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Khao sat diéu kién thu nhin axit gamma-aminobutyric
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Tém tit:

Axit gamma-aminobutyric (GABA) la mdt chét ¢6 hoat tinh sinh hoc phin bd rdng rii & ca thuc vat va dong vat,
¢6 nhiéu lgi ich cho sirc khoe. Muc tiéu ciia nghién ciru nay la khao sat diéu kién tdi wu nudi cAy Lactobacillus
fermentum tir dich cAm gao c6 kha niing sinh GABA ham lugng cao. GABA dwgc xac dinh bing phwong phap sic
ky ban méng TLC. Trong nghién ctru nay, diéu kién thu nhin GABA béi L. fermentum tix dich chiét cAm gao dwgc
khao sat. Ching vi khuin L. fermentum cho théy ¢6 tiém nang sinh GABA cao. Cac yéu té anh hwéng téi qua trinh
sian xuidt GABA nhu: carbon, nito, khoang, nong d9 co chit monosodium glutamate (MSG) va cac diéu kién pH,
thoi gian cho qua trinh len men dwgc khio sat. Ching L. fermentum dwgc nuéi trong m01 trodng cam gao bd sung
1,5% lactose, 2% cao nam men va 1% MSG, pH 6,0 trong thoi gian 48 gio cho két qua nong do GABA dat dwoc cao
(736 mg/l).

Tir khéa: axit gamma-aminobutyric (GABA), dich cam gao, hoat tinh sinh hoc, Lactobacillus fermentum, sic ky ban

mong (TLC).
Chi sé phdn logi: 2.8

Pat van de

Axit gamma-aminobutyric (GABA) dugc phan bd rong
rai ¢ thyc vat, dong vat va vi sinh vat, hoat dong nhu chét
dan truyén than kinh tc ché trong hé thong than kinh trung
wong cua dong vat c6 va [1]. GABA cho thdy nhiéu hoat
tinh sinh hoc nhu bao vé hé than kinh, chéng tang huyét ap,
chéng dai thao duong, chdng ung thu va chdng rdi loan than
kinh. Pong thoi, GABA gitip cai thién nhiéu chirc ning sinh
ly & ngudi nhu 1am chéc thanh mach méau, diéu hoa bai tiét
insulin, ngdn ngua gia ting cholesterol trong mau, cai thién
dot quy, cai thién chtrc ning gan, than, gitp chong lai cac
bénh man tinh lién quan dén ruou [2, 3].

Hién nay, GABA duoc san xuét tir nhidu nguén khac
nhau nhu tur vi sinh vat, hat dau xanh nay mam [4]... Dic
biét, GABA dugc san xuit bang phuong phap 1én men st
dung vi khuan va niam dang dugc ung dung rong rii va
c6 hi¢u qua cao nhu Lactobacillus sakei B2-16 tir kim chi
(GABA 68,05 g/l), Lactobacillus brevis OPK-3 tir kim chi
Han Qudc (GABA 84,29 g/kg) va Rhizopus microsporus
var. oligosporus IFO 32002 (GABA 17,4 g/l) [5-8]. Viéc
sinh tong hop GABA theo phuong phap sinh hoc ¢6 nhiéu
tiém ning hon so véi phuong phap tong hop hoa hoc vi quy
trinh phan Gmg don gian, hiéu qua xdc tac cao, diéu kién
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phan Gmg khong qua khic nghiét va tuong thich voi moi
truong [9].

Nhiéu nghién ctiu da dugc thyc hién voi cac vi khuén
lactic c6 kha ning sinh GABA tir thuc phdm 1én men truyén
théng va toi wu hoa viée san xuat GABA st dung vi khuén
lactic cho muyc dich cong nghiép [10]. Nghién ctu cua
Ratanaburee va cong sy [11] cho thidy ham luong GABA
l1a 4.000 mg/l dugc tao ra towr Lactobacillus plantarum DW
12 trong moi truong MRS (De Man, Rogosa, Sharpe) cé
bd sung 1% MSG, pH 6 va 6% sucrose trong 45-60 ngay
Komatsuzaki va cong su [12] da cong bd kha nang san xudt
GABA cao nhét tir Lactobacillus paracasei NFRI 7415 &
pH 5 1a 210 mM. O Viét Nam, da c6 mot sb cong trinh
nghién ctru vé san xudt GABA theo hudng nghién ctru ing
dung cac chit c6 ngudn gdc ty nhién dé 1am thyc phdm chuc
nang, nhu nghién ctru cia tac gia Ly Thi Kim Tuyén [13]
cho thdy ham luong GABA dat dén 682 mM véi diéu kién
1én men cua Lactobacillus spp. tor cam gao. Trong nghién
clru nay, GABA dugc san xuét bang Lactobacillus tir ngudn
nguyén liéu tu nhién va ré tién 1a dich cam gao bang cach
xac dinh mot s6 thanh phin bd sung vao méi trudng (ngudn
carbon, nito, khoang va néng do co ch?it), déng thoi lua
chon céc diéu kién nudi cdy (pH va thoi gian) 1én men thich
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Abstract:

