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CHUONG 1: MO DAU
1.1. Tinh cap thiét caa d@ tai

LAB tir 1au da dugc st dung trong nhiéu quy trinh 1én men thuc pham truyén
théng nhim cai thién huwong vi, kéo dai thoi gian bao quan va ting gia tri dinh dudng.
Dic biét, nhiéu loai LAB con dugc cong nhén 13 vi sinh vét an toan (Generally
Recognized As Safe, GRAS), co tiém ning probiotic, va di dugc tng dung rong rai
trong san xuat thuc pham chirc nang va dugc pham sinh hoc. Céc tac dong probiotic
ciia LAB di v6i st khoe con ngudi dd duoc ching minh trén nhiéu phuong dién: (i)
Can bang hé vi sinh dudng rudt théng qua canh tranh bam dinh véi vi khuan gay
bénh va tiét bacteriocin; (ii) Diéu hoa chuyén hoa lipid bang cach lam giam hép thu
cholesterol va triglyceride, tir d6 gop phan phong ngira bénh tim mach; (iii) Kich
thich dap ung mién dich niém mac nho tac dong lén cac té bao mién dich rudt; va (iv)
Uc ché su phat trién cua vi sinh vat gdy bénh trong dudng tiéu hoa. Mot diém dic
biét dang chu ¥ 1a nhiéu loai LAB c6 kha ning sinh tong hop GABA - mét amino
acid phi protein c6 vai tro 1a chat dan truyén than kinh tc ché chinh trong hé than
kinh trung wong. GABA tham gia vao co ché giam cang thang, chong lo au va cai
thién gidc ngu.

Song song v&i LAB, nim men S. cerevisiae 13 loai vi sinh vat d3 gin b6 véi
doi sdng con nguoi tir hang nghin nim, duoc st dung rong rdi trong san xuét bia,
ruou vang, banh mi va nhiéu san pham 1én men khac. Ngoai vai tro truyén thong, S.
cerevisiae con dugc danh gia 13 c6 tiém ning probiotic. Trong cong nghiép thuc
pham, chung nim men nay vira dam nhan chirc ning cong nghé (tao ethanol, CO, |
cac hop chit huong vi) vira mang lai loi ich stc khoe. Chinh vi vay, viéc két hop
LAB va S. cerevisiae trong qua trinh dong 1én men (co-culture fermentation) duoc
xem 12 mot xu hudng méi day tiém ning.

Tt nhitng co s& néu trén c6 thé thay, viée nghién ciu phan 1ap, tuyén chon va
két hop LAB voi ndm men S. cerevisiae nham tan dung ddong thoi cac dic tinh
probiotic, kha ning sinh GABA va cac hop chat co hoat tinh sinh hoc trong san pham
1én men va vai tro cong nghé trong qua trinh 1én men cé ¥ nghia khoa hoc va thuc
tién sau sac. Pay khong chi 1a budc di can thiét trong xu hudng phat trién thyc pham
bao vé stic khoe va duoc pham sinh hoc ¢6 ngudn goc tu nhién, ma con 1a co sé dé
nang cao gia tri nong san Viét Nam, gop phan hién dai hoa nganh cong nghé thuc
pham va hoi nhap voi xu hudng nghién ctru quéc té. Xuat phat tir nhitng 1y do trén,
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khudn lactic, ndm men Saccharomyces cerevisiae va irng dung trong cong nghé
thwe phim”.
1.2. Muc tiéu nghién ctru
1.2.1. Muc tiéu tong qudt

Muc tiéu tong quat ctia nghién ctru 13 khai thac va tng dung céc tinh chét c6 loi
ciia LAB va ndm men S. cerevisiae nhdm phat trién c4c san pham thuc phdm 1én men
giau hop chit c6 hoat tinh sinh hoc nhu polyphenol téng sé (Total phenolic
compounds, TPC), GABA va tiém ning probiotic tt cho strc khoé.
1.2.2. Muc tiéu cu thé

Tuyén chon chung LAB phén lap tir mdm ro va tdm chua Hué c6 tiém ning
probiotic, kha nang sinh GABA cao va S. cerevisiae tir banh men 1én men dich ép
thanh long d6 san xuat san pham giau hoat tinh sinh hoc tét cho sttc khoé. Tir d6, tng
dung cac ching S. cerevisiae dé san xuat dich ép thanh long dé 1én men c6 hoat tinh
dugc tinh cao. Pong thoi, chung LAB va S. cerevisiae tuyén chon dugc két hop dé
1én men hdn hop dich ép thanh long d6 va sita nham phat trién thanh mot san pham
lén men doc ddo da chuc ning tét cho sic khoe do co tinh chat probiotic, chira
GABA va cac hop chét duoc tinh.
1.3. Y nghia ciia luin an
1.3.1. Y nghia khoa hoc

Nhitng két qua thu duoc s& gop phan hoan thién co s dir liéu khoa hoc vé hé
vi sinh vét ¢6 ich trong cong nghé thyc pham nhu sau:

- Phan anh mot phan vé cac loai LAB ¢6 mit trong mdm ro va tom chua Hué
cling nhu tinh chat vé tiém nang probioic va kha ning sinh tong hop GABA ciia chiing.

- Khang dinh su c6 mit cta ching ndam men S. cerevisiae trong banh men va
kha nang 1én men dich thanh long dé cua no.

- Mo rong hudng nghién ctru ing dung két hop LAB va ndm men dé 1én men
in situ trong phét trién thuc pham bao vé sirc khoe.
1.3.2. Y nghia thuc tién

Két qua ciia nghién ciru c6 thé duge ung dung tryc tiép trong phat trién san
pham 1én men két hop LAB va S. cerevisiae giau GABA, loi khuan probiotic va cc
hop chat chéng oxy hoa tir nguyén lidu trai cay nhiét d6i. Piéu nay khong chi gop
phan 1am phong phu thi trudng thyc pham bao vé sirc khoe tai Viét Nam ma con dap
tmg xu hudng tiéu dung toan cau hudng dén cac san pham “tu nhién - an toan - tbt

cho strc khoe”. Viéc st dung thanh long ruft d6 lam nguyén li¢u Ién men con mang



lai loi ich kinh té - x3 hoi thiét thuc, gilp gia tang gia tri ndng san, han ché tinh trang
r dong do muia vu va mé ra hudng khai thac bén viing cho nganh ché bién nong san.
Ngoai ra, két qua nghién ctru con c6 thé tré thanh co sé dé doanh nghiép tham khao
trong d6i méi quy trinh cong nghé, phat trién san phdm quy mé cong nghiép, tir d6
g6p phan nang cao ning luc canh tranh cua nganh céng nghé thyc pham Viét Nam
trong tién trinh hoi nhap qudc té.

1.4. Piém méi ciia ludn an

Nhiing diém méi cta luan an:

- i xac dinh duoc cac chung LAB méi phan lap tir mam ro Hué va khao sat mot cach
c6 hé thdng tiém ning probiotic ciing nhu kha niang sinh tong hop GABA cia ching. Dong
thoi, ching nAm men mdi, S. cerevisiae M7, tir banh men dugc tuyén chon va dinh danh.

- Str dyng chung ndm men S. cerevisiae M7 dé san xuat san pham méi 1a dich thanh
long do6 1én men khong chi chira ethanol ma con ¢6 mat voi ham luong cao cac hoat chét c6
hoat tinh sinh hoc va kha nang chéng oxy hoa. Viéc sir dung thanh long rudt do (Hylocereus
polyrhizus) 1am co chét 1én men khong chi khai thac dic tinh gidu chat chéng oxy hoéa tu
nhién cua loai qua nay ma con mang lai huédng di mai trong gia tang gia tri cho nong san
dac trung cua Viét Nam.

- Khai thac dong thoi hai nhom vi sinh vat hitu ich: Dé tai khong chi tip trung vao
LAB hodc ndm men S. cerevisiae riéng 1¢, ma con nghién ctru dong 1én men (co-culture
fermentation) boi hai loai vi sinh vat nay dé tao san pham. San pham tao thanh 14 thuc phdm
1én men c6 su két hop cua probiotic, GABA va hop chat chong oxy hoa tir trai cay va dich
sita. Pay 1a sy tich hop da chitc nang ma it cong trinh trudc day trién khai dong thoi trén nén

vi sinh vat va nguyén li€u cta ban dia.



CHUONG 2: TONG QUAN TAI LIEU
2.1. Téong quan vé LAB, mét so tinh chit c6 lgi va ing dung

Trong nhimg nim gan dy, nhom LAB c6 vai trd tuyét voi cla trong nganh
cong nghiép thuc phim nho vao cac san pham trao dbi chit va chirc ning probiotic
ctia chung. LAB ¢6 thé tao huong vi cho san pham thuc pham do két qua 1én men
lactic. Dong thdi, qué trinh trao ddi chat cia chling con tao ra cAc loai acid béo mach
ngan, amine, bacteriocin, vitamin va exopolysaccharide (EPS) va GABA gitp ting
gia tri dinh dudng va kéo dai thoi gian st dung ctia thuc pham. Trong phan ndy chu
yéu gi6i thiéu vé su tao thanh cc san phan trao doi chat trong qué trinh 1én men thuc
pham va mot sd tinh chét vé tiém nang probiotic cia LAB.

2.2. NAm men va tng dung
2.2.1. Gidi thi¢u vé ndm men va ieng dung trong coéng nghé thwc phim
2.2.1.1. Giéi thiéu vé ndm men

Nam men don bao, c6 nhéan that, thuong cé hinh bau duc. Trén méi truong
thach, khuén lac nAm men c6 mau tréng duc, vang hodc héng nhat, bé mit té bao thuong
kho va cang. Nam men dugc ung dung trong cong nghiép thuc pham nhu trong cong
nghé san xudt banh, 1&n men san xuat d4 udng cé cd, trong thuc pham 1én men sira,
trong san xuat con sinh hoc, trong san xuat ché pham probiotic.

Banh men 1a mot dang ctia men ruou (c6 ngudn goc tir Trung Qudc) chira vi
sinh vat (nam moc, nAm men va vi khuan) ding dé san xuat ruou. Hé vi sinh vat nay
thity phéan tinh bot thanh duong (do ndm mdc) va 1én men duong thanh ethanol (chu
yéu do S. cerevisiae ). Trong nghién ctru nay, chung t6i dit muc tiéu tuyén chon
chung S. cerevisiae tir banh men c6 kha nang 1én men dich ép thanh long d¢ va
nghién ctru anh hudng ciia cac diéu kién 1én men dén chat lugng san pham.
2.2.1.2. Ung dung nam men trong céng nghé thwc phdam

Nam men dugc Gng dung rong rdi trong ché bién thuc pham nhu san xuét
banh, 1én men thit va 1én men sira. Ngoai ra, chiing con 1a giéng khoi dong cho san
xuét ethanol sinh hoc tir nhiéu nguyén li¢u khac nhau, va mot s6 loai duoc cong nhan
la probiotic ¢6 1gi cho strc khoe.

2.2.2. Ndm men trong sin xudt d6 uong lén men

Nam men c6 vai trd quan trong trong tmg dung 1én men san xuit dd udng cé con
dé san xuét cac san pham nhu bia, rugu vang, rugu cao do, ruou sake, ruou shochu va
ruou chung cét. S. cerevisiae 1a loai quan trong nhét lién quan dén san xuét rugu vang
2.2.2.1. Nam men trong sdn xudt bia

Qua trinh san xuét bia gém nhiéu giai doan, trong d6 1€n men la khau trong
yéu, str dung nAm men dé chuyén hoa dudng tir malt dai mach. Nam men tao ra san
phém chinh Ia ethanol va CO,, cung v4i mét loat hop chit bac hai (ester, rugu, acid).
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Nhitng hop chét nay (g0m ca cac hop chat luu huynh) quyét dinh huong vi va mui
thom dic trung, tao nén gia tri cdm quan cua bia.
2.2.2.2. Nam men trong sdn xudt rwou vang

N4m men 13 tdc nhan vi sinh vt quan trong trong 1én men san xudt rugu vang.
Trong qué trinh 1én men rugu vang, nAm men chuyén héa dudng nho thanh ethanol, CO,
va mot sd san pham thtr cp nhu ester, acid hitu co, ruou cao, aldehyde, ceton, polyol,
cac hop chat luu huynh dé bay hoi va céac tinh chat cam quan khac ctia san pham.
2.2.2.3. Ndm men trong sdan xudt dich trdi cdy 1én men

Nhiéu loai trai cay nhu dira, thanh long, dua hiu, tdo, man,...., dic biét 1a thanh
long d6 giau hoat chat sinh hoc (betalain, polyphenol), dugc 1én men bing S.
cerevisiae dé tao ra d6 uéng chtra con va cac chat dinh dudng c6 loi. Do thanh long
d6 dé hu hong va co gia tri cao, viéc ché bién thanh do udng 1én men 1a can thiét dé
tiéu thu va tang gia tri. Muc tiéu 1a nghién cru t6i wu hoa cac diéu kién 1én men dé
thu duoc san pham co6 hoat tinh sinh hoc tot nhat.
2.3. Céc yéu t6 anh hwéng téi qua trinh 1én men dich trai cay

Qua trinh 1én men dich trai cdy chiu 4nh hudng 16n tir ching vi sinh vét, trong
d6 S. cerevisiae 13 loai nAm men sir dung pho bién nhat trong 1én men dich trai cay,
doi hoi phai tuyén chon chung thuan dé kiém soat huong vi cudi ciing ctia san pham.
Bén canh d6, cac yéu té méi trudng nhu ham luong duong, pH va nhiét d6 ciing 1a
nhan t6 quan trong. Viéc t6i wu hoa nhiét d6 va pH khong chi hd trg hoat dong cia
nam men ma con gitp chiét xuat t6i da cac hop chat ¢ hoat tinh sinh hoc va e ché
hiéu qua sy phat trién ctia vi khuan gy hu hong.
2.4. Mot s6 cong trinh nghién ciru lién quan dén deé tai
2.4.1. Mét s6 nghién civu trong va ngoai nwdc lién quan dén tiém ning probiotic
cua LAB

