d3 déng vai tro 1a ngudn prebiotic kich thich L. plantarum sinh truong va trao doi
chat tich cuc hon, dan dén viéc san xuit ra lugng 16n hon cac hop chat khang khuan hon
so vai khdng bé sung.

Chung E. coli tai ca 2 thoi diém ¢ cac cong thic bo sung chiét xuat PS va FOS
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hiéu qua khang khuan déu khong c6 su sai khac nhau. Mic khéc, & chung S. aureus tai
24 gid CT b sung PS-H20 cho hiéu qua khang khuan cao nhat 1a: 28,47+0,81 mm tuy
nhién khong c6 su sai khac so voi CT bd sung PS (Na,COs) va FOS; tai 48 gio hiéu qua
khang khuan giita cac cong thic c6 sy khac biét dang ké véi nhau (p < 0,05). Hiéu qua
khang khuan & CT1 va CT2 ¢6 xu huéng giam, nguoc lai & 3 CT con lai ¢ sy tang nhe.
Sy khac biét vé hiéu qua giira cac cong thic cho thiy rang cau tric va tinh chat cua PS
anh huong dén céch L. plantarum st dung ching lam prebiotic. Cac loai PS khéac nhau
c6 thé duoc 18n men véi toe do khac nhau, hoac kich thich L. plantarum san xuét céc
loai hop chat khang khuan vaéi ty & khac nhau, hodc anh huong dén su biéu hién gen
lién quan dén san xuat bacteriocin. cac bacteriocin hoic cac peptit khang khuan khac co
thé c6 phd tac dung hep hon hodc co ché khac nhau. Dong hoc thay ddi theo thoi gian
c6 thé do su thay doi ty 1¢ cac chat khang khuan dwoc san xuat boi L. plantarum theo
giai doan phat trién caa no.

Nghién ctru cho thay, dich nudi ciy probiotic dugc bd sung PS thé hién tiém niang
dang ké nhu céac tac nhan khang khuan hiéu qua va an toan chdng lai ca E. coli va S.
aureus. Céc chiét xuat PS tir nam C. militaris va T. versicolor déng vai tro 1a mot chét
tang cuong sinh hoc quan trong, khdng chi thiic day sy tang sinh cua vi khuan c6 loi ma
con khuéch dai hoat dong trao d6i chat cua ching, dan dén san luong hop chéat khang
khuan cao hon trong dich nudi cdy. Hiéu tng hiép dong nay bién d6i dich nudi ciy
probiotic tir mot hon dich vi sinh don gian thanh mot nha may sinh hoc manh mé hon
dé san xuat cac chat khang khuan ty nhién, mang lai mot cach hiéu qua vé chi phi va

bén vimng dé ting cudng tiém nang diéu tri caa chang.

Hinh 3.20. Kha niing khang khuan cia dich nudi ciy L. plantarum dbi véi E. coli
ATCC 85922 va S. aureus ATCC 25023
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Ghicha: 1, 2,3, 4,512 CT1, CT2, CT3, CT4 va CT5 (Bé sung 0,1% W-PST, bé sung
0,1% S-PST, bé sung 0,1% A-PST, bé sung 0,1% FOS va méi trirong MRS khdng bé
sung PS)

* Tiéu két: Viéc tng dung phuong phap chiét tuan tu véi cac dung mdi khac nhau
khong chi gitp phan lap thém cac phan doan PS khong tan trong nudc ma con tbi vu
hoa hiéu suit thu hoi PS tir sinh khéi hé soi nam. Két qua nghién ciru ciing cho thay sy
anh hudng cua dung mai chiét dén cau tric bé mat, hoat tinh khang oxi hoa, hoat tinh
prebiotic cia mdi phan doan PS. Hon thé nita mdi PS tac dong khac nhau dén mdi loai
probiotic khac nhau, dya trén nghién ctiru nay c6 thé khai thac sau hon tiém ning kich
thich mdi loai probiotic dac hiéu cua tirng chiét xuat PS. Két qua ciing cho thay khdng
c6 su twong quan thuan chiéu chat ché giita hoat tinh khang oxi hoa va hoat tinh prebiotic
ctia cac mau khao sat. PS tir sgi nAm T. versicolor thé hién hoat tinh hang oxi hda cao
hon tir nam C. militaris. D6i véi hoat tinh prebiotic thi mdi loai chiét xuat PS tir mdi
loai nam s& c6 hiéu qua khac nhau dbi vai mdi chung probiotic khac nhau.

Mic di céc két qua danh gia in vitro trong nghién ctiru ndy cho thay céc chiét xuat
PS tir soi nam C. militaris va T. versicolor c6 tiém niang dang ké trong viéc kich thich
tang sinh cac chiing probiotic, thuc day san sinh axit béo chudi ngan (SCFA), tuy nhién
nhitng phat hién nay van chi mang tinh chat dinh huéng ban dau. M6 hinh in vitro 1a
khong thé moé phong hoan toan cac diéu kién sinh Iy va méi trudng phic tap bén trong
hé tiéu hda cua co thé sdng. Cu thé, cac phép thir nay chua tinh dén cac yéu té bién thién
nhu: sy phan hay ciu tric qua c4c rao can tiéu hoa (da day, ruot non), ty & hap thu va
sinh kha dung thuc té cua cac hop chat c6 hoat tinh sinh hoc, cling nhu mang luéi twong
t4c canh tranh cua toan bo hé vi sinh vat duong rudt. Do do, cac két qua thu dugc & giai
doan nay chua du co s¢ dé khang dinh chic chan vé nhiing loi ich sic khoe hay hiéu
qua sinh 1y trén co thé nguoi. Bé xac minh tiém ning tng dung thuc té va 1am rd co ché
tac dong & cap do té bao va mé, cac nghién cuu tiép theo can bat buoc mo rong danh gia
trén cac mo hinh in vivo va tién toi cac thir nghiém 1am sang.

Tuy nhién, quy trinh chiét xuat tinh sach PS phuc tap va ton kém nén kho pht hop
cho ung dung thuc pham dai tra. Mot san pham thuc pham chire ning can can bang gitra
hiéu qua, chi phi va tinh thuc tién. Bot sinh khéi thd 1a dang nguyén liéu dé san xuét,
gia thanh hop ly, va quan trong hon trong sgi nAm chira dung toan bo PS ma ching ta
da khao sat. Do do6, dé dam bao tinh kinh té va tinh kha thi trong san xuat tao ra san
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pham @ng dung chung t6i da tap trung vao viéc si dung toan bé sinh khéi sgi nAm thd
dé phat trién mot san pham thuc pham chiic nang hoan chinh nham chiing minh rang
nhitng phat hién khoa hoc c6 thé duoc hién thuc hoa thanh mot giai phap hd trg suc
khoe thiét thuc.

Trén co s& d6, dé chon mot loai sinh khéi soi nAm cho nghién ctu tng dung ché
bién thuc pham vira tao ra san pham c6 hoat tinh khéang oxi héa vira c6 hoat tinh
prebiotic, vira dam bao gia tri cam quan nén ching tdi da chon sinh khéi sgi nAm Van
chi cho nghién ciru tng dung ché bién thuc pham.

3.3. Ung dung hé sei nam ché bién san pham thuc pham bé sung

Két qua thuc nghiém cho thay sinh khéi soi ndm T. versicolor va C. militaris déu
la cac nguyén ligu co tiém nang ung dung ché bién cac san pham thyc pham giau hoat
tinh prebiotic hoic synbiotic. Sinh khéi soi nam ca 2 chang c6 thé tng dung lam bot
dinh dudng st dung truc tiép hodc bd sung vao cac san pham 1én men nham kich thich
su sinh truang cua loi khuan, hodc bé sung vao céc san pham banh keo, bot ngii coc dé
tang hoat tinh prebiotic cia san pham. Trong pham vi nghién ciu caa dé tai ching toi
chon sinh khéi T. versicolor dé ung dung ché bién nugc nam 1én men vi trudc hét, vé
mit san xuat, cac chung C. militaris thuong c6 nhuge diém dé bi thoai héa gidng qua
cac chu ky nudi ciy, gay kho khin cho viéc duy tri chat lwong dong déu [199,200]. Bén
canh d6, T. versicolor c6 tinh 6n dinh cao va kha ning sinh treéng ¢ dai nhiét do thuan
loi hon, gitp t6i wu hoa chi phi, giam thiéu rai ro nhidm chéo va dé dang kiém soat khi
mé rong quy mo 1én men cong nghiép. Vé mat gia tri sinh hoc, phan doan PS thu nhan
tir T. versicolor thé hién nang luc chong oxy héa manh mé hon so véi C. militaris trong
cuing hé diéu kién. Vi vay, soi ndm T. versicolor duoc chon 1am nghién ctu ang dung
bd sung vao quy trinh ché bién nudc nAm bao ngu 1én men trong nghién cau nay.

3.3.1. Ddnh gid an toan bét sei ndm

Sinh khéi soi nAm kho duoc bao quan trong tdi PE va giri mau phan tich an toan
kim loai nang, vi sinh vat, doc té nam tai Quatest 2, két qua duoc thé hién ¢ Bang 3.11.

Bang 3.11. Két qua thir nghiém céc chi tiéu an toan sinh hoc hé sgi nAm

. ] . Gi6ihan
T Tén tiéu chi Dq’n vi Phwan% phap  Ket qq? thw t&i da cho
tinh thw nghiém .
' phép
1 Pb mg/kg  AOAC 999.11 013 5
2 cd maky  AoAC 999.11 011 3
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3 Hg mg/kg  AOAC971.21 (MD'T_P:'?) o1 0,1
KPH

4 As mg/kg  AOAC986.15 (MDL=0,01) 2
Aflatoxin tong KPH

5 G182 01 oy MOk AOACOOL3L i o 10
Tong s6 vi sinh TCVN4884-

6 vathidukni  CFYl 1:2015 KPH (<10) 10

7 Colifoms CEU/g 682%507 KPH (<10) 10
Tong s bao tir

8 nam men nam  CFU/g TC;_/ 2N0822075- KPH (<10) 10

maoc '
9 Salmonella CFU/g TC\{'\ZI()lf; 8- Am tinh/25g Khohnignphat

Két qua phan tich an toan vi sinh va kim loai ning bot nAm cho thay kim loai
ning, Coliform, ndAm men, nim méc, Salmonella, doc t6 aflatoxin tong s6, déu thap hon
gi61 han cho phép theo quy dinh cuia QCVN 8-3: 2012/BYT, QCVN 8-2:2011/BYT,
QCVN 8-1:2011/BYT vé giéi han 6 nhidm vi sinh vat, kim loai ning, doc t6 vi nAm
trong thuc pham. Nhu vay, san pham soi nAm dam bao tiéu chuan vé an toan vi sinh,
hoa hoc dé lam thuc pham hodc bd sung vao ché bién cac san pham thuc pham bao vé
suc khoe.

3.3.2. Nghién citu dnh hwéng ciia ham lwong bét sei ndm bé sung dén chat
Iwong nwéc 1én men tir ndm Bao ngw

Phat trién do ung 1én men lactic tir nAm Bao ngu 1a mot hudng tiép can tiém ning
nham da dang hoa chudi gié tri ctia cac loai ndm qua thé thuong mai tai Viét Nam. Bong
thoi, hudng di nay cling gop phan tao ra cac dong san pham thuc pham dinh huéng chirc
ning moi, dap wng nhu cau ngay cang cao cua ngudi tiéu dung trong viéc bao vé va
nang cao stic khoe. Trong pham vi dé tai, nghién ctu da tién hanh thir nghiém sir dung
chang L. plantarum 1&n men lactic dich chiét qua thé nAm Bao ngu tim va bo sung sinh
khoi soi nam T. versicolor nhu mot nguyén liéu 1am ting hoat tinh prebiotic va hoat tinh
khang oxi hoa, khang khuan cua san pham, bén canh d6 chung L. plantarum ciing 1a
chung loi khuan pho bién, thuong mai rong réi, kha niang tng dung trong thuc pham va
cac ngudn nguyeén liéu rat da dang nhu thuc vat, sita nén ciing duoc chon lam chung
probiotic tng dung trong nghién ctiru ché bién.

3.3.2.1. Anh hong cua ty 1é bé sung sinh khéi sgi ndm dén hoat tinh khang oxi
hoa ciia dé uéng 1én men

Hoat tinh khang oxi hda Ia mét chi tiéu danh gia khong thé thiéu d6i vai cac san
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pham db udng dinh huéng chie ning. Cac hop chat Khang oxi héa déng vai tro phong
chéng va ngan chan sy tén hai cua té bao thong qua viéc kiém soat qué trinh oxi hoa.
Chuing ¢6 kha ning kim ham, trung hoa hoac loai bé cac goc tu do nhu superoxide,
hydroxyl, hydrogen peroxide va alkoxy trong co thé [201,202]. Xuat phat tir muc tiéu
phét trién cac dong san pham mang lai loi ich bao vé sirc khoe, viéc danh gia hoat tinh
oxi hoa trong thuc pham c6 ¥ nghia quan trong. Trong nghién ciu ndy, kha ning trung
hoa gbc tu do ABTS®* cua dich chiét nim bao ngu 1én men dugc bd sung hé soi nam
T. versicolor dugc trinh bay tai Bang 3.12.

Bang 3.12. Kha ning trung hoa goc tw do ABTS* ciia dich chiét nAm Bao ngu bd

sung hé sgi nam T. versicolor [én men (%)

Thoi gian lén men

Cong thuce ;
Ban dau 12 gid 24 gid 48 gid
CT1 25,98 + 0,51 26,05 +0,31" 25,63 + 0,53 25,46 + 0,51
CT2 35,52 +0,88° 34,44 +0,86° 33,48 + 0,59° 32,45+ 0,71°
CT3 40,34+0,89¢ 39,39 +0,89¢ 37,83 +0,46¢ 37,66 + 0,47¢
CT4 46,49 +0,81° 48,6 +0,86° 44,43 + 1,25° 43,27 +0,42°
CT5 54,43+1,38° 5483 +1,07° 47,07 +0,56° 46,90 + 0,38°
CT6 59,69 +0,38% 58,13 +2,42? 49,63 + 1,012 48,44 + 0,212

Ghi ch: dir liéu dwoc trinh bay dwéi dang trung binh + dé léch chuan (n = 15). Céc
chiz cai khac nhau trong mét cét biéu th su khac biér ¢é y nghia thong ké (Tukey’s HSD
Test, P < 0,05). CT1, CT2, CT3, CT4, CT5, va CT6 la cac nghiém thirc lan lirot b sung
0%, 0,2%, 0,4%, 0,6%, 0,8%, 1,0% (v/v) hé spi ndm T. versicolor.

Két qua nghién ctiu cho thay, kha ning khang oxi hoa tang ti I¢ thuan vai ti 18 he
soi nam T. versicolor dugc bo sung vao dich chiét ndm Bao ngu. Cu thé, so sanh gitra
CT1 va CT6, kha nang nay lan luot tang tir 25,98 + 0,51% lén 59,69 + 0,38% khi vira
méi bo sung hé soi nim; tir 26,05 + 0,31% 1én 58,13 + 2,42% sau 12 gio; tir 25,63 +
0,53% 1én 49,63 + 1,01% sau 24 gio; va tir 25,46 + 0,51% lén 48,44 + 0,21% sau 48 gio
Ién men. Tuy nhién, kha ning khang oxi héa lai c6 xu hudng giam dan theo thoi gian
Ién men. Cu thé, mac giam nay dién ra tir 35,52 + 0,88% xudng 32,45 + 0,71% & CT2;
40,34 + 0,89% xudng 37,66 + 0,47% & CT3; 46,49 + 0,81% xudng 43,27 + 0,42% &
CT4,; 54,43 £ 1,38% Xuéng 46,90 + 0,38% o CT5; va 59,69 + 0,38% Xuéng 48,44 +
0,21% & CT6.
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Su suy giam kha nang khang oxi hoa & cac nghiém thuc khi kéo dai thoi gian 1€n
men c6 thé dugc giai thich 12 do sy phan hay cia mot sé hop chét hiru co ¢6 hoat tinh
sinh hoc theo thdi gian hoic sy bay hoi cia mot luong nhé acid hitu co hodc 6 thé la
do vi khuan da sir dung cac ngudn PS hoa tan trong dich chiét 1am nguén dinh dudng
cho qua trinh sinh truéng va phét trién caa chdng.

Huaigian-Dou di bao cdo ring, polysaccharopeptide (PSP) dugc xac dinh 1 thanh
phan hoat tinh sinh hoc chinh, c6 thé thu dugc tir sgi nim hoic dich 18n men cua
Trametes versicolor. Trong d6 ham luong polysaccharide va peptide l1an lugt chiém
khoang 60% va 10 — 30%. Cac monosaccharide cha yéu duoc tim thay trong PSP bao
gom glucose, mannose va mot luong nho galactose, xylose va fucose. Trong dé p-glucan
la mot trong nhitng thanh phan dugc xac dinh ¢6 chire nang diéu hoa mién dich [17,18].
Bén canh d6, ndm bao ngu ciing dwoc ching minh 1a ngudn thyc pham rat giau PS c6
hoat tinh sinh hoc [203]. Qué trinh st dung PSs cua hé vi khuan duong rudt da san xuat
ra c&c acid béo chudi ngan (SCFA) ¢ tac dung tc ché stress oxi héa va khang viém va
tang cudng hé mién dich [204,205]. Vi vay, diéu nay giai thich cho kha ning khang oxi
hoa cao cua dich chiét ndm bao ngu khi duoc bd sung hé sgi nam T. versicolor trong
nghién cuu nay.

3.3.2.2. Anh hwong cua ty 1¢ bé sung sinh khéi sei ndm dén kha néng sinh truéng
cua loi khudn

Loi khuan, hay con duoc goi la probiotic 1 cac vi sinh vat séng khi bé sung thirc
an co tac dung c6 loi cho vat chi bang cach cai thién sy can bang vi khuan dudng rudt
[206]. Prebiotic 1a thanh phan thuc pham khong tiéu hoa va cé loi cho vat chu bang céch
kich thich chon loc sy phat trién va hoat dong ciia mot s6 lwong gisi han cac 10ai vi
khuan cu tr trong rudt gia va co tac dung cai thién stic khoe cua vat chia [207]. O rudt
gia, sb luong Lactobacillus chi bang khoang 1% so véi Bifidobacterium, va anh huéng
dén méi truong rudt ciing it hon so véi Bifidobacterium [208]. Trong nghién ciru nay,
hé soi nam T. versicolor (ti 1¢ tir 0,2% dén 1%) nhu ngudn prebiotic dé bo sung vao dich
chiét nam Bao ngu nham danh gia sy kich thich tang truéng doi véi loi khuan L.
plantarum sau 12 gid, 24 gio va 48 gid 1én men. Két qua nghién ciru duoc trinh bay tai
Bang 3.13.

Bang 3.13. Mat d¢ vi khuan L. plantarum trong nwéc nAm bao ngw 1én men
(logCFU/mL)
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Thoi gian 1én men

Cong thuc _
Ban dau 12 gio 24 gio 48 gio
CT1 8,38 £ 0,042 10,90 + 0,04¢ 10,99 +0,12° 10,97 + 0,09°
CT2 8,38 + 0,06% 11,19+ 0,13° 11,40 £ 0,15% 11,21 +0,24°
CT3 8,39 £ 0,01° 11,21 +0,12° 11,51 +0,18? 11,50 +0,12%
CT4 8,38 £ 0,03* 11,50 £ 0,16% 11,55+0,172 11,51 +0,16%
CT5 8,36 = 0,02% 11,41 +0,23® 11,52 +0,19° 11,38 + 0,15%
CT6 8,36 = 0,05% 11,28 + 0,26 11,56 + 0,12° 11,46 +0,17¢

Ghi chl: dir liéu dwege trinh bay dudi dang trung binh + dg 1éch chudn (n = 15). Céc
chiz cai khac nhau trong mét cét biéu thi si khac biét c6 ¥ nghia thong ké (Tukey’s
HSD Test, P < 0,05). CT1, CT2, CT3, CT4, CT5, va CT6 la cac nghiém thuc lan luot
bé sung 0%, 0.2%, 0.4%, 0.6%, 0.8%, 1.0% (v/v) hé soi nam T. versicolor.

Két qua nghién ciu cho thay, sau 12 gio 1én men, mat do vi khuan & tat ca cac cong
thtrc thi nghiém déu ting nhanh so v&i ban dau va mat do vi khuan 1on nhat duoc ghi nhan &
CT4, 11,50 logCFU/mL. Sau 24 gio nudi cay, mat do vi khuan van tiép tuc ting nhung toc
d6 tang trudng cham dan, mat do vi khuan 16n nhat ghi nhan dugc & CT6, 11,56 logCFU/mL.
Tuong ty két qua sau 12 gio, su khac biét nay ciing khong co ¥ nghia thong ké so véi CT2
bo sung it nhét hé soi nam T. versicolor (0,2%). Sau 48 gio 1én men, mat do vi khuan bat dau
giam xudng so véi sau 12 va 24 gio, mat do vi khuan I6n nhat ghi nhan duoc & CT3 bo sung
0,4% hé soi ndm. Sy ting treang cham lai sau 24 gio 18n men c6 thé do nguyén nhan do s
giam xuéng vé ham luong dinh dudng trong méi truong va vi khuan da budc vao pha can
bang, va sau 48 gio 1én men, Ic nay su sinh truong cia vi khuan dang o pha suy thodi, nong
d6 cac chat dinh dudng can dan dan dén sy suy giam vé mat do vi khuan.

Két qua nghién ctu cling chi ra rang, viéc bo sung hé sgi nam T. versicolor ¢ tat ca cac
cong thic thi nghiém da lam tang mat d loi khuan L. plantarum so véi cong thic thi nghiém
khong b sung. Sau 12 gio 1én men, mat do té bao dat 10,90 logCFU/mL & cong thic thi
nghiém khéng bd sung hé soi nam T. versicolor (CT1), va khi bo sung hé soi nam T.
versicolor tir 0,2 — 1% thi mat do vi khuan ting 1én tir 11,19 — 11,50 logCFU/mL. Tuong tu,
sau 24 gio 1&n men, mat d6 vi khuan tir 10,99 logCFU/mL & CT1 tang lén tir 11,40 11,56
logCFU/mL. Sau 48 gi¢ 1én men, mat do vi khuan tir 10,97 logCFU/mL & CT1 tang 1én tir
11,21 —11,51 logCFU/mL & céc cong thic thi nghiém duoc bo sung hé sgi nam T. versicolor.
Diéu nay ¢ thé do hé soi nam T. versicolor va dich chiét ndm Bao ngu ¢ chira ham lugng
PS hoa tan cao nén da gop phan kich thich su sinh truong truéng cia vi khuan L. plantarum
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théng qua su sir dung PS lam ngudn thirc dn trong qua trinh 1én men, ciing nhu cac hoat tinh
sinh hoc cuia soi nAm tao ra méi truong thuan loi, wc ché hai khuan, gitp cac loi khuan sinh
truong, phat trién nhanh hon.

Piéu nay dugc béo cdo trong nghién ctu ciia Robert-Hutkins, d6 14 viéc b sung
prebiotic gop phan lam ting cudng sy ton tai cua vi khuan Lactobacillus va Bifidobacterium,
dong thoi 1a tac nhan 1am giam su da dang cua hé vi khuan trong rudt gia [209].

Chung loi khuan khac nhau thi nhu cau va hiéu qua sir dung nguédn prebiotic ciing
khong giéng nhau. Piéu nay dugc nghién ciu cia Nieves-Corzo bao céo rang, viéc bd
sung prebiotic lactulose da dan dén sy gia ting dang ké quan thé L. delbrueckii ssp.
bulgaricus, va ham luong lactulose giam khoang 40% dugc quan sat thay trong subt qué
trinh 1én men. Tuy nhién, sy phat trién caa S. thermophilus khdng bi anh huang khi ¢6
su b6 sung cua lactulose. Trong khi do. sy bd sung cac prebiotic nhu GOS hoic FOS
Vvao qua trinh 1én men khong c6 tac dong dang ké dén quan thé S. thermophilus va L.
delbrueckii ssp. bulgaricus, hai chang vi khuan thuong kich thich sy phét trién caa nhau
thong qua trao doi chat chuyén hoa thong qua mot qua trinh dugc goi 1a hop tac nguyén
thay. Pong thoi, fructooligosaccharide (FOS) and galactooligosaccharide (GOS) khong
duoc chuyén hoa boi vi khuan acid lactic trong sira chua [210].Chuang loi khuan khéc
nhau thi nhu cau va hiéu qua st dung ngudn prebiotic ciing khong gidng nhau. Piéu nay
duoc nghién ciu cua Nieves-Corzo bao céo ring, viéc bo sung prebiotic lactulose di
dan dén sy gia ting dang ké quan thé L. delbrueckii ssp. bulgaricus, va ham lugng
lactulose giam khoang 40% dugc quan sét thay trong sudt qua trinh 1én men. Tuy nhién,
su phét trién cua S. thermophilus khdng bi anh huang khi ¢ sy bd sung cua lactulose.
Trong khi d6. su b6 sung céc prebiotic nhu GOS hodc FOS vao qué trinh 1én men khong
c6 tac dong dang ké dén quan thé S. thermophilus va L. delbrueckii ssp. bulgaricus, hai
chang vi khuan thuong kich thich sy phat trién cua nhau thong qua trao doi chat chuyén
hoa théng qua mot qua trinh dugc goi 1a hop tdc nguyén thuy. Pong thoi,
fructooligosaccharide (FOS) and galactooligosaccharide (GOS) khong dugc chuyén hoa
boi vi khuan acid lactic trong sita chua [210].

Polysaccharide chiét xuat tir nam T. versicolor va Pleurotus spp. da duoc ching
minh 14 c6 hoat tinh prebiotic bang céch kich thich sy phét trién ctia cac ching vi khuan
lactic nhu L. acidophilus va L. plantarum tuong ty cac ché pham sinh hoc thuong mai
nhu inulin va fructo-oligosacarit. Trong nghién ciru ndy, mat do vi khuan & cac mau b
sung 0,8% va 1% sinh khéi soi nim thip hon so voi mau bo sung 0,6%. Két qua nay
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tuong dong voi nghién ciru ciia Mustafa Yamag (2022), d6 1a mat do vi khuan ghi nhan
I6n nhat khi b sung 0,25% polysaccharide chiét xuat tir mot s6 loai ndm dn va dugc
lieu; khi tiép tuc tang ti 1 polysacchride thi mat do vi khuan bat dau c6 sy suy giam
[211].

3.3.2.3. Anh huong dén khd nang khdng khuan

Céc chang vi khuan Escherichia coli, Staphylococcus aureus la nhitng ching vi sinh
vat gy bénh duong rudt, chiing thuong gay ngd doc, dau bung, ndn mira, tiéu chay. Viéc
str dung cac san pham nudc uéng 18n men khong nhitng mang lai nhitng loi ich tét cho sic
khoé ma con gilip e ché sy phat trién cua cac chang vi khuan gay bénh nay [212].

Dbi véi vi khuan E. coli, két qua nghién ciu cho thay, kha nang @c ché su sinh
truong tang 1én khi ting ti 1¢ bd sung hé soi ndm T. versicolor. Puong kinh ving tc ché
tang Ién tir 6,53 mm & CT1 (khong bd sung hé soi nam) dén 11,71 mm & CT6 (bd sung
1% hé soi ndm) sau 12 gio; tang tir 8,80 mm ¢ CT1 dén 10,97 mm & CT6 sau 24 gio; va
tang tir 6,95 mm & CT1 dén 13,42 mm ¢ CT6 sau 48 gio 1én men. Tuy nhién, kha ning
trc ché khéng phai luc nao ciing ti 1& thuan véi thoi gian 18n men, & CT1 khi thoi gian
1én men tang tir 24 1én 48 gio va ¢ CT6 khi thoi gian 1én men tir 12 1€n 24 gio kha nang
tic ché giam nhe (Hinh 3.21A).

Déi vai vi khuan S. aureus, nhin chung, viing @c ché su sinh trudng ciing ting 1én
cling véi ti 1¢ tang cua hé soi nam T. versicolor dugc bd sung vao. Tuy nhién, duong
kinh viing ¢ ché sinh truong khéng gidng nhau ¢ cac thoi gian 1én men. Trong d6, dich
chiét nAm bao ngu duoc bd sung hé soi nAm sau 24 gio 18n men ghi nhan c6 kha ning
tic ché sinh truong dang ké dén vi khuan S. aureus, tang 1én tir 7,55 mm & CT1 sau 12
gio 1én dén 11,77 mm sau 24 gio; tir 8,31 — 11,76 mm & CT2; tir 7,81 — 13,97 mm &
CT3; tir 8,02 — 15,31 mm ¢ CT4; tr 8,62 — 16,13 mm ¢ CT5; va tir 9,41 16,65 mm &
CT6 (Hinh 3.21B).
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Hinh 3.21. Kha niing khang khuan ciia @6 udng 1én men déi véi E. coli ATCC
85922 (A) va S. aureus ATCC 25023 (B)

Trong dé, ctr la mau déi ching (khdng bé sung hé sei ndm T. versicolor va ching L.
plantarum), c&c madu 1, 2, 3, 4, 5 va 6 lan luwot diroc bé sung 0%; 0,2%; 0,4%; 0,6%:;

0,8% va 1,0% (v/v) hé sei nam T. versicolor.

Nguyén Thi Tho (2024) d4 bao céo rang, ham lwong polysaccharids trong qua thé
nam T. versicolor khd (thu hoach chinh vu) chiém dén 13,4%. Dich chiét tir qua thé
nam T. versicolor c¢d kha niang khang 4 chung vi khuan S. aureus, Samonella sp.,
Shigella sp. va E. coli & mirc trung binh (duong kinh viing wc ché trong khoang 7,5 —
15 mm). Trong d6, dudng kinh ving tc ché ddi véi E. coli va S. aureus lan luot 1a 13
mm va 11,3 mm khi chiét bang dung méi ethanol; va 12,43 mm va 6,67 mm khi chiét
bang dung moéi metanol [213].

Nghién ctru cua Sule-inci (2022) d3 chi ra rang, chiét xuat methanol cia Trametes
versicolor di tc ché su phat trién caa E. coli va S. aureus véi vung ac ché 1a 15,66 mm,
con ddi véi cac vi khuan nhu K. pneumoniae, P. aeruginosa, B. megaterium, C. albicans,
va Tricophyton sp. thi viing ¢ ché nam trong khoang 11,66 — 26,76 mm. Trong khi do,
chiét xuat ethanol caa T. versicolor da &c ché sy phat trién cua E. coli va S. aureus véi
viing Gc ché lan luot 1a 12,33 mm va 10,23 mm, con déi véi cac vi khuan con lai thi
viing ¢ ché nam trong khoang 10,23 — 24,74 mm [134].

Nghién ciru cua Raushan-Blieva (2022) vé danh gia tiém niang khang oxi hoa va
khang khuan cua dich chiét nudc hé soi nAm Trametes versicolor bang phuwong phap
nudi cdy chim cho thay, viing @c ché sinh truéng d6i véi vi khuan gram am E. coli
ATCC 25922 1a 7 mm, va d6i véi cac chung vi khuan gram dwong nhu S. aureus
FDA209P, S. aureus INA 00761 va S. aureus INA 00762 lan luot 1a 15, 12, va 6 mm
sau 21 ngay nudi cay. Con ddi véi cac chung vi khuan khac nhu Bacillus subtilis ATCC
6633, Rhodococcus rhodochrous ATCC 13808, Leuconostoc mesenteroides VKPM B-
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4177, Micrococcus luteus NCTC 8340, va Pseudomonas aeruginosa ATCC 27853 thi
viing wc ché nam trong khoang 5 — 26 mm [214].

Nghién ctu ciia Prince-Chawla (2020) bao céo rang, dudng kinh ving tc ché sinh
truong d6i v6i cac hai khuan caa chiét xuat metanol qua thé nam T. versicolor nam trong
khoang 24,14 - 30,18 mm. Trong d6, ving tc ché cao hon dang ké dugc ghi nhan dbi
Vé6i S. aureus (29,14 mm), trong khi d6i véi E. coli, K. pneumonia va P. aeruginosa xap
Xi 24,35 mm [215].

Trong nghién ciu nay, kha ning uc ché cua dich nam bao ngu dugc bd sung hé
soi nam T. versicolor & cing thoi gian 1én men d6i véi S. aureus cao hon so véi E. coli.
Hién tuong nay ciing tuong dong vai két qua nghién ctiru cua Prince-Chawla (2020) va
Silva (2010), kha nang nhay cam cuaa dich chiét hé soi nam T. versicolor ddi véi vi khuan
gram duong nhu S. aureus cao hon dang ké do chiing khdng cé periplasm lién két mang
trong mang té bao bao gdm peptidoglycan nhu acid teichoic hoic teichuronic. Ngoai ra,
thanh té bao bén ngoai cua S. aureus tao thanh mot cau tric xop Ky nudc day co thé lién
két véi mot s6 lwong 16n protein va lipid 1am tang tinh thim ctia cac tac nhan hda tr lidu
va peptidoglycan c6 ngudn goc tir nAm [216]. Nguoc lai, mang ngoai cua cc vi khuan
gram 4m nhu E. coli ¢6 chtra lipopolysaccharide hoat dong nhu mét rao can tham hiéu
qua ddi véi cac thanh phan hoat tinh sinh hoc ¢6 ngudn géc ndm; do d6, chung it nhay
cam hon ddi véi cac vi khuan gram am nay [215].

Nhu vay, khi so sanh két qua thu dugc voi cac nghién ctru trude dy cho thay co
su khac biét. Sy khac nhau nay c6 thé tly thudc vao loai hai khuan duoc tha nghiém,
ngudn vat liéu nam T. versicolor ban dau (qua thé hodc 1a hé soi nam), thoi gian thi
nghiém, va quan trong nhat 1a dung méi va nong do caa chang dugc dung dé chiét PS
(phuong phép tach chiét).

Bang 3.14. Pwong kinh ving wc ché (mm) ciia d udng 1én men déi véi E. coli va

S. aureus ¢ cac thoi gian 1én men khac nhau

12 gid 24 gid 48 gid
Cong thuc .

Duong kinh vung trc ché (mm)
E. coli
CT1 6,53 + 0,444 8,80 + 0,64° 6,95+ 0,77¢
CT2 7,95 + 0,45° 8,98 + 0,29¢ 9,18 + 0,614

CT3 7,78 +0,37° 10,54 + 0,64 11,07 +0,37°
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CT4 8,07 + 0,35° 9,58 + 0,38° 12,26 + 0,36°
CT5 10,39 + 0,70° 10,45 + 0,282 11,88 +0,52P
CT6 11,71 + 0,407 10,97 + 0,567 13,42 + 0,472
S. aureus

CT1 7,55 + 0,409 11,77 £ 0,724 9,74 + 0,534
CT2 8,31 + 0,94 11,76 + 0,624 11,08 + 1,26°
CT3 7,81 + 0,44 13,97 + 0,86° 11,35 + 0,50°
CT4 8,02 + 0,52bcd 15,31 + 0,88° 12,38 + 0,59°
CT5 8,62 + 0,50° 16,13 + 1,212 12,55 + 0,70°
CT6 9,41 + 0,672 16,65 + 0,742 13,58 + 0,912

Ghi cht: S6 liéu dwoc trinh bay duoi dang trung binh + do léch chuan (n=3
mau). Cac chiz cai khac nhau (a, b, c...) trong cting mét cét biéu thi su khac biét co y
nghia thong ké (Kiém dinh Tukey's HSD, mizc y nghia P < 0,05). Céc cong thic CT1,
CT2, CT3, CT4, CT5 va CT6 twong irng duwoc bé sung hé sei ndm T. versicolor (Ném
T. versicolor) véi néng dg ldn liot 14 0%, 0,2%, 0,4%, 0,6%, 0,8% va 1,0% theo ty 1¢
thé tich/ thé tich (v/v).
3.3.2.4. Anh hudng dén chat lirong cam quan san pham
Céc thir nghiém sang loc cho thay thoi gian 1én men ngan hon (12 gio) hoac thoi
gian 1én men dai hon (48 gi®) dan dén diém s cam quan thap hon vé mui thom, huong
vi va mirc do yéu thich chung so véi 24 gio 1én men. Piéu nay c6 thé 1a do qua trinh 1én
men chua hoan tat trong vong 12 gio nén do ubng trong tat ca cac phuong phap xir ly
thir nghiém déu khong dat duoc d6 acid va huong thom can thiét ciia san pham 1én men
¢ ngudn gdc tir ndm. Mic khéc, viéc kéo dai thoi gian 1én men 1én 48 gio dan dén ting
tong ham luong acid tich liy va giam ham lwong duong. Diéu nay khién san pham c6
Vi qué chua, do d6 lam thay d6i huong thom caa do uéng Ién men. Hién tuong nay da
dugc Shenxi-Chen (2021) béo céo, thoi gian 1én men cuc dai dan dén su gia ting LAB
va sy giam ciia nAm men, nguyén nhan la do su thay doi ciia cac yéu té méi trudng, bao
gom han ché chat dinh dudng, ndng do ethanol cao va gié tri pH thap [217]. Do dé,
phuong phap 1én men trong 24 gior dd duoc lua chon dé danh gia cam quan va phan tich
chat luong.



128

. Vi Do wa thich Khoang trong
9 100

75

& =
ot 1]
. o Bitee gl iR o
\ - Y s MR 3
os BE5.EEEE feses fEssssa Sisiistsst  hmmana o S
BRI SHuN SN gisisaicats E
o nmns IS s BEBTBSES MmN
CT1 CT2 CT3 CT5 CT6
Nghiém thtc

Hinh 3.22. Panh gia cam quan ciia do6 udng Ién men 24 gié tir cac cong thirc thi

nghiém

Ghi cha: CT1, CT2, CT3, CT4, CT5 va CT6 lan lwot 1a cac cong thize dwoc bo
sung 0%, 0,2%, 0,4%, 0,6%, 0,8% va 1,0% (v/v) hé spi nam T. versicolor

Két qua cho thay d6 udng 1én men trong nghiém thic bo sung 0,6% soi nam (CT4,
0,6%) dat diém cam quan cao nhat vé hinh thirc, hwong thom, huwong vi va do hai long
chung, lan luot 12 6,87; 5,86; 7,61 va 8,09. Trén thang do Hedonic chin diém, nghiém
thire khong bo sung soi ndm (CT1, 0%) dat diém cam quan thap nhat & ca ba tiéu chi
danh gia. San pham d6 udng Ién men tir CT4 ¢6 mau vang nhat déng nhat voi huong
thom dic trung cua P. ostreatus. Trong tat ca cac phuong phap xt Iy, mic du luong P.
ostreatus dugc thém vao 14 nhu nhau, nhung ham luong cua soi nam T. versicolor lai
khac nhau. Cac cong thizc CT5 va CT6, su tich tu cao cia tong ham lugng acid cd thé
dan dén mui chua trong san pham I&n men lan at mui thom dic trung cua P. ostreatus.
Trong khi dé, trong cac phuong phap xur Iy CT2 va CT3, luong soi nam T. versicolor
duoc thém vao thap hon (0,2% va 0,4%), do d6 mui thom cua P. ostreatus van manh,
nhung mui thom tong thé thiéu hai hoa va can bang. CT4 cho thay luong soi nam T.
versicolor dugc thém vao di tao ra mot qua trinh 18n men can bang. Cac hop chat duoc
tao ra trong qué trinh 1&n men chiét xuat P. ostreatus c6 thém soi nAm T. versicolor c6
thé da tuong tac va két hop dé tao ra mui thom dé& chiu va hai hoa.

3.3.2.5. Anh hurong dén su thay doi pH va ham lwong acid tong sé (TAN)

Sy thay d6i pH 1a mot trong nhitng thdng sé quan trong trong viéc theo ddi va danh
gia hiéu qua cua qua trinh 1én men. pH 1a chi s6 quan trong dé danh gia cac dac tinh cua
thuc pham 18n men bang vi khuan lactic. Su b sung cac prebiotic dugc chieng minh 1a

c6 tAc dung 13 ting nong do acid amin va gia ting dang ké dén quan x4 hé vi khuan trong
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qua trinh 1én men, dic biét 1a sé lugng vi khuan Lactobacilli [218]. Céc prebiotic nhu
GOS va FOS c6 tac dung duy tri sy sinh truéng cua cac loi khuan nhu Streptococcus
thermophilus va Lactobacillus delbrueckii ssp. bulgaricus, lam tang cuong hiéu qua cta
qua trinh 1én men [210].

Bang 3.15. Sw thay doi pH ciia dich chiét nam Bao ngu dwoc bo sung hé sei nam

T. versicolor theo thoi gian [én men

Thoi gian 1én men

Cong thure -
Ban dau 12 gid 24 gid 48 gid
CT1 5,62 0,17 3,40 £ 0,14% 3,19 £ 0,03* 3,06 +0,02°
CT2 5,28 £ 0,27 3,35+ 0,05° 3,15+ 0,06° 3,05+0,01°
CT3 510+0,12 3,34 +£0,02° 3,14 +0,03° 3,04 £ 0,05°
CT4 4,89 +0,13 3,32 +0,02° 3,14 + 0,05° 3,05 + 0,04°
CTS5 4,90 £ 0,07 3,33 £0,02b° 3,15+ 0,03° 3,07 £0,03*
CT6 4,72 £ 0,09 3,33+ 0,03 3,16 +0,05° 3,07 £0,02°

Ghi cha: dit liéu dugc trinh bay dudi dang trung binh + d6 léch chuan (n = 15).
Cac chir cai khac nhau trong mot cot biéu thi su khéc biét co ¥ nghia thdng ké (Tukey’s
HSD Test, P < 0,05). CT1, CT2, CT3, CT4, CT5, va CT6 la cac nghiém thic lan luot
bd sung 0%, 0,2%, 0,4%, 0,6%, 0,8%, 1,0% (v/v) hé soi nam T. versicolor.

Viéc duy tri pH thap (pH < 4,6) trong qua trinh 18n men thuc pham 1a diéu can thiét
va quan trong dé tao diéu kién cho su phat trién vi khuan lactic, ngan ngira sy phat trién
ctia c&c Vi sinh vat khdng mong mudn nhu vi khuan gay bénh, ndm méc va nam men,
dam bao an toan thuc pham vé vi sinh vat [219].

Trong nghién cau nay, sau 48h 1én men, pH do dugc & cong thirc dbi ching thap
hon c6 y nghia (CT1; 3,057) so véi cong thirc bo sung 0,8% (CT5; 3,071) va 1% (CT6;
3,073) hé soi nam (P < 0,05). Xiging-Yue cho rang, viéc bo sung prebiotic vao qué trinh
I&én men lactic c6 thé 1am giam pH, gay tc ché sy phét trién cua cac vi khuan gay hai va
giam sy tich lily qu4 trinh tao ra cac hop chat nitrit, mot trong nhitng tac nhan gay ung
thu da day [220]. Tuy nhién, Nieves-Corzo cho rang, viéc bo sung prebiotic vao qué
trinh san xuat cac san pham 1én men khong c6 tac dong dang ké dén sy tao thanh cac
acid lactic. Thay vao d6, pH ctia san pham duoc kiém soét boi nhiéu loai acid hiru co
duoc tao ta trong qué trinh 1én men [210]. Su sinh trudng cua vi sinh vat trong qua trinh
l&én men trai qua 4 giai doan, su tao thanh cac acid hiru co c6 tac dung diéu khién dén do
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acid ctia moi truong nudi cay ciing vi vy sé bién dong theo su phat trién cua hé vi sinh
vat. Theo thoi gian 1én men, pH do duoc dan dan sé& 6n dinh it thay d6i hon khi vi sinh
vat budc vao giai doan suy thoai do sy can kiét vé nguon chat dinh dudng (chu yéu la
duong) ¢ trong moi trudng nudi cay [221].

Cac carbohydrate nhu chitin, cellulose, a- va B-glucans, mannans, Xxylans va
galactans c6 trong nim 1a mot nguon prebiotic ¢6 kha ning kich thich sy phat trién va
hoat dong cua vi khuan lactic trong qua trinh 18n men. Anh hudng cua ti 1& hé soi nAm
T. versicolor dugc bo sung vao dich chiét ndm Bao ngu d¢én ham lwong acid tong sé thu
nhan duoc trong qué trinh 18n men thé hién & Bang 3.16. Két qua nghién ctu cho thay,
ham luong acid tong sb tang 1én ti & thuan véi ti 18 hé soi nam dugc bd sung va thoi
gian Ién men.

Bang 3.16. Sw thay d6i ham lweng acid tong sé (tinh theo acid lactic) cia dich

chiét nAm Bao ngw dwoc bd sung hé sei nAm T. versicolor theo thai gian 1én men

Thoi gian 1én men

Nghiém thtrc -
Ban dau 12 gioy 24 gidy 48 gioy
CT1 1,362 £0,074"  3,702+0,118" 6,611+ 0,101 8,026 + 0,059
CT2 1,437 £0,026° 4,244+0,128° 7218+0,100° 9,158 +0,132°
CT3 1,606 + 0,030 5,466 + 0,049 7,435+ 0,041¢ 9,442 + 0,099¢
CT4 1,744 +0,028° 5782+0,034° 7,825+0,071° 9,769 + 0,045°
CT5 1,875 +0,043° 6,017 +0,089° 8,16 + 0,059" 10,362 + 0,106"
CT6 2,021 +0,036° 6,617 0,027  8,643+0,033* 10,678 +0,0272

Ghi cha: diz liéu dwoc trinh bay dwdi dang trung binh + d léch chuan (n = 15).
Céc chir ci khac nhau trong mét cét biéu thj sw khac biét cé y nghia thong ké (Tukey’s
HSD Test, P < 0,05). CT1, CT2, CT3, CT4, CT5, va CT6 la cac nghiém thiic lan Lot bo
sung 0%, 0,2%, 0,4%, 0,6%, 0,8%, 1,0% (v/v) hé so1i nam T. versicolor.

Sau 12h 1én men, so véi cong thire ddi chimng (CT1, khéng bo sung hé sgi nam),
ngoai trir CT2 (b6 sung 0,2% hé soi nim), ham luong acid tong sé ting 1én & cac cong
thire con lai déu hon 1 g/L. Sau 24 gid, ngoai trir CT2 va CT3, xu hudng nay lap lai &
CT4, CT5va CT6, va sau 48 gid xu hudng nay xay ra & tat ca cac cong thirc thi nghiém.
Ham luong acid téng sé 16n nhat ghi nhan dugce déu & CT6 (b sung 1,0% hé soi nam),
lan luot 12 6,615; 8,640; va 10,680 g/L sau 12; 24; va 48 gid 1én men.
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Tuy nhién, sau 48 gio 1én men, ham luong acid tong sb thu nhan dwgc CT6 (1%
hé soi ndm T. versicolor) khong khac nhau c6 ¥ nghia thong ké so voi CT5 (0,8% hé soi
nam T. versicolor). Két qua nay cho thay, ti I¢ hé sgi nAm dugc bd sung cang cao va thoi
gian 1én men cang lau thi cang tao diéu kién thuan loi cho sy sinh truéng cua vi khuan
l&én men lactic, dan dén ting ham lwong acid tong sb trong cac cong thie thi nghiém.

Nieves-Corzo cho ring, qué trinh trao ddi chat cua vi khuan acid lactic trong qué
trinh I8n men tao ra chu yéu 1a acid lactic, bén canh d6 1a acid acetic va mot s6 acid hiru
co khac voi ham luong rat nho. Su gia ting dang ké vé ham luong acid lactic di kém véi
su giam caa d6 pH. Nghién ctru nay ciing chi ra rang, cac prebiotic nhu GOS va FOS
hau nhu khong duoc vi khuan acid lactic chuyén hoa trong qua trinh 1én men, thay vao
d6 1a duong lactose duoc chdng sir dung hiéu qua nhu mot ngudn cung cap carbon. Tuy
nhién, viéc bo sung prebiotic nhu lactulose (v6i ndng do 2% va 4%) lai 1am ting toc do
cua qué trinh 1én men [210].

3.3.2.6. Bdnh gid an toan san phdm nweéc nam 1én men c6 bé sung sei nam

San pham nudc ndm bao ngu 1én men bd sung 0,6% bot soi ndm van chi dugc dong
vao chai thuy tinh 110mL thanh triing & 75°C, giri mau phan tich chat luong an toan tai
Quatest 2. Két qua phan tich duoc thé hién ¢ Bang 3.17.

Bang 3.17. Két qua danh gia an toan vi sinh va hoa hoc san pham nuéc 1én men

Gioi hancho Ham lwong

. N ) Phwong phap
TT Tén chi tiéu phép (TCVN  trong san thi
2 w
13368:2021) pham
Tong sb vi sinh vat hiéu TCVN  4884-
1 . 100 (CFU/ml) KPH (<1)
khi 1:2015
Tong sé bao tir nAm men, TCVN  8275-
2 . . 10 (CFU/ml)  KPH (<1)
nam moc 1:2010
: TCVN
3 Coliforms 10 (CFU/ml)  KPH (<1)
6848:2007
_ ] TCVN 7924-
4 E. coli khong dugcc6 KPH (<1)
2:2008

Staphylococci ¢6 phan ]
5 . khong dugcco KPH (<1) ISO 6888-1:2021
ung duong tinh VoI
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Coagulase (S. aureus va
cac loai khac)

: ) TCVN
6 Cl. perfringens khong dugc c0 KPH (<1)
4991:2005
7 Cadmi (Cd) 1 (mg/kg) <0,05 AOAC 999.11
8 Chi (Pb) 0,05 (mg/kg)  <0,05 AOAC 999.11
9 Thuy Ngan (Hg) 0,05 (mg/kg) <0,05 AOAC 971.21

Két qua phan tich chat lugng vi sinh va hod hoc cia san pham nudc udng 1én men
c6 bo sung hé sgi nam T. versicolor cho thay, khong phét hién téng sé vi sinh vat hiéu
khi, bao tir nAam men, nam méc, Coliform, E. coli, Staphylococci ¢6 phan tng duong
tinh voi Coagulase, Cl. perfringens. Ham luong céc kim loai nang nhu Cd, Pb, Hg déu
nam thap hon gidi han cho phép dugc quy dinh trong Quy chuan ki thuat quéc gia QCVN
20-1: 2024/BYT d6i véi giéi han cac chat 6 nhidm trong thuc pham bao vé sic khoe.
Nhu vay, san pham nudc nam 18n men biang chung vi khuan L. plantarum dam bao duoc
an toan chat luong vé mat vi sinh va héa hoc.

B6 sung sinh khdi sgi nAm van chi vao hd tro 18n men lactic dich nim bao ngu
bang chung L. plantarum cho thay san pham nuéc nam thanh pham ting hoat tinh khang
oxi hoa, khang khang khuan va ting mat do loi khuan ma ciing dam bao gié tri cam quan
S0 V&i céc nghiém thirc khac. O ndng do 0,6% soi nAm bo sung cho két qua tét nhat khi
két hop cac yéu cau dit ra va dugc danh gia an toan chét luong, dam bao tiéu chuan cua
thuc pham hd tro sicc khoe. Biéu nay cho thay sy hd tro manh mé cua sinh khéi soi nam
trong qué trinh 1én men lactic nudc ndm bao ngu dé nang cao chat lugng san pham. Két
qua nghién ctru ciing gop phan tao ra san pham l1&én men mai tir nim, giau hoat tinh sinh
hoc, dap tng nhu cau ngay cang cao cua ngudi tiéu dung ciing nhu dong gop vao su da
dang cac san pham sau thu hoach nganh nim trong nuéc.
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KET LUAN VA KIEN NGHI

A. KET LUAN

Ludn 4n da hoan thanh cdc muc tiéu nghién ciru dé ra, tap trung vao viéc danh gia
hoat tinh sinh hoc in vitro caa polysaccharide thu nhan tir sinh khéi hé soi nam nudi cay
dich thé, bao gém hoat tinh prebiotic, kha nang khéng oxi héa, va dinh huéng ¢ng dung
vao san pham thuc pham. Tir cac két qua dat duoc, c6 thé rut ra nhitng két luan chinh

nhu sau:

- Xac dinh dwoc mét so diéu kién tdéi wu quan trong cho nudi ciy dich thé nham
thu sinh khdi véi hiéu suat cao va giau polysaccharide.

« Pbi voi Cordyceps militaris: Diéu kién téi wu 1a pH 5,05; nong do glucose 40
g/L va cao nim men 5,07 g/L. Tai diéu kién nay, ning suit sinh khéi kho dat 8,90 + 0,25
g/L va ham luong PS dat 5,28+ 0,16%.

« Déi v6i Trametes versicolor: Diéu kién téi vu 1a pH 5,545; ndng do glucose 20,65
g/L va cao nam men 2,0354 g/L. Tai diéu Kién nay, ning suét sinh khéi kho dat 3,59 +
0,12 g/L va ham lugng PS dat 8,23 + 0,27%.

- Panh gia hiéu qua chiét, dic diém cau tric bé mit va hoat tinh sinh hec cia céac
chiét xuat Polysaccharide

« V& hiéu suit chiét: Dung méi nude di chung minh cho hiéu suat thu hoi
polysaccharide cao ¢ ca hai chung (81,35 mg/g vai C. militaris va 71,53 mg/g véi T.
versicolor), viéc chiét trinh ty tiép tuc thu duoc céc PS trong kiém va acid voi cac hoat
tinh khang oxi hda va hoat tinh prebiotic dic trung.

« V& hinh thai bé mat: Biéu kién chiét c6 anh huong 16n dén cau tric bé mit. Trong
khi phan doan chiét nuéc va kiém c6 dang khéi két tu, phan doan chiét acid (A-PST) va
kiém (S-PST) cua nam T. versicolor thé hién cau trdc nén chat hoac hat min dic tho.

« Kha ning trung hoa gdc tw do ABTS: Cac phan doan PS déu thé hién kha ning
trung hoa gbc te do ABTS. PS tir T. versicolor cho hoat tinh manh hon (ICso tir 1070 —
1279 pg/mL) so véi C. militaris (ICso tir 2446 — 3273 pg/mL).

« Tiém ning Prebiotic: Cac phan doan PS thé hién tiém ning prebiotic rd rét thong
qua chi sb PI duong va kha niang khang thuy phan boi alpha-amylase cao (mic do thay
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phan chi tir 2,07 — 15,05%). Noi bat nhét 1a phan doan W-PSC (trén ching L. pentosus
NH1, Pl = 0,857) va A-PST (trén chung L. casei 01, Pl = 0,935).

« Co ché tac dong: Viéc bd sung PS khong chi thac day sinh truong cua lgi khuan
ma con ting cuong sinh tong hop cac acid béo chudi ngan (SCFAs) va nang cao hiéu
qua trc ché céc vi khuan gy bénh (E. coli, S. aureus).

- Ung dung thyec tién vao san pham nwéc udng 1én men

D3 phat trién thanh cong cdng thirc ché bién nude udng tir nim Bao ngu 1én men
lactic b6 sung sinh khéi sgi nam T. versicolor.

« COng thuc téi vu: B6 sung 0,6% sinh khdi sgi nam, thoi gian [én men 24 gio.

« Chét lugng san pham: San pham dat gia tri cam quan cao vé mau sac, mui vi;
dong thoi s hiru hoat tinh sinh hoc tét. Cac chi tiéu an toan thyc pham (vi sinh, kim
loai nang) déu nam trong gidi han cho phép theo QCVN 20-1:2024/BYT.

B. NHUNG PONG GOP MOI CUA LUAN AN

Céc két qua nghién ctru cua luan an da duoc xac dinh ¢ nhimg déng gop mai cho
hoc thuat va thuc tién nhu sau:

* \/é mat hoc thudt:

- Hé théng hoa co so dit liéu vé cong nghé nudi cay dich thé: da xac 1ap duoc mot
s6 diéu kién cong nghé téi uu cho quy trinh nuéi cdy dich thé hai chiung nam Cordyceps
militaris va Trametes versicolor nhiam dinh hudng sinh tong hop sinh khdi giau
polysaccharide. Pay 1a co so khoa hoc quan trong dé giai thich anh huong cua diéu kién
moéi trudng (pH, ngudn C, N) dén sy tich lity sinh khoi va polysaccharide trong té bao
nam.

- Lam séng toé hiéu qua ctua phuong phap chiét tuan tu: Ching minh duoc hiéu qua
ctia phuwong phap chiét tuan ty trong viéc phan tach cac nhém polysaccharide dya trén
dic tinh cau trac va do tan. Pong gdép mai nam ¢ viéc phét hién ra rang phan doan
polysaccharide chiét bang acid (A-PS) — vén it dugc quan tam trong cac nghién ctu
trude ddy — lai thé hién hoat tinh prebiotic tiém nang (chi s6 PI cao nhat véi mot sb
probiotic) so véi cac phan doan khac. Diéu ndy mé ra hudng tiép can mai trong viéc
khai thac céc polysaccharide lién két chat trong véach té bao nam.

- Két qua nghién ctu caa luan an 1a co s¢ dé tiép tuc tinh sach, tach chiét va phat
hién ra cac polysaccharide mai tir sinh khéi soi nAm véi cc hoat tinh khang oxi hoa va
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prebiotic dac trung.

- Cung cap du lidu vé tiém ning prebiotic ctia hé sgi nam: Cung cap bang chang
thie nghiém tin cay chieng minh hoat tinh prebiotic invitro ciia PS soi nam: khang tiéu,
c6 kha nang kich thich chon loc cac chang loi khuan (Lactobacillus, Bifidobacterium...)
va trc ché hai khuan (E. coli, S. aureus) thong qua co ché sinh acid béo chudi ngin (acid
acetic, propionic, butyric).

* \/& mat thuc tién:

- Dé xuét giai phap cong nghé chu dong ngudn nguyén liéu: Luan an da ching
minh tinh kha thi cua viéc nudi ciy dich thé dé thu sinh khi sgi nam, day 1a phuong
thirc tiém ning dé tao ra nguon nguyén liéu hiru co co gia tri cho thuc pham, duoc
pham bai tinh 6n dinh, ning suat cao, thoi gian ngan va dé thyc hién trong quy mo
cdng nghiép, dé kiém soat cac diéu kién nudi cay va tu dong hoa. Pay 1a tién dé quan
trong dé da dang héa md hinh san xuat nguyén liéu bén canh canh tac truyén théng thu
qua thé.

- Pa dang hda nguon nguyén liéu san xuat prebiotic trén thi truong: hién nay
nguon prebiotic trén thi trudng chi yéu duoc san xuat tir thuc vat (FOS, inulin), rong
bién (fucoidan, carrageenan), két qua nghién ctu chi ra rang sinh khdi soi nim ciing 1a
nguon prebiotic tiém niang ma c6 thé chii dong diéu kién nudi cay dé thu san pham &
quy mo cong nghigp.

- Phét trién thanh cong dong san pham nudc udng 1én men probiotic, giau hoat
tinh khang oxi hoa: nghién ciru cac diéu kién céng nghé ché bién nudc uéng 1én men
tr ndm Bao ngu bd sung sinh khéi soi ndm Trametes versicolor. San pham dat an
toan vi sinh, hoa hoc minh chang cho viéc tng dung thanh cong mé hinh két hop
Prebiotic (soi nam) va Probiotic (vi khuan 1én men) dé tao ra thuc pham bé sung c6
gia tri gia tang cao.

C. KIEN NGHI VA HUONG NGHIEN CUU TIEP THEO

- Pinh luong tap chat, tinh ché qua cot sac ky va phan tich cau tric phan tir bang
phuong phap FTIR/NMR, khéi lwgng phan tr, thanh phan monosaccharides tirng phan
doan PS dé tim kiém ra cac PS mai tan trong cac dung méi khac nhau.

- Khao sét va l1am sang to thém céc hoat tinh sinh hoc cua PS: kha nang khang tiéu
duong, khang viém, khang ung thu, ting cuong mién dich. ..
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- Nghién ctru danh gia in vivo hoat tinh prebiotic cua PS soi nAm nham 1am sang
t6 co ché tac dong va khang dinh hiéu qua prebiotic cua soi nim di vai hé vi sinh vat
duong rudt ciing nhu strc khoe vat chu.

- Panh gia do on dinh cua san pham va nghién ctu kha nang mé rong quy mo san

XUAL.
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DANH MUC CAC CONG TRINH KHOA HQC

Cic d@@ tai nghién ciru khoa hoc:

1. Chu nhiém dé tai cip co s¢ thanh phé: Nghién ctu nudi tréng nim Van chi
(Trametes versicolor) trén co chat gd keo Ia tram va ché bién mot s6 san pham bao vé
strc khoe tir nAm van chi tai thanh phd Da Nang — Pa nghiém thu nim niam 2021

2. Thanh vién thu ki dé tai co so cap truong Murata: Khao sat hoat tinh prebiotic
cua polysaccharide chiét xuat tir soi nAm Cordyceps militaris- Pa nghiém thu nam 2023

3. Thanh vién chinh dé tai cap thanh phd: Ap dung coéng nghé lai bao tir don dé
chon tao chiing gidng nam Pong trung ha thao (Cordyceps militaris) cho ning suat va
chat luong cao — Da nghiém thu nam 2024

4. Chi nhiém dé tai cip truong: Panh gia hoat tinh chdng oxy hda va prebiotic cua
hé sgi ndm Van chi (Trametes versicolor) nudi cay dich thé va ting dung ché bién nuéc
uong nam Ién men — Ba nghiém thu nam 2026.
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1. Nguyen Thi Bich Hang, Doan Chi Cuong, Truong Cong Phat, Bui Duc Thang,
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Sensory Evaluation (SPISE), 127-138.