Gamma-aminobutyric acid (GABA) is a potent bioactive
component that widely exists in both plants and animals,
has numerous health benefits. This study aimed to
optimise the fermentation process conditions for the
growth of Lactobacillus fermentum fromricebran extracts
that have high potential to produce GABA. GABA
content was assessed by thin-layer chromatography
(TLC) method. In this study, fermenting conditions for
medium production of GABA by L. fermentum from
rice bran extracts were optimised. L. fermentum showed
high potential for GABA-producing ability. Some
factors influencing the GABA production such as carbon
sources, nitrogen sources, mineral salt sources, substrate
concentration of monosodium glutamate (MSG), pH,
and the time of fermentation were investigated. When
the L. fermentum is cultivated in the rice bran extracts
medium supplemented with 1.5% lactose, 2% yeast
extract, and 1% MSG with pH 6.0 in 48 h, this strain
showed high GABA at a concentration of 736 mg/l.

Keywords: biological activities, gamma-aminobutyric
acid (GABA), Lactobacillus fermentum, rice bran
extracts, thin layer chromatography (TLC).
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Khoa hoc Ky thuat va Céng nghé

hop dé ting kha nang sinh tong hop GABA.
Vat liéu va phuong phap nghién ciiu

Vit li¢u

Vi khuan L. fermentum dugc cung cip boi Phong thi
nghiém B mon Sinh héa, Khoa Sinh hoc - Cong nghé sinh
hoc (Truong Pai hoc Khoa hoc Ty nhién, Pai hoc Quoc
gia TP H6 Chi Minh). Mau cam gao tich béo dugc mua
tai Cong ty TNHH Wilmar Agro Viét Nam, Chi nhanh Khu
cong nghiép Thot N6t (TP Can Tho).

MBoi trudng sinh tong hop GABA: thanh phan méi truong
MRS (De Man, Rogosa, Sharpe) gom 20 g glucose; 10 g
peptone; 10 g cao thit; 5 g cao ndm men; 0,1 g MgSO - TH,0;
1 ml Tween 80, 5 g natri axetat, 2 g K. HPO,.3H,0, 2 g
amonl citrate, 0,05 g MnSO,, 10 g agar, 1% MSG va nudc
cét vira du 1.000 ml.

Moi truong 1€n men khao sat: dich chiét cam gao + 1%
glucose + 1% cao ndm men + 1% MSG. Mbi trudng dugc
dung trong chai thiy tinh 100 ml (50 ml moéi truong/chai)
day nit bong va dwoc hap khtr tring & 121°C trong 15 phit.

Nuédi cdy va bdo qudn chiing Lactobacillus

Phuong phap git glong dung que cdy vong lay khudn
lac tir 6ng thach nghiéng cdy ria trén mdi trudng MRS thach
nghiéng, dem u ¢ nhiét d¢ 37°C trong vong 24 gio. Sau do
luu trir & 4°C, tién hanh cdy chuyén dinh ky 3 tuan 1 lan dé
giit gidng & trang thai tot nhat. Cac thao tac va dung cu dugc
sir dung trong diéu kién vo tring (trong tu céy).

Phuong phap hoat hoa gidng (ting sinh): dung que cdy
vong lay sinh khoi tir dng thach nghiéng, cdy vao binh thiy
tinh chira 30 ml MRS 1ong (dd hap khir tring), dem lic ¢
nhié¢t d¢ 37°C trong vong 16-18 gio.