Viéc tuyén chon cac chung vi khudn LAB c6 tiém ning probiotic di dugc
nghién ctru & trong nudc va trén thé gidi, tap trung danh gia cac dic tinh quan trong
nhu kha nang chiu dyng méi truong dudng tiéu hoa (pH thap, mudi mat, dich tuy) va
tinh an toan (khéng tan méau, khang khang sinh). Nhiéu nghién ctru di dugc cong bd
nhu: D6 Thi Bich Thuay (2010) da phan 1ap ching L. fermentum MC9 tir ming chua
Hué cho thay tiém ning t6t qua kha ning sdng sot & pH 2 va tu két dinh cao. Muc
tiéu nghién ciru ctia Vo Van Qubc Bao va cs (2016) nham phéan 1ap céc ching L.
pentosus va L. fermentum tir mdm ruéc Hué thé hién kha ning tu két dinh cao (75%)
va hoat tinh khang khuan manh ddi véi Salmonella va E. coli (vong v6 khuan 10,6-
12,9 mm). Tuong tu, cic chung tir san phim 1én men truyén théng (nhu L.
delbrueckii, L. johnsonii) ciing thé hién tinh chat probiotic manh, bao gom chiu acid,
mudi mat tot va ky nudc manh (trén 40%), dugc chon dé san xuit ché phém theo
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nghén ctru cua Srinivash va cs (2023). Ngoai ra, theo Chowdhury va cs (2023) chung
Lactobacillus sp. tir san pham 1én men An D6 cho thdy kha ning phat trién & pH rong
(3-7), tc ché E. coli va khang dugc mot sé khang sinh (streptomycin, vancomycin,
kanamycin), ddng thoi khong giy tan mau.
2.4.2. Mt sé nghién ciru trong va ngoai nwéc lién quan dén khd ning sinh tong
hop GABA ciia LAB

Nghién ctru vé sinh tong hop GABA béi vi sinh vat & Viét Nam van con han
ché, nhung dd c6 nhimng nd luc dang chu ¥ trong viéc xac dinh cac thong s cong
nghé phu hop. Cac nghién ctru trong nude di tuyén chon thanh céng cac ching LAB
tir cac ngudn truyén thong nhu: Nguyén Thi Diém Huong va cs (2020) di phan lap
chung P. pentosaceus MN12 tir mam ném va tdi wu hoa diéu kién 1én men dé dat ham
lugng GABA cao nhat (2597,12 mg/L & pH 7, 45°C). Tuong tu, nghién ctru ciia Lé
Thi Huyén Trang va D& Thi Bich Thuy (2020), ching L. farciminis M23 va L. pentosus
R1 ciing duoc t6i wu hoa kha niang san xuat GABA & 40-45°C véi 1-2% MSG. Trén
thé gidi, theo Kanklai va cs (2021) cac chung nhu Lvl. brevis FOB4A tir thuc phim
Thai Lan da dugc chirng minh c6 kha nang sinh GABA cao (2,85 mg/mL) va duoc
tmg dung 1én men nudc diu tim. Ngoai ra, viéc toi uu hoa 1én men ban ran gao lit
bang Lactobacillus sp. da cho thay tiém ning ting ham luong GABA 1én gan 50% (tir
4,64 mg/g 1én 6,93 mg/g) trong diéu kién tdi wu (36°C, 48 gid), mé ra hudng phat
trién san pham giau GABA boi Kwon va cs (2023).
2.4.3. Mt sé nghién ciru trong va ngodi nwéc lién quan dén phén lgp, dinh danh
chiing ndm men va sdn xudt dich trdi cdy lén men

Nhiéu nghién ctru trong nudc va qudc té di tap trung vao viéc tuyén chon cac
ching ndm men S. cerevisiae c6 kha niang 1én men dich qua hiéu qua dé san xuat do
udng c6 con. Cu thé tai Viét Nam, Nguyén Vin Ba va cs (2021) di phén 1ap va dinh
danh thanh céng dong S. cerevisiae S6 tir qua hong xiém, véi cac diéu kién 1én men
duge tdi wu hoa (pH ban dau 4,5; Bx 24; nhiét do phong). Tuong tu, Nguyén Ngoc
Thanh va cs (2021), ching S. cerevisiae FBY015 dugc phan 1ap tir qua mang cau
xiém, duoc 1én men véi pH ban dau 4,0; Bx25 ¢ 25°C. Céc san phém rugu vang thu
duoc déu dat nong do ethanol cao, tir 10,1% dén 10,7% (v/v). Bén canh d6, nghién
ctru qudc té ciing da st dung S. cerevisiae phan 1ap tir ruou co dé 1én men nudc ép
dua hau ¢ 15°C, thu duoc san pham c6 d6 con 9,86% (v/v) véi chat luong cam quan
duoc chip nhan, chimg minh tinh kha thi trong viéc phat trién cic san phim ruou
vang thay thé bai Hafsat va cs (2015).



CHUONG 3: POI TUQNG VA PHUONG PHAP NGHIEN CUU
3.1. Péi twong va pham vi nghién ctru
3.1.1. Péi twong nghién ciru

- Céc chung LAB duogc phan 1ap va dinh danh tir mim ro Hué,

- Cé4c chung LAB phén 1ap tir tdbm chua Hué sir dung trong nghién ctru di dugc
dinh danh va cong bd, hién dang dugc bao quan tai trung tam luu trit vi khuan
BCCM/LMG, Pai hoc Ghent, Vuong Qudc Bi

- Chung S. cerevisiae dugc phan 1ap tir banh men,

- Dich ép tir cac loai trai cay (thanh long ruét dé (Hylocereus polyrhizus), dira
(Ananas comosus) va dua hau (Citrullus lanatus)), sita ¢au nanh va sita tuoi khong
duong TH True milk.

3.1.2. Pham vi nghién ciru

Pham vi nghién ctru tip trung vao viéc phan lap va tuyén chon cac chung vi
sinh vat tir cic nguodn thuc pham truyén thong cia Hué va banh men. Cac ching
tuyén chon sau d6 s& duoc img dung trong cac quy trinh 1én men.

3.1.3. Pia diém va thei gian thi nghiém

Thi nghiém duoc tién hanh tai phong thi nghiém Khoa Co khi va Céng nghé,
Truong Pai hoc Nong Lam, Pai hoc Hué va phong thi nghiém cua Vién Cong nghé
sinh hoc, Pai hoc Hué. Thoi gian thuc hién: Tir thang 11/2022 dén thang 11/2025
3.2. Noi dung nghién ciru: Nghién ctu tién hanh thuc hién 4 noi dung cy thé nhu sau:

(1) Phan lap, dinh danh va tuyén chon ching LAB c6 tiém ning probiotic va
kha nang sinh tong hgp GABA cao;

(2) Nghién ctru anh huéng cta cac diéu kién nudi cdy dén kha ning sinh tong
hop GABA cua ching dugc tuyén chon;

(3) Nghién ctru anh hudng ctia mot sé thong sé cong nghé 1én chat luong dich
trai cdy 1én men bai chung nAm men duoc phan 1ap va tuyén chon tir banh men;

(4) San xuét san pham 1én men moi gidu tiém ning probiotic va cac hoat chat

¢06 hoat tinh sinh hoc.



3.3. Phuong phap nghién ciru

3.3.1. Mt sé6 phwong phdp phan tich sir dung trong nghién ciru

Bing 3.1. M4t s6 phwong phdp phdn tich sir dung trong nghién civu

Thw )
fw Noi dung Phwong phap
, . . , MALDI-TOF MS, giai
1 |Pinh danh vi khuan lactic
trinh tu gene PheS
Giai trinh ty vung ITS
rDNA va so sanh trinh
2  |Pinh danh ndm men tu voi co s¢ dir liéu
GenBank bang cong cu
BLAST
Sac ky long hiéu nang
3  |Phuong phap phan tich ham luong GABA
cao (HPLC)
4  |Phuong phap xac dinh ham lugng TPC
5 |Phuong phap xac dinh ham Iuong betalain
6 |Phuong phap xac dinh mat do té bao Phuong phap xac dinh
Mot s6 phuong phap xac dinh cac tinh chat vé| quang phd hép thy
tiém ning probiotic ctia LAB gom: kha ning chiu (OD)
7 |acid, kha nang tu két dinh va dong két dinh, kha
nang bam dinh v&1 dung moi, khd ndng chiu
pepsin, kha ning chiu mudi mat va dich tuy
3 Phuong phap khao sat kha niang khang khang sinh| Phuong phap khuéch
va uc ché vi khuan tan dia thach
9 |Phuong phép danh giad cdm quan Phuong phap thi hiéu
L . . Str dung phan mém
10 |Phuong phap phan tich thong ké N
SPSS va MINITAB
Phuong phap thiét ké
Phuong phép t6i uvu hoa bang quy hoach bé mit dap ung
11 |thuc nghiém (RSM). Thiét ké quy
hoach truc giao tam
xoay (CCD).




3.3.2. Phwong phdp bé tri thi nghi¢m
3.3.2.1. B4 tri thi nghiém dnh huong ciia mét sé théng s6 cong nghé lén kha néing
sinh tong hop GABA ciia ching LAB dwroc tuyén chon

Cac thi nghiém dugc thuc hién don nhan t6, gdm mdt do té bao ban dau, ham
lirong MSG bé sung, nguén carbon V& nguoén nito bo sung, thay thé saccharose va
peptone bgi nguon nguyén liéu tw nhién, pH ban dau, nhiét dg va thoi gian nudi cdy.
3.3.2.2. B¢ tri thi nghiém dnh hudng ciia mét sé thong sé cong nghé 1én chat lwong
dich trdi cdy 1én men béi chiing ndm men dwoc tuyén chon

Chat luong dich trai cay 1én men dugc danh gia thong qua céc chi tiéu gom
ham lugng anthocyanin, TPC, betacyanin va betaxanthin va hoat tinh chéng oxy hoa.
Céc yéu t6 anh huong dén céc chi tiéu nay 14 mat do té bao ban dau, Bx ban dau, pH
ban dau, nhiét d6 1én men va thoi gian 1&n men. Thi nghiém duoc thuc hién theo
khao sé&t anh huéng don yéu to.
3.3.2.3. B0 tri thi nghiém nghién ciru san xudt san pham 1én men mdi giau tiém
nang probiotic va cac hoat chdt cé hoat tinh sinh hoc

Chét luong dich hdn hop 1én men gitra dich trai cay va sira boi ching LAB va
nam men dugc danh gia thong qua céac chi tiéu gom nong do ethanol, anthocyanin,
TPC, betacyanin, betaxanthin, hoat tinh chéng oxy va chat lugng cam quan (mau
sdc, mui, vi). Cac yéu t6 anh hudng dén cac chi tiéu nay 1a ti 1 phdi tron cua dich

trai cay va stra, nhi€t do 1én men va thoi gian 1én men.



CHUONG 4: KET QUA VA THAO LUAN

4.1. Phan lap, dinh danh va tuyén chon chiing LAB c6 tiém ning probiotic va
kha ning sinh tong hop GABA cao
4.1.1. Két qua phan lap

Phan 1ap duoc 20 ching LAB tir mam ro
4.1.2. Két qua dinh danh cdc chiing LAB dwa vao pho MALDI-TOF MS

Trong s6 20 ching phan 1ap tir mam 10, cac chung thudc loai L. fermentum c6
s6 luong nhiéu nhat (12 ching) va 2 ching thudc loai L. farciminis.
4.1.3. Két qua dinh danh bang gidi trinh tw gene PheS

5 chung con lai thudc loai L. pentosus
4.1.4. Khdo sdt tiém nding probiotic ciia cic chiing LAB
4.1.3.1. Kha néng song sét ciia cdc ching LAB qua dwong tiéu héa

Kha ning chéng chiu qua duong tiéu hoa 1a tiéu chi dau tién dé két luan cac
chung vi sinh vt ¢6 tiém ning probiotic. Theo d6, cac chiing ndy phai séng sot qua moi
trurong cua da day (chiu acid (pH = 2 - 3), chiu pepsin (mot loai protease)), moi truong
rudt non (chiu dugc mudi mat va dich tuy). Két qua vé khd nang chiu pH thdp cho thay
ty 18 té& bao sdng sot ctia cac ching LAB trong dich acid c¢6 pH 2,5 sau 4 gid dao dong tir
63,823 + 3,740% dén 140,184 + 2,866%. Kha ning song sot trong mdi trudng mo phong
nhu trong dudng rudt con ngudi O mudi mdt va dich tuy cia cac chung LAB kha cao
(>78%). Trong d6, c6 dén 34 ching c6 phan tram séng sot trén 90%.
4.1.3.2. Kha néng két dinh va bam dinh

Kha nang tuw két dinh clia céc chung dugc khao sat, dao dong tur 5,209 *
0,510% dén 99,240 + 0,685%. Ty 1& phan tram dong két dinh cua cac chung LAB
duoc khao sat voi cac ching vi khuan E. coli ATCC 25922 tir 0,178 + 0,060% dén
21,136 + 0,403%, voi Sta. aureus ATCC 25923 tir 0,484 + 0,057% dén 25,236 +
0,345% va véi S. typhymurium ATCC 14028 tir 3,071+ 0,433% dén 49,544 + 2,237%.
Cac chung L. pentosus (M1, M3, M4), L. farciminis M18, L. fermentum (M21, M43,
M46, M17) va P. acidilactici (TC1, TC2, TC3, TC4, TC5, TC6, TC24) khong c6 kha
nang két dinh véi E. coli. Chung L. fermentum (M21, M25), P. acidilactici (TC1,
TC2, TC3, TC8) va L. fermentum TC10 khong c6 kha ning két dinh vé6i Sta. aureus.
Bén canh do, cac chung L. farciminis M28, L. fermentum (M34, M42, M43, M44,
TC17) va P. acidilactici (TC4, TC6, TC24) lai khong c6 kha nang két dinh véi S.
typhymurium. Kha nang bam dinh dung mdi (ethyl acetate va xylene) cua cac ching
LAB dao dong trong khoang tir 0,644 + 0,281% dén 60,467 + 0,623%.
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4.1.3.3. Kha nang khang khang sinh cua cac chung LAB

