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TOM TAT

Tra non tom la mot loqi tra xanh co hwong thom va chat lwong cao.
Nghién cuu dwoc thuc hién nham t6i wu héa diéu kién lén men
kombucha tir tra non tém thong qua khdo sdt cdc nhdn t6 anh
hieong dén quda trinh lén men gom ham lwong tra (0,6-1,0 % w/v),
ham lwong giong vi sinh vit (6,0-10,0% w/v), ham lwong chat khé
hoa tan (16,0-20,0°Brix) va pH (3,5-5,0). Cdc yéu t6 lién quan dén
qua trinh lén men nhw nhiét do (25, 28-32, 35°C) va thoi gian (2-
14 ngay) ciing dwoc khao sat. Két qua cho thdy ham lwong tra 0,8%
whv, ham lwong giong 10% w/v, ham leong chat khé hoa tan
18°Brix, pH la 4,34, 1én men o nhiét do phong (28-32°C) trong 8
ngdy la cdc diéu kién thich hop cho qud trinh 1én men kombucha
giai doan dau (Fl) dé tao ra sdn phcfm dat chat lwong cao ca vé
chi tiéu hoa Iy va cam quan.

Tir khod: Kombucha, 1én men chinh, t8i wu hoa, tra nén tom, tra xanh

ABSTRACT

Tender shoot tea is a type of green tea with a delicate flavor and
high quality. The study was conducted to optimize fermentation
conditions for kombucha from tender shoot tea by investigating
factors affecting the fermentation process, including tea content
(0.6-1.0% w/v), starter content (6.0-10.0% w/v), soluble solids
content (16.0-20.0°Brix), pH (3.5-5.0). Factors such as
temperature (25, 28-32, 35°C) and time (2-14 days) of fermentation
were also investigated. The results showed that tea content was
0.8% w/v, starter content was 10% w/v, soluble solids content was
18°Brix, and pH was 4.34, fermented at room temperature (28-32
°C) for 8 days were suitable conditions for the primary
fermentation (F1) of kombucha to create products with high
quality in both physicochemical and organoleptic characteristics.

Keywords: Kombucha, primary fermentation, optimization, tender
shoot tea, green tea
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1. GIOI THIEU

Tra ndn tom 12 mot loai tra xanh thudc dong tra
cao cap va dugc nhidu ngudi wa chudng vi huong vi
thom ngon. Sau khi ché bién c6 mau xanh lyc tuoi
sang, khi pha nudc tra ¢c6 mau vang anh xanh.
Huong vi cla tra ndn tom thuong rat thom, diu nhe
va c¢6 hau vi ngot. Tra ndn tom chu yéu duoc tréng
va san xuét tai Thai Nguyén, mot tinh ndi tiéng véi
truyén thong trong tra lau doi ¢ Viét Nam do khu
vue ndy c¢6 diéu kién khi hau va thd nhudng 1y tudng
cho viéc trong tra dat chat lugng cao. Trong tra co
chira nhiéu hop chit hoat tinh sinh hoc nhu
carotenoid, acid phenolic, flavonoid, coumarin,
alkaloid, polyacetylen, saponin va terpenoid, chinh
nhitng hop chit nay da tao nén huong vi cua tra
(Wang et al., 2022). Nghién ctru cuia Lin et al. (1996)
cho thy téng ham lugng polyphenol trong 14 non
cao hon dang ké so v&i 14 gia va than. Ngoai ra, ham
luong polyphenol trong chdi va trong 14 cua cac loai
tra khac nhau ciling c¢6 sy khac nhau: tra xanh > tra
trdng > tra vang > tra 6 long > tra den (Ning et al.,
2016). Chinh vi vay, tra ndn tom déc bict so vai cac
loai tra thong thudng, boi quy trinh thu hai chuan
g6m mot bup non méi moc va mot 1a non ké sat bén
dudi. Pay c6 thé duoc xem nhur 12 phan tinh tiy nhat
clia cdy tra, chira nhiéu chét dinh dudng va huong vi
nhat. Tra khong chi 1a mét thirc uéng thi vi ma con
mang lai nhiéu loi ich stc khoe dang ké. Viéc sir
dung tra hang ngay c6 thé giup cai thién sirc khoe
téng quat, tir ting cuong hé mién dich dén cai thién
chirc niang ndo va hd trg giam can (Sharma et al.,
2007).

Kombucha 1a mot trong nhitng d6 udng 1én men
truyén thong dugc tao ra bang cach 1én men tra ngot
nho hé vi sinh vat gdm vi khuan va ndm men (con
goi la SCOBY). Tra Ién men (kombucha) c6 nguon
gbc & Pong Bic Trung Qudc (Man Chéu) va dugce
st dung vao thoi nha Tan (Ling Chi) dé giai doc va
cung cap nang luong (Coelhe et al., 2016). Cho dén
ngdy nay, kombucha da tr6 nén phé bién trén toan
thé gidi boi huong vi doc dao ciia nd. Sy két hop hai
hoa gitra vi chua cua acid, vi ngot ciia duong, vi chat
nhe ctia tra d3 tao mot thirc udng giai khat trong
nhitng ngay he nong birc (Greenwalt et al., 2000;
Bishop et al., 2022). Ngoai ra, vi¢c tiéu thu
kombucha dugc cho la mang lai nhiéu loi ich stc
khoe cho con nguoi nhu chira nhiéu vi khuén c6 loi,
gitip cai thién hé vi sinh duong rudt va hd trg tidu
hoa; chira nhidu chit chéng oxy hoa gitip bao vé té
bao khoi ton thwong do goc tu do; hd trg hé mién
dich va hd trg qua trinh thai doc co thé thong qua
viéc cai thién chitc ndng gan va than (Jayabalan et
al., 2014; Leal et al., 2018; Kitwetcharoen et al.,
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2023). Trong nghién ctru nay, quy trinh 1én men
kombucha tir tra ndn tdm duoc nghién ciru vi muc
dich nham tao nén loai thirc uong maoi tir dong tra
cao cép, gitip nang tAm gia trj ctia tra ndn tom vé ca
vé mit sinh hoc va dinh dudng.