Phuong phap nudi cdy chung Lactobacillus sinh tong
hop GABA: cdy 1 ml dung dich tang sinh vi khuan vao binh
thily tinh c¢6 chira méi trudong nudi cay. Tién hanh nui lic
200 vong/phut ¢ nhiét dd 37°C trong 48 gid. Dich 1én men
dugc dem di ly tam 10.000 vong/phut trong 15 phit dé thu
dich. Sau d6 tién hanh xac dinh ham luong GAGA.

Kiém tra khd nang sinh GABA cuia chiing Lactobacillus

Xac dinh kha nang sinh GABA cuta chung Lactobacillus
bang cach 1én men trong méi truong MRS 1ong, bd sung 1%
MSG, nubi lac 200 vong/phat ¢ nhiét 6 37°C trong 48 gio.
Dich 1én men dugc ly tam 10.000 vong/phut trong 15 phut
dé thu dich. Kiém tra kha ning sinh GABA ctia ching vi
khuén bang phwong phép sic ky ban mong (TLC).

Phwong phdp phdt hi¢gn GABA bing TLC [14]

St dung 6ng thily tinh mao quan hodc micropipette hut
2 ul dich trong da ly tam tir chung vi khuan Lactobacillus
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duogc 1én men, 2 pl dung dich GABA chuén 5 mg/ml va 2
pl dung dich MSG 5 mg/ml chdm vao ban sic ky. Vét chim
cach mép dudi ban mong 1 cm. Cac vét chdm phai nho, c¢6
dudng kinh 3-5 mm va cach nhau 10-15 mm. Céac vét & bia
cach bo bén ctia ban mong it nhat 1 cm. Cac vét chim phai
cung trén mot dudng thing. Pat ban mong vao binh séic ky
chira hé dung méi thich hop. Tién hanh chay sic ky. Sau khi
két thuc, nhuém ban sic ky bang dung dich ninhydrin va
cho vao tii sy ¢ nhiét do 90-95°C khoang 10 phut. Quan sat
két qua va két luan kha ning sinh GABA.

Dinh lwong GABA trong dich lén men biang TLC

Tién hanh chim sic ky nhu trén. Sau khi hién mau trong
ta sdy, mau dugc cao va thoi giai voi dung dich ethanol
75%: CuS0O,.5H,0 0,6% theo ty 1¢ 38:2 va do OD ¢ bude
song 512 nm. Tu cac gia tri OD do dugc, the vao phuong
trinh duong chudn dyng dugc dé xac dinh ndng 46 GABA.

Khdo sat méi truwong lén men

Xir Iy cdm gao va chiét xudt dich cam gao: mau cam
gao da tach béo dugc pha vdi nudce theo ty 1€ 1 cam gao: 5
nuéc. Pun s6i hdn hop cam va nude trong vong 15 phut va
dé nguoi. Mau cam gao sau khi dun dugc dem ly tim 4.000
vong/phiit trong 10 phut, thu dich cam, bo can va bd sung
thém nudce. Dich cam gao thu dugc dem pha véi cac thanh
phan khao sat va dugc hap khir tring & nhiét 6 121°C trong
vong 15 phut.

Khdo sdt nguon carbon, nito' va khodng thich hop cho
lén men:

Ngudn carbon: dich chiét tir cam gao duoc bd sung thém
1% MSG, 1% cao nim men. Sau d6 lan lugt bo sung thém
1% glucose, lactose, galactose, fructose, maltose, sucrose
vao cac chai thity tinh chtra 50 ml méi trudng dich chiét
cam gao. Tiép theo, méi truong duge hap khir tring & 121°C
trong 15 phut, dé ngudi. Pua thém 1% dich ching gbc da
duoc nudi cdy trong moi truong MRS 16ng trong 16-18 gid.
Thoi gian 1én men kéo dai 48 gio, ¢ 37°C, lic véi toc do
200 vong/phut. Dich 1én men sau 48 gio dugc dem di ly
tam 10.000 vong/phiit trong 15 phut. Tién hanh chay TLC
dé dinh lwong GABA tao thanh trong dich Ién men. Sau d6
chon ra ngudn carbon c6 kha nang sinh GABA cao nhit va
khao sét tiép ngudn carbon d6 dé chon ra ndng do thich hop.