Két qua cho thay da s cac chung LAB dugc khao sat nhay cam (NR) d6i véi
Chloramphenicol (25 ching), Clindamycin (22 chung), Erythromycin (30 chung),
va Tretracylin (27 ching) va khang lai (R) dwoc véi Ampicillin (29 chung)
Gentamycin (30 chang), Streptomycin (36 chung) va Kanamycin (37 ching) va
Vancomycin (36 chung).
4.1.3.4. Kha ndng ke ché vi khuan gdy bénh

Poi véi E. Coli ATCC 25922, cac chung LAB c6 kha ning khang kha cao. Tat
ca cac ching khao sat déu co kha ning khang E. Coli ATCC 25922 véi cdc mire dé
khac nhau. Theo d6 cac chung L. pentosus (M1, M2, M5), L. fermentum (M21, M22,
M38, M41, M42, M43, M44, M46), L. farciminis M31, P. acidilactici (TC1, TC2,
TC3, TC5, TC7, TC8, TC9, TC24, TC29), L. fermentum (TC10, TC11, TC12, TC13,
TC14, TC15, TC16, TC17, TC18) c6 kha nang khang E.coli ATCC 25922 manh véi
duong kinh vong vo khuan trén 10 mm. Cac ching con lai L. pentosus (M3,M4), L.
farciminis M18, L. fermentum (M24, M25, M34, M40) va P. acidilactici (TC4, TC6)
c¢6 kha niang khang yéu hon voi dudng kinh v6 khuan trong khoang 5 - 10 mm.,

Két qua khao sat kha nang khang S. Typhymurium ATCC 14028 cua cac ching
LAB phan 1ap tr mdm ro va tom chua cho thiy, kha ning khang kha tuong dong véi
cac cong bd & trude do, voi duong kinh vong vo khuan biéu hién kha 16n, kha ning
khang kh& manh, dap tmg dugc tiém ning probiotic trong hé tiéu hda ciia con ngudi.
4.1.5. Khdo sdt khd nding sinh téng hop GABA ciia cdc chiing LAB

Nhin chung, céc chung déu c6 kha ning sinh GABA cao. Trong do, P.
acidilactici TC7 c6 ham lugng GABA cao nhét (8,764 + 0,138 mM) va P. acidilactici
TC24 c6 ham luong GABA thap nhét (1,109 + 0,102 mM). Céc ching con lai ¢6 kha
nang sinh tong hgp GABA thap hon TC7 va cao hon TC24.

Két luan cua két qua khao sat tuyén chon thong qua tiém ning probiotic va kha
ning sinh GABA: Qua két qua khao sat, ching P. acidilactici TC7 thé hién mot s6
tinh chat c¢6 tiém ning probiotic tot hon so véi cac chung con lai. Mt khac kha ning
sinh tong hop GABA ctia chung nay 1a cao nhat. Chinh vi vay, chung P. acidilactici
TC7 duoc chon dé tién hanh nghién ctru tiép theo.
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Bdng 4.6. Kha nang sinh GABA cua cdc chung LAB

i B cuw B W o Jmim
L. ple\;;tlosus 3,585+ 0 197 L. fal\r/lc;glnls 7.110% 0,175 P. aC_:_dCI:|1aCtICI 168’8231 L. fe_Fgﬂtum 7127 0,149
L pi;‘tzosus 6,270%+ 0,156 fa,\r/lc,oi,Ti”iS 7072°£0171 T ac;dc”z""cmi 108340192 = fe{gigt“m 4,698'+ 0,109
L PEMOSUS  psastr0115 O™ 7 gagha 0,009 P AGIACHC 3’8,822? L fermentum 6,930 0,120
L. ple\;;Zosus 5080"+ 0241 L feKT3e§1tum 5076"+0204 ac;dci:fctici 402%‘6'& L. feTrgiztum 3.044% 0.178
L PeOSUS  pgozs0,143 UMMM 6000171 PRGNS g 7540, 0969 L TETTEMUM 5 057ms 0,156

LITOMINS 70300208 IR 6 gt g0g0 PG 358221’ - fermeum 5,920 0,206
LfemenUm  4330:0321 - MEIUM  gsagea03p9  P-AGUAC ggggn 0335 L TETENUM 3 gsgim 0,085
L. fe'(/lmzezntum 5,203+ 0 222 L. femle;tum 4,3451+ 0 271 P. ac_:_d(i:gctici 6(;3%“691 L. fe_lfgigtum 2 148+ 0,144
L. fe'(/lmzeftum 44147+ 0 261 L. femle;tum 2 398"+ 0,289 P. ac_:_dci:lglctici 1.614'% 0107 P. ac_:l_igizlictici 1,109% 0,102
L feTenUM 33190200 MMM 30074me 0,008 - IITUM 65540k 0145 P UM g gggies 0,262

Ch thich: Cac #é bao dwoc nudi trong méi truong MRS & mdt dé té bao ban dau 10" CFU/mL ¢ pH 6,2 ¢ 370C trong 24 gio.

Cdc chit cdi in thuong khéong giong nhau thé hién sw khdc nhau cé nghia thong ké (Duncan’s test, p < 0,05).
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4.2. Anh hwéng ciia cac diéu kién nudi cAy dén kha ning sinh tong hop GABA
ciia chiing dwgc tuyén chon
4.2.1. Anh hwéng cia mdt dp té bao ban dau 1én kha ning sinh tong hop GABA
cua chang P. acidilactici TC7

Ham luong GABA tich lily trong mdi truong nudi cay cao nhat khi & mat do té
bao ban dau cia LAB trong cac cong bd trén nam trong khoang tir 10° CFU/mL dén
10" CFU/mL, cho thiy tuong dong véi két qua trong nghién ciru nay. Mat do té bao
ban dau 10" CFU/mL cta chung P. acidilactici TC7 duoc chon dé bé tri thi nghiém
tiép theo.
4.2.2. Anh hwong ciia ham lwgng MSG bé sung lén khd ning sinh tong hop GABA
ciia chung P. acidilactici TC7

Ham luong MSG 1,5% bd sung trong mdi trudng nudi cdy 1a phu hop nhat dé
chung LAB nay dé san xuit GABA cao nhat.
4.2.3. Anh hwéng ciia nguon carbon bo sung lén khd nang sinh téng hop GABA
cua chung P. acidilactici TC7

Trong hai nguon carbon bo sung 1a saccharose va maltose, ham lugng GABA thu
duogc trong mdi truong khong sai khic vé théng ké. Tuy nhién, saccharose 1a ngudn
nguyén licu dé kiém va ré tién nén duoc chon dé tién hanh céc thi nghiém tiép theo.
4.2.4. Anh hwéng ciia ham lwong saccharose bé sung lén khd néng sinh tong hop
GABA cua chung P. acidilactici TC7

Ham lugng saccharose bo sung vao mdi truong 2% la thich hop nhét dé tao
mdi truong nudi ciy chimg P. acidilactici TC7 sinh GABA cao, nén dugc chon dé
thue hién cac nghién ctru tiép theo,
4.2.5. Anh huwéng ciia nguén nito bo sung 1én kha ning sinh tong hop GABA ciia
chung P. acidilactici TC7

Peptone 1a nguon nito thich hop cho P. acidilactici TC7 sinh tong hop GABA
nén duoc st dung dé tién hanh cac thi nghiém tiép theo.
4.2.6. Anh hwong ciia ham lwong peptone bé sung lén khd néng sinh tong hop
GABA cua chung P. acidilactici TC7

Viéc bd sung 2% peptone vao méi trudng MRS 1a phil hop nhat cho qué trinh
sinh tong hop GABA cua ching P. acidilactici TC7.
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4.2.7. Anh hwéng cia viéc thay thé saccharose bgi dich trai cay 1én kha néng sinh
tong hop GABA ciia chiing P. acidilactici TC7

Thay thé ham luong saccharose bd sung vao méi trudng thich hop 1a dich
thanh long d6 (50 mL/100 mL mdi truong) dé tién hanh cac thi nghiém tiép theo.
4.2.8. Anh hwéng cia viéc thay thé peptone bang dich sia 1én kha ndng sinh tong
hgp GABA cua ching P. acidilactici TC7

Dich sita bo duoc lua chon dé thay thé cho lugng peptone trong méi truong
nudi cdy cho cac thi nghiém tiép theo. Ham luong dich sita bo thich hop 1a 50
mL/100 mL moi trudng.

4.2.9. Anh hwéng ciia pH ban diu lén kha ning sinh téng hop GABA ciia
P. acidilactici TC7

Tir két qua nghién ctu nay, gia tri pH 6 duoc chon 1am yéu té ¢b dinh khi tién
hanh thi nghiém tiép theo
4.2.10. Anh hwéng ciia nhiét dé nuoi cdy lén kha ning sinh tong hop GABA ciia
P. acidilactici TC7

Ham luong GABA cao nhat ¢ nhiét d6 nudi cay 1a 40°C. Do d6, nhiét do nay
duoc sir dung cho cac thi nghiém tiép theo.

4.2.11. Anh hwéng ciia thoi gian nuéi cdy lén khd néng sinh tong hop GABA ciia
P. acidilactici TC7

Tir 24 dén 72 gio 1én men, s6 luong té bao cua P. acidilactici TC7 tiang déu tir
9,080 + 0,006 log CFU/mL dén 9,225 + 0,010 log CFU/mL véi su tich lity ham luong
GABA dan dan dén muc toi da 14 30,784 + 0,104 mM.

Dich thanh long d6 dugc st dung dé tuyén chon ndm men va 1én men & cac ndi
dung tiép theo. Hon hop thanh long d6 va sita tuoi khong duong TH True milk dugc
dung 1am nguyén liéu dé 1én men san xuat san pham m&i boi giong khai dong co su
két hop LAB va ndm men. Céc thong s6 cong nghé trong két qua nay (mat do té bao
ban dau, pH ban dau, nhiét d6 1én men) dugc st dung dé thiét ké trong thi nghiém
nghién ctru tao san phim 1én men hdn hop thanh long do va sira tuoi khong dudng
TH True milk.
4.3. Anh huwéng ciia mét s6 thong so cong nghé 1én chat lwong dich trai ciy Ién
men béi chiing nAm men dwoc tuyén chon
4.3.1. Phan lap, tuyén chon va dinh danh chiing ndm men

Trong s6 32 khuan lac nAm men phan lap tir moi trudng Hansen, 18 chung (ky

hiéu tor M1 dén M18) dugc phan loai l1a ndm men dya trén hinh thai té bao quan sat
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duogc bang kinh hién vi dién tir quét (¢ vat kinh E40). Cac chung ndim men nay duogc
sang loc kha ning san xuat ethanol bang cach 1én men dich qua thanh long d6 ¢ 28°C
trong 24 gid. Két qua cho thdy c6 bon ching (M2, M7, M11 va M17) ¢6 kha ning 1én
men tao ra ethanol. Trong s6 cac chung c6 kha ning 1én men san xut ethanol, M7 tao
raty 1€ thé tich ethanol cao hon (6,3 = 0,3%) so v61 M2, M11 va M17 & nhi¢t do xu
1y so bd 70°C. Ngoai ra, ham lugng TPC tinh theo GAE (27,22 + 5,41 mgGAE/mL),
anthocyanin tinh theo CGE (10,02 + 0,25 mgCGE/L), betacyanin (50,37 + 0,99
mg/L) va betaxanthin (43,60 + 0,72 mg/L) va kha ning loai gbc tw do DPPH (57,65 +
0,35%) cua nude ép thanh long dé dugc xur 1y so bd & 70 °C va 1én men boi chung
M7 cao hon dang ké so véi cac ching khac. Tom lai, két qua cta nghién ctru ndy cho
théy rﬁng nhiét d§ xur ly so by 70°C va vi¢c st dung chung M7 duong nhu phu hop
nhét cho viéc san xuét ruogu tir nude ¢p thanh long rudt dé va do dé dugc chon cho
cac thi nghiém tiép theo. Két qua dinh danh di x4c dinh ching M7 1a loai S.
cerevisiae, dy 1a loai nam men hitu dung trong cong nghiép san xuat ruou. N6 khong
chi 1én men nudc qua hay moi truong chira ham lugng duong cao thanh ethanol ma
con tao ra cac hop chat thu cap véi huong vi dic trung.
4.3.2. Anh hwéng ciia mét sé thong sé cong nghé lén chit lwong dich trdi cdy lén
men bgi S. cerevisiase M7
4.3.2.1. Anh hueong ciia mdt dé té bao ban ddu

Két qua cta nghién ctru ndy cho thdy mat d6 té bao ban dau la 10° CFU/mL la
hop 1y dé thyc hién cac thi nghiém tiép theo.
4.3.2.2. Anh huéng ciia ham lwong lrong chat khé ban dau

Tir nghién ctru nay, co thé két luan rang ham lugng saccharose ban dau 18%
(m/V) 14 t6i wu dé tao ra rugu thanh long d6 c6 ho so chéng oxy héa cao.
4.3.2.3. Anh huéng ciia pH

Két qua ctia nghién ctru cho thdy pH ban dau 3,5 1 t6i wu cho qua trinh 1én
men rugu tir nude ép thanh long do boi S. cerevisiae M7 xét vé ham luong ethanol,
ndng do polyphenol, betacyanin, betaxanthin va hoat tinh chdng oxy hoa ctia ruou.
4.3.2.4. Anh huwong cua nhiét do

Két qua cho thay ham luong ruou cao nhat (13,06 + 0,24%), ham lugng TPC
biéu thi bang GAE (37,59 + 0,87 mg GAE /mL), anthocyanin biéu thi bing CGE
(11,41 + 0,38 mgCGE/L), betacyanin (65,63 + 0,49 mg/L) va betaxanthin (61,16 +
0,96 mg/L) dat dugc & nhiét do 1én men 30°C.
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4.3.2.5. Anh huéng ciia thoi gian

Ham luong ethanol trong ruou ting dan tir ngay dau tién dén ngay tht sau cua
qua trinh 1én men, dat gia tri tdi da 1a 12,12 + 0,15%, trong khi tiép tuc 1én men sau
thoi diém nay khong tao ra thém luong ethanol déng ké. Song song véi sy gia ting
cia ham lugng ethanol, nong dd cac hop chat polyphenol (tinh theo GAE),
anthocyanin (tinh theo CGE), betacyanin, betaxanthin va hoat tinh chéng oxy hoa cta
ruou ciing ting déu din trong sau ngay dau tién ctia qué trinh 1én men va dat gia tri
cuc dai lan luot 13 37,79 + 0,38 mgGAE/mL, 11,22 + 0,31 mgCGE/L, 65,18 + 0,82
mg/L, 60,47 = 1,29 mg/L va 65,41 * 0,44%.