2. PHUONG PHAP NGHIEN CUU

2.1. Vit liéu va hoa chat

Tra ndn t6m dwoc san xuat boi Cong ty trach
nhiém hiru han Thuong mai Dich vu San xuat TAm
Thai (414A, dudng Thong Nhat, phuong Tan Thinh,
thanh ph6 Thai Nguyén).

Gidng SCOBY (Symbiotic Culture of Bacteria
and Yeast) dugc cung cp boi cira hang Moc Mién
(9/33, dudng X6 Viét Nghé Tinh, phuong An Cu,
quan Ninh Kiéu, thanh phé Can Tho) va dugc nhan
giong theo huong dan ctia nha san xuét. Sau 10 ngay
1én men, mang ndm kombucha v&i mat s0 nam men
dat 6,9x10% CFU/mL va mat sd vi khuan acetic 1a
5,4x10° CFU/mL.

Hoéa chat: NaOH chuén 0,1 N (Cemaco, Viét
Nam), phenolphtalein (Jinhuada, Trung Qudc),
ethanol (Merck, Puc), tri-butyl phosphate (Sigma-
Aldrich, Puc), 3,5-dinitrosalicylic acid (Sigma-
Aldrich, Puc), quercetin (Sigma-Aldrich, Puc),
NaNO,, AICl;, NaOH, C4sH4O¢KNa.4H,0, H,SOs4,
K,Cr,07, (Xilong Scientific, Trung Qudc), dudng
sucrose (Bién Hoa, Viét Nam).

2.2. Phwong phap nghién ctru

2.2.1. Téiwu héa cic yéu 16 dnh huong dén qua

trinh lén men kombucha FI1 tir tra non
tom

Phuong phap bé mit dap tmg (RSM — Respone
Surface Methology) dugc sir dung dé thiét ké thi
nghiém va bd tri toi wu hoa cac nhan t6 khao sat bao
gébm ham luong tra (0,6-1,0% w/v), ham luong
gidng SCOBY (6,0-10,0% w/v); ham lugng chét
khé hoa tan (16,0-20,0°Brix) va pH (3,5-5,0). Thi
nghiém dugc thiét ké theo mo hinh Box-Behken boi
phan mém Design Expert 11.0, mdi nhan t6 dugc ma
hoéa véi 3 mie do (-1; 0; 1) voi téng sb nghiém thtc
14 29, bao gom 5 diém trung tim. Tra ndn tom dugc
cho vao binh thuy tinh va bd sung nudc sdi vi ham
lwong nhu b tri thi nghiém. Sau 15 phut ngam, tra
duoc loc dé loai bo xéc tra va thu hdi dich tra. Sau
d6, dich tra duoc didu chinh Brix va pH nhu bb tri
thi nghiém bang duong sucrose va acid acetic. Hon
hop tra duong duoc chuyén vao cac binh 1én men
250 mL va bo sung mang nim SCOBY dé dat ham
luong giéng nhu bd tri thi nghiém. Binh 1én men
dugc day bang vai cotton da nhiing qua con 96° (tao
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diéu kién hiéu khi va han ché nhiém céc vi sinh vat
khac) va t 10 ngay o nhiét do phong (28-32°C) (khu
vuc tranh sang). Cac chi tiéu dugc xac dinh bao gdbm
pH, Brix, ham luong acid tong va ham lugng ethanol
sau qua trinh 1én men két hop danh gia cam quan san
pham.

2.2.2. Khdo sat anh hwéng ciia nhiét dé dén qud
trinh lén men kombucha F1 tir tra non
tom

Sau khi khao sat cac diéu kién t6i wu cho qua

trinh 1én men kombucha F1 tir tra ndn tom ¢ thi
nghiém 2.2.1, thi nghiém duogc bé tri voi ham lwong
tra, Brix, pH va ham lugng gibng SCOBY da dugc
xéc dinh. Binh 1én men duoc ddy bang vai cotton da
nhiing qua con 96° va i 10 ngay & cac mirc nhiét do
khac nhau gém 25°C, nhiét do phong (28-32°C) va
35°C. Céc chi tiéu bao gdm pH, Brix, ham lugng
acid tong, ham luong ethanol, ham luong dudng khir
va ham lugng flavonoid cling nhu cdm quan san
phim dwoc x4c dinh dé danh gia sy anh huong cua
nhiét d6 dén qua trinh 1én men.

2.2.3. Khdo sat anh hwong cia thoi gian dén
qua trinh lén men kombucha FI tir tra
non tom

Sau khi x4c dinh dugc nhiét do dén qua trinh Ién

men kombucha F1 tir tra ndn tom, qua trinh 1én men
duoc thuc hién véi cac nhan t6 d3 duge xac dinh
(ham luong tra, Brix, pH, ham lugng gidng SCOBY
va nhiét d§). Cac chi ti€u sau 1én men (pH, Brix,
ham luong acid tong, ham lugng ethanol, ham lwong
duong khir va ham luong flavonoid) dugc theo doi
va danh gia cam quan san phém trong 2, 4, 6, 8, 10,
12 va 14 ngay.

2.2.4. Phwong phap phan tich chi tiéu va xu ly
56 lidu

— Xac dinh pH biang miy do pH Horiba

(pH1100, Nhat Ban) va °Brix dugc xac dinh bﬁng
khuc xa ké Atago (Master-2a, Nhat Ban).

— Ham luqng acid téng duoc xac dinh béng
phuong phéap chuan d6 (Nguyen & Hwang, 2016).

— Ham lugng ethanol dugc xac dinh dya trén
phan ng véi tri-n-butyl phosphate va kali chromate
(Sriariyanun et al., 2019).

— Ham luong dudng khir dugc phén tich bing
phuong phap DNS (Gongalves et al., 2010).

— Ham lugng flavonoid dugc xac dinh béng
theo phuong phap tao phirc mau véi aluminum
chloride trong moi truong kiém (Kim et al., 2003).