Nguon nito: dich chiét tir cam gao dugc bd sung thém
1% MSG, 1% glucose. Lan luot bd sung 1% cao nim men,
peptone, pepsoy, cao thit vao cac chai thiy tinh chira 50 ml
mai truong dich chiét cam gao. Sau d6 méi truong duge hip
khir tring 6 121°C trong 15 phut dé nguoi. Pua thém 1%
dich chung gbc da dugc nudi cdy trong moi truong MRS
long trong 16-18 gio. Thoi gian 1én men kéo dai 48 gio, &
37°C, lac véi toc do 200 vong/phit. Dich 1én men sau 48
gid duogc dem di ly tdm 10.000 vong/pht trong 15 phut.
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Tién hanh chay TLC dé dinh luong GABA tao thanh trong
dich 1én men. Sau d6 chon ra ngudn nito c6 kha ning sinh
GABA cao nhét va khao sat tiép nguon nito d6 dé chon ra
ndng do thich hop.

Nguon khoang: tién hanh khdo sat trén cic ngudn
khoang MnSO,, K, HPO,3H,0, CaCl,, MgSO,.7H,0,
NaH,PO,.2H,0 v6i nong do 0, 05% trong moi truong dlCh
chlet cam gao duoc bd sung thém cac thanh phan va diéu
kién da khao sat tru6c d6. Sau do chon ra nguon khoang
¢6 kha nang sinh GABA cao nhit va khao sat tiép ngudn
khoang d6 dé chon ra nong do thich hop.

Ty 1¢ b6 sung MSG thich hop cho 1én men: dich chiét tir
cam gao dugc bo sung cic thanh phan méi truong di duoc
chon. Lan lugt bd sung 0,25%; 0,5%; 0,75%; 1%; 3%; 5%;
7%; va 10% MSG vao moi truong. Xac dinh néng do MSG
thich hop cho kha ning sinh tong hop GABA tir ching vi
khuan khdo sat.

Cdc diéu kién lén men thich hop trén méi truong dich
cdm gao: v6i thanh phan moi truong thich hop da duoc
khao sat, tién hanh thay d6i pH moi truong nudi cly (tir
5 dén 8) va thay ddi thoi gian 1én men (tir 24 dén 120 giod)
nham xac dinh pH thich hop va thoi gian 1én men t6i wu cho
qué trinh sinh tong hop GABA tir chiing vi khuan khao sat
dua trén ham lugng GABA thu dugc sau 1én men.

Keét qua va thao luan

Kiém tra khd nang sin xudt GABA ciia chiing vi khudn
Lactobacillus

Chung vi khudn L. fermentum dugc ting sinh va nudi
trong moi truong MRS bo sung 1% MSG. Két qua chay sic
ky (hinh 1) cho thiy trén duong chay cia dich 1én men c6
mot vét mo ngang hang véi GABA chuén, diéu nay cho thdy
vi khuén L. fermentum c6 kha nang sinh GABA phui hop voi
nhiéu nghién ctru ghi nhan cac ching vi khudn acid lactic
(LAB) c6 kha nang san xuit GABA. Mot s vi khuan LAB
san xuat GABA d3 duoc ghi nhén, bao gém Lactobacillus
buchneri phan 18p tor kimchi [15], Lactobacillus brevis tu
pho mai [16] va c4 1én men truyén thong cia Nhat Ban [17].
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Hinh 1. Séc ky dd dich 1én men chiing L. fermentum trong méi truomg
MRS. Pudng 1: miu GABA va MSG chuén; duong 2: mﬁu MSG chuin;
dudng 3: mau thu dich 1én men trong méi truong MRS b sung 1% MSG.
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Két qud khdo sat ngm;n hitu co' bo sung vao moi
truwong dich cam gao

Anh hwong cua nguon carbon:

Nguon carbon 1a mot yéu t6 can thiét phai bo sung thém
vao mdi trudng cam gao dé dam bao cho vi khuan phat trién
manh, tir d6 s€ c6 kha nang téng hop GABA dat hi¢u suét
cao. Do viy viéc chon ngudn carbon bd sung thich hop cho
chung vi khuan Lactobacillus rit quan trong. Chiing toi da
tién hanh khao sat trén 6 ngudn carbon khac nhau. Két qua
& hinh 2A cho thay vi khudn c6 thé sinh trudng tot & ngudn
glucose, lactose, maltose va déu cé kha ning sinh GABA
& ca 6 ngudn carbon. Tuy nhién & ngudn duong lactose cd
ndng do GABA cao nhét (434 mg/l), vi vdy ngudn carbon
thich hop nhét 14 lactose. Két qua nay twong tu v6i nghién
ctru cua Hammes & Vogel [18], theo d6 mot trong nhiing
nguodn L. fermentum dugc phan lap 1a cac san pham tir sita
nén lactose co thé 1a ngudn carbon thich hop cho sy ting
truong cua chuing.

