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Study on isolation and application of lactic acid bacteria without

biogenic amine formation from Chinese rice wine
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Abstract: In order to screen the strains without producing biogenic a-
mines, some microorganisms were isolated from the fermentation
mash and rice soaking water of Chinese rice wine. It was found that
three strains had no amino acid decarboxylase activity, and had a cer-
tain ability of biogenic amines degradation. Moreover, the metabolic
characteristics of the three strains were analyzed. The results showed
that ODggo of the three strains reached a considerable level in the cul-
ture medium of 2.50% Vol. In the 8.80% Vol culture medium, strains

5-4 and 8-3 were inhibited whose ODgo, was significantly lower than
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that of strain 14-2-1. In 15.70% Vol culture medium, the three
strains were seriously inhibited and scarcely grew. The strain 14-2-1
identified as Lactobacillus plantarum had better acid production ca-
pacity, showing a certain superiority. Therefore, strain 14-2-1 could
be used in Chinese rice wine brewing, and effectively reduce the bio-
genic amines of Chinese rice wine.

biogenic amine; screening;
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Foft A 0y Mg 2 5| A SR TR AL S0 RO P ik 8 S 3 95 IR BT LA
XA 288 77 it v A 0 1 R A A T L S I A

H AT A A5 R I T A e e AR v 2B Y e e 1 0 A AR
HE X A A 2 T 3 i AR TR TR 1 T i
FEE D T — B 0T K SR G DN T A AR e e R T
25.5% . FEM AL M T A A SRk )RR,
BT UL B AR B A R & it P AR 2 ol B A TR AR . B P Y
A i R ol LR VA AT A Y T LR TR AT A T R
0T 3% B 1% 40 ) 1) Ak S O6 R BE MR Ak, 2R
AT LA A5 — Mk AN 20 BE 1 0 22 6 0% Mk L SCRE ) 4 T R 1 EL
PR DAL o T 1 I T B TR 3 o DA o DR R B R IR 89S b 1Y
AP R . AHIE ST LN B R T B LA oK S K O
— RS 7 A ) B 0 FLRR A LA A U TN L R F R AR AR
i BT 1) R T 2 4R (AL RO A R
1 #RL5 5%
1.1 ##

T R T B R B oK S K RE i IR W VLA 2B %
W

dNTP. e B5 45 40 FAE il & K BB A Al

Fo AR - ™= 43 M7 4l

MRS 5 57 4 - 2 JRSCHR (16 10 4% 5

AR I P g % Ak - S B ST 7 D) 4

A ) R AT 5 3R 3 - 5 BRSOk L 18 Ik 4%

FLER T VEFE 35 97 5L - MRS BiJR JE A 10 g/ L CaCOs

FLIR A% AN FR B . 78 MRS 1A 15 77 B o 43 ) O Jm 2%
W 10 g/L i & JE R (A AR T 0 IR L A TR A TR
BRI . pH £ 6.40,121 CEJEKXHE 15 min,
1.2 FHi&

L2l NP M ZLIR R B0 0 o R R R (0T,

107%,107°,107",107°,107°, 10~ ") ¥ 47 Ffi B, 4 BL 200 pL

WA T MRS [E s 575k B & T 37 CIRAHF1I~2 d,

B R AR B L s A R Y T 7T AL R 1A
PEREIE SR AL FE AT IR A 8 B B T 37 CIR&SE A 1~2 d,
PRI e A7 175 465 B 1) B0 TR 95 ATy B AR A 2K
WZE I e SRS AR BB T A AR AR B R LA 2 AL
T2 TR TG 285 14 AT 9 R AT AR AR S 77 7 T VR MO0 682 I 5% o Ak
AT 0 T 0 P2 T 0 A O A