Panh gi4 cam quan san pham: Thang diém cam
quan dugc xay dung dua theo ti€u chuan Viét Nam
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(TCVN) 12828:2019 vé nuéc giai khat va TCVN
3215:1979 vé san pham thuc phim (phuong phap
cho dlem) Phuong phép danh gia, cho diém cam
quan ddi voi nude giai khat 1én men duge xay dung
dua vao cac chi tiéu gém: Mau séc, do trong, mui va
vi. Cam quan dugc danh gia véi 9 thanh vién dua
trén thang diém cam quan di xay dyng. Tiéu chuan
ndy st dung hé 20 diém xay dung trén mot thang
thong nhét c¢6 6 bac (0 dén 5) va cho diém 5 1a cao
nhéit cho mét tiéu chuén.

— Két qua dugc xir Iy va vé& biéu do bang phan
mém Microsoft Excel 2013 (Microsoft Corporation,
Hoa Ky). Sb liéu duoc xir Iy va phan tich thong ké
bing phan mém théng ké Statgraphics Centurion
XV (Statpoint Technologies Inc., Hoa Ky) va
Design - Expert 11.0 (StatEase Inc., Hoa Ky).

3. KET QUA VA THAO LUAN
3.1. Téiwu héa cic yéu td znh hwong dén qua
trinh 1én men kombucha F1 tir tra non
tom
Dé xac dinh cu thé hon gia tri t61 wu ciia mot s6
nhan t5 chinh anh huong dén qua trinh 1én men
kombucha tir tra ndn tom, nghién ctru da tién hanh
thuc nghiém da yéu td. Theo do, thi nghiém dugc bd
tri hoan toan ngau nhién v&i 4 nhan t6, 3 lan lap lai
theo phuong phap Box-Behnken duoc dé xuat bai
phin mém Design - Expert 11.0. Trong do, nhan t6
thi nghiém gom c6 ham luong tra, Brix, pH, ham
luong gidng SCOBY va thi nghiém dwoc 1én men &
nhiét ¢ phong (28-32°C) trong 10 ngay. Két qua
ghi nhén Brix, pH, ham lugng ethanol va ham lugng
acid tong sau qua trinh 1én men dugc trinh bay &
Béang 1.

Tir Bang 1 ¢6 thé thay rang sau 10 ngay 1én men
& nhiét do phong thi do Brix va pH & tat ca cac
nghiém thirc déu giam so v6i bd tri thi nghiém ban
dau. Piéu nay cho thiy qua trinh 1én men kombucha
da dugc thuc hién bdi hé vi sinh vat c6 mat trong
mang nam SCOBY. Trong qué trinh 1én men, nim
men tao ra mdt loai enzyme goi 1a invertase (con
dugc goi B-fructofuranosidase) xuc tac qua trinh
phan hiy sucrose thanh hai thanh phan chinh la
glucose va fructose. Sau d6, nim men sir dung
duong don tao ra ecthanol thong qua con dudong
duong phan dé tao ra pyruvate va nho 2 enzyme
pyruvate decarboxylase, alcohol dehydrogenase tiép
tuc chuyén héa thanh san phim cudi cung 13 ethanol
(Rodrussamee et al., 2011). Mot $6 ndm men thudc
chi Saccharomyces thi ua thich glucose, trong khi
mot s loai nidm men khac thudc chi
Zygosaccharomyces lai ua thich fructose hon
(Jayabalan et al., 2014). Két qua cho thdy ham luong
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ethanol ¢ nghiém thie NTS5, NT10 va NT25 cho
ham lugng ethanol cao nhat trong s6 29 nghiém thirc
khao sat va co khac biét y nghia so vdi cac nghiém
thirc con lai. Nguoce lai, & cac NT9, NT12, NT20,
NT20, NT21 va NT22 cho ham lugng ethanol thap
nhét trong 29 nghiém thirc v6i ham luong ethanol
nam trong khoang 1,49-1,58% v/v. Pdng thoi, khi
két thic qua trinh 1én men, ham lugng acid tong
cling duogc ghi nhan va dao dong trong khoang 2,04-
4,86 g/L. Luong acid tong trong kombucha cé
ngudn gbc tir mot sb acid hiru co nhu acid acetic,
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gluconic, glucuronic, citric, L-lactic, malic, tartaric,
malonic, oxalic, succinic, pyruvic,... dugc tao ra
trong qué trinh 1én men boi vi sinh vat hién dién
trong ngudn giéng ban diu (Jayabalan et al., 2014;
Bishop et al., 2022). Trong d6, vi khuan acetic dong
vai tro chinh trong viéc s dung glucose dé tao ra
acid gluconic va oxy hoa ethanol dé tao ra acid
acetic thong qua cac enzyme alcohol dehydrogenase
va aldehyde dehydrogenase. Acid acetic 1a hop chét
hiru co tao ra mui vi giam dac trung thudng gén lién
v6i kombucha (Wang et al., 2022).

Bing 1. Két qua mat s6 chi tiéu ctia kombucha sau 10 ngay 1én men ¢ nhiét 39 phong