4.4. San xuat sain pham 1én men méi giau tiém ning probiotic va cac hoat chit
¢0 hoat tinh sinh hoc

Pay 1a thi nghiém dugc thiét ké co ké thira két qua ciia cac muyc tir 4.1 dén 4.3.
Cac két qua trén duogc stir dung dé bd tri thi nghiém nhu sau:

(1) Ching P. acidilactici TC7 dugc st dung lam giéng khai dong (két qua
tuyén chon tir muc 4.1 dua vao tiém ning probiotic tot va kha nang sinh tong hop
GABA cao ciia nd). Ching nay dugc dong 1én men véi S. cerevisiae M7 (két qua
tuyén chon tir phan 4.2 dua vao kha ning 1én men tao dich thanh long d6 1én men c6
ham luong cac hop chét ¢ hoat tinh sinh hoc va kha ning chdng oxy hoa cao).

(2) Cac thong sb cong nghé thu dugc trong két qua muc 4.2 (dé thu dugc ham
luong GABA tich luy trong mdi truong cao) va két qua phan 4.3 (san xuét ra dich thanh
long d6 1én men c6 chat luong cao) duoc thira ké dé thiét ké b tri cac mirc thi nghiém
(mat do t& bao ban dau, pH ban dau, nhiét do 1én men) trong muc nay (muc 4.4).

(3) Nguyén li€u Ién men dugc lya chon trong thi nghiém nay la dich thanh long
d6 va sita tuoi khong duong TH True milk dya vao két qua khao sat sy thay thé ngudn
C va N ty nhién dé P. acidilactici TC7 sinh tong hop GABA cao (két qua muc 4.2).

Thi nghiém dong 1én men hdn hop dich thanh long d6 va sira twoi TH True
milk boi P. acidilactici TC7 va S. cerevisiae M7 duoc khao sat anh huong mot sé yéu
t (ty 1& phdi tron nguyén liéu, nhiét do va thoi gian 1én men) dén cac chi tiéu chat
lugng san phim (ndng do ethanol, ham lwong TPC, anthocyanin, betacyanin,
betaxanthin, hoat tinh chéng oxy va chét luong cam quan (mau sac, mui, vi).

4.4.1. Anh hwéng ciia ti I¢ phéi trén dich trai cay va sita

Ty 1€ 3:1 thé hién su vuot troi khi déng thoi dat mic cao nhat & hau hét cac
hop chit co6 hoat tinh sinh hoc quan trong nhu polyphenol (17,093 + 0,156
mgGAE/mL), anthocyanin (4,437 + 0,367 mgCGE/L), betacyanin (23,207 + 0,345
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mg/L), betaxanthin (17,363 + 0,348 mg/L) cung véi hoat tinh chdng oxy hoa
(22,650+ 0,181%). Két qua cam quan cho thay ty 1& 3:1 dugc danh gia cao nhit ¢ ca
ba tiéu chi mau sic, mui va vi.

Bing 4.10. Anh huéng cia ty 1é phéi tron nguyén lidu dén mot sé chi tiéu

cua dich lén men

Ty 16
Stt Chi tiéu
1:1 1:2 1:3 2:1 3:1
. Ham luong 2,713° 1,633° 1,297 | 3,267° 3,870°
Ethanol (%) + 0,287 +0,071 | £0,211 | +0,295 | +0,181
, Ham lugng TPC| 12,043° 8,840° 7,007° | 16,020° | 17,093°
(MgGAE/mL) | 40,064 +0,108 | +0,168 | +0,200 | +0,156
Ham |
am lugng 2,540° 1,827 | 1.280° | 3,720° | 4437
3 | Anthocyanin
+ 0,305 +0,085 | +0,161 | +0,433 | +0,367
(mgCGE/L)
Hoat tinh ch
CRHUMLCEIONS | 159900 | 12,040° | 8943° |19193°+| 22,6507
4 | oxy hoa DPPH
+ 0,255 | + 0,145 | +0,127 | 0,189 + 0,181
(%)
Ham |
amiuone 1 15673 | 10590° | 7,957° | 21,237° | 23.207°
5 Betacyanin
+ 0,401 +0,240 | £0,119 | +0,248 | +0,345
(mg/L)
Ham |
AMIWONE 111803 | 7,897 | 5897° | 15713° | 17,363
6 Betaxanthin
+ 0,153 +0,116 | +0,162 | +0,189 | +0,348
(mg/L)
, | Hamluong 21,840° 29,625° | 35,081% | 14,505° | 15,916°
GABA (mM) | 40,190 +0,383 | +0,240 | +0,077 | +0,227

Chua thich: CGE, cyanidin 3-glucoside equivalent; GAE, gallic acid equivalent.
S6 liéu la gia tri trung binh cua ba lan phdn tich lap lai = do léch chuan. Cdc chir
cdi khdc nhau thé hién sy sai khdc cé y nghia thong ké (p<0,05)
4.4.2. Anh hwéng ciia nhiét dp lén men

Khi nhiét do tang tor 30°C dén 35°C, céc chi tiéu hoa sinh déng loat dat gia tri
cao nhat. Cu thé, & 35°C, ham luong ethanol (4,637 + 0,461%) phan anh qua trinh
chuyén hoa dudng thanh ruou thuan loi nhét, trong khi polyphenol (17,693 + 0,480
mgGAE/mL) va anthocyanin (4,850 + 0,276 mgCGE/L) duoc giit 6n dinh, gop phan
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lam gia tang kha ning chéng oxy héa (22,963 + 0,264%). Dong thoi, betacyanin va
betaxanthin — hai nhom séc t6 quyét dinh mau sic ty nhién — ciing dat cuc dai (23,983
+ 0,321 mg/L va 17,857 + 0,537 mg/L), gitp san pham c6 mau sic dep, twong tng
v6i danh gia cam quan mau sic cao nhat (7,17 + 0,834). O 35°C nhan diém danh gia
cao nhat & ca ba tiéu chi mau sic (7,17 + 0,834), mui (7,13 + 0,776) va vi (7,23 +
0,858). Su dong bo giira ham lugng cac chat co hoat tinh sinh hoc va cam quan cho

thay & 35°C san pham vira dat dugc sy hai hoa vé cau tric hda hoc, vira té1 uvu vé chat

lugng cam nhan cua nguoi st dung san pham.

Bdng 4.12. Anh hwong cua nhiét do dén mot so chi tiéu cua dich 1én men

o Nhiét d9 (°C)
Stt Chi tiéu
25 30 35 40 45
. Ham luong Ethanol| 2,797° 4,700 4,637° | 3,247° 2,207°
(%) +0,169 | +0,387 | +£0461 | £0,274 | +0,223
, Ham luong TPC | 15,570° | 17,437 | 17,693* | 16,747° | 13,650°
(MgGAE/mL) | +0,464 | +0,244 | +£0,480 | £0,391 | +0,449
Ham |

A uUte 2,023 | 4737° | 4850° | 4073° | 2423

3 Anthocyanin
+0,221 | +0,265 | £0276 | £0,127 | +0,302

(mgCGE/L)
, | Hoat tinh chéng | 20,540° | 22,890* | 22,963% | 20,923° | 18,230°
oxy hda DPPH (%) | +0,230 | +0,187 | +0,264 | £0,119 | +0,345
: Ham lugng 19,500° | 23,627* | 23,983* | 21,843" | 18,683
Betacyanin (mg/L) | +0,314 +0,373 +0,321 | £0,273 + 0,340
6 Ham lugng 16,667° | 18,140 | 17,857* | 17,107° | 14,430°
Betaxanthin (mg/L)| £0,389 | +0,336 | +0,537 | +£0,135 | +0,318
. Ham luong GABA | 4,973° 6,877° 16,473% | 11,976° 6,682°
(mM) +0,188 | +0,204 | +0237 | £0,211 | +0,214

Chu thich: CGE, cyanidin GAE, gallic acid
equivalent. Sé liéu la gid tri trung binh ciia ba lan phdn tich Idp lai + dg léch chudn.

3-glucoside equivalent;

Cdc chir cdi khdc nhau thé hién sw sai khdc cé y nghia thong ké (p<0,05)
4.4.3. Anh hwéng ciia théi gian 18n men

Thoi gian 1én men c6 anh hudng rd rét dén ca chi tidu cac hop chat sinh hoc 13n
cam quan, trong d6 24 gid 13 thoi diém tét nhat. Thoi gian 18n men 24 gio 1a diém can
bang 1y tuong: ethanol dat murc cao (4,800 + 0,223%) nhung chua giy anh huong xau
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dén cam quan, GABA dat cuc dai (16,473 £ 0,367 mM), cac hop chét sinh hoc va hoat
tinh chdng oxy héa déu & mirc cao nhat, dong thoi san pham giit duge mau sic, mui va
vi hai hoa. Pay chinh la thoi diém nén lua chon dé t6i wu hoa ca gia tri chtic nang va
chat luong cam quan ctia san pham.

Bing 4.14. Anh huong ciia thoi gian dén mét sé chi tiéu cia dich 1én men

Stt Chi ticu Thoi gian (gi0)
12 24 36 48
. Ham luong Ethanol | 3,510° 4,800° 4,580° 4,810°
(%) +0,219 | +0,223 + 0,363 + 0,305
, Ham luong TPC | 12,427° | 17,577 17,293 17,453°
(MgGAE/mL) +0,421 | +0,327 + 0,388 + 0,203
Ham luong 3673 | 4,953 4,640° 5,223°
3 Anthocyanin

(MaCGE/L) +0,275| +0,175 + 0,436 +0,313
A Hoat tinh chéng oxy | 11,707° |  23,183? 22,777° 23,420
héa DPPH (%) +0,587 | +0,318 + 0,496 + 0,435
; Ham luong 21,017° | 24,297° 24,807° 24,750
Betacyanin (mg/L) | + 1,020 + 0,227 + 0,261 + 0,550
Ham luong 12,413b| 17,737° 17,813% 18,030°
0 Betaxanthin (mg/L) |+ 1,138 + 0,326 + 0,261 +0,151
. Ham lvong GABA | 9,047° 16,473% 11,928° 12,043"
(mM) +0,050 | +0,367 +0,171 + 0,084

Chua thich: CGE, cyanidin 3-glucoside equivalent; GAE, gallic acid equivalent.
S6 liéu la gid tri trung binh ciia ba lan phdn tich ldp lai + d léch chudan. Cdc chip
cdi khdc nhau thé hién sy sai khdc cé y nghia thong ké (p<0,05)
4.4.4. Két qud t6i wu héa ché dp Ién men sinh tong hop GABA cao

Pé t6i uu hoa diéu kién 1én men nham nang cao hiéu suat sinh tong hop
GABA, hai yéu td chinh duoc lua chon khao sat 1a nhiét d6 va thoi gian, v&i khoang
bién thién 1an luogt tir 25 dén 40°C va tir 12 dén 36 gio (Bang 4.16).
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Bing 4.16. Ma trdn quy hoach thirc nghiém va két qua thi nghiém

e i Két qua
Yeéu to anh hwong N
dau ra
TT Ma hoa Gia tri thuce
X, X, Nhiét d9 1én men | Thoi gian 1én men | GABA (Y)
(°C) (gi0)

1 -1 -1 25 12 8,792
2 1 -1 40 12 8,057
3 -1 1 25 36 13,454
4 1 1 40 36 7,778
5| -1,414 0 21,9 24 9,433
6 | 1414 0 43,1 24 9,100
7 0 -1,414 325 7,03 9,942
8 0 1,414 325 40,97 11,932
9 0 0 32,5 24 17,472
10 0 0 325 24 16,967
11 0 0 325 24 16,669
12 0 0 32,5 24 16,471
13 0 0 32,5 24 17,273

Ch thich: Cdc gid tri ma héa (X;, X3) tiwong g véi hai yéu to6 dau vdo trong
qué trinh 1én men: X; - nhiét dé lén men (°C), Xz - thoi gian 1én men (gio). Cdc yéu
16 nay dwgc khdo sdat & nam mirc md héa: -1, 0, +1, -1,414 va +1,414, theo thiét ké
thi nghiém mat dap ung (RSM).

Tir két qua dau ra cia 13 thi nghiém (Bang 4.16), phuong trinh hdi quy cua céc
ham muc tiéu sau khi loai bé nhiing hé s6 co gia tr1 p >0,05 duoc thiét lap voi R?
tuong ung va két qua toi wu héa (Bang 4.17). Tur két qua (Bang 4.16) cho thay: (1)
Mo hinh 12 mé hinh bac hai, hé s6 tuyén tinh (4,834 va 1,575) c6 nghia la khi ting
nhiét d6 hodc thdi gian, GABA ban dau c6 xu huéng ting. (2) Hé sé R? rat cao cho
mé hinh (96,720%) cho thiy mé hinh nay rat dang tin cdy trong viéc du doan chi sd
GABA dua trén nhiét 46 va thoi gian 1én men. (3) Sy hién dién ctia cac hé sb bac hai
(-0,07106 va -0,02196) am trong phuong trinh cho thdy rang ham muc tiéu déu cé
mdt diém cuc dai (t6i wu) trong khoang nghién ctru. (4) Su c6 mat cua hé sb tuong tac
(-0,01373) trong phuong trinh GABA cho thiy ring khi ting dong thoi nhiét d6 va
thot gian thi hi€u ing cong huong khong tich cuc (Iam gidm ham lugng GABA).
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Bing 4.17. Phwong trinh hoi quy va két qua téi wu héa

Gia tri cuc dai A i
. (nhiét d¢ 1én men .
Ham I 0 thi
) s, ) toi wu (31,536°C) N
muc Phwong trinh hoi quy R e nghiém
. va thoi gian Ién 2
tieu . kiem
men toi wu (25,927 )
. chung
gi0))
Y =-79,52 +4,834 X; + 1,575
X 17,387
GABA ) ,  |96,720%| 17,103 mM + 0,160
- 0,07106 X;"—0,02196 X,"— M
0,01373 X1 * X,

Két qua giai cac phuong trinh hoi quy (Bang 4.17) cho thay, nhiét do 1én men
t6i wu va thoi gian 1én men t6i uu 1a 31,536°C va 25,927 gio. Tai nhiét do va thoi
gian 1én men t5i wu gia tri cuc dai ctia ham t6i vu GABA 1a 17,103 mM. So véi két
qua thi nghiém kiém ching tai diéu kién t6i vu (31,536°C va 25,927 gid) ham luong
GABA 1a 17,387 + 0,160 mM cho thiy két qua thuc té thu duoc khi tién hanh thi
nghiém tai diéu kién t6i uu (31,536°C va 25,927 gid) cho thiy rang gia tri thuc
nghiém kiém chimng rat gan voi gia tri du doan cta md hinh. Diéu niy chimg to rang
phuong trinh hoi quy da xay dung c6 kha nang du doan chinh xéc gia tri t6i wu va cac
diéu kién tdi vu tim dugc 1a dang tin cdy. Diéu nay cung cip co s¢ viing chic cho
viéc &p dung cac diéu kién nay trong thuc té dé dat duoc hiéu qua mong mudn.

