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Abstract: In order to obtain lactic acid bacteria within food safety level, which is needed for preparing gamma-aminobutyric acid
(GABA)-rich yogurt from dairy-based substrates, 171 lactic acid bacterial strains were isolated from fermented food in domestic market as
tested strains. Species identification of these strains was conducted by 16S rDNA sequence analysis, and GABA yield after-fermentation was
determined by improved HPLC. After primary screening in broth medium and rescreening in dairy-based medium, one strain of Lactococcus
Lactis subsp. lactis (N0.4043) was obtained, which had high-yield potential of GABA in dairy-based medium. Inoculated into 10% (W/V)
skimmed reconstituted milk with sodium L-glutamate of 2 g/L, the yield of GABA was about 0.39 g/L after fermenting by single strain at 30 ‘C
for 48 h, which ranked relatively high level at present. 18 kinds of sugars such as glucose, galactose, etc., couldbe metabolizedby strain
No.4043.Inoculated intoM17 medium at 30 ‘C, the logarithmic growth period was 2~8 h. The strain No0.4043 was weak in continuous
acid-producing capacity, showed good acid tolerance in the environment with pH 3~5.5, good in auto-aggregation but poor in bile salt
tolerance.Surface hydrophobicity and adhesion of the strain No.4043 were weak, leading to difficulties in adhering and colonizing in human
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intestinal effectively, which was not suitable to be probiotics in gastrointestinal tract. The strain No.4043 could be used as a starter for producing

yoghurt rich in GABA by mixed fermentation of multiple strains.
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MRS Wiz (g/L): HiEpE 20, HAMK 10,
AN 5, BEERED S, BREREE 0.1, BEERDA S, FTEBTR
B2, WERRE A2, BRlR%R 0.05, mHiF 80 1 mL,
F1 pH N 7.240.1, 121 ‘C K 15 min.

M17 Wizt (g/L): KRS, Wk 2.5,
Wk 2.5, BERRAY 2.5, ZFRNERY 5, FLHE S, BUIRIMER
0.5, HhBEEREN 19, TRIRER 0.25, W15 pHAE N 7.240.1,
121 ‘CK B4 15 min.

MRS k5775 7E MRS Rz A iR nEs
JI§ 20 g/L.

MI7 P FEFE: 75 M17 s 3k vh i e i
20 g/L.

FUIEL YL AL M EMUIRIR, AUk iR ST
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Spectra Max M2 B3 SGEEARAX, 3% [E Molecular
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T 37 CHI 30 CHEFRFEHEIRSE TR 48 h, BH/GHEE
K, WHRAT WL BEVETE MRS AR B 7758 FkT
Rk R, EEBEEE S BHEES BN REE .
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M. W5 27F A 1492R 43 5 N : 27F
AGAGTTTGATCMTGGCTCAG, 1492R TACGGYTA
CCTTGTTACGACTT.PCR J MR R CEAAFR 30 ul):
ToHE4E/K 17.8 pL, Buffer 3 uL, d NTP2 pL, 1E[A]
5% 3 uL, JIA 514 3 uL, DNA #4 1 uL, B 0.2 pL.

PCR J 264 95 CHAEME 5 min; 95 ‘CA2ME 30
s; 55 CiBk30s; 72 ‘CHEMH 1 min, FEPEIA 35 IK;
) 72 ‘CHEH 10 min. KPS R 5 NCBI ' Gene
Bank ¥4}t 2347 BLAST X tt, %A MEGA 7.0 ¥%
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B HREEWLL 3% (V) AR BERh T H
Iz REFREE (FUAFE: MRS Wizhisidt; FLERE:
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1.5.4 GABA #2240

T BEERIER
Table 1 The gradient elutionprogram
Bf/min - A A8/% BAB/% Rik/(mL/min) A£E/C