Nhan t6 Chi tiéu sau 1én men
NT Ham lwgng Ty 1¢ gidng Ham lwgng  Ham lwgng
tra SCOBY °Brix pH °Brix pH ethanol acid tong
(% wiv) (% wiv) (% v/v) (g/L)
1 0,8 8,0 18 4,25 17,54 3,3¢defe 1,914 4,71
2 1,0 10 18 4,25 17,14 3,3]bedef 1,85%f 3,94¢f
3 0,8 6,0 20 4,25 19abe 3 34abede 2,02¢ 4,18cdet
4 1,0 8,0 16 4,25 15,3t 3,45%® 1,72h 3,781
5 0,8 10 18 4,25 17,34 3,34abede 2,26 4,523bcd
6 0,8 10 18 3,50 17,5¢  3,23cfeh 2,07% 4,24bedef
7 0,8 8,0 18 4,25 17,44 3,29%f 2,12% 4,049
8 0,8 6,0 18 5,00 17,34 3,29%fe 2,01¢ 4,16%f
9 0,6 6,0 20 4,25 19,5% 3,13h 1,58 2,04!
10 0,8 10 18 4,25 17,14 3,25¢feh 2,26* 4,86*
11 0,8 8,0 18 3,50 17,14 3,27dfeh 1,88% 3,25h
12 0,6 8,0 18 5,00 17,2¢  3,24¢feh 1,56 2,581k
13 0,8 8,0 16 5,00 15,17 3,410 2,15° 2,420
14 0,8 8,0 18 4,25 17,5¢  3,26¢th 2,12° 4,32bede
15 0,8 8,0 20 3,50 18,9%  3,26¢fh 1,93¢ 3,15h
16 0,8 6,0 16 4,25 15,50 3,26¢f%h 1,99° 3,32¢h
17 0,8 8,0 18 4,25 17,5¢  3,24¢°feh 2,12% 4,662
18 0,8 8,0 18 4,25 17,3¢  3,23cfeh 2,12% 4,662
19 1,0 8,0 20 4,25 18,9%¢ 3,021 1,69 3,120
20 0,6 8,0 18 3,50 17,44 3,18 1,57 2,244
21 0,6 8,0 16 4,25 15,7¢  3,22¢feh 1,49% 2,224
22 0,6 8,0 20 4,25 19,3% 3,17¢h 1,54i 2,36M
23 1,0 8,0 18 5,00 17,2¢ 3,31 bedef 1,79%" 3,01
24 1,0 6,0 18 4,25 17,34 3,33abede 1,81¢fe 3,14h
25 0,8 10 18 4,25 17,1¢ 3,44 2,26* 4,86*
26 1,0 8,0 18 3,50 17,3¢ 3,44 1,83¢te 2,524
27 0,8 6,0 18 3,50 17,3¢  3,350bede 1,758 2,88M
28 0,8 10 16 4,25 15,3 3,47° 1,924 4,423bcde
29 0,8 8,0 20 5,00 15,8° 3,45° 1,79 3,12"

Ghi chii: Cdc gid tri trung binh trong ciing mét ¢t theo sau cé cdc mdu tir giong nhau thé hién s khdc biét khéng cé ¥

nghia vé mdt thong ké ¢ mirc Y nghia 5% (p<0,05).

Sau khi xtr 1y boi phin mém, két qua phan tich
phuong sai (ANOVA) va mirc ¥ nghia thong ké dua
trén 2 chi tiéu 1a ham lugng ethanol va ham lugng
acid tong dugc trinh bay trong Bang 2 va Bang 3.
Két qua phén tich cho thdy ca 2 mé hinh déu co ¥
nghia khi gia tri p #&u nho hon 0,0001. Ngoai ra, dya
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trén hé s6 xac dinh R? ciing cho thiy mirc d6 phu
hop ctia md hinh. Gia tri cang gan vé6i 1 thi mdi
tuong quan giira gia tri thuc nghiém va gia tri du
doan cang tot (Liu et al., 2003). Trong dé, gia tri R?
dat 1an luot 1a 0,9060 va 0,9165 dbi v6i md hinh
phén tich dua trén ham lugng ethanol va ham lugng
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acid sinh ra. Bén canh do, khi kiém dinh Lack of fit hon 0,05 va diéu nay ciing da khing dinh mo hinh

(su thiéu phu hop cua mo hinh) thi gia tri p déu 16n nay 1a hoan toan phu hop.

Bang 2. ANOVA két qua xir Iy thong ké theo md hinh thir nghiém Box-Behnken dua trén ham lwong
ethanol sau qua trinh 1én men

Source Sum of Squares df Mean Square F-value p-value Sum of Squares
Model 1,33 14 0,0954 9,64 < 0,0001 Significant
A-Ham luong tra 0,0766 1 0,0766 7,75 0,0147

B-Ham lugng giéng 0,0381 1 0,0381 3,85 0,0698

C-Brix 0,0041 1 0,0041 0,4173 0,5287

D-pH 0,0272 1 0,0272 2,75 0,1197

AB 0,0008 1 0,0008 0,0815 0,7795

AC 0,0047 1 0,0047 0,4774 0,5009

AD 0,0002 1 0,0002 0,0227 0,8823

BC 0,0028 1 0,0028 0,2871 0,6005

BD 0,0106 1 0,0106 1,07 0,3181

CD 0,0714 1 0,0741 7,21 0,0178

A? 0,6459 1 0,6459 65,28  <0,0001

B2 0,0078 1 0,0078 0,7880 0,3897

C? 0,0725 1 0,0725 7,32 0,0170

D? 0,0678 1 0,0678 6,86 0,0202

Residual 0,1385 14 0,0099

Lack of fit 0,1032 8 0,0129 2,19 0,1769 Not significant
Pure Error 0,0353 6 0,0059

Cor Total 1,47 28

Std. Dev. 0,0995 R? 0,9060

Mean 1,90 Adjusted R? 0,8120

CV. % 5,23 Predicted R? 0,4715

Bang 3. ANOVA két qua xir 1y théng ké theo mé hinh thir nghiém Box-Behnken duwa trén ham lugng
acid tong sau qua trinh lén men

Source Sum of Squares df Mean Square F-value p-value Sum of Squares
Model 21,32 14 1,52 10,97  <0,0001 Significant
A-Ham lugng tra 1,41 1 1,41 10,15 0,0066