FEBBELL 10 mL/L 4580 F MRS W0 5 5% 25 v ifE 17 1%

1,37 CHEFF 24 h ARG BN AL IR AL B3R 3k p .37 °C
it 24 ho AR5 3 . HAE 40 3 UG 19 LR B8 15 3% W
o= 908 A I 2 A 5 7% 3 oy DAAS 2 B 3R B 5 3R 3 O IR
T 37 CIRAK:F 4 d Jg SR B A8k 8 6 B0k 40 (4 8
SO,
122 RyEAEARENER £ 1.2.1 )5 . S
DL 10 BRZLFR B8 #E AT & 0 . 4 3R 200 pL B4R 3 IRJE 1Y 55 57
VR0 A T AE L 0 AE ) R T T A L L 37 CC IR SR
24 b WL B €5 A8 AL B B 0O B ML AT B SR 6k
PHE

1.2.3  FLER PR IR G B HERe ikl % 1.2.2 T A3
A EIE)S - Lh 20 mL/L 458 F pH5.50 &4 7 ik
W e (% e G e SN B T8 e P e A W o i L A EE 4 S
7100 mg/L)ff) MRS PR 3 37 5 op 107 UK 3 Fh LR B 119
iR E AT IR (0 b, F 37 C IR ARG 37 T I BURE 6 0 15
TR WG E OD 00 B 22 Jie 5 10 LU 5K 43 BT 3L IR 1 % fit 2
VIR R BE T . 22K (D) T35 28 W B W A %

W, — W,

Y = W X 100% . @)
Fvis o

Y— VIR R R, %
Wo—XF B2 A W i & 4t mg/ L

W, ——i A AE Y i mg/ L
L2.4 FLRWER TR b A KGRI #0055
VO TE BT R T ol R v 420 T RS B2 IBORE 3 9, IRk 1 R BRI
WEEEAM, K EBEB L 10 000 r/min &0 10 min 3k
5 T B 0 AN () & T BB 1 S AR BRAL AR A, O3 B 200 mL I
WK T REE ST, T 70 CAM 20 min J5 & TR
%M.

¥ 1.2.2 S pFLER T MRS AR 52 30 1L 5, 3 %
B OEE ODgoo 4 0.8, 20 mL/L M8 5 T FiR i
T35 F5 W TORE I 7 35 3% WA R JBE OD o 38 JEBE 5 22
SR B A pHL LB A T S (R ZLIR B 7E AN [R) 3 7 85 57 W
WEKERT .
1.2.5 FLRWEH S FAEY ST #RIFLIR M DNA, 3 i
7 PCR "4, %1 50.0 pL 2 & % : Master Mix 25.0 plL,
Sl 271 0.5 uL, B4 1492r 0.5 uL. TH K 24.0 uL. 519K
@ B S . R4 :95 ‘C M 5 min; 94 °CAE
£ 30 5,60 ‘Ci k 30 s,72 “CHEAfi 2 min, P 3% 7= 4 FH0.8 %
1 35 Ne BE & B #E AT Uk R I, JF i QIAquick Gel
Extraction Kit [a[iit PCR 7= ¢ Jir 15 7= ) 3% & 5 o 4 7
St A2 IR A RS R HEATIY
1.2.6 W@ TZ KRBBZEHGHELE.BHES
K22 Wl TR VE R B RS AL LA LR B B OR A R
R KIRPENIFE 24~28 °C, HiBEREE A 28 °C. LR
4 dERIFA 1 G B A SRR R 8. K BEE Ry 12 ~
14d, BERTZRTE L,

®1 BEREWNIZEA

Table 1 Technological formula of CRW brewing
vy a5
AP 7.96 kg (R T 0K 5.68 ke)
Wk 6.48 kg
Az R 0.31 kg
He 0.31 kg
LRSS 0.85 kg
A iy 1.71 mL
1k B 1.71 mL
JES s 16.20 kg