Pé thé hién mot cach truc quan vé két qua t6i uvu hoa, bé mit dap tng, biéu do
3D cho thay mdi quan hé giita hai yéu t6 dau vao (truc X va Y) va mot dap Gmg dau ra
(truc Z), twong g v&i phuong trinh hoi quy (Bang 4.17) duoc trinh bay & Hinh 4.29.
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Hinh 4.29. Biéu dé bé mat ddp vmg, dwong dong mikc thé hién triec quan vé két qud
16i wu héa

Nhu vay, két qua nghién ctru khang dinh nhiét do va thoi gian 1én men 13 hai
yéu t6 quyét dinh dén hiéu suét sinh tong hop GABA. M6 hinh héi quy bac hai ¢6 do
tin cdy cao (R? = 96,720%) cho thdy kha ning du doan chinh xac su bién thién ham
luong GABA. Piéu kién tdi uu duoc xac dinh 1a 31,536°C va 25,927 gio, tai d6 ham
luong GABA du doan dat 17,103 mM. Két qua kiém chimg (17,387 + 0,160 mM)
pht hop v6i mé hinh, chtng to cac diéu kién tdi wu c6 co sé khoa hoc va tiém ning
g dyng thuc tién trong nang cao hiéu qua sinh tong hop GABA.
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CHUONG 5: KET LUAN VA KIEN NGHI
5.1. Két luan

- Tir cac san pham 1én men truyén thong Hué, 20 chung LAB phén lap, duoc
dinh danh tr mam ro va 20 ching LAB tir tdm chua (dd céng bd dinh danh) dugc
tuyén chon dya trén tiém ning probiotic va kha ning sinh tong hop GABA. Trong do,
P. acidilactici TC7 ndi bat véi kha nang chiu pH thap, khang mudi mat, bam dinh tét,
trc ché vi sinh vat gy hai va dic biét sinh tong hop GABA ¢ mirc cao (8,764 + 0,138
mM), nén dugc chon lam chung nghién ctru chinh.

- Cac yéu t6 anh huong dén kha ning sinh GABA cua P. acidilactici TC7 dugc
khao sat va tdi vu hoa; diéu kién thich hop gdm mat do gieo cdy ban dau 1a 107
CFU/mL, 1,5% MSG, 2% saccharose, 2% peptone, pH 6, nhiét 36 40°C trong 72 gio.
Thay thé saccharose va peptone bang hon hop thanh long do - sita tuoi khong dudng
TH, cho ham lugng GABA 30,784 + 0,104 mM.

- Chung ndm men M7 duoc dinh danh 1a S. cerevisiae, cho két qua 1én men
nudce €p thanh long do vuot trdi, ham lugng ethanol dat 12,12 + 0,15%, giau cac hop
chat sinh hoc gom 37,79 + 0,38 mgGAE/mL TPC, 11,22 + 0,31 mgCGE/L
anthocyanin, 65,18 + 0,82 mg/L betacyanin, 60,47 = 1,29 mg/L betaxanthin va hoat
tinh chdng oxy hoa 1a 65,41 + 0,44%. Piéu kién téi wu gém mat do gieo cdy 10°
CFU/mL, ham lugng chat kho 18%, pH 3.5, nhiét d§ 30°C trong 6 ngay.- Thuc hién
dong 1én men boi P. acidilactici TC7 va S. cerevisiae M7 trong hdn hop thanh long
do6 - sira bo (ty 1& 3:1) & 35°C trong 24 gid tao san pham giau GABA (16,473 + 0,367
mM), gidu hop chét sinh hoc (4,800 + 0,223% ethanol, 17,577 + 0,327 mgGAE/mL
TPC, 4,953 + 0,175 mgCGE/L anthocyanin, 24,297 + 0,227 mg/L betacyanin, 17,737
+ 0,326 mg/L betaxanthin va hoat tinh chéng oxy hoa 1a 23,183 + 0,318%) va dat
diém chat luong cam quan cao nhat vé mau sic, mui va vi 1an luot 1a 7,400 + 0,621;
7,600 + 0,498 va 7,030 + 0,718. M6 hinh hdi quy xac dinh diéu kién tdi wu
(31,536°C; 25,927 gio) véi gia tri du doan GABA 17,103 mM, phu hop thuc nghiém
17,387 + 0,160 mM (R2 = 96,720%), chiing minh tinh 6n dinh va kha ning ing dung
cong nghé. Ham lugng cac hop chat sinh hoc trong hdn hop dich 1én men & diéu tdi
uu la 4,870 £ 0,153% ethanol, 17,972 + 0,129 mgGAE/mL TPC, 5,302 + 0,215
mgCGE/L anthocyanin, 25,289 + 0,218 mg/L betacyanin, 18,639 + 0,301 mg/L
betaxanthin va hoat tinh chéng oxy hoa dat dugc 24,135 + 0,119%.
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5.2. Kién nghi

- Nghién ctru hoan thién san pham va kiém tra cac chi tiéu vé an toan thuc
pham theo tiéu chuan.

- Tiép tuc md rong phan lap va tuyén chon vi sinh vét ban dia tir nhidu ngudn
nguyén liéu va san phiam 1én men truyén théng khac nham xay dung tip hop ching
gidng da dang phuc vu nghién ctru va tmg dung.

- Nghién ctru chuyén siu co ché sinh tong hop GABA cua P. acidilactici TC7
& cap d6 sinh héa va di truyén, 1am co sd cho viée cai tién chung.

- Khai thac kha ning ddng nudi cay giita LAB va ndm men trén cac loai dich
qua, sira va nguyén liéu nong san khac dé phat trién thém cac san pham 1én men méi

giau hoat chat sinh hoc.
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CHAPTER 1: INTRODUCTION

1.1. The rationale of the study

Lactic acid bacteria (LAB) have long been used in many traditional food
fermentation processes to improve flavor, extend shelf life, and increase nutritional
value. In particular, many LAB species are recognized as Generally Recognized As
Safe (GRAS) microorganisms, possess probiotic potential, and have been widely
applied in the production of functional foods and biopharmaceuticals. The probiotic
effects of LAB on human health have been demonstrated in many ways: (i) Balancing
the gut microbiota by competing for adhesion with pathogenic bacteria and secreting
bacteriocins; (ii) Regulating lipid metabolism by reducing the absorption of cholesterol
and triglycerides, thereby contributing to the prevention of cardiovascular diseases;
(111) Stimulating mucosal immune responses through their effect on intestinal immune
cells; and (iv) Inhibiting the growth of pathogenic microorganisms in the digestive
tract. A particularly noteworthy point is that many LAB species can synthesize GABA,
a non-protein amino acid that acts as the primary inhibitory neurotransmitter in the
central nervous system. GABA is involved in mechanisms for reducing stress,
combating anxiety, and improving sleep.

In parallel with LAB, the yeast species S. cerevisiae has been associated with
human life for thousands of years, widely used in the production of beer, wine, bread,
and many other fermented products. Besides its traditional role, S. cerevisiaeis also
considered to have probiotic potential. In the food industry, this yeast strain serves
both a technological function (producing ethanol, CO[!, and flavor compounds) and
provides health benefits. Therefore, combining LAB and S. cerevisiae in a co-culture
fermentation process is seen as a new and promising trend.

Based on the aforementioned grounds, the research on isolating, selecting, and
combining LAB with the yeastS. cerevisiaeto simultaneously leverage their
probiotic properties, ability to produce GABA and other bioactive compounds in the
fermentation production, and their technological role in the fermentation process has
profound scientific and practical significance. This is not only a necessary step in the
trend of developing health-protective foods and biopharmaceuticals, but also a basis
for enhancing the value of Vietnamese agricultural products, contributing to the
modernization of the food technology industry, and integrating with international

research trends. For these reasons, we conducted research on the topic:



“Exploiting some beneficial properties of lactic acid bacteria
and Saccharomyces cerevisiae yeast and their application in food technology.”
1.2. Research objectives
1.2.1. Overall Objective

The overall objective of this research is to exploit and apply the beneficial
properties of LAB and S. cerevisiae yeast to develop fermented food products
enriched with bioactive compounds, such as Total Phenolic Compounds (TPC) and
GABA, and possessing strong probiotic potential for health benefits.
12.2. Specific Objectives

The research aims to screen and select LAB strains isolated from Hue's mam ro
(fermented fish sauce) and fom chua (fermented shrimp) based on their probiotic
potential and high GABA-producing capacity, along with selecting S. cerevisiae from
rice starter (banh men) for red dragon fruit juice fermentation. This will be followed
by applying the selected S. cerevisiae strain to produce fermented red dragon fruit
juice with enhanced pharmacological activity. Concurrently, the selected LAB and S.
cerevisiae strains will be used in a co-fermentation of a red dragon fruit juice-milk
mixture to develop a unique multifunctional fermented product offering superior
health benefits due to its probiotic properties, high GABA content, and other
medicinal compounds.
1.3. Significance of the thesis
1.3.1. Scientific significance

The results obtained will contribute to the scientific database on beneficial
microorganisms in food technology as follows:

- It partially reflects the LAB species present in Hue's mam ro and tom chua, as
well as their probiotic potential and ability to synthesize GABA.

- It confirms the presence of the yeast strain S. cerevisiae in banh men and its
ability to ferment red dragon fruit juice.

- It expands the research direction for applying the combination of LAB and
yeast for in situ fermentation in the development of health-protective foods.
1.3.2. Practical significance

The results of this study can be directly applied to the development of
fermented products combining LAB and S. cerevisiae, which are rich in GABA,
probiotic bacteria, and antioxidant compounds from tropical fruit ingredients. This
not only contributes to enriching the functional food market in Vietnam but also
meets the global consumer trend towards products that are "natural - safe - healthy."
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The use of red-fleshed dragon fruit as a fermentation substrate also brings tangible
socio-economic benefits, helping to increase the value of agricultural products,
reduce seasonal overstocking, and open up a sustainable exploitation direction for the
agricultural processing industry. Furthermore, the research results can serve as a basis
for businesses to innovate their technological processes and develop products on an
industrial scale, thereby contributing to enhancing the competitiveness of Vietnam's
food technology industry in the process of international integration.

1.4. Novelty of the Thesis

The novel points of the thesis are:

- The identification of new LAB strains isolated from mam ro and a systematic
survey of their probiotic potential and GABA synthesis ability. Concurrently, a new
yeast strain, S. cerevisiae M7, was selected and identified from banh men.

- The selected yeast strain, S. cerevisiae M7, was utilized to develop a novel
product: fermented red dragon fruit juice. This product contains not only ethanol but
also high concentrations of bioactive compounds and exhibits significant antioxidant
activity. Using red-fleshed dragon fruit (Hylocereus polyrhizus) as the fermentation
substrate not only exploits the fruit's natural antioxidant-rich properties but also
provides a novel approach to value addition for this characteristic Vietnamese
agricultural product.

- The project involves the simultaneous exploitation of two beneficial
microbial groups: The research focuses not just on LAB or S. cerevisiae individually,
but on co-culture fermentation using both microorganisms to generate a final product.
This resulting fermented food is a multifunctional composite combining probiotics,
GABA, and antioxidant compounds derived from fruit and milk media. This
represents a multipurpose integration rarely implemented simultaneously on
indigenous microbial strains and local raw materials in previous studies.



CHAPTER 2: LITERATURE REVIEW
2.1. Overview of lactic acid bacteria (LAB), their beneficial properties and
applications

In recent years, the LAB group has played a crucial role in the food industry
due to their metabolic products and probiotic functions. LAB can impart flavor to
food products as a result of lactic fermentation. At the same time, their metabolism
also produces short-chain fatty acids, amines, bacteriocins, vitamins,
exopolysaccharides (EPS), and GABA, which increase nutritional value and extend
the shelf life of food. This section primarily introduces the formation of metabolic
products during food fermentation and some properties related to the probiotic
potential of LAB.

2.2. Yeast and applications
2.2.1. Introduction to Yeast and Applications in Food Technology
2.2.1.1. Introduction to Yeast

Yeasts are single-celled, eukaryotic microorganisms, typically oval in shape.
On agar medium, yeast colonies are opaque white, yellow, or pale pink, and their cell
surfaces are often dry and taut. Yeasts are widely applied in the food industry, such as
in the production of bread, the fermentation of alcoholic beverages, in fermented
dairy products, in the production of bioethanol, and in the production of probiotic
preparations.

Banh men is a form of rice wine starter, a mixture that can include molds,
yeasts, and bacteria. The microorganisms in banh men have the ability to hydrolyze
starch into sugar (primarily due to molds) and ferment the sugar solution into alcohol
(primarily due to yeasts). The origin of banh men is from China, after which it spread
to other Asian countries. Among the microorganisms present in banh men, the S.
cerevisiae strain has been reported as the main ethanol-producing agent.
2.2.1.2. Applications of Yeast in Food Technology

Yeast is widely utilized in food processing for bread production, meat
fermentation, and dairy fermentation. Furthermore, they serve as starter cultures for
the production of bioethanol from diverse raw materials. Importantly, certain species
are recognized as valuable probiotics with significant health benefits.