B-Ham luong gidng 0,6988 1 0,6988 5,03 0,0415

C-Brix 0,0024 1 0,0024 0,0172 0,8976

D-pH 0,0481 1 0,0481 0,3468 0,5653

AB 0,0081 1 0,0081 0,0582 0,8128

AC 0,0515 1 0,0515 0,3710 0,5522

AD 0,0056 1 0,0056 0,0450 0,8434

BC 0,1782 1 0,1782 1,28 0,2763

BD 0,6994 1 0,6994 5,04 0,0415

CDh 0,0707 1 0,0707 0,5090 0,4873

A? 7,37 1 0,7.37 53,10 <0,0001

B? 0,0052 1 0,0052 0,0375 0,8493

C? 1,80 1 1,80 12,96 0,0029

D? 4,13 1 4,13 29,74  <0,0001

Residual 1,94 14 0,1388

Lack of fit 1,53 8 0,1912 2,77 0,1155 Not significant
Pure Error 0,4139 6 0,0690

Cor Total 23,26 28

Std. Dev. 0,3726 R? 0,9165

Mean 3,54 Adjusted R? 0,8329

C.V. % 10,52 Predicted R? 0,3781
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Hon nita, dya trén két qua xur Iy thong ké tir Bang
2 cho thdy ham lugng tra anh hudng c6 y nghia dén
su hinh thanh ethanol trong qué trinh 1én men
kombucha. Ngoai ra, két qua ciing cho thdy sy trong
tac gitt Brix*pH, ham lugng tra*ham lugng tra,
Brix*Brix, pH*pH dén sy hinh thanh ethanol véi gia
tri p déu nho hon 0,05. Tuong tu nhu ham lugng
ethanol, ham lugng acid tong sinh ra ciing chiu anh
huong boi ham lugng tra, ham lwong gidng vai p lan
luot 1a 0,0066 va 0,0415 (p<0,05). Bang 3 con cho
thdy su tuong tac giit ham luong gidng*pH, ham
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luong tra*ham luong tra, Brix*Brix, pH*pH ciing
c6 anh huong dén sy hinh thanh luong acid trong
trong dich 1én men kombucha véi dg tin cay 95%.

Két qua phan tich b liéu tir md hinh thir nghiém
Box-Behnken cho thiy mirc d phii hop ciia m hinh
6 thé chép nhan. Theo d6, 45 nghiém thirc vdi cac
thong s6 toi uu duoc dé xuat béi phan mém Design-
Expert. Ba t6 hop c6 ham luong ethanol va acid tong
1y thuyét phit hop dugc lwa chon dé thyc hién thi
nghiém xéac nhan va két qua duoc trinh bay & Bang
4,

Bang 4. Ham lugng ethanol va acid téng theo Iy thuyét va thuc té sau 10 ngay lén men

Nhin tb Chi tiéu

N Ham Ham Ham Ham
N Ham lwgng

Ham gidng Brix Brix lwong lwong lwong lwong
lwgng tra SCOBY (%  (°Brix) pH (°Brix) pH ethano} ethalAlol ly acid tongA a(’ild tox&g
(% wiv) wiv) thwc te  thuyeét (% thuc té¢  ly thuyét
(Y% v/v) v/v) (g/L) (g/L)
1 0,9 10,0 19,0 4,50 18,0 3,19 2,12 2,07 4,48 4,55
25 0,8 10,0 20,0 4,10 19,0 3,37 2,25 2,16 4,15 4,08
44 0,8 10,0 18,0 4,34 17,0 3,25 2,15 2,18 4,36 4,34

Két qua tir Bang 4 cho thdy, & NT1, NT25 va
NT44 cho ham lugng ethanol thuc té lan luot l1a
2,12,2,25 va 2,15% v/v, cao hon so voi ham lugng
ethanol 1y thuyét lan luot 14 2,07, 2,16 va 2,18% v/v.
Tuong tu, ham lugng acid tong gitta thuc t& va Iy
thuyét c6 mirc chénh léch chi nam trong khoang
0,02-0,07 g/L. Viéc thir nghiém dé xac nhan diéu
kién t6i wu dd mot 1an nira khing dinh két qua du
doan ctia mo hinh ¢6 do tin cay dé c6 thé ing dung
trong nghién ctru téi wu héa qua trinh 1én men
kombucha tir tra ndn tom.

Bén canh d6, kombucha & 3 nghiém thuc ciing
dugc danh gia cam quan va két qua cho thay NT44
v6i ham luong tra 0,8% w/v, ham lugng giéng 10%
w/v, Brix 18 va pH 4,34 dat diém cam quan cao nhét
(5/5 diém) ca vé do trong, mau sdc, mui, vi cua san
pham sau 1én men. Do d6, NT44 duogc chon la
nghiém thirc t6i wu dé tién hanh 1én men khao sat
nhiét d¢ va thoi gian & thi nghiém sau.

3.2. Anh hwéng ciia nhiét do dén qua trinh

1én men kombucha F1 tir tra non tom

Hau hét cac qua trinh 1én men déu bi anh huong
boi nhiét do trong sudt qua trinh 1én men, viée duy
tri nhiét 6 1én men t6i wu 13 can thiét dé vi sinh vat
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co thé dat mat s thich hop va sinh ra cac enzyme

an thiét cho hoat dong 1én men dé tao ra san pham
tdt nhat co thé (Watawana et al., 2015). Nhiét do
thap (dudi 20°C) c6 thé lam cho qué trinh 1én men
dién ra cham hon. Vi khuén va ndm men hoat dong
yeu dan dén viéc san xuét acid acetic va cac hop
chat khac bi giam, lam chdm qué trinh phat trién
huong vi déc trung cuia kombucha. Ngugc lai, nhiét
do cao (trén 30°C) lam qua trinh 1én men dién ra qua
nhanh, dan dén viéc san xuét qua nhiéu ethanol va
acid acetic, lam mit cdn bang huong vi cia
kombucha va san phém khong thé tiéu thu duoc. Cac
nghién ctru trudce day cho thdy nhiét d6 dao dong tir
22-30°C la nhiét do 1y twong cho sy phat trién cua
vi khudn va ndm men trong kombucha. O nhiét do
nay, vi sinh vat hoat dong manh mé&, dan dén qua
trinh 1én men dién ra nhanh va hiéu qua (Bishop et
al., 2022).