2. Nguyen Thi Bich Hang, Dang Minh Nhat, Bui Duc Thang, Vo Van Minh,
Nguyen Sy Toan, Munehiro Tanaka, Doan Chi Cuong (2025), Optimization of Lactic
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ostreatus Extract for Enhanced Functional Properties, Mycobiology, Volume 53, Issue
4,1-14

3. Hang Thi-bich Nguyen, Cuong Chi Doan, Thang Duc Bui, Nhat Minh Dang
(2026), Prebiotic Properties of Polysaccharide Extracts from Cordyceps militaris
Mycelium: Potentials for Functional Food and Drink Applications, Journal of Applied
Biology & Biotechnology. Vol. 14(1), pp. 46-55, January-February, 2026.

4. Nguyen Thi Bich Hang, Dang Minh Nhat, Doan Chi Cuong, Bui Duc Thang
(2023), Prebiotic properties of polysaccharide isolated from Cordyceps militaris
mycelia, Vietnam Trade and Industry Review, 4, 413-420
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Sach chuyén khao (Chwong 1,3,5)

Sach chuyén khao: Polysaccharide hé spi nam: sinh téng hop, déc tinh va iing
dung; Chu bién: Poan Chi Cudng, Pdng tac gia: Nguyén Thi Bich Hang, Pang Minh
Nhat, V& Chau Tuan, Bui Bic Thang, NXB Dai hoc Hué, nim 2026, ISBN: 978-632-
627-353-3.
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PHU LUC 1. CONG THU'C CAC MOI TRUONG NUOI CAY

1.1. Méi truong PDB™
Khoai tay : 200g
Glucose : 20g
Cao nim men : 2g
Peptone 1 2g
H20 1L
1.2. Moi trwong M9
1. Chuan bi dung dich mudi M9 5X:
Chuan bi 400mL ddH>O cho vao binh dinh mirc, 1an lugt thém:
a. 64g Na;HPO4.7H20
b. 15g KH2PO4
c. 2,5g NaCl
d. 5.0g NH4Cl
Chuan dén vach dinh mic 1L v6i ddH>O Khir tring bang ndi héap tiét tring
2. Chuan bi dung dich MgSO4 1M:
Can 24,65g MgS04.7H>0 chuan dén 100mL
3. Chuén bi dung dich glucose 40% (w/v):

Can 40 g glucose chuan dén 100 mL bang nudc cat/khir ion Chu ¥: Thém glucose

vao nudc khudy trong cbc; dimg thém nude vao Glucose.
4. Chuan bi dung dich CaCl, 1M:
bé 100 mL ddH,0 thém: 147.014g CaCl,.2ddH20. Thyc hi¢n dén 1L v&i ddH20

5. Phuong phap chuan bi (1L méi trudng) M9:
1



a. 200 mL dung dich mudi M9 5X
b. 800 mL ddH,O

c. 2 mL dung dich MgSO4 1M

d. 0,1 mL dung dich CaCl, IM

e. 10 mL glucose 40%

1.3. Moi trwong MRS borth

Glucose : 20g
Pepton : 20g
Cao nAm men : 5S¢
K>2HPO4 :2g
CH3COONa : 5¢

Triammonium Citrate: 2g

MgSO4 :0,25¢g
MnSOg4 :0,02¢g
H20 1L

1.4. Méi trwong LB
Pepton: 10g
Cao nim men: 5g
Nacl: 10g

1.5. Méi trudong NA
Pepton: 5g
Cao ndm men: 3g

Nacl: 5g



PHU LUC 2. XU LY SO LIEU TOI UU PIEU KIEN THU SINH KHOI TU SQI
NAM GIAU POLYSACCHARIDE

2.1. Anh hwéng ctiia mgt so dieu kién nuoi cay dén sinh khoi hé s¢i nam C. militaris

PH
One-way ANOVA: pH

Method

MNull hypothesis All means are equal
Alternative hypothesis Mot all means are equal
Significance level o =005

Equal varignces were assumed for the analysis.

Factor Information

Factor Levels Values
NT 540.45.5,0.5,5.6,0

Analysis of Variance

Source DF Adj S5 Adj MS F-Value P-Value
NT 4 295264 0,738160 38049 0,000
Error 10 0,01940 0,001940

Total 14 297204

Model Summary

S R-sq R-sgladj) R-sq(pred)
00440454 9935%  99.09% 98,53%

Means

NT N Mean StDev 95% CI

40 3 41133 00569 (4,0567.4,1700)
45 3 45833 00651 (4,5267. 4,6400)
50 3 542000 0,01000 (5,36334. 5,47666)
55 3 50533 00416 {4,9967.5,1100)
60 3 49400 00200 {4,8833.4,9967)

Pooled StDev = 00440454

Tukey Pairwise Comparisons

Grouping Information Using the Tukey Method and 95% Confidence

NT N Mean Grouping
50 3542000 A

-
55 3 50533 B
60 3 49400 B
45 3 45833 C
40 3 41133 D

Means thaot do not share o letter are significantiy different.



GLU

One-way ANOVA: Glu

Method

Mull hypothesis All means are equal
Alternative hypothesis Not all means are equal
Significance level a =005

Fqual varionces were assumed for the analysis

Factor Information

Factor Levels Values
MWT 5 30. 35. 40. 45. 50

Analysis of Variance

Source DF Adj 55 Adj MS F-Value P-Value
NT 4 2980 07451 681 0007
Error 10 1,094 01094

Total 14 4074

Model Summary

S R-sq R-sgladj) R-sqipred)
0,330787 73,14%  6240% 39.58%

Means

MNT N Mean StDev 95% Cl

30 3 4430 0500 (4,004, 4.856)
35 3 4503 0455 (4,078 4,929)
40 3 5630 0240 (5,204. 6,056)
45 351933 01716 (4,7678. 5,6189)
50 34,9933 00513 (4,5678. 54189)

Pooled 5tDev = 0,330787

Tukey Pairwise Comparisons

Grouping Information Using the Tukey Method and 95% Confidence

NT N Mean Grouping
40 3 5830 A
45 351833 A B
50 34099334 B

B

B

35 3 4503
30 3 4430

Means that do not share g letter are significantly different.



CHM

One-way ANOVA: Biomass versus NT

Method

Mull hypothesis All means are equal
Alternative hypothesis Not all means are equal
Significance level a =005

Equal varignces were assumed for the analysis.

Factor Infoermation

Factor Levels Values
MWT 5 4.0, 4.5, 50, 55 60

Analysis of Variance

Source DF Adj S5 Adj MS F-Value P-Value
NT 4 83252 1.58131 4093 0.000
Error 10 03167 0.03167

Total 14 6.6420

Model Summary

S R-sq R-sgladj) R-sq(pred)
0177970 95.23%  93.32% 89.27%

Means

NT N Mean StDev 95% Cl

4.0 3 57600 0.0300 (5.5311, 5.9889)
45 3 60600 0.1800 (3.8311, 6.2889)
50 3 7470 0230 (7.241,7.699)
55 362533 00751 (6.0244, 6.4823)
6.0 3 5663 0257 (5434 5.892)

Pooled 5tDev = AL177370

Tukey Pairwise Comparisons

Grouping Information Using the Tukey Method and 95% Confidence

NT N Mean Grouping
50 3 T4T0A
55 362533
4.5 3 6.0800
4.0 3 57800
60 3 5.663

m m

[ I

Means that do not share o letter are significantly different.



2.2. Toi wu dieu kién nuoi cay sinh khoi hé s¢i nam C. militaris

Bang 2.1. Cac yéu t6 va mirc d thir nghiém trong Box - Behnken

Céc bién doc lap Mirc d6 thir nghiém
-1 0
pH (X1) 4 S 6
Glucose g/L (X>) 30 40 50
Cao nidm men g/L (X3) 4 5 6

Bang 2.2. Gi4 tri phan tich xac suit cic bién (khdi lwong sinh khdi)

Bién doc lap Coef Coef SE T.value P_value
X1 0,729 0,283 2,58 0,050
X2 -0,016 0,283 -0,06 0,956
X3 0,068 0,283 0,24 0,821

X1xX1 -2,575 0,416 -6,19 0,002
X2xXo -2,035 0,416 -4,89 0,005
X3xX3 -1,342 0,416 -3,22 0,023
X1xX2 -0,283 0,400 -0,71 0,511
X1xX3 0,165 0,400 0,41 0,697
X2xX3 -0,410 0,400 -1,03 0,352
Pareto Chart of ‘ghe_ Standardized Effects
(response is Biomass. & = 0,05)
Term

AA

BE

C

BC

AB

AC 1

257

3

4 5

Standardized Effect

6

Factor
A
B
C

MName
pH
Glu
CNM

Hinh 2.1. Biéu d6 Pareto vé cAc hiéu trng chuéin héa d6i véi ham lwong sinh khdi




Bang 2.3. Gia tri phén tich x4c sut cac bién (Ham luong PS hé soi ndm)

Term Coef SE Coef T-Value P-Value

Constant -46.33 6.63 -6.99 0.001
X1 10.47 1.43 7.35 0.001
Xa 0.786 0.128 6.16 0.002
X3 3.82 1.43 2.68 0.044
X1xX -1.138 0.121 -9.38 0.000
X2xX2 -0.00885 0.00121 -7.30 0.001
X3xX3 -0.377 0.121 -3.11 0.026
X1xX2 0.0022 0.0116 0.19 0.854
X1xX3 0.150 0.116 1.29 0.254
X2xX3 -0.0167 0.0116 -1.44 0.210

Pareto Chart of the Standardized Effects
{response is PS. a = 0,05)

0 2 s 5 8 10 2
Standardized Effect

Factor  Mame

pH
Glu
CMM

Hinh 2.2. Biéu dd Pareto vé cac hiéu ing chuan héa ddi véi ham lwong PS




2.3. Anh hwéng ctiia mét so dieu kién nudi cay dén sinh khoi h¢ s¢i nam 7. Versicolor

GLUCOSE G.L

One-way ANOVA: Glu

Method

MNull hypothesis All means are equal
Alternative hypothesis Mot all means are equal
Significance level a = 0,05

Equal varignces were assumed for the analysis.

Factor Information

Factor Levels Values
NT 5 10, 15. 20. 25. 30

Analysis of Variance

Source DF Adj 55 Adj MS F-Value P-Value
NT 4 18974 047435 4339 0,000
Error 10 0,1093 0,01093

Total 14 20067

Model Summary

S R-sq R-sgladj) R-sq(pred)
0104551 9455%  9237T% 87.74%

Means

NT N Mean StDev 95% Cl

10 3 24197 0,0599 (2,2852. 2,5542)
15 33,1750 0,0300 (3,0405. 3,3095)
20 3 34290 0,0300 (3,2945, 3,5635)
25 3 2825 0200 (2691, 2959)
30 3 26973 0,0962 (2,5628. 28318)

Pooled StDev = 0,104551

Tukey Pairwise Comparisons

Grouping Information Using the Tukey Method and 95% Confidence

NT N Mean Grouping
20 334200 A

15 331750 A

25 3 2825 B

30 326973 B C
10 324197 C

Meaons that do not share a letter are significantiy different.



PH

One-way ANOVA: pH

Method

Mull hypothesis All means are equal
Alternative hypothesis Not all means are equal
Significance level a =003

Equal varionces were assumed for the analysis

Factor Information

Factor Levels Values
NT 540 50.55 6065

Analysis of Variance

Source DF Adj S5 Adj MS F-Value P-Value
NT 4 2272130568032 71,16 0,000
Error 10 0,07983 0,007983

Total 14 2,35195

Model Summary

S R-sq R-sgladj) R-sq(pred)
0,0893450 9661%  9525% 92 36%

Means

MNT M Mean StDev 95% Cl

40 3 25150 0,1384 (24001, 2,6299)
50 3 28417 01351 (2,7267. 2,9566)
55 3 3,57533 0,00451 (3.46040. 3,62027)
60 3 33760 00185 (3,2611.3,4909)
65 3 28310 00464 (2,7161.290459)

Pooled 5tDev = 0,0893450

Tukey Pairwise Comparisons

Grouping Information Using the Tukey Method and 95% Confidence

NT M Mean Grouping
55 3357533 A
60 3 337e0 A

50 3 28417 B
65 3 23310 B
40 3 25150 C

Means that do not share a letter are significantly different,



CNM G.L

One-way ANOVA: CNM

Method

Null hypothesis All means are equal
Alternative hypothesis Not all means are equal
Significance level a =005

Equal varianees were assumed for the analysis,

Factor Information

Factor Levels Values
NT 51015202530

Analysis of Variance

Source DF Adj 55 Adj MS F-Value P-Value
NT 4 44044 110110 2711 0,000
Error 10 04062 0,04062

Total 14 48106

Model Summary

S R-sq R-sgladj) R-sg(pred)
0,201540 91,56%  88.158% 81,00%

Means

NT N Mean StDev 95% Cl

10 3 20960 00878 (1,8367. 2,3553)
15 3 2511 0432 (2,252 2770)
20 33671000620 (3,4117.3,9303)
25 33181000642 (2,9217. 3,4403)
30 329143 00282 (2,6551. 3,1736)

Pooled 5tDev = 0,201540

Tukey Pairwise Comparisons

Grouping Information Using the Tukey Method and 95% Confidence

NT N Mean Grouping
20 3367T10A

25 331810A B

30 329143 E C
15 3 2511 CD
1.0 32,0060 o

Meons that do not share o letter are significantly different.
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2.4. Toi wu dieu kién nuoi cay sinh khoi hé s¢i nam T versicolor

Bang 2.4. Cac yéu t6 va mirc dd thir nghiém trong Box - Behnken

) Mtrc d6 thir nghiém
Cac bién doc lap

-1 0 1

pH (X1) 5 5,5 6
Glucose g/L (X2) 15 20 25
Cao ndm men g/L (X3) 1,5 2 2,5

Bang 2.5. Gia tri phan tich xac suét cac bién (sinh kh(")i)
Term Coef SE Coef T-Value P-Value
Constant -109,1 11,0 -9,94 0,000
X1 33,74 3,57 9,46 0,000
X2 0,997 0,217 4,59 0,006
X3 9,62 2,17 4.43 0,007
X1xX -3,099 0,315 -9,85 0,000
XoxX>o -0,02377 0,00315 -7,56 0,001
X3%xX3 -2,324 0,315 -7,39 0,001
X1xX>2 0,0096 0,0302 0,32 0,764
X1xX3 0,129 0,302 0,43 0,687
XoxX3 -0,0471 0,0302 -1,56 0,180
Pareto Chart of the Standardized Effects
response is Biomass. a = 0,05)
Term 257
I Factor Mame
A4 A oH
B Glu
BB c CNM

C

BC

AC

AB

i 5
Standardized Effect

10

Hinh 2.3. Biéu dé Pareto vé cac hi¢u vng chuin héa d6i véi ham lwgng sinh khoi

11




Bing 2.6. Gia tri phén tich xac suit cac bién (Ham lwong PS hé s¢i nim)

Term Coef SE Coef T-Value P-Value
Constant -227.9 14.6 -15.59 0.000
X1 73.24 4.75 1542 0.000
X2 1.754 0.289 6.06 0.002
X3 12.61 2.89 4.36 0.007
X1xX1 -6.587 0.419 -15.72 0.000
X2xXo -0.04597 0.00419 -10.97 0.000
X3xX3 -3.397 0.419 -8.11 0.000
X1xXo 0.0130 0.0402 0.32 0.760
X1xX3 0.010 0.402 0.02 0.981
X2%xX3 0.0680 0.0402 1.69 0.152
Pareto Chart of thg Standardized Effects
{response 15 PS5, o = 0,03)
;actc-r ::me
¢ o

H p
Standardized Effect

10 12

15

Hinh 2.4. Biéu dd Pareto vé cac hiéu ing chuan héa ddi véi ham lwong PS
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PHU LUC 3. XU LY SO LIEU TACH CHIET TUAN TU VA PANH GIA HiNH
THAL HOAT TiNH KHANG OXI HOA, PREBIOTIC CUA CAC CHIET XUAT
PS

3.1. Ham lwong PS chiét xuit tir nAm

HAM LUCMG PS

One-way ANOVA: ham luong versus nghiem thuc

Method

Mull hypothesis All means are egual
Alternative hypothesis Not all means are equa
Significance leve a = 0.05

Egual varionces were assumed for the analysis.

Factor Information

Factor Levels Values
nghiem thuc 6 A-PSC, A-PST, 5-PSC, 5-PST, W-PSC, W-PST

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
nghiem thuc 5 177034 3540.68 430.26 0.000
Error 12 98.7 5823

Total 17 17802.2

Model Summary

S R-sq R-sg(adj) R-sq(pred)
2.86864 99.45%  99.21% 98.75%

Means

nghiem thuc N Mean StDev  95% CI

A-PSC 3 1332 246 (9.72, 16.93)
A-PST 3 5467 0701 (1.858, 9.075)
S-P5C 3 2253 1.84 (1892, 26.13)
S-PST 3 4300 0.826 (0.691, 7.909)
W-PSC 3 8135 4.22 (77.74, 84.90)
W-PST 3 7153  2.88 (67.92, 75.14)

Pooled SiDev = 286864

Tukey Pairwise Comparisons

Grouping Information Using the Tukey Method and 95% Confidence
nghiem thuc N Mean Grouping

W-PSC 3 8135 A

W-PST 3 7153 B
S-PSC 3 2253 C
A-PSC 3 1332 D
A-PST 3 5467 DE
S-PST 3 4.300 E

Means that do not share o letter are significantly different.
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3.2. Khao sat kha nang kich thich su sinh trudng cac probiotic cua cac phan doan PS

nam C. militaris

Bing 3.2. Sy sinh truéng cdc ching loi khudn bé sung chiét xudt PS sau 24 gic

Chung GF Glucose | FOS H>O HCI NaxCOs

0.2564 | 0.7642 0.7573 0.7172 | 0.6830 | 0.3847

L. pentosus 0.2680 | 0.7785 0.7579 0.6877 |0.7299 ]0.3250

0.2691 |0.7883 0.7600 | 0.6674 | 0.6855 | 0.4045

0.2392 | 0.7577 0.4070 0.7219 ]0.7459 | 0.4435

L. plantarum 0.2384 | 0.7437 0.4114 0.6965 |0.7174 | 0.3938

0.2441 |0.7421 0.5817 0.4387 | 0.7777 |0.3966

0.3889 | 1.0543 0.7252 1 0.7784 | 0.5883 | 0.6158

P, acidilactici 0.3898 | 1.0673 0.7307 0.6619 | 0.5605 |0.5266

0.3933 | 1.0704 0.7325 0.7335 ] 0.7481 | 0.5492

0.1048 | 0.6914 0.6798 0.1376 | 0.2967 |0.2451

B. animalis 0.1066 | 0.6928 0.6345 0.2766 | 0.3059 |0.1944

0.1082 | 0.6873 0.6863 0.3002 |0.2908 |0.1750

0.1252 | 0.6731 0.5657 0.4638 |0.4842 |0.1233

L. casein 0.1262 | 0.6733 0.5526 0.4819 |0.4651 |0.1247

0.1231 | 0.6707 0.5591 0.4642 | 0.4656 |0.1384

14



L. PENTOSUS

One-way ANOVA: GF, G, W-PSC, A-PSC, 5-P5C, FOS

Method

MNull hypothesis All means are equal
Alternative hypothesis Mot all means are equal
Significance level a = 0.05

Equal varignces were assumed for the analysis.

Factor Information

Factor Levels Values
Factor 8 GF, G, W-P5C, A-PSC, 5-PSC, FOS

Analysis of Variance

Source DF AdjSS Adj MS F-Value P-Value
Factor 5 261926 0.523852 1590.03 0.000
Error 12 0.00395 0.000329

Total 17 262321

Model Summary

5 R-sg R-sg(adj) R-sq(pred)
0.07181571171 99.85%  99.79% 99.66%

Means

Factor N Mean 5tDev 95% Cl

GF 3 0.16060 0.00685 (013777, 0.18343)
G 3 0.67820 0.01355 (0.65537, 0.70103)
W-PSC 3 0.6069 0.0198 (0.5841,0.6298)

A-PSC 3 0.6316 0.0302 (0.6088, 0.6544)

S-PSC 3 0.2368 0.0206 (0.2140,0.2598)

FOS 3 1.33577 0.00426 (1.31293, 1.35860)

Pooled 5tDev = 0.0181571

Tukey Pairwise Comparisons

Grouping Information Using the Tukey Method and 95% Confidence

Factor N Mean Grouping
FOS 3133577 A

G 3067820 B
A-PSC 3 08316 BC
W-PSC 3 0.6069 C
5-PSC 3 0.2368 D
GF 3 0.16060 E

Means thot do not share g letter are significantiy different.
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L. PLANTARUM

One-way ANOVA: GF, G, W-PSC, A-PSC, S-PSC, FOS

Method

Mull hypothesis All means are equal
Alternative hypothesis Mot all means are equal
Significance level a =0.05

Equal variances were assumed for the analysis.

Factor Information

Factor Levels Values
Factor 6 GF, G, W-PSC, A-PSC, 5-PSC, FOS

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
Factor 5 0.707192 0.140384 2155  0.000
Error 12 0.07816 0.006513

Total 17 0.73008

Model Summary

S R-sg R-sgladj) R-sqipred)
0.0807035 89.98% 85.81% TiA6%

Means

Factor N Mean 5tDev 95% CI

GF 3 0.13773 0.00359 (0.03621, 0.23925)
G 3 0.65517 0.01481 (0.55365, 0.75669)
W-PSC 3 05285 01673 (0.4269, 0.6300)
A-PSC 3 06717 00187 (0.5702,0.7732)
5-PSC 3 0.2545 0.0308 (0.1530, 0.2561)
FOS 3 04175 0.0978 (0.3159 0.5190)

Pooled 5tDev = 0.0807035

Tukey Pairwise Comparisons

Grouping Information Using the Tukey Method and 95% Confidence

Factor N Mean Grouping
A-PSC 3 06TIT A

G 3 065517 A

W-PSC 3 05285A B

FOs 3 04175 EBC
S-PSC 3 02545 co
GF 3 013773 ]

Means that do not share g letier are significantiy different.
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P. ACIDILACTICI

One-way ANOVA: GF, G, W-PSC, A-PSC, 5-PSC, FOS

Method

Null hypothesis All means are equal
Alternative hypothesis Mot all means are equal
Significance level a =003

Equal varignces were assumed for the anolysis.

Factor Information

Factor Levels Values
Factor 6 GF, G, W-PSC, A-PSC, 5-PSC, FOS

Analysis of Variance

Source DF AdjSS Adj MS F-Value P-Value
Factor 5 1.36200 0.272581 9132  0.000
Errar 12 0.03582 0.002985

Total 17 1.38872

Model Summary

S R-sg R-sgladj) R-sq(pred)
0.0546337 9744%  96.37% 94.24%

Means

Factor N Mean 5StDev 95% Cl

GF 3 0.34083 0.00250 (0.27211, 0.40958)
G 3 1.21060 0.00885 (1.14188, 1.27933)
W-PSC 3 0.6986 0.0606 (0.6298, 0.7673)

A-PSC 3 0.6201 01031 (0.5514, 0.6888)

S-PSC 3 04892 0.0589 (0.4005, 0.5380)

FOS 3 0.55773 0.00698 (0.480901, 0.62646)

Pooled 5tDev = 0.0546337

Tukey Pairwise Comparisons

Grouping Information Using the Tukey Method and 95% Confidence

Factor N Mean Grouping
G 3 1.21060 A

W-PSC 3 06936 B
A-PSC 3 06201 B

FOS 3055773 B C
S-PSC 3 04892 cbD
GF 3 0.34083 D

Means that do not share o letter are significantly different,
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B. AMIMALIS

One-way ANOVA: GF, G, W-PSC, A-PSC, S-PSC, FOS

Method

Mull hypothesis All means are equal
Alternative hypothesis Mot all means are equal
Significance level a =003

Equal variances were gssumed for the analysis

Factor Information

Factor Levels Values
Factor 60 GF, G, W-PSC, A-PSC, 5-P5C, FOS

Analysis of Variance

Source DF Adj S5 Adj MS F-Value P-Value
Factor 5062137 0124274 7524 0.000
Error 12 0.01982 0.001852

Total 17 0.64119

Model Summary

S R-sq R-sg(adj) R-sg(pred)
0.0406399 965.91%  95.62% 93.05%

Means

Factor N Mean StDev 95% CI

GF 3 0.02410 0.00272 (-0.02702, 0.07522)
G 3 0.57780 0.01234 (0.52668, 0.62892)
W-PSC 3 01431 00896 (0.0920, 0.1942)
A-PSC 3 022337 0.00490 (0.17224, 0.27449)
S-PSC 3 00742 00407 (0.0231, 0.1253)
FOS 3 0.07797 0.00644 (0.02684, 0.12909)

Pooled 5tDev = 0.0406399

Tukey Pairwise Comparisons

Grouping Information Using the Tukey Method and 95% Confidence

Factor N Mean Grouping
G 3 0.57780 A

A-P5C 3022337 B
W-PSC 3 03431 B C
FOS 3 0.07797 cCD
S-PSC 3 00742 cCD
GF 3 0.02410 D

Means that do not share a letter are significantly different.
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L. CASEIN

One-way ANOVA: GF, G, W-PSC, A-PSC, S-PSC, FOS

Method

MNull hypothesis All means are equal
Alternative hypothesis Mot all means are equal
Significance level a =005

Equal varignces were assumed for the analysis.

Factor Information

Factor Levels Values
Factor 6 GF, G, W-PSC, A-PSC, 5-PSC, FOS

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
Factor 5 3.52753 0.705506 8343.43 0.000
Error 12 0.00707 0.000085

Total 17 3.52855

Model Summary

S R-sg R-sq(adj) R-sq(pred)
0.0091956 99.97%  99.96% 99.94%

Means

Factor N Mean StDev 95% ClI

GF 3 005007 0.00186 (0.03850, 0.06163)
G 3 0.57497 0.00310 (0.56340, 0.58653)
W-PSC 3 0.38117 0.01204 (0.36960, 0.39273)
A-PSC 3 0.40457 0.01085 (0.39300, 0.41613)
S-PSC 3 0.01547 0.01190 (0.00390, 0.02703)
FOS 3 1.34753 0.00949 (1.33597, 1.35910)

Pooled 5tDev = 0.00919556

Tukey Pairwise Comparisons

Grouping Information Using the Tukey Method and 95% Confidence

Factor N Mean Grouping
FOS 31.34753 A

G 3057497 B
A-PSC 3 0.40457 C
W-PSC 3 0.38117 C

GF 3 0.05007 ]
S-PSC 3 0.01547 E

Megns that do not share o letter are significantiy different.
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3.3. Khio st kha ning kich thich sy sinh truéng cac probiotic ciia cac chiét xuat PS

nam 7. versicolor

Bang 3.1. Su ting trudng cta cac chung loi khuan bd sung chiét xuat sau 24 gio

Chuing FOS Glucose GF H>O HCI NaxCOs
0,6798 0,6914 0,1019 0,4114 0,5891 0,2112

0,6345 0,6928 0,1138 0,416 0,5904 0,209

0,6863 0,6873 0,1224 0,4272 0,5894 0,2025

B. animalis

0,6363 0,68564 0,09 0,4247 0,5873 0,2197

0,6361 0,6943 0,1115 0,4287 0,5899 0,2226

0,6381 0,7213 0,1227 0,433 0,5864 0,2236

0,5657 0,6731 0,1245 0,4055 0,6346 0,1757

0,5526 0,6733 0,1378 0,4167 0,6451 0,1728

0,5591 0,6707 0,1274 0,4221 0,6543 0,1363

L. casein

0,5643 0,6821 0,1252 0,3744 0,6936 0,1214

0,5743 0,6796 0,1262 0,3818 0,7076 0,1301

0,5578 0,6767 0,1231 0,3832 0,7058 0,138

0,7112 1,05429 0,3889 0,4834 0,7078 0,4532

0,7123 1,06732 0,3898 0,4832 0,71 0,4357

0,713 1,0704 0,3933 0,4818 0,7162 0,4634

P. acidilactici

0,7252 1,121 0,3672 0,4841 0,7165 0,4689

0,7307 1,021 0,3908 0,4827 0,7212 0,4734

0,7325 0,9987 0,3878 0,4853 0,7205 0,4554

0,7573 0,7642 0,25643 0,534 0,677 0,5857

0,7579 0,7785 0,26802 0,5371 0,6822 0,5878

0,76 0,7883 0,26908 0,5388 0,6819 0,6083

L. pentosus

0,7633 0,823 0,26392 0,5387 0,6664 0,6103

0,7784 0,757 0,26008 0,5406 0,6737 0,5988

0,781 0,7769 0,26074 0,5405 0,6757 0,6001

0,407 0,7577 0,23921 0,5733 0,6411 0,5325

0,4114 0,7437 0,23842 0,5791 0,6399 0,536

0,5817 0,7421 0,24413 0,5813 0,6422 0,5353

L. plantarum

0,474 0,7613 0,26653 0,5763 0,6439 0,5285

0,473 0,7537 0,26342 0,582 0,6443 0,5324

0,532 0,7672 0,26444 0,6444 0,5794 0,5369
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BIFIDO

One-way ANOVA: FOS, Glu, GF, W-PST, A-PST, S-PST

Method

MNull hypothesis All means are equal
Alternative hypothesis Mot all means are equal
Significance level o =005

Equal varionces were assumed for the analysis.

Factor Information

Factor Levels Values
Factor 8 FOS, Glu, GF, W-PST, A-PST, S-PST

Analysis of Variance

Source DF Adj Ss Adj MS F-Value P-Value
Factor 5 1.74949 0.349898 1977.75 0.000
Error 30 0.00531 0.000777

Total 35 1.75480

Model Summary

S R-sq R-sg(adj) R-sqipred)
0,01330710 99.70%  99.65% 99.56%

Means

Factor N Mean  StDev 95% CI

FOS 6 0.65185 0.02428 (0.64076, 0.66294)
Glu 6 0.69546 0.01308 (0.68437, 0.70655)
GF & 0.11038 0.01262 (0.09929 0.12147)
W-PST & 042350 0.00819 (0.41241, 0.43459)
A-PST 6 0.588750 0.001563 (0.577660, 0.599840)
5-PST & 0.21477 0.00849 (0.20368, 0.22586)

Pooled 5tDev = 0.0133070

Tukey Pairwise Comparisons

Grouping Information Using the Tukey Method and 95% Confidence

Factor N Mean Grouping
Glu o 0.60548 A

FOs g 063185 B

A-PST 6 0.588750 C
W-PST & 0.42350 D
S-PST & 0.21477 E
GF 6 0.11038 F

Means that do not share a letter are significantly different.
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L. PLANTARUM

One-way ANOVA: FOS, Glu, GF, W-PST, A-PST, S-PST

Method

Null hypothesis All means are equal
Alternative hypothesis Mot all means are equal
Significance level a =005

Equal variances were assumed for the onalysis,

Factor Information

Factor Levels Values
Factor 6 FOS, Glu, GF, W-PST, A-P5ST, 5-PST

Analysis of Variance

Source DF_Adj S5 Adj MS F-Value P-Value
Factor 5 0.86486 0.172972 21028  0.000
Error 30 0.02468 0.000823

Total 35 0.88954

Model Summary

S R-sg R-sq(adj) R-sq(pred)
0.0236806 97.23%  96.76% 96.01%

Means

Factor NN Mean StDev 95% CI

FOS 6 04799 00681 (04559 0.5038)

Glu 6 075428 0.00988 (0.73037, 0.77820)
GF 6 025269 0.01344 (0.22878 0.27660)
W-PST & 057837 0.00326 (0.55465, 0.60248)
A-PST 6 0.642633 0.001872 (0.618721, 0.666546)
5-PST & 0.53360 0.00310 (0.50969 0.55751)

Pooled 5tDev = 0.0286806

Tukey Pairwise Comparisons

Grouping Information Using the Tukey Method and 95% Confidence

Factor N Mean Grouping
Glu 6 0.73428 A

A-PST 60642633 B
W-PST & 0.57857 C

5-PST & 0.53360 C
FOS & 04799 D
GF 6 0.25269 E

Means that do not share a letter are significantly different.
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L. PENTOSUS

One-way ANOVA: FOS, Glu, GF, W-PST, A-PST, S-PST

Method

Mull hypothesis All means are equal
Alternative hypothesis Mot all means are equal
Significance level a = 0.05

Equal varionces were assumed for the analysis

Factor Information

Factor Levels Values
Factor 6 FOS, Glu, GF, W-PST, A-P5T, 5-PST

Analysis of Variance

Source DF Adj 55 Adj MS F-Value P-Value
Factor 5 1.10155 0.220310 161245 0.000
Error 30 0.00410 0.000137

Total 35 1.10565

Model Summary

S R-sg R-sqg(adj) R-sqipred)
00116889 99.63%  99.57% 99.47%

Means

Factor N Mean S5tDev 95% CI

FOS 6 0.76632 0.01061 (0.75657, 0.776086)
Glu 6 0.78132 0.02323 (0.77157, 0.79108)
GF 6 0.26305 0.00482 (0.25330, 0.27279)
W-PST 6 0.53828 0.00247 (0.52854, 0.54803)
A-PST 6 0.67615 0.00586 (0.66640, 0.68590)
S-PST 6 0.59850 0.01016 (0.58875, 0.60825)

Pooled 5tDev = 0.07 16889

Tukey Pairwise Comparisons

Grouping Information Using the Tukey Method and 95% Confidence

Factor N Mean Grouping
Glu 6 078132 A

FOs 6 0.76032 A

A-PST 60675615 B

5-PST & 0.59850 C
W-P5T 6 0.53828 D
GF 6 0.26305 E

Means that do not share a letter are significantly different.
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P. ACIDILACTICI

One-way ANOVA: FOS, Glu, GF, W-PST, A-PST, S-PST

Method

Mull hypothesis All means are equal
Alternative hypothesis Mot all means are equal
Significance level a =005

Equal variances were assumed for the analysis.

Factor Information

Factor Levels Values
Factor 6 FOS, Glu, GF, W-PST, A-PST, 5-PST

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
Facter 5 1.83977 0.367953 99692  0.000
Error 30 0.01107 0.000369

Total 35 1.85084

Model Summary

S R-sq R-sg{adj) R-sgipred)
0.0192110 99.40%  99.30% 99.14%

Means

Factor NN Mean StDev 95% CI
FOS 6 072082 0.00972 (0.70480, 0.73683)
Glu 6 1.0555 00426 (1.0394 1.0715)
GF 6 0.38630 0.00954 (0.37028, 0.40232)
W-PST 6 0483417 0.001192 (0467399, 0.499434)
A-PST 6 071537 0.00545 (0.69935, 0.73138)
S-PST 6 0453833 0.01330 (044232 0.474335)

Pooied 5tDev = 0.07192770

Tukey Pairwise Comparisons

Grouping Information Using the Tukey Method and 95% Confidence

Factor N Mean Grouping
Glu 6 10555 A

FOS 6 072082 B
A-PST & 071537 B
W-P5T 60483417 C
5-PST 6 045833 C

GF 6 0.38630 D

Means that do not share o letter are significantly different.

24



L. CASEIN

One-way ANOVA: FOS, Glu, GF, W-PST, A-PST, S-PST

Method

Mull hypothesis All means are equal
Alternative hypothesis Mot all means are equal
Significance level a = 0.05

Equal variances were assumed for the analysis.

Factor Information

Factor Levels Values
Factor 6 FOS, Glu, GF, W-PST, A-PST, 5-PST

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
Factor 5 1.86445 0.372893 1069.85 0.000
Error 30 0.01046 0.000349

Total 35 1.87402

Model Summary

S R-sq R-sqgladj) R-sqipred)
0.0186694 99.44%  99.35% 99.20%

Means

Factor N Mean 5tDev 95% CI

FOS 6 0.56230 0.00754 (0.54673, 0.57787)
Glu 6 0.67592 0.00435 (0.66035, 0.69148)
GF 6 012737 0.00532 (0.11180, 0.14293)
W-PST 6 0.39728 0.02011 (0.38172, 0.41285)
A-PST 6 06735 00326 (0.6579, 0.6891)
5-PST 6 0.14572 0.02287 (0.13015, 0.16128)

Pooled 5tDev = 0.0186654

Tukey Pairwise Comparisons

Grouping Information Using the Tukey Method and 95% Confidence

Factor N Mean Grouping
Glu 6 0.67592 A

A-PST & 06735A

FOS 6 0.56230 B
W-PST 6 0.39728 C
S-P5T 6 0.14572 D
GF 6 012737 D

Means that do not share a tetter are significantly different.
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3.4. Chi so prebiotic cac chiét xuat PS nam T. versicolor
BIFIDO

One-way ANOVA: PI(FOS), PI(A-PST), PI(S-PST), PI(W-PST)

Method

MNull hypothesis All means are equal
Alternative hypothesis Not all means are equal
Significance level a =003

Equal wvariagnces were assumed for the analysis,

Factor Information

Factor Levels Values
Factor 4 PIFOS), PI[A-PST), PI(S-PST), PIW-PST)

Analysis of Variance

Source DF Adj 55 Adj MS F-Value P-Value
Factor 3 2.40373 0.301244 37331 0,000
Error 20 0.04293 0.002146

Total 23 2.44666

Model Summary

S R-sq R-sqgladj) R-sq{pred)
0.0463283 98.25%  97.98% o7 AT%E

Means

Factor N  Mean StDev 95% ClI

PI[FOS) 6 07600 00723 (0.7206, 0.79935)
PI(A-PST) © 0.85120 0.02432 (0.81175, 0.89063)
PI{5-PST) & 0.0685 0.0450 (0.0290, 0.1079)
PIW-PST) 6 03463 00272 (0.2069, 0.3858)

Pooled 5tDev = 0.0463283

Tukey Pairwise Comparisons

Grouping Information Using the Tukey Method and 95% Confidence

Factor N Mean Grouping
PI{A-P5ST) 6 0.83120 A

PI[FOS) g 07000 B
PI(W-PST) 6 0.3463 C
PI5-P5T) & 0.0685 D

Means that do not share a letter are significantly different.
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L. PLANTARUM

One-way ANOVA: PI(FOS), PI(A-PST), PI(5-PST), PI{(W-PST)

Method

Mull hypothesis All means are equal
Alternative hypothesis Mot all means are equal
Significance level a =0.03

Equal varignces were assumed for the analysis,

Factor Infermation

Factor Levels Values
Factor 4 PIFOS), PI[A-PST), PIS-PST), PI{W-PST)

Analysis of Variance

Source DF Adj 55 Adj MS F-Value P-Value
Factor 3 0.1274 0.042475 670  0.003
Error 20 0.1267 0.006337

Total 23 0.2542

Model Summary

S R-sq R-sgladj) R-sq(pred)
0.0796070 50.13%  42.65% 28.19%

Means

Factor N Mean StDev 95% Cl

PIFOS) 6 0.2791 01360 (0.2113, 0.3469)
PI[&-PST) 6 0.3078 0.0616 (0.2400, 0.3756)
PI(5-PST) 6 0.3793 0.0414 (0.3115, 0.4471)
PI(W-PST) & 0.4678 0.0365 (0.4000, 0.5356)

Pooled 5tDev = 0.0796070

Tukey Pairwise Comparisons

Grouping Information Using the Tukey Method and 95% Confidence

Factor N Mean Grouping
PI{W-P5T) & 04678 A
PI(S-PST) 60.3793 A B
PI(Aa-PST) 6 0.3078 B
PI(FOS) 6 0.2791 B

Means that do not share a letter are significantly different.

27



L. PENTOSUS

One-way ANOVA: PI(FOS), PI(A-PST), PI(5-PST), PI(W-PST)

Method

MNull hypothesis All means are equal
Alternative hypothesis Mot all means are equal
Significance level a = 0.05

Equal varionces were assumed for the analysis,

Factor Information

Factor Levels Values
Factor 4 PI[FOS), PI(A-PST), PI[S-PST), PIIW-PST)

Analysis of Variance

Source DF AdjSS Adj MS F-Value P-Value
Factor 3 0.76088 0.253626 166.16  0.000
Error 20 0.03033 0.001526

Total 23 0.79141

Model Summary

S R-sg R-sq(adj) R-sgipred)
0.0390692 96.14%  95.56% 04.45%

Means

Factor N Mean StDev 95% ClI

PI(FOS) 6 0.7817 0.0488 (0.7484, 0.8150)
PI(A-PST) & 0.6785 0.0496 (0.6453,0.7118)
PI(5-P5ST) 6 0.50216 0.02329 (0.46889, 0.53543)
PIfW-PST) 6 0.3138 0.0269 (0.2808, 0.3471)

Pooled StDev = 0.0330652

Tukey Pairwise Comparisons

Grouping Information Using the Tukey Method and 95% Confidence

Factor M Mean Grouping
PI(FOS) 6 07817 A
PI{A-PST) & 06785 B
PI(S-PST) & 0.50216 C
PIfW-P5T) & 03138 o

Means that do not share g letter are significantly different.
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P. ACIDILACTICI

One-way ANOVA: PI(FOS), PI(A-PST), PI(S-PST), PI(W-PST)

Method

Null hypothesis All means are equal
Alternative hypothesis Mot all means are equal
Significance level a =005

Equal varionces were assumed for the analysis,

Factor Infoermation

Factor Levels Values
Factor 4 PIFOS), PI(A-PST), PI[S-PST), PIIW-PST)

Analysis of Variance

Source DF Adj 55 Adj MS F-Value P-Value
Factor 3 0.67722 0.225740 21044  0.000
Error 20 0.02145 0.001073

Total 23 0.609867

Model Summary

S R-sqg R-sq(adj) R-sqipred)
0.0327520 96.93%  9647% 95.58%

Means

Factor N Mean StDev 95% ClI

PIFOS) 6 0.27699 0.02007 (0.24910, 0.30459)
PI{A-PST) & 04699 00349 (0.4420, 0.4978)
PI(5-PST) & 00708 0.0334 (0.0429, 0.0987)
PIfW-PST) 6 0.0622 0.0304 (0.0343, 0.0901)

Pooled StDev = 0.0327520

Tukey Pairwise Comparisons

Grouping Information Using the Tukey Method and 95% Confidence

Factor N Mean Grouping
PI{A-PST) &6 04699 A

PI(FOS) 6 0.27699 B
PI(S-PST) & 00708 C
PI(W-PST) & 0.0822 C

Means that do not share a letter are significantly different.
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L. CASEIN

One-way ANOVA: PI(FQS), PI(A-PST), PI(S-PST), PI(W-PST)

Method

Null hypothesis All means are equal
Alternative hypothesis Not all means are equal
Significance level a = 0.05

Equal varionces were assumed for the analysis,

Factor Information

Factor Levels Values
Factor 4 PI[FOS), PI(A-PST), PI[5-PST), PI0W-FST)

Analysis of Variance

Source DF AdjS5S5 Adj MS F-Value P-Value
Factor 3 279554 0.931846 61072  0.000
Error 20 0.03052 0.001526

Total 23 2.82605

Model Summary

S R-sg R-sq(adj) R-sgipred)
0.0390816 98.92%  98.76% 08.45%

Means

Factor N Mean StDev 95% ClI

PI{FOS) 6 0.57585 0.02270 (0.54258, 0.604911)
PI{A-PST) & 09352 0.0404 (0.9019, 0.9684)
PI(5-PST) & 0.0403 0.0412 (0.0070, 0.0735)
PIMW-PST) 6 0.2335 0.0475 (0.2003, 0.2668)

Pooled 5tDev = L03F0616

Tukey Pairwise Comparisons

Grouping Information Using the Tukey Method and 95% Confidence

Factor N Mean Grouping
PI{A-PST) 6 009352 A

PI(FOS) 6 057585 B
PIfW-P5T) 6 02335 C
PI[S-PST) & 0.0403 D

Means that do not share a letter are significantly different.
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3.5. Khio sit kha ning khang tiéu ho4 cac PS nim

KHAMNG TIEU

One-way ANOVA: % versus NT

Method

Mull hypothesis All means are equal
Alternative hypothesis Mot all means are equal
Significance level o = 0.05

Equal wariances were assumed for the analysis.

Factor Information

Factor Levels Values
NT 7 A-PSC, A-PST, FOS, 5-PSC, S-PST, W-PSC, W-PST

Analysis of Variance

Source DF Adj S5 Adj MS F-Value P-Value
NT 6 311.38 51.8961 56.00  0.000
Error 14 1298 09268

Total 20 324.35

Model Summary

S R-sq R-sg(adj) R-sq(pred)
0.962609 96.00%  94.29% 91.00%

Means

NT N Mean StDev 95% CI
A-PSC 310,140 09248 (8.948 11.332)
A-PST 3 15.054 0.964 (13.862, 16.246)
FOS 3 8751 0336 (7.559, 9.043)
5-PSC 3 2069 0568 (0.877, 3.261)
5-PST 3 4457 0539 (3.265, 5.649)
W-PSC 3 6953 1.081 (5.763, 8.147)
W-PST 3 8.288 1.662 (7.096, 9.480)

Pooled 5iDev = (L962699

Tukey Pairwise Comparisons

Grouping Information Using the Tukey Method and 95% Confidence

NT N Mean Grouping
A-PST 315054 A

A-PSC 310740 B

FOs 3 B731 EBC
W-PST 3 8288 EBC
W-P5C 3 6955 cD
5-PST 3 4457 DE
5-PSC 3 2.069 E

Means that do not share a tetter are significantly different.
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3.6. Kha niing chong lai vi khuin gy hai ciia méi truwong nudi cdy L. plantarum

WCFS1 bo sung PS chiét xuét tir nAm C. militaris

E. COLI DT 24H

One-way ANOVA: CT1, CTZ2, CT3, CT4, CT5

Method

Null hypothesis All means are equal
Alternative hypothesis Mot all means are equa
Significance level o = 0.05

Equal varionces were assumed for the analysis.

Factor Information

Factor Levels Values
Factor 5 CT1,CT2, CT3, CT4, CT5

Analysis of Variance

Source DF Adj S5 Adj MS F-Value P-Value
Factor 4 43,761 10.9402 17.16 0.000
Error 10 6376 06376

Total 14 50137

Model Summary

S R-sg R-sg(adj) R-sg(pred)
0.798507 87.28%  82.20% 71.39%

Means

Factor N Mean 5tDev 95% Cl
CT1 3 27.060 1.211 (26.033, 28.087)
cT2 3 25670 0.666 (24.643, 26.697)
CT3 3 26,997 0.384 (25969, 28.024)
CT4 3 26493 0.915 (25466, 27.521)
CT5 3 22470 0.541 (21.443, 23.497)

Pooled StDev = 0.738507

Tukey Pairwise Comparisons

Grouping Information Using the Tukey Method and 95% Confidence
Factor N Mean Grouping

CcTm 3 27.060 A
CT3 326997 A
cT4 326493 A
CcT2 3 25670 A
CT5 3 22470 B

Means that do not share o letter are significantiy different.
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E COLI BT 48H

One-way ANOVA: CT1, CT2, CT3, CT4, CT5

Method

MNull hypothesis All means are equal
Alternative hypothesis Not all means are equal
Significance level a = 0.05

Equal varianees were assumed for the analysis.

Factor Information

Factor Levels Values
Factor 5CT1,CT2, CT3, CT4, CT5

Analysis of Variance

Source DF Adj 55 Adj MS F-Value P-Value
Factor 4 157113 37783 177 0.0
Error 10 32171 03211

Total 14 18324

Model Summary

S R-sq R-sgladj) R-sg(pred)
0.566639 82.48%  T7547% 60.58%

Means

Factor N Mean StDev 95% CI

CcT1 3 27680 0619 (26.951, 28.409)
CT2 3 27.213 0407 (26.484, 27.942)
CT3 327113 0397 (26.384, 27.842)
CT4 3 28660 0823 (27.931, 29.389)
CTS 3 25.563 04871 (24.834 26.292)

Pooled 5tDev = 0.566639

Tukey Pairwise Comparisons

Grouping Information Using the Tukey Method and 95% Confidence

Factor N Mean Grouping
CT4 3 28.660 A

CT 3276804 B

CT2 32T213A B

CT3 327113 B

CTS 3 25.563 C

Meons that do not share o letter are significantly different.
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5. AUREUS BT 24H

One-way ANOVA: CT1, CT2, CT3, CT4, CT5

Method

Mull hypothesis All means are equal
Alternative hypothesis Not all means are equal
Significance level a=0.05

Egqual varignces were assumed for the analysis.

Factor Information

Factor Levels Values
Factor 5 CT1, CT2, CT3, CT4, CT5

Analysis of Variance

Source DF Adj 55 Adj MS F-Value P-Value
Factor 4 30,701 7.6751 3573 0,000
Error 10 2748 0.21438

Total 14 32.849

Model Summary

S R-sq R-sgladj) R-sq(pred)
0.463487 93.46%  90.84% 85.29%

Means

Factor N Mean StDev 95% ClI

CT1 3 26927 0499 (26.330, 27.523)
CT2 3 26467 0.297 (25.870, 27.063)
cT3 3 24883 0403 (24.287, 25.480)
CT4 3 27.220 0.658 (26.624, 27.816)
CT5 3 23420 0375 (22.824, 24.016)

Pooled 5tDev = 0.463487

Tukey Pairwise Comparisons

Grouping Information Using the Tukey Method and 95% Confidence

Factor N Mean Grouping
CT4 327220 A

CcT 326927 A

CcT12 3 26467 A

CT3 3 24883 B

CTS 323420 C

Means that do not share a letter are significantly different.
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5. AUREUS BT 48H

One-way ANOVA: CT1, CT2, CT3, CT4, CT5

Method

MNull hypothesis All means are equal
Alternative hypothesis Not all means are equal
Significance level o =003

Equal varionces were assumed for the analysis.

Factor Information

Factor Levels Values
Factor 5 CT1, CT2, CT3, CT4, CT5

Analysis of Variance

Source DF Adj 55 Adj MS F-Value P-Value
Factor 4 25492 63731 3517  0.000
Error 10 1812 0.1812

Total 14 27.305

Model Summary

S R-sq R-sgladj) R-sq(pred)
0425707 93.36%  90.71% 85.07%

Means

Factor N Mean StDev 95% Cl

CT1 325010 0353 (24462, 25.558)
T2 3 23.800 0469 (23.252, 24.348)
CT3 3 24630 0420 (24.082, 25.178)
T4 326270 0377 (25.722, 26.818)
CT5 3 22347 0492 (21.799, 22.894)

Pooled 5tDev = 0425707

Tukey Pairwise Comparisons

Grouping Information Using the Tukey Method and 95% Confidence

Factor N Mean Grouping
CT4 326270 A

CT 3 25.010

CT3 324830 B C
CT2 3 23.800

CT5 322,347 o

Means that do not share a letter are significantly different.
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3.7. Kha niing chong lai vi khuin gy hai ciia méi truwong nudi cdy L. plantarum

WCFS1 bo sung PS chiét xuit tir nAm 7. versicolor

E. COLI WC 24H

One-way ANOVA: CT1, CT2, CT3, CT4, CT5

Method

Mull hypothesis All means are equal
Alternative hypothesis Not all means are equa
Significance leve o = 0.05

Equal varionces were assumed for the analysis.

Factor Information

Factor Levels Values
Factor 5 CT1,CT2, CT3, CT4, CT5

Analysis of Variance

Source DF Adj 55 Adj MS F-Value P-Value
Factor 4 52605 131513 35.27 0.0:00
Error 10 3729 03729

Total 14 56334

Model Summary

S R-sg R-sq(adj) R-sg(pred)
0.610677 93.38%  90.73% 85.11%

Means

Factor N Mean StDev 95% CI

CcT1 3 28.280 0.298 (27.494, 29.0686)
CcT2 3 28473 0.853 (27.688, 29.259)
CT3 3 28477 0623 (27.691, 29.262)
CT4 3 28,857 0.344 (28.071, 29.642)
CT5 3 23.863 0.736 (23.078, 24.649)

Pooled 5tDev = 0.6 10677

Tukey Pairwise Comparisons

Grouping Information Using the Tukey Method and 95% Confidence
Factor N Mean Grouping

CcT4 3 28.85T A
CT3 3 28477 A
CcT2 328473 4
cm 3 28.280 A
CTs 3 23.863 B

Means that do not share a letter are significantly different.
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E. COLI VT 45H

One-way ANOVA: CT1, CT2, CT3, CT4, CT5

Method

Mull hypothesis All means are equal
Alternative hypothesis Mot all means are equal
Significance level o =0.03

Equal varignces were assumed for the anolysis.

Factor Information

Factor Levels Values
Factor 5CT1,CT2, CT3, CT4, CT5

Analysis of Variance

Source DF Adj S5 Adj MS F-Value P-Value
Factor 4 26532 6.6330 1859 0.000
Error 100 3.568 0.3568

Total 14 30,100

Model Summary

S R-sq R-sgladj) R-sq(pred)
0.597344 88.15%  83.40% 73.33%

Means

Factor N Mean StDev 95% Cl

CT1 3 27.880 0.760 (27.112, 28.648)
CT2 3 26907 0387 (26.138, 27.675)
[ME] 327743 0.294 (26,975, 28.512)
CT4 3 27.653 0.924 (26.885, 28.422)
CT5 3 24330 0347 (23.562, 25.098)

Pooled 5tDev = 0.597344

Tukey Pairwise Comparisons

Grouping Information Using the Tukey Method and 95% Confidence

Factor N Mean Grouping
CT 3 27.880 A

CT3 327743 4

CT4 327653 A

CT2 326807 A

CT3 3 24330 B

Means that do not share a letter are significantly different.
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5. AUREUS VC 24H

One-way ANOVA: CT1, CT2, CT3, CT4, CT5

Method

Null hypothesis All means are equal
Alternative hypothesis Not all means are equal
Significance level a = 0.05

Equal varignces were assumed for the analysis.

Factor Information

Factor Levels Values
Factor 5 CT1, CT2, CT3, CT4, CT5

Analysis of Variance

Source DF Adj 55 Adj MS F-Value P-Value
Factor 4 42126 105315 3028  0.000
Error 10 3478 034738

Total 14 45804

Model Summary

S R-sq R-sgladj) R-sq(pred)
0580723 92373%  89.32% 82.84%

Means

Factor N Mean StDev 95% Cl

CT1 328473 0.809 (27.715, 29.232)
T2 3 27.350 0.676 (26.591, 28.109)
CT3 3 26,600 0.560 (25.841, 27.359)
CT4 3 27.530 0.248 (26.771, 28.289)
CT5 3 23573 0.503 (22.815, 24.332)

Pooled 5iDev = 0.583723

Tukey Pairwise Comparisons

Grouping Information Using the Tukey Method and 95% Confidence

Factor N Mean Grouping
CT1 328473 A

T4 327530A B

cT2 327350A B

CT3 3 26.600 B

CT5 3 23573 C

Means that do not share o letter are significantly gifferent.
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5. AUREUS VC 48H

One-way ANOVA: CT1, CT2, CT3, CT4, CT5

Method

Mull hypothesis All means are equal
Alternative hypothesis Mot all means are equal
Significance level a =005

Equal varignces were assumed for the anolysis.

Factor Information

Factor Levels Values
Factor 5CT1,CT2, CT3, CT4, CT5

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
Facter 4 285463 7.13658 7210 0.000
Error 10 0.9598 0.09893

Total 14 20.5361

Model Summary

S R-sg R-sq(adj) R-sg(pred)
0.314811 96.65%  9531% 92.46%

Means

Factor N Mean StDev 95% Cl

CT1 3 27.037 0250 (26.632, 27.441)
T2 3 26050 0352 (25.645, 26.455)
T3 3 27493 0496 (27.089, 27.898)
T4 3 28.1900 0.1539 (27.7853, 28.5947)
CT5 3 24213 0,199 (23.809, 24.618)

Pooled StDev = 0.314671

Tukey Pairwise Comparisons

Grouping Information Using the Tukey Method and 95% Confidence

Factor N Mean Grouping
CT4 3 281900 A

CT3 3 27403 A B

CT1 3 27037 B

CT2 3 26.050 C
CT5 3 24213 o

Means that do not share a letter are significantly different.
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3.8. Ham lwong SCFA tao ra khi nudi probiotic trong méi truwong bo sung PS chiét

xuat s¢i nam 7. versicolor

L. CASEIN WC BUTYRIC ACID

One-way ANOVA: W-PST, S-PST, A-PST, FOS

Method

Mull hypothesis All means are equal
Alternative hypothesis Mot all means are equal
Significance level a = 0.05

Equal varignces were assumed for the analysis.

Factor Information

Factor Levels Values
Factor 4 W-P5ST, 5-P5T, A-PST, FOS

Analysis of Variance

Source DF  Adj SS Adj MS F-Value P-Value
Factor 3 9112582 3037527 1630.05 0.000
Error & 14908 1863

Total 11 9127489

Model Summary

S R-sg R-sglad]) R-sq(pred)
43,1677 99.84%  99.78% 99.63%

Means

Factor N Mean StDev 95% Cl

W-PST 3 47729 67.9 (47154, 4830.4)
5-PST 345168 183 (4459.3,  4574.3)
A-PST 3 66844 334 (6626.9, 6741.8)
FOS 347689 374 (47114, 4826.4)

Pooled 5tDev = 43.1677

Tukey Pairwise Comparisons

Grouping Information Using the Tukey Method and 95% Confidence

Factor N Mean Grouping
A-PST 3 60344 A

W-PST 3 47729 B

FOs 3 47689 B
5-PST 3 45168 C

Megns thaot do not share o letter are significantly different.
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B. ANIMALIS VC BUTYRIC ACID

One-way ANOVA: W-PST, S-PST, A-PST, FOS

Method

MNull hypothesis All means are equal
Alternative hypothesis Not all means are equal
Significance level a = 0.05

Equal varionces were assumed for the analysis,

Factor Information

Factor Levels Values
Factor 4 W-PST, 5-PST, A-PST, FOS

Analysis of Variance

Source DF  AdjSS Adj MS F-Value P-Value
Factor 3 12188510 4062837 330206  0.000
Error g Q9843 1230

Total 11 12198353

Model Summary

5 R-sq R-sgladj) R-sgipred)
350770 99.92%  99.39% 00.82%

Means

Factor N Mean 5tDev 95% CI

W-PST 363943 393 (6347.6, 6441.0)
S-PST 342727 338 (4226.0, 4319.4)
A-PST 367719 37.8 (B725.2, 6818.6)
FOS 3 65728 285 (6526.1, 8619.5)

Pooled 5tDev = 35.0770

Tukey Pairwise Comparisons

Grouping Infermation Using the Tukey Method and 95% Confidence

Factor N Mean Grouping
A-PST 36771894

FOs 365728 B
W-PST 3 63843 C
S5-PST 342727 D

Means that do not share a letter are significantly different.
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P. ACIDILACTICI WC BUTYRIC ACID

One-way ANOVA: W-PST, S-PST, A-PST, FOS

Method

Mull hypothesis All means are equal
Alternative hypothesis Not all means are equal
Significance level a = 0.05

Equal varignces were assumed for the analysis.

Factor Information

Factor Levels Values
Factor 4 W-PST, 5-PST, A-PST, FOS

Analysis of Variance

Source DF  Adj S5 Adj MS F-Value P-Value
Factor 3 24510040 8170013 10820.83  0.000
Error 8 6040 735

Total 11 24516080

Model Summary

5 R-sg R-sg{adj) R-sgipred)
274777 99.98%  99.97% 90.94%

Means

Factor N Mean 5iDev 95% ClI
W-PST 3 319714 16.72 (3160.56, 3233.73)
S-PST 3 38237 325 (3587.1, 3660.3)
A-PST 3 68382 337 (68015, 6874.8)
FOS 3 39804 235 (39438 4017.0)

Pooled StDev = 274777

Tukey Pairwise Comparisons

Grouping Information Using the Tukey Method and 95% Confidence

Factor N Mean Grouping
A-PST 3 68382 A

FOs 3 39804 B
S5-PST 3 3623.7 C
W-PST 3 219714 D

Means that do not share a letter are significantly different.
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L. PLANTARUM VC BUTYRIC ACID

One-way ANOVA: W-PST, S-PST, A-PST, FOS

Method

Null hypothesis All means are equal
Alternative hypothesis Not all means are equal
Significance level a = 0.05

Equal varionces were assumed for the analysis,

Factor Information

Factor Levels Values
Factor 4 W-PST, 5-PST, A-PST, FOS

Analysis of Variance

Source DF  Adj 55 Adj MS F-Value P-Value
Factor 3 11285193 3761731 341190  0.000
Error 8 8820 103

Total 11 11294013

Model Summary

S R-sq R-sgladj) R-sgipred)
33.2044 99.92%  99.39% 09.82%

Means

Factor N Mean StDev 95% CI

W-PST 3 67480 449 (6703.8, 6792.3)
S-PST 345874  20.8 (4543.2, 4631.8)
A-PST 347663 314 (47221, 4810.5)
FOS 342804 313 (4238.2, 4324.6)

Pooled StDev = 33.2044

Tukey Pairwise Comparisons

Grouping Information Using the Tukey Method and 95% Confidence

Factor N Mean Grouping
W-PST 3674804

A-PST 347663 B
5-PST 345874 C
FOS 342804 D

Means that do not share a letter are significantly different.
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L. PENTOSUS WC BUTYRIC ACID

One-way ANOVA: W-PST, S-PST, A-PST, FOS

Method

Null hypothesis All means are equal
Alternative hypothesis Not all means are equal
Significance level a = 0.05

Equal varionces were assumed for the analysis,

Factor Information

Factor Levels Values
Factor 4 W-PST, 5-PST, A-PST, FOS

Analysis of Variance

Source DF Adj 55 Adj MS F-Value P-Value
Factor 3 2649110 883037 36328  0.000
Error & 1844e 2437

Total 11 2668555

Model Summary

S R-sq R-sgladj) R-sgipred)
49,3024 99.27%  99.00% 98.36%

Means

Factor N Mean StDev 95% CI

W-PST 3 3656.2 340 (3590.6, 3721.8)
S-PST 341734 37 (4107.8, 4239.7)
A-PST 347719 623 (4706.3, 4837.5)
FOS 3 47888 575 (4723.2, 4854.4)

Pooled StDev = 45.3024

Tukey Pairwise Comparisons

Grouping Information Using the Tukey Method and 95% Confidence

Factor N Mean Grouping
FOS 347888 A

A-PST 3477194

5-PST 341734 B
W-PST 3 3656.2 C

Means that do not share a letter are significantly different.
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L. PENTOSUS WC PROFIONIC ACID

One-way ANOVA: W-PST, S-PST, A-PST, FOS

Method

Null hypothesis All means are equal
Alternative hypothesis Not all means are equal
Significance level a =005

Equal varionces were assumed for the analysis.