0 89 11 1 40
15.5 68 32 1 40
26.5 20 80 1 40

27 20 80 1 40
29 89 11 1 40
30 89 11 1 40

HPLC ¥, 7£ QB/T 4587-2013 kil 77y mitt
DA, A S DOE AR v S S AR AR AR 2R F g
frERNRES, iR 2 min J54 0.22 um JE ARk
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ISR AR . JishAH A 24 25 mmol/L
FREN, TR pH 2 7.2; WishiH B MM, BE
il 50:50, PIAHIAIZE 0.45 um A HL R JESLHIE 5
FA 20 min JE{EH. ik Agilent ZORBAX
Eclipse Plus C18 (4.6 mmx250 mm, 5 pm), F:ifA
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334 nm, BAEEHE.
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Fig.1 The standard curve of GABA
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1.5.5 BMR4FERE
1551 JE&EME

BV 0.1 mL iA T-Filkads R, 7830 CTHE
57 48 h, WIEE. WKWV, K/, WEEK
. BB 2 [t 5 R e T 100 f5mEs
MR, LRI AT SR
1.5.52 RSB

B EET 30 CIREAR;F% 48 h J&, EHL API 50 CH
WISk, AT A UL TERAE, TRk )
FEACRF AT 34T
1.553 A=Kzl e

e KRR T M7 RS IR, £E
30 C MERESFE 48 h, DA B FREIE I, &ER%
2 h A BRI R EERAE 600 nm N IROGREE (R
ODgoo 1H), FLARFENRRALFR, ODgoo TEANALER,
xR AR A K 2k
1554 FPIRINZNE

pH THEPL B ERERT M17 Wik esth, 18
30 'C FHIREREFE 48 h, BFE 4 h e K EAE pH {E, IF
AR AREAARR, pH B RN, Zehil ik =R 2k .
1.5.5.5 TERRE /7l E

BB AT pH E8 2.04 3.04 4.0 I M17
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1.5.5.6 MAHERAE S 7E
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Wigks g, 7630 C MERREFE 3 h, 1MEXAH
JIEL L B B R b 3 M LR A T PR, 3%
Q) HHBERIEA R SRR E N IAAER, WE W
PRI AHERRE T o

3t/ FAB R IE PR TR AR A I A R 100% 2
Oh 5 H Ak P 4 7k v 105 T 2

1.5.5.7 HEZRREIE

B AP 2 1 mL, 7E 4 °C K LA 4000 r/min 250>
5 min, F_FiEWR, BCEERR, A pH {E 7.0 FIBEER
M E S TR EREIK, FEAESET 1 mL B
FRELGEMPR . 7 AIETE 30 'C NiE 2. 4. 24 h
Ji L Z BRI ODgoo 12, #%50 (3) THERRI B &R
fE M,

&R 1/ % =
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THFEE ) % =

Ao A 00% 3)

AT Ay #H =0 BF %) 49 ODgo18; A A t BF %49 ODgyo fH.
1.5.5.8  KHIBLKMEN &
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5 min, F BiEW, WEEREE, FEH pH H 7.0 FIBER
RGP E T PRSI, (EEAEET 3 mL
PR R 22 b o 20 HIER 1 mL () 28 2,58 & 1 mL ()
A7 5 AR RSP S, IR FEE 72 15 min,
e KAHI) ODgoo 1B, 25X (4) THR BRI BT K
‘@[1710
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Strain 4043

FEREISIG 3 RTAT, HAELEE R, MeantSD
Fomo LIGEIREM 2= 5 R EMRH SPSS 22.0 #ffrh
one-way ANOVA 756, p<0.05 MNE B# %R,
H GraphPad Prism 8 X fH1ER .