2.2.2. Yeast in Fermented Beverage Production

Yeast plays a crucial role in the fermentation applications for alcoholic

beverage production, yielding products such as beer, wine, high-gravity spirits, sake,



shochu, and distilled spirits. S. cerevisiae is the most significant species involved in
winemaking.
2.2.2.1. Yeast in Beer Production

The brewing process involves multiple stages, with fermentation being the
critical step, utilizing yeast to convert sugars derived from barley malt. The yeast
generates ethanol and CO, as primary products, along with a range of secondary
metabolites (esters, higher alcohols, organic acids). These compounds (including
sulfur compounds) are decisive in shaping the characteristic flavor and aroma
profiles, thus establishing the sensory value of the beer.
2.2.2.2. Yeast in Wine Production

Yeast is the pivotal microbial agent in winemaking fermentation. During wine
fermentation, yeast converts grape sugars into ethanol, CO, and various secondary
products, such as esters, organic acids, higher alcohols, aldehydes, ketones, polyols,
volatile sulfur compounds, and other sensory attributes of the product.
2.2.2.3. Yeast in Fermented Fruit Juice Production

Numerous fruits, including pineapple, dragon fruit, watermelon, apple, plum,
etc., are fermented using S. cerevisiae to produce alcoholic and nutritious beverages.
Red dragon fruit (Hylocereus polyrhizus), in particular, is rich in bioactive
compounds (betalains, polyphenols). Given that red dragon fruit is highly perishable
and valuable, processing it into fermented beverages is essential for consumption and
value enhancement. The goal is to investigate the optimization of fermentation
conditions to obtain a product with the best possible bioactivity.
2.3. Factors Affecting Fruit Juice Fermentation Process

The fermentation process of fruit juice is significantly influenced by the
microbial strain employed. S. cerevisiae is the most widely used yeast species in fruit
must fermentation, necessitating the selection of pure cultures to effectively control
the final product's flavor profile. Beyond the microbial factor, environmental
parameters such as sugar concentration, pH level, and temperature are also critical
determinants. Optimizing both temperature and pH is essential; it not only supports
optimal yeast activity but also aids in the maximum extraction of bioactive
compounds and effectively inhibits the proliferation of spoilage microorganisms.
2.4. Relevant Research Works
2.4.1. Domestic and International Studies on the Probiotic Potential of LAB

The screening and selection of LAB strains with probiotic potential have been
widely studied both domestically and internationally, focusing on evaluating critical
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characteristics such as tolerance to the gastrointestinal tract environment (low pH,
bile salt tolerance, and pancreatic fluid) and safety profile (non-hemolytic activity,
antibiotic resistance). Several studies have been published: Do Thi Bich Thuy (2010)
isolated the L. fermentum MC9 strain from mang chua Hue, which showed good
potential via survival at pH 2 and high auto-aggregation ability. The research goal of
Vo Van Quoc Bao et al. (2016) was to isolate L. pentosus and L. fermentum strains
from mam ruoc Hue that exhibited high auto-aggregation (75%) and strong
antimicrobial activity against Salmonella and E. coli (inhibition zone of 10.6-12.9
mm). Similarly, according to Srinivash et al. (2023), strains from traditional
fermented products (such as L. delbrueckii, L. johnsonii) also displayed robust
probiotic traits, including good acid and bile salt tolerance and high hydrophobicity
(over 40%), leading to their selection for probiotic formulation. Furthermore,
Chowdhury et al. (2023) reported that a Lactobacillus sp. strain from an Indian
fermented product demonstrated the capacity for growth over a wide pH range (3-7),
inhibition of E. coli, and resistance to several antibiotics (streptomycin, vancomycin,
kanamycin), while being non-hemolytic.
2.4.2. Domestic and International Studies on the GABA Biosynthesis Capability
of LAB

Research into GABA biosynthesis by microorganisms in Viethnam remains
limited, but notable efforts have been made to determine appropriate technological
parameters. Domestic studies have successfully screened and selected LAB strains
from traditional sources: Nguyen Thi Diem Huong et al. (2020) isolated the P.
pentosaceus MN12 strain from mam nem Hue and optimized fermentation conditions
to achieve the highest GABA concentration (2597.12 mg/L at pH 7, 45°C).
Similarly, in research by Le Thi Huyen Trang and Do Thi Bich Thuy (2020), the
strains L. farciminis M23 and L. pentosus R1 were also optimized for GABA
production capacity at 40-45°C with 1-2% MSG. Globally, Kanklai et al. (2021)
demonstrated that strains like Lvl. brevis FO64A from Thai food had high GABA-
producing ability (2.85 mg/mL) and were applied in mulberry juice fermentation.
Furthermore, Kwon et al. (2023) showed that optimizing solid-state fermentation
(SSF) of brown rice using a Lactobacillus sp. demonstrated the potential to increase
GABA content by nearly 50% (from 4.64 mg/g to 6.93 mg/g) under optimal
conditions (36°C, 48 hours), opening a path for developing GABA-rich products.



2.4.3. Domestic and International Studies on Yeast Strain Isolation, Identification,
and Fermented Fruit Juice Production

Numerous domestic and international studies have focused on the screening
and selection of S. cerevisiae strains capable of efficient fruit must fermentation for
alcoholic beverage production. Specifically in Vietnam, Nguyen Van Ba et al. (2021)
successfully isolated and identified the S. cerevisiae S6 strain from sapodilla (hong
xiem), with optimized fermentation conditions (initial pH 4.5; 24°Bx; at room
temperature). Similarly, in the research by Nguyen Ngoc Thanh et al. (2021), the S.
cerevisiae FBYO015 strain, isolated from soursop (mang cau xiem), was fermented
with an initial pH of 4.0, 25°Bx at 25°C. The resulting wine products consistently
achieved high ethanol concentrations, ranging from 10.1% to 10.7% (v/v).
Furthermore, international research, as documented by Hafsat et al. (2015), also
utilized S. cerevisiae isolated from palm wine to ferment watermelon juice at 15°C,
yielding a product with an alcohol content of 9.86% (v/v) and acceptable sensory
quality, thereby demonstrating the feasibility of developing alternative wine products.



CHAPTER 3: RESEARCH METHODOLOGY
3.1. Research Subjects and Scope
3.1.1. Research subject

- LAB strains isolated and identified from mam ro Hue,

- LAB strains isolated from tom chua Hue, which were identified and published,
and are currently preserved at the BCCM/LMG Bacteria Collection, Ghent
University, Belgium,

- S. cerevisiae strain isolated from banh men,

- Fruit juices (red dragon fruit (Hylocereus polyrhizus), pineapple (Ananas
comosus), and watermelon (Citrullus lanatus)), soymilk, and unsweetened fresh milk
(TH True Milk brand).

3.1.2. Scope of the Study

The scope of this research is primarily focused on the isolation and screening
of microbial strains from traditional food sources of Hue and banh men. The selected
strains will subsequently be applied in various fermentation processes.
3.1.3. Experiment location and time

The experiments were conducted at the laboratory of the faculty of engineering
and technology, University of Agriculture and Forestry, Hue University, and at the
laboratory of the Institute of Biotechnology, Hue University. The research was carried
out from November 2022 to November 2025.
3.2. Research contents

The study was conducted with four specific contents:

(1) Isolation, identification, and selection of LAB strains with probiotic
potential and high GABA synthesis ability.

(2) Investigation of the effect of culture conditions on the GABA synthesis
ability of the selected strain.

(3) Investigation of the effect of some technological parameters on the quality
of fermented fruit juice by the yeast strain isolated and selected from banh men.

(4) Production of a new fermented product with high probiotic potential and

bioactive compounds.



3.3. Research resources
3.3.1. Analytical methods used in the study
Table 3.1. Analytical methods used in the study

No. Content Method
MALDI-TOF
1 |Lactic acid bacteria (LAB) identification MS, PheS gene
sequencing
ITS rDNA
sequencing and
2 | Yeast identification seql.lence cOmPparion
with the GenBank
database using the
BLAST tool
High pressure liquid
3 |Method for determining GABA content chromatography
(HPLC)
Method for determining TPC content
5 |Method for determining betalain content
6 |Method for determining cell density Absorbance
Methods for determining some probiotic properties| Spectrophotometry
of LAB, including: acid tolerance, auto-aggregation (OD)
7 |and co-aggregation ability, solvent adhesion ability,
pepsin tolerance, bile salt and pancreatic fluid
tolerance
g Method for investigating antibiotic resistance and| Agar disk diffusion
bacterial inhibition method
9 |Sensory evaluation method Preference method
o ) Using SPSS and
10 |Statistical analysis method
MINITAB software
Response Surface
L _ . _ Methodology (RSM).
11 |Optimization method using experimental design .
Central Composite
Design (CCD)




3.3.2. Experimental design methods
3.3.2.1. Experimental design for the effect of some technological parameters on the
GABA synthesis ability of the selected LAB strain

The experiments were conducted using a single-factor approach, including:
initial cell density, supplemented MSG concentration, supplemented carbon and
nitrogen sources, replacing saccharose and peptone with natural sources, initial pH,
temperature, and incubation time.
3.3.2.2. Experimental design for the effect of some technological parameters on the
quality of fruit juice fermented by the selected yeast strain

The quality of the fermented fruit juice was evaluated based on the content of
anthocyanin, TPC, betacyanin, and betaxanthin, as well as antioxidant activity. The
factors affecting these parameters were: initial cell density, initial Bx, initial pH,
fermentation temperature, and fermentation time. The experiments were performed as
a single factor influence survey.
3.3.2.3. Experimental design for the production of a new fermented product rich in
probiotic potential and bioactive compounds

The quality of the fermented mixture of fruit juice and milk by the selected LAB
and yeast strains was evaluated based on the following parameters: ethanol
concentration, anthocyanin, TPC, betacyanin, betaxanthin, antioxidant activity, and
sensory quality (color, aroma, taste). The factors influencing these parameters were: the

mixing ratio of fruit juice and milk, fermentation temperature, and fermentation time.
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CHAPTER 4: RESULTS AND DISCUSSION

4.1. Isolation, identification, and selection of LAB strains with probiotic
potential and high GABA synthesis ability
4.1.1. Isolation results

A total of 20 LAB strains were isolated from mam ro.
4.1.2. Identification results of LAB strains

Among the 20 strains isolated from mam ro, strains belonging to the species L.
fermentum were the most numerous (12 strains), followed by 2 strains of L.
farciminis.
4.1.3. ldentification results by PheS gene sequencing

The remaining five strains belong to the species L. pentosus.
4.1.4. Survey of probiotic potential of LAB strains
4.1.4.1. Survival of LAB strains in the gastrointestinal tract

Survival in the digestive tract is the primary criterion for concluding that
microbial strains have probiotic potential. Accordingly, these strains must survive the
harsh conditions of the stomach (acid tolerance (pH 2-3), pepsin tolerance (a type of
protease)) and the small intestine (tolerance to bile salts and pancreatic fluid). The
results for low pH tolerance showed that the survival rate of LAB strains in an acidic
solution at pH 2.5 after 4 hours ranged from 63.823 + 3.740% to 140.184 + 2.866%.
Bile salt and pancreatic fluid tolerance The survival rate of the LAB strains in a
simulated human intestinal environment with bile salts and pancreatic fluid was quite
high (>78%). Of these, 34 strains had a survival percentage of over 90%.
4.1.4.2. Aggregation and adhesion bility

The auto-aggregation ability of the strains was surveyed, ranging from 5.209 +
0.510% to 99.240 + 0.685%. The percentage of co-aggregation of the LAB strains
with E. coli ATCC 25922 strains ranged from 0.178 £+ 0.060% to 21.136 £ 0.403%,
with Sta. aureus ATCC 25923 from 0.484 £+ 0.057% to 25.236 + 0.345%, and with S.
typhimurium from 3.071 + 0.433% to 49.544 £+ 2.237%. The strains L. pentosus (M1,
M3, M4), L. farciminis M18, L. fermentum (M21, M43, M46, MI17), and P.
acidilactici (TC1, TC2, TC3, TC4, TCS, TC6, TC24) showed no aggregation with E.
coli. The strains L. fermentum(M21, M25), P. acidilactici (TC1, TC2, TC3, TCS),
and L. fermentum TC10 showed no aggregation with Sta. aureus. In addition, the
strains L. farciminis M28, L. fermentum (M34, M42, M43, M44, TC17), and P
acidilactici (TC4, TC6, TC24) showed no aggregation with S. typhimurium ATCC
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14028. The solvent adhesion ability (ethyl acetate and xylene) of the LAB strains
ranged from 0.644 £+ 0.281% to 60.467 £ 0.623%.
4.1.4.3. Antibiotic resistance of LAB strains

The results showed that most of the LAB strains surveyed were susceptible
(NR) to Chloramphenicol (25 strains), Clindamycin (22 strains), Erythromycin (30
strains), and Tetracycline (27 strains), and were resistant (R) to Ampicillin (29
strains), Gentamycin (30 strains), Streptomycin (36 strains), Kanamycin (37 strains),
and Vancomycin (36 strains).
4.1.4.4. Inhibition of pathogenic bacteria

Against E. coli ATCC 25922, the LAB strains showed a fairly high resistance.
All surveyed strains were able to inhibit £. coli ATCC 25922 to varying degrees.
Accordingly, the strains L. pentosus (M1, M2, M5), L. fermentum(M21, M22, M38,
M41, M42, M43, M44, M46), L. farciminis M31, P. acidilactici (TC1, TC2, TC3, TCS,
TC7, TCS8, TC9, TC24, TC29), and L. fermentum (TC10, TC11, TC12, TC13, TC14,
TC15, TC16, TC17, TC18) showed strong resistance to E. coli with an inhibition zone
diameter over 10 mm. The remaining strains L. pentosus (M3, M4), L.
farciminis M18, L. fermentum (M24, M25, M34, M40), and P. acidilactici (TC4, TC6)
showed weaker resistance with an inhibition zone diameter between 5 and 10 mm.