Factor Information

Factor Levels Values
Factor 4 W-PST, 5-PST, A-PST, FOS

Analysis of Variance

Source DF Adj 55 Adj MS F-Value P-Value
Factor 3 6237 20789 13383 0.001
Error 8 1051 1214

Total 11 7288

Model Summary

S R-sg R-sgladj) R-sq(pred)
11.4615 85.58%  80.17% 67.55%

Means

Factor N Mean 5tDev 95% CI
W-PST 315977 6.83 (144.51,175.03)
5-PST 3167.06 834 (151.80,182.32)
A-PST 315658 744 (141.32,171.84)
FOS 3 213.0 188 (197.8 2283)

Pooled 5tDev = 114615

Tukey Pairwise Comparisons

Grouping Information Using the Tukey Method and 95% Confidence

Factor N Mean Grouping
FOs 3 21304

5-PST 3 167.06 B
W-PST 3159.77 B
A-PST 315658 B

Means that do not share a letter are significantly different.
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L. PLAMTARUM VC PROFIOMIC ACID

One-way ANOVA: W-PST, S-PST, A-PST, FOS

Method

MNull hypothesis All means are equal
Alternative hypothesis Not all means are equal
Significance level a = 0.05

Equal varionces were assumed for the analysis,

Factor Information

Factor Levels Values
Factor 4 W-PST, 5-PST, A-PST, FOS

Analysis of Variance

Source DF Adj S5 Adj MS F-Value P-Value
Factor 3 100438 35486.0 57061  0.000
Error g 493 62.2

Total 11 106956

Model Summary

5 R-sq R-sgladj) R-sgipred)
7.88605 99.53%  99.36% 098.95%

Means

Factor N Mean 5tDev 95% CI

W-PST 3 36711 043 (356.61, 377.61)
S-PST 314037 7.61 (138.87 159.87)
A-PST 3 151.88  3.38 (141.28, 162.38)
FOS 314760 952 (137.10, 158.10)

Pooled 5tDev = 7.868605

Tukey Pairwise Comparisons

Grouping Infermation Using the Tukey Method and 95% Confidence

Factor N Mean Grouping
W-PST 3367114

A-PST 3 151.88 B
S5-PST 314937 B
FOS 314760 B

Means that do not share a letter are significantly different.
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B, ACIDILACTICI WC FROPIONMIC ACID

One-way ANOVA: W-P5ST, S-PST, A-PST, FOS

Method

Null hypothesis All means are equal
Alternative hypothesis Not all means are equal
Significance level a =005

Equal varignces were assumed for the analysis.

Factor Infermation

Factor Levels Values
Factor 4 W-PST, 5-PST, A-PST, FOS

Analysis of Variance

Source DF Adj 55 Adj MS F-Value P-Value
Factor 3 628089 209363 562.61  0.000
Error 8 2977 37.2

Total 11 63106.6

Model Summary

5 R-sg R-sg{adj) R-sgipred)
6.10023 99.53%  99.35% 08.94%

Means

Factor N Mean 5tDev 95% CI

W-PST 3 159.85 4.30 (151.73, 167.97)
S-PST 316933 614 (161.21,177.48)
A-PST 332532 646 (317.20, 333.45)
FOS 314823 7.5 (140,11, 156.26)

Pooled 5tDev = 6.10023

Tukey Pairwise Comparisons

Grouping Information Using the Tukey Method and 95% Confidence

Factor N Mean Grouping
A-PST 3325324
5-PST 3169.33

W-PST 3 159.85 C
FOS 314823 c

B
B

Means that do not share g letter are significantly different.
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B, ANIMALIS VC PROPICMIC ACID

One-way ANOVA: W-P5ST, S-PST, A-PST, FOS

Method

Null hypothesis All means are equal
Alternative hypothesis Not all means are equal
Significance level a =005

Equal varignces were assumed for the analysis.

Factor Infermation

Factor Levels Values
Factor 4 W-PST, 5-PST, A-PST, FOS

Analysis of Variance

Source DF Adj 55 Adj MS F-Value P-Value
Factor 3 68380.8 227936 74941  0.000
Error 8 2433 04

Total 11 686241

Model Summary

5 R-sg R-sg{adj) R-sgipred)
551501 99.65%  99.571% 99.20%

Means

Factor N Mean 5tDev 95% CI

W-PST 3 32884 495 (321.50, 336.19)
S-PST 314072  3.01 (13338 14807
A-PST 3 24686 277 (239.62, 254.30)
FOS 332049 8497 (31315, 327.84)

Pooled 5tDev = 5.51507

Tukey Pairwise Comparisons

Grouping Information Using the Tukey Method and 95% Confidence

Factor N Mean Grouping
W-PST 332884 A

FOS 332049 A

A-PST 3 246.96 B
S-PST 314072 c

Means that do not share g letter are significantly different.
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L. CASEIN VC PROPICNIC ACID

One-way ANOVA: W-PST, 5-PST, A-PST, FOS

Method

MNull hypothesis All means are equal
Alternative hypothesis Mot all means are equal
Significance level a = 0.05

Equal varignces were assumed for the analysis.

Factor Information

Factor Levels Values
Factor 4 W-PST, 5-PST, A-PST, FOS

Analysis of Variance

Source DF Adj S5 Adj MS F-Value P-Value
Factor 3 545248 181749 239380 0.000
Error 8 8063 75.8

Total 11 55131.2

Model Summary

5 R-sg R-sgiadj) R-sgipred)
870582 98.00%  098.49% 97.53%

Means

Factor N Mean 5tDev 93% CI

W-PST 316103 1564 (149.44, 172.62)
S-PST 318104 6171 (14945, 172.63)
A-PST 3 31301 3.05 (301.42, 324.60)
FOS 3 150,84 343 (139.25, 162.43)

Pooled 5tDev = 8.70562

Tukey Pairwise Comparisons

Grouping Information Using the Tukey Method and 95% Confidence

Factor N Mean Grouping
A-PST 3313014

5-PST 3 161.04 B
W-PST 3161.03 B
FOs 3150.84 B

Means that do not share g letter are significantly different,
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L. PLANTARUM VC ACETIC ACID

One-way ANOVA: W-PST, S-PST, A-PST, FOS

Method

Mull hypothesis All means are equal
Alternative hypothesis Not all means are equal
Significance level a = 0.05

Equal varignces were assumed for the analysis.

Factor Information

Factor Levels Values
Factor 4 W-PST, 5-PST, A-PST, FOS

Analysis of Variance

Source DF Adj S5 Adj MS F-Value P-Value
Factor 3 881410 293803 24577  0.000
Error 8 953 1195

Total 11 890973

Model Summary

5 R-sg R-sg{adj) R-sgipred)
345749 93.93%  98.52% 97.58%

Means

Factor N Mean 5tDev 95% CI

W-PST 355399 331 (5493.8 5585.9)
S-PST 3 60747 320 (6028.6, 6120.7)
A-PST 362373 395 (6191.3, 62834)
FOS 361421 33.2 (6096.0, 6188.1)

Pooled 5tDev = 34.5749

Tukey Pairwise Comparisons

Grouping Information Using the Tukey Method and 95% Confidence

Factor N Mean Grouping
A-PST 362373 A

FOs 361421 B
S5-PST 360747 B
W-PST 2 55399 C

Means that do not share a letter are significantly different.
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P. ACIDILACTICI WC ACETIC ACID

One-way ANOVA: W-PST, S-PST, A-PST, FOS

Method

MNull hypothesis All means are equal
Alternative hypothesis Not all means are equal
Significance level a = 0.05

Equal varionces were assumed for the analysis.

Factor Information

Factor Levels Values
Factor 4 W-PST, 5-PST, A-PST, FOS

Analysis of Variance

Source DF Adj 55 Adj MS F-Value P-Value
Factor 3 5367497 1789166 80843  0.000
Error 8 17705 2213

Total 11 5385202

Model Summary

5 R-sg R-sgiadj) R-sgipred)
47.0441 9967%  99.55% 909.26%

Means

Factor N Mean 5tDev 93% CI

W-PST 37219.0 584 (71363, 7281.0)
S-PST 363456 396 (6283.0, 6408.3)
A-PST 353372 37.2 (52744, 5399.9)
FOS 3 B4453  49.9 (6382.7, 6507.9)

Pooled StDev = 47.0447

Tukey Pairwise Comparisons

Grouping Information Using the Tukey Method and 95% Confidence

Factor N Mean Grouping
W-PST 3721904

FOs 364453 B
5-PST 3 63456 B
A-PST 35337.2 C

Means that do not share a letter are significantly different.
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B. AMIMALIS WC ACETIC ACID

One-way ANOVA: W-PST, S-PST, A-PST, FOS

Method

MNull hypothesis All means are equal
Alternative hypothesis Not all means are equal
Significance level a = 0.05

Equal varionces were assumed for the analysis.

Factor Information

Factor Levels Values
Factor 4 W-PST, 5-PST, A-PST, FOS

Analysis of Variance

Source DF Adj 55 Adj MS F-Value P-Value
Factor 3 26544471 884814 33069  0.000
Error 8 21405 2676

Total 11 2675848

Model Summary

5 R-sg R-sgiadj) R-sgipred)
51.7270 99.20%  98.90% 98.20%

Means

Factor N Mean 5tDev 93% CI

W-PST 350295 514 (4960.7, 5098.4)
S-PST 362474 704 (61785, 6316.3)
A-PST 360479 483 (5979.0, 6116.8)
FOS 355700 27.9 (5501.2, 5638.9)

Pooled 5tDev = 51.7270

Tukey Pairwise Comparisons

Grouping Information Using the Tukey Method and 95% Confidence

Factor N Mean Grouping
S-PST 362474 A

A-PST 360479 B

FOs 3 5570.0 C
W-PST 3 5029.5 D

Means that do not share a letter are significantly different.
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L.CASEIN VIC ACETIC ACID

One-way ANOVA: W-PST, 5-PST, A-PST, FOS

Method

MNull hypothesis All means are equal
Alternative hypothesis Mot all means are equal
Significance level a = 0.05

Equal varignces were assumed for the analysis.

Factor Information

Factor Levels Values
Factor 4 W-PST, 5-PST, A-PST, FOS

Analysis of Variance

Source DF Adj 55 Adj MS F-Value P-Value
Factor 3 68037 22679 618 0018
Error 8 293e2 3670

Total 11 97399

Model Summary

5 R-sg R-sgiadj) R-sgipred)
60.5830 £9.85%  58.55% 32.17%

Means

Factor N Mean 5tDev 93% CI

W-PST 3 62455 495 (6164.9, 6326.2)
S-PST 364013 426 (6320.7, 6482.0)
A-PST 362204 91.2 (61397, 6301.0)
FOS 362211 457 (6140.5, 6301.8)

Pooled 5tDev = 60.5830

Tukey Pairwise Comparisons

Grouping Information Using the Tukey Method and 95% Confidence

Factor N Mean Grouping
5-PST 364013 A

W-PST 362455 A B
FOs 362211 B
A-PST 3 B2204 B

Means that do not share g letter are significantly different,
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L. PEMTOSUS WC ACETIC ACID

One-way ANOVA: W-PST, S-PST, A-PST, FOS

Method

MNull hypothesis All means are equal
Alternative hypothesis Mot all means are equal
Significance level a =0.05

Equal warionces were assumed for the analysis

Factor Information

Factor Levels Values
Factor 4 W-PST, 5-PST, A-PST, FOS

Analysis of Variance

Source DF  Adj 55 Adj MS F-Value P-Value
Factor 3 16604609 553490 32587  0.000
Error & 13588 1699

Total 11 1674057

Model Summary

5 R-sq R-sqg(adj) R-sqipred)
412129 99.19%  98.588% 98.17%

Means

Factor N Mean StDev 95% ClI

W-PST 3 6860.8 254 (68059, 6915.7)
S-PST 360316  37.6 (39767, 0086.4)
A-PST 3 62830 431 (62281, 6337.9)
FOS 3 5886.0 53.6 (5831.1, 5940.8)

Pooled 5tDev = 41.2129

Tukey Pairwise Comparisons

Grouping Information Using the Tukey Method and 95% Confidence

Factor N Mean Grouping
W-P5T 3 68608 A

A-PST 362830 B
5-PST 3 60318 C
FOS 3 5886.0 o

Means that do not share a letter are significantly different,
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3.9. Ham lwong SCFA tao ra khi nudi probiotic trong méi truong bo sung PS chiét
xuét sgi nAm C. militaris

L. PEMTOSUS - BT - BUTYRIC ACID

One-way ANOVA: W-PSC, S-PSC, A-PSC, FOS

Method

MNull hypothesis All means are equal
Alternative hypothesis Not all means are equal
Significance level a = 0.05

Equal variances were assumed for the analysis,

Factor Information

Factor Levels Values
Factor 4 W-PSC, 5-P5C, A-PSC, FOS

Analysis of Variance

Source DF Adj S5 Adj MS F-Value P-Value
Facter 3 9032780 3017593 1030.27  0.000
Error 8 23432 2029

Total 11 9076212

Model Summary

S R-sq R-sgladj) R-sqipred)
54,1198 99.74%  99.65% 99.42%

Means

Factor N Mean 5tDev 95% CI

W-PSC 3 64628 ©4.0 (6390.8, 6534.9)
5-PSC 3471808 52.0 (41087, 4252.8)
A-PSC 3 45973 40.2 (4525.2, 4669.3)
FOS 3 4788.8 537.5 (4716.8, 4860.9)

Pooled 5tDev = 54.1138

Tukey Pairwise Comparisons

Grouping Information Using the Tukey Method and 95% Confidence

Factor N Mean Grouping
W-PSC 3 64628 A

FOs 347388 B
A-PSC 3 45973 C
S-PSC 3 41808 D

Means that do not share a letter are significantiy different.
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L. PLAMTARUM - BT - BUTYRIC ACID

One-way ANOVA: W-PSC, S-PSC, A-PSC, FOS

Method

MNull hypothesis All means are equal
Alternative hypothesis Not all means are equal
Significance level a = 0.05

Equal varionces were assumed for the analysis,

Factor Information

Factor Levels Values
Factor 4 W-PSC, 5-PSC, A-PSC, FOS

Analysis of Variance

Source DF  AdjSS Adj MS F-Value P-Value
Factor 3 18984713 6328238 2743538  0.000
Error g 18452 2307

Total 11 19003165

Model Summary

5 R-sq R-sgladj) R-sgipred)
48.0267 99.90%  99.87% 099.78%

Means

Factor N Mean 5tDev 95% CI

W-PSC 3 65069 69.7 (6443.0, 6570.9)
S-PSC 3 38676 349 (3803.6, 3931.5)
A-PSC 3 66350 466 (B571.0, 6698.9)
FOS 342804 313 (4216.5, 4344.4)

Pooled 5tDev = 48.0267

Tukey Pairwise Comparisons

Grouping Infermation Using the Tukey Method and 95% Confidence

Factor N Mean Grouping
A-PSC 3663504

W-PSC 365069 B

FOS 342804 C
5-PSC 3 3867.6 D

Means that do not share a letter are significantly different.
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B, ACIDILACTICI - BT - BUTYRIC ACID

One-way ANOVA: W-PSC, S-PSC, A-PSC, FOS

Method

Null hypothesis All means are equal
Alternative hypothesis Not all means are equal
Significance level a =005

Equal varignces were assumed for the analysis.

Factor Infermation

Factor Levels Values
Factor 4 W-PSC, 5-PSC, A-PSC, FOS

Analysis of Variance

Source DF  Adj 55 Adj MS F-Value P-Value
Factor 3 12515305 4171768 196279  0.000
Error g 17003 2125

Total 11 12532309

Model Summary

5 R-sg R-sg{adj) R-sgipred)
46,1024 99.86%  99.81% 99.69%

Means

Factor N Mean 5tDev 95% CI

W-PSC 363605 63.2 (6299.1, 6421.9)
S-PSC 3 38385 359 (3775.1, 3897.9)
A-PSC 342741 517 (42127, 43354)
FOS 3 39804 235 (3919.0, 4041.8)

Pooled 5tDev = 46,1024

Tukey Pairwise Comparisons

Grouping Information Using the Tukey Method and 95% Confidence

Factor N Mean Grouping
W-PSC 3 63605 A

A-PSC 342747 B

FOS 339804 C
S-PSC 3 38365 D

Means that do not share g letter are significantly different.
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B. ANIMALIS - BT - BUTYRIC ACID

One-way ANOVA: W-PSC, S-PSC, A-PSC, FOS

Method

MNull hypothesis All means are equal
Alternative hypothesis Mot all means are equal
Significance level a =005

Equal varignces were assumed for the analysis.

Factor Information

Factor Levels Values
Factor 4 W-PSC, 5-P5C, A-PSC, FOS

Analysis of Variance

Source DF  Adj 55 Adj MS F-Value P-Value
Factor 3 18305518 6101839 1883.99  0.000
Error 8 25910 3239

Total 11 18331428

Model Summary

S R-sqg R-sgiadj) R-sg(pred)
56.9104 99.86%  99.81% 99.58%

Means

Factor N Mean StDev 95% CI

W-PSC 338127 584 (35369 3688.5)
S-PSC 337042 654 (36284, 3780.0)
A-PSC 338679 668 (37921, 3943.7)
FOS 3 65728 285 (p497.0, 6648.5)

Pooled 5tDev = 56.97104

Tukey Pairwise Comparisons

Grouping Information Using the Tukey Method and 95% Confidence

Factor M Mean Grouping
FOS 365728 A

A-P5C 3 38679 B
5-PSC 3 37042 C
W-PSC 3 36127 C

Means that do not share o letter are significantly different.
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L.CASEIM - ©T - BUTYRIC ACID

One-way ANOVA: W-PSC, S-PSC, A-PSC, FOS

Method

Mull hypothesis All means are equal
Alternative hypothesis Mot all means are equal
Significance level a =0.05

Equal varionces were assumed for the onalysis

Factor Information

Factor Levels Values
Factor 4 W-PSC, 5-PSC, A-PSC, FOS

Analysis of Variance

Source DF  Adj 55 Adj MS F-Value P-Value
Factor 3 17949807 5083267 233229 0.000
Error 8 20523 2565

Total 11 17970324

Model Summary

S R-sg R-sgladj) R-sqipred)
50.6498 99.89%  09.84% 90.74%

Means

Factor N Mean StDev 95% CI

W-PSC 3 66037 293 (65363, 6671.1)
S-PSC 3 31480  51.2 (30805, 3215.4)
A-PSC 347620 734 (46945 4829.4)
FOS 347689 374 (4701.5, 4836.3)

Pooled 5tDev = 50,6498

Tukey Pairwise Comparisons

Grouping Information Using the Tukey Method and 95% Confidence

Factor N Mean Grouping
W-PSC 3 66037 A

FOS 3 47689 B
A-PSC 3 47620 B
5-PSC 3 31480 C

Means that do not share a letter are significantly different.
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L. PEMTOSUS - BT - PROPIONIC ACID

One-way ANOVA: W-PSC, S-PSC, A-PSC, FOS

Method

MNull hypothesis All means are equal
Alternative hypothesis Mot all means are equal
Significance level a =005

Equal varionces were assumed for the onalysis.

Factor Information

Factor Levels Values
Factor A W-PSC, 5-P3C, A-PSC, FOS

Analysis of Variance

Source DF Adj S5 Adj MS F-Value P-Value
Factor 3 57703.3 192344 179.89  0.000
Error g8 8554 1069

Total 11 58558.7

Model Summary

S R-sg R-sgladj) R-sgipred)
10,3404 98.54%  97.99% 96.71%

Means

Factor N Mean StDev 95% CI
W-PSC 332601 410 (312.24 339.78)
S-PSC 316647 663 (15241, 179.04)
A-PSC 314765 3.60 (133.88 161.42)
FOS 3 2130 188 (1993, 226.8)

Pooled 5tDev = 10.3404

Tukey Pairwise Comparisons

Grouping Information Using the Tukey Method and 95% Confidence

Factor N Mean Grouping
W-PSC 3 32601 4

FOS 3 2130 B
5-PSC 31667 C
A-P5C 3 147.65 C

Means that do not share o letter are significantly different.
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L. PLAMTARUM - BT - PROFIONIC ACID

One-way ANOVA: W-P5C, 5-PSC, A-P5C, FOS

Method

MNull hypothesis All means are equal
Alternative hypothesis Mot all means are equal
Significance level a = 0.05

Equal varionces were assumed for the analysis.

Factor Infermation

Factor Levels Values
Factor 4 W-PSC, 5-PSC, A-PSC, FOS

Analysis of Variance

Source DF Adj 55 Adj MS F-Value P-Value
Factor 3 442357 147452 47322  0.000
Error 8 2493 3.2

Total 17 444349

Model Summary

S R-sg R-sgladj) R-sq(pred)
556208 99.44%  99.23% Q58.74%

Means

Factor N Mean 5tDev 93% CI

W-PSC 3 24746  4.53 (240.03, 254.89)
S-PSC 313831 2.08 (130.88, 145.74)
A-PSC 327726 3.03 (269.83, 284.70)
FOS 314760 952 (14017, 155.03)

Pooled 5tDev = 5.58208

Tukey Pairwise Comparisons

Grouping Information Using the Tukey Method and 95% Confidence

Factor N Mean Grouping
A-PSC 327726 A

W-PSC 3 247.46 B

FOS 3 147.60 C
S5-PSC 313831 C

Means that do not share o letter are significantly different.
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P. ACIDILACTICI - BT - PROPIONIC ACID

One-way ANOVA: W-PSC, S-PSC, A-PSC, FOS

Method

Null hypothesis All means are equal
Alternative hypothesis Not all means are equal
Significance level a =005

Equal varignces were assumed for the analysis.

Factor Information

Factor Levels Values
Factor 4 W-PSC, 5-PSC, A-PSC, FOS

Analysis of Variance

Source DF Adj 55 Adj MS F-Value P-Value
Factor 3 675029 22501.0 52434  0.000
Error 8 3433 42.9

Total 11 67846.2

Model Summary

S R-sg R-sgladj) R-sq(pred)
6.55078 99.49%  99.30% 98.86%

Means

Factor N Mean StDev 95% CI

W-PSC 3 32897 574 (32025, 337.69)
S-PSC 318478 839 (156.06, 173.50)
A-PSC 3 155.87 414 (147.15, 164.59)
FOS 314823 7.5 (13051, 156.95)

Pooled 5tDev = 6.55078

Tukey Pairwise Comparisons

Grouping Information Using the Tukey Method and 95% Confidence

Factor N Mean Grouping
W-PSC 3 32897 A

5-PSC 318478 B
A-PSC 315587 B
FOs 314823 B

Means that do not share g letter are significantly different,
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B. AMIMALIS - BT - PROFIOMIC ACID

One-way ANOVA: W-PSC, S-PSC, A-PSC, FOS

Method

MNull hypothesis All means are equal
Alternative hypothesis Not all means are equal
Significance level a = 0.05

Egual varignces were assumed for the analysis.

Factor Infermation

Factor Levels Values
Factor 4 W-PSC, 5-PSC, A-PSC, FOS

Analysis of Variance

Source DF Adj 55 Adj MS F-Value P-Value
Factor 3 574051 191350 489.07  0.000
Error 8 3130 391

Total 11 577181

Model Summary

S R-sg R-sqgladj) R-sq(pred)
6.23499 99.46%  099.25% 98.78%

Means

Factor N Mean StDev 95% CI

W-PSC 316727 3.3 (15894, 175.39)
S-PSC 314152 602 (153.19, 169.85)
A-PSC 3 15453 548 (146.20, 162.85)
FOS 332049 807 (31217, 32882)

Pooled 5tDev = 6.25499

Tukey Pairwise Comparisons

Grouping Information Using the Tukey Method and 95% Confidence

Factor N Mean Grouping
FOs 332049 4

W-PSC 3 167.27 B
5-PSC 3 161.52 B
A-PSC 315453 B

Means that do not share o letter are significantly different.

63



L. CASEIN - ©T - PROPIONIC ACID

One-way ANOVA: W-PSC, S-PSC, A-PSC, FOS

Method

Mull hypothesis All means are equal
Alternative hypothesis Mot all means are equal
Significance level a =0.05

Equal varignces were assumed for the analysis,

Factor Information

Factor Levels Values
Factor 4 W-PSC, 5-PSC, A-PSC, FOS

Analysis of Variance

Source DF Adj 55 Adj MS F-Value P-Value
Factor 3 561264 18708.8 557.30 0.000
Error & 2686 336

Total 11 56395.0

Model Summary

5 R-sg R-sgladj) R-sg(pred)
579402 99.52%  99.35% 098.93%

Means

Factor N Mean StDev 95% CI

W-PSC 331142 630 (303.70, 319.13)
S-PSC 3 158.57 858 (151.86, 167.29)
A-PSC 3 150,67 3.02 (14296, 158.39)
FOS 3150.84 3.43 (143.13, 158.55)

Pooled 5tDev = 5.79402

Tukey Pairwise Comparisons

Grouping Information Using the Tukey Method and 95% Confidence

Factor N Mean Grouping
W-PSC 331142 A

S5-PSC 315957 B
FOs 3150.84 B
A-PSC 315067 B

Means that do not share a letter are significantly different.
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L. PEMTOSUS - BT - ACETIC ACID

One-way ANOVA: W-PSC, S-PSC, A-PSC, FOS

Method

Null hypothesis All means are equal
Alternative hypothesis Not all means are equal
Significance level a =005

Equal varignces were assumed for the analysis.

Factor Infermation

Factor Levels Values
Factor 4 W-PSC, 5-PSC, A-PSC, FOS

Analysis of Variance

Source DF Adj 55 Adj MS F-Value P-Value
Factor 3 337694 112565 92.84  (0.000
Error 8 970 1212

Total 11 347304

Model Summary

5 R-sg R-sg{adj) R-sgipred)
34.8205 97.21%  96.16% 93.72%

Means

Factor N Mean 5tDev 95% CI

W-PSC 3 56494  22.9 (5603.0, 5695.8)
S-PSC 3 6053.7 26.8 (6007.4, 6100.1)
A-PSC 360632 27.1 (B016.8, 6109.5)
FOS 3 538860 53.6 (5839.6, 5032.3)

Pooled 5tDev = 34.8205

Tukey Pairwise Comparisons

Grouping Information Using the Tukey Method and 95% Confidence

Factor N Mean Grouping
A-PSC 3606324

S5-PSC 360537 A

FOS 3 5886.0 B
W-PSC 3 58404 c

Means that do not share g letter are significantly different.
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L. PLANTARUM - BT - ACETIC ACID

One-way ANOVA: W-PSC, 5-P5C, A-PSC, FOS

Method

Mull hypothesis All means are equal
Alternative hypothesis Not all means are equal
Significance level a =0.05

Equal varionces were assumed for the anolysis,

Factor Information

Factor Levels Values
Factor 4 W-PSC, 5-PSC, A-PSC, FOS

Analysis of Variance

Source DF  Adj 55 Adj MS F-Value P-Value
Factor 3 1175805 391935 37625  0.000
Error g 8333 1042

Total 11 1184138

Model Summary

S5 R-sq R-sglad]) R-sg(pred)
322752 99.30%  99.03% G8.42%

Means

Factor N Mean StDev 95% ClI

W-PSC 3535329 22.8 (5489.9 53575.9)
S-PSC 383202 191 (6277.2, 6363.2)
A-PSC 357375 46.7 (5694.6, 5780.5)
FOS 361421 33.2 (B099.1, 6185.0)

Pooled 5tDev = 32.2752

Tukey Pairwise Comparisons

Grouping Information Using the Tukey Method and 95% Confidence

Factor N Mean Grouping
5-PSC 3632024

FOSs 361421 B
A-PSC 3 57375 C
W-P3C 3 55329 D

Means that do not share o letter are significantly different.
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B, ACIDILACTICI - BT - ACETIC ACID

One-way ANOVA: W-PSC, 5-PSC, A-P5C, FOS

Method

MNull hypothesis All means are equal
Alternative hypothesis Mot all means are equal
Significance level a =005

Equal varignces were assumed for the analysis.

Factor Information

Factor Levels Values
Factor 4 W-PSC, 5-P5C, A-PSC, FOS

Analysis of Variance

Source DF  Adj 55 Adj MS F-Value P-Value
Factor 3 5861837 1953946 1770.00  0.000
Error 8 8831 1104

Total 11 5870669

Model Summary

S R-sg R-sgladj) R-sgipred)
33.2254 99.85%  99.79% 99.66%

Means

Factor N Mean StDev 95% CI

W-PSC 350443 293 (5000.1, 5088.6)
S-PSC 365738 240 (6531.5, 6620.0)
A-PSC 3 68483 223 (BB04.0, £892.5)
FOS 364453 499 (p401.1, 6489.5)

Pooled 5tDev = 33.2254

Tukey Pairwise Comparisons

Grouping Information Using the Tukey Method and 95% Confidence

Factor N Mean Grouping
A-PSC 3 6B483 4

5-PSC 365758 B

FOS 364453 C
W-PSC 3 50443 (]

Means that do not share o letter are significantly different,
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B, ANIMALIS - ©T - ACETIC ACID

One-way ANOVA: W-PSC, S5-PSC, A-PSC, FOS

Method

MNull hypothesis All means are equal
Alternative hypothesis Mot all means are equal
Significance level a = 0.05

Equal varignces were assumed for the analysis.

Factor Information

Factor Levels Values
Factor 4 W-PSC, 5-PSC, A-PSC, FOS

Analysis of Variance

Source DF Adj S5 Adj MS F-Value P-Value
Factor 3 3011694 1003898 2290.03  (0.000
Error g 3507 438

Total 11 3015201

Model Summary

5 R-sg R-sgiadj) R-sgipred)
209375 99.88%  90.84% 90.74%

Means

Factor N Mean 5tDev 95% ClI

W-PSC 3 63731 237 (63453 6401.0)
S-PSC 3 B853.71 1041 (6825.83, 6881.59)
A-PSC 3 67313 175 (6703.5, 6739.2)
FOS 3 55700 279 (5542.2, 5597.9)

Pooled 5tDev = 20,9375

Tukey Pairwise Comparisons

Grouping Information Using the Tukey Method and 95% Confidence

Factor N Mean Grouping
5-PSC 3683371 A

A-PSC 3 67313 B
W-PSC 3 63731 C
FOs 3 5570.0 D

Means that do not share g letter are significantly different,
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L. CASEIN - ©T - ACETIC ACID

One-way ANOVA: W-PSC, 5-PSC, A-PSC, FOS

Method

MNull hypothesis All means are equal
Alternative hypothesis Mot all means are equal
Significance level o =0.05%

Equal warionces were assumed for the analysis.

Factor Information

Factor Levels Values
Factor 4 W-PSC, 5-PSC, A-PSC, FOS

Analysis of Variance

Source DF  Adj 55 Adj MS F-Value P-Value
Factor 3 3493707 1164569 866.61 0.000
Error & 10731 1344

Total 11 3504457

Model Summary

S R-sq R-sgladj) R-sqipred)
36,6581 99.69%  99.58% 99.31%

Means

Factor N Mean StDev 95% Cl

W-PSC 357593 24.0 (5710.5, 5808.1)
S-PSC 372372 358 (71884, 7280.1)
A-PSC 362378 37.7 (6189.0, 628A.5)
FOS 382211 457 (B172.3, 6269.9)

Pooled 5tDev = 36,6581

Tukey Pairwise Comparisons

Grouping Information Using the Tukey Method and 95% Confidence

Factor N Mean Grouping
5-PSC 372372 A

A-PSC 362378 B

FOSs 362211 B
W-PSC 3 5759.3 C

Meaons that do not share o letter are significantly different.
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PHU LUC 4. XU LY SO LIEU UNG DUNG SOI NAM CHE BIEN NUOC NAM
BAO NGU LEN MEN LACTIC

4.1. Sy thay doi tong ham lwong cac chat hoa tan Brix

WORKSHEET 1

General Linear Model: bx versus Nong d6, Thdi gian

Method

Factor coding (-1, 0, +1)

Factor Information

Factor  Type Levels Values
Mong d& Fixed 5 0.0 0.2 04, 06 08 1.0
Thdi gian Fixed 4 Oh, 12h, 24h, 48h

Analysis of Variance

Source DF Adj S5 Adj MS F-Value P-Value
Néng do 5 0.8658 0.173167 22,48 0.0:00
Th&i gian 3 0.3679 16.62 0.0:00

Error 63 0.4650 0.007381
Lack-of-Fit 15 0.3150 0.021000 6.72 0.0:00
Pure Error 48 0.1500 0.003125

Total 71 1.6988

Model Summary

5 R-sq R-sq(adj) R-sq(pred)
0.0859125 72.63% 69.15% 64.25%

Coefficients

Term Coef SE Coef T-Value P-Value VIF
Constant 5.9375 0.01071 586.43 0.000
Nong dé

0.0 -0.1958 0.0226 -8.85 0.000 1.67
0.2 -0.0542 0.0226 -2.39 0.020 1.67
0.4 -0.0333 0.0226 AT 0146 1.67
0.6 0.0500 0.0226 2.21 0.021 1.67
0.2 0.1125 0.0226 4.07 0.000 1.67
Thi gian

Oh 0.1181 0.0175 673 0.000 1.50
12h -0.0153 0.0175 -0.57 0.387 1.50
24h -0.0292 0.0175 -1.86 0,107 1.50

Regression Equation

bx = 5.9375 - L1958 Néng d6_0.0 - 0.0542 N&ng d&_0.2 - 0.0333 Néng d&_0.4
+ 0.05300 Nong d6_0.6 + 0.1125 N&ng d45_0.8 + 0.1208 Néng d&_1.0 + 0.1181 Thai gian_0h
- 0.0153 Thdgi gian_12h - 0.0292 Thai gian_24h - 0.0736 Thdi gian_48h

Fits and Diagnostics for Unusual Observations

Obs bx Fit Resid Std Resid

54 58500 6.0292 -0.1792 -2.23 R
55 5.5000 5.6681 -0.1681 -2.09 R
59 6.0000 5.8097 0.1903 23TR

R Large residual
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BAN DAU (OH)

One-way ANOVA: CT1, CT2, CT3, CT4, CT5, CT6

Method

MNull hypothesis All means are equal
Alternative hypothesis Mot all means are equal
Significance level a =005

Equal variances were assumed for the analysis.

Factor Information

Factor Levels Values
Factor 6 CT1, CT2, CT3, CT4, CT5, CTo

Analysis of Variance

Source DF Adj S5 Adj MS F-Value P-Value
Factor 5 0.42944 0.085889 103.07  0.000
Error 12 0.010:00 0.000833

Total 17 0.42044

Model Summary

S R-sg R-sq(adj) R-sq(pred)
0.0288675 97.72%  96.78% 94.88%

Means

Factor N Mean StDev 95% Cl
CT1 3 5.8667 0.0577 (5.8304, 5.9030)
cT2 3 5.8833 0.0289 (5.8470, 5.9194)
cT3 3 6000 0000 (5.964 6.036)
CT4 3 6700 0000 (6.064, 6.136)
CT5 3 6200 0000 (6.164, 6.236)
CTe 3 6.2833 0.0289 (6.2470, 6.3194)

Pooled StDev = 0.0288675

Tukey Pairwise Comparisons

Grouping Information Using the Tukey Method and 95% Confidence

Factor N Mean Grouping
CTe 3628334

CT5 3 6200 B

CT4 3 6100 C

CT3 3 68.000 D
CcT2 3 5.8833 E
CT1 3 5.8667 E

Means that do not share a letter are significantly different.
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12Gid

One-way ANOVA: CT1, CT2, CT3, CT4, CT5, CT6

Method

Null hypothesis All means are equal
Alternative hypothesis Not all means are equal
Significance level a =005

FEqual variances were assumed for the analysis

Factor Information

Factor Levels Values
Factor 6 CT1, CT2, CT3, CT4, CT5, CTh

Analysis of Variance

Source DF Adj S5 Adj MS F-Value P-Value
Factor 5 048444 0.096889 3171  0.000
Error 12 0.03667 0.003056

Total 17 0521

Model Summary

S R-sq R-sg{adj) R-sq(pred)
0.0352771 92.96%  90.03% 84.17%

Means

Factor N Mean StDev 95% Cl
CT1 3 5.6667 0.1153 (3.3971, 5.7362)
CT2 3 5.7667 0.0289 (5.6971, 5.8362)
CT2 3 5.900 0000 (5.830,5.970)
CT4 3 6.000 0000 (5.230,6.070)
CT5 3 0.0667 0.0577 (3.9971, 6.1362)
CTe 36,1333 0.0289 (6.0638, 6.2029)

Pooled 5tDev = 0.0552771

Tukey Pairwise Comparisons

Grouping Information Using the Tukey Method and 95% Confidence

Factor N Mean Grouping
CTe 361333 A

CT5 3 6.0667 A

CT4 3 6000A B

CT3 3 5900 BC
CT2 3 5.7667 cD
CT1 3 5.6667 D

Meons that do not share a letter are significantly different.
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24 GId

One-way ANOVA: CT1, CT2, CT3, CT4, CT5, CT6

Method

MNull hypothesis All means are equal
Alternative hypothesis Mot all means are equal
Significance level a = 0.05

EFqual wariances were assumed for the analysis.

Factor Information

Factor Levels Values
Factor 6 CT1,CT2, CT3, CT4, CT5, CTo

Analysis of Variance

Source DF Adj S5 Adj MS F-Value P-Value
Factor 5 0,11125 0.022250 17.80  0.000
Error 12 0.01500 0.001250

Total 17 0.12625

Model Summary

S R-sq R-sq(adj) R-sq(pred)
0.0353553 88.12%  83.17% 73.2T%

Means

Factor N Mean StDev 95% CI
T 3 5.7500 0.0500 (5.7055, 5.7945)
CcT2 3 5.9667 0.0289 (5.9222, 6.0111)
T3 3 59167 0.0289 (5.8722, 5.9611)
CT4 3 5.9167 0.0289 (5.8722, 5.9611)
CT5 3 6000 0.000 (5956, 6.044)
CTe 3 5.9000 0.0500 (5.8555, 5.0445)

Pooled 5iDev = 0.0353553

Tukey Pairwise Comparisons

Grouping Information Using the Tukey Method and 95% Confidence

Factor N Mean Grouping
CTs 3 6000A

cT2 35966TA B

CcT4 359167 A B

cT3 359167TA B

CTe 3 5.9000 B

cm 3 57500 C

Means that do not share a letter are significantly different.
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48 GICf

One-way ANOVA: CT1, CT2, CT3, CT4, CT5, CT6

Method

MNull hypothesis All means are equal
Alternative hypothesis Mot all means are equal
Significance level a =005

Equal varignces were assumed for the analysis.

Factor Information

Factor Levels Values
Factor 6 CT1, CT2, CT3, CT4, CT5, CTé

Analysis of Variance

Source DF Adj 5SS Adj MS F-Value P-Value
Factor 5 0.13569 0.031139 423 0.019
Error 12 0.08833 0.007361

Total 17 0.24403

Model Summary

S R-sg R-sgladj) R-sq(pred)
0.0857960 £3.80%  48.72% 18.55%

Means

Factor N Mean StDev 95% Cl
CT1 3 5.6833 0.1607 (5.5754, 5.7913)
T2 3 5.9167 0.0764 (5.8087, 6.0248)
cT3 3 5800 0.000 (5.692, 5.908)
CT4 3 509333 0.0577 (5.8254, 6.0413)
CT5 3 509333 0.0577 (5.8234, 6.0413)
CTé 3 5.9167 0.0764 (5.8087, 6.0248)

Pooled 5tDev = 0.0857969

Tukey Pairwise Comparisons

Grouping Information Using the Tukey Method and 95% Confidence

Factor N Mean Grouping
CT5 359333 A
CT4 3503334
CTé 359167 A B
cT2 359167 A B

B

B

CcT3 3 5.800A
cT1 3 5.6833

Means that do not share a letter are significantly different.
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4.2. Sy thay d6i tong ham lwong pH

WORKSHEET &

General Linear Model: PH versus Néng d§, Thdi gian

Method

Factor coding (-1, 0, +1)

Factor Information

Factor  Type Levels Values
Nang d6 Fixed 704, CT1, CT2, CT3, CT4, CT5, CT6
Thai gian Fixed 4 0h, 12h, 24h, 48h

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
Mong do g 04389 0.0815 426 0.001
Thai gian 3 413940 127980 72064  0.000

Error 62 1.1871 0.0191
Lack-of-Fit 14 11727 0.0838 27948  0.000
Pure Error 48 0.07144 0.0003

Total 71514180

Model Summary

S R-sq R-sgladj) R-sq(pred)
0138372 97.69%  97.36% 96.94%

Coefficients

Term Coef SE Coef T-Value P-Value VIF
Constant 3.6624 0.0186 197.13 0.000
Méng dé
04 0.0110 0.0754 0.15 0.884 412
CcT 0.1563 0.0385 4.06 0.000 1.86

cT2 0.0459 0.0385 119 0238 1.86
CcT3 -0.0150 0.0451 -0.33 0740 2.22
CcT4 -0.0592 0.0385 -1.54 0,130 1.86
CTs -0.0458 0.0385 -1.27 0210 1.86
Thai gian
Oh 14252 00309 4606 0.000 1.80
12h -0.3160 00286 -11.06 0000 1.53
24h -0.5061 00286 -17.72  0.000 1.53

Regression Equation

PH = 3.6624 + 0.0110 Nang 46_0.4 + 0.1563 Nang 46_CT1 + 0.0452 Néng d&_CT2
- 0.0130 N&ng d6_CT3 - 0.0592 Niéng d&_CT4 - 0.0488 N&ng d&_CT5 - 0.0903 Méng d6_CT6
+ 1.4252 Thai gian_0h - 0.3160 Thai gian_12h - 0.5061 Thai gian_24h
- 0.6032 Thai gian_48h

Fits and Diagnostics for Unusual Observations

Obs PH Fit Resid Std Resid

157160 5.2440 04720 366 R
2 56000 5.2440 0.3560 276 R
3 5.5910 5.2440 0.3470 2.69 R
16 47200 49974 -0.2674 -208 R
17 47200 40974 -0.2774 -215R
18 47120 49974 -0.2854 -222R

R Large residual
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PH BAM DAU (0 GICH

One-way ANOVA: CT1, CT2, CT3, CT4, CT5, CT6

Method

Mull hypothesis All means are equal
Alternative hypothesis Not all means are equal
Significance level a =003

Equal variances were assumed for the analysis.

Factor Information

Factor Levels Values
Factor 6 CT1,CT2, CT3, CT4, CT5, CTo

Analysis of Variance

Source DF AdjSS Adj MS F-Value P-Value
Factor 5 1.64380 0.328778 200.28  (0.000
Error 12 0.01359 0.001133

Total 17 1.65748

Model Summary

S R-sg R-sg{ad]) R-sg(pred)
0.0336543 99.18%  98.84% 98.16%

Means

Factor N Mean StDev 95% Cl

CT1 3 56357 00697 (5.5933, 5.6780)
CT2 3 52900 0.0372 (5.2477, 5.3323)
CT3 3 5.00867 0.00208 (5.05633, 5.14100)
CT4 3 48973 00203 (4.8550, 4.9397)
CT5 3 480867 0.00723 (4.85633, 4.84100)
CTé 3 472067 0.00902 (4.67833, 4.76300)

Pooled StDev = 0.0336543

Tukey Pairwise Comparisons

Grouping Information Using the Tukey Method and 95% Confidence

Factor M Mean Grouping
CcT 3 56835TA

CcT2 3 52900 B

CcT3 3 5.00867 C

CT5 3 4.80867 D
CT4 3 48973 D
CTé 3 472067 E

Menns that do not share a letter are significantly different.
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PH 12 GIT

One-way ANOVA: CT1, CT2, CT3, CT4, CT5, CTé

Method

Null hypothesis All means are equal
Alternative hypothesis Mot all means are equal
Significance level a =005

Equal variances were assumed for the analysis.

Factor Information

Factor Levels Values
Factor 6 CT1, CT2, CT3, CT4, CT5, CTo

Analysis of Variance

Source DF Adj 5SS Adj MS F-Value P-Value
Factor 5 0.010967 0.002193 56.32 0.000
Error 12 0.000467 0.000039

Total 17 0.011434

Model Summary

S R-sq R-sqg(adj) R-sg(pred)
0.0062405 95.91%  94.21% 90.80%

Means

Factor N Mean 5tDev 95% CI

CT1 3 3.39733 0.01380 (3.38948, 3.40518)
cT2 3 3.34533 0.00473 (3.33748, 3.35318)
CcT3 3 3.33667 0.00153 (3.32882, 3.34452)
CT4 3 3.32067 0.00208 (3.31282, 3.32852)
CT3 3 3.33200 0.00200 (3.32415, 3.33985)
CTe 3 3.33567 0.00321 (3.32782, 3.34352)

Pooied 5tDev = 0L.00624055

Tukey Pairwise Comparisons

Grouping Information Using the Tukey Method and 95% Confidence

Factor N Mean Grouping
CT1 3339733 A
cT2 3 3.34533
CT3 3 3.33667
CTé 3 3.33567
CT5 3 3.33200
CT4 3 3.32067

m mm m
[ BT I

Means that do not share a tetter are significantly different.
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PH 24 GICY

One-way ANOVA: CT1, CT2, CT3, CT4, CT5, CT6

Method

MNull hypothesis All means are equal
Alternative hypothesis Mot all means are equal
Significance level a =005

Equal varignces were assumed for the analysis.

Factor Infermation

Factor Levels Values
Factor 6 CT1, CT2, CT3, CT4, CT5, CTE

Analysis of Variance

Source DF  Adj S5 Adj MS F-Value P-Value
Factor 5 0.004339 0.000878 4675  0.000
Error 12 0.000225 0.000019

Total 17 0.004815

Model Summary

S R-sg R-sg(adj) R-sq(pred)
0.0043333 95.12%  93.08% 89.01%

Means

Factor N Mean 5tDev 95% ClI

CT1 3 3.13500 0.00300 (3.17955, 3.19045)
CcT2 3 3.15300 0.00624 (3.14755, 3.15845)
CT3 3 3.13700 0.00300 (3.13155, 3.14245)
CT4 3 3.14033 0.00303 (2.13488, 2.14578)
CT5 3 3.15267 0.00306 (3.14722, 3.15812)
CTé 3 3.15900 0.00458 (3.15355, 3.16445)

Pooled 5tDev = 0.00433333

Tukey Pairwise Comparisons

Grouping Information Using the Tukey Method and 95% Confidence

Factor N Mean Grouping
CT1 3318500 A

CTé 3 3.15900 B

cT2 3 3.15300 B

CTs 3 3.15267 B

CT4 3 3.14033 C
CcT3 3 313700 C

Means that do not share a letter are significantly different.
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PH 48 GIC

One-way ANOVA: CT1, CT2, CT3, CT4, CT5, CT6

Method

Mull hypothesis All means are equal

Alternative hypothesis Mot all means are equal

Significance level a = 0.05

Equal warionces were assumed for the analysis

Factor Information

Factor Levels Values

Factor

6 CT1,CT2, CT3, CT4, CT5, CT6

Analysis of Variance

Source DF  Adj S Adj MS F-Value P-Value

Factor
Error
Total

5 0.002422 0.000484  56.61 0.000
12 0.000703 0.000009
17 0.002524

Model Summary

S R-sq R-sqgladj) R-sq(pred)

0.0029250 95.93%  94.24% 90.85%

Means

Factor N Mean StDev 95% ClI

cT
cT2
CcT3
CcT4
CT3
CTé

3 3.05700 0.00173 (3.05332, 3.06068)
3 3.04500 0.007100 (3.04132, 3.04868)
3 3.04333 0.00493 (3.03965, 3.04701)
3 3.05467 0.00351 (3.05099, 3.05833)
3 3.07133 0.00252 (3.06765, 3.07501)
3 3.07333 0.00208 (3.06965, 3.07701)

Pooled StDev = 0.00292499

Tukey Pairwise Comparisons

Grouping Information Using the Tukey Method and 95% Confidence

Factor N Mean Grouping

CTa
CT5
cTm
cT4
cT2
cT3

3 3.07333 A
3307133 A

3 3.05700 B

3 3.05467 B

3 3.04500 C
3 3.04333 C

Means that do not share o letter are significantly different.
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4.3. Sy thay d6i tong ham lwgng TAN

WORKSHEET 11

General Linear Model: TAN versus Nong dg, Thdi gian

Method

Factor coding (-1, 0, +1)

Factor Information

Factor  Type Levels Values
MNéng dd Fixed 6 CT1, CT2, CT3, CT4, CT5, CTG
Thai gian Fixed 4 0h, 12h, 24h, 48h

Analysis of Variance

Source DF Adj S5 Adj MS F-Value P-Value
MNéng 44 5 33324 6665 5732 0.000
Thai gian 3 625925 208.642 179458  0.000

Error 63 7325 0116
Lack-of-Fit 15 7.028 0469 7597 0.000
Pure Error 48 0296 0.006

Total 71 666.573

Model Summary

S R-sg R-sqiadj) R-sq(pred)
0.340972 98.90%  98.76% 08.56%

Coefficients

Term Coef SE Coef T-Value P-Value VIF
Constant 60507 0.0402 150.57 0.000
Néng dd

cm -1.1176 0.0899 -12.44  0.000 1.67
cT2 -0.5288 0.0899 -5.89 0.000 1.67
CT3 -0.0732 00899 -0.81 0418 167
CcT4 0.2249 0.0899 250 0015 167
CT5 0.5531 0.0899 6.16  0.000 1.67
Thai gian
Oh -4.3804 00696 -62.94  0.000 1.50
12h -0.7507 00696 -10.79 0,000 1.50
24h 16018 00696 23.01  0.000 1.50

Regression Equation

TAN = 6.0507 - 1.1176 Nbong d5_CT1 - 0.5288 Néng d&_CT2 - 0.0732 Néng d5_CT3
+ (0.2249 Nong do_CT4 + 0.5531 Nong do_LCT5 + 0.9416 Nong dé_CT6 - 4.3804 Thai gian_Oh
- 0.7507 Thai gian_12h + 1.6018 Thai gian_24h + 3.5293 Thai gian_48h

Fits and Diagnostics for Unusual Observations

Obs TAN  Fit Resid Std Resid

11.327 0553 0.775 243 R
2 1.350 0.553 0.797 250 R
3 1.440 0.553 0.887 278 R

R Large residual
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TAN 0 GIC

One-way ANOVA: CT1, CT2, CT3, CT4, CT5, CT6

Method

Null hypothesis All means are equal
Alternative hypothesis Not all means are equal
Significance level a =0.05

Equal variances were assumed for the analysis.

Factor Information

Factor Levels Values
Factor 6 CT1, CT2, CT3, CT4, CT5, CTé

Analysis of Variance

Source DF AdjSS Adj MS F-Value P-Value
Factor 5 0.97144 0.194289 12069  0.000
Error 12 0.01932 0.001610

Total 17 0.99076

Model Summary

S R-sq R-sqladj) R-sq(pred)
0.0401232 98.05%  97.24% 95.61%

Means

Factor N Mean StDev 95% ClI

CT1 3 1.3725 0.0595 ({1.3220, 1.4230)
T2 3 1.4325 0.0344 ({1.3820, 1.4830)
CT3 3 1.5900 0.0260 {1.5395, 1.6405)
CT4 3 1.7325 0.0225 (1.6820, 1.7830)
CT5 3 1.8600 0.0520 (1.8095, 1.91035)
CTe 3 2.0340 0.0324 (1.9835, 2.0845)

Pooled 5tDev = 0.0401232

Tukey Pairwise Comparisons

Grouping Information Using the Tukey Method and 95% Confidence

Factor N Mean Grouping
CTe 320340 A

CTs 318000 B

cT4 317325 C

cT3 3 1.5800 D
cT2 314325 E
cm 3 1.3725 E

Means that do not share o letter are significantiy different.
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TAN 12 GIC

One-way ANOVA: CT1, CT2, CT3, CT4, CT5, CTé

Method

Mull hypothesis All means are equal
Alternative hypothesis Not all means are equal
Significance level a =005

Equal variances were assumed for the analysis.

Factor Information

Factor Levels Values
Factor 6 CT1, CT2, CT3, CT4, CT5, CTé

Analysis of Variance

Source DF Adj S5 Adj MS F-Value P-Value
Factor 5185674 371349 354.93 0.000
Error 12 01256 0.01046

Total 17 18.6930

Model Summary

S R-sq R-sgladj) R-sq(pred)
0.102286 99.33%  99.05% 098.49%

Means

Factor N Mean StDev 95% Cl

CT1 3 3.6900 0.0200 (3.5613, 3.8187)
cT2 3 4.2600 0.0687 (4.1313, 4.3887)
cT3 3 54150 0.1132 (5.2863, 5.5437)
CcT4 3 5.7900 0.1447 (5.6613, 5.9187)
CT>5 3 6.0300 0.0450 (5.9013, 6.1587)
CTe 3 66150 0.1191 (6.4863, 6.7437)

Pooled StDev = 0.102286

Tukey Pairwise Comparisons

Grouping Information Using the Tukey Method and 95% Confidence

Factor N Mean Grouping
CTé 3 6.6150 A

CT5 360300 B

cT4 357900 B

CT3 3 54150 C
cT2 3 4.2800 D
CT1 3 3.6800 E

Means that do not share a letter are significantly different.
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TAN 24 GIG

One-way ANOVA: CT1, CT2, CT3, CT4, CT5, CT6

Method

Null hypothesis All means are equal
Alternative hypothesis Not all means are equal
Significance level a =005

Equal varionces were assumed for the analysis,

Factor Information

Factor Levels Values
Factor B8 CT1, CT2, CT3, CT4, CT5, CTo

Analysis of Variance

Source DF Adj S5 Adj MS F-Value P-Value
Factor 5 7.601531 1.53830 26296  0.000
Errar 12 0.07020 0.00585

Total 17 71.76171

Model Summary

S R-sg R-sgladj) R-sgipred)
0.0764853 90.10%  98.72% 97.97%

Means

Factor N Mean StDev 95% CI

CT1 3 6.6300 0.1132 (6.5338, 6.7262)
CT2 3 7.2000 0.0200 (7.1038, 7.2962)
CT3 3 7.4550 0.0520 (7.3588, 7.5512)
CT4 3 7.8150 0.0687 (7.7188, 7.9112)
CT5 3 81750 0.0687 (8.0788, 8.2712)
CT6 3 8.6400 0.0450 (8.5438, 8.7362)

Pooled 5tDev = 0.0764853

Tukey Pairwise Comparisons

Grouping Information Using the Tukey Method and 95% Confidence

Factor N Mean Grouping
CTe 3 8.6400 A

CT5 381750 B

CT4 3 7.8150 C

CT3 3 74550 D
CT2 3 7.2000 E
CT1 3 6.6300 F

Means that do not share a letter are significantly different.
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TAN 48 GIG

One-way ANOVA: CT1, CT2, CT3, CT4, CT5, CT6

Method

MNull hypothesis All means are equal
Alternative hypothesis Not all means are equal
Significance level a =005

Fqual variances were assumed for the analysis.

Factor Information

Factor Levels Values
Factor 6 CT1, CT2, CT3, CT4, CT5, CTé

Analysis of Variance

Source DF Adj S5 Adj MS F-Value P-Value
Facter 5 13.1215 2.62431 38879  0.000
Error 12 0.0810 0.00675

Total 17 13.2025

Model Summary

S R-sg R-sgladj) R-sg(pred)
00821584 99.39%  99.13% 98.62%

Means

Factor N Mean StDev 95% Cl

CT 3 8.0400 0.0687 (7.9366, 8.1434)
T2 3 9193001375 (9.0916, 9.2984)
CT3 3 9450000779 (9.3466, 9.5534)
CT4 3 97630 00450 (9.6616, 9.8684)
CT5 3 10.3500 0.0900 (10.2466, 10.4534)
CTe 3 10.6800 0.0260 (10.5766, 10.7834)

Pooled StDev = 0.0821584

Tukey Pairwise Comparisons

Grouping Information Using the Tukey Method and 95% Confidence

Factor N Mean Grouping
CTé 3 10.6800 A

CT5 3103500 B

cT4 3 97850 C

CcT3 3 94500 D
cT2 3 91950 E
CT1 3 8.0400 F

Means that do not share a letter are significantly different.
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4.4. Kha ning khang oxi hoa ciia nwéc nim Bao ngw 1én men

ABTS 0 GIC

One-way ANOVA: % versus NT

Method

Null hypothesis All means are equal
Alternative hypothesis Not all means are equal
Significance level a =005

Egquol warignces were gssumed for the onalysis.

Factor Information

Factor Levels Values
NT 6 CT1, CT2, CT3, CT4, CT5, CTe

Analysis of Variance

Source DF Adj S5 Adj MS F-Value P-Value
NT 5 2373.79 474757 59266  0.000
Error 12 961 0.801

Total 17 2383.40

Model Summary

5 R-sq R-sq(adj) R-sq(pred)
0.895021 99.60%  99.43% 99.09%

Means

NT N Mean StDev 95% ClI

CT1 325840 0435 (24.714, 26.966)
CT2 335053 1.206 (33.927, 36.179)
CT3 340373 0.845 (39.047, 41.299)
CT4 3 46680 0.716 (45.554, 47.8086)
CT5 354539 1.309 (53.413, 55.865)
CTeé 359.785 0472 (58.659, 60.911)

Pooled StDev = 0.895021

Tukey Pairwise Comparisons

Grouping Information Using the Tukey Method and 95% Confidence

NT N Mean Grouping
CT6 350785 A

CT5 354539 B

CT4 3 46.680 C

CT3 340173 D
CT2 3 35.053 E
CT1 3 25.840 F

Means that do not share g letter are significantly different.
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ABTS 12 GIT

One-way ANOVA: % versus NT

Method

MNull hypothesis All means are equal
Alternative hypothesis Mot all means are equal
Significance level a =003

Equal varionces were assumed for the analysis.

Factor Information

Factor Levels Values
NT 6 CT1, CT2, CT3, CT4, CT5, CTE

Analysis of Variance

Source DF Adj S5 Adj MS F-Value P-Value
MWT 5 2255.14 431.028 290.08  0.000
Error 12 1866  1.535

Total 17 2273.80

Model Summary

S R-sq R-sqgiadj) R-sq(pred)
1.24693 99.18%  98.84% 98.15%

Means

NT N Mean StDev 95% ClI
CT1 3 25917 0.349 (24.348, 27.486)
CT2 3 34720 0.867 (33.152, 36.289)
CT3 3 39.686 1.057 (38.117, 41.254)
CT4 348501 1.074 (46.932, 50.069)
CT5 354530 1.182 (52.961, 56.008)
CT6 3 57.79 219 (56.22, 59.36)

Pooled 5tDev = 1.24683

Tukey Pairwise Comparisons

Grouping Information Using the Tukey Method and 95% Confidence

NT N Mean Grouping
CTé 3 5779 A

CT5 3 34530A

CT4 248501 B

CT3 3 39686 C
CT2 3 34720 D
CT1 3 25917 E

Means that do not share a letter are significantly different.
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ABTS 24 GIO

One-way ANOVA: % versus NT

Method

Null hypothesis All means are equal
Alternative hypothesis Mot all means are equal
Significance level a=0.053

Equal varionces were assumed for the onalysis.

Factor Information

Factor Levels Values
MNT 6 CT1, CT2, CT3, CT4, CT5, CTe

Analysis of Variance

Source DF Adj S5 Adj MS F-Value P-Value
NT 5122634 245268 31342 0.000
Errar 12 573 0478

Total 17 123207

Model Summary

S R-sqg R-sgladj) R-sq(pred)
0.691167 99.53%  90.34% 98.95%

Means

NT N Mean StDev 95% Cl

CT1 3 25845 0.466 (24975, 26.714)
CT2 333363 0.629 (32494 34.232)
CT3 3 37.872 0.394 (37.003, 38.741)
CT4 344208 1.036 (43.339,45.077)
CT5 347158 0.637 (46.289, 48.02T)
CT6 3 49568 0.787 (48.698, 50.43T)

Pooled 5tDev = 0.691167

Tukey Pairwise Comparisons

Grouping Information Using the Tukey Method and 95% Confidence

NT M Mean Grouping
CT6 3 49.568 A

CT3 347158 B

CT4 3 44208 C

CT3 3374872 D
CT2 333363 E
CT1 3 25.845 F

Means that do not share o letter are significantiy different.
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ABTS 45 GIG

One-way ANOVA: % versus NT

Method

MNull hypothesis All means are equal
Alternative hypothesis Not all means are equal
Significance level a =005

Equal variances were assumed for the analysis.