2 ZR51He

21 wWhaBEEER
2 EHAHES KL

Table 2 Classification and identification of strains

u # B

LA 48

AT 1

REAESATH 6

aims e 6
B FBIATE 6

HEIAE 4

BRILAFEA 4

B Heh) B 3

SR %

ukiah  ABAARE )

FUBRFLER A FLBR T AF 13
MIERI L S A R 171 Bk, ZHEYIER
FRBHATRAF 16S tDNA I FI-HIE RS K B
o8, SAAAIRE, SESRNEK 2. IraRFEE
E XK FEEVEISFE 99%LA F, Hrp 3T —HkA
PR ALBR R LR VAT R MR A ) R G K BN 2 P

22 A&7 GABA fit 7 B ARHY ffi

FIFH et 5 (0 HPLC RN 5 171 ¥R B IR R B h
GABA Ml EWRE, XMWk ITyIm. S8 E&
GABA & % AE SRR 74 ¥k, HAAFUAFH 2 Fit 41
Pk, FLERE 3 Fhit 33 #k. LRI, AEME
MFLERH ) GABA & FRE JIAFAE R 2 ¢ . T
GABA F= & 57T 0.01 g/L /) 17 $RALBR B & =&
* 3 PR

Lactococcus lactis TBAI (KU291415.1)
Lactococcus lactis subsp. lactis SDCM 5123 (MT634253.1)
Lactococcus lactis subsp. lactis IMAU60050 (FJ749775.1)

Lactococcus lactis subsp. lactis qz1185 (AB795651.1)

2 BT —HARIIKEFR T MERGZN R R L R

Fig.2 Phylogenetic treeconstructed based onstrain of Lactococcus lactis Subsp. lactis
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2 3 ¥IiEh B 5 GABA & kAL IR EHK
Table 3 Strains with relatively high yield of GABA in preliminary screening

AT RAME (FPXHET L) GABA =&/(gl) ¥HRBE/C
1024 HMFATHE (Lactobacillus plantarum ) 0.12+0.01°¢ 37
1454 MHMMIATHE (Lactobacillus plantarum ) 0.12+0.02° 37
1455 HMMIATHE (Lactobacillus plantarum ) 0.12+0.03¢ 37
1052 #2JUAFH (Lactobacillus breris ) 0.16+0.04° 30
1076 %2348 (Lactobacillus breris ) 0.25+0.10° 30
1246 %2348 (Lactobacillus breris ) 0.14+0.09¢ 30
1297 #2 5T HE (Lactobacillus breris ) 0.11£0.02° 30
1334 42 3UATHE (Lactobacillus breris ) 0.34+0.10° 30
3030 FLBRFLIRE (Lactococcus lactis ) 0.020.01¢ 30
4024 FLBRFLIRE (Lactococcus lactis ) 0.01£0.01¢ 30
4029 FUBR3LERE (Lactococcus lactis ) 0.02+0.01¢ 30
4007 FUBRFLIRE FLBR A ( Lactococcus Lactis subsp. lactis ) 0.02+0.01¢ 30
4025 FUBRFLIRE FUBR A ( Lactococcus Lactis subsp. lactis ) 0.02+0.01¢ 30
4043 FLER IR A FLBR AT (Lactococcus Lactis subsp. lactis ) 0.14+0.02° 30
3019 "2 RAEIRE (Streptococcus thermophilus ) 0.01£0.01¢ 42
3021 P2 REEIRE (Streptoc occus thermophilus) 0.02+0.01¢ 42
3022 "2 RAEIRE (Streptococcus thermophilus ) 0.01+0.01¢ 42

E: R HEFALERFERTEFEE (p<0.05). K 4F.