The survey results of the resistance of LAB strains isolated from mam
ro and tom chua to S. typhimurium ATCC 14028 showed that the resistance was quite
similar to previous publications, with a large inhibition zone diameter, indicating
strong resistance that meets the potential of a probiotic in the human digestive
system.

4.1.5. Survey of GABA synthesis ability of LAB strains

In general, all strains had a high ability to produce GABA. Among them, P,
acidilactici TC7 had the highest GABA content (8.764 + 0.138 mM) and P.
acidilactici TC24 had the lowest (1.109 £ 0.102 mM). The remaining strains had a
GABA synthesis ability lower than TC7 and higher than TC24.

Conclusion of the selection survey through probiotic potential and GABA
synthesis ability: Based on the survey results, the strain P. acidilactici TC7 exhibited
better probiotic potential than the other strains. Furthermore, its GABA synthesis
ability was the highest. Therefore, the strain P. acidilactici TC7 was selected for

subsequent research.
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Table 4.6. GABA synthesis ability of LAB Strains

Strains GABA (mM) Strains GABA (mM) Strains GABA (mM) Strains GABA (mM)
L. pentosus 3.585™"+ L. farciminis . P. acidilactici o L. fermentum .
7.110°+ 0.175 1.893”+ 0.063 7.127°£0.149
M1 0197 M28 TCl TC11
L. pentosus de L. farciminis . P. acidilactici S L. fermentum ;
6.270"+£0.156 7.072°+0.171 1.983°+0.192 4.698'+ 0.109
M2 M31 TC2 TC12
L. pentosus d L. fermentum b P. acidilactici L. fermentum .
6.535"£0.115 7.820°+0.109 3.088M+ 0.229 6.930°+ 0.120
M3 M34 TC3 TCI13
L. pentosus b L. fermentum " P. acidilactici " L. fermentum
5.289"+ 0.241 5.076'+£ 0.294 4231+ 0.196 3.044%+ 0.178
M4 M38 TC4 TC14
L. pentosus . L. fermentum de P. acidilactici L. fermentum "
6.892°+ 0.143 6.400™+ 0.171 5.754%+ 0.269 5.157'+0.156
M5 M40 TCS TCI15
L. farciminis . L. fermentum of P. acidilactici " L. fermentum ¢
7.232°+0.208 6.118+0.180 3.996"+ 0.085 5.920°%+ 0.206
M18 M41 TC6 TC16
L. fermentum : L. fermentum o P. acidilactici a L. fermentum o
4331+ 0.321 3.548"°+ 0.329 8.764°+ 0.138 3.855™+ 0.085
M21 M42 TC7 TC17
L. fermentum b L. fermentum . P. acidilactici do L. fermentum s
5.293'+£0.222 4,345+ 0.271 6.3647+ 0.106 2.148"+£0.144
M22 M43 TCS8 TC18
L. fermentum " L. fermentum ; P. acidilactici . P. acidilactici u
4.414"+0.261 2.398'+0.289 1.614+£0.107 1.109"+0.102
M24 M44 TC9 TC24
L. fermentum o L. fermentum dm L. fermentum d P. acidilactici p
3.381°°+0.209 3.907""+ 0.198 6.554°+ 0.146 5.894%+ 0.262
M25 M46 TC10 TC29

Note: The cells were cultured in MRS medium at an initial cell density of 70" CFU/mL with a starting pH of 6.2 at 370C
for 24 hours. Dissimilar lowercase letters indicate a statistically significant difference (Duncan’s test, p < 0,05).
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4.2. Effect of culture conditions on the GABA synthesis ability of the selected
strain
4.2.1. Effect of initial cell density on GABA synthesis of P. acidilactici TC7
The highest accumulated GABA content in the culture medium was at an initial
cell density of LAB between 10° CFU/mL and 10" CFU/mL, which is consistent with
the results of this study. An initial cell density of 10’ CFU/mL of the P
acidilactici TC7 strain was chosen for the next experiment.
4.2.2. Effect of added MSG content on GABA synthesis of P. acidilactici TC7
Adding 1.5% MSG to the culture medium was most suitable for this LAB
strain to produce the highest amount of GABA.
4.2.3. Effect of added carbon source on GABA synthesis of P. acidilactici TC7
Between the two added carbon sources, saccharose and maltose, the GABA
content obtained in the medium was not statistically different. However, saccharose is
an easily accessible and inexpensive source, so it was chosen for subsequent
experiments.
4.2.4. Effect of added saccharose content on GABA synthesis of P. acidilactici TC7
Adding 2% saccharose to the medium was the most suitable for the P
acidilactici TC7 strain to produce high GABA, so it was chosen for subsequent studies.
4.2.5. Effect of added nitrogen source on GABA synthesis of P. acidilactici TC7
Peptone was the most suitable nitrogen source for P acidilactici TC7 to
synthesize GABA, so it was used for subsequent experiments.
4.2.6. Effect of added peptone content on GABA synthesis of P. acidilactici TC7
The addition of 2% peptone to the MRS medium was the most suitable for the
GABA synthesis of the P. acidilactici TC7 strain.
4.2.7. Effect of replacing saccharose with fruit juice on GABA synthesis of P.
acidilactici TC7
The appropriate amount of added saccharose was replaced with red dragon
fruit juice (50 mL/100 mL of medium) for subsequent experiments.
4.2.8. Effect of replacing peptone with milk on GABA synthesis of P. acidilactici TC7
Cow's milk was chosen to replace the peptone in the culture medium for
subsequent experiments. The appropriate amount of cow's milk was 50 mL/100 mL
of medium.
4.2.9. Effect of initial pH on GABA synthesis of P. acidilactici TC7
From this study's results, a pH value of 6 was chosen as a fixed factor for

subsequent experiments.
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4.2.10. Effect of incubation temperature on GABA synthesis of P. acidilactici TC7

The highest GABA content was at an incubation temperature of 40°C.
Therefore, this temperature was used for subsequent experiments.

4.2.11. Effect of incubation time on GABA synthesis of P. acidilactici TC7

From 24 to 72 hours of fermentation, the cell count of P acidilactici TC7
steadily increased from 9.080 = 0.006 log CFU/mL to 9.225 + 0.010 log CFU/mL,
with a gradual accumulation of GABA to a maximum of 30.784 + 0.104 mM.

Red dragon fruit juice was used to select yeast and for fermentation in
subsequent sections. The mixture of red dragon fruit and TH True Milk unsweetened
fresh milk was used as the raw material for fermentation to produce a new product
using a combined LAB and yeast starter culture. The technological parameters from
these results (initial cell density, initial pH, fermentation temperature) were used to
design the experiments for the research on creating the fermented product from the
red dragon fruit and TH True milk unsweetened fresh milk mixture.

4.3. Effect of some technological parameters on the quality of fruit juice
fermented by the selected yeast strain
4.3.1. Isolation, selection, and identification of yeast strains

Among the 32 yeast colonies isolated from Hansen's medium, 18 strains
(coded from M1 to M18) were classified as yeast based on cell morphology observed
by a scanning electron microscope (at 40x objective). These yeast strains were
screened for their ability to produce ethanol by fermenting red dragon fruit juice at
28°C for 24 hours. The results showed that four strains (M2, M7, M11, and M17)
were capable of fermenting and producing ethanol. Among the ethanol-producing
strains, M7 produced a higher volume percentage of ethanol (6.3 + 0.3%) than M2,
MI11, and M17 at a preliminary treatment temperature of 70°C. In addition,
the TPC content in GAE (27.22 + 5.41 mgGAE/mL), anthocyanin in CGE (10.02 +
0.25 mgCGE/L), betacyanin (50.37 + 0.99 mg/L), and betaxanthin (43.60 + 0.72
mg/L), and the DPPH free radical scavenging activity (57.65 + 0.35%) of the red
dragon fruit juice preliminarily treated at 70°C and fermented by the M7 strain were
significantly higher than those of the other strains. In summary, the results of this
study showed that a preliminary treatment temperature of 70°C and the use of
strain M7 seemed most suitable for producing wine from red dragon fruit juice and
were therefore chosen for subsequent experiments. Identification results confirmed

that strain M7 is the species S. cerevisiae, which is a useful yeast in the wine
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production industry. It not only ferments fruit juice or media with high sugar content
into ethanol but also produces secondary compounds with characteristic flavors.
4.3.2. Effect of some technological parameters on the quality of fruit juice
fermented by S. cerevisiae M7
4.3.2.1. Effect of initial cell density

The results of this study showed that an initial cell density of 10> CFU/mL was
reasonable for carrying out subsequent experiments.
4.3.2.2. Effect of initial dry matter content

From this study, it can be concluded that an initial saccharose content of 18%
(m/V) is optimal for producing red dragon fruit wine with a high antioxidant profile.
4.3.2.3. Effect of pH

The study results showed that an initial pH of 3.5 is optimal for the fermentation
of red dragon fruit wine by S. cerevisiae M7 in terms of ethanol content, polyphenol
concentration, betacyanin, betaxanthin, and antioxidant activity of the wine.
4.3.2.4. Effect of temperature

The results showed that the highest alcohol content (13.06 = 0.24%), TPC
content in GAE (37.59 £+ 0.87 mg GAE/mL), anthocyanin in CGE (11.41 + 0.38
mgCGE/L), betacyanin (65.63 £ 0.49 mg/L), and betaxanthin (61.16 £ 0.96 mg/L)
were achieved at a fermentation temperature of 30°C.
4.3.2.5. Effect of Time

The ethanol content in the wine gradually increased from the first to the sixth
day of fermentation, reaching a maximum value of 12.12 = 0.15%, while continued
fermentation after this point did not produce a significant amount of additional
ethanol. Parallel to the increase in ethanol content, the concentration of polyphenol
compounds (in GAE), anthocyanin (in CGE), betacyanin, betaxanthin, and the
antioxidant activity of the wine also steadily increased during the first six days of
fermentation and reached maximum values of 37.79 + 0.38 mgGAE/mL, 11.22 £ 0.31
mgCGE/L, 65.18 = 0.82 mg/L, 60.47 = 1.29 mg/L, and 65.41 £ 0.44%, respectively.
4.4. Production of a new fermented product rich in probiotic potential and
bioactive compounds

This experiment was designed to build upon the results from sections 4.1 to
4.3. The results were used to set up the experiment as follows:

(1) The strain P. acidilactici TC7 was used as the starter culture (selected from
section 4.1 based on its good probiotic potential and high GABA synthesis ability).

This strain was co-fermented with S. cerevisiae M7 (selected from section 4.3 based
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on its ability to ferment red dragon fruit juice with high content of bioactive
compounds and antioxidant capacity).

(2) The technological parameters obtained in section 4.2 (to achieve high
accumulated GABA content in the medium) and section 4.3 (to produce high-quality
fermented red dragon fruit juice) were inherited to design the experimental levels
(initial cell density, initial pH, fermentation temperature) in this section (section 4.4).
(3) The raw materials selected for this experiment were red dragon fruit juice and TH
True milk unsweetened fresh milk, based on the results of the survey on replacing
natural C and N sources for high GABA synthesis by P. acidilactici TC7 (results from
section 4.2).

The co-fermentation experiment of the red dragon fruit juice and TH True milk
fresh milk mixture by P. acidilactici TC7 and S. cerevisiae M7 investigated the effect
of several factors (raw material mixing ratio, temperature, and fermentation time) on
product quality parameters (ethanol concentration, TPC content, anthocyanin,
betacyanin, betaxanthin, antioxidant activity, and sensory quality (color, aroma, taste)).
4.4.1. Effect of fruit juice and milk mixing ratio

The 3:1 ratio demonstrated superiority by simultaneously achieving the highest
levels of most important bioactive compounds such as polyphenols (17.093 £+ 0.156
mgGAE/mL), anthocyanins (4.437 + 0.367 mgCGE/L), betacyanins (23.207 + 0.345
mg/L), and betaxanthins (17.363 + 0.348 mg/L), along with antioxidant activity
(22.650 £+ 0.181%). Sensory evaluation results showed that the 3:1 ratio was rated
highest in all three criteria: color, aroma, and taste.

Table 4.10. Effect of raw material mixing ratio on certain parameters of the
fermentation broth

Mixing ratio
No.| Parameters 1:1 1:2 1:3 2:1 3:1

2.713° 1.633¢ 1.297¢ | 3.267° 3.870°

1 Ethanol (%)
+0.287 +0.071 | £0211 | £0.295 | +0.181
5 TPC 12.043¢ 8.840° 7.007° | 16.020° | 17.093?
(mgGAE/mL) | +0.064 +0.108 | £0.168 | £0.200 | +0.156
; | Anthocyanin 2.540° 1.827¢ 1.280° | 3.720° 4.437"
(mgCGE/L) +0.305 +0.085 | £0.161 | +0.433 | +0.367
DPPH radical . d . b a
_ 15.220 11.040 8.943° [19.193°+| 22.650

4 scavenging
. + 0255 | £ 0.145 | £0.127 | 0.189 +0.181

activity (%)
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Mixing ratio
No.| Parameters 1:1 1:2 1:3 2:1 3:1

5 Betacyanin 15.673¢ 10.590¢ 7.957° | 21.237° | 23.207°
(mg/L) +0.401 +0240 | +£0.119 | +0.248 +0.345
§ Betaxanthin 11.893¢ 7.897¢ 5.897° | 15.713° 17.363"
(mg/L) +0.153 +0.116 | £0.162 | +0.189 | +0.348
21.840° 29.625° | 35.081* | 14.505° | 15.916°

7 | GABA (mM)
+0.190 +0383 | £0240 | +£0.077 | +0.227

Note: CGE, cyanidin 3-glucoside equivalent; GAE, gallic acid equivalent.
Data are expressed as the mean of three replicates + standard deviation (SD).
Different letters denote statistically significant differences (p<0,05)
4.4.2. Effect of fermentation temperature

As the temperature increased from 30°C to 35°C, all biochemical parameters
reached their highest values. Specifically, at 35°C, the ethanol content (4.637 =+
0.461%) reflected the most favorable sugar-to-alcohol conversion, while polyphenols
(17.693 £ 0.480 mgGAE/mL) and anthocyanins (4.850 + 0.276 mgCGE/L) were kept
stable, contributing to an increase in antioxidant capacity (22.963 =+ 0.264%).
Simultaneously, betacyanins and betaxanthins the two pigment groups that determine
natural color also reached their maximum (23.983 + 0.321 mg/L and 17.857 £+ 0.537
mg/L), giving the product a beautiful color, corresponding to the highest sensory
score for color (7.17 £ 0.834). At 35°C, the product received the highest scores for all
three criteria: color (7.17 £ 0.834), aroma (7.13 £ 0.776), and taste (7.23 £+ 0.858).
The consistency between the content of bioactive substances and sensory evaluation
shows that at 35°C, the product achieves both a harmonious chemical structure and
an optimal sensory quality for the consumer.