Factor Information

Factor Levels Values
NT 0 CT1, CT2, CT3, CT4, CT5, CTa

Analysis of Variance

Source DF Adj 55 Adj MS F-Value P-Value
NT 5 17137 234274 105959 0.000
Errar 12 265 0221

Total 17 1174.02

Model Summary

5 R-sg R-sgladj) R-sq(pred)
0470212 99.77%  99.68% 99.49%

Means

NT M Mean StDev 95% Cl

CT1 3 25.510 0.563 (24.919, 26.102)
CT2 332564 0.595 (31.972, 33.1559)
CT3 3 37.547 0.393 (36.956, 38.139)
CT4 3 43.248 0482 (42,656, 43.839)
CT5 346.717 0445 (46,126, 47.309)
CT6 3 48345 0.267 (47.754, 48.937)

Pooled 5tDev = 0.470212

Tukey Pairwise Comparisons

Grouping Information Using the Tukey Method and 95% Confidence

NT N Mean Grouping
CTe 348345 A

CT5 346717 B

CT4 343248 C

CT3 3 37.547 D
CT2 332564 E
CT1 3 25510 F

Means that do not share o letter are significantly different.
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4.5. Kha niing kich thich sy ting truéng ddi voi lgi khuin

TANG TRUONG 0 GIT
One-way ANOVA: Oh versus CT

Method

Null hypothesis All means are equal
Alternative hypothesis Not all means are equal
Significance level a =005

Equal varionces were assumed for the analysis.

Factor Information

Factor Levels Values
CT 6 CT1, CT2, CT3, CT4, CT5, CTE

Analysis of Variance

Source DF  Adj 55 Adj MS F-Value P-Value
cT 5 0.002348 0.000570 047  0.790
Error 18 0.021601 0.0071200

Total 23 0.024450

Model Summary

S R-sq R-sgiadj) R-sq(pred)
0.0346420 11.65% 0.00% 0.00%

Means

CT N Mean 5tDev 95% Cl

CT1 4 83723 00387 (83359, 8.4087)
CT2 4 83961 0.0459 (8.3597, 8.4325)
CT3 4 8.38982 0.01314 (835343, 8.42621)
CT4 4 83894 00263 (83530, 8.4258)
CT5 4 83647 00220 (8.3283, 8.4011)
CT6 4 83799 0.0475 (8.3435, B.4163)

Pooled 5tDev = 0.0346420

Tukey Pairwise Comparisons

Grouping Information Using the Tukey Method and 95% Confidence

CT M Mean Grouping
CT2 4 83961 A
CT3 48380382 A
CT4 4 83804 A
CTe 4 83799 A
CT1 4 83723 A
CT5 4 83647 A

Meons thaot do not share g letier are significantiy different.
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TAMG TRUGNG 12 GICT

One-way ANOVA: 12h versus CT

Method

Null hypothesis All means are equal
Alternative hypothesis Mot all means are equal
Significance level a =005

Equal varignces were assumed for the analysis,

Factor Information

Factor Levels Values
cT 6 CT1,CT2, CT3, CT4, CT5, CTo

Analysis of Variance

Source DF Adj S5 Adj MS F-Value P-Value
cT 5 0.9049 0.18098 855  0.000
Error 18 0.3809 0.02118

Total 23 1.2858

Model Summary

5 R-sq R-sgladj) R-sq(pred)
0.145463 70.38%  62.15% 47.34%

Means

CT N  Mean 5tDev 95% Cl

CT1 4 10,9016 0.0416 (10.7488, 11.0544)
CT2 4 11.2039 0.1371 (11.0511, 11.3567)
CT3 4 11.2114 01457 (11.0586, 11.3642)
CT4 4 11.4877 01355 (11.3349, 11.6405)
CT5 4 11.4429 0.1534 (11.2901, 11.5957)
CTe 4 11.344 0208 (11.192,11.497)

Pooled 5tDev = 0145463

Tukey Pairwise Comparisons

Grouping Information Using the Tukey Method and 95% Confidence

CT N Mean Grouping
CT4 4 114877 A

CTS 47114429 A

CTe 4 11344 A

CT3 4 112114 A B
CT2 4 11.2039 A B
CT1 4108018 B

Means that do not share o letter are significantly different.
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TANG TRUGNG 24 GICT

One-way ANOVA: 24h versus CT

Methed

Null hypothesis All means are equal
Alternative hypothesis Not all means are equal
Significance level a =003

Equal varionces were assumed for the analysis.

Factor Information

Factor Levels Values
CcT 6 CT1, CT2, CT3, CT4, CT5, CTé

Analysis of Variance

Source DF Adj 55 Adj MS F-Value P-Value
cT 5 0.8781 07521 898 0.000
Error 18 0.3510 0.01950

Total 23 1.2271M

Model Summary

S R-sq R-sqgad]) R-sq(pred)
0139647 71.39%  6345% 49.14%

Means

CT N Mean 5tDev 95% Cl

CT1 4 11.0054 0.1180 (10.8588, 11.1521)
CT2 4113951 0.1621 (11.2484, 11.5418)
CT3 4 11.5141 0.1322 (11.3674, 11.6608)
CT4 4 11.5250 0.1315 (11.3784, 11.6717)
CT5 4 11.5342 0.1537 (11.3875, 11.6809)
CTe 4 11.3367 0.1357 (11.3900, 11.6834)

Pooled StDev = 0.139647

Tukey Pairwise Comparisons

Grouping Information Using the Tukey Method and 95% Confidence

CT N Mean Grouping
CTEé 4 11.536T A

CT3 41153424

CT4 4115250 4

CT3 4115141 A

CT2 4113931 A

CT1 4 11.0034 B

Means that do not share a letter are significantly different.
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TANG TRUCING 45 IO

One-way ANOVA: 48h versus CT

Method

MNull hypothesis All means are equal
Alternative hypothesis Not all means are equal
Significance level a =003

Equol varignces were assumed for the analysis.

Factor Information

Factor Levels Values
cT 6 CT1, CT2, CT3, CT4, CT5, CTo

Analysis of Variance

Source DF Adj S5 Adj MS F-Value P-Value
CcT 5 07452 0.14904 623  0.002
Error 18 04305 0.0239

Total 23 11757

Model Summary

S R-sgq R-sqladj) R-sg(pred)
0.154844 63.38%  53.21% 34.91%

Means

CT N Mean StDev 95% ClI

CT1 4 10.9818 0.1067 (10.8194, 11.1443)
CT2 4 11.2175 0.1910 (11.0550, 11.3799)
CT3 £ 11.4839 0.1603 (11.3214, 11.6463)
CT4 £ 11.4638 0.1483 (11.3014, 11.6263)
CT5 4 11.3905 0.1668 (11.2280, 11.5529)
CTe £ 114133 0.1418 (11.2529, 11.5778)

Pooled StDev = (.154644

Tukey Pairwise Comparisons

Grouping Information Using the Tukey Method and 95% Confidence

CT N Mean Grouping
CT3 41148394

CT4 41146828 A

CTe 4 1NM4133 A

CT5 4113905 A

CT2 4 11.2175A B
CT1 4109818 B

Means that do not share a letter are significantly different.
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4.6. Kha niing e ché hai khuin
4.6.1. Uc ché S. aureus

KHAMNG KHUAN <. AUREUS 12 GICH

One-way ANOVA: 12h versus C1

Method

MNull hypothesis All means are equal
Alternative hypothesis Not all means are equal
Significance level o = 0.03

Egqual variagnces were assumed for the analysis.

Factor Information

Factor Levels Values
1 6 CT1, CT2, CT3, CT4, CT5, CT6

Analysis of Variance

Source DF Adj S5 Adj MS F-Value P-Value
1 5 5.983 1.19662 13.77 0.000
Error 12 1.043 0.0869

Total 17 7.026

Model Summary

S R-sg R-sgladj) R-sg(pred)
0.294807 85.16%  T8.97% 66.60%

Means

C1 N Mean StDev 95% Cl
CT1 3 7.597 0.295 (7.226, 7.958)
CT2 3 8.2500 0.1229 (7.8792, 8.6208)
CT3 3 7.7433 01234 (7.3725, 8.1142)
CT4 3 7937 0.389 (7.566, 8308)
CT3> 3 8503 0453 (8132 8874)
CTe 3 9323 0214 (8952, 9.694)

Pooled 5iDev = 0.294807

Tukey Pairwise Comparisons

Grouping Information Using the Tukey Method and 95% Confidence

€1 M Mean Grouping
CTe 3 9323 A
CT5 3 8.503
CT2 3 82500
CT4 3 T7.937
CT3 3 7.7433
CT1 3 7.597

mmmm
[a el e

Meons that do not share a tetter are significantly different.
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KHAMG KHUAN S, AUREUS 24 GIT

One-way ANOVA: 24h versus C1

Method

MNull hypothesis All means are equal
Alternative hypothesis Mot all means are equal
Significance level a =005

Equal varignces were assumed for the analysis.

Factor Information

Factor Levels Values
C1 6 CT1, CT2, CT3, CT4, CT5, CTé

Analysis of Variance

Source DF Adj 55 Adj MS F-Value P-Value
C1 5 68.919 137839 13528  0.000
Error 12 1223 01019

Total 17 70,142

Model Summary

S R-sq R-sq{adj) R-sq(pred)
0.319209 98.26%  97.53% 96.08%

Means

C1l N Mean StDev 95% ClI

CT1 3 116877 0403 (11.275,12.078)
CT2 3 11.8100 0.1513 (11.4085, 12.2113)
CT3 3 13.587 0242 (13.185,13.988)
CT4 3 15283 0311 (14.882 15.683)
CT5 3 161833 0.1206 (15.7818, 16.5849)
CT6é 3 16527 0506 (16.125, 16.928)

Pooled StDev = 0.319209

Tukey Pairwise Comparisons

Grouping Information Using the Tukey Method and 95% Confidence

€1 N Mean Grouping
CTe 3 18527 A

CT5 3161833 A

CT4 3 15283 B

CT3 3 13.587 C
CT2 3 11.8100 D
CT1 3 11677 o]

Means that do not share o letter are significantiy different.
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KHANG KHUAN S, AUREUS 48 GIC

One-way ANOVA: 48h versus C1

Method

Null hypothesis All means are equal
Alternative hypothesis Not all means are equal
Significance level a =003

Equal varignces were assumed for the analysis.

Factor Information

Factor Levels Values
1 6 CT1,CT2, CT3, CT4, CT5, CTo

Analysis of Variance

Source DF Adj S Adj MS F-Value P-Value
C1 5 26,0010 5.20020 8536  0.000
Error 12 073171 0.0e092

Total 17 26,7320

Model Summary

S R-sq R-sgladj) R-sq(pred)
0.246824 97.27%  96.13% 93.85%

Means

C1 N Mean StDev 95% ClI

CT1 3 9.993 0263 (2.683 10.304)

CT2 3 11.1233 0.1002 (10.8128, 11.4338)
CT3 3 11.2600 0.1652 (10.9495, 11.5705)
CT4 3 123767 0.1041 (12.0662, 12.6872)
CT5 3 12.660 0.245 (12.350, 12.970)

CT6 3 13.697 0434 (13.386, 14.007)

Pooled StDev = 0.246824

Tukey Pairwise Comparisons

Grouping Information Using the Tukey Method and 95% Confidence

€1 N Mean Grouping
CTeé 3 13697 A

CT5 3 12660 B

CT4 3123767 B

CT3 3 11.2600 C
CT2 3111233 C
CT1 3 9993 D

Meaons that do not share o letter are significantly different.
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4.6.2. Uc ché E. coli

KHANG KHUAN E. COLI 12 GIT

One-way ANOVA: 12 gid versus NT

Method

Null hypothesis All means are equal
Alternative hypothesis Mot all means are equal
Significance level a =005

Equal varignces were assumed for the onalysis

Factor Information

Factor Levels Values
NT 6 CT1,CT2, CT3, CT4, CT5, CT6

Analysis of Variance

Source DF Adj 5 Adj MS F-Value P-Value
NT 5 56099 11.2197 7266  0.000
Error 12 1.853 0.1544

Total 17 57.952

Model Summary

S R-sg R-sgladj) R-sg(pred)
0.392952 96.80%  9547% 92.81%

Means

NT N Mean 5tDev 95% Cl

CT1 3 6.5467 0.1457 (6.0524, 7.0410)
CT2 3 8023 0446 (7.529 8.518)
CT3 3 7.803 0378 (7.309, 8.298)
CT4 3 8.0933 0.1007 (7.5990, 8.5876)
CT5 310.040 0.715 (9.546, 10.534)
CT6 3 11.963 0.206 (11.469, 12.458)

Pooled 5tDev = 0.392952

Tukey Pairwise Comparisons

Grouping Information Using the Tukey Method and 95% Confidence

NT N Mean Grouping
CT6 311963 A

CT5 310040 B

CT4 3 8.0933 C
CT2 3 8.023 C
CT3 3 7.803 C
CT1 3 65467 [»]

Means that do not share o letter are significantly different.
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KHANG KHUAN E. COLI 24 GIJ

One-way ANOVA: 24 gid versus NT

Methed

Mull hypothesis All means are equal
Alternative hypothesis Not all means are equal
Significance level a =005

Equal variances were assumed for the analysis.

Factor Information

Factor Levels Values
NT 6 CT1, CT2, CT3, CT4, CT5, CTo

Analysis of Variance

Source DF Adj S5 Adj MS F-Value P-Value
NT 5 11.282 22563 1767 0.000
Error 12 1533 03277

Total 17 12.814

Model Summary

S R-sg R-sq{ad]) R-sg(pred)
0357367 88.04%  83.06% 73.09%

Means

MNT N Mean 5tDev 95% ClI

CT1 3 8880 0724 (8.430, 9.330)
CTZ2 3 9047 0241 (8.597, 9.496)
CT3 3 10830 0352 (10.180, 11.080)
CT4 3 9.4000 0.1500 (8.9505, 9.5405)
CT5 3 10.3700 0.1709 (9.9205, 10.8195)
CT6 3 10.8967 0.0924 (10.4471, 11.3462)

Pooled StDev = 0.357367

Tukey Pairwise Comparisons

Grouping Information Using the Tukey Method and 95% Confidence

NT M Mean Grouping
CTé 3 10.8967 A

CT3 3 10630A

CT5 3103700A B

CT4 3 9.4000 B C
CT2 3 97 C
CT1 3 8880 C

Means that do not share a letter are significantly different.
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KHANG KHUAN E. COLI 48 GIJ

One-way ANOVA: 48 gid versus NT

Methed

Mull hypothesis All means are equal
Alternative hypothesis Not all means are equal
Significance level a =005

Equal variances were assumed for the analysis.

Factor Information

Factor Levels Values
NT 6 CT1, CT2, CT3, CT4, CT5, CTo

Analysis of Variance

Source DF Adj S5 Adj MS F-Value P-Value
NT 5 83139 166277 9117 0.000
Error 12 2,188 01824

Total 17 85327

Model Summary

S R-sg R-sq{ad]) R-sg(pred)
0427051 9744%  96.37% 94.23%

Means

MNT N Mean 5tDev 95% ClI

CT1 3 6887 0540 (6349 7.424)
CT2 3 9327 0202 (8.789, 0.864)
CT3 3 109700 0.1473 (10.3728, 11.4472)
CT4 3 12333 0445 (11.816,12.807)
CT5 3 11.743 0296 (11.206, 12.281)
CTe 3 13430 0580 (12.893, 13.967)

Pooled StDev = 0427051

Tukey Pairwise Comparisons

Grouping Information Using the Tukey Method and 95% Confidence

NT M Mean Grouping
CTé 3 13430A

CT4 3 123533 A8

CT5 3 11743 BC
CT3 3 1089100 C
CT2 3 9327 D
CT1 3 8.887 E

Means that do not share a letter are significantly different.
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4.7. So liéu diém danh gia cam quan

Béng 4.1. Mau sac nudc 1én men

appearance | CT1-24h | CT2-24h | CT3-24h | CT4-24h | CT5-24h | CT6-24h
1 2.44 3.68 4.47 7.24 6.27 4.09
2 2.25 4.55 3.30 7.28 5.68 5.40
3 241 4.53 4.86 6.26 6.35 4.06
4 248 3.89 4.62 6.62 5.24 4.25
5 2.14 4.09 5.05 6.73 6.13 4.54
6 2.23 2.05 2.48 6.64 4.32 4.28
7 2.85 2.66 4.55 7.13 7.00 4.95
8 2.38 3.55 4.51 6.50 5.49 4.80
9 2.71 3.98 3.15 6.47 5.99 4.15
10 2.19 3.98 3.85 7.28 5.60 4.36
11 2.92 4.38 3.73 6.78 5.57 4.44
12 1.80 3.75 4.73 7.22 5.55 4.64
13 2.09 1.68 3.80 6.87 6.31 4.12
14 2.17 2.81 4.33 6.63 5.73 4.22
15 2.37 4.13 4.62 6.66 5.99 4.19
16 2.21 4.92 4.24 8.05 6.08 4.12
17 1.98 4.12 4.20 7.34 5.54 4.53
18 2.95 3.11 5.05 6.66 5.18 4.79
19 2.18 3.75 4.28 6.59 5.75 4.63
20 2.16 3.31 3.92 6.76 5.69 5.00
21 1.86 4.09 4.54 6.81 4.90 3.98
22 2.45 2.81 2.99 6.92 7.12 4.22
23 2.11 4.46 2.38 6.56 5.99 4.61
24 2.53 3.12 3.47 8.07 5.79 4.35
25 231 3.38 3.81 7.02 4.87 4.55
26 2.13 4.26 4.43 6.61 6.03 4.20
27 2.26 4.85 3.58 6.79 5.23 4.41
28 2.64 3.60 4.53 7.79 591 4.48
29 2.57 3.79 4.97 8.00 5.61 4.35
30 2.01 3.24 3.22 7.00 5.76 4.76
31 2.37 3.82 2.62 6.76 6.27 4.26
32 2.19 3.82 4.07 6.20 5.29 4.88
33 2.36 3.02 4.42 6.36 6.32 4.52
34 2.66 4.02 3.72 6.80 6.57 4.65
35 2.40 3.81 3.22 7.61 6.63 3.81
36 2.59 4.83 4.61 6.78 5.72 4.69
37 2.35 3.84 3.70 6.91 4.91 4.08
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38 2.34 4.35 5.51 7.03 5.31 4.61
39 2.55 3.02 3.79 6.84 6.02 5.10
40 2.47 221 5.51 6.83 6.72 4.37
41 2.28 2.80 3.71 6.98 6.45 5.14
42 242 3.49 4.21 6.21 6.06 5.04
43 2.27 3.09 5.01 6.19 6.65 4.54
44 2.36 3.84 4.14 7.02 5.49 4.85
45 2.36 1.93 3.88 6.19 5.29 4.51
46 2.35 3.61 4.13 6.25 5.69 4.74
47 2.19 3.62 5.76 7.08 5.90 4.88
48 2.32 3.18 5.47 6.49 6.43 431
49 2.51 342 4.91 7.38 5.69 4.86
50 2.95 4.06 4.93 6.37 6.36 4.64
51 2.48 3.85 342 6.44 5.14 4.52
52 2.60 4.26 4.15 7.52 5.07 4.86
53 2.18 1.59 4.42 6.88 5.63 4.87
54 1.96 4.36 3.21 6.28 4.97 5.05
55 2.49 2.51 3.42 6.37 5.93 5.36
56 2.59 2.27 391 7.56 5.08 4.57
57 2.21 3.39 3.19 7.02 5.94 4.72
58 1.83 1.94 3.87 6.58 5.57 4.27
59 2.29 4.64 2.96 7.10 5.92 4.24
60 2.32 4.93 4.45 6.69 6.23 4.64
61 2.66 3.04 4.24 6.97 4.97 5.15
62 2.39 2.94 4.40 6.46 6.50 4.50
63 3.08 3.06 4.59 4.99 5.32 4.45
64 1.99 3.68 3.95 6.70 6.28 431
65 2.62 3.51 3.66 7.40 6.46 4.99
66 2.29 2.78 3.82 6.61 5.90 4.70
67 2.61 2.60 4.27 6.71 541 4.24
68 2.84 3.73 4.88 5.96 542 4.64
69 2.20 3.06 5.99 7.05 6.22 5.01
70 2.07 4.08 4.63 7.42 5.66 4.29
71 2.22 3.46 5.03 6.56 5.15 4.58
72 2.37 2.94 5.17 6.91 6.19 4.83
73 241 291 4.35 6.42 5.87 4.84
74 2.50 3.13 4.34 7.67 6.06 3.98
75 2.58 2.96 4.56 6.83 5.33 4.34
76 2.86 2.64 3.67 8.02 5.70 4.83
77 2.01 3.59 5.26 6.27 5.94 4.43
78 248 3.82 3.93 7.15 5.47 4.40
79 2.05 4.11 4.62 7.38 6.18 4.28
80 247 2.75 5.00 7.40 5.61 4.91
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81 2.37 3.01 4.07 6.97 6.59 4.69
82 2.36 2.26 5.75 7.62 6.57 4.27
mean 2.37 3.46 4.22 6.87 5.81 4.56
sd 0.26 0.77 0.75 0.52 0.54 0.33
Bang 4.2. Mui huwong nwée 1én men
aroma CT1-24h | CT2-24h | CT3-24h | CT4-24h | CT5-24h | CT6-24h
1 2.70 3.77 4.79 6.21 4.85 5.09
2 3.24 3.79 4.89 6.25 5.47 5.03
3 3.55 3.59 4.38 5.44 4.98 4.41
4 2.60 3.80 4.87 5.57 5.12 591
5 2.64 3.49 5.02 5.53 4.91 5.90
6 2.76 3.31 4.79 5.20 5.44 6.06
7 3.56 3.65 4.82 5.88 4.93 5.21
8 2.83 3.84 4.36 6.08 4.64 5.07
9 293 3.78 4.47 5.55 4.66 4.91
10 3.54 3.84 4.83 5.04 4.39 4.78
11 2.98 3.70 5.40 5.41 5.11 5.87
12 3.06 3.60 4.80 6.34 4.78 5.71
13 4.27 3.71 5.24 6.63 5.02 4.23
14 2.74 3.46 491 5.68 5.18 5.58
15 2.52 3.95 5.05 5.86 5.46 5.22
16 1.99 3.93 4.83 6.03 4.82 5.75
17 2.07 3.85 4.13 6.34 4.55 5.41
18 1.95 3.95 4.96 5.43 4.55 5.20
19 3.30 3.86 5.27 6.41 4.81 5.27
20 2.59 3.94 4.80 5.06 4.45 5.46
21 2.52 3.65 4.92 5.23 5.27 5.14
22 3.66 3.76 4.64 4.93 5.52 5.40
23 1.41 3.58 5.39 5.98 5.50 5.19
24 2.56 3.064 4.70 5.06 4.55 5.81
25 2.12 3.80 4.89 5.18 5.42 5.29
26 3.64 3.59 5.32 6.36 4.59 6.18
27 2.15 3.54 4.95 6.25 4.79 4.99
28 3.65 4.00 4.50 5.29 5.00 5.08
29 2.25 3.77 4.81 5.30 4.98 4.14
30 3.18 3.30 4.88 6.07 4.51 4.94
31 1.69 3.34 4.24 6.10 5.20 5.67
32 1.86 3.54 4.84 5.63 5.20 6.20
33 2.99 3.54 4.97 5.81 4.19 5.89
34 2.69 4.00 4.73 5.20 4.88 5.41
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35 1.95 3.55 4.93 6.06 4.72 5.78
36 2.06 3.97 491 7.22 5.64 5.06
37 2.60 3.55 5.08 5.50 5.09 6.34
38 3.07 3.21 4.82 6.16 5.10 5.15
39 1.75 3.84 5.30 5.58 5.19 5.11
40 2.30 3.83 4.95 6.11 4.79 4.80
41 3.17 3.91 4.87 5.39 5.89 4.81
42 2.74 3.20 4.81 6.73 4.73 4.71
43 2.24 3.50 4.68 6.18 4.69 6.01
44 4.22 3.68 4.83 5.78 4.49 5.06
45 2.35 3.80 4.40 6.00 5.06 5.67
46 2.76 3.60 5.12 6.49 5.10 4.34
47 2.82 3.22 5.02 6.77 5.10 4.99
48 3.83 3.74 5.01 543 4.29 4.96
49 3.57 3.63 4.51 6.69 5.06 4.69
50 2.88 3.29 4.49 5.44 4.82 4.66
51 1.84 3.80 4.26 5.07 5.03 4.93
52 3.61 3.64 4.89 5.24 5.35 5.62
53 2.78 3.54 5.28 5.59 5.11 5.07
54 2.95 3.45 5.20 6.32 5.14 5.71
55 2.30 341 4.62 6.79 4.89 5.28
56 2.25 3.92 4.85 5.68 5.01 4.71
57 2.59 3.45 4.29 6.67 4.86 5.51
58 2.04 3.50 4.77 6.80 5.22 6.04
59 3.79 3.83 4.60 5.95 5.07 548
60 2.46 3.66 4.20 4.46 5.00 6.12
61 3.13 3.57 4.82 6.59 4.51 4.72
62 3.89 4.17 4.61 6.18 5.60 4.70
63 2.95 4.04 4.79 6.29 5.02 5.76
64 2.26 3.72 4.93 5.16 5.69 4.70
65 2.73 3.82 5.02 5.26 5.10 5.77
66 2.38 3.10 5.34 6.81 5.38 6.33
67 2.84 3.53 4.45 6.54 5.24 5.69
68 2.69 3.42 4.49 6.69 4.44 4.56
69 3.57 341 5.09 5.71 5.40 5.67
70 2.87 3.79 4.88 6.20 4.66 5.72
71 2.50 3.63 5.17 5.94 5.04 4.87
72 249 3.52 4.72 5.57 5.11 5.22
73 3.72 3.66 4.94 5.55 5.15 4.81
74 2.32 3.36 5.13 5.93 5.00 541
75 2.94 3.22 5.12 6.01 4.89 4.91
76 2.45 3.53 5.18 6.60 4.64 4.64
77 2.26 3.55 4.89 5.60 5.08 5.41
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78 2.73 3.83 4.68 5.71 4.88 5.48
79 2.63 3.69 4.47 5.49 4.68 5.16
80 3.18 3.70 4.90 5.61 5.28 5.01
81 3.41 3.75 5.13 5.98 5.31 541
82 1.56 3.38 4.13 4.77 5.11 5.18
mean 2.76 3.65 4.83 5.86 4.99 5.28
sd 0.62 0.22 0.30 0.56 0.34 0.50
Bang 4.3. Mau sic nwéc 1én men
flavour CT1-24h CT2-24h CT3-24h | CT4-24h | CT5-24h | CT6-24h

1 3.48 2.95 4.15 7.40 4.48 4.89
2 3.43 2.96 4.11 7.51 5.66 4.24
3 3.48 3.10 3.94 7.31 4.94 4.99
4 3.35 3.22 4.19 7.40 6.24 4.75
5 3.62 2.99 4.41 7.52 541 4.84
6 3.01 2.94 5.60 7.98 4.93 4.79
7 2.76 2.67 3.44 7.16 4.46 5.27
8 3.39 3.18 4.35 7.44 5.09 5.16
9 3.18 2.79 3.94 9.01 5.72 4.87
10 3.38 3.07 4.16 7.63 4.59 5.63
11 2.98 3.19 4.01 8.22 5.09 5.14
12 3.06 3.49 491 8.05 5.14 442
13 3.53 2.97 4.11 8.02 5.09 4.32
14 3.17 2.80 3.76 9.37 5.51 5.34
15 3.68 3.54 4.80 7.16 4.49 5.05
16 4.00 3.10 3.89 7.95 5.83 4.72
17 2.89 3.29 3.98 7.35 591 5.42
18 3.72 3.09 3.79 7.51 6.18 5.89
19 2.75 2.79 4.10 8.09 5.84 5.32
20 3.98 2.55 3.50 9.06 6.54 4.56
21 2.98 2.95 3.03 7.01 6.46 4.80
22 2.73 3.08 3.15 8.11 5.79 5.02
23 3.90 2.98 4.44 7.58 4.94 5.46
24 3.28 3.09 3.75 7.31 5.39 5.38
25 3.76 3.25 4.33 8.26 4.95 5.19
26 3.27 2.93 4.81 6.94 4.51 4.47
27 2.85 2.52 4.33 7.76 4.82 5.01
28 3.41 3.31 4.49 6.24 4.89 4.98
29 3.51 2.75 4.65 7.92 5.49 3.90
30 3.13 2.87 5.15 6.98 5.01 4.84
31 3.47 2.64 4.02 7.64 5.64 5.18
32 3.37 3.31 3.99 8.31 5.71 4.82
33 3.21 2.65 4.07 7.88 4.78 4.50
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34 3.08 2.75 4.53 7.26 5.76 4.18
35 3.76 3.07 4.30 7.38 5.08 4.66
36 3.39 2.67 3.62 7.38 4.99 542
37 3.17 3.07 4.63 7.47 5.20 4.82
38 3.65 2.97 4.47 7.14 5.15 4.40
39 3.06 3.34 4.45 8.44 4.07 5.01
40 3.25 2.97 4.20 6.80 6.18 4.61
41 3.15 3.21 3.72 7.43 6.29 5.33
42 3.75 3.01 4.42 6.49 5.28 5.14
43 2.62 2.69 3.89 8.18 4.89 5.01
44 3.38 341 3.85 6.62 5.01 5.08
45 342 3.12 4.06 7.63 541 5.18
46 3.50 2.88 4.58 8.18 5.54 4.65
47 3.21 3.25 4.12 7.87 5.52 5.06
48 3.43 2.92 3.90 8.01 5.57 5.29
49 2.93 3.14 5.10 7.70 5.27 5.09
50 2.83 3.50 3.96 6.94 4.97 4.49
51 3.51 3.10 3.76 7.37 4.83 4.75
52 3.21 3.20 4.09 6.96 4.36 5.74
53 3.61 2.66 3.78 6.89 5.27 4.50
54 2.71 2.62 4.71 6.85 5.59 5.12
55 3.12 3.03 4.14 8.25 4.62 4.50
56 3.34 2.66 4.42 7.88 5.50 5.31
57 3.16 2.87 4.07 8.17 6.25 4.45
58 3.76 2.93 4.67 7.64 5.24 4.44
59 2.73 3.04 4.22 7.45 5.31 5.73
60 3.39 3.19 4.41 8.14 4.49 4.22
61 3.30 2.81 4.70 7.05 4.78 4.90
62 3.14 3.03 3.31 6.72 5.84 5.21
63 3.28 2.76 4.08 7.62 5.85 4.62
64 3.28 3.38 4.93 6.75 5.17 4.50
65 2.93 2.96 4.83 8.03 5.75 4.84
66 3.15 3.01 4.03 7.48 4.98 4.33
67 3.56 2.95 4.38 7.83 5.82 4.76
68 3.25 291 4.27 7.20 544 4.64
69 3.51 3.15 3.96 7.60 4.29 5.32
70 3.66 3.03 5.49 8.29 6.05 5.39
71 3.67 3.77 3.56 6.83 4.39 5.32
72 3.41 3.02 3.61 7.01 5.72 5.68
73 3.23 3.47 3.98 8.62 4.69 4.58
74 3.39 2.93 3.93 8.58 5.72 4.81
75 3.43 2.66 4.18 6.78 5.46 5.82
76 3.37 3.70 4.10 7.37 4.90 4.61
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77 2.97 3.29 3.38 7.67 5.67 5.21
78 3.13 2.66 4.22 8.47 5.28 4.98
79 2.89 2.97 4.62 6.75 5.93 4.88
80 3.18 2.57 3.98 7.03 4.82 3.95
81 3.43 3.32 3.40 9.12 5.72 4.68
82 3.11 3.08 4.07 7.76 4.89 4.81
mean 3.29 3.02 4.18 7.61 5.30 4.92
sd 0.31 0.26 0.48 0.63 0.55 0.42
Béang 4.4. P§ yéu thich nuwéc 1én men
overall liking | CT1-24h | CT2-24h | CT3-24h | CT4-24h | CT5-24h | CT6-24h
1 4.55 6.01 5.46 7.92 6.75 6.46
2 4.62 7.24 5.90 7.40 6.68 5.66
3 4.69 6.12 4.08 7.77 6.64 6.27
4 4.94 5.83 5.71 8.08 7.27 6.56
5 4.39 6.04 6.02 8.15 6.78 6.07
6 4.84 6.28 7.10 7.88 6.43 6.29
7 4.54 6.48 5.50 7.63 7.71 7.33
8 4.88 5.92 5.29 7.90 7.17 6.41
9 4.70 6.37 5.30 7.81 6.46 7.34
10 4.36 6.45 6.26 8.19 5.72 7.43
11 4.11 5.36 5.32 7.70 6.54 7.17
12 4.68 5.53 5.72 8.67 7.56 6.32
13 4.80 5.69 6.62 8.34 7.35 5.96
14 4.53 6.26 5.46 7.90 5.72 7.17
15 4.78 6.18 5.07 7.66 7.06 7.43
16 4.28 6.22 5.15 8.16 7.04 6.35
17 4.30 6.08 6.73 8.14 5.96 6.39
18 4.89 5.56 6.00 7.96 7.53 6.51
19 4.13 6.58 6.13 7.23 7.48 7.14
20 431 6.07 3.63 8.38 6.82 6.53
21 4.62 6.53 7.05 8.44 6.28 7.09
22 4.43 6.77 6.23 7.76 7.07 6.45
23 4.53 5.78 4.99 7.74 6.54 6.35
24 4.47 5.74 5.44 8.28 6.47 6.75
25 4.74 6.15 5.66 8.27 5.94 6.32
26 4.48 6.44 4.87 7.28 7.27 6.40
27 4.66 5.96 5.97 8.55 7.44 6.37
28 4.96 5.93 3.66 8.39 7.34 6.32
29 4.64 6.28 5.95 7.63 6.87 5.99
30 4.64 6.47 4.13 7.92 6.88 6.85
31 4.28 6.69 5.05 8.10 7.49 6.45
32 4.60 6.10 5.65 8.50 6.81 6.22
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33 4.53 6.07 6.32 7.84 6.77 6.80
34 4.74 6.13 5.31 8.21 7.91 6.60
35 4.72 4.95 5.20 7.51 6.29 6.91
36 4.88 5.65 5.19 8.59 5.88 6.24
37 4.43 5.21 5.76 8.21 7.28 6.76
38 4.62 6.00 6.10 8.19 6.69 7.00
39 4.47 6.71 5.38 7.73 6.27 6.03
40 4.65 6.36 5.83 8.08 7.97 6.50
41 4.98 5.37 6.29 8.29 7.26 6.87
42 4.43 6.12 6.14 8.33 7.12 6.32
43 4.42 6.05 5.09 8.03 7.21 7.55
44 4.15 5.25 4.62 8.48 5.99 7.59
45 4.44 6.82 5.51 8.40 6.60 548
46 4.98 5.97 5.86 8.08 6.84 6.53
47 4.50 5.79 6.16 8.04 6.91 6.90
48 4.61 6.80 6.17 8.91 6.70 6.44
49 4.67 4.99 4.54 8.42 7.15 6.57
50 4.74 5.38 5.18 8.15 8.09 6.80
51 4.70 6.30 5.83 7.34 6.98 6.54
52 4.61 5.95 5.15 8.34 6.63 6.31
53 4.51 6.88 5.39 7.68 6.74 7.32
54 4.83 6.97 5.26 8.06 6.43 6.65
55 4.57 6.65 6.71 7.87 6.36 6.72
56 4.57 6.97 5.68 8.50 7.40 6.43
57 4.34 5.59 6.41 8.41 7.74 6.77
58 4.71 5.55 4.07 8.32 6.30 6.81
59 5.07 5.80 5.67 8.18 5.55 6.51
60 4.55 6.46 7.19 8.08 6.60 6.57
61 4.58 5.12 5.50 8.30 6.55 5.79
62 4.69 4.30 4.79 7.96 6.79 6.79
63 4.54 5.06 5.16 7.92 6.19 5.97
64 4.71 6.22 5.05 7.92 7.22 548
65 4.53 6.05 4.50 7.84 6.05 6.52
66 4.42 4.85 4.81 7.82 5.82 7.08
67 4.48 6.39 5.34 8.26 6.63 6.68
68 4.76 5.14 5.99 8.43 6.99 6.66
69 4.86 6.73 5.01 8.07 6.68 7.02
70 4.50 6.61 5.47 7.96 6.71 6.24
71 4.49 5.08 5.52 7.60 6.52 6.86
72 4.60 6.28 5.28 7.92 6.19 6.69
73 4.44 6.34 6.92 7.79 7.54 6.60
74 5.17 5.66 5.28 8.76 6.97 6.32
75 4.39 5.84 5.11 9.08 6.23 7.42
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76 4.33 7.33 5.55 8.82 7.11 6.32
77 4.85 5.47 542 7.90 7.26 5.52
78 4.50 5.19 5.71 8.64 7.57 6.49
79 4.56 545 5.86 8.08 5.75 6.58
80 4.56 6.56 5.83 8.12 7.29 7.13
81 4.42 5.83 4.97 8.44 7.09 7.00
82 4.52 5.61 5.18 7.93 6.41 7.01
mean 4.60 6.01 5.53 8.09 6.81 6.60
sd 0.21 0.59 0.71 0.36 0.57 0.46
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PHU LUC 5. HINH ANH THi NGHIEM

5.1. S¢i nam C. militaris nudi cay léng
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5.3. Lén men nudéc Lactic s¢i nam Van chi

B. animalis YC-381 P acidilactici NBD8
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5.11. Sac ky dd6 SCFAs nudi ciy probiotic bd sung chiét xuit PS nam C. militaris

L. pentosus NH1
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5.12. Sic ky d6 SCFAs nudi cay probiotic b sung chiét xuat PS nam 7. versicolor

L. pentosus NH1
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5.13. Céy trii dia xac dinh mat dé té bao
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5.14. Kha niing bit gbc tw do ABTS*
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5.15. Nuwéc 1én men lactic
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5.16. Phi¢u danh gia nwéc 1én men lactic
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DAl HOC PA NANG CONG HOA XA HQI CHU NGHIA VIET NAM

TRUONG PAI HQC BACH KHOA Déc lap - Tw do - Hanh phic
$6: 5048 /QP-PHBK Da Néng, ngay <. thang 6 nam 2026
QUYET PINH

Vé viée thanh 1ip Hji dong ddnh gid ludn 4n cip Truong

HIEU TRUONG TRUONG PAI HQC BACH KHOA

Can cir Nghi dinh 56 32/CP ngay 04 thang 4 ndm 1994 cia Chinh phii vé viéc thanh
lap Dai hoc Da Ngng;

Can cir Thong tw s6 08/2017/TT-BGDDT ngay 04 thing 4 nam 2017 ciia Bé truéng
Bé Gido duc va Pao tao vé viéc ban hanh Quy ché tuyén sinh va dao tao trinh dé tién si:

Can cik Théng tie s6 10/2020/TT-BGDPT ngay 14 thang 5 ndm 2020 ciia Bj truomg
B¢ Gido duc va Dao tao ban hanh Quy ché 16 chire va hoat dong cua dai hoc ving va cdc
co 50 gido duc dai hoc thanh vién;

Can cir Nghi quyét so 08/NQ-HDDH ngay 12 thang 7 nam 2021 cua Hoi dong Dai
hoc Da Nang ban hanh Quy ché té chikc va hoat déng cia Pai hoc Pa Néing va 1 Nghi
quyét sé 1 3/NQ-HDDH ngay 07 thang 9 nam 2021 cua Hoi dong Pai hoc Pa Nang vé
viéc suta doi, bé sung mot sé diéu cia Quy ché 16 chirc va hoat dpng ciia Pai hoc Pa
Néng;

Can cik Nghi quyét s6 93/NQ-HDT ngay 18 thang 12 ndm 2023 ciia Hpi dong truong
Truong Pai hoc Bdch khoa ban hanh Quy ché 16 chire va hoat dong cua Truong Dai hoc
Bach khoa, Pai hoc Pa Ngng,'

Cén cir Quyét dinh s6 405/QP-PDHBK ngay 05 thang 3 nam 2019 ciia Hiéu truong
Truong Pai hoc Béch khoa vé viéc ban hanh Quy dinh déo tao trinh dg tién si tai Triong
Dai hoc Bdch khoa, Dai hoc Da N&ng,

Xét To trinh 56 51/TTr-KH ngay 01 thang 6 nam 2026 cua Khoa Hoa vé viée thanh
lap Hgi dong danh gta Iugn én cdp Truong cho nghién ciru sinh Nguyén Thi Bich Hang;

Theo dé nghi ciia Truéng phong Phong Pao tao.

QUYET PINH:

Diéu 1. Thanh 1ap Hoi ddng dénh gia ludn an cdp Trudng cho nghién ciu sinh
Nguyén Thi Bich Hiing, tuyén sinh nim 2020, nganh Céng nghé thuc phdm, mi s6
9540101 v& dé tai “Thu nhdn, ddnh gid hoat tinh prebiotic ciia polysaccharide tir sgi
mi'm (Cordyces militaris, Trametes versicolor) va bwéc diu iing dung sinh khéi trong
ché bién thuc phc;m bé sung” gbm cac thanh vién c6 tén trong danh sach kém theo.

Piéu 2. Hoi dong c6 trach nhiém danh gia luan 4n theo diing Quy dinh cua B6 Gido
duc va Pao tao, Pai hoc Pa Ning va Trudong Pai hoc Bach khoa. Hoi dong tu giai thé sau
khi hoan thanh nhiém vu.

Piéu 3. Truong phong Phong T6 chirc - Hanh chinh, Truéng phong Phong Pio tao,
Truong phong Phong Ké hoach - Tai chinh, Trudng khoa Khoa Hoa, céc thanh vién trong
Hoi déng va nghién ctru sinh c6 tén tai Diéu 1 cin cir uyet dinh thi hanh./. gL/

Noi nhn: ; KB HIEU TRUONG

-Nhu Diéu3; g OHIEU TRUONG

- Hiéu trudng (dé béo cdo); . —
- Cac Pho Higu trudng (dé biét);

- Khoa Hoa;

- Luu: VT, P.DT.

'n-..-.a-f

S. Nguyén Hong Hai



HOC PA NANG CONG HOA XA HQI CHU NGHIA VIET NAM
ARNHOQC BACH KHOA Poc lip - Tu do - Hanh phuc

Y ~ DANH SACH THANH VIEN
7 HOQI PONG PANH GIA LUAN AN CAP TRUONG
em theo Quyét dinh s6 3458 /0P-DHBK ngay 2%... thang 6 nam 2026
cua Hiéu truong Truong Dai hoc Bdch khoa, Pai hoc Pa Ngng)

S ;o A . TRACH NHIEM
T HOQ VA TEN, NOI CONG TAC TRONG HOI PONG
Moi GS. TS. Lé Vin Viét Man ’ ‘
1. [ Truong DPai hoc Bach khoa, Pai hoc Quoc Gia Chu tich Hoi dong
Thanh phd Hb Chi Minh
Moi PGS. TS. Nguyén Quang Vinh .
% | Trudmg Dai hoe Ty Nguyén Fhedn S|
TS. Nguyén Thi Péng Phuong -
3 | Trutg Dai hiop Bich kiwa, Pt hoe B4 Ming Fhin. D2
4 | Moi GS. TS. Tran Thanh Tric Phin bién 3
" | Pai hoc Cin Tho tel
5| M&iPGS. TS. V5 Van Quéc Bo , s 1
" | Truong Pai hoc Nong Lam, Pai hoc Hué Y
5. | Moi PGS. TS. Trinh Dang Mau ] ————
" | Trudong Pai hoc Su pham, Pai hoc Pa Nang Y
TS. Mac Thi Ha Thanh s rras 4k
% Trudng Pai hoc Bach khoa, Pai hoc Pa Ning e b i, 00w

Hoi dong goém c6 7 thanh vién. W

Théng tin vé dé tai ludn 4n va Nghién ciru sinh thuc hién:
Nghién ctru sinh: Nguyén Thi Bich Hang
Tén dé tai luin 4n: Thu nhén, ddnh gia hoat tinh prebiotic ciia polysaccharide tir sgi nim
(Cordyces militaris, Trametes versicolor) va buéc diu img dung sinh khéi
trong ché bién thye phim bd sung
Giang vién huéng dan:
- PGS. TS. Ping Minh Nhit, Truwong Pai hoc Bdch khoa, Dai hoc Da Ning
- TS. Nguyén Hoang Diing, Vién Sinh hoc Nhiét déi - Vién Han lam Khoa hoc va
Céng nghé Viét Nam




DAI HOC PA NANG CONG HOA XA HQI CHU NGHIA VIET NAM
TRUONG PAI HOC BACH KHOA Doc 1ap — Tw do — Hanh phiic

NHAN XET LUAN AN TIEN SI

Ho tén nguoi nhan xét: Lé Vin Viét Man

Hoc ham: Gido su Hoc vi: Tién si

Chuyén nganh: Cong nghé thuc phdm

Co quan cong tac: Truong Dai hoe Bach khoa — PHQG Tp.HCM

Dia chi: 268 Ly Thuong Kiét, Phuong Dién Hong, Tp. H6 Chi Minh
Ho va tén nghién ctru sinh:  Nguyén Thj Bich Hing Tuyén sinh nam: 2020
Chuyén nganh: Cong nghé thuc pham Mi sb: 9540101

Tén ludn an: Thu nhén, dénh gid hoat tinh prebiotic ctia polysaccharide tir

soi ndm (Cordyces militaris, Trametes versicolor) va budc dau
imng dung sinh khoi trong ché bién thuc pham bo sung

Y KIEN NHAN XET
L. Tinh cAp thiét, thoi sw, ¥ nghia khoa hoc va thye ti#n ciia d& tai luin 4n
Ném dugc liéu giau cac hop chat ¢6 hoat tinh sinh hoc; cac hop chat nay dugc sir dung ngay
cang pho bicn trong nganh cong nghiép duoc pham, thue pham bo sung va thuc pham hé trg
sirc khoe. Dén nay da ¢6 nhiéu cng bo vé phuong phap tréng nam dugc liéu, trich ly - tinh
sach cac hoat chat tr nam dugc liéu va phét trién nhém thye pham ho trg strc khoe cé cht’ry A

hoat chit sinh hoc tir nAm duoc liéu.

Luan an nay sir dung mot cach tiép can méi: nudi cay ndm duoc liéu trén moi truong long
thu nhén sinh khéi va tich chiét polysaccharide tir sinh khéi nim dé tao ché pham c6 hog
tinh prebiotic. Huong nghién ctru ndy c¢6 y nghia khoa hoc va thuc tidn cao trong viéc gop Oo,y
phan phat trién nhém nguyén liéu ché bién va san phim hd tro sire khoe cho nguoi tieu dung. G 4

2. Sy khing tring lap cia deé tai, so li¢u, két qua nghién ctru, két luiin cia ludn 4n véi
- A e ~ - A - ~ 5 -

cac de tai, ludn vin, luin 4n, cong trinh khoa hoc khic

Noi dung va két qua nghién ciru trong ludn an nay khéng trung 13p véi cac dé tai, ludn van,

ludn an va cong bo khoa hoc trude day.

3. Sw phu hop giira dé tai ludn 4n v6i ma sé nganh

Tén dé tai la phu hop véi ndi dung nghién cttu cta luén 4n. Noi dung nghién ctru trong luan
an co thé xem 12 phu hop véi chuyén nganh cong nghé thuc phim.

4. Tinh trung thue, rd rang va day di trong trich din

Luén an duge viét theo dung quy dinh cta mot tai liéu khoa hoc: phé‘m trich dan duoc thuc
hién rd rang va day du.

5. Sw phén dnh két qua ludn 4n trong nhirng cong trinh da céng bd

Danh muc cdc céng trinh da cong bo cla ludn an co 4 bai bdo khoa hoc. Két qua trong bai
bdo dau tién “Developing a heath-supporting fermented lactic beverage from oyster



2

mushrooms “Pleurotus ostreatus” khong c6 trinh bay trong ludn én nén bai bao nay khong
dugce xem la két qua cua ludn an. K&t qua cua 3 bai bao con lai déu 1a két qua cia luan an.

Ngoai ra, danh myc cac cong trinh cong b6 ciia ludn an con c6 mét quyén sach chuyén khéao
do nghién ctru sinh va mot s6 tac gia khac cung bién soan. Tuy nhién, hé so khong dinh kém
quyén sach va khong ¢6 glorl thi¢u nhng ndi dung ma nghién ctru sinh da viét trong quyén
sach nén khong thé dénh gia dugc cong bé nay co phai 1a két qua ctia luén dn hay khéng.

6. Tinh hién dai, hop ly, do tin cdy ciia phwong phap nghién ciru

Lu@n én su dung ca phuong phap nghién ciru thuc nghiém cb dién 1an phuong phap quy hoach
thuc nghiém. Céch thiét ké thi nghiém 1a phi hop véi muc tiéu nghién ctru ciia luan an. Nhitng
phuong phap phén tich sir dung trong ludn 4n la nhimg phuong phap phén tich thong dung
hién nay va c6 do chinh xac kha tét. Céc thi nghiém duoc lap lai dé lay gia tri trung binh; két
qua duge xtr 1y thong ké day da nén s liéu thu dugce 1a dang tin cdy.

A > oA - re o A -
7. Ket qua nghién ciru méi cua luan an
Nhitng két qua nghién ctru mdi cua luan an nhu sau:

- D x4c dinh mdt s6 diéu kién téi wu nhu ham lugng glucose va chat chiét nam men, pH
ban dau ctiia moi truomg nudi cay dé ham lugng sinh khoi va polysaccharide tir hai loai
nam Cordyceps militaris va Trametes versicolor dat gia tri cyc dai.

- Da danh gid hi¢u qua quy trinh trich ly sr dung 3 giai doan voi 3 loai dung moi khac nhau
dé thu nhan polysaccharide tir sinh khdi ctia hai loai nim Cordyceps militaris va Trametes
versicolor.

- Pi so sanh hoat tinh khang oxy hoa va hoat tinh prebiotic cua cic phdan doan
polysaccharide tir quy trinh trich ly nhiéu giai doan ndi trén.

- Budc déu khing dinh polysaccharide thu dugc tir Trametes versicolor ¢6 hoat tinh
prebiotic trong qua trinh [én men lactic dich chiét nAm bao ngu.

8. Nhirng thiéu sot ciia luin 4n vé ndi dung va hinh thirc
Chuong M¢ déu

- Muc tiéu tong quat ctia ludn an (trang 3) ¢6 nhic dén “san pham thuc pham dinh hudng
chirc nang” 1a khong pht hop véi tén ctia luan an “thyc pham b6 sung” nén can dugce hiéu
chinh lai. Trong phin muc tiéu cu thé (trang 3), ndi dung vé “khao sat kha nang g dung
sinh khéi...” can dugc stra lai 1a “dénh gia tiém nang st dung sinh khéi..

- Pham vi nghlen cuu ¢co nhac lai “dbi tuong nghién ciru” " (trang 3) la khong phu hop nén
can bo di. Bén canh do, can trinh bay pham vi nghién ctru vé qua trinh 1én men thu sinh
khdi va polysaccharide, trich ly va phat trién san phdm nudc udng 1én men lactic.

- Phén phuong phap nghién ctru can dugc hiéu chinh lai, dic biét 1a bd sung phuong phap
thue nghiém c6 dién va phuong phap bé mat dap ung dé thiét ké thi nghiém, phuong phap
phén tich héa ly, vi sinh va phuong phap xu ly s6 li¢u dé danh gia chat luong san pham
(trang 4).

Chuong Péi tugng va phuong phap nghién ciru

- Mot §é thi nghiém chua giéi thiéu quy mé va can duge bo sung: Vi du nhu trong ndi dung
1, the tich m6i truong st dung cho moi nghi¢m thirc [én men 13 bao nhiéu; trong ndi dung
3, khoi luong qua thé ndm bao ngu sur dung dé thu dich chiét la bao nhiéu: thé tich dich
chiét dé 1én men la bao nhiéu.



Chuong Két qua va ban luan
Muc 3.2.4.4 cho thay ti 1¢ phén giai polysaccharide tir nam sgi béi ché phim alpha amylase
dao dong tir 2 dén 14% (trang 105- 106). Thong thuong, cac prebiotic khong b1 thuy phan
bdi alpha amylase trong hé tiéu hoa. Do do, can giai thich va bién luan thém vé két qua da
thu dugc.

Viéc dé xuat quy trinh. ché bién nudc uéng nam bao ngu bd sung sinh kh01 nam van chi
(trang 126) 1a khong can thiét vi muc tiéu ludn an khoéng c6 muc de Xuét quy trinh. Hon
nita, mot so cong doan trong quy trinh chua dugc nghién ciru dé t6i wu hoa cac théng sb
cong nghg.

Mot sb gop y thém cho nghién ctru trong tuong lai

- Khi déanh gia kha néng e ché vi sinh vét bing phuong phép dd dia thach, cAn c6 mau déi
chimg am va duong dé so sanh voi két qua thuc nghiém.

D¢ chinh pH trong cdc qua trinh 1én men thue phém, cin han ché sir dung dung dich HCI
hoac NaOH.

A - A - A ~ - A A - - s peA A A r
9. Nhin xét vé cic cong trinh da cong bo caa tdc gii lién quan dén luin 4n

Két qué nghién ctru cua luan an da cong b 1 bai trén tap chi Mycobiology (Scopus Q2 thudc
linh vyc Infectious disease), 1 bai trén tap chi Journal of Applied Biology and Biotechnology
(Scimago Q2 thude linh vyc Agronomy and Crop Science va Q3 thudc linh vire Food Science)
va 1 bai trén Tap chi Cong thuong (Thu¢e danh muc cua HDGSNN nganh Cong nghé thuc
pham) Cac bai bao co chit lugng kha t6t va vuot yéu clu vé sb lugng va chét lwong bai bao
dbi véi mot luan an tién si.

10. Sy phan 4nh trung thanh ndi dung co bén cia ludn 4n trong cuén Tém tit ludn 4n

Tom tat ludn éan phan anh ndi dung co ban cua luan an.

11. Birh gid ndi dung gidi trinh cia nghién ciru sinh vé nhin xét cia phan bién doc lap\
Cac van dé dat ra ciia phan bién doc lap duoc nghién ctru sinh giai trinh day dua va hop ly. rz“
12. Két luin Sl .

Luan 4n da dap ung tdt cac yeu cau chung cua mgt LATS. Sau khi hiéu chinh luén 4n theo &/
nhiing ¢op y ¢ trén, nguoi viét nhan xét dé nghi cho phép NCS duge bao vé luan an trude h
ddng cap truong. :

Xdc nhén cia co quan Ngay 08 thang 07 nam 2026

quéan ly Nguwdi nhan xét
Xeabde g L& Vi el Ay /{W‘u"/
B VCNLD Trudng Dai hoc Béch khoa, PHQG-HCM

1L, HIEU TRUC)NG GS.TS. Lé Van Viét Man
TRUONG PHONG




_ DATHOC DA NANG CONG HOA XA HOI CHU NGHIA VIET NAM
TRUONG DAl HOC BACH KHOA DPoc lap — Tu do — Hanh phiic

NHAN XET LUAN AN TIEN Si

Ho va tén ngudi nhin xét: Tran Thanh Tric

Hoc ham: Gido su Nam phong: 2025
Hoc vi: Tién si Nam cong nhan: 2014

Chuyén nganh: Vi sinh vat hoc

Co quan cong tac: Vién Cong nghé Sinh hoc va Thuc pham, Pai hoc Can Tho

Trach nhiém trong Hji dong: Phan bién 3

Tén nghién ciru sinh: Nguyén Thi Bich Hang

Tén dé tai ludn an: Thu nhan, danh gia hoat tinh prebiotic ctia polysaccharide tir soi nam
(Cordyceps militaris, Trametes versicolor) va bude dau img dung sinh khéi trong ché bién
thue pham bo sung

Y KIEN NHAN XET
1. Tinh cép thiét, thoi su, v nghia khoa hoe va thue tién ciia dé tai ludn 4n

Dé tai lya chon hudng khai thac sinh khoi hé soi ndm nudi cdy dich thé dé thu nhan
polysaccharide ¢6 tiém nang prebiotic, dong thoi bude diu ing dung sinh khdi trong ché
bién d6 udng 1én men. Hudng nghién ciu phu hop v&i xu thé phat trién ngudn nguyén licu
chirc ning c6 ngudn goc tu nhién, chi dong vé qua trinh san xudt va c6 kha nang kiém soat
chét lwong tot hon so véi vice phu thude hoan toan vao qua thé nam.

Viée nghién ctru dong thoi hai loai Cordyceps militaris va Trametes versicolor c¢é y
nghia vi hai loai nay chira cac nhom polysaccharide ¢6 gia tri va c6 tiém nang sir dung trong
thuc pham dinh hudng hd tro sie khoe. Nudi cdy dich thé cho phép rat ngin thoi gian thu
sinh khoi, kiém soat pH, ngudn carbon va nitrogen, déng thoi tao diéu kién nghién ctru moi
lién hé gitta diéu kién nudi cdy voi su tich Iy polysaccharide.

Vé khoa hoc, luan an cung cap bo dir liéu lién l\et tir t6i wu hoa nudi cdy, chiét xuat
tudn ty cac phan doan polysaccharide, danh gid kha nang kich thich probiotic, chi sé
prebiotic, tao acid béo mach ngan va kha nang khang thuy phan boi o-amylase, dén thu
nghiém (ng dung sinh khoi trong san pham nudc nam Bao ngu 1én men. Vé thuc tién,
nghién ciru cho thay kha nang st dung sinh khdi hé soi ndm nhu mot thanh phan nguyén liéu
cho thuc pham [én men.

Tuy nhién, pham vi v nghia can duge xac dinh dung: luan an chu yéu cung cap bang

chimng vé ti€ém nang prebiotic in vitro va kha nang ang dung ban dau ¢ quy mo phong thi



nghiém. Céc két qua chua du dé khang dinh hiéu qua sinh 1y trén vat chu, loi ich sire khoe
trén nguot hodc kha nang thuong mai hoa da duge chimg minh.
2. Sw khéng tring lip cta dé tai, s liéu, két qua nghién ciu va két luin

Cac hudéng nghién ciru vé nuoi cay dich thé nam, chiét xut polysaccharide, danh gia
hoat tinh chéng oxy hoa. tiém nang prebiotic va phat trién do udéng 1én men da duoc cong bo
trén thé giGi. Vi vy, tung ky thudt hodc timg ndi dung riéng 1& cua ludn 4n khong phai la
hoan toan méi. S

Tuy nhién, luan an cho thz“iy khong co dau hiéu trung 1ap toan bd vé thiét ké nghién
curu, hé théng so licu va két ludn voi mot ludn an hodc cong trinh khoa hoc khac. Tinh riéng
cia ludn an thé hién & cach két néi tuong doi hé tlléllg gitra: (1) xac lap diéu kién nuoi céy
dich thé cho hai chung nam: (ii) chiét xuat tuan tu b?mg nude néng, kiém va acid: (111) danh
gi4 nhiéu chi dau prebiotic in vitro: va (iv) Iva chon sinh khoi 7. versicolor dé bude dau phat
trién san pham nude ndm 1én men.

3. Su phtt hop gitra dé tai ludn 4n véi chuyén nganh va mi sé nganh

Pé tai phu hop voi chuyén nganh Cong nghé thue pham, ma s6 9540101, Noi dung bao
gom cong nghé nuoi cay dich thé, thu nhan hop chat tir nguyén liéu sinh hoc, t8i wu hoa qua
trinh, danh gia tinh chat chie nang in vitro va phat trién san pham thuc pham 1én men. Day
déu 1a cac noi dung thude linh vuce cong nghé thuc pham, cong nghé 1én men va phat tri¢n
nguyén liéu thuc pham chirc nang.

Tuy nhién, van phong can tiép tuc giir dung trong tdm nganh Cong nghé thyc pham.
Cac noi dung lién quan dén chéng ung thu, diéu hoa mién dich, phong bénh hodc cai thién
stre khoe chi nén duge sur dung lam boi canh tir tai liéu tham khao. khong nén dién giai nhu
két qua duoc chimg minh truc tiép boi luan an.

4. Tinh trung thuc, ré rang va diy du cua viée trich din tai lidu

Luan an str dung hé thong tai liéu tham khao twong d6i phong phu, gdm céc cong trinh
vé nam duoc licu, polysaccharide nam, nuéi cy dich thé, prebiotic, probiotic, chiét xuat va
thuc pham Ién men. Tai liéu duoc st dung trong phan tong quan, phuong phap va thao luan
kha day du, cho thiy nghién ciru sinh di c6 su cdp nhat va ké thira két qua nghién ciru lién
quan,

NCS céan kiém tra tiép tuc su théng nhat gitra cach viét tén loai, tén tap chi, DO, kiéu
trinh bay tén tac gia va cac tai licu mang tinh nén tang vé dinh nghia prebiotic. Cac nhan
dinh nhu “khong bi tiéu hoa™. “kich thich chon loc”, “hiéu qua cao”, “an toan” hodc “san
sang thuong mai hoa™ can ¢é ngudn trich dan phu hop va phai duoc gioi han dung theo loai
bang chimg.




5. Su phén dnh két qua cua ludin 4n trong cic cong trinh di cong bo
Theo danh muc ho so. nghién ciru sinh c6 04 cong trinh lién quan truc tiép dén luan 4n va
dimg tén dau trong cac cong trinh nay. Hai cong trinh tap trung vao hoat tinh prebioticcua
polysaccharide tir hé soi (" mulitaris; hai cong trinh lién quan dén san pham nudéc nam 1én
men va tmg dung sinh khoi 7. versicolor. Ngoai ra, nghién ciru sinh tham gia cac dé tai khoa
hoc va sach chuyén khao lién quan dén polysaccharide hé soi nam.

Cac cong trinh dé cdong bo phan anh duge hai hop phan quan trong cua ludn 4n 1a danh
gia polysaccharide tir (. militaris va phat trién do udng 1én men bd sung sinh khoi
1. versicolor.