Trong thi nghiém nay, két qua khao sat anh
huéng cia nhiét do dén qua trinh 1én men kombucha
¢ cac muc nhiét do la 25°C, nhiét do phong (28-
32°C) va 35°C thong qua ghi nhan cac chi tiéu Brix,
pH, ham lugng ethanol, ham lugng acid téng, ham
lugng duong khur va ham luong flavonoid duoc
trinh bay trong Bang 5.
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Bang 5. Két qua mot sb chi tiéu ciia kombucha sau 10 ngay 1én men & ciac mirc nhiét dd khac nhau

Nhiét do Brix Ham lwgng Ham luwong Hzlgéligzg Ham lwgng
©0O) (°Brix) duong khir (g/L) ethanol (% v/v) (@ /L% flavonoid (g/L)
25 17,6* 4,042 15,4° 0,97¢ 2,16¢ 0,55°
28-32 (nhiet 15 50 355 23,28 2,15° 4,36" 0,67°
d6 phong)

35 164> 291° 12,8¢ 1,49° 5,25° 0,49¢

Ghi chii: Cdc gid tri trung binh trong ciing mét cét theo sau c¢é cdc mdu tw gidng nhau thé hién sy khac biét khong cé

nghia vé mdt thong ké ¢ mirc ¥ nghia 5% (p<0,05)

Tir s6 liéu trong Bang 5 c6 thé thiy rang nhiét do
¢6 anh huong qua trinh 1én men kombucha. Cy thé
1a khi nhiét d§ cang cao thi gia tri Brix va pH co6 xu
hudng giam. Didu nay cho thdy, vi sinh vat hoat
dong manh & 35°C hon 2 mic nhiét d6 con lai (25
va nhiét d6 phong) din dén viéc tiéu thy dudng (cht
kho hoa tan) nhiéu nhat va con khoang 16,4°Brix.
Dong thoi, gia tri pH ciing giam tir 4,34 con 2,91.
Ngoai ra, ham luvgng duong khir con lai sau qua trinh
1én men & 35°C ciing dat gié tri thap nhat (12,8 g/L)
va c6 khac biét y nghia so véi cac nghiém thirc con
lai. Trong khi d6, duong khir c6 trong san pham
kombucha Ién men & nhiét do phong ghi nhan véi
ham luong cao nhit (23,2 g/L). Nguyén nhan c6 thé
la do ¢ khoang nhi¢t d¢ 28-32°C thich hop cho su
phat trién cia cac ching ndm men, tir do s& day
nhanh qua trinh 1én men ciing nhu viéc tao ra nhiéu
enzyme invertase giup phan cit dudng sucrose
thanh glucose va fructose (l1a hai loai duong khir
dugc xac dinh bang phuong phap DNS). Bén canh
d6, néu nhiét do thép hon s& 1am han ché su hoat
dong cta nAm men vi thé luong duong khir tao ra &
nhiét 6 25°C c6 gia tri thip nhit chi khoang 15,4
g/L.

Xét vé ham lugng ethanol, két qua tir Bang 5 cho
thdy lwong ethanol sau 10 ngay 1én men kombucha
& nhiét do phong (28-32°C) 1a cao nhét 2,15% v/v
va c6 khac biét nghia thong ké & mirc 5% so vdi cac
nghiém thtrc con lai. Ké dén 1a ham luong ethanol
khi 1én men & 35°C va 25°C voéi gia trj lan luot 1a
1,49 va 0,97% v/v. Do da sb ching ndm men phat
trién t6i vu & nhiét d6 28-32°C, nim men st dung
ngudn dudng carbohydrate, cu thé 1a dudng sucrose
dugc bd sung vao trong dich tra dé chuyén hoa thanh
ethanol, CO; cting mt s cac acid hiru co khac. Tuy
nhién, c6 sy khong trong quan vé sy giam do Brix
nhiéu nhat va ham lwong ethanol sinh ra (khdng cao
nhét) & nhiét 6 35°C. Pé giai thich cho diéu nay, co
thé 1a do sy phat trién qua mirc dan dén viéc ethanol
bi oxy héa thanh acid acetic bdi nhom vi khuan acid
acetic. Bén canh ethanol, cac loai acid ciing dugc tao
ra song song trong qua trinh 1én men kombucha.
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Trong d6, acid hiru co chinh trong d6 udng 14 acid
acetic. Vi khuén acetic str dung glucose dé san xudt
acid gluconic va su hién dién cia acid nay kich thich
ndm men san xuét ethanol, sau d6 duge vi khuin
acetic st dung dé phat trién va tao ra nhiéu acid
acetic hon (Tran et al., 2020). Két qua tir Bang 5 cho
thdy v6i ham luong acid tong ting dan theo cac mirc
nhiét d6 khao sat ¢ 25°C, nhiét do phong (28-32°C),
35°C voi gia tri thu duoc lan luot 1a 2,16, 4,36 va
5,25 g/L. Két qua nay phu hop véi su giam dan cua
Brix va pH da dugc giai thich trude do.

Flavonoid 1a m¢t nhém cac hgp chét ¢6 hoat tinh
sinh hoc dugc tao ra trong qua trinh trao ddi chét cua
thuc vat. Flavonoid c6 thé dwoc tim thay trong trai
cdy va rau qua. Dic tinh chdng oxy hoa cua
polyphenol mang lai loi ich sirc khoe lién quan dén
tra va kombucha, chang han nhu ngn ngira ung thur,
tang kha ning mién dich, gidm viém va viém khép
(Anantachoke et al., 2023). Do d6, ham Iugng
flavonoid trong kombucha dugc 1én men ¢ cac nhiét
d6 khac nhau ciing dugc xéac dinh va thé hién trong
Béng 5. Két qua cho thdy ham lugng flavonoid tao
ra trong qua trinh 1én men ciing cé sy chénh I¢ch &
cac murc nhiét do, cu thé 1a & nhiét do phong c6 ham
lwong cao nhit 1a 0,67 g/L, két dén 1a ¢ 25°C dat
0,55 g/L va thip nhit & 35°C 1a 0,49 g/L. Nhiing
thay d6i v& ham lugng flavonoid trong qua trinh 1én
men c6 thé 12 do & cac nhiét do khac nhau thi qua
trinh trao d6i chét cta vi sinh vt trong qua trinh lén
men kombucha cling c6 sy khac nhau. Cac loai
enzyme hay cac hop chét sinh ra tir hé vi sinh vat
trong SCOBY c¢6 thé phan hity hay 1am thay doi tinh
chat cua flavonoid (Gaggia et al., 2018; Jakubczyk
et al., 2020).