Sau khi chon lactose 1am ngudn carbon, chung toi tiép
tuc thuc hién khao sat chon néng do lactose phu hop. Hinh
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2B cho thdy & ndng d6 1,5% cho ham lugng GABA cao nhat.
Anh hwéng cia nguon nito:

Chiing t6i da tién hanh khao sat trén 4 ngudn nito. Két
qua & hinh 3A cho thiy mic du vi khuén c6 thé sinh truong
t6t & ca 4 ngudn cao nim men, peptone, pepsoy va cao thit,
nhung chi ¢6 kha nang sinh GABA & ngudn cao nim men.
Diéu nay cho thiy vi khuan L. fermentum c6 kha ning sinh
GABA vé6i ngudn dam 13 cao nAm men.

Chung toi tiép tuc thuc hién khao sat chon néng do cao
nam men phu hop. Két qua hinh 3B cho thdy kha ning sinh
téng hop GABA cua vi khuén L. fermentum phu thudc vao
nong do cao nAm men. Khi méi truong c6 lugng cao nim
men thap (0,5%) thi ham lugng GABA sinh ra thap nhat
(193 mg/l). Khi ndng d6 cao men ting dan tir 1-2% thi ham
luong GABA ting dan va giam nhe ¢ nong do 2,5% cao
nam men. Mat do té bao phat trién ting dan tir nong do
0,5-1,5% cao nim men va giam manh & néng dd 2% nhung
lwuong GABA sinh ra lai cao nhét (434 mg/1). Tir két qua trén
cho thay ndng d6 cao ndm men thich hop nhit dé bo sung
vao moi truong dich chiét cam gao 13 2% cao ndm men.
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Hinh 3. Biéu dd biéu hi¢n anh hwéng ciia ngudn nito (A) va cao nim men (B) dén ham lwong GABA ciia Lactobacillus.
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Hinh 4. Biéu dd biéu hién anh hudng ciia ndng dd co' chat MSG (A) va cac ngudn khosing (B) dén ham luwgng GABA ciia Lactobacillus.

Anh hwéng ciia nong dg co chit MSG:

Trong thi nghiém nay, MSG duoc sir dung lam ngudn co
chit chinh dé enzyme GAD chuyén hoa thanh GABA. Viéc
xac dinh ty 1€ MSG dua vao dich cam gao s€ gitp xac dinh
hiéu sudt qua trinh 1én men. V&i cac yéu td di khao sat dugc
& moi truong dich chiét cam gao gdm 1,5% lactose, 2%
cao ndm men, chiing t6i tién hanh khao sat vdi cac ndng do
MSG khéac nhau (tir 1-10%) va nhan thdy MSG & nong do
1% cho ham lugng GABA cao nhat. Sau d6, chung t6i tiép
tuc khao sat MSG & cac nong do thap hon 1% thi nong do
GABA giam. Tir cac két qua trén cho thay luong MSG thich
hop dé bo sung moi truong dich cam gao 1a 1% (hinh 4A).

Theo két qua khao sat cia Kook va cong su [19] vé kha
ning san xuit GABA trong dich chiét cam gao cua ching
Lactobacillus sakei B2-16 ting dan theo ndng do co chat
MSG tir 3-12% dugc thém vao maéi truong. So véi két qua
khao sat ctia chung t6i thi ndng d6 GABA giam dan khi ting
tir 3-10% ndng d6 MSG. Nguyén nhan c6 thé do ndng do
GAD tiét ra con it, chua du dé chuyén héa hét co chat MSG,
thé tich moi truong Ién men nhé (50 ml), hon nita mat do té
bao vi khuén giam dan khi ndng d6 MSG ting cao, giy anh
huong dén sy phat trién ciia chung vi khuan L. fermentum.