6. Tinh hién dai, hop Iy va d§ tin cfly cua phuwong phédp nghién ciru

Luéin an st dung cach tiép can gém khao sat don yéu 16, quy hoach thuc nghiem Box-
Behnken va tdi wu hoa da muc tiéu ddi v6i sinh khéi va ham luong polysaccharide; chiét
Xudt tudn tu bang nude nong, kiém va acid; danh gia polysaccharide bang phuong phap
phenol-sulfuric; quan sat hinh thai bé mat b?mg SEM; danh gia ABTS, kha néng kich thich
cac chung probiotic, chi s6 PI. SCFAs, khang thuy phan boi a-amylase va hoat tinh khang
khuan cia dich nuéi cdy. Phan (mg dung co theo doi mat do L. plantarum. pH. acid téng sb,
chdng oxy hoa, khang khuan, cam quan va mot so chi tiéu an toan.

Hé thong phuong phap cé tinh lién két va nhin chung phu hop vdi muc tiéu nghién
ctru. Viée ¢o s6 liéu lap, phan tich phuong sai, mo hinh hoi quy, thi nghiém kiém chimg va
phu luc théng ké 1a co so hd tro do tin cay cua két qua.

Tuy véy, can nhan dién o gidi han coa tung phuong phéap. Phuong phap phenol-
sulfuric phan anh carbohydrate tong cua phan doan the quy doi theo glucose, chua xac dinh
do tinh sach, khoi luong phan tu. thanh ph?m monosaccharide, kiéu lién két hodic ciu tric
phén tir. SEM chi mo ta hinh thai bé mat sau lam kho, khéng thé dung don doc dé giai thich
cau tric hoa hoc hoac quan hé ciu truc—hoat tinh.

Quy trinh chiét tuan tu ¢6 wu diém thu hoi lién tiép cac phan doan co do tan khac nhau,
nhung thir tu chiét dong thoi tao ra véu t6 nhidu: phédn doan acid dugc thu tir phan cin da trai
qua nudc néng va kiém, nén su khac biét hoat tinh c¢6 thé lién quan dong thoi dén dac tinh
ban dau ctia polysaccharide, su lam giau twong déi va bién doi do cac bude xur ly trude. Vi
vdy, chua di co so dé quy toan bé su khac biét cho ban chét cia dung moi hodc cdu tric
riéng cua phan doan.

Mo hinh prebiotic hién sur dung cac chung vi khuan don 1¢ va méi danh gia mot phan
kha nang khang thuy phan bang a-amylase. Ddy la bang chung phu hop cho sang loc tiém
nang /in vitro, nhung chua dai dién day du cho tiéu hoa miéng—da day-rudt non va lén men
dai trang boi hé vi sinh vat phire hop.

7. Két qua mai va dong gop cua lujn an
Cac dong gop co thé duoc ghi nhan ¢ cac ni dung sau:
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— Xac 1ap duoc cac dicu kién nudi cdy dich thé thich hop dé dong thoi hudng tdi nang
suat sinh khoi va ham luong polysaccharide cua hai chung C. militaris va 1. versicolor.

- Xay dung dugc bo dur licu so sanh cac phan doan polysaccharide thé thu theo trinh tu
nude néng — kiém — acid, kém theo hinh thai bé mit, kha nang chéng oxy hoa va cac chi diu
prebiotic in vitro.

— Cung cap bang chimg cho thdy mot sb phan doan, dac biét phan doan thu & budc
acid, c6 chi s& PI va kha nang ho tro tao SCFAs dang chu v déi véi mot s ching probiotic
trong diéu kién khao sat.

~ Bude dau xay dung dugc san pham nude ndm Béo ngu 1én men lactic ¢6 bo sung
sinh khoi 7. versicolor va xac dinh duoc diéu kién bd sung, thot gian lén men phu hop ¢ quy
mo phong thi nghi¢m.

Diém mdi cua ludn an chu _véu nam & cach tiép can tich hop va bo dir liéu thue nghiém
d6i voi sinh khéi hé soi hai loai nam trong dicu kién nghién ciru cu thé. Luan an chua xéac
dinh cau trac phan tir hoan chinh, chua phat hién polysaccharide mai va chua chimg minh
hiéu qué prebiotic in vivo. Do do, cac dong gop mdi can duoc dién dat 14 tiém ning prebiotic
in vitro va img dung ban dau, khong nén nang thanh bang chimg diy du vé hicu qua sinh ly
hodc thuong mai hoa.

8. Nhing thi¢u s6t va ndi dung cin tiép tuc hoan thién

8.1. Phan dit vin dé va tong quan

— Phan dat van dé con mot so phat biéu rong vé bénh man tinh, ung thur, mién dich va
loi ich sirc khoe. Cén rit gon va tap trung vao khoang trong nghién citu vé polysaccharide tur
hé soi nam, tiéu chi prebiotic va tng dung trong thuc pham.

— Cén trinh bay cén bang hon gifta wu diém va gidi han cia chiét tuan tu HWE-AE-—
AEc, nhat 1a nguy co thuy phan, khi acetyl, bién doi khoi lwong phéan tir hodc 1am thay doi
hoat tinh khi tiép xuc voi kiém va acid.

— Téng quan vé phan san pham can nhan manh co sé Iya chon nén dich chiét ndm Bao
ngu, vai tro cua L. plantarum, tinh séng cua probiotic, 6 6n dinh va yéu cau cam quan cua
do6 udng 1én men.

8.2. Phin phuong phap nghién ciru

—Lam 13 ba lan lap o tung thi nghiém la ba mé nudi cz"iy/chiét xuat/lén men doc lap hay
1ap phan tich trén cung mot me.

- Ddi véi phuong phap phenol-sulfuric va DNS, can mo ta day du mau trang, mau nén,
kha nang nhiéu cua duong tu do va cach hiéu chinh.

— Pbi v&i SCFAs. can néu o duong chuan., ¢101 han dinh lugng, hi¢u suat thu hoi, mau
tring moi truong va cach tinh phan SCFA hinh thanh do sir dung phan doan PS.



- DPdi véi khang khuan cua dich nuéi /. plantarum, can phan biét anh huong cua
pH/acid hitu co voi bacteriocin, hydrogen peroxide hoac cac chat chuyén hoa khac: néu chua
c6 thi nghiém trung hoa pH va xir ly enzyme thi khong nén két luin co ché.

~ Céc théng s6 nudi cdy duoce tdi wu méi g6m pH: glucose va cao ndm men trong dicéu
kién thiét bi ¢6 dinh. Khi dinh huéng mo rong quy mé can thao luin thém vé oxy hoa tan,
kLa, hinh thai pellet, cong sudt khuay va truyén khoi.

8.3. Phin két qua va thao luin

— Khong nén goi cac phan doan 1a polysaccharide tinh sach hodc suy luan cau tric chi
tiét khi chua c6 s6 liéu do tinh sach, thanh phﬁn monosaccharide, FTIR/NMR, khéi luong
phan tir va kiéu lién két.

— Can dién giai than trong nhan dinh phan doan acid c6 hoat tinh tot nhat, vi quy trinh
chiét tuan tu khong tach riéng hoan toan anh hudng cua dung moi, thir tu xir Iy va su bién
ddi hoa hoc ctia mau.

— Céc chi s6 tang truong probiotic. PI, SCFAs va khang u-amylase nén duoc tong hop
thanh chudi bang chiung ho tro tiém nang prebiotic in vitro; timg chi tiéu riéng 1é khong du
dé xac nhan mot chat 1a prebiotic theo nghia day du.

— Nén tang thao ludn vé mbi lién hé gita lugng PS bo sung, mic ting sinh khoi
probiotic, lugng co chat duge sur dung va hiéu sudt tao timg SCFA, thay vi chi so sanh gia tr1
cudi.

— Can giai thich o su twong thich giita mét do /. plantarum cao trong qua trinh Ién
men véi két qua kiém nghiém tong s6 vi sinh vat hiéu khi cua san pham; néu 10 mau gui
kiém nghiém la san pham con té bao song hay da xir Iy sau 1én men.

8.4. Phin \ing dung séan phim

— Két qua hién chi 1a bude dau & quy mé phong thi nghiém. Chua ¢6 dit liéu bao quan
dé chimg minh kha nang duy tri mat do probiotic, hoat tinh sinh hoc, cam quan va an toan
trong sudt thoi han su dung. _

~ Can tach & dong gop cua sinh khéi 7. versicolor, dich chiét nam Bao ngu va qué
trinh 1én men lactic. Thiét ké hién tai chua chimg minh day du thanh phan nao la nguyén
nhan chinh cua hoat tinh chong oxy hoa va khang khuan cua san pham.

— Mire b6 sung 0.6% can duoc giai thich dua trén cin bang giita hoat tinh, kha ning Ién
men, mui vi, dd duc va mic chap nhin cam quan: khong chi dua trén mot chi tiéu don le.

— Céc cum “san pham giau probiotic”, “dat tiéu chuan”, “san sang chuyén giao” hoac
“thuong mai hoa” can glam muce khz‘mg dinh néu chua co dir liéu 6n dinh nhiéu 10, thoi han

str dung va danh gia nguoi tiéu dung.



8.5. Két luan, dong gop méi va hinh thic trinh bay

~ Két luan can phan anh ding gid1 han cuia mo hinh in vitro va tranh suy rong sang
hiéu qua suc khoe trén nguoi.

— Phén dong gép mai nén dung cac cum “xac lap diéu kién™, “cung cﬁp bo dur ligu™,
“chitng minh tiém nang in vitro™ va “bude dau ing dung”; khong nén dung “lam sang to cu
trac”, “phat trién thanh cong san pham thuong mai” hodc “chirmg minh hiéu qua strc khoe”.

— Tiép tuc ra soat 16i chinh ta, thong nhat thuat ngir polysaccharide/polysaccharides,
prebiotic/probiotic, khang oxy hoa/chong oxy hoa, ky hidu P/p, don vi, tén loai in nghiéng
va cach danh so bang/hinh.

— B6 sung mot doan riéng vé gidi han nghién ciu trude phan kién nghi dé ngudi doc
nhén dién rd nhimg ndi dung da chimg minh va nhiing ndi dung can tiép tuc nghién ciru.

9. Nhiin xét vé cic cong trinh da cong bd cia tac gia lién quan dén luin 4n

Hé thong cong trinh cong bd ¢6 lién quan truc tiép dén luan an va thé hién nghién ciru
sinh ¢6 vat tro chinh trong trién khai nghién ciu. Cong trinh trén Mycobiology phan anh
phén t6i uu hoa va phat trién dd udng 1én men c6 bo sung sinh khéi 7. versicolor, cong trinh
trén Journal of Applied Biology & Biotechnology va bai bao trong nudc phan anh tiém nang
prebiotic cua cac phan doan polysaccharide tur C. militaris; cong trinh hoi thao phan anh giai
doan phat trién nén do uong 1én men.

Cac cong bo ¢6 gia tri hd tro tinh kiém chimg va mie dd hoan thanh nghién ciru.

10. Sw phan anh trung thuc ndi dung co ban cta ludn 4n trong cudn tom tit

Toém tit phan anh tuong doi day du cau tric nghién ciru, muc tiéu, phuong phap va cac
két qua chinh cua toan van. Cac diéu kién toi vu nudi cdy, két qua chiét xuat. hoat tinh
prebiotic in vitro va ndi dung img dung san pham duoc trinh bay thong nhét vé dinh huong.

Tuy nhién, tom tat van con mot sé phat biéu manh nhu polysaccharide “khéng bi tiéu
hoa & da day”, kha nang kich thich chon loc “rat hiéu qua”, hodc lién hé truc tiép va1 giam
ung thu va phong bénh. Can rit gon cac ndi dung nay va gidi han két luan & cac bang chimg
truc tiép cua luan an.

Ban tiéng Anh cian tiép tuc hidéu dinh cac thudt ngit mycelia/mycelium, food
supplement/functional food. prebiotic potential va health-supporting dé tranh dién giai vuot
qua dir ligu.

11. Panh gid viée tiép thu va gidi trinh y kién phan bién doc lap

Béi chiéu voi cac y kién da néu o gial doan phan_bién doc lap, nghién ciru sinh da thé
hién thai do tiép thu nghiém tic. Nhiéu 161 vé hinh thire. danh phap khoa hoc. thuat ngir. don
vi, trinh bay bang/hinh va su théng nhat s6 liéu da duoc ra soat. Nghién ciru sinh cling da bo
sung thao luan vé 2101 han cua mo hinh in vitro, co so Iva chon 7. versicolor cho phz‘"m irng

dung, dé phu hop cua mo hinh t6i wu va mot so so sanh voi nghién ciru quoc te.
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Cac chinh stra gitp ban ludn an hién tai 1o hon vé pham vi nghién ctu va logic trinh
bay. Dic biét, viée bo sung cac cum “in vitro”, giam mic khing dinh vé hiéu qua suc
khoe va giai thich ly do lua chon cong thire san pham la nhitng tiép thu phu hop.

Tuy nhién, mot 56 gop y ¢o tinh ban chét chi ¢6 thé duoe xur ly & muc nhan dién
2101 han va diéu chinh cach dién dat. vi khong c¢o thém dr héu thue nghiém. Cac van
dé nay gém: dac trung cdu tric phan tir cua polysaccharide, anh huong riéng cua tung
budc trong chiét tudn tu, md hinh tiéu hoa—lén men dai trang, co ché khang khuan, do on
dinh bao quan va kha nang m¢ rong quy md. NCS luu y b sung va nhan manh day la
gi61 han clia nghién ctru va khong sir dung cac két ludn vuot qua do liéu.

Tong thé, ban giai trinh va ban luan an sau chinh sita co ban dap ung yéu cau cua
giai doan phan bién déc ldp.

12. Két lufn

Ludn an dugce thuc hién cong phu, co khoi luong thuc nghiém tuong doi 1on, su
dung hé phuong phap phu hop va c¢o tinh lién két tir nudi cdy dich thé, thu nhan
polysaccharide, danh gia hoat tinh sinh hoc in vitro dén ng dung sinh khdi trong san
pham Ién men. Két quaco v nghia khoa hoc va thue tién trong pham vi nghién ctru, dong
thoi dd duoce phan anh trong cac cong trinh cong bo lién quan.

Toi danh gid luan an dap ung yéu cau cia mot luan an tién si chuyén nganh Cong
nghé thuc pham, ma so 9540101, Dé nghi Hoi dong cho phép nghién ctu sinh Nguyén
Thi Bich Hang duoc bao vé ludn an trude Hoi dong danh gia ludn an tién si cdp Truong,
voi yéu cau tiép thu cac gop v va hoan thién ban luan an sau bao vé.

Cdn Tho, ngay 12 thang 7 ndm 2026
NGUOI NHAN XET

GS.TS. Tran Thanh Trac



Cau hoi du kién

.

1. Quy trinh chict duoc thue hién tuan tu theo nude nong — kiém — acid. Nghién ciru sinh
phén biét nhu thé nao gitra anh huong cua do tan ban dau, anh huong cia thir tu chiét va su
bi€n doi hoéa hoc do kiem/acid khi giai thich hoat tinh cao cua phan doan acid?

2. V6i phuong phap phenol-sulfuric, SEM va cac thir nghiém sinh hoc hién ¢6, co s& nao
cho phép goi cac mau la nhitng “phan doan polysaccharide khac nhau™? Nhirng thong tin
cau tric nao chua duoc xac dinh va can bo sung trong nghién ctru tiép theo?

3. Nghién clru sinh danh gia mic d¢ dap mg tiéu chi prebiotic cua cac phan doan nhu thé
nao khi mo hinh mai sur dung cac chung don ¢ va thir khang a-amylase? Dé xac nhan manh
hon can bo sung nhimg bude tiéu hoa. 1én men hodc mo hinh sinh hoc nao?



DAIHOC DA NANG CONG HOA XA HOI CHU NGHIA VIET NAM
TRUONG PAI HQC BACH KHOA Péc lap - Tw do - Hanh phiic

NHAN XET LUAN AN TIEN SIi

Ho va tén nguoi nhan xét: TS. Mac Thi Ha Thanh
HOC B 2 s i Hoc vi: Tién si
Chuyén nganh: Khoa hoc thuc phdm

Co quan cong tac: Truong Dai hoc Bach khoa, Pai hoc Pa Ning

Ho va tén Nghién ctru sinh: Nguyén Thi Bich Hing Tuyén sinh nam: 2020
Nganh: Cong nghé thuc pham Mi sb: 9540101

Tén d tai luan an: “Thu nhén, danh gia hoat tinh prebiotic cua polysaccharide tir sgi nfign
(Cordyceps militaris, Trametes versicolor) va bude dau ing dung sinh khoi trong ché bién
thue pham bo sung”

Y KIEN NHAN XET
1. Tinh cap thiét, thoi s, ¥ nghia khoa hoc va thuc tién ciia dé tai ludn 4n

Dé tai luan an mang tinh cap thiét va thoi su cao trong béi canh céc rdi loan h¢ vi sinh duong
rudt ngay cang li€n quan chat che dén bénh chuyén hoa va viém rudt, doi hoi viéc khai thac
cac nguon polysaccharide kho tiéu ty nhién, an toan va bén virng lam prebiotic. Ludn 4n da
Iya chon hai déi trong ndm co gia tri sinh hoc cao nhung con thiéu cac dir liéu lién hé dong
bd gitta phuong phép thu nhan, dic tinh ciu tric va hoat tinh prebiotic. Véy nghia khoa hoc,
cong trinh dong gop nhiing dir liéu gia tri vé nguon polysaccharide tir sgi nam, mot hudng
nghién ctru con it duge khai théc sau so voi thé qua hay cao chiét tho trong nhiéu cong bo
trude day. Vé mit thuc tién, két qua cua luan an g6p phan cung cap nguon nguyén li¢u
prebiotic mai cho nganh cdng nghi¢p thuc pham chirc nang va do udng sirc khoe, dong thoi
thac déy su phat trién cta cong ngh¢ sinh hoc thuc pham trong nude thong qua viée tdi vu
hoa quy trinh polysaccharide tir nam nu6i soi va tan dung sinh khéi phit hop dinh hudng san
xuit bén vimg, quy md hoa va nang cao gid tri ndm dugc liéu. Diém manh ndi bat cua ludn
an la cach ti€p can lién nganh gitra cong nghé thu nhén, danh gia chirc nang va dinh huéng
trng dung san pham hoan toan phu hop véi chuan dau ra cia mot luén an tién si nganh cong
ngh¢ thuc pham. Du van can tiép tuc lam sau hon méi quan hé cdu tric — hoat tinh va xdc
nhén hi¢u qua trén mo hinh 1am sang hodc thuc pham hoan chinh, lun 4n c6 gia tri mg duong
quan trong va nhin chung s& hitu tinh cip thiét, tinh méi trong dbi. y nghia khoa hoc tét cung
gid tri thuc tién rd rét, dac biét phu hop véi xu huéng phat trién nguyén liéu prebiotic tir nam
cho nganh cong nghé thuc pham.

2. Sy khong trung ldp ciia dé tai, sb liéu, két qua nghién ciru, két luin cia ludn an voi
cac dé tai, lufn vin, lun an, cdng trinh khoa hoc khac




Vige khai thac polysaccharide nam lam prebiotic va img dung trong thyuc pham chirc nang la
xu hudng da duoc cong bd va phat trién manh mé. Do do. cac két luan nén tang nhu phuong
phap chiét anh huong dén hiéu suit, polysaccharide nim c6 tinh prebiotic, hay phan doan c6
khoi lugng phan tu thip d& dugc probiotic sir dung hon déu la huéng ké thira, khong phai
khoang trong hoan toan méi. Xét trong bdi canh cac cong trinh nghién ctru trong va ngoai
nudce, ludn an khong trang 13p hoan toan voi cac dé tai, luan vin, luin an hay cong trinh khoa
hoc da cong bd chu yéu & viéc thu nhén polysaccharide, danh gié prebiotic. va dinh huong
tng dung sinh khéi thuc pham trong cung mat thlet ké nghién ciru; trong khi d6, phan 1én
nghién ctru trude chi tap trung vao tong quan vé tiém nang prebiotic ctia polysaccharide, hodc
t0i uu/so sanh cong ngh¢ chiét. hodc danh gia tic dong 1én hé vi sinh va SCFA ma chua sang
hudng san pham bod sung

3. Su phu hgp giira dé tai luan an véoi ma ) nganh

Tén dé tai va toan bd ndi dung nghién ctru (t6i wu hoa diéu kién nuéi céy, thu nhan va _phén
doan hop chét sinh hoc, dnh gia hoat tinh in vitro, xdy dung cong thirc va quy trinh ché bién

san pham thuc phalp/do uong 1én men) hoan toan phu hgp va bam sat pham vi chuyén nganh
Cong nghé thuc pham (Ma s6: 9540101).

4. Tinh trung thue, rd rang va day di trong trich din

Nhin chung, hé thong tai liéu tham khao cua ludn an phu hgp va du co so nén tang cho mot
dé tai luan 4n tién si nganh cong nghé thuc pham vé polysaccharide nam va prebiotic, nhét 1a
C. militaris va co s¢ khoa hoc cua prebiotic. Phan 16n cac trich dan tir nim 2018-2024 con
tap trung vao f-glucan hodc cao chxet con thiéu dir liéu vé cdu truc-hoat tinh va thir nghiém
lam sang. Can can doi thém nguon tai liéu trich dan vé co ché hodc cong ngh¢ thu nhan cho
T. versicolor, tang ngudn trich dan cho céu truc-hoat tinh va tng dung san pham. Chinh sua
mot s6 16i hinh thire va thiéu nhat quén: 1ap ndm va cdc tai licu trich dan l4y tir nhiéu ngudn
dinh dang nhung chua dugc bién tap théng nhat.

Luén &n c6 trich hai tai liéu da bi rit bai vé polysaccharide Cordyceps (tai liéu tham khao )
thr tr 157 va 158), nén dung chung lam co so chinh cho quy trinh phan tich (chuong 2) va
bién luan két qua nghién ctru (chuong 3) s€ lam giam d0 tin cdy cua két qua nghién ctru. Mot
s6 trich dan thiéu chon loc, khong lién quan (vi du: tai liéu tham khao so thir ty 62, 197 va
198)

5. Sy phéan anh két qua ludn 4n trong nhirng cong trinh da cong b

Theo danh muc ho so cong b6, Nghién ctru c6 04 bai bao khoa hoc lién quan truc tiép dén noi
dung luan an ( bao goém: 02 bai bao qudc té thuoc danh muc uy tin (Scopus/ISI nhu
Mycobiology. Journal of Applied Biology & Biotechnology), 01 bai bdo Ky yeu Hoi nghi
Quoc té (SPISE) va 01 bai bao trén Tap chi chuyén nganh uy tin trong nuéc.) va déu ding
tén ddu trong toan bo céc cong trinh nay. Cac cong bd phan anh bam sat va bao quat day du
02 hop phan ndi dung quan trong nhat cta luan an, . dap ng hoan toan va vugt muc quy dinh
hién hanh vé cong bd khoa hoc ddi véi trinh do dao tao tién si nganh Cong nghe thuc pham

- Danh gia tiém nang va hoat tinh prebiotic cta polysaccharide chiét xuat tir h¢ sgi ndm
Cor. dyceps militaris (02 cong trinh).

- Phat trién va ing dung sinh khéi hé soi nam Trametes versicolor trong san pham nuéc nam
Bao ngu 1én men (02 cdng trinh).

Ngoai ra, NCS con tham gia bién soan 01 sach chuyén khao cling nhu chu nhiém/tham gia 04
dé tai nghién ctru khoa hoc cac cap lién quan truc tiép dén linh vuc polysaccharide tir hé s¢i




nam da duoc nghiém thu.
6. Tinh hién dai, hop ly, d6 tin cay ciia phwong phap nghién ciru

Luan an da xay dung va trién khai mot hé thong phuwong phap nghién ctru ¢6 tinh hién dai.
cap nhat theo céc tiéu chuan phan tich hién hanh trong nganh Cong nghé thuc pham nhu: dinh
danh ching vi sinh vét bang giai trinh tu gene (ITS/16S rRNA); quy hoach thuc nghiém ti
uu héa da muyc ticu bang phuong phap bé mat dap ang (RSM) theo m6 hinh Box-Behnken;
phan tich hinh thai bé mat sinh khéi qua kinh hlen vi dién tur quét (SEM): va dinh lugng cac
acid béo mach ngan (SCFAs) bang hé thong sdc ky long hi€u nang cao (HPLC) sir dung cot
chuyén dung Aminex HPX-87H. B tri thyce nghiém cua luén an thé hién tinh hop ly va logic
khoa hoc chit ché, ¢6 su lién két xuyén sudt  gilta cdc ndi dung nghién ctru. Trinh tu thyc hanh
duoc trién khai mach lac: tir khao sat don yéu té (OFAT) dén tién hanh tdi wu hoa da muc tiéu
diéu kién nuoi cdy dich thé, chiét xuat tudn tu cac phan doan polysaccharide (nu6e néng, kiém,
acid), danh gia hoat tinh sinh hoc in vitro (ABTS, chi so PI, kha néng khang o-amylase), dén
g dung sinh khéi hé sgi nam trong ché bién nudce uong lén men lactic. Chudi tiép can nay
hoan toan phu hop v6i dinh huéng cong nghé thyc pham ting dung. di tir nghién ctru co ban
dén phat trién san pham.Do tin cdy cua két qua nghién ctru dugc dam bao nho viée thiét ké
thi nghiém c¢ 13p lai, xur ly sO ligu bang cac phuong phap théng ké tin cdy (phan tich phuong
sai ANOVA, kiém dinh sai khac ¢ mirc p<0, 05, xay dung mo hinh hoi quy va kiém chirng
thue nghiém). HE théng phu luc dugc cung cap day du voi dir liéu tho, cac duong chuan va
sic ky do minh chung tao co s& tot cho tinh kiém ching.

Tuy nhién, NCS can lam rd mot s6 gi6i han ky thudt cua céc phuong phap dé dam bao tinh
khach quan va chit ché téi da khi dién giai va bién luan két qua.

7. Két qua nghién ciru méi ciia ludn 4n

Ludn an da cung cap bang ching thye nghi¢m méi vé b dir liéu thuc nghiém c6 hé thong va
cach tiép can tich hop vé€ tiém néng prebiotic in vitro va kha nang ung dung ban dau trong san
pham thue phdm (thu nhén sinh khéi hé soi giau polysaccharide tix C. militaris va T. versicolor.,
v€ so sanh cac phan doan polysaccharide chiét tuan tu, vé tiém nang prebiotic in virro cla mot
s6 phan doan, va vé (ng dung ban dau cua sinh khéi 7. versicolor trong san pham nude nam
lén men lactic & quy mo phong thi nghiém)

8. Nhirng thiéu sot ciia ludn an vé ndi dung va hinh thire
CHUONG 1:

- Phan tong quan tai liéu Chuong 1 nhin chung phu hop v6i muc ti€u nghién ciru, dong thoi
bao quat dugc cac noi dung lién quan dén Cordyceps militaris, Trametes versicolor,
polysaccharide nam, san xuat hoat chit nim bing nudi chim, va tmg dung thuc pham bo sung.
Céch sdp xép phi hop véi mot dé tai cong nghé thuc pham Tuy nhién, Chuong 1 chi dirg ¢
viée ligt ké tai liéu ma khong két ludn rd: vi sao chon soi ndm, vi sao chon hai loai nay, vi sao
uu tién polysaccharide, vi sao dung cdc chi ti€u prebiotic ndo, va vi sao budc tng dung lai
dirmng ¢ mirc “bude dau”, do d6 chuong 1 cin lam rd hon khoang tréng/van dé nghién ctru.

CHUONG 2:

Chuong 2 trinh bay day du dbi tuong, pham vi va phuong phéap nghién ctru, co ban dap tng
muc tiéu nghién ctru cua luén an. Tuy nhién, de ning cao tinh chuin muc va do tin cdy khoa
hoc. hé¢ thong dir lieu va phuong phdp luén can duoc trinh bay chit ché hon; ¢ chuong 2 néu
chia phan phuong phap thanh 2 phén: Phuong phéap bé tri thi nghiém va phuong phép thu




nhan két qua thi nghiém (phuong phap phan tich) thi d& theo dai hon. Mot s6 gop v cu thé
nhu sau:

- Muc 2.1 cﬁp mo ta lam ro nggé‘m giong va mi ching cua hai loai nAm dé nhan dién chinh
x4c nguon goc va tinh dong nhat cta vat liéu sinh hoc, liét ké rd ching vi sinh va tiéu chuan
bao quan, hoat hoa (doi tugng so sanh cho thir nghiém prebiotic)

- Muc 2.2 chi li§t ké danh muyc ma khong gén voi muc dich str dung. do tinh khiét, hang san
xuat, model thiét ’bi chinh; can rut gon danh sach va chi liét ké cac hoa chat va thiét bi anh
hudng truc tiép dén két qua nghién ctu.

Can bd sung tai liéu tham khao cho | 5O phuong phap nghién ciru: Kha nang khang ti€u hoa
boi a-amylase, Xac dinh mat do té bao vi khuan L. Plantarum, ..

CHUONG 3:

Nhin chung két qua Chuong 3 bam ding muc ti€u va phuong phap nghién ctru cua dé tai: toi
uu nuéi cay chim dé thu sinh khm/po]ysaccharlde tach chiét va dac trung cac phan doan
polysaccharide, danh gia hoat tinh prebiotic, roi budce dau ung dung sinh khoi vao thuc pham
bo sung. Tuy nhién, phan thao luan can chat hon khi ndi “két qua nghién ciru” voi “giai thich
co ché”, nhat la & cac nhan dinh vé quan hé cdu tric—chirc nang. Néu Chuong 3 st dung hoat
tinh chono oxy hoa, tang truong pl‘OblOth hay chi sO prebiotic nhu bang chimg dé két luan
manh vé “gia tri chirc ning vuot trgi”, thi can giir mire dién dat vira phai. Céc nghién ctru
trude day cho thay polysaccharide nam ¢6 thé ¢ hoat tinh chdng oxy hoa va prebiotic. nhung
mirc d6 nay phu thudc dang ké vao cdu tric. khéi lwgng phan tir, thanh phan monosaccharide
va diéu kién thir nghiém. Néu két qua chi méi dimg & sang loc in vitro, thi dién dat dung nén
la “c6 tiém nang” chir chua phai --khéng dinh hiéu qua”.

- Muc 3.1: khi tién hanh khéao sat don yéu té nén tranh ding tir “t6i uu hoa” hoac “vugt troi”
khi dit liéu méi chi ching minh diéu kién thuan lgi trong pham vi khao sat (vi dy: tr.68/3.1.1.1).
Néu khong thao luan khac biét rd gitra muyc tiéu sinh khéi va muc tiéu EPS, logic két luan sé&
thiéu vi hai muc tiéu nay thuong khong ddng ti wru. Can than trong bién luan két qua khi
khong mo ta hinh thai h¢ sgi ma van giai thich chénh léch nang sut bang *kha nang thich
nghi tét hon™ (O C. militaris, pH va ngudn nitrogen lam doi hinh thai khéi soi ndm va muc
EPS: khdi soi nam 16, chat hodc dang phan nhanh thich hop ¢6 thé lién quan nang sut cao
hon. Déi véi T. versicolor, khi dong hoc va khudy ciing lam doi hinh thdi, tir d6 d6i nang suat
sinh khdi va EPS)

- Muc 3.2: L3i bién luan 16n nhét c¢6 thé c6 trong 3.2 1a nhay coc tir hinh thai — céu tric, tir
hiéu suat — hoat tinh, va tir in vitro — hi¢u qua strc khoe.

+ Muc 3.2.1 Két qua SEM chi phu hop dé mo ta hinh thai bé mat hoac trang thai két tu cua
mau (nhu * “dang mang”, “hat min” “khdi vun™), khong du dé két luan sau vé cau tric héa hoc
hay co ché hoat tinh néu khong cé dir liéu bo sung nhu FTIR, thanh phan monosaccharide,
lién két glycosidic hodc cac phép dic trung khéc

+ Muc 3.2.2 khéng nén dong nhit ham Iuong hodc hiéu suét chiét cao vai gia tri sinh hoc cao
hon. Ngay ca trong C. militaris, phan doan c6 hoat tinh manh hon khong nhat th:et 1a phan
doan c6 tong ham lugng cao nhat; khac biét hoat tinh thudng di cuing khac biét vé cdu tric,
monosaccharide, ham luong B-glucan hodc khéi lugng phan tir,

+ Muc 3.2.3 Phan kha ning khang oxi hoa cta céc chiét xuat PS 1a hop logic va ¢6 so sanh
vé6i cac két qua trude do, tuy nhién khi so sanh voi nghién ctru trude, can phai dung cung phép
thu, cung don vi, cung nong do hoac 1C50. néu khong s& dé& so sanh sai. Can txet che khi sur
dung két qua DPPH/ABTS manh suy sang “kha ning chdng oxi hoa sinh hoc cao” roi két luan



rong vé cong dung sirc khoe.

+ Muc 3.24. néu chi dimg ¢ tdng OD hodc tang log CFU cua mot vai chung probiotic, két
ludn nén viet 1a “co tiém ndng prebiotic in vitro™.

Phuong phap va thir tu chiét quyét dinh khong chi hidu suat PS ma cé hoat tinh khang oxi hoa
va tiém néng prebiotic. Vay: cac khac biét hoat tinh gitra cac phan doan trong luan an thuc su
do cdu triic dic hiéu nao quyét dinh, hay moi chi phan anh khac biét tho vé do tan, do tinh
sach va thanh phan téng quat?

- Muc 3.3:

+ Muc 3.3.1: bot s¢i nam chi kiém tra cac chi tiéu nhu vi sinh vat chi thi, doc t6 ndm moc va
kim loai nang doi chiéu quy chuan - nén chinh ngon ngir két luan tir “dam bao an toan san
phdm” thanh “dap tng yéu ciu an toan nguyén li¢u trong pham vi khao sat”.

+ Muc 3.3.2: Trong phét trién thuc phdm prebiotic/probiotic, diéu kién ché bién c6 thé lam
thay d6i hoat tinh chire nang, va loi ich cong ngh¢ thuong phai danh doi v6i mui vi. mau sic,
do ling hodc kha ning chdp nhan cta ngudi ti€u dung ddi voi san pham. Vi vay. can than
trong khi bi¢n ludn theo hudng “tang mirc bd sung lam tang hoat tinh nén chon mirc cao nhat”,
d6 1a két luan chua du can bang. Mirc t6t nhit phai 1a diém dung hoa da myc tiéu.

+ Muc 3.3.3 méi dimg ¢ quy trinh phong thi nghiém véi mot diéu kién 1én men va chua co
dir li¢u lap lai theo mé, d on dinh bdo quan, hay danh gia han suir dung - nén két luan la dé
xuat quy trinh thue nghiém/ quy trinh san Xuat... quy mé phong thi nghiém.

Liéu hoat tinh prebiotic va céc chi tiéu chirc nang ctia nguyén liéu ¢ con dugce duy tri 6n dinh
trong san pham cudi va trong bao quan hay khong?

KET LUAN VA KIEN NGHI

Phén két luan va kién nghi cta ludn an nhin chung pha hop véi muc tiéu nghién ctru, phan
anh dugc cac két qua chinh vé thu nhan _polysaccharide, danh gia hoat tinh theo dinh hudng
prebiotic va budc dau tng dung sinh khdi niAm trong thuc phdm bd sung. Tuy nhién, can viét
ngin gon, chuén xac hon, ddng thoi gidi han két luan ding ¢ mirc bang ching in vitro va tng
dung ban dau, tranh suy rong thanh hi¢u qua strc khoe hodc kha nang thuong mai hoa da dugc
chung minh.

Ngoai ra, lugn an can ra soat lai toan bo 18i chinh ta, 16i danh may va 15i dién dat: viét khong
thong nhat “oxi héa/oxy hoa”, preblotlc/pre -biotic”, “nudc lén men/nudc uong [én men/dd
udng 1én men lactic”, thiéu don vi sau IC50, va dién dat kiéu “cao nhit nén tot nhat”, ; Cac
tén Latin, cac tr in vitro, in vivo can v:et/m nghiéng, va tranh dung cac cum déanh gid tuyét
d6i nhu “t6t nhat”, “an toan”, “t6i vu” néu dir liéu chi méi trong pham vi khao sat.

9. Nhén xét vé cac cong trinh di cong bo cua tac gia lién quan dén luin dn

Cac cong trinh da cong b cia nghién ctru sinh ¢6 lién quan truc t1ep va phan anh kha day du
cac ndi dung cbt 16i cua ludn an; chét lugng hoc thuat nhin chung tSt, cong bd trén cac dién
dan chuyén nganh pht hop: nghién ctru sinh gilr vai tro chinh trong cac cong bd. Tuy nhién,
can tiép tuc chuan hoa cich dién dat trong phan t6m tat va bai viét theo hudng chinh xac, tiét
ché, bam sat bang chimg thue nghiém tryc tiép cua luén an.

10. Sy phéan 4anh trung thanh ndi dung co béan ciia ludn 4n trong cudn Toém tit ludin 4n

Cudn tom tit luan an vé co ban phan anh trung thuc, khach quan va tuong ddi day du noi
dung chinh cta toan van; cac phin vé muc tiéu, doi tugng, phuong phap va cic két qua chinh
duge trinh bay théng nhat véi luan an. Tuy nhién, phan tom tit can tiép tuc chuan hda ciu



chir theo hudng ngdn gon. chudn xac va tiét ché hon.
11. Panh gid ndi dung gidi trinh ciia nghién ciru sinh vé nhan xét ciia phan bién ddc 1ap

Ban giai trinh ctia nghién ctru sinh nhin chung nghiém tac, cau thi va phu hop véi céc y kién
phan bién doc lap: nhiéu ndi dung ve hinh thirc va mot s6 van dé hoc thuat da duoc tiép thu,
chinh stra, 1am cho luan an rd hon vé pham vi va logic trinh bay.

Co6 thé ghi nhan nghién ctru sinh da trinh bay ban giai trinh theo ting nhém y klen c6 ddi
chiéu noi dung gép V. phan chinh sira va vi tri chinh stra trong ludn 4n. Cac 101 vé chinh ta,
danh phép khoa hoc, thuat ngir. ky hi¢u, don vi, bang biéu va su thong nhét s6 liéu gitra luan
an, tom tit, phu luc va cong trinh cong bd da dugce ra soat twong dbi day du.

Ban giai trinh va ban ludn 4n sau chinh sira co ban dap Wng yéu cau; tuy nhién, can tiép tuc
thong nhét cach dién dat than trong trong toan luan én, tranh cac két luan vuot qua dir liu
thuc nghiém, nhat 1a ¢ cac noi ‘dung vé prebiotic, cdu tric polysaccharide, co ché khang khuan
va kha ning img dung san pham.

12. Két luan

Luén an dugc thuc hién nghiém tic. ¢6 bd cuc twong dbi diy du, muc tiéu nghién clru nhat
quéan, phuong phap pht hgp va khéi lugng thuc nghiém tuong ddi 16m. Cac két qua dat dugce
c6 gia tri khoa hoc va thuc tién trong pham vi nghién ctru, dong thoi da duoc phan anh qua
céc cong bd khoa hoc lién quan.

Tuy nhién, luin 4n van con mot sé han ché, cha yéu 0 cach dién giai, chuan hoa thuat ngtr,
hoan thién hinh thire trinh bay va mo rong thao lugn vé gi6i han nghién ctru. Cac ton tai nay
khong lam thay d6i ban chat cic két qua chinh cua luan an.

Vi vay, co thé danh gia luan an du diéu kién co ban dé trinh Hoi dong dénh gia ludn an tién s
cap Truong.

+ Téan thanh NCS dwoc danh gia luin 4n cip Trudong ¥
+ Khéng tan thanh NCS dugc danh gia luan 4n cap Truong.[d
Da Néang, ngay 14 thang 07 nam 2026
XAC NHAN CUA CO QUAN QUAN LY NGUOI NHAN XET
(néu co) (Ky va ghi ro ho tén)

TS. Mac Thi Ha Thanh
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khoi trong ché bicn thye phiim bo sung

Y KIEN NHAN XET

1. Tinh cip thiét, thoi sy, y nghia khioa hoc va thye tién ciia dé tai ludn an:

Pé tai ¢6 tinh cap thiét, phu hop véi xu huéng khai thac nguén nguyén liéu sinh hoc tu nhién
giau polysaccharide dinh huéng tmg dung trong thuc pham bd sung. Viéc lua chon Cordyceps
militaris va Trametes versicolor 1a c6 co s¢ khoa hoc, do déy 1a hai loai nam cé gia tri sinh hoc
cao: trong do hé soi nim nuéi cdy dich thé 1a nguon nguyén liu c6 uu thé vé kha nang chu dong
san xudt, rit ngan thoi gian thu nhin sinh khoi va thudn loi cho kiém soét chét lurong so véi khai
thac qua thé truyén théng.

Véy nghia khoa hoc, ludn dn cung cdp dir liéu thue nghiém twong déi hé théng vé anh hudng
cua pH, nguodn carbon va ngudn nitrogen dén sinh khéi va ham luong polysaccharide ctia hé sgi
“nam; dons_ thoi so sanh céc phéan doan polysaccharide chiét bang nude nong, kiém va acid thong
qua mot so chi tiéu hoat tinh sinh hoc in virro. Véy nghia thuc tién, ludn an c6 dinh hudng tmg
dung ro thong qua bude diu xdy dung san pham nude ndm Bao ngu 1én men bd sung sinh khoi
hé so1 77 wrszcolor

Tuy nhién, can xac dinh dung pham vi dong gop ctia dé tai. Cac két qua hién chi yéu chung
minh ti€ém nang prebiotic in vitro va kha nang Gmg dung ban dau & quy mé phong thi nghiém;
chua du co so dL dién gidi theo hudng hicu qua sinh Iy hodc lgi ich ste khoe trén ngudi. Do do,
khi trinh bay can dung cac thudt ngdr thin trong nhu “tiém nang preblotm invitro”, “*dinh hudng
ho trg stre khoe™ va “bude diu tng dun trong thyc pham bd sung™.

‘§u khéng triung Lip ciia dé tai, s6 ileu, két qua nghién ciru, két luin cia lufin 4an véi cic
de tai, luin van, ludn dn, céng trinh khoa hoc khiec:

. Qua xem x¢ét tén dé tai. muc ticu. noi dung nghién ctru, cdc két qua chinh va danh muc cong

trinh da cong bo. chua thiy dau hicu cho tha\ ludn an trung lap véi mot ludn an, luan vin hay
.cong-trinh khoa hoc khdc ¢ mire dd de tai. 56 lidu. két qua va két luan. Hudng nghién ciru vé
polysaccharide tir nAm, hoat tinh prebiotic va sin phim 1én men khong phai la huong hoan toan
mai trén thé giGi; tuy nhién. ludn dn ¢6 sur két hop twong dbi riéng gitra cac noi dung: t6i uu nudi
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cay dich thé hé soi Cordyceps militaris va Trametes versicolor; chiét xudt tudn ty polysaccharide
bang nude nong, kidm va acid: dinh gid liém ndng prebiotic in vitro qua tdng truong probiotic,
chi s6 PI, SCFAs, khing thily phan boi u-amylase: va buée dau tmg dung sinh khéi hé soi T,
versicolor trong san pham nudc ndm Bao ngu 1én men. CAu triic nghién ctru nay thé hién tinh
doc 1ap tuong ddi so vai cac nghién ciu ricng 1é vé qua thé nim, polysaccharide ndm hodc do
udng 1én men. Ludn 4n ¢6 tinh ké thira cic nghién ctru da cong b trong linh vue, nhung da phat
trién thanh mot hudng nghién ciru ¢6 cau tric riéng. phi hop voi yéu ciu cia mét ludn 4n tién
si. Dé ting tinh chat ché, nghién ctu sinh nén ra sodt lai viéc trich din cac cong trinh lién quan
va'lam ro mdi quan h¢ gitra ludn dn vdi cac bai bao. dé tai da cong b hoic nghiém thu.

3. Sy phu hop gitra dé tai luin dn véi ma s6 nganh:

Dé tai luan an phu hop v6i chuyén nganh Cong nghé thuc pham, ma sb 9540101, Tén d2 taj
va noi dung nghién ctru tap trung vao thu nhan polysaccharide tir hé soi nam, téi uu héa diéu
‘kién nuodi cdy dich thé, chiét xudt — danh gia hoat tinh sinh hoc in vitro va budc dau tng dung
sinh khoi hé soi ndm trong ché bién thuc pham bé sung; déy la cac hudng nghién ctru nim trong
pham vi ctia cong nghé thuc pham, dic biét & cic mang cong nghé 1én men, khai thac hop chét
sinh hoc tir nguyén liéu thuc pham. phat trién nguyén li¢u chic ning va thiét ké san pham thuc
pham dinh huéng hd tro stre khoe. DE tai ¢6 su phi hop t6t v6i ma sb nganh 9540101, Céc noi
dung nghién ctru dap Umg dac trung cia nganh Cong nghé thuc phdm, vira ¢6 co so cong nghé,
vlra c6 dinh hudng phat trién san phdm. Ludn 4n chi cdn didu chinh vin phong dé giir dung trong
tam nganh, han ché cac dién giai vuot sang pham vi duge Iy hodc y hoc tng dung.

4. Tinh trung thue, ro rang va diy dii caa trich din

" Luan an su dung hé thong tai licu tham khao tuong dbi phong pht, gdm 223 tai liéu bang
tiéng Viét va tiéng Anh, chu véu la bai bio khoa hoc, sdch va chuong séach lién quan dén nédm
dugce licu, polysaccharide, prebiotic. nuoi cay dich thé, chiét xudt va phat trién san pham thuc
pham bd sung. Cae ndi dung tong quan. phuong phdp va thao ludn nhin chung déu c6 trich dan
nguon, cho thiy nghién ctru sinh co v thae ké thira tai liéu va dat két qua nghién ctu trong béi
-cdnh khoa hoc pht hop. Qua ddi chiéu sé tha tu trich dan trong toan van véi danh muc tai liéu
tham khao, chua lhéy hién tuong thiéu tai liéu trong danh muc hodc tai liéu c6 trong danh muc
nhung hoan toan khong duoc trich dan. Tuy nhién. ¢in ra soat k¥ hon tinh chinh xéc, tinh phu
hop ctia mot s trich dan: chuin hod va ihéng nhét cach trich dan. Cu thé:

+ “Khai niém prebiotic lan diu duoc gioi thi¢u nam 1999” ([36] chuong sach nim 1999,
khong phai cong bd gde diu tién vé khai niém prebiotic), can sira thanh nam 1995 va bé sung
ding tai liéu gde ctia Gibson va Roberfroid (Glenn R. Gibson, Marcel B. Roberfroid, Dietary
Modulation of the Human Colonic Microbiota: Introducing the Concept of Prebiotics, The
Journal of Nutrition, Volume 125. [ssuc 6. 1995, Pages 1401-1412); dinh nghia ISAPP vé
prebiotic & muc 3.2.4 can trich dan tai liéu Gibson et al. 2017 vé prebiotic [38], khong dung tai
li¢u Swanson et al. 2020 vé synbiotic [166]:

+ Phan dan nghién ctru LED xanh trong nudi ciy C. militaris cin sira vi ndi dung dién giai
chua khop véi tai liéu [14] vi bai bio nghién ctru trén moi truong ban ran khong lién quan dén
 nudi cay dich thé,

+ Cac tai licu [157] va [158] 1a bai da bj rut lai. khong nén sir dung lam co s& thao ludn két
"L]tlill.

.+ Danh muc tai li¢u tham khao con ¢6 mot sé tai licu tring ldp can gop, nhu [45]/[50],
[471/[48]. [291/[49]. [431/[80]. [54]/[195]. [19]/[203]. [175]/[185] va [129)/[215].

Nghién ciru sinh cén ra soat toan bo danh muyc tai liéu tham khéo, loai bo cic muc trung,
thay thé cac tai licu khong con hié¢u luc khoa hoc. bo sung day du thong tin thu muc va bao dam
mdi trich dan duoc st dung ding véi ndi dung ma tai lidu gbe hd tro.
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S. Sy phin anh két qua ciia ludin dn trong nhitng ¢ong trinh da cong bo

- Céc cong trinh da cong bo phin dnh twong doi ro cac két qua chinh cta luan an. Theo danh
muc. nghién ctru sinh ¢6 04 bai bao lién quan truc tiép dén luan an, trong d6 nghién ciru sinh
dimg tén dau ¢ ca 04 cong trinh. Cdc cong bo nay tip trung vao hai nhom két qua chinh: danh

2id tiém ning prebiotic cua polysaccharide tir h¢ soi Cordyceps militaris va ung dung sinh khoi
} hé soi Trametes versicolor trong san phiam nude nim Bao ngu 1én men. Nhin chung, hé théng
cong trinh da cong bd phu hop voi hudng nghién ctru ctia ludn an, ¢6 su lién hé rd v6i cac két
‘qué thuc nghiém quan trong va gop phan xac nhén qua trinh nghién ctru ctia nghién ctru sinh.

6. Tinh hién dai, hop ly, dj tin ciy cia phuong phap nghién ciu

Luan an s dung hé phuong phédp nghién cau twong doi pha hop vai muc tiéu dé tai va co

tinh lien két rd gifra cac ndi dung: (i vu hoa diéu ki¢n nudi Céy dich thé hé soi ndm, chiét xuit
tudn tu polysaccharide, danh gia hoat tinh sinh hoc in vitro va budc dau ung dung sinh khoi hé
soi nam trong san phdm nude nam Bio ngu 1én men lactic. Céch tiép can nay pht hgp véi dinh
huong caa nganh Cong nghé thue pham. trong do két hop gitra cong nghé Ién men, thu nhan hop
chét sinh hoc, danh gid hoat tinh. Ludn dn da st dung mot 6 phuong phép phu hop va dang
du‘()’c‘dangphé bién trong n ghién ctru thue pham va thuc pham chtrc nang nhu nudi cdy dich thé
hé soi ndm. khao sat don _\féu td két hop t6i uu hoa bz"mg thiét ké Box—Behnken/RSM, chiét xuit
tudn tu polysaccharide bing nudc nong. kiém va acid, quan st hinh thai bang SEM, dénh gia
. kha nang trung hoa géec ABTS. xic dinh chi s6 prebiotic, danh gia kha nang khang thiy phan
boi u-amylase, dinh luong SCFAs va thi nghiém san pham 1én men lactic. Phin phu luc cling
-cung’cp thém dir lidu xi Iy thong ké. duong chuén va sac ky dd SCFAs, g6p phan hd tro do tin
cdy ctia két qua. :

+ Trinh ty nghién ctru duge xay dung twong déi logic: trude hét toi vu didu kién nuéi ciy dé
thu sinh khéi va polysaccharide: sau d6 tach cdc phan doan polysaccharide va danh gia hoat tinh:
cudi cung Iva chon sinh khoi hé soi 7. versicolor dé ung dung trong san phém Ién men. Thiét ké
Box-Behnken dua trén cac khoang gia trf rat ra tir khao sat don yéu td 1a phu hop vdi muc tiéu
tdi uu hoa pH. glucose va cao nim men. Viée sur dung nhiéu chung probiotic, ddi chung FOS va
cac chi tiéu nhu PI. ham luong SCFAs. kha nang khang a-amylase giup danh gia tiém nang
prebiotic ¢ mic in vitro tuong ddi toan dién hon so véi chi dua trén tang trudng vi khuan don
thudn.

Céc thi nghiém duoc bd tri ¢6 ldp fai, su dung phén tich phuong sai va kiém dinh sai khac
thong ké & mirc y nghia P < 0.,05. Phu luc ¢6 trinh bay két qua phan tich mé hinh t6i wu, bang
ANOVA, duong chuan glucose cua phuong phap phenol-sulfuric va DNS, sic ky d6 SCFAs,
~ cing nhu dir liéu bd sung cho phan san pham 1én men. Dy la cdc minh ching can thiét dé hd
tro tinh kiém chimg cta két qua.
 Tuy nhién, mét sd gigi han phuong phdp can duoc nhan dién dung dé tranh dién giai vuot
qua du lieu nhu: phuong phép phenol-sulfuric chu yvéu phan anh carbohydrate tong/PS tho quy
doi theo glucose, chua chimg minh duge do tinh sach hay céu trac phan tir cta polysaccharide;
SEM chi cung cép thong tin hinh thai b¢ mat. khong du dé két ludn vé cdu truc phén tir hodc méi
lién hé cdu tric — hoat tinh: viée danh gid prebiotic ¢hii yéu dua trén mé hinh in vifro v6i chc
ching vi khuan don 1é (chua c6 mo hinh tiéu hoa — Ien men dai trang mé phong, hé vi sinh vat
phire hop. dit liéu in vivo hodc dir lidu lam sang) nén két qua chi nén duoc két luan 1a tiém nang
prebiotic in vitro.

7. Két qua méi ctia ludn an

Luan an da xdc 1ap duoge dicu kién nudi cdy dich thé thich hgp dé thu sinh khéi giau
polysaccharide tir hé soi Cordyceps militaris va Trametes versicolor; xay dung dugc bo dir liéu

so sanh cdc phan doan polysaccharide chiét tuan tu bang nudc néng, kiém va acid; cung cip
bang chimg thue nghiém vé tiém nang prebiotic in vitro cla cac phan doan PS thong qua chi s6
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PL kha nang kich thich probiotic. khang thiy phan bai u-amylase va tao SCFAs; dong thoi bude
"ddu tmg dung sinh khdi hé sQi T. versicolor trong san pham nuée nAm Bao ngu Ién men lactic.

~Diém méi dang ghi nhén la cich liép cdn tich hop tir nuéi cdy dich thé — chiét xuat phan
doan — danh gid hoat tinh in vitro — phat trién san pham thir nghiém. Tuy nhién, cin giGi han
dung pham vi dong goép: ludn an chua chimg minh cdu trac phan tir chi tiét cua PS, chua phat
hi¢n polysaccharide méi va chua ¢6 dir liéu in vivo hodc 1am sang. Vi vay, két qua m¢i nén dugc
xdc dinh 1a bing chung thuc nghi¢m mdi vé tiém nang prebiotic in vitro va kha nang tmg dung
ban dau cta polysaccharide/sinh kho hé soi nam trong thuc pham bd sung, khong nén dién dat
thanh hi¢u qua sinh ly hay kha nang thuong mai hoa da duoc ching minh day du.

8. Nhiing thiéu sot ciia ludn dn vé ndi dung va hinh thie

- Phan ddt van dé nghién citu: Phan dat van dé da xéc dinh ding tinh thoi su cia huéng
nghién ciru vé prebiotic, polysaccharide ttr nAm va khai thac sinh khéi hé s¢i ndm bing nudi cy
- dich thé. Viée lua chon Cordyceps militaris va Trametes versicolor 1a pht hop véi muc tiéu phat

trién ngudn nguyén liu sinh hoc cho thue pham bo sung. Tuy nhién, cin rit gon, giam cic khing

.dinh qud rong vé loi ich ste khoe, lam o hon khoang tréng nghién ctru va xéc dinh dung pham
vi dong gbp ctia ludn an 1a danh gié tiém nang prebiotic in vitro cua polysaccharide tir hé soi
nam va budc dau ang dung sinh khoi trong thuc pham bo sung.

Phén tong quan:

- Phan tong quan tai licu c6 phami vi khd rong va da bao quat duoc cic ndi dung lién quan
dén hai loai nim nghién ctru, hoat tinh prebiotic. polysaccharide nim, phuong phap chiét xuét.
nudi cdy dich thé va kha nang khang oxy hoa. Tuy nhién, bd cuc con dan trai, mot s6 no1 dung
thién nhiéu vé dugc Iy — y sinh nhu chdng ung thu. di¢u hoa mién dich, giam lipid mau, co ché
NE-kB, MAPK, Nrf2-Keap1-ARE. trong khi luan 4n chu yéu danh gid céc chi tiéu cong nghé
va hoat tinh sinh hoc in vitro. Do dé. c¢in rit 2on cic phén khéng phuc vu truc tiép cho muc tiéu
nghién ctru va tap trung hon vao polvsaccharide hé soi ndm. tiém ndng prebiotic in vitro, chiét
xudt phan doan va ang dung trong san pham thuc pham b sung.

- O muc 1.1, cac bang vé hop chit hoat tinh cia Cordyceps militaris va Trametes versicolor
nén tap trung vao polysaccharide. p-glucan, polysaccharopeptides (PSP), polysaccharide K
+(PSK) va cac dic diém c6 lién quan true tiép dén prebiotic, chéng oxy hoéa va ting dung trong
thuc phfim. O muc 1.2, ¢in trinh biy chat ché hon tiéu chi xdc dinh prebiotic va nhan manh rfmg
cac chi tiCu nhu kich thich probiotic. chi sé PI. khdng tiéu hoa va tao SCFAs mai chi 1a bang
chiing vé tiém nang prebiotic in vitro. chua du d¢ khang dinh loi ich ste khoe trén vét chi. O
muc 1.3, can ting ham lugng tong quan vé dice diém céu tric polysaccharide lién quan dén hoat
tinh, dong thoi trinh bay can bang hon uvu diém va han ché cta cac phuong phap chiét
HWE/AE/AEc, dic biét 1a nguy co thuy phan. bién ddi khéi luong phan ti hogic lam thay dbi
hoat tinh sinh hoc ctia polysaccharide. O muc 1.4. cin 1am 1o co sé lra chon pH, glucose va cao
nam men lam céc yéu t6 t6i vu. O mue 1.5. nén 2i01 han thdo ludn ¢ y nghfa va gi6i han ctia
phep tha ABTS, khong mo rong sang cic co ché chdng oxy hoa cép do té bao khi ludn an chua
cd dir liéu twong tng. J

- Ngoai ra, Chuong 1 con thiéu mot phan tong quan lam nén cho néi dung tmg dung san
phim nude ndm Bao ngu 1én men bé sung sinh khéi hé soi 70 versicolor. Cin bd sung ngin gon
¢o 50 lua chon nén san pham, vai tro cua L. plantarum. céc tiéu chi cam quan, an toan, kha nang
sOng-sot cua probiotic va tinh 6n dinh séan pham.

Chwong 2 trinh bay day du dbi tuong. pham vi va phuong phap nghién ciru. co ban dap ing
muc ticu ludn an. Tuy nhién, dé nang cao tinh chuan muc va do tin cdy khoa hoc, hé théng dur
liéu va phuong phép luan cin duoc tinh bay chat ché hon; & chuong 2 néu chia phan phuong
phap thanh 2 phan: Phuong phap bé tri thi nghiém va phuong phap thu nhan két qua thi nghiém
(phuong phdp phan tich) thi dé theo doi hon. Mot 56 g6p ¥ cu thé nhu sau:

- 0 muc 2.1,




+ b sung ngudn goe, ma luu 2ili/ma chung. phuong phap dinh danh; truong hop co6 dinh
danh phan t& thi cung cdp ma GenBank cuia chung nam; bé sung ngudn goc cua enzyme o-
amylase

+ Trang 48. M0 té cdy gidng bing cach "chia nho hé s¢i ndm trong dia thanh phan bing
nhau 0.5x0.5 cm" va "1 dia gbe/edp 1 ¢o thé cay duoc 25-30 binh dich" 1 thiéu tinh chudn x4c.
Ciin lam ro didu kién nudi tinh/lac va dinh luong chinh xéc lugng giéng cdy.

+ Kiém tra lai thong tin gitta van ban va bang bé tri thi nghiém OFAT cia C. militaris (Bang
2.2y va T. versicolor (Bang 2.3) cho chinh xac.

+ Trinh bay dung nguyén tic phuong phép phenol-sulfuric la xc dinh carbohydrate/PS tho
-quy doi theo glucose, khong xem day Ia ham lugng polysaccharide tinh khiét.

Om NE 2.5,

©+ B6 sung bude khir mubi (desalting) sau budce dung HCI va NH3 dé trung hoa, tranh lam
sai 1¢ch khoi lugng PS thé thu duoce hodc néu gioi han ctia phuong phap

+PS dem thu hoat tinh déu & dang tho. Can danh gia ty 18 tap chat (protein, polyphenol) dé
khong quy két toan bé hoat tinh sinh hoc fa do polysaccharide.

+ Viée do mat do quang & 600 nm dé tinh chi s Prebiotic s& bi nhiéu do dé duc nén ctia moi
trudng chira chiét xuit PS. Cén gidi trinh cach logi trir nhidu nén hoic dung phuong phéap dém
khuan lac (CFU/mL) dé dbi chirng.

--Can trinh bay rd hon thim dinh dinh lugng SCFAs, gém duong chuin riéng cho acetate,
propionate; butyrate, khoang tuyén tinh. hé sé twong quan, LOD/LOQ, do lap lai, do thu hoi, sic
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ky do dai dién va cach xu Iy mau. Dong thoi, cin kiém tra va thong nhat phin phuong phap
SCFAs. Ludn én néu hé¢ Agilent 1200. detector RI, ¢6t Aminex HPX87H, pha dong H2SO« 3mM.
the do dong 0,6 mL/phut, nhiét do buong la 50°C (trang 61); trong khi cong trinh ¢ong bd kém
theo ¢6 mo6 td HPLC-UV v6i cot Phenomenex C18 va pha déng acetonitrile/H-SO4 SmM, téc do
“dong 1 mL/phut, khong dé cap nhiét do.

- Chwong 3

Muc¢ 3.1 1a n6i dung quan trong. tao co s& cho cac phan nghién ctru tiép theo cuia ludn an.
Viée khao sat don yéu t6 két hop véi tdi wu hoa bang mé6 hinh bé mit ddp tng déi v6i hai loai
nim Cordyceps militaris va Trametes versicolor 1a phit hop v6i muc tiéu thu nhén sinh khéi hé
soi ndm giau polysaccharide. Két qua da xac dinh duoc diéu kién nuoi cy t6i wu cho tirng loai
va ¢o thi nghiém kiém ching cho thiy gid tri thue nghiém gan véi gid tri du doan ctia mé hinh.
Tuy nhién, can thao ludn sdu hon va chinh stra mot s6 cau dién dat sau:

+ Can thao luan dé lam ro su Khac biét sinh 1y gitra hai loai nAm. 7. versicolor dat sinh khoi
thip hon C. militaris nhung ham lugng PS cao hon; can duge phén tich sau hon theo huéng:
khac biét vé hé enzyme, hinh thai h¢ soi. kha ning str dung nguon carbon/nitrogen, tc do tang
truong va dic diém tich [0y polysaccharide. Néu chi mé ta rang cic yvéu té ¢6 anh hudng thi
chua khai thac hét gi tri khoa hoc ctia dit liéu. DOng thoi. can chuyén céc gid tri % cua PS sang

-ndng'dd /L dich 1én men dé thé hién ro hon vé ban chit va y nghia cong nghé khi danh gia hiéu
qua sdn xudt polysaccharide.