Nhin chung, tir cac két qua cho thay nhiét do da
lam anh huong dén quéa trinh 1én men kombucha
thong qua viéc 1am thay d6i ham luong ctia mot sd
hop chét chinh trong san pham. Qua trinh trao d6i
chat ciia vi sinh vat trong qua trinh 1én men
kombucha rit phirc tap do trong SCOBY khong chi
chira mdt vi sinh vat ma 1a hé cong sinh giira nhiéu
vi sinh vat ¢6 lién quan mat thiét v6i nhau. Tuy
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nhién, c6 mot sb loai vi sinh vét luén duge tim thiy
trong tt ca cac SCOBY d6 chinh 1a nhém vi khuén
acetic vd nAm men (Villarreal-Soto et al., 2018).
Chinh vi thanh phan vi sinh trong SCOBY khac
nhau va mdi vi sinh vét ¢6 phan tmg cu thé véi su
thay doi nhiét do, viéc tién hanh 1én men kombucha
& cac nhiét d6 khac nhau c6 thé tao ra su khac biét
dang ké vé thanh phan hoa hoc ctia kombucha dugc
san xudt. Trong nghién ctru ctua Neffe-Skocinska et
al. (2017) da xac dinh diéu kién t6i vu cho qua trinh
1én men d6 uéng tra kombucha 1a nhiét @6 25°C va
thoi gian 10 ngay dé thu dugc san pham c6 chat
lwong 1y hoa, vi sinh va cam quan tot hay nghién ciru
cua de Filippis et al. (2018) cho thiy rang nhiét do
1én men dugc thay déi tir 20°C dén 30°C da lam thay
d6i mat s6 quan thé vi sinh, tir d6 gy ra su thay doi
dang ké vé ham luwong acid glucuronic va acid
gluconic ciing nhu polyphenol tong co trong
kombucha duge san xuét.

Ngoai viéc phan tich cac chi tiéu, san pham duoc
déanh gia cam quan vé céc chi tiéu nhu do trong, mau
sdc, mui, vi. Két qua cho thay san pham kombucha
sau 10 ngay 1én men & nhiét d¢ phong 28-32°C nhan
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dugc su yéu thich nhat. San pham dugc diém tuyét
dbi (5/5 diém) o tat ca cac chi tiéu do trong sudt
khong van duc, mau sic dic trung cda tra ndn tom,
mui thom dé chiu va vi chua ngot hai hoa. Nhur vay,
nhiét d6 phong (28-32°C) 1a nhiét do thich hop dé
1én men kombucha va duge chon dé tién hanh khao
sat & thi nghiém tiép theo.

3.3. Anh huéng ciia thoi gian dén qua trinh

1én men kombucha F1 tir tra non tom

Trong céc qua trinh 1én men thi thoi gian dong
vai tro quan trong do né 6 anh huong truce tlep dén
chét luong va hwong vi cia san pham cudi cing.
Twong tu, dbi voi qua trinh 1én men kombucha, viéc
lya chon thoi gian dé két thuc qua trinh phy thude
vao nhiéu yéu t6 nhu thanh phan mong mudn, dic
diém cam quan va quy dinh an toan khi sir dung san
pham. Sau khi x4c dinh ham lugng tra, ham luong
giéng, Brix, pH va nhiét d§ 1én men, thi nghiém nay
tién hanh khao sat anh huong cua thoi gian (2-14
ngay) dén qua trinh 1én men kombucha F1 tir tra ndn
tom. Két qua theo ddi qua trinh 1én men dugc trinh
bay trong Bang 6.

Bang 6. Két qua mdt s6 chi tiéu ciia kombucha 1én men ¢ nhiét do phong (28-32°C) theo cac mbc thoi

gian khac nhau

Thoi gian Brix H Ham luwgng dudng Ham lugng Ham lwong Ham lugng
(ngay) (°Brix) P khir (g//L) ethanol (% v/v) acid tong (g/L) flavonoid (g/L)
2 17,82 3,96* 15,4 1,44¢ 2,94f 0,69*

4 17,62 3,85° 18,1¢ 1,52f 3,24¢ 0,64¢

6 17,4 3,52¢ 20,8¢° 1,89¢ 3,784 0,524

8 17,23 3,284 25,7* 2,044 4,08¢ 0,65¢

10 17,0 3,254 23,2° 2,15¢ 4,36° 0,67°

12 16,2¢ 3,11¢ 20,1¢d 2,21° 4,89* 0,682

14 15,8¢ 2,88" 19,24 2,36* 5,04* 0,68

Ghi chii: Cdc gid tri trung binh trong ciing mét cét theo sau ¢é cdc mdu tw gidng nhau thé hién sy khdc biét khong cé

nghia vé mdt thong ké ¢ mirc y nghia 5% (p<0,05)

Dua vao két qua trong Bang 6, ta nhdn thy rang
gia tri Brix va pH cua san pham giam dan theo thoi
gian. Cu thé 1a d6 Brix giam lan luot tir ngay 2 dén
ngay 14, tir 17,8°Brix xubng 15,8°Brix va gi tri pH
tir 3,96 giam xubng 2,88. Diéu nay cho thay qua
trinh 1én men da dugc dién ra nho vao hoat dong cua
cac chung vi sinh c6 trong mang nam SCOBY.
Ching sir dung lugng duong dé sinh truong, phat
trién va san pham thu dugc la cac acid hitu co dan
dén viéc lam giam pH cua dich sau 1én men. Nguoc
lai, ham luong duong khir ting dan theo thoi gian
1én men tir ngdy 2 dén ngay 8 (15,4-25,7 g/L) va c6
xu hudng giam sau d6 (25,7-19,2 g/L). Do trong thoi
gian d4u, nim men thich nghi va phat trién vé mat
s0, dong thoi lam ting enzyme invertase dd giup
phan cit dudng sucrose tao ra 2 loai duong khir 1a
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glucose va fructose nén ham lugng duong khu tang
dan theo thoi gian. Sau mot thoi gian, ham lugng
duong khir lai ¢6 xu huéng giam do vi sinh vat sur
dung cdc loai duong nay dé chuyén hoa thanh cac
hop chit khac nhau bao gom ethanol va acid hiru co.
Tuy nhién, déy la ciing 13 hai hop chit c6 thé gay trc
ché nguoc dén hoat dong cua hé sinh vat trong
kombucha va ciing nhu bao vé dd uéng kombucha
chéng lai cac vi sinh vat xdm nhiém (Dufresne &
Farnworth, 2000).