Anh hwéng ciia nguon khodng:

Bén canh cac nhu cau vé carbon, nito, vi khuan lactic
con can ngudn mubi khoang dé duy tri su phat trién coa
chung. Theo nghién ctru cua Li va cong sy [20] vé viée toi
wu hoa moi trudng san xuat GABA boi Lactobacillus brevis
NCL912 cho thiy rang, yéu té MnSO ,-H,0 c6 anh huéng
den qua trinh san xuat GABA trong moi truong MRS. Trén
co s& d6, chung t6i khao sat trén nam ngudn khoang trong
mdi truong dich cam gao bd sung 1% MSG, 2% cao nam
men, 1,5% lactose, pH 6,0 & 37°C. Két qua hinh 4B cho thiy
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ndng d6 GABA ¢ méi truong khong co6 mudi khoang 1a cao
nhat (350 mg/l), vi vay c6 thé trong dich chiét cam gao da
dua luong khoang cho qua trinh san xudt GABA ctia chung vi
khuan L. fermentum nén khong can bd sung khoang.

Anh hwéng ciia cdc diéu kién (pH va thoi gian) dén
qud trinh Ién men dich cam gao

Do pH anh huong 16n dén qua trinh phat trién cia vi sinh
vat, pH pht hop s& gitip vi sinh vat phat trién tot nhat, do
vay viéc xac dinh pH t6i wu trong méi trudng dich cam gao
dé sinh GABA ciing rit can thiét. Két qua khao sat cho thiy
luong GABA sinh ra thay ddi theo pH (hinh 5A). Theo do,
ndng d6 GABA ¢ vung pH acid tir 5,0-6,0 ting din va nhidu
hon so v6i ving kiém, trong d6 pH 6,0 cho két qua ndng do
GABA cao nhit (736 mg/1).

Thoi gian 1én men quyét dinh mot phan ham luong
GABA dugc sinh ra, voi thoi gian thich hgp, ham lugng
GABA sinh tong hop s& cao, nhung néu thoi gian 1én men
kéo dai ciing anh hudng dén chit luong ciia GABA. Theo
két qua khao sat (hinh 5B) c6 thé thdy ham luong GABA
tang dan tir khoang 24-48 gid va bét dau giam dan sau do,
vi vay thoi gian 1én men thich hop nhit 1 khoang 48 gio.

Két qua ham luong GABA thu duogc tir cac yéu to da
khao sat dugc 1a 736 mg/l. So véi két qua khao sat cua Tung
va cong su [21] nghién ctru vé kha ning sinh GABA cia
chung L. plantarum NTU 102 trén moi truong sita thi cho
két qua ndng d6 GABA la 629 mg/l, thip hon so véi két
qua nghién ctru cua chung t6i. Hay so v&i nhom tac gia Di
Cagno va cong sy [22] nghién ctru vé ching L. plantarum
DSM19463 sinh tong hop GABA trén nudc nho dat 498,1
mg/1. Piéu nay chimg t6 méi truong dich chiét cam gao ¢
thé ung dung trong viéc san xuat GABA dat hiéu suat cao
boi vi khuan Lactobacillus.
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Hinh 5. Biéu dé biéu hién anh huwéng ciia pH (A) va thoi gian (B) Ién su ting truong va ham lugng GABA ciia L. fermentum.

Két luan

Tir cac két qua da khao sat dugc c6 thé xay dung mot
quy trinh 1én men thu nhan GABA tur dich chiét cam gao voi
cac thanh phan va diéu kién sau: dich chiét cam gao (1 cam
gao: 5 nudc); bd sung thém 1,5% lactose; 2% cao nim men;
1% MSG lam co chat; pH ban dau ctia méi trudng 1a 6,0 va
1én men trong thoi gian 48 gio. Két qua ndong do GABA dat
duoc la 736 mg/l. Tur cac diéu kién thich hop da tim dugc &
trén cho phép dua ra so d6 quy trinh 1én men dich cdm gao
thich hop (hinh 6).

Cam gao da loai dau +
nudc (ty 1¢ 1:5),
dun s6i

| Pé ngudi, loc |
v

| Ly tim |
v

| Dich thu duge bd sung nudc |

'

Bé sung thém 1,5% lactose,
2% cao nam men, 1% MSG

I

Hép khir tring 121°C,

Hoat hoa L. fermentum

tur éng thach nghiéng
1 atm, 15 phut
+ : Lé H 6,0; 37°C; 48 gidy; 1%
Nhan gidng cép 1 énmen (p 0 37C gio; 1%
(16-18 gio) chung)

Ly tam 5.000 vong/phit, 10 phut |

Thu dich, danh gia
lwgng GABA tao
thanh

Hinh 6. So' d6 quy trinh 1én men dich cam gao thich hop.
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