-+ Cdc md hinh hdi quy da loai bo cac hé s6 twong tac do khong c¢6 y nghia théng ké, nhung
cdc hinh.bé mat dap ing van duoc 20i [a “anh huong tuong tac...”, dé gay hiéu nham: nén ddi
thanh “dnh huéng két hop™ hodc ~bé mat dap mg cua hai yéu t5”. Déng thoi, can bd sung ddy
du cée chi sb danh gid mo hinh nhu R* R? hiéu chinh, R? du doan, phén tich phan du va sai s6
du dodn — thue nghiém; (‘1‘611g thoi dién dat théan trong hon dbi véi lack-of-fit, nhét 1a khi p-value
cta mdt s6 mo hinh gén ngudng 0.05 va sd bac tw do cua pure error con thép.

Phan kiém chimg diéu kién i vu cin trinh bay r0 gia tri du doan, gia tri thuc nghiém, sai
sO.tuyét doi va sai sb twong dbi cho ca sinh khéi va ham luong PS. Céc nhéan dinh nhu “mé hinh
phén dnh rét trung thuc”, “do tin cdy cao” hodc “khing dinh tinh kha thi san xuit quy md 1én”
can duoe tiét ché, vi két qua hién mai ching minh sy pht hop ctia mé hinh trong pham vi khao
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sat & quy md phong thi nghiém. N¢n dicn dat theo hudng: két qua téi wu hoa 1a co sé ban du
cho nghién cru mé rong quy mé nudi cay dich thé nhiam thu nhan sinh khéi hé sgi nim giau
polysaccharide.

Muc 3.2. la ndi dung trong tam cua ludn 4an., duoe trién khai tuwong doi hé théng tir chiét xudt
tudn tu cac phan doan polysaccharide dén danh gia hinh thai bé mat, ham luong PS, kha ning
trung hoa géc ABTS, kich thich sinh truong probiotic. chi sé PI, tao SCFAs, khing a-amylase
va kha nang trc ché vi khuan kiém dinh. Cac két qua thu duge cho thiy céc phan doan PS tir hé
so1 Cordyceps militaris va Trameles versicolor co su khac biét ding ké vé hiéu sudt thu hdi va
hoat tinh sinh hoc in vitro: trong d6 mot s6 phan dogn thé hién tiém nang dang chi y vé h trg
sinh trudng probiotic, tao SCFAs va kha nang khang thuy phén boi a-amylase. Tuy nhién, ndi
dung ndy can xem xét diéu chinh dé hop Iy hon va tranh dién dat qua muc so véi két qua dat
dugc nhu sau:

+ Muc 3.2.1. SEM chi phan dnh hinh thai bé mat, khong du dé két luan vé cau tric phén tu
polysaccharide; do dé can tranh dién ciai sau vé moi lién hé ciu trac—hoat tinh khi chua co dir
li¢u FTIR, NMR. khéi lugng phan twr. thanh phan monosaccharide hodc lién két glycoside. Cin
loai bo cac cum tir suy dién nhu "cho thiy muac do phan nhénh cao hon". Chi giéi han nhan xét
O goc do "do xép bé mat", "kich thude cum két tu" vi hinh thai bé mat quan sat dugc duéi SEM
la két qua tong hop cua cau tric polymer va qud trinh sdy thang hoa/két tua, dong thoi khang
“dinh SEM chi 12 bude danh gid ngoai quan so bo; can doc k¥ lai hinh anh ctia mau S-PST va A-
PST dé viét lai phan gidi thich sy tac dong cua acid/kiém sao cho khép véi hinh anh thuc té cua
ludn dn (Trang 84).

3.2.2. Ham luong PS xac dinh bang phuong phdp mau nén dugc dién giai 1a PS
thé/carbohydrate tong quy doi. Khong nén xem nhu polysaccharide tinh khiét vi phuong phap
nay khong loai hoan toan protein. peptide....

3.2.3 Phép thr ABTS, can diing cich dién dat “khi nang trung hoa gdc ABTS” thay vi khai
quat thanh hoat tinh chéng oxy héa toan di¢n. Dong thai, can bién ludn sau hon vé nguyén nhan
dﬁ_n dén su khac biét vé két qua cua cic phan doan PS tho va khéng gan cha yéu cho PS vi hién
tai chua minh ching cho viée loai céic thanh phfm khdc c6 mit trong PS tho dic biét 1a protein,
peptide, polyphenol...

3.2.4. Céc chi tiéu tang truong probiotic. P1. SCFAs va khang a-amylase la bing chung phu
hop dé danh gia tiém nang prebiotic /n vitro. nhung chua du dé khang dinh hoat tinh prebiotic
theo nghia ddy du hodc loi ich stre khoe trén vat chi. Mot sd 26p ¥ cu thé:

+ PI duong trong mod hinh thd nghiém nay chi chimg minh tiém nang prebiotic in vitro.
chua du dé khéng dinh hoat tinh prebiotic vi chua ¢6 hé vi sinh vat duong rudt phirc hop, chua
¢O°dur lidu vé sur dung chon loc boi microbiota cia vat cha va chua cé béng ching loi ich st
khoe che vat chi. O phin cong thic tinh P (trang 57-58) chi dua trén E. coli nhu dai dién vi
Khudn khong mong mudn. ¢in néu ro 2101 han 1a chi danh gia trén mét vi khudn kiém dinh,
khong dai dién toan bd vi sinh vat dudng ruot bat loi.

+ Dinh lwgng acetate, propionate va butyrate la noi dung co gia tri, vi SCFAs 1a mot
trong cdc chi dau quan trong cua qud trinh Ién men carbohydrate bai vi khuin duong rudt. Tuy
nhién. phﬁn thao ludn hién c6 mot so nhan dinh qua rong vé loi ich strc khoe, vi du lién hé SCFAs
V@i giam bénh duong tiéu hda. ung thu. tim mach hodc cdc liéu phap dua trén probiotic. Cac y
nay ¢6 thé dang trong bdi canh tai licu. nhung ludn an chi do SCFAs trong moi truong nudi cay
invitro sau 24 gi0: do d6 khong nén dién giai nhu hi¢u qua sinh ly. Nén chuyén sang cach viét:
_ “'surgia taing SCFAs 1a bing chimng hé trg kha nang céc phan doan PS dugc [én men béi probiotic
trong didu kién in vitro™.

. + Phin khang phén giii béi a-amylase cach goi “kha nang khang tiéu héa” cin diéu chinh
{dac bict ¢ day chi str dung u-enzyme ¢6 ngudn gbc tir Bacillus subtilis khong dai dién cho a-
enzyme tir tuyén nude bot) nén chua du co s¢ dé khing dinh vi vy can néu cdc 2161 han cta
phuong phép. Pong thoi, thi nghi¢m chi mo phong bude a-amylase, khong dai dién day du cho
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tiéu hoa nguoi, von bao gdbm dicu kicn da day voi pll acid va pepsin, didu kién ruét non Vol
pancreatin, mudi mat, enzyme bo ban chai va thoi gian luu khac nhau. Do do, nén doi thanh
“kha ning khang thuy phan boi u-amyvlase in viro™ hodc “mot chi ddu ban dau vé kha nang
khang tiéu héa™, tranh khing dinh “Khang tiéu hoa cao™ theo nghia toan bd hé tiéu héa. Ngoai
ra, can lam rd phuong phap DNS do dudng khir ¢6 thé bi anh hudng béi dudng khtt sén c6 trong
mau PS tho. Vi vy, can c6 mau tring trude phan (mg enzyme va mau bat hoat enzyme dé hiéu
chinh nén.

Muc 3.2 ¢6 gia tri khoa hoc va cung c¢ép dir lidu quan trong cho ludn &n, nhung can tiét ché
cdc két ludn qua manh nhu “hoat tinh prebiotic 1o rét”, “co s¢ vitng chic” hodc “loi ich st
khoe™. Cach dién dat phu hop hon la: cac phan doan PS tir hé sgi ndm cho thdy tiém nang
prebiotic in vitro. can tiép tuc duoc xic nhan bi"mg phan tich clu trac sau, mo hinh tiéu hoa—lén
.men phuce hgp va nghién ctu in vivo.

Muc 3.3. Mot diém can lam o la sy chua thong nhit gitra két qua mat do L. plantarum rit
cao & Bang 3.13 va két qua “khong phat hién tdng s vi sinh vét hidu khi” & Bang 3.17. Luén an
cn giai thich trang thai san pham gdi kiém nghiém la san pham con probiotic séng hay da duoc
xu 1y sau 1én men. Néu san pham da qua xu Iy lam mat vi khuén song, ¢én tranh g0i san pham
thanh phdm la “giau probiotic™. Néu dugc nén kiém tra ca 2 san pham dé minh chimg cho san
pham 1én men ¢6 tiém ning trc ché vi khudn kiém nghi¢m trong san pham thuc té,

Quy trinh ché bién ¢ muc 3.3.3 ¢6 y nghia dinh huéng nhung con ¢ murc phong thi nghiém.
Can bd sung céc thong s6 cong nghe dinh lugng nhu ty 1€ nguyén liéu/nude, diéu kién chiét, ty
1& 'bo-sung sinh khdi, mat do gidng. v I¢ cdy. nhiét do va thoi gian [én men, pH két thuc, diéu
xi¢n dong chai, xir Iy sau Ién men. bao quan va thoi han st dung. Ngoai ra, can ra soat 18i hinh
thirc nhu danh sé hinh trong phan tom tt, thong nhét thuat ngtr “do acid tong sé/téng acid tinh
theo acid lactic™ va dién dat than tron o hon vé “thuc phz‘im ho tro strc khoe” hodc “giau hoat tinh
~ sinh hoc™. '

Két Tuan va kién nghi: Co ban da trinh bay day du cac két qua chinh dat dugc va kién nghj
‘phu hop. Tuy nhién, can dién dat lai theo 3 muc tiéu cta ludn an thi két ludn s€ rd rang hon.
E-)C}ng thoi. can chinh sta vin phong theo hudng khoa hoc hon, giam cac khang dinh vuot qua
pham vi dit li¢u, thdng nhit thuit nglr “tiém nang prebiotic in vitro™, “kha ning trung hoa géc
ABTS™, “hinh thai bé mat™ va “khing thuy phén boi a-amylase™. Phan kién nghi nén tip trung
hon vao cdc gioi han c6t 16i cta ludn an. gom phén tich cau tric PS, kiém chirng prebiotic & mo
hinh sinh hoc pht hgp, dénh gia On dinh san phim va nghién cttu mé rong quy mo.

Ngoai ra. ludn an cén ra soat lai toan bo 101 chinh ta. 161 danh may va 16i dién dat; tranh dién
dat qué mirc so v6i két qua cia ludn an: Cic tén Latin cdn viét nghiéng, cic tr in vitro, in vivo
can \«_'iél nghi€ng: ra sodt lai tinh xdc thuc cua tai liéu va tinh phu hop cua ndi dung trich dan
duge str dung tron g ludn an.

9. Nhin xét vé cac cong trinh da coug bd cua tic gid lién quan dén luén 4n

Cac cong trinh da cong bd cuia nghién ctru sinh ¢o lién quan truc tiép dén noi dung ludn an.
Nghién ctru sinh ¢6 04 bai bdo lién quan, gom 02 cong trinh vé san phim nuée ndm 1én men, 02
.cong'trinh vé hoat tinh prebiotic cua polysaccharide tir hé soi Cordyceps militaris; ngoai ra con
¢6 cde dé tai nghién ctru khoa hoc va sich chuyén khao lién quan dén polysaccharide hé soi nam.
Nghién ctu sinh dirng tén dau trong cdc bai bao dugc liét ké, cho thay vai tro tham gia chinh
trong qua trinh thyc hién va cong b két qua nghién ctu.

10. Sy phan dnh trung thye ndi dung co bin ciia ludn 4n trong cuén tém tat ludn an

Cuon tom tat ludn an veé co ban da phdn anh trung thanh noi dung chinh cua toan vin luan
an. Tén dé tai. chuyén nganh. muc ti¢u nghién ctu. doi twong — pham vi va ba ndi dung nghién

ctru chinh duge trinh bay thong nhat vai toan van, ¢om: t6i wu héa didu kién nudi cay dich thé
hai loai ndm Cordyceps militaris vi Trametes versicolor: chiét xudt tudn tu va danh gia hoat tinh
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clia cac phén doan polysaccharide: bude dau tng dung sinh khéi hé soi nAm trong san pham
nude nim Bao ngu 1én men lactic.

I1. Danh gid ngi dung gidi trinh ctia nghién civu sinh vé nhin xét cia phan bién doc lap

Ban giai trinh cua nghién ctu sinh duge trinh bay theo timg ¥ kién ctia phan bién doc lap,
.¢6 déi chidu ndi dung gop v, phdn da chinh swra/giai trinh va vi tri chinh stra trong luén an. Vé
hinh thire, ban giai trinh ¢6 cau tric wong d6i 1o, thé hién thai do nghiém ttc tiép thu y kién
phan bién; nhiéu gop y vc 16i chinh ta. danh phap khoa hoce, thuét ngtr, ky hi¢u, don vi, trinh bay
bang/hinh, thono nhat so liéu gitra ludn an — tom tit — phu luc — cong trmh cong bd da ducrc
nghién ctru sinh ghi nhén va chinh sua.

V& noi dung khoa hoc, nghicn clru sinh da tiép thu mot sb gop ¥ quan trong ctia phan bién
doc lap, nhu bo sung thao ludn vé gi¢i han cia mo hinh in vitro, 1am rd hon co s¢ lua chon sinh
I\hm I versicolor cho phan ung dung. bo sung thao luan vé chi s R? va d6 phti hop cua m6 hinh
t6i uu, chinh sta cach dién dat vé > pham vi nghién ctru, cling nhu bd sung mot s so sanh voi
nghién ctu qudc té gan day. Cac diéu chinh nay ¢oép phan lam ludn 4n ro hon vé pham vi, logic
nghién clru va gidi han dién giai két qua.

Tuy nhién, mot s6 noi dung gidi trinh van con mang tinh khai quat, chu yéu néu “da ra soat”,

~da b sung™, “da chinh stra™ ma chua ludn lam ro mie d¢ chinh stra, n6i dung chinh stta cu thé
hodc ly do khoa hoc cua vige tiép thu/ khong tiép thu. Mot s& gop ¥ ¢6 tinh ban chit nhu gidi han
ctia phan tich cau truc polysaccharide. mm lién hé cdu tric — hoat tinh, gi61 han ciia mo hinh
‘prebiotic in vitro, co ché khang khuan. do on dinh san pham va kha ning m¢ rong quy mo moi
dugce giai trinh theo hudng bé sung thao luan, chua thé xem la da duoc giai quyét day du bang
dir licu thye nghi¢m méi. Day 1a gidi han can duoc nhan dién dung, khong phai la sai s6t nghiém
trong. nhung can tranh dién gidi qua murc trong phan két ludn va dong gdép moi cta luén an.

Dic biét, dbi voi g6p v vé phan tich cdu tric polysaccharide, nghién ctru sinh da bo sung va
chinh stra phan thao luén lién quan dén SEM:; tuy nhién SEM chi phan anh hinh thai bé mat,
chua du dé két luan vé cdu tric phén tu. thanh Phdn monosaccharide, khéi lugng phén tr hodc
kiéu lién két glycoside. Do do. phan gidi trinh la chap nhan dugc 6 murc lam rd gidi han phuong
phap, nhung chua thé thay thé cho cace phan tich cdu tric sdu nhu FTIR, NMR, HPSEC hodc
phan tich monosaccharide. Diéu nay cin tiép tue duge néu 1a hudng nghién ctu tiép theo.

D& voi gép ¥ vé tinh in vitro cia cac két qua prebiotic, nghién ctru sinh da ¢ chinh sta
theo hudng than trong hon. nhan manh cic két qua méi phan 4nh tiém niing trong diéu kién thi
nghi¢m, chua dai dién diy du cho h¢ tiéu hoa v a h¢ vi sinh vét dudng rudt phtre hop trén vit
chu. Day la phan giai trinh phu hop. Tuy nhién, can tiép tuc thong nhat céch dién dat trong toan

ludn 4 an, dac biét & phan ma dau. k&t luan, y nghia thue tién va tém tit ludn an, dé tranh céc cum
tr d¢ gdy hiéu la da ching minh hicu qua suc khoe hodc hiéu qua sinh 1y trén nguoi.

© D6i voi phan ung dung san pham. nghién ctu sinh da giai trinh ly do chon 7. versicolor thay
vi C. militaris va 1am o cong thire bo sung 0.6% sinh khéi, 1én men 24 gid. NOi dung nay vé co
ban phu hop voi két qua thue nghi¢m. Tuy nhién, phén giai trinh van cin nhin manh rd hon rfmg
day la ket qua budce dau tng dung o quy md phong thi nghi¢m, chua phai quy trinh san xuat
hoan chinh; cac van dé nhu 6n dinh bio quan, kha nang song sot cua L. plantarum, an toan theo
nhi¢u 16 mau, cam quan nguoi tiéu ding va thoi han st dung van cin tiép tuc nghién ctu.

. Nhin chung, ban giai trinh ctia nghién ctru sinh thé hién tinh than tiép thu nghiém tic va da
xtr Iy duge nhiéu gop v cua phan bi¢n doc lap. nhat la céc g6p ¥ vé hinh thire trinh bay, chuan
hoa thuat ngtr, bd sung thao ludn va lam rd 2i61 han nghién ctru. Tuy vay, mot sd van de ¢o tinh
chicu sau khoa hoe méi duoe giai trinh & mre b sung thao luan, chua dugc giai quyet bang dix
licu thuc nghiém bo sung. Do do. ¢6 th¢ danh gia ban giai trinh 1a co ban dat yéu cdu, nhung
nghién ctru sinh can tiép tuc ra sodt dé Lhom_ nhat cich dién dat than trong trong toan luén én,
dac biét doi véi cac nodi dung vé “prebiotic™, “cdu triic polysaccharide”, “co ché khang khuan™,

“hiéu qua stre khoe™ va “kha ndng (mg dung san pham”.
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12. Két luéin

" Trén co sO xem xét toan vin ludn 4n. (om Gt luan an, danh muc cong trinh khoa hoc va ban
giai trinh phan bién ddc lap, ¢ thé nhin dinh ludn 4n da dugc thue hién nghiém tac, ¢6 ciu tric
twong doi day du va phu hop vdi chuyén nganh Cong nghé thue pham, ma sé 9540101, Mac du
ludn 4n con mot sd sai sot va han ché nhung chu véu thude vé mirc do dién giai, chudn hoa thuat
nglr. hoan thién trinh bay va mo rong thao luin gioi han nghién ciru; khong lam thay dbi ban
chiit cic két qua chinh cta ludn an. Nghién ctru sinh da ¢é cac cong trinh cong bé lién quan truc
tiép dén ndi dung lugn dn va da ¢6 ban gidi trinh tiép thu ¥ kién phan bién doc lap.

" Vi vy, toi danh gia ludn an dap (ng véu ciu co ban cia mot ludn an tién si nganh Cong
nghé thue pham. D& nghi Hoi dong cho phép nghién ciru sinh dugce bao vé ludn 4n trude Hoi
dong danh gia ludn an tién si cap Truong, dong thoi yéu cdu nghién ciru sinh nghiém tic tiép

- thu, chinh stra ¢ac n6i dung gop ¥ néu trén trude khi hoan thién ban luan an cudi cung.

Ddk Lk, ngay .7 thang 7 nam 2026
Nguoi nhan xét

- =
PGS. TS. Nguyén Quang Vinh




DAl HOC DA NANG CONG HOA XA HQI CHU NGHIA VIET NAM
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NHAN XET LUAN AN TIEN SI

Ho va tén nguoi nhan xét: TS. Nguyén Thi Pong Phuong .
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Ho va tén Nghién ctru sinh: Nguyén Thi Bich Hing Tuyén sinh nim: 2020
Nganh: Cong nghé thue phim Mi sd: 9540101

Tén dé tai ludn 4an: Thu nhén, ddnh gia hoat tinh prebiotic ctia polysaccharide tir soi ndm
(Cordyces militaris, Trametes versicolor) va budc dau tng dung sinh khéi trong ché bién thuc
pham bd sung
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Xac nhan cia co quan

; Da Nang, ngay 12 thang .7. ndm 2026
quéan ly (néu c¢o)

Nguwoi nhan xét
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TS. Nguyén Thi Pong Phuong




DAI HOC PA NANG CONG HOA XA HQI CHU NGHIA VIET NAM
TRUONG PAI HOC BACH KHOA Pjc 1dp — Tw do — Hanh phiic

NHAN XET LUAN AN TIEN Si
Ho va tén ngudi nhin xét: PGS. TS. Trinh Ding Mau
Hoc ham: Phé gido su Hoc vi: Tién s
Chuyén nganh: Sinh hoc
Co quan cong tdc: Truong Dai hoc Su pham, Pai hoc Pa Ning
Dja chi: 459 Tén Pc Thing, Hoa Khénh, Pa Ning
Ho va tén Nghién ctru sinh: Nguyén Thj Bich Hing Tuyén sinh nim: 2020
Chuyén nganh: Céng nghé thuc phim Ma sb: 9540101
Tén dé tai luén an: Thu nhén, dinh gi4 hoat tinh prebiotic ctia polysaccharide tir soi nAm

(Cordyceps militaris, Trametes versicolor) va buéc dau tmg dung sinh khdi trong ché bién
thyc phdm bd sung

TONG QUAN HO SO VA CAU TRUC LUAN AN

Luén 4n Tién si Ky thuat cia NCS. Nguyén Thi Bich Hing, chuyén nganh Cong nghé
thue phdm, Trudng Pai hoc Bach khoa — Pai hoc Pa Ning. Toan vin luan 4n gbm 156
trang (chua tinh phin phu lyc), duge trinh bay ba1 ban theo chudn muc cta mot cdng trinh
nghién ciru tién si ky thuat véi bd cuc bao gdm: Loi cam doan, Loi cam on, Muc luyc,
Danh muc céc ky hiéu va chit viét tit, Danh myc béng/hinh, Phin M¢é diu, 3 Chuong noi
dung chinh, Két luan & Kién nghi, Danh myc cdng trinh céng b cta tic gid va Danh muc
Tai liéu tham khdo (223 tai liéu tham khao trong va ngoai nudc, cap nhat nhidu cong trinh
qudc té uy tin cong bd dén nim 2025).

.‘ A r > A r
B0 cuc ngi dung chinh cia luén 4n:

e Phin Mé diu: Pat vin dé, muc tiéu nghién ciru (téng quat & cu thé), dbi tucmg &
pham vi nghién ciru, phuong phap tiép can, y nghia khoa hoc & thuc tién cua dé tai,
bd cuc cta ludn 4n.

e Chuong 1. Tong quan tai ligu (37 trang, tir trang 7 dén 43): Téng quan hé sinh hoc
va dic tinh duoc lidu cia hai loai nAm Cordyceps militaris va Trametes versicolor; co
s& 1y luan v& polysaccharide (PS) nim va hoat tinh prebiotic; phuong phap nubi cy




dich thé (Submerged Fermentation - SmF); quy trinh chiét xudt va phan lap
polysaccharide; co ché chdng oxy hoa va kich thich sinh truéng loi khuén.

e Chuong 2. Déi twong va Phwong phap nghién ciru (22 trang, tir trang 44 dén 65):
Gidi thiéu nguyén liéu ndm, cdc chiing vi sinh vét d6i chimng va hoa chat; So dd khoi
ndi dung nghién ciru; Quy hoach thyc nghiém t6i wu héa nudi cdy dich thé bing
Phuong phép B& mat Pép ing (RSM) voi Thiét ké Box-Behnken (BBD); Quy trinh
trich xuét tudn tu PS (dung nudc néng 100°C, Na,CO; 1 M va HCI 0,1 M); Phén tich
hinh thai vi cAu tric bé mit bang kinh hién vi dién tir quét (SEM); Panh gia kha ning
khang oxy hoa (DPPH, ABTS, FRAP); Thir nghiém hoat tinh prebiotic in vitro kich
thich vi khuén lactic (L. plantarum, L. acidophilus) va tic ché vi sinh vit gy hai; Quy
trinh cong nghé 1én men lactic dd ubng tir dich chiét ndm Bao ngu (Pleurotus
ostreatus) kbt hop sinh khéi soi ndm Van chi; Xir 1y théng ké (Minitab, SPSS,
ANOVA, Tukey HSD).

e Chuong 3. Két qua va Thao luan (63 trang, tir trang 66 dén 128):

o 3.1. T6i wu héa diéu kién nuéi cdy dich thé thu nhdn sinh khéi va PS hé soi nam C.
militaris va T. versicolor.

o 3.2. Chiét xudt tuan tw, danh gia hinh thdi (SEM), hoat tinh khang oxy héa va hoat
tinh prebiotic cua cdc phan doan PS.

e 3.3. Ung dung hé sm ném ché bién san pham thu’c phdm bé sung (nudc uong 1én men
lactic tir chiét xudt ndm bdo ngue _ket hop hé soi ndm Van chi).

e Kétluin va Kién nghi (2 trang, tir trang 129 dén 130).

NOI DUNG NHAN XET CHI TIET

1. Tinh cAp thiét, thoi sw, y nghia khoa hoc va thye tién ciia dé tai luin 4n

e Tinh cip thiét & thoi su: Trong béi canh y - sinh - thuc phim hién dai, viéc nghlen
curu, phat trién cdc san phdm thyc phidm bd sung, thuc pham chirc ning c6 ngudn gbc
t nhién nhim ting cudng sirc khoe dudng rudt va hé mién dich dang 13 xu huéng chu
dao trén thé giéi. Ndm duoc liéu Cordyceps militaris (Poéng trung ha thdo) va
Trametes versicolor (NAm Van chi) ndi tiéng giau cac hop chét sinh hoc quy, dic biét
1a polysaccharide. Tuy nhién, phuong phép thu hdi hodc nudi trdng qué thé ndm truyén
théng tén nhidu théi gian (60 — 90 ngay), phu thudc 16n vao thdi tiét va chi phi san
xuét cao. Viéc ung dung cong nghé nudi céy dich thé (Submerged Fermentation -
SmF) dé thu sinh khéi va chiét xuit polysaccharide hé soi nim trong thoi gian ngan (7
— 14 ngay) v6i cac diéu kién kiém soat nghiém ngit 13 giai phap cong nghé mang tinh

thoi s, giai quyét triét dé bai toan nguyén liéu va t6i uu chi phi.

e Y nghia khoa hoc:

e Cung cip hé théng dir liéu thuc nghiém va xay dyung thanh cdng cac md hinh toan
hoc RSM/BBD chinh x4c vé anh hudng cia pH, ndng do glucose va cao nam
Z



men dén kha ning sinh trudng sinh khéi va tdng hop polysaccharide cia hé soi
nam C. militaris v T, versicolor.

e Lam sing t6 mdi trong quan giita hinh thai vi cAu triic bé mit (SEM), kha nidng
khang oxy hoéa va hi¢u qua prebiotic kich thich ting truong loi khuin lactic
(Lactobacillus  plantarum, Lactobacillus acidophilus) ctia cic phan doan
polysaccharide thu nhan tir quy trinh chiét xuit tudn tu (dung nudc nong, Na,CO,
va HCI).

e Y nghia thue tién:

e Dé xuit dugc bd théng sb cong nghe nudi cdy dich thé ti wu giup thu nhén sinh
khéi va polysaccharide ctia hé soi nam dat ning suit cao.

e Ung dung thanh cong sinh khéi soi ndm Van chi két hop v6i dich chiét nim Bao
ngu (Pleurotus ostreatus) dé san xuét dd udng bd sung 1én men lactic dat gi4 tri
cam quan xuét sic (diém Hedonic > 7 ,8/9), dam bao an toan vi sinh va duy tri mat
d6 loi khudn sinh hoc dat ngudng rit cao (> 10" CFU/mL).

2. Sw khong trung lip cia d? tai, s6 liéu, két qui nghién ciru, két qua ciia ludn 4n véi
cdc dé tai, ludn vin, luén 4n, cong trinh khoa hoc khac

® Ludn 4n 1a mét cong trinh nghién ciru khoa hoc déc 1ap, nghiém tic va céng phu do
NCS. Nguyén Thi Bich Hing tu thuc hién duéi sw huéng din chuyén mén truc tiép
cia PGS.TS. Dang Minh Nhét va TS. Nguyén Hoang Diing.

® Tinh méi & khéng tring lip: Mic di cic nghién ciru vé& ndm C. militaris, T
versicolor hay P. ostreatus d3 dugc cong bd rai rac trén thé gidi, nhung viéc nghién
ctru tich hop song song quy trinh nuéi ciy dich thé t&i wu hoa RSM cho hai loai nim
dugc ligu, danh gia so sanh quy trinh chiét xuét tudn tu bing 3 hé dung moéi véi cac
phan doan phan tir ¢6 vi cdu tric va hoat tinh sinh hoc da dang, cung viée phat trién
san phim db ubng 1én men lactic két hop sinh khéi soi ndm Van chi véi dich chiét
nim Bao ngu 12 mét huéng tiép can hoan toan méi, chua timg dugc cong b & bt ky
luén vin, luan 4n hay cong trinh khoa hoc nao tnroc day.

e Tinh trung thu'c ctia dir liéu: Toan b hé thdng sb lidu thyuc nghlem (quang phé hip
thu, mat do té bao vi sinh, bang phan tich ANOVA, mo hinh bé mit d4p tng 3D, anh
chup SEM, bang diém cim quan) déu la dit liéu gbc, khach quan, thu duge tir qua
trinh do dac thuc té tai phong thi nghiém cua Trudng Pai hoc Bach khoa — PH Pa
Ning va Pai hoc Su pham - BDH Da Nang. Trich dan tai liéu duoc thuc hién nghiém
tc, minh bach.

3. Sy phu hop giira dé tai luin 4n véi ma sé nganh




e Tén d2 tai: "Thu nhén, danh gid hoat tinh prebiotic cia polysaccharide tir sgi nam
(Cordyceps militaris, Trametes versicolor) va budc dau vmg dung sinh khoi trong ché
bién thic pham bé sung”.

Chuyén nganh: Cong nghé thuc pham | Mi s6: 9540101.
Mikc dd phut hop: Dé tai hoan toan phu hop véi chuyén nganh Céng nghé thuc pham
ca vé d6i tuong, ndi dung va phuong phép nghién ctru:

e Déi tupng: Nam thuc phdm va ndm duoc liéu (C. militaris, T. versicolor).

Céng nghé & Phuong phap: Ky thuét nu6i cdy dich thé thu sinh khi; Quy hoach thuc
nghiém tbi wu hoa bang RSM; K¥ thuét trich tach va phén lap céc hop chat sinh hoc
thue phﬁm; Danh gia hoat tinh sinh hoc thuc phém in vitro; K¥ thuat ché bién va lén
men thure phdm bé sung; Phén tich cam quan thuc phim theo chuén muyec.

e Pdu ra: Quy trinh cong nghé ché bién sin phidm thyc phdm bd sung 1én men lactic
giau gia tri dinh dudng va hoat tinh sinh hoc.

4. Tinh trung thwe, rd rang va day di trong trich dan

e Luin 4n st dung 223 tai liéu tham khao phong phu, bao gdm cac bai bao khoa hoc
chuyén nganh uy tin trong va ngodi nuéc, sach chuyén khao va céc cong trinh quéc té
dwoc xuit ban, duoc cap nhat dén nam 2025.

e Trich dan duoc trinh bay rd rang, tudn thu ding quy dinh vé trich din khoa hoc va
quyén s¢ hiru tri tug.

e Qua qua trinh ra soat va tiép thu gép y cia cac phan bién doc lap, NCS da ra soat
nghiém tac toan by ludn an, stra chita cac 15i font chir, ngat dong, bd sung trich dan
cho céc hinh v& (Hinh 1.3), loai bo tai liéu trung ldp du thira (tai li¢u [64]) va chi thich
rd rang céc hinh anh tu chup trong phong thi nghiém (Hinh 1.1, 1.2).

5. Sw phén 4nh két qua luin 4n trong nhirng cdng trinh da céng bb
Hé théng cong b cia NCS gom 04 bai bao khoa hgc (trong d6 c6 02 bai béo qubc té uy

tin thudc danh muc WoS/Scopus, 01 bai bao hoi nghi qudc té, 01 bai béo tap chi trong
nuée) va 01 sach chuyén khao. Sy twong thich dugc thé hién cu thé nhw sau:

STT | No6i dung nghién ciru | Céng trinh khoa hoc ddi | Panh gia mic d§ twong
chinh trong Luén an chiéu thich va nhét quén




Tong quan tai lidu:
Co s& 1y thuyét vé
polysaccharide (PS)
hé soi ném, céng
nghé 1én men chim
(SmF), hoat tinh
prebiotic va khang
oxy hoa.

Sach chuyén khio
(2026): “Polysaccharide
hé soi nam: sinh trfng hop,
dac tinh va vng dung”
(NXB Dai hoc Hué, viét
cac chuong 1, 3, 5).

Trung khép hoan toan.
Sach chuyén khao da hé
thong hoa sau sc 1y
thuyét tir Chuong 1 ctia
luan &n, ndng cao tinh hoc
thut va cap nhét cac
nghién ctru qudc té méi
nhét v& véch té bao nim.

Chuong 3 - Muc 3.2:

Téch chiét tuan tu
(nudc ndng HWE,
kiém AE, acid AEc)
va danh gid hoat tinh
prebiotic in vitro cia
PS tir soi ndm C.
militaris.

Bai bio s6 3 (JABB,
2026): “Prebiotic
Properties of
Polysaccharide Extracts
JSrom C. militaris
Mycelium...”. Bai bao s6 4
(Tap chi Cong Thuong,
2023): “Prebiotic
properties of
polysaccharide isolated
Sfrom C. militaris...”.

Trung khép hoan toan.

- Bai bdo s6 4 (2023)
cong bd két qua so bo vé
hoat tinh kich thich lgi
khuén L. plantarum ctia
PS nim dong trung ha
thao.

- Bai bao quéc té s6 3
(2026) cong b chi tiét
toan b sb liéu vé chi sb
prebiotic (PI), kha ning
khdng tiéu héa sinh hoc,
va ndng d6 SCFAs sinh ra
tir 3 phan doan PS khac
nhau cta C. militaris.




Chwong 3 - Muc
3.3.1: Phan lap, tuyén
chon va dinh danh céc
chang vi khuén lactic
(L. plantarum) c6 kha
nang 1én men dich
chiét ndm.

Bai bdo s6 1 (SPISE,
2024): “Developing a
health-suppoting
fermented lactic beverage
from oyster mushrooms
(Pleurotus ostreatus) ”.

Nhit quan vé nén ting
cong nghé. Bai bdo cong
b6 két qua phan lap cac
chung loi khudn (nhu
NS3, NS6 tuong thich véi
chung L. plantarum dung
trong ludn 4n) va quy
trinh 1én men dich chiét
nim Bao ngu tim — von 1a
co chit nén cia san pham
ung dung trong luan an.

Chwong 3 - Muc
3.3.2 & 3.3.3: Téi wu
hoéa ché bién nuéc
ubng nim 1én men b
sung sinh khdi soi
nédm Van chi (T
versicolor); Panh gia
cam quan va an toan
vé sinh.

Bai bdo s6 2
(Mycobiology, 2025 -
SCIE Q2): “Optimization
of Lactic Fermented
Beverages: Integrating T.
versicolor Mycelium and
Pleurotus ostreatus
Extract...”.

Trung khép hoan toan.
Toan bd sd liéu vé cong
thre t8i wu hoéa (bd sung
0,6% sinh khi soi ndm
Van chi, 1én men 24h
bang L. plantarum
WCFSI), két qua HPLC
dinh luong SCFAs, chi sb
cam quan Hedonic 9
didm, va két qua kiém
nghiém an toan vi
sinh/kim loai ning déu
ddng nhat tuyét dbi.

Trong c& 4 bai béo khoa hoc di cong bd, NCS Nguyén Thi Bich Hing déu ding tén & vi
tri tac gia dau tién (First Author) va d6ng thoi 1a tac gia lién hé (Corresponding Author) &
bai bao s6 4.

Trong cudn sich chuyén khao xuit ban nim 2026, NCS 12 ddng tac gia va tryc tiép bién
soan cac chuong cdt 161 lién quan dén dé tai.




=> Piéu nay khiang dinh NCS khong dong vai tro thu dong hay chi 1a thanh vién hd tro,
ma chinh 13 ngudi trye tiép xay dung y tudng, thuc hién cac thi nghiém 1én men dich thé
phre tap, xir 1y dit liéu théng ké trén Minitab va vit ban thio khoa hoc.

© Tap chi Mycobiology (Taylor & Francis): DPay la tap chi quéc té uy tin cao thudc
danh muc WoS/Scopus (SCIE, Q2) trong linh vuc ndm hoc va cong nghé sinh hoc.
Viéc cong bb két qua tal déay chimg t6 quy trinh t5i wu héa SmF va cong thure nudce
1én men bd sung soi ndm Van chi ctia NCS da vuot qua nhu'ng tiéu chuan phan
bién chuyén mén cuc ky khit khe cta cong ddng khoa hoc quéc té.

o Tap chi Journal of Applied Biology & Biotechnology (JABB): Tap chi thuéc danh
muc Scopus uy tin, phan anh rit tbt cac nghién ctru ing dung sinh hoc thuc
nghiém.

6. Tinh hién dai, hop 1y, d9 tin ciy ciia phwong phap nghién ciru

e Tinh hi¢n dai: NCS di tiép cén va lam chu hé théng céc phuong phap nghién ciru
hi¢n dai trong linh virc Cong nghé Thyc phdm va Cong ngh¢ Sinh hoc:

Phuong phdp quy hoach thyc nghiém bé mit dap tmg (RSM) két hop thiét ke
Box-Behnken (BBD) dé téi uu héa da myc tiéu quy trinh 1én men nuédi cy
dich thé.

K§ thuit trich xuit tun tu phan doan polysaccharide theo thang dung méi gia
ting tinh kiém/axit (nuorc néng 100°C, Na,CO; 1 M va HC1 0,1 M).

Phén tich hinh thai vi cu tric bé mat vat liéu sinh hoc bang kinh hién vi dién
tir quét (SEM).

Phan tich hoat tinh khang oxy héa da dang théng qua céc assay quang phd
DPPH

Danh gid hoat tinh prebiotic in vitro cia cac ching vi khuén lactic chuin (L.
plantarum, L. acidophilus).

Danh gi4 chit luong cam quan thuc pham bang phép thir Hedonic 9 diém.

e Tinh hop Iy & D tin ciy:

Tién trinh nghién ctu duoc thiét ké theo logic chit ché: Khao sat don yeu to
(OFAT) truée dé x4c dinh khoang bién, sau d6 quy hoach RSM/BBD dé ti wu
héa; Trich xuét phin doan -> Panh gi4 vi cdu triic & hoat tinh sinh hoc -> Ung
dung ché bién thuc pham

Moi thyc nghiém déu dwgc 1dp lai it nhét 3 Iin; sb lidu duge trinh bdy duéi
dang trung binh + d6 léch chuén (M £ SD).

Xir 1y théng ké tin cay bang phin mém Minitab va SPSS, phan tich bién déng
ANOVA 1 va 2 nhén t4, kiém dinh so sanh trung binh Tukey HSD (P < 0,05).

7. Két qua nghién ciru méi cia luéin 4n




1. X4c 1ap mé hinh t6i wu hoéa nudi ciy dich thé: Pi x4c dinh dugc bd thong s6 nudi
cdy dich thé t6i uu theo mo hinh Box-Behnken cho C. militaris (pH 5,05; Glucose 40 g/L;
Cao nidm men 5,07 g/L, thu sinh khdi cyuc dai 8,90 = 0,25 g/L, ham lugng PS = 5,28%) va
T. versicolor (pH 5,545; Glucose 20,65 g/L; Cao ndm men 2,025 g/L, thu sinh khdi 3,59 +
0,12 g/L va ham luong PS dat 8.23 %).

2. Kham pha dic tinh phan doan Polysaccharide chiét xuit tudn ty: Chimg minh vigc
trich xuét tuan tu br?lng 3 hé dung mdi thu dugc cac phan doan PS c6 hinh thai bé mit
(SEM) va hoat tinh sinh hoc khéc biét: Phan doan chiét nuée nong (WPS) c6 vi cdu tric
x6p, nhiéu khe nirt, thé hién kha ning prebiotic kich thich ting trudng loi khudn lactic cao
nhét; trong khi cac phan doan chiét kiém (SPS) va acid (APS) thé hién ning luc khéng
oxy hoa (DPPH, ABTS, FRAP) vugt trdi hon.

3. Lam sang té co ché sinh hoc prebiotic in vitro: Khing dinh kha ning duy tri su séng va
sinh trudng caa vi khuan lactic (L. plantarum, L. acidophilus) khi c6 sy hién dién cua cac
phan doan PS nim, qua d6 mé ra tiém nang thay thé cic ngudn prebiotic truyén thong.

4. Xay dung quy trinh céng nghé ché bién thyc pham bb sung: Pi phat trién thanh
cong quy trinh cong nghé san xuit nuée udng bd sung 1én men lactic tir dich chiét nim
Bao ngu két hop 0,6% soi nAm Van chi, san pham dat an toan vi sinh, vi chua ngot hai
hoa (diém cam quan > 7,8/9), gidu hoat tinh chéng oxy hoéa va duy tri mat d9 loi khuéan
sinh hoc cao (> 10" CFU/mL).

i~ l‘ r 7 A r A A bt hY r
8. Nhirng thiéu sét cia ludn 4n vé ndi dung va hinh thae

Maic du luan an dugce thuc hién rat cdng phu va co chét luong t6t, NCS can luu ¥ mot )
han ché dé tiép tuc phat trién nghién ctru:

1. vé phan tich cAu tric héa hoc polysaccharide: Luadn 4n méi dimg lai ¢ viéc dinh
luong polysaccharide téng sé bang phuong phap Phenol-Sulfuric va quan sat hinh thai vi
mb bang SEM. Néu b6 sung thém phan tich phd hdng ngoai bién d6i Fourier (FTIR), sic
ky gel (GPC/SEC) dé xéc dinh khéi lugng phan tir (M,,) va séc ky khi (GC-MS) x4c dinh
thanh phén monosaccharide thi gia tri khoa hoc s€ siu sdc va hoan thién hon.

2. V& mé hinh danh gia prebiotic: Panh gi4 prebiotic trong luén an méi tién hanh trén
md hinh in vitro véi 2 dong vi khuan lactic don thuan (L. plantarum, L. acidophilus).
NCS chua khao sat trén hé vi sinh vat duong rudt da dang (gut microbiota) hodc mé hinh
in vivo trén dong vat thir nghiém dé danh gia chinh xé4c sinh kha dung va su bién déi cua
hop chéit qua duong tiéu hoa (da diy va rugt non).

3. V& mé hinh Quy hoach thue nghiém (RSM/BBD): S6 luong diém tdm n, = 3 trong
thiét ké Box-Behnken 3 yéu t& hoi mong (DFpye pror = 2), 1dm kiém dinh Lack-of-Fit ndm
sat ngudng y nghia (p = 0,08). NCS di loai bo céc twong tac kép (X.X)) ra khoi phuong
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trinh hoi quy, cn giai thich sau hon anh huéng ciia ty 1¢ C/N dbi véi qué trinh sinh téng
hop PS.
4. V& hinh thtc trinh bay: Mot sé tra.ng con 16i rét chit khi ngit bang, lap tiéu dé cot (da

t1ep thu ra soat trong ban g1a1 trinh). Can cha ¥ thong nhét cach sir dung déu phéy (,) hay
ddu chim (.) trong céc bang s liéu ANOVA chuén tiéng Viét.

- Trong cac cong trinh da coéng bd, nhom téc gia déu cong bd phan tich dix 11eu bang phan
mém R; tuy nhién, trong ludn én, tic gia mo ta phan tich dit liéu bang phin mém SPSS va
Minitab - ¢6 thé do & cuong nghién ctru chua chinh stra. Tac gia nén hiéu chinh cho déng
nhit.

- Trong danh muc tai liéu tham khao, nhleu tai ligu dang bai bao con c6 kém theo dong
trich dan vao ndm (Cited in ...) - tac gia cin diéu chinh lai danh muc tai liéu tham khao
cho ding. Nén phan chia nhém danh muyc tai li¢u tiéng Viét va tai liéu tiéng Anh.

- Trong bd tri thyuc nghlem téi wru hoa, tac gid ¢6 thé nén bién Iuan thém vé viéc khong c6
su tuong tic giita cac yéu td thuc nghiém (pH, glucose cao nim mem) dén sinh khéi va
ham Tugng PS -> vi muc tiéu cta thi nghiém t6i wu 13 tim ra m01 tuwong tac nay Viée
khong c6 tuong tac nay c6 thé do tim thuc nghiém dwoc bé tri gin v6i diém ti wu 1am
viéc anh hudng don 1& va anh huéng tuyén tinh chi phdi t6i 96 - 98% su bién thién lam
cho higu ing twong tac tré nén nho hon sai sé ngiu nhién ctia mé hinh.

- Trang 78 téc gia c6 viét “yéu t§ X1 (pH) 1a nhan té c6 tac dong phan giai tuyét tinh
manh m& nhit => 13 thuét ngit, tdc giai nén dung 14 tdc dong tuyén tinh hoic hidu ung
tuyén tinh thi phit hop hon.

- O doan 1, tic gia viét: "...céc twong tac hai chiéu giita cic yéu t§ doc 1ap khong thé hién
y nghla thong ké (p > 0 ,05) va da dugc chu dong loai bo..." (khing dinh mé hinh khong
con so hang twong tic). Nhung sang doan 2, tac gia lai viét: "Gia tri R? 0,96 chi ra ring
cac yéu té du vao (X1, X2, X3) va su twong tac cua ching giai thich dugc hon 96%..."
=> Viéc dung cdu "va su tuong tic cua chung & doan 2 gay mau thuin véi ciu ¢ doan 1.
=> nén sira thanh "Gia tri R? = 0,96 chi ra ring céc yéu tb dau vao (X1, X2, X3) & dang
tuyén tinh va béc hai giai thich dugc hon 96% su bién thién...

- C6 su nham l4n trong ndng d cao ndm men tdi wu cita ndm Trametes versicolor trong
ket ludn (2,025 g/L) va trong bai viét (muc 3.1.2.3 13 2,0354 g/L) => 16i ddnh may tac gia
can diéu chinh.

- Viét héa toan b s6 lidu trén biéu dd.

- Biéu d0 dang trang da hinh c6 ky hi¢u va c6 cha gii thi khong can tén ciia bidu db con,
cu thé hinh 3.1, 3.3, 3.5.




- T4t ca c4c hinh 4nh can thiét phai dugc trich din/dan chimg trong bai viét.

- Trong két quéa kha ning khang oxy hoa cua cac cao chiét PS tir hé soi nim:

+

Tac gia dua ra duge nhan dinh rat hay vé anh hudng cia cau tric khong gian cia
A-PS dén kha ning trung hoa gbc tu do va mé rong dugc vai tro PS hoat dong nhur
mdt chat diéu hoa sinh hoc gian tiép. Tuy nhién,

Két qué trong bang 3.7 va 3.8 can kiém tra lai danh chir céi theo y nghia thng ké,
tic gia ghi: “Céc chit cai khac nhau trong mdt cot biu thi su khéc biét c6 ¥ nghia
thong ké (Tukey’s HSD Test, P < 0,05) => tuy nhién c4c chit c4i trong bing nay tac
gia dang danh theo hang maéi dung.

Tac gia can tinh toan lai IC50 trong bang 3.7: IC50 ctia A-PSC phai nhén hon cua
W-PSC thi phi hop v6i dir liéu duge cung cap.

Bang 3.8 tac gia nén tinh IC50 theo Log-Linear thi phu hop hon.

T4c gia c6 so sanh: "So véi mét s6 cac nghién ciru khac vé hoat tinh khang oxi héa
ctia PS cho thiy khé c6 su twong dong, nghién ciru ciia Petraglia (2023) hoat tinh
khang oxi héa cia PS tach chiét tir nim Pleurotus eryngii 1a 1,15 + 0,09 mg/mL
[155]..." => Gia tri IC50 ctua Pleurotus eryngii 1a 1,15 mg/mL = 1150 pg/mL. =>
Nhan dinh "kha tuong ddng" chi ding d6i véi ndm T, versicolor (1070,6 - 1279,1
ug/mL ~ 1150 pg/mL). Néu tinh chung cho ca C. militaris (> 2400 pg/mL) ma két
lufn "tuong ddng" voi mirc 1150 pg/mL 14 thidu chinh x4c vé mit dinh luong.

Téc gia nhan dinh: "IC50 cta cac chiét xudt PS cta 2 loai ndm niy déu cao hon so
véi IC50 cta acid ascorbic..." => Cach dién dat "IC50 cao hon" dé lam nguoi doc
phd théng hidu nham 1a "tt hon". T4c gia nén viét rd rang thanh: "Gia tri IC50 cua
céc chiét xuét PS déu cao hon nhiéu so véi acid ascorbic (83,89 ug/mL), diéu nay
chi ra ring kha ning trung héa gbc tur do tryc tiép cua PS yéu hon so véi chat
chuén."

- Trong két qua 3.2.4.1. Kha ning kich thich sy sinh truéng probiotic hinh 3.13 va 3.14
tac gia can kiém tra lai ¢& miu la n = 3 hay n = 15 => Theo phwong phép nghién ciru
trang 57 “Thi nghiém dwoc lap lai 3 1an, mdi lan 15 éng” thin = 3.

Trong tiéu muc 3.2.4 Hoat tinh prebiotic cua PS chiét xudt tir hé soi nAm: Trinh tu bo tri
céc thi nghiém dugc thiét ké theo mot chudi logic khoa hoc chit chg, bam sat dinh nghia
va 3 tiéu chi cdt 161 ctia mot prebiotic:

Budc 1 - Khao sat kha nang déng héa co chit (3.2.4.1): Kiém tra xem céc ching
probiotic muc tiéu (Lactiplantibacillus, Bifidobacterium) cé thé sir dung cic phan
doan polysaccharide (PS) soi ndm lam ngudn carbon duy nhat dé sinh truéng hay
khong.
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Budc 2 - Panh gia tinh chon loc qua Chi s6 Prebiotic - PI (3.2.4.2): Dinh lugng
mirc d9 kich thich chon loc dbi véi loi khudn so v6i hai khuén (E. coli) théng qua
chi s6 PI. Diéu nay chimg minh tac dong hudng dich cua prebiotic.

Budc 3 - Xac dinh san phdm chuyén héa sinh hoc SCFAs (3.2.4.3): Dinh lugng cac
axit béo chudi ngin (axit acetic, propionic, butyric) dugc giai phéng trong qua
trinh 1én men bang HPLC. Budc nay lam sang té co ché sinh hoa tao ra loi ich sinh
1y d6i v6i té bao biéu mo rudt.

Budc 4 - Xac nhan tinh khéng tiéu héa (3.2.4.4): Panh gia mirc d6 bén viing cia
PS khi dbi mit véi enzyme a-amylase. Tidu chi nay bét budc dé dam bao PS c6 thé
di qua da day, rudt non ma khong bi phan giai trudc khi tiép cén dai trang.

Buéc 5 - Panh gia hiéu qué bao vé sinh hoc chéng hai khuin (3.2.4.5): Chimg
minh dich 1én men cua lgi khuan khi c¢6 bd sung PS nim c6 kha nang rc ché manh
m¢é cac tac nhédn gdy bénh dudng ruét (E. coli, S. aureus)

Tuy nhién, trong bai viét, tac gia nhan dinh:

Trong myc 3.2.4.1, tic gia giai thich loi khuin sinh trwdng tot nhit trén phan doan
acid (A-PSC, A-PST) la vi: "Trong qud trinh tach chiét acid di phd vé cdu tric
cua PS thanh cdc phdn tir nho hon (oligosaccharide, duwong don) nén cdc chiing cé
thé dé dang sir dung."

Nhung dén muc 3.2.4.4 (Khéng tiéu héa), téc gid ghi nhén phan doan A-PS bi phan
gidi boi enzyme a-amylase nhiéu nhit (kha ning khéng tiéu héa kém nhat), va giai
thich: "Do qua trinh thity phdn acid lam thay déi cdu triic PS, PS bi phan cdt thanh
cdc doan ngan khién né dé bi enzyme amylase tac dong hon".

=> Tuy nhién, enzyme a-amylase chi c¢é hoat tinh dic hiéu d6i véi lién két
a-(1—4)-glycoside (nhu trong tinh bot hay glycogen). Ban chit polysaccharide cua
thanh té bao nidm duoc liéu chu yéu duoc ciu tao tix B-glucan (lién két p-(1 — 3)
va B-(1 — 6)). Viéc xir Iy bang axit HCI (trong qua trinh chiét axit phan doan cudi)
d c6 cdt ngdn mach polymer ciing khong thé 1am bién ddi cAu hinh 1ap thé tir lién
két B sang lién két o ¢é khién n6 nhay cim hon véi a-amylase.

Mb hinh dénh gi4 tinh khéng tiéu héa con tuong ddi don diéu: Tac gia chi sur dung duy
nhit mot phép thir khéng tidu hoa véi enzyme o-amylase nudc bot. => D& mot hop chit
dugc x4c nhan c6 kha nang di xuéng dai trang nguyén ven, n6 phai vuot qua rao can dich
vi da day cyc ky khic nghiét (pH axit 1,5 - 2,0 két hop enzyme pepsin) va dich rudt non
(chira hdn hop pancreatin, cic protease, dich mat). Viéc chi thir nghiém doc ldp véi
a-amylase 1a chua di dé khing dinh tinh bén viing "khang tiéu héa" thuc té cia
polysaccharide trong co thé séng. Do vay, néu tiép tuc nghién ctru, tic gia c6 thé lya chon
md hinh theo quy trinh tiéu héa m6 phéng tiéu chuén quéc té (nhw md hinh INFOGEST).
Thir nghiém cin dugc thiét 14p lién hoan qua 3 giai doan: miéng (a-amylase) — da day
(pH 2,0 + pepsin) — rudt non (pancreatin + mudi mét). Po ludng lwong dudng khir tw do
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giai phong sau timg giai doan dé khang dinh chinh x4c ty 1& PS nguyén ven di xubng rudt

Kkét.

Pdi véi muc 3.3. U’ng dung hé sgi nadm ché bién san phém thue phém bo sung trong luan
én, tic gia thiét ké rat tot chit ché theo quy trinh phét trién san phdm thuc phém chirc
ning tiéu chuan:

L

2.

Kiém tra an toan nguyén liéu dau vao (3.3.1): Pam bao bét soi nAm Van chi dat
céc tiéu chuan doc hoc va vi sinh trude khi tmg dung ché bién.

Khio sat dong hoc 1én men va xiy dung cong thirc phdi ché tbi wu (3.3.2): Pénh
gia tac dong da chiéu cia ty 18 bd sung soi ndm (0% - 1.0%) dén su bién thién cta
pH, axit tong s6 (TAN), hoat tinh chéng oxy héa, sinh trudng cua loi khuln, ning
lyc khang khuén va chit lwgng cam quan cia san pham. => Néng cao vuot trdi
hoat tinh sinh hoc ctia dd uéng khi bd sung PS.

. Xay dung quy trinh c6ng nghé ché bién hoan chinh (3.3.3): Thiét 1ap so dd quy

trinh va mé ta cac théng s6 k§ thuét chinh cho viéc san xuét thye té.

Tuy nhién, c6 mét s6 diém tac gia cin luu ¥ cho viée phat trién céc nghién ctru tiép theo:

S liéu thyc nghiém & Bang 3.12 chi ra ring hoat tinh khang oxy hoéa giam dan
theo thdi gian 1én men (vi du cong thic toi wu CT4 giam tir 46.49% ban dau xudng
con 44.43% sau 24 gio 1én men). NCS giai thich 1a do vi sinh vat phan huy cac hop
chét hiru co c6 hoat tinh hodc do su bay hoi. Tuy nhién, néu hoat chit khang oxy
héa bi suy gidm ngay trong 24 gi& dau cia qua trinh 1én men thi khi Iru trit san
phim & quy mé thwong mai (1 - 3 thang), hoat tinh nay chic chén s& tiép tuc sut
giam nghiém trong. Luén 4n hoan toan thiéu ving cac nghién ctru vé dong hoc suy
gidm hoat tinh sinh hoc trong qua trinh bao quan va chua d& xuét céc giai phap bao
ve.

Trong quy trinh ché bién proposed & muc 3.3.3, dich chiét nim bd sung bot soi
nam phai trai qua giai doan hép tiét tring & 121°C trong 20 phut trude khi 16n men,
va san pham cudi sau khi d6ng chai tiép tuc chiu thanh tring & 80°C trong 15 phut.
Nhung, polysaccharide mach dai c6 thé twong déi bén nhiét, nhung cac hoat chat
sinh hoc cyc ky quy va nhay cam véi nhiét d6 c6 trong soi ndm Vén chi (nhu hop
chat phenol, flavonoid, cdc axit amin tir do hay cac vitamin nhém B) chic chin s&
bi phan huy hang loat dudi tac dong cua nhiét do ti€t trung 121°C trong thoi gian
dai. Luan 4n chua tién hanh dinh lwvong mirc 46 hao hut cia cac hoat chét nhay
nhiét nay trudc va sau qué trinh xir Iy nhiét nhdm ching minh hiéu qua thuc té cua
quy trinh cong nghé dé xuit.

T4c gia tuyén b rang qua trinh thanh tring & 80°C gitip kéo dai thoi gian bao quan
ctia san phim cudi cung & didu kién thudng. Tuy nhién, trong toan bd ludn an va
phu Iuc, khdng c6 bét ky dit liéu thuc nghiém nao ching minh thoi han bao quan
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clia san phim (nhw theo doi sy bién ddi mat d6 lgi khuan sng, pH, TAN, sy bién
d6i mau sic, mui vi va kha ndng t4i nhiém vi sinh vit giy hai sau 1 thang, 3 thang
hodc 6 thing bao quan). Téi cho ring ddy 1a mot thiu sot 16n dbi véi mét quy
trinh cong nghé thuc pham hoan chinh, hudng téi thuong mai hoa.

A r r A .l ~ A ‘ e d r L4 -A ‘ A r
9. Nhén xét vé cdc cong trinh di cong bo ciia tac gid lién quan dén ludn 4n

e NCS di cong bd 04 bai bdo khoa hoc chuyén nganh, 01 sach chuyén khao va 04 dé tai
NCKH céc cép da nghi¢m thu.

e Chit llm'ng cong bo: Trong sb 04 bai bdo, c6 02 bai bio dugc xudt ban trén céc tap
chi quéc t& uy tin thuoc danh myuc WoS/ Scopus Q2/Q3 (Mycobiology thude Tay]or &
Francis va Journal of Applied Biology & Biotechnology), 01 bai béo Hoi théao qudc té
SPISE 2024 va 01 bai bao Tap chi Cong Thuong.

® Déng gop ciia tic gid: NCS Nguyén Thi Bich Hang 14 Téc gia tha nhat (First Author)
clia toan bd 04 bai bao khoa hoc. Diéu nay khrfmg dinh vai tro chu dao, tinh cha dong
va ning luc tu duy khoa hoc ddc 14p ciia NCS trong sudt qué trinh thyc hién dé tai.

e Mirc d§ vurgt tidu chuin: S lwong va cht lwong cac cong trinh cong bb cia NCS
vugt xa cac yéu cau tdi thiéu dbi véi moét ludn 4n tién si theo Thong tu
18/2021/TT-BGDBPDT.

10. Sw phén 4nh trung thanh ndi dung co ban ciia ludn 4n trong cudn tém tit ludn

an

e Cubn tom tét luén 4n day 24 trang dugc trinh bay ngén gon, khoa hoc, diing quy dinh
cta B§ Gido duc & Dao tao.

e Tinh trung thue & phén 4nh diy di: Cubn tom tit phan anh trung thanh va chinh
x4c tit ca cic noi dung cbt 18i ctia toan vin ludn an tir Phin Mo déu, Muc tiéu,
Phuong phap nghlen ctru, cic két qua thuc nghiém ndi bat (bang biéu RSM, db thi
prebiotic, thong sb quy trinh d4 uong) dén Két luan va Kién ngh1

e Tinh théng nhat s0 lidu: Moi sé liéu thyc nghiém, gia trj t6i wvu héa RSM, mat do vi
sinh va chi s§ cam quan trong cubn tom tit déu hoan toan nhét quéan vdi toan vin ludn
an va phan phy luc.

11. Panh gia ni dung gidi trinh cia nghién ciru sinh vé nhin xét cia phan bién ddc

1ap

e Ho so giai trinh ctia NCS Nguyén Thi Bich Hing gdm Ban giai trinh tiép thu 7 trang,
c6 dy du chir ky x4c nhéan ctia tap thé can bd huéng dan (PGS.TS. Piang Minh Nhat,
TS. Nguyén Hoang Diing) va Trudng don vi chuyén mén (TS. Mac Thi Ha Thanh) ky
ngay 30/05/2026.

e Dinh gi4 chit lwgng giii trinh:
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e NCS thé hién thai d6 cau thi, nghiém tic va tinh than trach nhiém khoa hoc cao.
e NCS di tiép thu va chinh sira chu dao 100% céc ¥ kién déng gop tir ca Phan bién doc

1ap 1 (5 ndi dung) va Phan bién ddc 1ap 2 (10 ndi dung).