21



EIRRE -3 TR S5 5 S TR A 7 A 0 M L IR T A O 8 T R T

2 M5 1T —Hil5,
2.1 AFEEMRIARERE ®2 FRAABES LWL
211 AFEAYEIRENGE SE2 R E Rk, R Table 2 Biogenic amine production capacity of different
A GE BT 2 RERE th 4 5 70 1) 18 bR FL IR B 30 3o WL 02 Lactobacitlus
it 3 % AT AN 7 A ) e L RR T R ) 0 B 18 R T 3T £ WbkM R mERE PR i it e B Gk
RN R AR BT P, U 3 BRI (14-2-1,4-3 I 8- A 21-2 — - 400 - — —
LA SR N R B M L R AR 14-2-1 X) 6 Fh e FEIRAR A H 45 W 11-2 — — +(9.5) — — —
B EE. WO W ok R0, — Kk ABT 113 _ _ L0 — _ _
2 mg/LU BELh S DUORS G208 04 T % M O 32 AR A 0 3k 913 _ _ TG — _ _
10 BRFLIR W #EAT T — 250 s B B s B B
2.1.2 APFAYRAREWET I 10 kLR E
POLMIMRE W R LK 2. 10 AL M P A S e
La2-1 Rl S O bR R I B ) 4 R AL HL 10tk e o s e e e
FUBR B R 7300 5 R M. i L
1B 3 R I LR B 35 7 WK pH A2 AL L2 3. T Bk 14-2-1 83 . . T@o - . -
AN 6 Fh B R A DR pH 5 H M B AR R AR T 2 14-2-1 - - - - - -
(P<C0.05), B L= FR Be Jy e om , R — & R PL B 1k, 3@ TS RIR R BE L — R RN B s A B B AR R
b7 A W e B R e 1 SRS A T BE L 14-2-1.8-3 I 5-4 3 T BE F7 3R 5%, 10.0 F/RBE IR 0.0 FORRE S 55 .
®3 HERIKEHABREEFR pH T4’
Table 3 Changes of pH of Lactobacillus culture

I bk 44 Bk it R R i R RN iRy 55 R R R

11-4-2 4.4240.01"  4.334+0.02>  6.0340.04¢  4,75+0.04>  4.504+0.02¢  4.55-0.04¢

11-2 4.42+0.03> 4.40+0.02> 6.25+0.03" 4.65+0.03" 4.42+0.02¢%  4,50+0.04<

8-1 4.4340.03"  4.33+0.04"  6.1740.04'  4.7540.03"  4,4470.05%  4,6070.05¢

5-4 4.4040.03>  4.334:0.01°  4.9140.04>  4.8440.04%  4.3040.01>  4.3720.04"

21-3 4.4540.02>  4.35+0.05>  6.6940.03¢  4.86+0.02¢ 4.3640.05%  4.594-0.04¢

11-3 4.44+0.01" 4.35+0.01" 6.5940.02¢ 4.74+0.01" 4.3840.01"¢  4.594-0.04¢

21-2 4.4640.02>  4.3740.01>  5.7140.03¢  4.9240.02¢ 4.4740.02%  4,604-0.03¢

83 4.4340.02°  4.4140.01®  5.1740.04°  4.704:0.04" 4.3840.02%¢  4,434-0.02b

14-2-1 3.9340.02¢  3.8540.02¢ 3.8540.03*  4.19-40.01¢ 3.9740.02¢  4.0740.02¢

2-4 4.45+0.02> 4.36+0.02" 5.964+0.03¢ 4.67+0.03" 4.37+0.02" 4.60+0.02¢

T B EAE AR W) 2 m B Z IR 3 25 5, P<0.05,

2.0 IEBEEMESEMEEE PR 24.68%,17.07 % ,14.44 % s FLER T 14-2-1 K B A [ fft i e 11
2.2.1 ABMRWAKIZE 3 HAME WA K ML WE 1,77 [EPARKERS DR NN RN E R i) 3 (e A I 3 S |
12 h FLRR B AL T X5 B0k K JE o SRR B 14-2-1 i 8-3 1y M 21.5800,29.71%6.8.1006.