Ham lugng ethanol dugc tao ra trong kombucha
tang lan lugt qua cac ngay 1én nho vao hoat dong 1én
men ciia cac ching nim men trong SCOBY, cu thé
ham lugng ethanol thay ddi lan lugt theo thir tu ngay
2 - ngay 4 - ngay 6 - ngay 8 - ngay 10 - ngay 12 -
ngay 141a 1,44 - 1,52 - 1,89 - 2,04 - 2,15 - 2,21 -
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2,6% v/v. Tuong tu, acid téng cling duoc tao ra song
song v6i ethanol trong sudt qua trinh 1én men
kombucha, ham luong acid tong ciing ¢6 xu hudng
tang dan theo thoi gian 1an luot 14 2,94 - 3,24 - 3,78
- 4,08 - 4,36 - 4,89 - 5,04 g/L. Trong qua trinh 1én
men, ham lugng acid tong ting nhanh chéng 1a do
vi khuén acetic st dung cac hop chét duge san xuit
béi nAm men dé san xuét nhiéu loai acid hitu co khéc
nhau nhu acid acetic, gluconic, glucuronic, lactic,
succinic,... Bén canh d6, vi khuén acetic cling san
xudt mang cellulose va theo thoi gian 1én men thi
mang cellulose trd nén day hon, dan dén tinh trang
khong du oxy dé cung cip va lam dinh tré tién trinh
sinh truong va phat trién. Mic du véy, vi khuin
acetic van co phat trién tiép tuc thém mot thoi gian
khi trong méi trudng thiéu oxy va con c6 cac chung
khac c¢6 thé ton tai trong moi truong ky khi
(Guillamon & Mas, 2011).

Ham lugng flavonoid trong kombucha sau 1én
men tir trd ndn tom ciing c6 sy bién doi theo thoi
gian. Giai doan dau ham luong flavonoid ¢6 sy giam
nhe tir ngay 2 dén ngay 6, lan lugt 14 0,69, 0,64, 0,52
g/L, sau do lai tang 1én tir 0,52-0,68 g/L (ngay 6 dén
ngay 14). Trong nghién cuu truéc day cua
Jakubcezyk et al. (2020) thi ham lugng flavonoid 1én
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men kombucha tra xanh ciing nhén thiy c6 sy ting
giam & giai doan gitra cua qua trinh 1én men. Nguyén
nhan c6 thé 1a do su tuong tac hay chuyén hoa giira
cac hop chét véi lugng flavonoid co sin trong tra dé
¢6 thé 1am ting hodc giam theo thoi gian. Ngoai ra,
ham flavonoid ¢6 trong san phiam con tiry thudc vao
ham luong tra bd sung, loai tra s& cho ra ham luong
flavonoid cling nhu mui vi khac nhau (Cardosoet al.,
2020; Ozyurt, 2020).

Nhin chung, 1én men cdng sinh trong kombucha
da 1am thay dbi cac chi s6 khao sat lién tuc theo thoi
gian, vi thé viéc kiém soat thoi gian 1én men 1a diéu
can thiét dé thu dugc san pham c6 gia trj va an toan
cho strc khoé. Mic du hau hét cac hoat dong chdng
oxy héa thu dugc déu ting lén theo thoi gian 1,
nhung viéc 1én men kéo dai khong dugc khuyén
khich do su tich tu acid hitu co (Villarreal-Soto et
al., 2018). Cac gi4 tri pH ndm trong pham vi dugc
coi 1a an toan cho con ngudi nim trong khoang tir
2,5 dén 4,2 (Nummer et al., 2013). Gié tri pH duéi
2,5 ¢6 ndng do acid acetic cao, co nguy co gy hai
cho suc khoe nguoi ti€u dung. Tuy nhién, gia tri pH
> 4,2 ¢ thé anh hudng dén mirc d6 an toan cia dd
ubng vé mat vi sinh.

Hinh 1. San phAm kombucha & cAc thoi gian 1én men khac nhau

Cam quan ciing 1a mdt trong nhitng chi tiéu quan
trong dé danh gia do udng. Do d6, san pham sau lén
men (Hinh 1) dugc danh gia va sy danh gia chi dugc
tinh & ngay thur 6 vi luc nay céc chi tiéu 1én men
cling nhu mui vi méi bat ddu thé hién rd hon. Két
qua cam quan dugc ghi nhan thong qua diém déanh
gia trung binh vé& d¢ trong, mau sic, mui, vi. Trong
d6, kombucha lén men trong 6 ngay dugc cac thanh
vién cam nhan 1a chua dat dugc cam quan vi van
ngot hon do duong chua duoc chuyén hoéa hoan
toan, huong vi nhe nhang, it chua va c6 mui thom
nhe cia san phim. O ngay thir 8 sau 1én men nhén
dugc diém danh gia kha cao. Luc nay huong vi cua
kombucha tré nén cén bang giira ngot va chua va co
huwong thom 1 rang hon. O ngay 10, 12 thi nhan
dugc diém thap hon va sau 14 ngay 1én men thi san
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pham khong thé chip nhan do kombucha ¢é vi chua
o rét, d6 ngot gidm di nhiéu va mui vi ddm da déi
v6i cam quan ctua mot sd thanh vién. Do d¢, tra
kombucha 1én men lién tyc trong 8 ngay duoc chon
1a thoi gian thich hop nhat cho san pham 1én men F1
kombucha tir tra ndn tom.

4. KET LUAN

Qua trinh 1én men kombucha F1 tir tra ndn tdm
da duoc t6i wu bang phuong phap dap g bé mit
(RSM) theo md hinh Box-Behnken, thu dwoc két
qua tai cac diém nhan t6 t6i wu gdm ham luong tra
0,8% w/v, ham luong giéng 10% w/v, ham lugng
chét kho hoa tan 18°Brix va pH ban dau 14 4,34. Bén
canh d6, nhiét ¢ va thoi gian 1én men ciing dugc
khao sat va két qua xac dinh qua trinh 1én men lién
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tuc trong 8 ngay ¢ nhiét do phong 28-32°C thu duogc
san pham c6 chat lugng ly héa va cam quan cao
nhat, trén co sd nay lam tién d€ cho viéc nghién ciru
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