Vé hinh thirc & thudt ngir: DA ra sot sira chita toan b 16i chinh ta, ngit dong, danh
phap sinh hoc (C. militaris, T. versicolor, L. plantarum), thuat ngir "khang oxy héa",
cach ghi don vi va ra soat loai bo tai liéu tham khao du.

Vé néi dung khoa hoc: P bd sung thao ludn siu vé vi cdu tric SEM véi hoat tinh
prebiotic; thém tiéu muc 1am rd gi6i han cia mé hinh in vitro (trang 108); 1am 16 co s&
cong nghé va sinh hoc cua viéc lya chon sinh khéi T. versicolor cho san phém dd uéng
1én men (trang 112); bd sung ¢& mAu va quy trinh ddnh gia cam quan (trang 64); bd
sung ban luan vé gid tri R? va kiém dinh Lack-of-Fit (trang 77).

Két luén vé giai trinh: Ban giai trinh caa NCS rat diy da, mach lac, ¢6 luan cir khoa
hoc rd rang, ghi & vi tri trang chinh sira trong ludn 4n, hoan toan thoa dang va thuyét
phuc.

12. Két ludn

1. Khing dinh mirc dp ddp trmg: Luan an Tién si Ky thuat cia NCS. Nguyén Thi Bich
Héng la mot cdng trinh nghién ctru khoa hoc doc ldp, nghiém tic, cong phu, co gia tri
khoa hoc va gia tri thuc tién cao. Phwong phap nghién ciru hién dai, s6 liéu thuc nghiém
trung thyuc, déng tin cdy. Noi dung cdc cong trinh cong b uy tin phan 4nh trung thuc két
qua ctia ludn 4n. Ludn 4n dap img diy du va vuot tit ca cac yéu cau dbi véi mot Luan én
Tién si K§ thuat, chuyén nganh Céng nghé thuc phdm (Ma sd: 9540101) theo Quy ché
Dao tao Tién si hién hanh ctia B Gido duc va Pao tao.

2. Pé xudt: Kinh dé nghi Hoi dong Panh gia Luan an Tién si cap Truong (Truong Pai
hoc Béch khoa — Pai hoc Pa Niing) cho phép NCS. Nguyén Thi Bich Hing duoc bao vé
luan an truédc Ho1 déng dé nhan hoc vi Tién s K¥ thuat.

Xac nhin co quan quan ly Pa Nang, ngay 1% thang 07 nam 2026
NGUOI PHAN BIEN
(Ky va ghi ro ho tén)

I —————

PGS. TS. Trinh Ping Mau

14



DAI HOC PA NANG CONG HOA XA HQI CHU NGHIA VIET NAM
TRUONG PAI HOC BACH KHOA Pjc 1dp — Tw do — Hanh phiic

NHAN XET LUAN AN TIEN Si
Ho va tén ngudi nhin xét: PGS. TS. Trinh Ding Mau
Hoc ham: Phé gido su Hoc vi: Tién s
Chuyén nganh: Sinh hoc
Co quan cong tdc: Truong Dai hoc Su pham, Pai hoc Pa Ning
Dja chi: 459 Tén Pc Thing, Hoa Khénh, Pa Ning
Ho va tén Nghién ctru sinh: Nguyén Thj Bich Hing Tuyén sinh nim: 2020
Chuyén nganh: Céng nghé thuc phim Ma sb: 9540101
Tén dé tai luén an: Thu nhén, dinh gi4 hoat tinh prebiotic ctia polysaccharide tir soi nAm

(Cordyceps militaris, Trametes versicolor) va buéc dau tmg dung sinh khdi trong ché bién
thyc phdm bd sung

TONG QUAN HO SO VA CAU TRUC LUAN AN

Luén 4n Tién si Ky thuat cia NCS. Nguyén Thi Bich Hing, chuyén nganh Cong nghé
thue phdm, Trudng Pai hoc Bach khoa — Pai hoc Pa Ning. Toan vin luan 4n gbm 156
trang (chua tinh phin phu lyc), duge trinh bay ba1 ban theo chudn muc cta mot cdng trinh
nghién ciru tién si ky thuat véi bd cuc bao gdm: Loi cam doan, Loi cam on, Muc luyc,
Danh muc céc ky hiéu va chit viét tit, Danh myc béng/hinh, Phin M¢é diu, 3 Chuong noi
dung chinh, Két luan & Kién nghi, Danh myc cdng trinh céng b cta tic gid va Danh muc
Tai liéu tham khdo (223 tai liéu tham khao trong va ngoai nudc, cap nhat nhidu cong trinh
qudc té uy tin cong bd dén nim 2025).

.‘ A r > A r
B0 cuc ngi dung chinh cia luén 4n:

e Phin Mé diu: Pat vin dé, muc tiéu nghién ciru (téng quat & cu thé), dbi tucmg &
pham vi nghién ciru, phuong phap tiép can, y nghia khoa hoc & thuc tién cua dé tai,
bd cuc cta ludn 4n.

e Chuong 1. Tong quan tai ligu (37 trang, tir trang 7 dén 43): Téng quan hé sinh hoc
va dic tinh duoc lidu cia hai loai nAm Cordyceps militaris va Trametes versicolor; co
s& 1y luan v& polysaccharide (PS) nim va hoat tinh prebiotic; phuong phap nubi cy




dich thé (Submerged Fermentation - SmF); quy trinh chiét xudt va phan lap
polysaccharide; co ché chdng oxy hoa va kich thich sinh truéng loi khuén.

e Chuong 2. Déi twong va Phwong phap nghién ciru (22 trang, tir trang 44 dén 65):
Gidi thiéu nguyén liéu ndm, cdc chiing vi sinh vét d6i chimng va hoa chat; So dd khoi
ndi dung nghién ciru; Quy hoach thyc nghiém t6i wu héa nudi cdy dich thé bing
Phuong phép B& mat Pép ing (RSM) voi Thiét ké Box-Behnken (BBD); Quy trinh
trich xuét tudn tu PS (dung nudc néng 100°C, Na,CO; 1 M va HCI 0,1 M); Phén tich
hinh thai vi cAu tric bé mit bang kinh hién vi dién tir quét (SEM); Panh gia kha ning
khang oxy hoa (DPPH, ABTS, FRAP); Thir nghiém hoat tinh prebiotic in vitro kich
thich vi khuén lactic (L. plantarum, L. acidophilus) va tic ché vi sinh vit gy hai; Quy
trinh cong nghé 1én men lactic dd ubng tir dich chiét ndm Bao ngu (Pleurotus
ostreatus) kbt hop sinh khéi soi ndm Van chi; Xir 1y théng ké (Minitab, SPSS,
ANOVA, Tukey HSD).

e Chuong 3. Két qua va Thao luan (63 trang, tir trang 66 dén 128):

o 3.1. T6i wu héa diéu kién nuéi cdy dich thé thu nhdn sinh khéi va PS hé soi nam C.
militaris va T. versicolor.

o 3.2. Chiét xudt tuan tw, danh gia hinh thdi (SEM), hoat tinh khang oxy héa va hoat
tinh prebiotic cua cdc phan doan PS.

e 3.3. Ung dung hé sm ném ché bién san pham thu’c phdm bé sung (nudc uong 1én men
lactic tir chiét xudt ndm bdo ngue _ket hop hé soi ndm Van chi).

e Kétluin va Kién nghi (2 trang, tir trang 129 dén 130).

NOI DUNG NHAN XET CHI TIET

1. Tinh cAp thiét, thoi sw, y nghia khoa hoc va thye tién ciia dé tai luin 4n

e Tinh cip thiét & thoi su: Trong béi canh y - sinh - thuc phim hién dai, viéc nghlen
curu, phat trién cdc san phdm thyc phidm bd sung, thuc pham chirc ning c6 ngudn gbc
t nhién nhim ting cudng sirc khoe dudng rudt va hé mién dich dang 13 xu huéng chu
dao trén thé giéi. Ndm duoc liéu Cordyceps militaris (Poéng trung ha thdo) va
Trametes versicolor (NAm Van chi) ndi tiéng giau cac hop chét sinh hoc quy, dic biét
1a polysaccharide. Tuy nhién, phuong phép thu hdi hodc nudi trdng qué thé ndm truyén
théng tén nhidu théi gian (60 — 90 ngay), phu thudc 16n vao thdi tiét va chi phi san
xuét cao. Viéc ung dung cong nghé nudi céy dich thé (Submerged Fermentation -
SmF) dé thu sinh khéi va chiét xuit polysaccharide hé soi nim trong thoi gian ngan (7
— 14 ngay) v6i cac diéu kién kiém soat nghiém ngit 13 giai phap cong nghé mang tinh

thoi s, giai quyét triét dé bai toan nguyén liéu va t6i uu chi phi.

e Y nghia khoa hoc:

e Cung cip hé théng dir liéu thuc nghiém va xay dyung thanh cdng cac md hinh toan
hoc RSM/BBD chinh x4c vé anh hudng cia pH, ndng do glucose va cao nam
Z



men dén kha ning sinh trudng sinh khéi va tdng hop polysaccharide cia hé soi
nam C. militaris v T, versicolor.

e Lam sing t6 mdi trong quan giita hinh thai vi cAu triic bé mit (SEM), kha nidng
khang oxy hoéa va hi¢u qua prebiotic kich thich ting truong loi khuin lactic
(Lactobacillus  plantarum, Lactobacillus acidophilus) ctia cic phan doan
polysaccharide thu nhan tir quy trinh chiét xuit tudn tu (dung nudc nong, Na,CO,
va HCI).

e Y nghia thue tién:

e Dé xuit dugc bd théng sb cong nghe nudi cdy dich thé ti wu giup thu nhén sinh
khéi va polysaccharide ctia hé soi nam dat ning suit cao.

e Ung dung thanh cong sinh khéi soi ndm Van chi két hop v6i dich chiét nim Bao
ngu (Pleurotus ostreatus) dé san xuét dd udng bd sung 1én men lactic dat gi4 tri
cam quan xuét sic (diém Hedonic > 7 ,8/9), dam bao an toan vi sinh va duy tri mat
d6 loi khudn sinh hoc dat ngudng rit cao (> 10" CFU/mL).

2. Sw khong trung lip cia d? tai, s6 liéu, két qui nghién ciru, két qua ciia ludn 4n véi
cdc dé tai, ludn vin, luén 4n, cong trinh khoa hoc khac

® Ludn 4n 1a mét cong trinh nghién ciru khoa hoc déc 1ap, nghiém tic va céng phu do
NCS. Nguyén Thi Bich Hing tu thuc hién duéi sw huéng din chuyén mén truc tiép
cia PGS.TS. Dang Minh Nhét va TS. Nguyén Hoang Diing.

® Tinh méi & khéng tring lip: Mic di cic nghién ciru vé& ndm C. militaris, T
versicolor hay P. ostreatus d3 dugc cong bd rai rac trén thé gidi, nhung viéc nghién
ctru tich hop song song quy trinh nuéi ciy dich thé t&i wu hoa RSM cho hai loai nim
dugc ligu, danh gia so sanh quy trinh chiét xuét tudn tu bing 3 hé dung moéi véi cac
phan doan phan tir ¢6 vi cdu tric va hoat tinh sinh hoc da dang, cung viée phat trién
san phim db ubng 1én men lactic két hop sinh khéi soi ndm Van chi véi dich chiét
nim Bao ngu 12 mét huéng tiép can hoan toan méi, chua timg dugc cong b & bt ky
luén vin, luan 4n hay cong trinh khoa hoc nao tnroc day.

e Tinh trung thu'c ctia dir liéu: Toan b hé thdng sb lidu thyuc nghlem (quang phé hip
thu, mat do té bao vi sinh, bang phan tich ANOVA, mo hinh bé mit d4p tng 3D, anh
chup SEM, bang diém cim quan) déu la dit liéu gbc, khach quan, thu duge tir qua
trinh do dac thuc té tai phong thi nghiém cua Trudng Pai hoc Bach khoa — PH Pa
Ning va Pai hoc Su pham - BDH Da Nang. Trich dan tai liéu duoc thuc hién nghiém
tc, minh bach.

3. Sy phu hop giira dé tai luin 4n véi ma sé nganh




e Tén d2 tai: "Thu nhén, danh gid hoat tinh prebiotic cia polysaccharide tir sgi nam
(Cordyceps militaris, Trametes versicolor) va budc dau vmg dung sinh khoi trong ché
bién thic pham bé sung”.

Chuyén nganh: Cong nghé thuc pham | Mi s6: 9540101.
Mikc dd phut hop: Dé tai hoan toan phu hop véi chuyén nganh Céng nghé thuc pham
ca vé d6i tuong, ndi dung va phuong phép nghién ctru:

e Déi tupng: Nam thuc phdm va ndm duoc liéu (C. militaris, T. versicolor).

Céng nghé & Phuong phap: Ky thuét nu6i cdy dich thé thu sinh khi; Quy hoach thuc
nghiém tbi wu hoa bang RSM; K¥ thuét trich tach va phén lap céc hop chat sinh hoc
thue phﬁm; Danh gia hoat tinh sinh hoc thuc phém in vitro; K¥ thuat ché bién va lén
men thure phdm bé sung; Phén tich cam quan thuc phim theo chuén muyec.

e Pdu ra: Quy trinh cong nghé ché bién sin phidm thyc phdm bd sung 1én men lactic
giau gia tri dinh dudng va hoat tinh sinh hoc.

4. Tinh trung thwe, rd rang va day di trong trich dan

e Luin 4n st dung 223 tai liéu tham khao phong phu, bao gdm cac bai bao khoa hoc
chuyén nganh uy tin trong va ngodi nuéc, sach chuyén khao va céc cong trinh quéc té
dwoc xuit ban, duoc cap nhat dén nam 2025.

e Trich dan duoc trinh bay rd rang, tudn thu ding quy dinh vé trich din khoa hoc va
quyén s¢ hiru tri tug.

e Qua qua trinh ra soat va tiép thu gép y cia cac phan bién doc lap, NCS da ra soat
nghiém tac toan by ludn an, stra chita cac 15i font chir, ngat dong, bd sung trich dan
cho céc hinh v& (Hinh 1.3), loai bo tai liéu trung ldp du thira (tai li¢u [64]) va chi thich
rd rang céc hinh anh tu chup trong phong thi nghiém (Hinh 1.1, 1.2).

5. Sw phén 4nh két qua luin 4n trong nhirng cdng trinh da céng bb
Hé théng cong b cia NCS gom 04 bai bao khoa hgc (trong d6 c6 02 bai béo qubc té uy

tin thudc danh muc WoS/Scopus, 01 bai bao hoi nghi qudc té, 01 bai béo tap chi trong
nuée) va 01 sach chuyén khao. Sy twong thich dugc thé hién cu thé nhw sau:

STT | No6i dung nghién ciru | Céng trinh khoa hoc ddi | Panh gia mic d§ twong
chinh trong Luén an chiéu thich va nhét quén




Tong quan tai lidu:
Co s& 1y thuyét vé
polysaccharide (PS)
hé soi ném, céng
nghé 1én men chim
(SmF), hoat tinh
prebiotic va khang
oxy hoa.

Sach chuyén khio
(2026): “Polysaccharide
hé soi nam: sinh trfng hop,
dac tinh va vng dung”
(NXB Dai hoc Hué, viét
cac chuong 1, 3, 5).

Trung khép hoan toan.
Sach chuyén khao da hé
thong hoa sau sc 1y
thuyét tir Chuong 1 ctia
luan &n, ndng cao tinh hoc
thut va cap nhét cac
nghién ctru qudc té méi
nhét v& véch té bao nim.

Chuong 3 - Muc 3.2:

Téch chiét tuan tu
(nudc ndng HWE,
kiém AE, acid AEc)
va danh gid hoat tinh
prebiotic in vitro cia
PS tir soi ndm C.
militaris.

Bai bio s6 3 (JABB,
2026): “Prebiotic
Properties of
Polysaccharide Extracts
JSrom C. militaris
Mycelium...”. Bai bao s6 4
(Tap chi Cong Thuong,
2023): “Prebiotic
properties of
polysaccharide isolated
Sfrom C. militaris...”.

Trung khép hoan toan.

- Bai bdo s6 4 (2023)
cong bd két qua so bo vé
hoat tinh kich thich lgi
khuén L. plantarum ctia
PS nim dong trung ha
thao.

- Bai bao quéc té s6 3
(2026) cong b chi tiét
toan b sb liéu vé chi sb
prebiotic (PI), kha ning
khdng tiéu héa sinh hoc,
va ndng d6 SCFAs sinh ra
tir 3 phan doan PS khac
nhau cta C. militaris.




Chwong 3 - Muc
3.3.1: Phan lap, tuyén
chon va dinh danh céc
chang vi khuén lactic
(L. plantarum) c6 kha
nang 1én men dich
chiét ndm.

Bai bdo s6 1 (SPISE,
2024): “Developing a
health-suppoting
fermented lactic beverage
from oyster mushrooms
(Pleurotus ostreatus) ”.

Nhit quan vé nén ting
cong nghé. Bai bdo cong
b6 két qua phan lap cac
chung loi khudn (nhu
NS3, NS6 tuong thich véi
chung L. plantarum dung
trong ludn 4n) va quy
trinh 1én men dich chiét
nim Bao ngu tim — von 1a
co chit nén cia san pham
ung dung trong luan an.

Chwong 3 - Muc
3.3.2 & 3.3.3: Téi wu
hoéa ché bién nuéc
ubng nim 1én men b
sung sinh khdi soi
nédm Van chi (T
versicolor); Panh gia
cam quan va an toan
vé sinh.

Bai bdo s6 2
(Mycobiology, 2025 -
SCIE Q2): “Optimization
of Lactic Fermented
Beverages: Integrating T.
versicolor Mycelium and
Pleurotus ostreatus
Extract...”.

Trung khép hoan toan.
Toan bd sd liéu vé cong
thre t8i wu hoéa (bd sung
0,6% sinh khi soi ndm
Van chi, 1én men 24h
bang L. plantarum
WCFSI), két qua HPLC
dinh luong SCFAs, chi sb
cam quan Hedonic 9
didm, va két qua kiém
nghiém an toan vi
sinh/kim loai ning déu
ddng nhat tuyét dbi.

Trong c& 4 bai béo khoa hoc di cong bd, NCS Nguyén Thi Bich Hing déu ding tén & vi
tri tac gia dau tién (First Author) va d6ng thoi 1a tac gia lién hé (Corresponding Author) &
bai bao s6 4.

Trong cudn sich chuyén khao xuit ban nim 2026, NCS 12 ddng tac gia va tryc tiép bién
soan cac chuong cdt 161 lién quan dén dé tai.




=> Piéu nay khiang dinh NCS khong dong vai tro thu dong hay chi 1a thanh vién hd tro,
ma chinh 13 ngudi trye tiép xay dung y tudng, thuc hién cac thi nghiém 1én men dich thé
phre tap, xir 1y dit liéu théng ké trén Minitab va vit ban thio khoa hoc.

© Tap chi Mycobiology (Taylor & Francis): DPay la tap chi quéc té uy tin cao thudc
danh muc WoS/Scopus (SCIE, Q2) trong linh vuc ndm hoc va cong nghé sinh hoc.
Viéc cong bb két qua tal déay chimg t6 quy trinh t5i wu héa SmF va cong thure nudce
1én men bd sung soi ndm Van chi ctia NCS da vuot qua nhu'ng tiéu chuan phan
bién chuyén mén cuc ky khit khe cta cong ddng khoa hoc quéc té.

o Tap chi Journal of Applied Biology & Biotechnology (JABB): Tap chi thuéc danh
muc Scopus uy tin, phan anh rit tbt cac nghién ctru ing dung sinh hoc thuc
nghiém.

6. Tinh hién dai, hop 1y, d9 tin ciy ciia phwong phap nghién ciru

e Tinh hi¢n dai: NCS di tiép cén va lam chu hé théng céc phuong phap nghién ciru
hi¢n dai trong linh virc Cong nghé Thyc phdm va Cong ngh¢ Sinh hoc:

Phuong phdp quy hoach thyc nghiém bé mit dap tmg (RSM) két hop thiét ke
Box-Behnken (BBD) dé téi uu héa da myc tiéu quy trinh 1én men nuédi cy
dich thé.

K§ thuit trich xuit tun tu phan doan polysaccharide theo thang dung méi gia
ting tinh kiém/axit (nuorc néng 100°C, Na,CO; 1 M va HC1 0,1 M).

Phén tich hinh thai vi cu tric bé mat vat liéu sinh hoc bang kinh hién vi dién
tir quét (SEM).

Phan tich hoat tinh khang oxy héa da dang théng qua céc assay quang phd
DPPH

Danh gid hoat tinh prebiotic in vitro cia cac ching vi khuén lactic chuin (L.
plantarum, L. acidophilus).

Danh gi4 chit luong cam quan thuc pham bang phép thir Hedonic 9 diém.

e Tinh hop Iy & D tin ciy:

Tién trinh nghién ctu duoc thiét ké theo logic chit ché: Khao sat don yeu to
(OFAT) truée dé x4c dinh khoang bién, sau d6 quy hoach RSM/BBD dé ti wu
héa; Trich xuét phin doan -> Panh gi4 vi cdu triic & hoat tinh sinh hoc -> Ung
dung ché bién thuc pham

Moi thyc nghiém déu dwgc 1dp lai it nhét 3 Iin; sb lidu duge trinh bdy duéi
dang trung binh + d6 léch chuén (M £ SD).

Xir 1y théng ké tin cay bang phin mém Minitab va SPSS, phan tich bién déng
ANOVA 1 va 2 nhén t4, kiém dinh so sanh trung binh Tukey HSD (P < 0,05).

7. Két qua nghién ciru méi cia luéin 4n




1. X4c 1ap mé hinh t6i wu hoéa nudi ciy dich thé: Pi x4c dinh dugc bd thong s6 nudi
cdy dich thé t6i uu theo mo hinh Box-Behnken cho C. militaris (pH 5,05; Glucose 40 g/L;
Cao nidm men 5,07 g/L, thu sinh khdi cyuc dai 8,90 = 0,25 g/L, ham lugng PS = 5,28%) va
T. versicolor (pH 5,545; Glucose 20,65 g/L; Cao ndm men 2,025 g/L, thu sinh khdi 3,59 +
0,12 g/L va ham luong PS dat 8.23 %).

2. Kham pha dic tinh phan doan Polysaccharide chiét xuit tudn ty: Chimg minh vigc
trich xuét tuan tu br?lng 3 hé dung mdi thu dugc cac phan doan PS c6 hinh thai bé mit
(SEM) va hoat tinh sinh hoc khéc biét: Phan doan chiét nuée nong (WPS) c6 vi cdu tric
x6p, nhiéu khe nirt, thé hién kha ning prebiotic kich thich ting trudng loi khudn lactic cao
nhét; trong khi cac phan doan chiét kiém (SPS) va acid (APS) thé hién ning luc khéng
oxy hoa (DPPH, ABTS, FRAP) vugt trdi hon.

3. Lam sang té co ché sinh hoc prebiotic in vitro: Khing dinh kha ning duy tri su séng va
sinh trudng caa vi khuan lactic (L. plantarum, L. acidophilus) khi c6 sy hién dién cua cac
phan doan PS nim, qua d6 mé ra tiém nang thay thé cic ngudn prebiotic truyén thong.

4. Xay dung quy trinh céng nghé ché bién thyc pham bb sung: Pi phat trién thanh
cong quy trinh cong nghé san xuit nuée udng bd sung 1én men lactic tir dich chiét nim
Bao ngu két hop 0,6% soi nAm Van chi, san pham dat an toan vi sinh, vi chua ngot hai
hoa (diém cam quan > 7,8/9), gidu hoat tinh chéng oxy hoéa va duy tri mat d9 loi khuéan
sinh hoc cao (> 10" CFU/mL).

i~ l‘ r 7 A r A A bt hY r
8. Nhirng thiéu sét cia ludn 4n vé ndi dung va hinh thae

Maic du luan an dugce thuc hién rat cdng phu va co chét luong t6t, NCS can luu ¥ mot )
han ché dé tiép tuc phat trién nghién ctru:

1. vé phan tich cAu tric héa hoc polysaccharide: Luadn 4n méi dimg lai ¢ viéc dinh
luong polysaccharide téng sé bang phuong phap Phenol-Sulfuric va quan sat hinh thai vi
mb bang SEM. Néu b6 sung thém phan tich phd hdng ngoai bién d6i Fourier (FTIR), sic
ky gel (GPC/SEC) dé xéc dinh khéi lugng phan tir (M,,) va séc ky khi (GC-MS) x4c dinh
thanh phén monosaccharide thi gia tri khoa hoc s€ siu sdc va hoan thién hon.

2. V& mé hinh danh gia prebiotic: Panh gi4 prebiotic trong luén an méi tién hanh trén
md hinh in vitro véi 2 dong vi khuan lactic don thuan (L. plantarum, L. acidophilus).
NCS chua khao sat trén hé vi sinh vat duong rudt da dang (gut microbiota) hodc mé hinh
in vivo trén dong vat thir nghiém dé danh gia chinh xé4c sinh kha dung va su bién déi cua
hop chéit qua duong tiéu hoa (da diy va rugt non).

3. V& mé hinh Quy hoach thue nghiém (RSM/BBD): S6 luong diém tdm n, = 3 trong
thiét ké Box-Behnken 3 yéu t& hoi mong (DFpye pror = 2), 1dm kiém dinh Lack-of-Fit ndm
sat ngudng y nghia (p = 0,08). NCS di loai bo céc twong tac kép (X.X)) ra khoi phuong
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trinh hoi quy, cn giai thich sau hon anh huéng ciia ty 1¢ C/N dbi véi qué trinh sinh téng
hop PS.
4. V& hinh thtc trinh bay: Mot sé tra.ng con 16i rét chit khi ngit bang, lap tiéu dé cot (da

t1ep thu ra soat trong ban g1a1 trinh). Can cha ¥ thong nhét cach sir dung déu phéy (,) hay
ddu chim (.) trong céc bang s liéu ANOVA chuén tiéng Viét.

- Trong cac cong trinh da coéng bd, nhom téc gia déu cong bd phan tich dix 11eu bang phan
mém R; tuy nhién, trong ludn én, tic gia mo ta phan tich dit liéu bang phin mém SPSS va
Minitab - ¢6 thé do & cuong nghién ctru chua chinh stra. Tac gia nén hiéu chinh cho déng
nhit.

- Trong danh muc tai liéu tham khao, nhleu tai ligu dang bai bao con c6 kém theo dong
trich dan vao ndm (Cited in ...) - tac gia cin diéu chinh lai danh muc tai liéu tham khao
cho ding. Nén phan chia nhém danh muyc tai li¢u tiéng Viét va tai liéu tiéng Anh.

- Trong bd tri thyuc nghlem téi wru hoa, tac gid ¢6 thé nén bién Iuan thém vé viéc khong c6
su tuong tic giita cac yéu td thuc nghiém (pH, glucose cao nim mem) dén sinh khéi va
ham Tugng PS -> vi muc tiéu cta thi nghiém t6i wu 13 tim ra m01 tuwong tac nay Viée
khong c6 tuong tac nay c6 thé do tim thuc nghiém dwoc bé tri gin v6i diém ti wu 1am
viéc anh hudng don 1& va anh huéng tuyén tinh chi phdi t6i 96 - 98% su bién thién lam
cho higu ing twong tac tré nén nho hon sai sé ngiu nhién ctia mé hinh.

- Trang 78 téc gia c6 viét “yéu t§ X1 (pH) 1a nhan té c6 tac dong phan giai tuyét tinh
manh m& nhit => 13 thuét ngit, tdc giai nén dung 14 tdc dong tuyén tinh hoic hidu ung
tuyén tinh thi phit hop hon.

- O doan 1, tic gia viét: "...céc twong tac hai chiéu giita cic yéu t§ doc 1ap khong thé hién
y nghla thong ké (p > 0 ,05) va da dugc chu dong loai bo..." (khing dinh mé hinh khong
con so hang twong tic). Nhung sang doan 2, tac gia lai viét: "Gia tri R? 0,96 chi ra ring
cac yéu té du vao (X1, X2, X3) va su twong tac cua ching giai thich dugc hon 96%..."
=> Viéc dung cdu "va su tuong tic cua chung & doan 2 gay mau thuin véi ciu ¢ doan 1.
=> nén sira thanh "Gia tri R? = 0,96 chi ra ring céc yéu tb dau vao (X1, X2, X3) & dang
tuyén tinh va béc hai giai thich dugc hon 96% su bién thién...

- C6 su nham l4n trong ndng d cao ndm men tdi wu cita ndm Trametes versicolor trong
ket ludn (2,025 g/L) va trong bai viét (muc 3.1.2.3 13 2,0354 g/L) => 16i ddnh may tac gia
can diéu chinh.

- Viét héa toan b s6 lidu trén biéu dd.

- Biéu d0 dang trang da hinh c6 ky hi¢u va c6 cha gii thi khong can tén ciia bidu db con,
cu thé hinh 3.1, 3.3, 3.5.




- T4t ca c4c hinh 4nh can thiét phai dugc trich din/dan chimg trong bai viét.

- Trong két quéa kha ning khang oxy hoa cua cac cao chiét PS tir hé soi nim:

+

Tac gia dua ra duge nhan dinh rat hay vé anh hudng cia cau tric khong gian cia
A-PS dén kha ning trung hoa gbc tu do va mé rong dugc vai tro PS hoat dong nhur
mdt chat diéu hoa sinh hoc gian tiép. Tuy nhién,

Két qué trong bang 3.7 va 3.8 can kiém tra lai danh chir céi theo y nghia thng ké,
tic gia ghi: “Céc chit cai khac nhau trong mdt cot biu thi su khéc biét c6 ¥ nghia
thong ké (Tukey’s HSD Test, P < 0,05) => tuy nhién c4c chit c4i trong bing nay tac
gia dang danh theo hang maéi dung.

Tac gia can tinh toan lai IC50 trong bang 3.7: IC50 ctia A-PSC phai nhén hon cua
W-PSC thi phi hop v6i dir liéu duge cung cap.

Bang 3.8 tac gia nén tinh IC50 theo Log-Linear thi phu hop hon.

T4c gia c6 so sanh: "So véi mét s6 cac nghién ciru khac vé hoat tinh khang oxi héa
ctia PS cho thiy khé c6 su twong dong, nghién ciru ciia Petraglia (2023) hoat tinh
khang oxi héa cia PS tach chiét tir nim Pleurotus eryngii 1a 1,15 + 0,09 mg/mL
[155]..." => Gia tri IC50 ctua Pleurotus eryngii 1a 1,15 mg/mL = 1150 pg/mL. =>
Nhan dinh "kha tuong ddng" chi ding d6i véi ndm T, versicolor (1070,6 - 1279,1
ug/mL ~ 1150 pg/mL). Néu tinh chung cho ca C. militaris (> 2400 pg/mL) ma két
lufn "tuong ddng" voi mirc 1150 pg/mL 14 thidu chinh x4c vé mit dinh luong.

Téc gia nhan dinh: "IC50 cta cac chiét xudt PS cta 2 loai ndm niy déu cao hon so
véi IC50 cta acid ascorbic..." => Cach dién dat "IC50 cao hon" dé lam nguoi doc
phd théng hidu nham 1a "tt hon". T4c gia nén viét rd rang thanh: "Gia tri IC50 cua
céc chiét xuét PS déu cao hon nhiéu so véi acid ascorbic (83,89 ug/mL), diéu nay
chi ra ring kha ning trung héa gbc tur do tryc tiép cua PS yéu hon so véi chat
chuén."

- Trong két qua 3.2.4.1. Kha ning kich thich sy sinh truéng probiotic hinh 3.13 va 3.14
tac gia can kiém tra lai ¢& miu la n = 3 hay n = 15 => Theo phwong phép nghién ciru
trang 57 “Thi nghiém dwoc lap lai 3 1an, mdi lan 15 éng” thin = 3.

Trong tiéu muc 3.2.4 Hoat tinh prebiotic cua PS chiét xudt tir hé soi nAm: Trinh tu bo tri
céc thi nghiém dugc thiét ké theo mot chudi logic khoa hoc chit chg, bam sat dinh nghia
va 3 tiéu chi cdt 161 ctia mot prebiotic:

Budc 1 - Khao sat kha nang déng héa co chit (3.2.4.1): Kiém tra xem céc ching
probiotic muc tiéu (Lactiplantibacillus, Bifidobacterium) cé thé sir dung cic phan
doan polysaccharide (PS) soi ndm lam ngudn carbon duy nhat dé sinh truéng hay
khong.
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Budc 2 - Panh gia tinh chon loc qua Chi s6 Prebiotic - PI (3.2.4.2): Dinh lugng
mirc d9 kich thich chon loc dbi véi loi khudn so v6i hai khuén (E. coli) théng qua
chi s6 PI. Diéu nay chimg minh tac dong hudng dich cua prebiotic.

Budc 3 - Xac dinh san phdm chuyén héa sinh hoc SCFAs (3.2.4.3): Dinh lugng cac
axit béo chudi ngin (axit acetic, propionic, butyric) dugc giai phéng trong qua
trinh 1én men bang HPLC. Budc nay lam sang té co ché sinh hoa tao ra loi ich sinh
1y d6i v6i té bao biéu mo rudt.

Budc 4 - Xac nhan tinh khéng tiéu héa (3.2.4.4): Panh gia mirc d6 bén viing cia
PS khi dbi mit véi enzyme a-amylase. Tidu chi nay bét budc dé dam bao PS c6 thé
di qua da day, rudt non ma khong bi phan giai trudc khi tiép cén dai trang.

Buéc 5 - Panh gia hiéu qué bao vé sinh hoc chéng hai khuin (3.2.4.5): Chimg
minh dich 1én men cua lgi khuan khi c¢6 bd sung PS nim c6 kha nang rc ché manh
m¢é cac tac nhédn gdy bénh dudng ruét (E. coli, S. aureus)

Tuy nhién, trong bai viét, tac gia nhan dinh:

Trong myc 3.2.4.1, tic gia giai thich loi khuin sinh trwdng tot nhit trén phan doan
acid (A-PSC, A-PST) la vi: "Trong qud trinh tach chiét acid di phd vé cdu tric
cua PS thanh cdc phdn tir nho hon (oligosaccharide, duwong don) nén cdc chiing cé
thé dé dang sir dung."

Nhung dén muc 3.2.4.4 (Khéng tiéu héa), téc gid ghi nhén phan doan A-PS bi phan
gidi boi enzyme a-amylase nhiéu nhit (kha ning khéng tiéu héa kém nhat), va giai
thich: "Do qua trinh thity phdn acid lam thay déi cdu triic PS, PS bi phan cdt thanh
cdc doan ngan khién né dé bi enzyme amylase tac dong hon".

=> Tuy nhién, enzyme a-amylase chi c¢é hoat tinh dic hiéu d6i véi lién két
a-(1—4)-glycoside (nhu trong tinh bot hay glycogen). Ban chit polysaccharide cua
thanh té bao nidm duoc liéu chu yéu duoc ciu tao tix B-glucan (lién két p-(1 — 3)
va B-(1 — 6)). Viéc xir Iy bang axit HCI (trong qua trinh chiét axit phan doan cudi)
d c6 cdt ngdn mach polymer ciing khong thé 1am bién ddi cAu hinh 1ap thé tir lién
két B sang lién két o ¢é khién n6 nhay cim hon véi a-amylase.

Mb hinh dénh gi4 tinh khéng tiéu héa con tuong ddi don diéu: Tac gia chi sur dung duy
nhit mot phép thir khéng tidu hoa véi enzyme o-amylase nudc bot. => D& mot hop chit
dugc x4c nhan c6 kha nang di xuéng dai trang nguyén ven, n6 phai vuot qua rao can dich
vi da day cyc ky khic nghiét (pH axit 1,5 - 2,0 két hop enzyme pepsin) va dich rudt non
(chira hdn hop pancreatin, cic protease, dich mat). Viéc chi thir nghiém doc ldp véi
a-amylase 1a chua di dé khing dinh tinh bén viing "khang tiéu héa" thuc té cia
polysaccharide trong co thé séng. Do vay, néu tiép tuc nghién ctru, tic gia c6 thé lya chon
md hinh theo quy trinh tiéu héa m6 phéng tiéu chuén quéc té (nhw md hinh INFOGEST).
Thir nghiém cin dugc thiét 14p lién hoan qua 3 giai doan: miéng (a-amylase) — da day
(pH 2,0 + pepsin) — rudt non (pancreatin + mudi mét). Po ludng lwong dudng khir tw do
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giai phong sau timg giai doan dé khang dinh chinh x4c ty 1& PS nguyén ven di xubng rudt

Kkét.

Pdi véi muc 3.3. U’ng dung hé sgi nadm ché bién san phém thue phém bo sung trong luan
én, tic gia thiét ké rat tot chit ché theo quy trinh phét trién san phdm thuc phém chirc
ning tiéu chuan:

L

2.

Kiém tra an toan nguyén liéu dau vao (3.3.1): Pam bao bét soi nAm Van chi dat
céc tiéu chuan doc hoc va vi sinh trude khi tmg dung ché bién.

Khio sat dong hoc 1én men va xiy dung cong thirc phdi ché tbi wu (3.3.2): Pénh
gia tac dong da chiéu cia ty 18 bd sung soi ndm (0% - 1.0%) dén su bién thién cta
pH, axit tong s6 (TAN), hoat tinh chéng oxy héa, sinh trudng cua loi khuln, ning
lyc khang khuén va chit lwgng cam quan cia san pham. => Néng cao vuot trdi
hoat tinh sinh hoc ctia dd uéng khi bd sung PS.

. Xay dung quy trinh c6ng nghé ché bién hoan chinh (3.3.3): Thiét 1ap so dd quy

trinh va mé ta cac théng s6 k§ thuét chinh cho viéc san xuét thye té.

Tuy nhién, c6 mét s6 diém tac gia cin luu ¥ cho viée phat trién céc nghién ctru tiép theo:

S liéu thyc nghiém & Bang 3.12 chi ra ring hoat tinh khang oxy hoéa giam dan
theo thdi gian 1én men (vi du cong thic toi wu CT4 giam tir 46.49% ban dau xudng
con 44.43% sau 24 gio 1én men). NCS giai thich 1a do vi sinh vat phan huy cac hop
chét hiru co c6 hoat tinh hodc do su bay hoi. Tuy nhién, néu hoat chit khang oxy
héa bi suy gidm ngay trong 24 gi& dau cia qua trinh 1én men thi khi Iru trit san
phim & quy mé thwong mai (1 - 3 thang), hoat tinh nay chic chén s& tiép tuc sut
giam nghiém trong. Luén 4n hoan toan thiéu ving cac nghién ctru vé dong hoc suy
gidm hoat tinh sinh hoc trong qua trinh bao quan va chua d& xuét céc giai phap bao
ve.

Trong quy trinh ché bién proposed & muc 3.3.3, dich chiét nim bd sung bot soi
nam phai trai qua giai doan hép tiét tring & 121°C trong 20 phut trude khi 16n men,
va san pham cudi sau khi d6ng chai tiép tuc chiu thanh tring & 80°C trong 15 phut.
Nhung, polysaccharide mach dai c6 thé twong déi bén nhiét, nhung cac hoat chat
sinh hoc cyc ky quy va nhay cam véi nhiét d6 c6 trong soi ndm Vén chi (nhu hop
chat phenol, flavonoid, cdc axit amin tir do hay cac vitamin nhém B) chic chin s&
bi phan huy hang loat dudi tac dong cua nhiét do ti€t trung 121°C trong thoi gian
dai. Luan 4n chua tién hanh dinh lwvong mirc 46 hao hut cia cac hoat chét nhay
nhiét nay trudc va sau qué trinh xir Iy nhiét nhdm ching minh hiéu qua thuc té cua
quy trinh cong nghé dé xuit.

T4c gia tuyén b rang qua trinh thanh tring & 80°C gitip kéo dai thoi gian bao quan
ctia san phim cudi cung & didu kién thudng. Tuy nhién, trong toan bd ludn an va
phu Iuc, khdng c6 bét ky dit liéu thuc nghiém nao ching minh thoi han bao quan
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clia san phim (nhw theo doi sy bién ddi mat d6 lgi khuan sng, pH, TAN, sy bién
d6i mau sic, mui vi va kha ndng t4i nhiém vi sinh vit giy hai sau 1 thang, 3 thang
hodc 6 thing bao quan). Téi cho ring ddy 1a mot thiu sot 16n dbi véi mét quy
trinh cong nghé thuc pham hoan chinh, hudng téi thuong mai hoa.

A r r A .l ~ A ‘ e d r L4 -A ‘ A r
9. Nhén xét vé cdc cong trinh di cong bo ciia tac gid lién quan dén ludn 4n

e NCS di cong bd 04 bai bdo khoa hoc chuyén nganh, 01 sach chuyén khao va 04 dé tai
NCKH céc cép da nghi¢m thu.

e Chit llm'ng cong bo: Trong sb 04 bai bdo, c6 02 bai bio dugc xudt ban trén céc tap
chi quéc t& uy tin thuoc danh myuc WoS/ Scopus Q2/Q3 (Mycobiology thude Tay]or &
Francis va Journal of Applied Biology & Biotechnology), 01 bai béo Hoi théao qudc té
SPISE 2024 va 01 bai bao Tap chi Cong Thuong.

® Déng gop ciia tic gid: NCS Nguyén Thi Bich Hang 14 Téc gia tha nhat (First Author)
clia toan bd 04 bai bao khoa hoc. Diéu nay khrfmg dinh vai tro chu dao, tinh cha dong
va ning luc tu duy khoa hoc ddc 14p ciia NCS trong sudt qué trinh thyc hién dé tai.

e Mirc d§ vurgt tidu chuin: S lwong va cht lwong cac cong trinh cong bb cia NCS
vugt xa cac yéu cau tdi thiéu dbi véi moét ludn 4n tién si theo Thong tu
18/2021/TT-BGDBPDT.

10. Sw phén 4nh trung thanh ndi dung co ban ciia ludn 4n trong cudn tém tit ludn

an

e Cubn tom tét luén 4n day 24 trang dugc trinh bay ngén gon, khoa hoc, diing quy dinh
cta B§ Gido duc & Dao tao.

e Tinh trung thue & phén 4nh diy di: Cubn tom tit phan anh trung thanh va chinh
x4c tit ca cic noi dung cbt 18i ctia toan vin ludn an tir Phin Mo déu, Muc tiéu,
Phuong phap nghlen ctru, cic két qua thuc nghiém ndi bat (bang biéu RSM, db thi
prebiotic, thong sb quy trinh d4 uong) dén Két luan va Kién ngh1

e Tinh théng nhat s0 lidu: Moi sé liéu thyc nghiém, gia trj t6i wvu héa RSM, mat do vi
sinh va chi s§ cam quan trong cubn tom tit déu hoan toan nhét quéan vdi toan vin ludn
an va phan phy luc.

11. Panh gia ni dung gidi trinh cia nghién ciru sinh vé nhin xét cia phan bién ddc

1ap

e Ho so giai trinh ctia NCS Nguyén Thi Bich Hing gdm Ban giai trinh tiép thu 7 trang,
c6 dy du chir ky x4c nhéan ctia tap thé can bd huéng dan (PGS.TS. Piang Minh Nhat,
TS. Nguyén Hoang Diing) va Trudng don vi chuyén mén (TS. Mac Thi Ha Thanh) ky
ngay 30/05/2026.

e Dinh gi4 chit lwgng giii trinh:
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e NCS thé hién thai d6 cau thi, nghiém tic va tinh than trach nhiém khoa hoc cao.
e NCS di tiép thu va chinh sira chu dao 100% céc ¥ kién déng gop tir ca Phan bién doc

1ap 1 (5 ndi dung) va Phan bién ddc 1ap 2 (10 ndi dung).

Vé hinh thirc & thudt ngir: DA ra sot sira chita toan b 16i chinh ta, ngit dong, danh
phap sinh hoc (C. militaris, T. versicolor, L. plantarum), thuat ngir "khang oxy héa",
cach ghi don vi va ra soat loai bo tai liéu tham khao du.

Vé néi dung khoa hoc: P bd sung thao ludn siu vé vi cdu tric SEM véi hoat tinh
prebiotic; thém tiéu muc 1am rd gi6i han cia mé hinh in vitro (trang 108); 1am 16 co s&
cong nghé va sinh hoc cua viéc lya chon sinh khéi T. versicolor cho san phém dd uéng
1én men (trang 112); bd sung ¢& mAu va quy trinh ddnh gia cam quan (trang 64); bd
sung ban luan vé gid tri R? va kiém dinh Lack-of-Fit (trang 77).

Két luén vé giai trinh: Ban giai trinh caa NCS rat diy da, mach lac, ¢6 luan cir khoa
hoc rd rang, ghi & vi tri trang chinh sira trong ludn 4n, hoan toan thoa dang va thuyét
phuc.

12. Két ludn

1. Khing dinh mirc dp ddp trmg: Luan an Tién si Ky thuat cia NCS. Nguyén Thi Bich
Héng la mot cdng trinh nghién ctru khoa hoc doc ldp, nghiém tic, cong phu, co gia tri
khoa hoc va gia tri thuc tién cao. Phwong phap nghién ciru hién dai, s6 liéu thuc nghiém
trung thyuc, déng tin cdy. Noi dung cdc cong trinh cong b uy tin phan 4nh trung thuc két
qua ctia ludn 4n. Ludn 4n dap img diy du va vuot tit ca cac yéu cau dbi véi mot Luan én
Tién si K§ thuat, chuyén nganh Céng nghé thuc phdm (Ma sd: 9540101) theo Quy ché
Dao tao Tién si hién hanh ctia B Gido duc va Pao tao.

2. Pé xudt: Kinh dé nghi Hoi dong Panh gia Luan an Tién si cap Truong (Truong Pai
hoc Béch khoa — Pai hoc Pa Niing) cho phép NCS. Nguyén Thi Bich Hing duoc bao vé
luan an truédc Ho1 déng dé nhan hoc vi Tién s K¥ thuat.

Xac nhin co quan quan ly Pa Nang, ngay 1% thang 07 nam 2026
NGUOI PHAN BIEN
(Ky va ghi ro ho tén)

I —————

PGS. TS. Trinh Ping Mau
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DAIHOQC DA NANG CONG HOA XA HQI CHU NGHIA VIET NAM
TRUONG PAI HQC BACH KHOA Djc lap - Ty do - Hanh phiic

NHAN XET LUAN AN TIEN Si

Ho va tén ngudi nhan xét: V4 Vin Qudc Béo

Chirc danh khoa hoc: Pho Gido su

Hoc vi: Tién st

Chuyén nganh: Khoa hoc va Céng ngh¢ thyc phim

Co quan cdng tac: Trudng Dai hoc Néng Lam, Pai hoc Hué

Ho va tén Nghién ctru sinh: Nguyén Thj Bich Hing Tuyén sinh nim: 2020

Nganh: Cong nghé thyc phdm M3 s6: 9540101

Tén @2 tai luan &n: “Thu nhén, danh gia hoat tinh prebiotic cua polysaccharide tir soi nim

( Cordyceps militaris, Trametes versicolor) va buéc dau tng dung sinh khéi trong ché bién

thyc phdm b sung” e
/ o

Y KIEN NHAN XET { ’
1. Tinh cép thiét, thoi su, ¥ nghia khoa hoc va thure tién ciia dé tai luén dn \+\NONG L;

Tinh cép thiét va thoi sw: Trong bbi canh céc rdi loan chuyén héa va bénh 1y dudng \’""\_"
tiéu hoa ngdy cang gia tang, xu hudng phit trién thyc phim chire niing hd trg he vi sinh vat .
duong rudt (prebiotic) la rat 1om. Viéc nghién ciru tn dyng céng nghé nudi céy dich thé
(SmF) dé thu nhan sinh khéi hé sgi nim duoc liéu (Cordyceps militaris va Trametes
versicolor) nhim thay thé phuong phép nudi qua thé truyén thdng (von ton thoi gian, phy
thudc thoi tiét) 13 hudng di c6 tinh thoi sy cao, gitip chii déng ngudn nguyén liéu cong
nghiép 6n dinh.

)4 nghia khoa hgc: Lufn 4n cung cap bo dir li€u khoa hoc h¢ théng vé anh hudng
ciia cc yéu to dinh dudng (C, N) va méi trudng (pH) dén dong hoc sinh trudng va tich liy
polysaccharide (PS) ndi/ngoai bao ctia hai chiing nim thudc hai nganh khac nhau. Viéc lya
chon hai loai Cordyceps militaris va Trametes versicolor c6 co s& khoa hoc vi day 13 cac
loai ndm dugc liéu chu‘a nhiéu polysacchande va hop chét c6 hoat tinh sinh hoc. Nuéi cdy
dzch thé 6 wu diém vé thoi gian, kha nang kiém soat diéu kién cong ngh¢ va tinh chu dong
ngudn nguyén liéu so v6i nudi qua thé.

Ngmen ctru di lam sang t6 mbi quan hé giira phuong phap chiét tach tudn ty (nuéc,
kiém, acid) dén dic diém cAu tricc hinh thai vi mé (SEM) va cac hoat tinh sinh hoc in vitro
(khang oxy hoa, prebiotic, ddng hoc sinh SCFAs).

Y nghia thuec tién: Thiét 1ap dugc théng s6 cong nghé cho quy trinh san xudt sinh
khbi & quy mé 16n. Pong th0'1, luan 4n d3 cy thé héa bing viéc phat trién thanh cong san
phim trng dung "Nude nim Bao ngu 1én men bd sung hé soi nAm Tramefes versicolor"
quy md phong thi nghlem dat tiéu chudn chit lwong vé an toan thuc phim, mé ra co hoi
throng mai héa thyc té.



2. Sy khong tring Lip ciia d tai, s li¢u, két qua nghién ciru, két luén ciia ludn an véi
cdc dé tai, luin vin, luin 4n, cdng trinh khoa hoc khic

Dé tai c6 tinh ddc 1ap cao. Mic du céc nghién ctru vé ponsacchande clia nim Péng
trung ha thao va Véan chi da duge cong bo rai rac trén thé gidi, phan 16n chi tip trung vao
qua thé hoic hoat tinh mién dich truc tiép.

Piém phan tach khong trung 1dp cia luén & an nay la tép trung vao hoat tinh prebxotlc
chuyén sau in vitro cia cic phan doan cmet xuét tudn ty tir hé sgi nAm va vu;c phéi hop
sinh khéi tho vao ma tran thyc phdm ubng 1én men lactic tai Viét Nam. Céc s6 liéu thye
nghiém, mé hinh t6i wu Box-Behnken va céc lat cit hinh d&nh SEM, ¢ thi HPLC dinh lugng
SCFAs déu chua thiy tring ldp véi céc cong trinh da cong bb trudce day.

3. Sy phit hop giira dé tai luin 4n vé6i mi s6 nganh

Tén dé tai va toan b ndi dung nghién ciru (t5i wru héa didu kién nusi cdy thu nhén
hop chit sinh hoc; thu nhan, phan doan va dénh gia hop chét chirc ning tir nguyén lidu sinh
hoc; danh gié hoat tinh sinh hoc in vitro lién quan dén thuc phim; xay dyng cdng thirc va
quy trinh ché bién d6 udng 1én men; danh gié chi tiéu hoa 1y, vi sinh, cdm quan va an toan
thuc phdm.) phit hop véi chuyén nganh Céng nghé thyc phdm (M3 sé: 9540101).

4. Tinh trung thye, ré rang va day di trong trich din

NCS thé hién si nghiém tic trong nghién ctru khoa hoc. Phin tdng quan tai lidu gdm
38 trang v4i 223 tai liéu tham khao cp nhit ca trong va ngoai nuée. Cac kuign diém khoa
hoc phu(mg phép phan tich thu'ong quy (phenol-sulfuric, DNS, HPLC, SEM) va két qua
d6i ching déu duogc trich din ngudn rd rang tir cc tap chi uy tin (Molecules Foods, Gut
Microbes,...). S6 liéu thyc nghiém dwoc xir Iy thong k& ANOVA qua phin mém Minitab
19.0 véi d5 tin cdy cao (P < 0,05).

Tuy nhién, can ra soat va chinh sira cac van dé sau:

- Can uu tién trich din tai liéu gbc thay vi din ngudn thir cdp cho cac dinh nghia,
phuong phap phén tich va co ché sinh hoc.

- Khong nén sir dung céc trang thong tin phd thong nhur Healthline 1am ngudn khoa
th trong luin 4n tién si. Cac noi dung ndy can dugc thay bing bai bao nghién ctru gbe,
tong quan hé théng hodc tai liéu tir td chirc chuyén mén.

- Danh phép vi sinh vat chua chinh xdc va chua théng nhit. “Bifidobacteria
animalis” phai sira thanh Bifidobacterium animalis; “Pediococci acidilactici” phai stra
thanh Pediococcus acidilactici; tén loai phai dugc in nghiéng va vict hoa ding quy udc.

5. S phan dnh két qua lun 4n trong nhirng cong trinh di cdng bé

Céc két qua cbt 151 ctia ludn 4n da duge cong b() rnot cach toan dién va kip thdi thong
qua 04 bai béo khoa hoc. Trong d6 c6 02 bai bao qudc té thugc danh muc uy tin (Scopus/ISI
nhu Mycobiology, Journal of Applied Biology & Biotechnology), 01 bai hdi nghi qudc té
(SPISE) va 01 bai bao trén tap chi chuyén nganh trong nudc. Ngoai ra, NCS con tham gia



bién soan 01 sach chuyen khdo va lam chii nhi¢m/thanh vién ctia 04 d2 tai nghién ctru lién
quan d3 nghiém thu. Diéu nay khing dinh gié tri va tinh chét lugng cia lufn 4n d3 duoc
cdng ddng khoa hoc thira nhén.

6. Tinh hi¢n dai, hgp ly, d9 tin ciy cia phwong phap nghién ciru

Tinh hign dgi: Nghién ctru di tiép can c4c k¥ thuat hién dai nhu dinh danh ching
nim bing giai trinh tu gene ITS/16S rRNA; quy hoach thuc nghiém téi vu hoa da muyc tiéu
bang phucng phép bé mit dap tmg (RSM) theo md hinh Box-Behnken; quan sat cau triic
bé mat bang kinh hién vi dién tir quét (SEM); va dinh lugng céc acid béo mach ngin bing
hé théng sic ky 16ng hi¢u ning cao (HPLC) sir dung ¢t chuyén dung Aminex HPX87H.

Tinh hop Iy Cach tiép can tir khao sit don bién (OFAT) dé dinh vi dai théng s,
sau d6 tién hanh t8i wu hoa da muc tiéu (BBD-RSM), chiét tach phén doan, danh gia hoat
tinh prebiotic in vitro trén cac chung vi khuan chuin thirc (ATCC, WCES 1) trude khi dua
vao img dung ché bién thyc phdm 13 hoan toan logic va chit ché.

7. Két qua nghién ciru méi ciia luin 4n

- Xac lap dugc bj thong s6 tdi wu da muyc tiéu cho qué trinh SmF: Thu sinh khéi kho
dat 8,90 + 0,25 g/L (ham lugng PS 5,28%) d6i véi C. militaris; va 3,59 + 0,12 g/L (ham
lugng PS 8,23%) dbi véi T. versicolor.

- Thu nhén va so sénh dugc sau phan doan két tia gidu carbohydrate tir hai loai nim
bing quy trinh chiét tudn ty nuéc nong, Na:COs va HCl.

- Cung cép dit liéu 50 sdnh vé kha ning trung hoa ABTS, hd trg sinh trudng mot sb
ching vi khudn c6 1¢i, chi s PI va mirc d6 thiy phan boi a-amylase.

- Xay dl,mg hoan chinh quy trinh céng nghé ché bién nudc ubng ndm Bio ngu lén
men lactic bd sung 0,6% sinh khdi thé T, versicolor va thdi gian 1én men 24 gu’r chung
minh duge bot sinh khéi thé c6 kha nang hi¢p ddng béo vé, gia tdng hoat tinh chong OXy
héa va ning cao kha ning khang khuin (E. coli, S. aureus) ciia san phdm dd ubng.

8. Nhing thiéu s6t ciia ludn 4n vé ndi dung va hinh thirc

Vé nji dung: Nghién ctru méi chi dung lai & cac danh gla hoat tinh prebiotic va khang
oxy hoa dirng lai & quy md in vitro. De céc két luan vé& "thyc phim chirc ndng hd try strc khoe"
mang tinh thuyét phuc tuyét dbi, can ¢ céc dir liéu danh gia in vzvo trén mo hinh dong vat
dé kiém chirng sy thay ddi thyc té cua hé vi sinh vt va cic chi s6 mé hoc rudt.

Phén img dung sin phdm méi chi thir nghiém b6 sung bot sinh khéi thé T, versicolor.
NCS nén giai thich rd hon 1y do tai sao khong thir nghiém ung dung d6i véi sinh khdi C.
militaris trong thuc phdm uéng 1&n men ndy du ning sudt thu nhan sinh khéi ctia C. militaris
cao hon rat nhiéu.

Ve hinh thirc: Mt s6 @5 thi hé thong va hinh 4nh so 46 quy trinh cin dwoc quy
chuin héa vé dinh dang chit, tranh 151 font hién thi & cac phan chi thich k¥ thuit.

9. Nhin xét v& cdc cdng trinh d céng bé ciia tac gid litn quan dén ludn sn

Céc cong trinh cong b cia tac gid c6 ham lugng khoa hoc cao, dugc ding tai trén




céc tap chi quéc té chuyén nganh cé phén bién nghlem ngdt va céc tap chi uy tin trong
nuge. NCS 14 ngudi thye hién chinh va ¢6 déng gép cot 15i trong céc cong bd nay.

10. Sir phén anh trung thanh ngi dung co béan ciia luin 4n trong cu6n Tém tit ludn 4n

Cubn Tém tit ludn 4n da phén anh mdt cach trung thyc, khach quan va day dii chu
tric, phuong phap, cac két qua thuc nghiém quan trong cling nhu céc két luan cbt 151 ciia
toan vin luan 4n tién si.

11. P4nh gid ndi dung giai trinh ciia nghién ciru sinh vé nhn xét ciia phan bién djc lap

NCS da txep thu nghiém tiic, c6 thai d¢ cdu thi va dua ra cac l3p ludn gidi trinh khoa
hoc, 3 rang ddi véi cac gop ¥ cua cic nha phéan bi¢n ddc lap. Nhitng chinh stra d3 dugc
cdp nhit vao ban thao ctia Luén an.

12. Két luéin

Mirc d§ d4p Wng: Luan 4n tién si ky thuit cia Nghién ciru sinh Nguyén Thi B1ch
Hing la mjt cong trinh nghlen ctru khoa hoc nghiém tic, cong phu, c6 gié trj cao ca vé mit
khoa hoc 13n 1 L ing dung thyc tién trong nganh Céng ngh¢ thyc phédm. Luan 4n dap (g day
dl céc yéu cau ciia mét Lufin 4n Tién si Ky thuat.

Danh gia:
[X] T4n thanh NCS dugc d4nh gia ludn 4n cip Trudng.
[ ] Khdng tan thanh NCS dugc danh gia ludn 4n cép Trudng.

Ba Nang, ngay 14 thang 07 nim 2026
XAC NHAN CUA CO QUAN QUANLY NGUOI NHAN XET
— (Ky va ghi rd ho tén)

Pk

PGS. TS. V6 Vin Quéc Bio

i Thi Song Thay



DAI HQC PA NANG CONG HOA XA HQI CHU NGHIA VIET NAM
TRUONG PAI HOC BACH KHOA Poc lap - Tw do - Hanh phic

BIEN BAN HQP HQI DPONG PANH GIA
LUAN AN TIEN SI CAP TRUONG

1. Tén @ tai luan 4n: Thu nhan, danh gia hoat tinh prebiotic cia polysaccharide tir s¢i

nam (Cordyces militaris, Trametes versicolor) va bwéc diu irng dung sinh khéi
trong ché bién thue pham b sung

Nganh: Céng nghé thwe phim

Miasb: 9540101

Nghién ciru sinh: Nguyén Thi Bich Hz"mg

Quyét dinh thanh 14p Hoi dong chim luan 4n tién s cap Truong 3238/QP-DHBK ngay
22 thang 6 ndm 2026 cua Hiéu trudng Trudng Dai hoc Bach khoa.

Ngay hop Hoi dong: 01/08/2026

7. Danh séch thanh vién Hoi dong:

L B

on

. TR CHUC TRACH
STT HOC HAM, Hf_)C VI, HQ VA TEN TRONG HOQI PONG
1. | GS. TS. L& Vin Viét Man '
Truong Dai hoc Bach khoa, Pai hoc Quoc Gia Thanh Chu tich Hoi déng
phd H6 Chi Minh

5| PGS. TS. Nguyén Quang Vinh
Trudng Pai hoc Tay Nguyén

3 TS. Nguyén Thi boéng Phuong

Phan bién 1

Truong Dai hoc Bach khoa, Dai hoc Da Ning Phan bi¢n 2
4 | GS.TS. Trén Thanh Truc L
Dai hoc Can Tho Phan bi¢n 3
5. | PGS. TS. V5 Van Quéc Bao e
Trudng Dai hoc Nong Lam, Dai hoc Hué Uy vién
6. |PGS. TS. Trinh Bang Mau S
* \ . . - Uy vién
Truong Dai hoc Su pham, Pai hoc Pa Néng
7 TS. Mac Thi Ha Thanh L
. Thu ky Hoi dong

Truong Pai hoc Bich khoa, Dai hoc Pa Néng

Khach mai: .PG.S7IS. gkl B ..M@;&t.::&n’ﬂr /ﬂmgﬂ]/if/\/ﬁjnjédﬁ -Ma
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Nghién ciru sinh trinh bay luan an.