% 4 SFPEK GABA FmE1ER
Table 4 GABA production of strainsin rescreening

R T FLBRAM L (PXHET L) GABA =&/(gL) ¥HiBE/C
1024 AAMAAME (Lactobacillus plantarum ) 0.02+0.01°¢ 37
1454 AMAAMA (Lactobacillus plantarum ) 0.03+0.01°¢ 37
1455 AEMIAE (Lactobacillus plantarum ) 0.03£0.01°¢ 37
3030 FUBRFLIRHE (Lactococcus lactis ) 0.0240.01° 30
4024 FLBR 3L (Lactococcus lactis ) 0.02+0.01° 30
4029 FLBRFLIRE (Lactococcus lactis ) 0.02+0.01°¢ 30
4007 FLBR SR H FLBR AT ( Lactococcus Lactis subsp. lactis ) 0.33+0.03° 30
4025 FUBRFLIRBA FLBR AT ( Lactococcus Lactis subsp. lactis ) 0.01+0.01° 30
4043 FLER SR H FLBR A ( Lactococcus Lactis subsp. lactis ) 0.39+0.07* 30
3019 s H4EIRE (Streptococcus thermophilus ) 0.01£0.01°¢ 42
3021 EHGEIRE (Streptoc occus thermophilus ) 0.01+0.01°¢ 42
3022 "2 REEIRE (Streptococcus thermophilus ) 0.32+0.04° 42

M EZRTT BRI, 55 AAT B GABA & 1HE J1AH
X H AT AT AR ZIARE (T T &
PIEAP AL ELD), ANRE 2 & e TR, WK R LT
GIBR - AE TR I 12 MR FLIR B i e T AL I 72 2 v,
THROEIRE MMER AR 48 h, HUAKEAH GABA &
ENTERRT I, SRR 4 s,

i ERAT I, %5 R 4043 (RIFLER FLER B FLIR VA
itk (BURTEIRR 4043 SR TEALREIRDH A K
GABA [HRE 1B, PHEZ1 039 g/L. W™
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MBS 73 S5 BT RS A B QL-20, 1% 3%

(V/V) R 28 L-Glu-Na 0.2% (m/V) [ 12% (m/V)
PIMNEFLEE IR, 37 CREREREE, BEALKTN 6
h, REEFLH GABA F28#] 0.09 g/L. Nejati F 25!
WINT 5 o/L BEREE AT 20 mmol/L 4 2 BRAN I K 15 %
FLEE 7 AR AL ER DIBCA1 ( Lactococcus lactis
DIBCA1) FIEYIFAFHE PULL (L. plantarum PU11),
7£37 CRERKE 48 h, GABA =&t 1 0.14
g/L.
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5 4043 SHEHKAP| 50CH IRLE AR IGILER
Table 5 Metabolism results of strain No. 4043 with AP1 50CH
reagent strip
JRAHE AR “R JRADE 4 AR “R

R - Lt R -
Hrid - HpBg +
FrBEEE - L 3 +
D-FT 354845 - EHHE +
L-FT4a1a4% - e +
AZHE + £ HE -
D-A4E + A +
L-A4E - AR +

I A B - AHE -
p-FAED-AHER - IR -
FLbE + ART 45 -
wEAE + Ay +
At + AR -
HEAE + RAEBZ -
LALE - A ) UAE +
REEIATE - D-#x—#E -
kg2 - D-kA4% -
IEE - D-353548 -
HE B + D-£#% -
LALEz - L- 54 -

P RDHERR -
o-FED-H HEKX -

D-FTifaE -
L-FTEAOER -

N-LBE-Fi 4B + AR £
L +  2-FAA-RAEERE -
AER AR + S-BRA-F AAERR L -

A FRERT .k PR
AR P40 R S W e 1 - FLAT B NDO1
(L.helveticus NDO1), % 3% (V/V) R0 11% (m/V)
PIKEEEFLF, T 37 CTHHFEAR 30 h, GABA
FEEEIT 0.17 g/L. Wu QL 22U Hng Hvi Bk
YI-B1 (Streptococcus thermophilus Y1-B1) &l FLFF
NPS-QW-145 (Lactobacillus brevis NPS-QW-145),
F 37 'C FAEAIN 2 g/L L-Glu-Na [ 10% (m/V) Bifg
AR 24 h, GABA HIF“&i5%]0.31 g/L. Ib4h,
5] RSP 40 B A 5 0 AR 4 LA P A
YIFUFF# NDC75017 (L. plantarum NDC75017) 51
FCHAT B RN FE T A WK VR & (L. P:L. b:S.
=0.5:0.5:1.5) {ERNKRIR], H¥MERN 2% V),
L-Glu-Na I EN 75 mmol/L, FHEEHE N 20
umol/L, KRFFIEFEEHN 43 CHF, GABA P Efmnlik
550 mg/kg. 75 FH A K AL AR 20 S H O FLIR