Table 4.12. Effect of temperature on certain parameters of the fermentation broth

Temperature (°C)
No. Parameters
25 30 35 40 45

2.797° 4.700° 4.637° | 3.247° 2.207°

1 Ethanol (%)
+0.169 | +0.387 | £0.461 | £0274 | +0.223
15.570° | 17.437" | 17.693* | 16.747° 13.6509

2 | TPC (mgGAE/mL)

+0.464 | +0244 | +0.480 | +0.391 +0.449
; Anthocyanin 2.923¢ 4.737° 4.850* | 4.073° 2.423¢
(mgCGE/L) +0221 | +0265 | £0276 | £0.127 | +0.302
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DPPH radical
PR 20540 | 22.890° | 22.963" | 20.923° | 18.230°
4 | scavenging activity
o +0.230 | +0.187 | £0.264 | £0.119 | +0.345
0
' 19.500¢ | 23.627*° | 23.983* | 21.843° | 18.683¢
5 | Betacyanin (mg/L)
+0.314 | +0373 | £0321 | £0.273 | +0.340
§ Betaxanthin 16.667° | 18.140° | 17.857* | 17.107° | 14.430°
(mg/L) +0.389 | +0.336 | £0.537 | £0.135 | +0.318
4.973¢ 6.877° 16.473* | 11.976° 6.682°
7 GABA (mM)
+0.188 | +0204 | £0.237 | £0211 | +0.214

Note: CGE, cyanidin 3-glucoside equivalent; GAE, gallic acid equivalent.
Data are expressed as the mean of three replicates + standard deviation (SD).
Different letters denote statistically significant differences (p<0,05)
4.4.3. Effect of fermentation time

Fermentation time had a clear effect on both the biological compounds and
sensory parameters, with 24 hours being the optimal point. A fermentation time of 24
hours is the ideal balance: ethanol reached a high level (4.800 = 0.223%) without
negatively affecting the sensory experience, GABA reached its maximum (16.473 +
0.367 mM), bioactive compounds and antioxidant activity were at their highest
levels, and the product maintained a harmonious color, aroma, and taste. This is the
optimal time to choose to maximize both the functional value and sensory quality of
the product.

Table 4.14. Effect of fermentation time on certain parameters
of the fermentation broth

Time (gi0)
No. Parameters
12 24 36 48
3.510° 4.800* 4.580° 4.810°
1 Ethanol (%)
+0.219| +0.223 +0.363 +0.305
12.427° |  17.577° 17.293° 17.453°
2 TPC (mgGAE/mL)
+0.421 | +0.327 +0.388 +0.203
; Anthocyanin 3.673° 4.953" 4.640°" 5.223°
(mgCGE/L) +0.275| +0.175 +0.436 +0.313
DPPH radical b a . .
' o 11.707 23.183 22.777 23.420
4 scavenging activity
% +0.587 | +0.318 +0.496 +0.435
0
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. 21.017° |  24.297° 24.807 24.750°
5 Betacyanin (mg/L)
+1.020| +0.227 +0.261 +0.550
, 12.413b| 17.737° 17.813° 18.030°
6 Betaxanthin (mg/L)
+1.138| + 0.326 +0.261 +0.151
9.047° 16.473" 11.928° 12.043°
7 GABA (mM)
+0.050 | +0.367 +0.171 +0.084

Note: CGE, cyanidin 3-glucoside equivalent;, GAE, gallic acid equivalent.

Data are expressed as the mean of three replicates + standard deviation (SD).
Different letters denote statistically significant differences (p<0,05)
4.4.4. Optimization results for fermentation to synthesize high GABA

To optimize the fermentation conditions for enhanced GABA synthesis, two

main factors temperature and time were chosen for the study. The ranges for these
variables were 25 to 40°C and 12 to 36 hours, respectively (Table 4.16).

Table 4.16. Experimental design matrix and experimental results

Influencing factor Output results
No. Coded Real value
X, X, Fermentation Fermentation time | GABA (Y)
temperature (°C) (h)
1 -1 -1 25 12 8.792
2 1 -1 40 12 8.057
3 -1 1 25 36 13.454
4 1 1 40 36 7.778
5 -1.414 0 21.9 24 9.433
6 1.414 0 43.1 24 9.100
7 0 -1.414 32.5 7.03 9.942
8 0 1.414 32.5 40.97 11.932
9 0 0 32.5 24 17.472
10 0 0 32.5 24 16.967
11 0 0 32.5 24 16.669
12 0 0 32.5 24 16.471
13 0 0 32.5 24 17.273

Note: Coded values (X;, X;) correspond to the two input factors in the
fermentation process: X; - fermentation temperature (°C), X, - fermentation time
(hours). These factors were tested at five coded levels: -1, 0, +1, -1.414, and +1.414,
following the Response Surface Methodology (RSM) experimental design.

20




Based on the output results of the 13 experiments (Table 4.16), the regression
equation for the objective functions, after removing coefficients with a p-value >
0.05, was established with the corresponding R” value and optimization results (Table
4.17). The results show that: (1) The model is a quadratic model, with linear
coefficients (4.834 and 1.575) meaning that as temperature or time increases, the
initial GABA tends to increase. (2) The model's very high R value (96.720%)
indicates that this model is highly reliable for predicting the GABA index based on
fermentation temperature and time. (3) The presence of negative quadratic
coefficients (-0.07106 and -0.02196) in the equation indicates that the objective
function has a maximum (optimal) point within the study range. (4) The presence of
the interaction coefficient (-0.01373) in the GABA equation suggests that when
temperature and time are increased simultancously, the synergistic effect is not
positive (it reduces the GABA content).

Table 4.17. Regression Equation and Optimization Results

Maximum value
(Optimal
L. fermentation temp | Verified
Objective . . .
. Regression equation R? (31.536 °C) and |experimental
function .
optimal result
fermentation time
(25.927 hours))
Y =-79.52 +4.834 X, +
1.575 X, 17.387
GABA ) 96.720% 17.103 mM
-0.07106 X;"-0.02196 + 0,160 mM
X,*-0.01373 X, * X,

Solving the regression equations (Table 4.17) shows that the optimal
fermentation temperature and time are 31.536°C and 25.927 hours, respectively. At
these optimal conditions, the maximum value of the GABA objective function
1s 17.103 mM. Compared to the verified experimental result at these optimal
conditions (31.536 °C and 25.927 hours), the GABA content was 17.387 £+ 0.160
mM. This shows that the actual value obtained from the experiment under optimal
conditions is very close to the predicted value of the model. This proves that the

developed regression equation can accurately predict the optimal value and that the
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optimal conditions found are reliable. This provides a solid basis for applying these
conditions in practice to achieve the desired efficiency.

To wvisually represent the optimization results, aresponse surface 3D
plot showing the relationship between the two input factors (X and Y axes) and the
output response (Z axis), corresponding to the regression equation (Table 4.17), is

presented in Figure 4.29.
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Figure 4.29. Response surface and contour plots visualizing the optimization results

The research results confirm that fermentation temperature and time are two
decisive factors for the efficiency of GABA synthesis. The highly reliable quadratic
regression model (R*= 96.720%) shows a precise ability to predict variations in
GABA content. The optimal conditions were determined to be 31.536°C and 25.927
hours, at which the predicted GABA content reached 17.103 mM. The verified result
(17.387 = 0.160 mM) aligns with the model, proving that the optimal conditions are
scientifically sound and have potential for practical application in enhancing GABA

biosynthesis efficiency.
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CHAPTER 5: CONCLUSION AND RECOMMENDATIONS
5.1. Conclusion

- From traditional Hue fermented products, 20 LAB strains were isolated and
identified from mam ro, and 20 LAB strains from tom chua (previously identified)
were selected based on their probiotic potential and GABA synthesis ability. Among
these, P. acidilactici TC7 stood out with its ability to tolerate low pH and bile salts,
strong adhesion, inhibit harmful microorganisms, and, notably, synthesize a high
level of GABA (8.764 £ 0.138 mM), thus it was chosen as the main research strain.

- The factors affecting the GABA synthesis of P. acidilactici TC7 were
surveyed and optimized. The suitable conditions included an initial inoculation
density of 10’ CFU/mL, 1.5% MSG, 2% saccharose, 2% peptone, pH 6, and a
temperature of 40°C for 72 hours. Replacing saccharose and peptone with a red
dragon fruit-TH unsweetened fresh milk mixture resulted in a GABA content
0f30.784 + 0.104 mM.

-Yeast strain M7 was identified asS. cerevisiae. It showed superior
performance in fermenting red dragon fruit juice, with ethanol content reaching 12.12
+ 0.15%, and being rich in bioactive compounds including 37.79 £+ 0.38 mgGAE/mL
TPC, 11.22 £ 0.31 mgCGE/L anthocyanin, 65.18 = 0.82 mg/L betacyanin, 60.47 +
1.29 mg/L betaxanthin, and an antioxidant activity of 65.41 £ 0.44%. The optimal
conditions included an inoculation density of 10° CFU/mL, 18% dry matter, pH 3.5,
and a temperature of 30°C for 6 days. Co-fermentation by P. acidilactici TC7 and S.
cerevisiae M7 in a red dragon fruit-cow's milk mixture (3:1 ratio) at 35°C for 24
hours created a product rich in GABA (16.473 + 0.367 mM) and other bioactive
compounds (4.800 + 0.223% ethanol, 17.577 £ 0.327 mgGAE/mL TPC, 4.953 +
0.175 mgCGE/L anthocyanin, 24.297 + 0.227 mg/L betacyanin, 17.737 £+ 0.326 mg/L
betaxanthin, and antioxidant activity of 23.183 £+ 0.318%). It also received the highest
sensory quality scores for color, aroma, and taste, at 7.400 + 0.621, 7.600 + 0.498,
and 7.030 = 0.718, respectively. The regression model determined the optimal
conditions (31.536°C; 25.927 hours) with a predicted GABA value of 17.103 mM,
which aligned well with the experimental result of 17.387 + 0.160 mM (R*=
96.720%), proving the stability and technological applicability. The content of
bioactive compounds in the fermented mixture at optimal conditions were 4.870 +
0.153% ethanol, 17.972 = 0.129 mgGAE/mL TPC, 5.302 + 0.215 mgCGE/L
anthocyanin, 25.289 + 0.218 mg/L betacyanin, 18.639 + 0.301 mg/L betaxanthin, and
antioxidant activity reached 24.135 £ 0.119%.
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5.2. Recommendations

- Finalize product development and test the food safety parameters (or
indicators) according to standards.

- Continue to expand the isolation and selection of indigenous microorganisms
from various raw materials and other traditional fermented products to build a diverse
collection of strains for research and application.

- Conduct in-depth research on the GABA synthesis mechanism of P
acidilactici TC7 at the biochemical and genetic levels as a basis for strain
improvement.

- Explore the co-culture potential of LAB and yeast in other fruit juices, milk,
and agricultural raw materials to develop new fermented products rich in bioactive

compounds.

24



LIST OF PUBLICATIONS RELATED TO THE THESIS

Tran Thanh Quynh Anh, Nguyen Tien An & Do Thi Bich Thuy (2025).
Characterization of Red Dragon Fruit Wine Fermented with a Newly Identified
Yeast  Strain Saccharomyces  cerevisiae M7. Food  Technology  and
Biotechnology, 63(1), 4-13. (Scopus and SCI,
Q?2). https://doi.org/10.17113/ftb.63.01.25.8784

Tran Thanh Quynh Anh, Do Thi Bich Thuy & Nguyen Thi Van Anh (2025).
Some Probiotic Properties of Lactobacillus pentosus Strains. Journal of
Agriculture and Technology, 9(1), 4752-4762.https://doi.org/10.46826/huaf-
jasat.von1y2025

Tran Thanh Quynh Anh, Vo Van Quoc Bao & Do Thi Bich Thuy (2025).
Selection of Lactobacillus fermentumStrain with High Probiotic Potential and
Gamma-Aminobutyric Acid (GABA) Synthesis Ability for Application in

Functional Food Production. Journal of Agriculture & Environment, Special
Issue in September, 154-163.

Tran Thanh Quynh Anh & Do Thi Bich Thuy (2023). Effect of Replacing
Natural Ingredients and Some Culture Conditions on the Gamma-
Aminobutyric Acid Biosynthesis Ability of Pediococcus acidilactici TC7. Hue
University Journal of Science: Agriculture and Rural Development, 132(3D),
111-122.http://doi.org/10.26459/hueunijard.v132i3D.7247

Tran Thanh Quynh Anh & Do Thi Bich Thuy (2023). Effect of Initial Cell

Density and Medium Composition on the Gamma-Aminobutyric Acid

Biosynthesis Ability of Pediococcus acidilactici TC7. Journal of Agricultural
Science and Technology of Vietnam, 146(4), 76-

&3. https://tapchi.vaas.vn/vi/tap-chi/anh-huong-cua-mat-do-te-bao-ban-dau-va-

thanh-phan-moi-truong-den-kha-nang-sinh-tong-hop



https://doi.org/10.17113/ftb.63.01.25.8784
https://doi.org/10.46826/huaf-jasat.v9n1y2025
https://doi.org/10.46826/huaf-jasat.v9n1y2025
http://doi.org/10.26459/hueunijard.v132i3D.7247
https://tapchi.vaas.vn/vi/tap-chi/anh-huong-cua-mat-do-te-bao-ban-dau-va-thanh-phan-moi-truong-den-kha-nang-sinh-tong-hop
https://tapchi.vaas.vn/vi/tap-chi/anh-huong-cua-mat-do-te-bao-ban-dau-va-thanh-phan-moi-truong-den-kha-nang-sinh-tong-hop