8. Bauy vién phan bién doc ban phan bién luan an.
9. Céu héi va tra 16i: Theo phin dinh kém.

10. Cac y kién dong gop khéc:
11.Két luan cta Hoi dong

Ghi ré cdc két ludn theo cde néi dung duci day:

a. Két luan vé tinh cap thiét, thoi su, y nghia khoa hoc va thyc tién vé& d tai luan an;

Su phu hop gifia dé tai va ma s nganh dao tao
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b. K¢t ludn vé tinh trung thuc, rd rang va day du trong trich dan; Sy khong trung lap
cua de tai, so liéu, két qua nghién ciru, két luén ciia luéin 4n véi cac dé tai, luén vin,

luén an, cc”)ng trinh khoa hoc khéc
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c. Keét luén ve phuong phap nghién ctru, mirc dd chinh xac ctia dit liéu str dung
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d. Két ludn vé nhimg thanh cong va déng gop méi cia luan én vé Iy luan va thyc tién
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e. Kétluan vé cic cong trinh cong bd lién quan dén luan 4n
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f.  Két luan vé noi dung giai trinh vé nhan xét clia phan bién doc lap
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h. Két luan ve vi€c tra 10i cau hoi, trinh d6 va hiéu biét cua nghién ctru sinh
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i. Kétluan chung

- Ket qua dénh gia: Hoi ddng da tién hanh bo phidu kin, két qua .01/ dat;
0..1.07.. khong dat.

- Két luan vé gia tri khoa hoc va thuc tién cta luan an, két ludn vé trinh do va
nang luc cia nghién ciru sinh
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- Két lun dong ¥ cho phép nghién ciru sinh 1am hd so xét cong nhan tét nghiép
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Bi€n ban nay duoc_4.0.0.% thanh vién Hoi d@)ng ¢O mat tan thanh

Da Néng, ngay 01 théng 8 nam 2026

THU KY HQI PONG CHU TICH HQI PONG
CHAM LUAN AN TIEN ST CAP TRUONG
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PHAN GHI CAU HOI VA TRA LOI CUA NGHIEN CUU SINH
A. CAU HOI DANH CHO NCS
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B. TRA LOT CUA NGHIEN CU'U SINH
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C. PHAN TRAO POI VA THAO LUAN CUA CAC THANH VIEN HOI PONG

(Ghi 15 y kién trao d(‘)i‘, thdo ludn trong thoi gian hop kin dé danh gia va dua ra két
luén ctia cic thanh vién Hoi dong)
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Y kién ket lugn cua Chu tich Hoi dong: Sau khi trao dbi, thao luan, Héi ddng théng nhét cac
két luan sau:
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TRUONG DAl HOC BACH KHOA CONG HOA XA HQI CHU NGHIA VIET NAM
HOI PONG CHAM LUAN AN CAP TRUONG Déc 1dp — Tw do — Hanh phuc
QUYET NGHI

CUA HQI PONG CHAM LUAN AN TIEN ST CAP TRUONG

Tén dé tai luan 4n: Thu nhan, danh gia hoat tinh prebiotic ciia polysaccharide tir
. A sy . . ‘ - A - .
so1 nam (Cordyces militaris, Trametes versicolor) va budc dau wng dung sinh

khdi trong ché bién thuwe pham bo sung
* Nganh: Cong nghé thue pham
= Mi sé: 9540101
= Nghién cttu sinh: Nguyén Thi Bich Hing

Hoi dong chim luan 4n tién si cap Trudng, dugc thanh 1ap theo Quyét dinh sb
3238/Qb-DHBK ngay 22 thang 6 nam 2026 cua Hiéu truéng Truong Pai hoc Béch P
khoa, da hop vao luc 8h30 ngay 01/08/2026 tai Truong Pai hoc Bach khoa. Sau khi //0\
thao luan, Hoi dong da théng nhat véi quyét nghi v& luan 4n nhu sau:

1. Két luan vé y nghia khoa hoc va thuc tién cia luan 4n
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3. Két ludn céc két qua nghién ctru méi cia lun 4n
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5. Két ludn vé viéc tra 16 cau hoi, trinh d6 va hidu biét ciia nghién ciru sinh
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6. Két luan chung
- Két qua bo phiéu:
+ 0F/.0% dat
+ .0../04 khong dat

- Két luan vé gid tri khoa hoc va thuc tién ciia luan an, két ludn vé trinh do
va nang 11_19 cua nghién cttu sinh: -
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Nghién ctru sinh can chinh stra:
st A il s s, ooy, cbchmag..cmuschity phas §

I KA., 2«&&1{.].’./F[.mé..‘mjé&a..uﬁa...: ....................................................... ................ \ E:.
e b s st 8o A s cngliicn. cilon g et P
Jﬂo«?/x&%ﬂa@%ﬁé &, /gﬁc ”;Jf ........................................................
@éuﬁmfﬁ.‘/g«a@&?}ﬂ}m/mﬂ’m ; 1@?M§'%70ﬁ&ju’70vc{
e, iﬂ@o : %L{’.C. s jlefm L. mj' f(lfsf . .c.c;.g. ,.79[.14213:1 g .,/.}.:{m./é. /711//24.% dch
C/@,«,_/fc?,:g /%@jméﬁpvﬁfmﬁcﬂm j...m%@..caa-.t..? ................................
- szﬁkfa)xf&Cq;%c{ﬂﬂzﬁzfﬁmjmﬁf[mgmﬁ?&jwfﬁ

/I N

--------------------------------------------------------------------------------------------------

ooooooooo

- p ) / ; : N - —
- Fﬁam@ﬁuc&j@;cfmwfCt),[r{.zf.wri;n/)[g/ﬂ{fnﬁ,zmy .............

------------------------------------------------------------------------------------------------------------------------------------

....................................................................................................................................



- Két luén vé viéc tan thanh dé nghi cong nhdn hay khéng céng nhan hoc vi
tién si cho nghién ctru sinh; dé nghi khen thuéng dbi véi luén an dic b1et xudt sic:
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Ban Quyét Nghi nay duoc J..% thanh vién Hoi dong ¢6 mat tan thanh.

Da Nang, ngay 01 thdang 8 nam 2026
TM. HOI PONG CHAM LUAN AN TIEN SI CAP TRUONG
CHU TICH HOQI PONG

GS. TS. Lé Vin Viét Man
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CONG HOA XA HQI CHU NGHIA VIET NAM

Doc ldp — Tw do — Hanh phiic

BAN GIAI TRINH THEO QUYET NGHI CUA HOI PONG DANH GIA
LUAN AN TIEN SI CAP TRUONG

Ho va tén NCS: Nguyén Thij Bich Hing

Tén luan an: “Thu nhdn, ddnh gid hoat tinh prebiotic ciia polysaccharide tiv spi nim
(Cordyceps militaris, Trametes versicolor) va budc diu vrng dung sinh khéi trong ché bién ihuc
phim bo sung”

Chuyén nganh: Coéng nghé thuc pham

Ma s6: 9.54.01.01

Nguoi huéng dan Khoa hoc:
PGS.TS. Piang Minh Nhat
TS. Nguyén Hoang Diing

Sau khi nhan duge ban nhin xét cia cac thanh vién Hoi dong danh gia ludn an tién si cap
trudmg, NCS va tap thé hudng dan di chinh stra ludn an theo noi dung sau:

STT | Nji dung dé nghj chinh sira, gidi trinh Noi dung da chinh sira, gidi trinh

L Yéu ciu chung theo Quyét nghi /Bién
bin caa hoi dong

1. | Phdn mo dau: diéu chinh lai mdt sb thong | ba diéu chinh muc tiéu, loai bo déi tuong
tin trong muc tiéu, pham vi va phuong | trong pham vi, bo sung thém gidi han cua
phédp nghién ctru. nghién ctru va b sung cic thong s6 vao
(Trang 3-4)

2. | Chuong 2: bd sung quy mo thir nghiém, | Tai Chuong 2, da bd sung chi tiét thong tin
xem lai 1 sb thuat ngit theo y kién céc | vé quy mo cho tung 16 thir nghiém (vi du:
thanh vién hoi dong. thé tich méi truong, dung tich binh lén men,
khdi lugng nim, s luong mau lap lai).
Pdng thoi, toan bd cac thuat ngir chuyén
nganh da duogc ra sodt, chuin hoa va chinh
stra lai theo ding gop y chuyén mén cua cac
thanh vién hoi dong dé dam bao tinh chinh
xé4c va thong nhét trong toan van.

3. | Chuong 3: hiéu chinh lai mét s6 nhan xét | Chuong 3, tac gia da ra soat va viét lai cac
cho phit hop vai diéu kién thuc nghiém. | doan nhan xét, bién luan két qua dé bam sat,




STT | N¢i dung dé nghi chinh sira, giai trinh N¢i dung da chinh sira, giii trinh

Ra sodt lai cac phuong phép phan tich cho | phan 4nh dung gidi han cua diéu kién thuc
logic, thong nhét vé ndi dung nghién ctru. | nghiém da thiét lap.

4. | Chinh sira lai cach dién dat trong ndi dung | DA chinh sira lai, thay thé va dung tir tiét ché
nhirng dong gép mai cua luan an. hon trong ndi dung dong gép mai cia ludn
an (Trang 131)

5. | Ra soat lai cac 18i chinh t4, 1i in 4n, 18i | Cc 16i danh may, chinh ta, dinh dang
trinh bay. phdng chit, canh 1&, gidn dong, cling nhu
céc 16i nhay trang, danh sé hinh/bang va
trich dén tai liéu tham khao di dugc khéc
phuc hoan toan dé ban thao dat chuan muyc
hinh thire quy dinh.

II. | Yéu ciu ciia ting thanh vién Hoi dong

IL.1. | Chi tich h§i dong: GS.TS. Lé Vin Viét
Min

1. | Muc tiéu tong quat ctia luan an (trang 3) | DA chinh sira “san pham thuc phdm dinh
¢6 nhic dén “san pham thuc pham dinh | huéng chitc ning” thanh “thuc phim bé
hudng chire ndng” 1a khong phu hop véi | sung” (Trang 3).

tén ctia luan 4n “thuc pham bd sung” nén
cin duoc l:liéu chinh lai. Trong ph‘z*m MUC | Ba chinh sira “Khéo sit kha niing {mg
tiéu ey the (trang 3), ndi dung ve “khio | 4,0 ik khéi...” Thanh “dénh gid tiém
sat kha ning ung dung sinh lfhéi...” can ning sir dung sinh khéi...” (Trang 3)
dugc stra lai 1a “danh gia tiém niang su
dung sinh khéi...”

o

Pham vi nghién ctru ¢6 nhic lai “ddi | Da loai bo dbi tugng nghién ciru va bd sung
tuong nghién ctru” (trang 3) la khong phu | pham vi vé qua trinh 1én men thu sinh khéi
hop nén can bo di. Bén canh dé, can trinh | PS va phat trién san phim nudc uéng 1én
bay pham vi nghién ctru vé qud trinh 1én | men (Trang 4).

men thu sinh khdi va polysaccharide,
trich ly va phét trién san phdm nudc udng
Ién men lactic.

3. | Phin phuong phép nghién ctru cin duoc | DA chinh stra, b6 sung phuong phép thuc
hi¢u chinh lai, diic biét 1a bd sung phuong | nghiém ¢ dién va phuong phép bé mat dap
phiap thuc nghiém cb dién va phuong mg dé thiét ké thi nghiém trong phan 2.5.1.
phip bé mit dap tmg dé thiét ké thi | Chuong 2 (Trang 50, 51, 52).

nghié¢m, phuong phap phéan tich héa 1y, vi
sinh va phuong phap xtr ly s6 liéu dé danh

gid chat lwong san phim (trang 4).
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MGt s6 thi nghiém chua giéi thiéu quy mé
va can dugc bd sung: Vi du nhur trong néi
dung 1, thé tich méi truong sir dung cho
mdi nghiém thirc 1én men 1a bao nhiéu;
trong ndi dung 3, khéi lwvong qua thé nim
bao ngu sir dung dé thu dich chiét 1a bao
nhiéu; thé tich dich chiét dé 1én men la
bao nhiéu.

Pa bd sung quy mod 1én men ¢ cac thi
nghiém (Trang 62)

Muc 3.2.4.4 cho thdy ti 1& phan giai
polysaccharide tir nim sgi boi ché pham
a-amylase dao dong tir 2 dén 14% (trang
105-106). Thong thuong, cic prebiotic
khong bi thiy phan bdi a-amylase trong
hé tiéu hoa. Do d6, can giai thich va bién
ludn thém vé két qua da thu dugc.

Thanh phi‘m chinh tao nén dic tinh prebiotic

clia polysaccharide tir ndm 1a cac B-glucan
(chit yéu mang lién két B-(1,3) va p-(1.6)).
Céc lién két B nay hoan toan khong bi nhian
dién va thiy phan boi a-amylase (von chi
cét lién két o-(1,4) glycosidic). Tuy nhién,
trong vach té bao va ndi bao ctia hé soi nAm
ludn ton tai mot ty 1& nhat dinh cac a-glucan
(nhu glycogen nam) déng vai tro 1a ngudn
carbon du trir. Ty 1€ 2 — 14% bi phan giai
thuc chét 1a qua trinh enzyme o-amylase cit
dut cAu tric cua cac a-glucan du trir noi tai
dugc chiét xuat ra nay, chir khong phai pha
v& khung B-glucan mang hoat tinh (Trang
109).

fof 25D el

Viée dé xuét quy trinh ché bién nudc ubng
nam bao ngu bd sung sinh khdi ndm vén
chi (trang 126) la khong can thiét vi muc
tiéu luan an khong c6 muc d& xuit quy
trinh. Hon nita, mot s cong doan trong
quy trinh chura duge nghién ciru dé t6i wu
hoa cac thong sb cong nghé.

b3 loai bo két qua de xuat quy trinh che
bién nudc udng nam bao ngu bo sung s¢i
nam Van chi khoi ludn an.

I1.2.

1. Phin bi¢n 1: PGS.TS. Nguyén
Quang Vinh

Khédi niém prebiotic 1dn diu dugc gidi
thi¢u nam 1999 ([36] chuong siach nam
1999, khong phai céng bd gdc dau tién vé
khai niém prebiotic), cin stra thanh nam
1995 va bd sung dung tai liéu gbc cia
Gibson va Roberfroid (Glenn R. Gibson,
Marcel B.  Roberfroid, Dietary

DPa chinh sta lai chinh xac khai niém
prebiotic lan dau dugc gioi thi¢u nam 1995
va bd sung dung tai liéu gdc cua Gibson va
Roberfroid (Glenn R. Gibson, Marcel B.
Roberfroid, Dietary Modulation of the
Human Colonic Microbiota: Introducing

the Concept of Prebiotics. The Journal of
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Modulation of the Human Colonic
Microbiota: Introducing the Concept of
Prebiotics, The Journal of Nutrition,
Volume 125, Issue 6, 1995, Pages 1401-
1412);

Nutrition, Volume 125, Issue 6, 1995, Pages
1401-1412 ( Trang 12)

Phian din nghién ciru LED xanh trong
nudi cdy C. militaris can sita vi ndi dung
dién giai chua khép véi tai liéu [14] vi bai
bdo nghién ctru trén mdi trudng ban rén
khong lién quan dén nuéi cy dich thé.

Di loai bé phan din nghién ctru LED xanh
trong nuéi cdy C. militaris (Trang 2)

Cac tai liéu [157] va [158] la bai d4 bi rat
lai, khong nén sir dung lam co sé thao
ludn két qua.

Di loai bd phan 1y ludn va tai liéu nay khoi
luan an.

Danh muc tai li¢u tham khao con ¢é mot
s6 tai liéu trung 13p hodc gan tring 1ap cin
g0p. nhu [45]/[50], [47]/[48], [29]/[49],
[43]/(80], [54]/[195], [19]/[203],
[175]/[185] va [129]/[215]. Nghién ciru
sinh can ra soat toan bd danh muc tai liéu
tham khao, loai bo cdc muyc trung, thay
thé cac tai lidu khong con hiéu luc khoa
hoc, bo sung day du thong tin thu muc va
bédo dam mdi trich dn duge sir dung ding
v6i ndi dung ma tai liéu gde hd tro.

ba gop tit ca cac tai liéu trung lap. loai bo
cdc tai liéu khong con hiéu luc khoa hoc.

wn

Can giéi han dung pham vi déng gop:
luin 4n chua chimg minh cAu tréc phan tir
chi tiét cua PS, chua phat hién
polysaccharide mai va chua cé dir liéu in
vivo hodc 1am sang. Vi vay, két qua méi
nén duge xac dinh 1a bing chimg thuc
nghiém méi vé tiém nang prebiotic in
vitro va kha ning tmg dung ban diu cua
polysaccharide/sinh khéi hé soi nim
trong thuc pham bé sung, khéng nén dién
dat thanh hi¢u qua sinh ly hay kha ning
thuong mai héa di duge chimg minh day
du.

Da tiép thu va ra soat toan bo ludn an dé gisi
han daung pham vi nghién ctru. Pa chinh stra
cac khing dinh vé "hiéu qua sinh Iy" thanh
"bing chimg thuc nghiém vé& tiém ning
prebiotic in vitro"; dong thoi chuyén cum tir
"thwong mai héa" thanh "kha ning Umg
dung ban diu trong thuc phim bd sung"
(Trang 5)

Can rat gon, giam cac khing dinh qua
rong vé lgi ich sic khoe, lam rd hon

D4 viét lai muc tiéu va khoang tréng nghién
ciru, nhidn manh pham vi ludn an ding ¢
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khoang tréng nghién clru va xac dinh
dung pham vi déng goép cua luan an 1a
danh gid tiém ning prebiotic in virro cla
polysaccharide tir hé sgi ndm va budc dau
ing dung sinh khéi trong thuc phidm bd
sung.

viéc danh gia tiém nang in vifro cua
polysaccharide (PS) hé soi nam (tang 131-
132).

Chuong 1 con thiéu mot phan tong quan
1am nén cho ndi dung g dung san phdm
nuée ndm Bao ngu 1én men bd sung sinh
khéi hé soi 7. versicolor. Can bd sung
ngin gon co s lya chon nén san phim,
vai tro cua L. plantarum, céc tiéu chi cam
quan, an toan, kha nang séng sot cua
probiotic va tinh én dinh san phém.

Pibd sung téng quan ngan gon vé co so lua
chon nén ndm bao ngu 1én men va vai tro
cua L. plantarum trong chuong 1 (Trang 42
- 45).

Trang 48. M6 ta cdy giéng bing cach
"chia nho hé sgi nAm trong dia thanh phﬁn
béng nhau 0.5x0.5 cm" va "1 dia gdc/cap
1 ¢6 thé cdy dugce 25-30 binh dich" la
thiéu tinh chudn x4c. Cin 1am rd didu kién
nudi tinh/lic va dinh lwong chinh xac
luong gidng cay.

Di x0a mo ta thiu chuan xac va bo sung
diéu kién nuéi tinh, lic (Trang 48).

Kiém tra lai théng tin giita van ban va
bang bd tri thi nghiém OFAT cua C.
militaris (Bang 2.2) va T versicolor
(Bang 2.3) cho chinh xéc.

D3 kiém tra ddng nhét lai thong tin trong
van bang va bang b tri thi nghiém (Trang
49 va 50).

Trinh bay dung nguyén tic phuong phap
phenol-sulfuric la X4c dinh
carbohydrate/PS thé quy ddi theo
glucose, khong xem day la ham lugng
polysaccharide tinh khiét.

Di bd sung chinh xac miu PS la PS tho
(54).

1.

Bé sung budc khir mudi (desalting) sau
budc ding HCI va NH; dé trung hoa,
tranh lam sai 1éch khdi lwong PS thé thu
dugce hodc néu gidi han cua phuong phéap

Pi bd sung gi¢i han cua phuong phap
(Trang 56).

12.

PS dem thir hoat tinh déu & dang tho. Cn
danh gia ty 1& tap chit (protein,
polyphenol) d& khéng quy két toan bd
hoat tinh sinh hoc 1a do polysaccharide.

*Trong nghién ctru nay thyc chét 1a cic
phén doan polysaccharide thé. Viéc khong
tinh sach hoan toan va chua dinh lugng cin
k& ty 1& protein/polyphenol déng chiét la
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mot gidi han ciua nghién cliru ¢ giai doan
nay. Tuy nhién, tdc gia xin phép dugc giai
trinh thém vé dinh hudng sir dung mau tho
nay:

- Trong soi nam, nhiéu polysaccharide
khong ton tai doc 1ap ma lién két cong hoa
tri vai protein tao thanh cac phirc hé
glycoprotein hoidc proteoglycan. Viée ¢
ging loai bo hoan toan protein (vi du bing
phuong phap Sevag) déi khi lam dat gay
cdu tric tu nhién va lam giam dang ké hoat
tinh sinh hoc nguyén ban cta nam. Mic
khéc, cac nghién ctru trén thé gidi da chi ra
rang, trong cac tmg dung thuc phdm chirc
nidng cdc phan doan polysaccharide tho
thuong cho hoat tinh sinh hoc (nhu khang
oxy hoda, prebiotic) cao hon so véi
polysaccharide tinh sach nho tac dung hiép
ddng voi cac hop chét vi luong di kém nhu
polyphenol va peptid.

Viéc gilr nguyén dang thé pht hgp véi dinh
hudng tmg dung truc tiép lam nguyén liéu
tao mang, bo sung vao d6 ubng 1én men
(Kombucha, nuéc udng nim), gitp tdi wu
hoa chi phi san xuat thay vi phai trai qua cac
budc tinh ché phirc tap bing sic ky.

* Pé dam bao tinh chit ché vé mat khoa hoc
theo ding gop v cua Hoi dong, tac gia da
tién hanh chinh stra trong ban thao nhu sau:

+ Thay d6i tit ca thuat ngir tu
polysaccharide thanh polysaccharide thd ¢
tat ca cac muc thir nghiém hoat tinh.

+ Bb sung ban ludn khang dinh: Hoat tinh
sinh hoc ghi nhan duoc 1a két qua tac dung
tbng hop cua hé phic hé gidu
polysaccharide, trong d6 khong loai trir sy
dong gop cua cac protein va polyphenol
dong két tha.
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+ Pua viée dinh luong tap chat (do ham
luong protein bing Bradford/Lowry, do
polyphenol bing Folin-Ciocalteu) va tinh
ché qua cot sic ky trao doi ion thanh dinh
hudéng nghién ctru tiép theo (Trang 132).

13.

Viéc do mat d6 quang & 600 nm dé tinh
chi sb Prebiotic s& bi nhiéu do d6 duc nén
clia mdi trudong chira chiét xuit PS. Cin
giai trinh cdch loai trir nhiéu nén hodc
ding phuong phip dém khudn lac
(CFU/mL) dé d6i chimg.

Pé kiém sodt va loai trir sai s nay, trong
qua trinh thuc nghiém, nghién ctru da dfmg
ky thudt trir gia tri nén két hop voi mau
chimg tring. Cu thé, sinh khéi vi khuan
thuc té tai mdi thoi diém duoc xdc dinh
béng d¢ chénh léch mat dé quang (AO Do)
gifta thoi diém danh gia (t) va thoi diém
ngay sau khi cdy (to). Bén canh do. cic dng
mdi truong chira phan doan PS (khong céy
khuén) ciing duoc 1 song song dé lam mau
blank, gitp loai trir hoan toan su cong gop
quang hoc gdy ra boi mau sic va cic vi hat
lo Itmng cua hé PS thé.

14.

Can kiém tra va théng nhét phén phuong
phap SCFAs. Ludn an néu hé Agilent
1200, detector RI, c6t Aminex HPX87H,
pha dong H2SO« 3mM, téc do dong 0,6
mL/phit, nhiét do budng 1a 50°C (trang
61); trong khi cong trinh cong bd kém
theo ¢6 mé ta HPLC-UV voi cot
Phenomenex CI8 va pha dong
acetonitrile/H2SO4 5mM, téc do dong 1
mL/phit, khong d& cap nhiét do.

Téc gia xac nhan phuong phap thuc té duoc
st dung dé dinh luong SCFAs va ciing 1a
phuong phip da duoc binh duyét trong bai
bdo cong bé la h¢ théng HPLC-UV, str dung
cot  Phenomenex C18, pha dong
acetonitrile/HSOs SmM, téc dé dong 1
mL/phut, nhiét do cot duy tri & 30°C. Da
chinh sira mé ta dung phuong phdp sic ky
da dung trong nghién ciru nay (muc d trang
65)

15.

Céac mé hinh hdi quy da loai bo cac hé sb
twong tac do khéng co y nghia théng ké,
nhung cdc hinh bé mat dap tmg van duoc
goi la “anh hudng tuong téc...”, d& gay
hiéu nhdm; nén dbi thanh “anh hudng két
hop™ hodc “bé mat dap tmg cia hai yéu
t6”. Dong thoi, can bd sung ddy du céc
chi s6 danh gia mé hinh nhu R2, R? hiéu
chinh, R? du doén, phan tich phan du va
sai s du doan — thyc nghiém; déng thoi
dién dat than trong hon déi vé6i lack-of-

Da chinh stra tén cic mo hinh thanh anh
huong két hop (Trang 71/79).

Di stra lai dién dat than trong hon ddi voi
lack-of-fit (Trang 71).
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fit, nhat a khi p-value ctia mot s6 mo hinh
gin ngudng 0,05 va sb bac tu do cua pure
error con thap.

16.

Phén kiém ching diéu kién t6i wu cin
trinh bay ro gia tri du doan, gia tri thuc
nghiém, sai s6 tuyét dbi va sai sb twong
ddi cho ca sinh khdi va ham lugng PS.
Céc nhan dinh nhu “mo6 hinh phan 4nh rat
trung thuc”, “dd tin cdy cao™ hodc “khéng
dinh tinh kha thi san xuét quy mé 16n” can
dugce tiét ché, vi két qua hién méi ching
minh sy phtt hgp cua md hinh trong pham
vi khao sat & quy mo phong thi nghiém.
Neén dién dat theo huéng: két qua téi wu
hoa 1a co s ban déu cho nghién ctru mé
rong quy md nudi cdy dich thé nhim thu
nhin sinh khdi hé soi ndm giau
polysaccharide.

Pi bd sung cac gia tri du doan, thuc
nghiém, sai sb tuyét dbi va sai sé twrong ddi
cho sinh khdi va ham luong PS. Pdng thoi
da loai bo céc nhan dinh nhu “mé hinh phan
anh rat trung thuc”, “do tin cdy cao” hodc
“khéng dinh tinh kha thi san xuit quy mo
16n” va dién dat lai theo hudng: két qua t6i
uu héa 14 co sé ban dau cho nghién ctru mé
rong quy mod nudi cdy dich thé nhim thu
nhian sinh khéi hé soi ndm giau
polysaccharide (Trang 76/83)

17,

Muc 3.2.1. SEM chi phan anh hinh thai
bé mat, khong du dé két ludn vé céu truc
phan tir polysaccharide; do do can tranh
dién giai sau vé mdi lién hé cdu trac-hoat
tinh khi chura c6 dit liéu FTIR, NMR, khéi
phan tur, thanh
monosaccharide hodc lién két glycoside.

luong phan
Cén loai bo cac cum tir suy dién nhu "cho
thdy mirc d6 phan nhanh cao hon". Chi
gi6i han nhan xét & goc do "do xbp bé
mat", "kich thudc cum két tu" vi hinh thai
bé mit quan sat dugc dudi SEM la két qua
téng hop cla cdu trac polymer va qué
trinh sdy thang hoa/két tia, dong thoi
khing dinh SEM chi la budc dénh gia
ngoai quan so bd; can doc k¥ lai hinh anh
ctia mAu S-PST va A-PST dé viét lai phin
giai thich su tac dong cua acid/kiém sao
cho khép voi hinh anh thue té ctia lugn 4n
(Trang 84).

D4i loai bd cac cum tir suy dién nhu "cho
thdy mirc do phan nhanh cao hon” va dd mé
ta lai hinh anh (trang 85 va 86).

18.

Ham luong PS xdc dinh bing phuong
phap mau nén dugc dién giai la PS

Pa stra lai PS thanh PS tho trong phuong
phép chiét xuit (Trang 55).
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tho/carbohydrate tong quy d6i, khong nén
xem nhu polysaccharide tinh khiét vi
phuong phap nay khong loai hoan toan
protein, peptide...

19,

Phép thir ABTS, cin dung cach dién dat
“kha ning trung hoa gbc ABTS™ thay vi
khdi quat thanh hoat tinh chéng oxy héa
toan dién. Pdng thdi, cAn bién luin siu
hon vé nguyén nhén dan dén su khac biét
vé két qua cua cac phéan doan PS thé va
khong gén chi yéu cho PS vi hién tai chua
minh ching cho viéc loai c4c thanh phén
khac c6 mdt trong PS thé dic biét la
protein, peptide, polyphenol...

ba dién dat la kha nang trung hoa gdc tu do
ABTS (Trang 91-92)

20.

Phén thao ludn hién c6 mét sé nhan dinh
qué rong vé loi ich strc khoe, vi du lién hé
SCFAs véi giam bénh dudng tiéu hoa,
ung thu, tim mach hoic céc liéu phap dya
trén probiotic. Céc ¥ nay c6 thé dung
trong bbi canh tai lidu, nhung luan 4n chi
do SCFAs trong méi trudng nudi cdy in
vitro sau 24 gid; do d6 khong nén dién
giai nhu hiéu qué sinh ly. Nén chuyén
sang cach viét: “sy gia taing SCFAs la
bing chimg hd trg kha ning cic phan
doan PS dugc 1én men béi probiotic trong
diéu kién in vitro™.

Da loai bo nhdn dinh qua rong vé loi ich stic
khoe cia SCFAs trong thao luan (Trang
106).

21;

Phin khing phéan giai béi a-amylase
cach goi “khd ning khéng tiéu héa” cin
diéu chinh (ddc biét & day chi sir dung a-
enzyme ¢6 ngudn goc tir Bacillus subtilis
khong dai dién cho a-enzyme tir tuyén
nuée bot) nén chwa du co s¢ dé khing
dinh vi vy cin néu cic gioi han cua
phuong phap. Dong thoi, thi nghiém chi
md phong budc a-amylase, khong dai
dién day du cho tiéu hoa ngudi, von bao
gém didu kién da day voi pH acid va
pepsin, diéu kién rudt non véi pancreatin,
mudi mat, enzyme bo ban chai va thoi

- DA chinh sura kha nang khang tiéu hoa
thanh kha nang khang thuy phin bai o-
amylase in vitro (Trang 107-108).

- Trong phuong phap da st dung day du
mau trang trude phan ing enzyme va miu
bét hoat enzyme dé hiéu chinh nén.
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gian luu khéac nhau. Do d6, nén d6i thanh
“kha nang khang thuy phén béi a-
amylase in vitro” hodc “mdt chi d4u ban
dau vé kha ning khéng tiéu héa”, tranh
khing dinh “khang tiéu héa cao” theo
nghia toan bd hé tiéu héa. Ngoai ra, can
lam rd phuong phap DNS do duong khir
¢6 thé bi anh hudng boi dudng khir sin 6
trong mau PS thd. Vi vay, can c6 mau
triing trudc phan (mg enzyme va miu bat
hoat enzyme dé hiéu chinh nén.

22

Mue 3.2 c¢6 gia tri khoa hoc va cung cap
dir liéu quan trong cho ludn an, nhung cén
tiét ché cac két ludn qua manh nhu “hoat
tinh prebiotic 1 rét”, “co s& vimg chic”
hodc “lgi ich stre khoe”. Cach dién dat
phu hop hon la: cac phan doan PS tir h¢
soi nam cho thay tiém ning prebiotic in
vitro, can tiép tuc dugc xdc nhan béng
phén tich cAu tric sdu, md hinh tiéu hoa—
1én men phirc hop va nghién clru in vivo.

D chinh stra cac két luin qua manh nhu
“hoat tinh prebiotic 10 rét”, “co s¢ viing
chic” hodc “loi ich strc khoe” va thay bing
cac dién dat phu hgp hon (101/130).

23.

Muc 3.3. M6t diém can 1am 16 1a su chua
théng nhit gitta két qui mat do L.
plantarum rit cao & Bang 3.13 va két qua
“khéng phat hién tong s6 vi sinh vat hiéu
khi” & Bang 3.17. Luan 4n can giai thich
trang thai san phdm gui kiém nghiém 1a
san pham con probiotic séng hay da duoc
xir Iy sau 1én men. Néu san pham dé qua
xir Iy 1am mat vi khudn séng, cin trénh
goi san phdm thanh phidm la “giau
probiotic™. Néu duge nén kiém tra ca 2
san phdm dé minh chimg cho san pham
lén men c6 tiém ning trc ché vi khuin
kiém nghiém trong san pham thuc té.

Ludn 4n da st dung mau san pham gui kiém
nghiém la san phim da duoc thanh trung
sau 1én men nén két qua 3.17 khong phat
hién vi sinh vat hiéu khi. Con & bang 3.13
1a két qua danh gia mat d6 vi sinh 1én men
sau 24 gio lén men.

24.

Théng nhit thuat ngit “dd acid tong
s6/tdng acid tinh theo acid lactic” va dién
dat thin trong hon vé “thuc phim hd trg
strc khoe™ hodc “giau hoat tinh sinh hoc™.

Pa théng nhét str dung thuat ngit do acid
tdng sé va dién dat than trong hon thay thé
céc thudt ngir “thuc pham hd trg sic khoe”
hodc “giau hoat tinh sinh hoc (Trang 125).
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25,

Két luan va kién nghi can dién dat lai theo
3 muc tiéu cua luan 4n thi két ludn sé 1o
rang hon. DPdng thoi cin chinh sira vin
phong theo huéng khoa hoc hon, giam
céc khang dinh vuot qua pham vi dir liéu,
thong nhét thuat ngir “tiém ning prebiotic
in vitro”, “kha ning trung hoa gbc
ABTS”, “hinh thdi bé mat” va “khdng
thiy phan boi a-amylase™. Phan kién nghi
nén tap trung hon vao cac gidi han cdt 16i
cua luan 4n, gom phan tich chu trac PS,
kiém chimg prebiotic & md hinh sinh hoc
phtl hop, dénh gia én dinh san phim va
nghién ctru mo réng quy mo.

Két luan da chia lai theo 3 tiéu muc o rang
theo 3 ndi dung. Dong thoi da chinh sira rit
gon chinh stra van phong khoa hoc hon.
P thong nhét lai cdc thuat ngir ngir “tiém
ndng prebiotic in vitro”, “kha ning trung
hoa gdc ABTS”, “hinh thai bé mat” va
“khang thuy phan béi a-amylase™.

Phan kién nghj da rit gon va tap trung vao
cc gidi han ¢t 16i caa dé tai (Trang 130).

26.

Can ra soét lai toan b 13i chinh ta, 18i
danh may va 16i dién dat; tranh dién dat
qua muc so véi két qua cia ludn an; Cac
tén Latin can viét nghiéng, céc tir in vitro,
in vivo can viét nghiéng; ra soat lai tinh
xac thyc cua tai liéu va tinh phi hop cua
ndi dung trich dan duoc st dung trong
ludn an.

Da ra soat lai toan bo 16i chinh ta. 16i danh
mdy, 16i dién dat qua mic, viét nghiéng tét
ca tén Latin, cac tir in vitro. in vivo.

IL1.3.

Uy vién phén bién 2: PGS.TS. V4 Viin
Quéc Bio

Khong nén sir dung cac trang thong tin
pho thong nhu Healthline lam ngudn
khoa hoc trong luin 4n tién si. Cac ndi
dung nay cin dugc thay bing bai bao
nghién ctru gdc, tong quan hé thong hodc
tai lidu tir td chirc chuyén mén.

D3 x04 bo cac thong tin trich din tir
Heathline (Trang 41)

Danh phép vi sinh vat chua chinh x4c va
chua nhit.  “Bifidobacteria
animalis” phai stta thanh Bifidobacterium
animalis; “Pediococci acidilactici” phai
sua thanh Pediococcus acidilactici; tén
loai phai duge in nghiéng va viét hoa
dung quy uoc

théng

ba chinh stra chinh xéc tén vi sinh vit trang
44/57
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Phin tng dung san phim méi chi thir
nghiém bd sung bot sinh khbi thé T
versicolor. NCS nén giai thich ré hon ly
do tai sao khong thir nghiém tmg dung ddi
v6i sinh khéi C. militaris trong thue pham
ubng 1én men nay di ning suat thu nhan
sinh khéi cua C. militaris cao hon rét
nhiéu.

D3 bo sung 1y do lwa chon: T versicolor ¢6
tinh 6n dinh gidng cao hon, it bi thoai hoa
khi nuoi cay lién tuc so voi C. militaris. Bén
canh d6, T versicolor ¢o tinh 6n dinh cao
va kha ndng sinh truong ¢ dai nhi¢t do
thuan loi hon, gitip t6i wu hoa chi phi, giam
thiéu rii ro nhiém chéo va dé dang kiém
soat khi m¢ rong quy mod lén men cong
nghiép. V& mit gia tri sinh hoc, phin doan
PS thu nhén tir 7 versicolor thé hién nang
luc chéng oxy héa manh mé hon so véi C.
militaris trong cung hé diéu kién. Vi vay,
soi ndm T, versicolor duge chon 1am nghién
ctru Gng dung bd sung vao quy trinh ché
bién nuéc ndm bao ngu 1én men trong
nghién ctru nay (Trang 112).

I.4.

Uy vién phin bién 3: GS.TS. Trin
Thanh Truc

Phéan dat van dé con mot sb phat biéu rong
vé bénh man tinh, ung thu, mién dich va
loi ich stre khoe. Can rut gon va tp trung
vio khoang tréng nghién ctu vé
polysaccharide tir hé soi nim, tiéu chi
prebiotic va img dung trong thyc pham.

Da chinh sira rit gon mot sd phat biéu rong
vé bénh man tinh, ung thu, mién dich va lgi
ich strc khoe (Trang 1).

Cén trinh bay can bing hon gitra uu diém
va gi¢i han cua chiét tudn twy HWE-AE—
AEc, nhit 12 nguy co thiy phan, khu
acetyl, bién d6i khéi lugng phén tir hodc
lam thay d6i hoat tinh khi tiép xtc voi
kiém va acid.

Da bd sung: qua trinh chiét acid (HC1) va
kiém (Na2COs) tuy ting hiéu sudt nhung ¢
nguy co gdy dut gdy mach phan tir polymer,
lam giam khéi lugng phan tir va thay doi
c4u tric khong gian cta PS thé (Trang 29).

Téng quan vé phin san phim cin nhén
manh co so lua chon nén dich chiét nim
Bao ngu, vai tro cua L. plantarum, tinh
séng cua probiotic, d§ 6n dinh va yéu cau
cam quan cua d6 udng 1én men.

Pa bd sung tdng quan ngin vé co s& lua
chon dich nén ndm bao ngu va vai trd cta
L. plantarum (Trang 42 - 45)

Lam rd ba lan lap ¢ timg thi nghiém 14 ba
mé nudi cdy/chiét xuat/lén men doc lap
hay 13ap phan tich trén cing mt me.

Céc thi nghiém déu duoc thuc hién lip lai
trén 3 mé nudi cAy/chiét xuit/lén men hoan
toan doc lap.
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Déi v6i phuong phap phenol-sulfuric va
DNS, can mé ta ddy di miu trdng, miu
nén, kha ning nhiu cia duong tu do va
céach hiéu chinh.

Pi bb sung md ta cho 2 phuong phap
(Trang 55/64).

- Phuong phap phenol-sulfuric

+ MAu tring: Nudc cét (thé tich bang voi thé
tich mau thir) + dung dich Phenol + H.SOs dic.
+ Mau nén: Dich chiét mau + Nudc cét (thay
cho dung dich Phenol) + H.SOs dac.

+ Kha néng nhiéu cua duong tr do: Thude thir
Phenol-Sulfuric phan tmg véi tar ca céc loai
carbohydrate (duong don, dudng doi, oligo va
polysaccharide). Néu myc tiéu 1a dinh luong
riéng Polysaccharide (vi du: EPS hoic IPS), su
hign dién cia cac duong ty do (glucose,
fructose, sucrose) con sét lai trong dich 1én men
hogc dich chiét té bao s& cdng gop vao két qua.
gdy sai s6 duong rat lon.

+Céch higu chinh: ODinye ¢ = ODimiu thi - ODmiu

- Phuong phap DNS

+ Mau tring: Nude cit + Thuée thir DNS,
Hon hop duge dun s6i 5-10 phat va lam
ngudi twong tu nhu miu thu.

+ MAu nén: Dich chiét miu + Nudc cét
(thay cho thuéc thir DNS). Hén hop ciing
phai duoc dun s6i va lam ngudi nhu miu
thir nghiém.

+ Kha ning nhiéu: DNS khong dic hiéu
100% cho dudng. Céc chit cé tinh khir
manh trong dich chiét thuc vét hoic nim
(nhu vitamin C, polyphenol, tannin, hoic
céc protein ¢ chira nhom thiol) ciing c6 thé
khir DNS, lam tang khéng két qua dinh
lugng dudng. 1

+ Cach hi¢u chinh: Céach hiéu chinh: ODypye
¢ = ODmau thir = ODmiu nén

Péi véi SCFAs, cin néu 1o duodng chuén,
gioi han dinh luong, hiéu suét thu hoi,
mau tring mdi trudng va cach tinh phin

Dinh luong bang cach chay song song cac
chét chuin acetate, propionate, butyrate
thuong mai dé xiy dung dudng chuan.

Frl
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SCFA hinh thanh do st dung phan doan
PS.

Lugng SCFA hinh thanh duge tinh toan dua
trén dién tich peak HPLC.

Déi voi khang khudn cua dich nuéi L.
plantarum, can phan biét anh hudng cua
pH/acid hitu co vai bacteriocin, hydrogen
peroxide hodc cac chit chuyén hoa khac;
néu chua cé thi nghiém trung hoa pH va
xir ly enzyme thi khong nén két luan co
che.

Kha ning khang khuin trong nghién ctru
nay la tac dong tong hop cua viée giam pH
(do sinh acid lactic, SCFAs) va sy canh
tranh dinh dudng chua thyuc hién thi nghiém
trung hoa pH. Luén 4n da diéu chinh khong
quy két co ché {rc ché 1a do bacteriocin
(Trang 111/113).

Khong nén goi cidc phin doan la
polysaccharide tinh sach hodc suy luén
cAu truc chi tiét khi chua ¢ sd liéu do tinh
sach, thanh phin monosaccharide,
FTIR/NMR, khdi luong phan tir va kiéu
lién két.

b4 chinh stra va 1am rd cac phan doan PS la
PS tho (Trang 59).

Cén dién giai than trong nhan dinh phén
doan acid co hoat tinh tét nhét, vi quy
trinh chiét tuan tu khong tach riéng hoan
toan anh huong cta dung méi, thur tu xu
ly va su bién doi héa hoc ctia mau.

Hoat tinh cao ctia phan doan acid c6 thé do
qué trinh xr ly lam phdn manh mach
polymer, phoi bay ciac nhom chirc phan
tng, dong thoi la két qua tong hop cua dung
mdi chir khéng hoan toan do ban chét ciu
tric nguyén ban.

10.

Can giai thich rd su twong thich gitta mét
do L. plantarum cao trong qud trinh 1én
men v&i két qua kiém nghiém tdng sé vi
sinh vat hiéu khi cta san pham; néu rd
mau gtri kiém nghiém 1a san phim con té
bao song hay di xir 1y sau 1én men.

Mau giri kiém nghiém la san phim da thanh
tring sau qua trinh 1én men. P bd sung rd
mau kiém nghiém la san phim da thanh
trung (Trang 124).

11

Céc cum “san pham giau probiotic”, “dat
tiéu chuén™, “sin sang chuyén giao” hoic
“thuong mai hoa” cin giam mirc khing
dinh néu chua co dit liéu 6n dinh nhiéu 16,
thoi han sir dung va danh gid nguoi tiéu
ding

P chinh stra loai bo cac cum khang dinh
cum “san pham gidu probiotic”, “dat tiéu
chuin”, “sin sang chuyén giao” hoic
“thuong mai hoa” (Trang 132)

12.

Phin dong gép méi nén dung cic cum
“xac lap diéu kién”, “cung cap bo dir
liéu™, “chimg minh tiém ning in vitro” va
“budc dau tmg dung”; khong nén dung
“lam sang to cau tric”, “phat trién thanh

D3 chinh stra st dung cac cum tir phu hop
(Trang 132)
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cong san pham thuong mai” hodc “ching
minh hi¢u qua sirc khoe”.

13

Tiép tuc ra sodt 18i chinh ta, théng nhat
thuat ngir
polysaccharide/polysaccharides,
prebiotic/probiotic, khang oxy héa/chéng
oxy hoa, ky hiéu P/p, don vi, tén loai in
nghiéng va céch danh sb bang/hinh.

ba ra soat thong nhat thuat ngi
polysaccharide (khong thém s)
Toan bg tén chi va loai cua nam. vi khuan
dd duge ra soat dé dam bao in nghiéng
chudn xdc 100% trong ca phan noi dung
chit, bang biéu, hinh anh va danh muc tai
liéu tham khao.

ILS.

Uy vién hoi déng: TS. Nguyén Thi
Pong Phuong

Cén ra sodt va stra cac 18i chinh ta, 13i in
nghiéng tén khoa hoc (muc 1.1), théng
nhét thuit ngit (polysaccharide) va bd
sung céc tir viét tat (OFAT & Bang 2.2,
2.3; DNS; méi truong PDB...) vao danh
muc.

Di ra soat sira 16i chinh ta, 16i in nghiéng
tén khoa hoc, théng nhit s dung
polysaccharide thay vi polysaccharides
toan cudn.

D3 bb sung céc tir viét tit con thiéu (OFAT,
DNS, PDB...) vao danh muc viét tit.

Can doi chiéu va Iuge bo muc 1.3.3 trong
ban tom tit vi ndi dung nay khong ton tai
trong ban toan van.

Da ra soét chinh stra théng nhét toan vin va
tom tat.

Trong phén y nghia thuc tién, nén didu
chinh thanh "san phdm nude ndm 1én men
s& hitu hoat tinh sinh hoc khang khuén va
khang Oxi hoad" thay vi "prebiotic".
Nguyén nhan la nghién ctru méi chi danh
gid in vitro chiét xudt PS dé khing dinh
tiém ndng prebiotic, va trong qua trinh lén
men, PS cla soi ndm cé thé bi L.
plantarum sir dung 1am co chét khién hoat
tinh prebiotic suy gidm va chuyén thanh
dang symbiotic.

Da chinh sira san phim nude ndm 1én men
s¢ hiru hoat tinh sinh hoc khang khuén va
khang Oxi hod" thay vi "prebiotic” trong
phén muyc tiéu (Trang 5).

Cén théng nhit diéu kién nuéi cdy dich
thé (nhu ham lugng glucose, cao nim
men) cho tuong duong véi céc thi nghiém
cu thé da tién hanh.

D4 chinh stra dong nhét cac didu kién nuoi
cdy trong phuong phép va két qua (51/52).

Stra lai tén loai nim dang bi nhdm l4n
trong Bang tém tit bé tri thi nghiém 2.2
va 2.3

ba chinh sura lai (Trang 49/50)
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Céan bd sung cach tinh gia tri IC50 cho
phuong phap danh gid kha nang khang
oxy hoa, dong thoi dua phan két qua xir
ly s6 liéu nay vao phu luc.

Pa bd sung cach tinh IC50 cho phuong
phap danh gid khd ndng khang oxi hoa
(Trang 56)

Dbi voi tmg dung 1én men, can ghi cha &
dung dich acid hoic bazo ding @ diéu
chinh pH phai la loai cap thuc phdm.

Dung dich HCI va NaOH duoc sir dung dé
diéu chinh pH trong céc thi nghiém 1én men
ctia d& tai déu 1a loai dat tiéu chudn cép thuc
pham. P b6 sung chu thich trong phuong
phap (Trang 62)

Can kiém tra lai Hinh 3.1 vi cac chir cai
a, b, ¢ khong ddng nhét véi sé lidu hién
thi trén biéu do.

P43 kiém tra va chinh stra chinh xac chir cai
a,b,c & hinh 3.1 (trang 76)

Viéc chiét xuét tudn tu tao ra cac phan
doan PS co6 mau sic va cau tric khac nhau
¢6 anh huong dén phép do mat dd quang
(OD) khi danh gia prebiotic khéng? Hoi
ddng e ngai cac céu trac nay c6 thé tao
thong s6 nhiéu (d¢ duc) hogc gy két tua
khi u 24 gio.

Pé kiém soat va loai trir sai s nay, trong
qua trinh thuc nghiém, nghién ctru da dung
ky thuat trir gia tri nén két hop voi miu
chimg tring. Cu thé, sinh khéi vi khuin
thue té tai mdi thoi diém duogc xac dinh
bing d6 chénh léch mat d6 quang (AODeoo)
gifta thoi diém danh gia (t) va thoi diém
ngay sau khi cdy (to). Bén canh dé, cic ong
mdi trudng chira phan doan PS (khong céy
khuin) ciing dwoc G song song dé lam mau
blank, gitap loai trir hoan toan sy cong gop
quang hoc gay ra bdi mau sdc va cac vi hat
lo lmg cua hé PS tho.

10.

Phuong phap tham khao dang dung chua
phan 4anh dung kha nang kich thich sinh
truong cua cac PS chiét xuit; nén thay
bing phuong phiap do kha ning sinh
trrong hodc chi sé danh gia tiém ning
prebiotic.

Pa chinh sira ndi dung nghién cilrucua
phuong phép do ODso la danh gia tiém
ndng prebiotic (Trang 60)

I1.

Tai sao phuong phap nghién ciru quy dinh
pH ban diu cta nuéc ndm b sung sinh
khéi T versicolor 1a 6.5, nhung khi do pH
thuc té trong qué trinh 1én men lai thay
d6i xuéng mirc trung binh 1a 5?

Su chénh léch gitta pH thiét 1ap ban dau
trong phuong phéap (6.5) va pH thuc té ghi
nhén khi 1én men (trung binh 1a 5.0) la do
da tiép gidng bang dich long méi trudng 1én
men trudc do.
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I1.6.

Uy vién hoi dﬁng: PGS.TS. Trinh Ping
Maiau

banh gid cdu traic hdéa hoc cua
polysaccharide méi dimg & dinh lugng
tong s6 (Phenol-Sulfuric) va quan sat
SEM; cin bd sung phan tich FTIR,
GPC/SEC (xé4c dinh khdi Ivgng phan tir
Mw), va GC-MS (x4c dinh
monosaccharide) dé két qua sau sic hon.

Do nhitng gioi han khich quan vé thoi gian
va thiét bi, ching t6i chua thé thuc hién va
bd sung cac phan tich cdu tric sau (FTIR.
GPC/SEC, GC-MS) vao ban thao hién tai.
Thay vao dé. tiép thu ¥ kién ciia héi dong,
ching t6i da dwa néi dung nay vao phan
Han ché ctia dé tai va Dé xuit hudng nghién
clu tiép theo tai trang 131 va 132.

Thur nghiém khéng ti€u héa chi dung duy
nhét enzyme o-amylase 1a qua don diéu
va chua du can cir; can 4p dung quy trinh
tiéu héa mo6 phong lién hoan 3 giai doan
(miéng, da day, rudt non) nhu mé hinh
INFOGEST. Hon nita, viéc xir Iy bing
HCI khong thé 1am bién ddi c4u hinh lién
két beta dic trung ciia vach t& bao nim
sang lién két alpha dé tré nén nhay cam
hon véi alpha-amylase.

Vé viée ap dung mo hinh tiéu héa mo phong
INFOGEST. Tac gia nhin nhan day la mot
gi¢i han thue nghiém cua luén an. Ching
t6i da bd sung ndi dung "Tién hanh danh gia
déc tinh tiéu hoa ctia polysaccharide bing
moé hinh tiéu héa mé phong lién hoan
(INFOGEST) dé khing dinh tinh khang tiéu
héa trong diéu kién sinh Iy gin véi co thé
ngudi nhat" vao phan Kién nghi cua ludn an
(trang [Pién s6 trang]).

V& mau thuin hoa hoc duéi tic dong cia
HCl va enzyme a-amylase. Vé mit hoa hoc.
acid (HCI) chi c6 kha nang xuic tac thay
phan (cdt dut) lién két glycosidic thanh céc
doan ngin hon (depolymerization). chir
hoan toan khéng thé lam dao nguoc chu
hinh 1ap thé bién lién két B thanh lién két .
Tac gia da xoa bo céc dién dat gay hiéu
nhim vé viéc "acid lam co chat nhay cam
hon véi a-amylase". Hién tugng ty 1¢ dudng
khtr ting nhe trong thuc nghiém da duoc
bién luan lai ding ban chat hoa sinh: Viéc
xtr ly bing acid da pha v& mot phan ma tran
cdu triic khéng gian cua polysaccharide, tir
do lam boc 16 mdt lugng nho céc a-glucan
néi bao du trit (glycogen ndm) hodc
oligosaccharide tap chét von bi vui ldp bén
trong. Chinh phan a-glucan (chta lién két
a-1,4) vira dugce giai phong nay moi bi a-
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amylase phan giai. Trong khi d6, mach
chinh chtra cac lién két p (nhu B-1,3 hay B-
1,6) mang dic tinh prebiotic clia ndm van
hoan toan khéng lai sy thuy phan cua
enzyme nay (Trang 109).

Viéc bd tri 3 diém tam la kha mong
(DFpure Error = 2), 1am kiém dinh Lack-of-
Fit sat nguong y nghia (p=0,08). Can giai
thich ly do khong c6 su tuong téc gifra cac
yéu to (pH, glucose, cao nidm men) dbi
voi sinh khdi va PS, nguyén nhan c6 thé
do tdm thuc nghiém b tri sat diém ti wu
nén anh hudng tuyén tinh di chi phdi tir
96 - 98%.

Mic du gia tri p cua Lack-of-Fit dat 0,08
(sat ngudng 0,05), nhung vé& nguyén tic
thdng ké (p > 0,05), diéu nay van khing
dinh mé hinh khéng bi thiéu sy phu hop
(Lack-of-Fit is not significant). Do dé, ham
muc tiéu van dam bao do tin cdy dé du doan
diém t6i uu.

Téc gia da bd sung thém giai thich khong
¢6 su tuong tac co thé la do két qua dinh vi
t6t tir bude sang loc don yéu té (OFAT)
trude do, toa do diém tam da duge bb tri rat
sat voi dinh tdi uu thue té. Tai ving khong
gian tiém cdn bdo hoa nay, cac anh huong
tuyén tinh va anh huong bac hai d chi phéi
gan nhu hoan toan (déng gép tir 96% - 98%
vao su bién thién cia mo6 hinh). Bén canh
d6 vé mit sinh 1y hoc, khi diéu kién moi
truomg dd & trang thdi toi wu, khong c6 sy
thiéu hut dinh dudng hay stress cuc doan,
ngudn carbon (glucose), nitrogen (cao nam
men) va pH dong vai tro 1a cac gidi han doc
1ap. Chung di truc tiép vao con duomg sinh
trudng va sinh tng hgp chuyén hoa thir cap
ctia té bao ndm ma khong doi hoi sy bu trir
hay tao ra cc hiéu tmg hiép dong/dbi khang
manh mé& nhu & cic didu kién nudi ciy bt
lgi (Trang 81).

Cén tinh lai IC50 cuia A-PSC trong Bang
3.7 (s6 liéu hién tai khong phu hop, A-
PSC phai nho hon W-PSC) va nén éap
dung mo hinh Log-Linear cho Bang 3.8.
Panh gia gia tri IC50 > 2400 pg/mL cua
nim C. militaris 1a "tuong dong" véi mirc
1150 pg/mL cua nidm P. eryngii la thiéu
chinh x4c vé mat dinh lugng. Tranh viét

Do ¢6 su nham 14n (d4o nguge vi tri) trong
qué trinh d6i chiéu va nhap liéu giira hai
mau A-PSC va W-PSC. Chung t6i da ra
so4t, tinh toan lai va cap nhat so liéu chinh
xac vao Bang 3.7. Hién tai, gia tri IC50 cua
A-PSC di dugc diéu chinh nho hon W-PSC,
phan anh dung logic vé mat hoat tinh sinh
hoc cuta hai phan doan nay (Trang 91).
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"IC50 cao hon" gy nham lan 1a tot hon;
can dién dat 16 rang IC50 cao hon chimg
to6 kha ndng trung hoa goc tur do yéu hon
so véi chat chuln.

Kiém tra lai ¢& miu & Hinh 3.13 va 3.14
la n=3 hay n=15 vi phuong phap ghi "lap
lai 3 lan, mdi lan 15 ng". C6 sy mau
thuan trong 1ap luan khi muc 3.2.4.1 cho
ring acid phédn cit PS thanh doan ngin
gitip loi khudn "dé sir dung", nhung muc
3.2.4.4 lai giai thich hién tuong nay lam
enzyme alpha-amylase "dé tac dong hon

Thi nghiém dugc lap lai 3 lan doc 1ap mdi
1an 15 mau. Tuy nhién mdi 1an do 5 miu nén
1dp lai sinh hoc n = 15. S lidu thé hién la
gia tri trung binh + SD.

Chung t6i di x6a bo két luan "acid lam
enzyme a-amylase dé tac dong hon". Thay
vao do, hién tuong ty ¢ duong khur tang lén
mot chut sau khi xur Iy acid duge giai thich
lai ding ban chat: Qua trinh phan cat vat ly
boi acid da lam boc 16 mat lugng nho céc
a-glucan ndi bao du trit (glycogen nam)
hogc tap chat duong vén bi vui ldp bén
trong cau triic phan tir. Chinh phén a-glucan
16 ra ndy méi la co chat bi a-amylase phan
gidi, ch khong phai do cac lién két p-
glycosidic bi chuyén déi hay trd nén nhay
cam vo&i a-amylase (Trang 109).

Mau thuén vin ban & phan hdi quy: doan
1 ghi "chu dong loai bé" tuong tac hai
chiéu do p>0,05, nhung doan 2 lai khing
dinh "sy tuong tic cia chung giai thich
duoc hon 96%". Can sira thanh "cac yéu
t6 dau vao & dang tuyén tinh va bac hai
giai thich duoc..."

D3 chinh stra “Gid tri R? = 0,96 chi ra ring

cc yéu to dau vao (X1, X2 X3) & dang |
tuyén tinh va bac hai giai thich duoc giai |
thich dugc ...”" (Trang 81).

Cén chinh sira danh muc tai liéu tham
khao (phan tich Anh/Viét, bo 15i "Cited
in..."), Viét héa toan bd sé liéu trén biéu
dd, bo tén biéu dd con & dang trang da
hinh va cht y théng nhit ddu thap phan
trong cac bang ANOVA.

Di loai bo cac 16i Cited in trong danh sach
tai liéu tham khao va thong nhat dau thap
phén trong cac bang ANOVA.




STT | Noi dung dé nghi chinh sira, giii trinh

No§i dung da chinh sira, gidi trinh

8. | Sura 16i danh may vé ndng dd cao nédm
men t6i wu (2,025 g/L & két luan so véi
2,0354 g/L ¢ muc 3.1.2.3), va ghi chu lai
y nghia thong ké cua cac chit cii trong
Bang 3.7, 3.8 vi ching dang dugc danh
theo hang ngang thay vi ¢t doc. Trang 78
nén ding tir "tac dong tuyén tinh" hoic
"hi¢u tng tuyén tinh" thay vi "tic dong
phan giai tuyén tinh"

Da chinh stra chinh xéac 1a 2,0354 g/L va ghi
chti chinh x4c y nghia thdng ké theo hang
ngang (Tmg 130).

Trang 80 da chinh stra lai thanh tic dong
tuyén tinh.
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CONG HOA XA HOI CHU NGHIA VIET NAM
Poc liap - Tuw do - Hanh phice

PON XIN XAC NHAN

Hoan thanh toan van va tom tat ludn an

Kinh giri: - Hiéu trudng Truong Dai hoc Bach Khoa, Pai hoc Pa Ning;
- Khoa: Hoa, Moéi truong va khoa hoc su séng;
- Tap thé can bd huéng dan

T6i tén 1a: Nguyén Thi Bich Hing

Nghién ctru sinh khoa: Héa, Mbi trudomg va khoa hoc sur song

Nganh: Cong nghé thuc phdm Mi s6: 9.54.01.01

Co s& dao tao: Truong Dai hoc Bach Khoa, Dai hoc Da Nang
Tén dé tai luan an: “Thu nhdn, dinh gia hoat tinh prebiotic ciia polysaccharide tir soi niim
(Cordyceps militaris, Trametes versicolor) va buwéc diu itng dung sinh khéi trong ché bién
thire phidm bé sung”. Quyét dinh bao vé cap truong: 3238/QD-PHB.

Cén ct bién ban hop ngay 01/08/2026, T6i da txén hanh chinh sira toan van va tom tét luan
an theo v kién dong gop cua Hoi dong chdm ludn an cap truong. Véi muc dich hoan thanh ho so
xét cong nhan tot nghiép, t6i kinh dé nghi tap thé giang vién hudng dan, don vi chuyén mon,
Truong Pai hoc Bach Khoa x4c nhin t6i di hoan thanh toan vin va tom tit luan an theo dung
quy dinh.

Té1 xin chan thanh cam on.

Da Néng, ngay M thang 1 nam 204.6
Xdc nhén ciia Tap thé can bd hwéng din Nghién ctru sinh
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X4c nhan caa don vi chuyén mén
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Xdc nhin cia Hiéu truémg Trlromg Dai hoc Bach Khoa, Dai hoc Da Ning L/] () i
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