AFRE IR PR 1:0.5:1 1 Lo &= Be Al B LT B
PRINFNEEA (1.2717 Lactobacillus delbrueckii subsp.
Bulgaricus ) F1Wg I\ EEBKTH  (1.2718 Streptococcus
thermophilus), “4FLIRFLERE LI EA 3% (V/V) I,
7E L-Glu-Na ¥R I 6% (m/ WO IR K 4= A 37 1C
TEIR K%, GABA F=&i ik 0.7 g/Lo e RIG5
ALK A P9 52 1 A GE R Y - 07 e (AR A AT TR 45 A G
FUFF B ORI AP AE ABERR B 1208 0.5:0.5:1.5 1
ELH, BRI 2% (V/V) R B KL, £ 43 C
THIR & 3.6 h, GABA “&i#id | 1.51 g/L. AT,
KA REFIALR] 4043 5 BERRAEAIE R+ s
PRI GABA & AR T STk IE )7~ &, {HAH
BTG I 2 B R R LR B I P B — € B RS, o
R I 2 AR R SR A — P 5T B &
GABA 7.

23 4043 S HE R E RS E

231 BEFHFME

4043 SRR B 75 X B R B R 25 R an e 3
Fime HHERTEL, A EEHAL A6, SR
¥, HAE 1 mm if7, SPORBSTIER, ROGHE
R e T

& -3 Bt sy, e
| S
g\ { /-

[E] 3 4043 SEHHIENE RERILS
Fig.3 Colony and morphological characteristics of strain
No0.4043

A oar 4043 TRMMEELA; b 4043 FTEARGE IR
B,
232 MR

K API SOCH 6 26 X 4043 5 BARIFIFE AR IS
PEREATIIE, &R 2 AR 45 R ) Wk 5.

AL, 4043 SRAMKATRIFAIEINE . LR, 25
Bl FLVE. UERD . RENEANEENESE 18 MhEpE, —hE K
ZHE, AREARETLIALHE . % hE . 1 LAYEELE 31 R,
JRERFERRRS 4043 S BEAKIT R I BT AR B 12
AR, SR 2 A AR £ 5 I 1
233 BRI ERF T ER M A,

4043 S BHARAE 30 C MEIRIEFF 48 h A K 2k
AR Al 4 s, HE 4 ODegoo HIZERT AT, &
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W EERR R 0~2 h BN, ££ 2~8 h W E4REUH
I, 8~12 h ZAGHEINFFAE 13 h PITBIAWE(E, 522
18¥a0, A 32h JEIHRRE TR, HERBER. X
R 4043 STRMIEN G, WEE KRS
2~8h, HMREHLIE; 8~32h NFEM, RefpdEirst
AAKAES: H 32h JEREATE T,

1.0 0D, 175
-e-pH{E_
0.8 170
. 06f {65
=) o
jan)
© 04} {60 =
02} . . 55
0.0

"0 lt é 1'2 1I6 2'0 2'4 2é 3'2 3I6 46 4'4 4I8 525'0
iFE] / h
& 4 4043 SEHRIIER KBRS
Fig.4 Growth and acid production curve of strain No.4043

FHPE 4 o pH L HIZE AT %0, 4043 5 B AREIE N
A E A KA = IRIRE, SEOKBER pH EHE 7.2
M PR Z 5.5 /a4y, (S pH (AR E Tk, B
REELE R AR B — P PR IX R B 4043 SRR IHF
BETRRE VRS, A5 FEURBEALNEFLIL S A
HAMERE TR, AT AR ALK FLE R 5, B
¥k GAD [ff0d pH ETE 4.7 AP, B4 A pH
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