AR HOREI LR A 14-2-1 A1 5-4 78 18 h FF g g2 18 4 K 101
BEAFE LA T, M FLRR A 8-3 1E 12 h L JT 46 ik A

LB 5 B e G5 RO LR 14-2-1 B W6 JE ODy i

WKL 8-3 /N 55 R 14-2-1 A Kl R, B s 6F

BT S

2.2.2 FLRMRBEXR ALY MEMRE T i 3 RILER i

B A R W e B B A B 0 DL 4, o 3 R TR 34 S BRI % I ik 2 | ol

IR L0 S5 e 47 5 4 0 A B 1 B 9 445 0 0 Y - =
4—5}%”13 71.60%,72.21% ,68.14%0 }LM%"‘ 8-3 Xﬁﬂ%ﬂﬁ\):' 0 10 20 30 40 50 60 70 80 90 10011;)%13‘2%(‘)%?;}

Jie 2 R 8 B AT — o 1Y B A BE T BRI 36 4 0l 2.000% Incubation time/h
4.99%.10.04% ,17.27% ,13.40 % s FLER B 5-4 XTI e . 7 Je B1 RRESLEE AKX WL

A AN 0 e B — o B R IR BE 7, BRI R 4> BN 4.63%, Figure 1 The growth curve of different Lactobacillus
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Table 4 Degradation rate of mixed biogenic amines by different Lactobacillus %
H W) I P bk 0 hO D) 12 h 24 h 52 h 120 h
8-3 0.01+0.00 0.0240.02 0.1140.02 0.04+0.00 0.02+0.00
i iz 5-4 0.0020.00 0.01+£0.02 0.10£0.01 0.030.00 0.020.00
14-2-1 0.014£0.00 0.0140.00 0.084+0.03 0.024+0.00 0.0340.00
8-3 0.08+0.00 0.1540.00 4.96+0.03 3.1840.00 4.99+0.00
Ji5 Wiz 5-4 0.0740.00 0.2840.00 0.56+0.01 3.2140.01 4.63+0.01
14-2-1 0.0740.00 0.25+0.00 0.124+0.00 0.2340.00 0.2240.00
8-3 0.38+0.00 12.38£0.00 10.2340.04 16.3340.02 10.047+0.03
e 5-4 0.77+0.01 15.15+0.02 15.9440.04 22.34+0.02 24.68+0.05
14-2-1 0.7140.01 19.3240.02 14.0640.02 22.334+0.03 21.58+0.02
8-3 0.4140.00 52.9940.01 58.16+0.03 65.48+0.01 71.60+0.01
WA 5-4 0.60+0.01 41.94+0.02 62.64+0.02 66.69+0.01 72.2140.01
14-2-1 0.56+0.00 42.0640.03 52.88+0.04 65.46+0.01 68.14+0.01
8-3 0.40+0.00 1.5740.00 0.424+0.00 0.774+0.01 0.61+0.01
K e 5-4 0.1940.00 0.95740.00 2.3140.02 0.5740.00 0.3840.00
14-2-1 0.3340.00 0.954-0.00 1.59+0.01 0.594+0.00 0.74+0.00
8-3 0.67+0.00 17.70£0.01 28.62+0.01 21.45+0.02 17.2740.02
2 5-4 1.41+0.01 14.48+0.01 32.8040.02 22.1740.02 17.0740.01
14-2-1 2.3740.02 12.2440.02 32.70%+0.03 31.2940.04 29.7140.00
8-3 0.58+0.00 4.5440.01 8.39+0.01 13.9540.02 13.40+0.01
{0, i 5-4 0.86+0.00 3.6840.02 7.8340.03 16.6740.02 14.4440.01
14-2-1 0.9040.01 2.1940.01 8.1340.02 6.65+0.01 8.10+0.00
2.3 AFEEMERIBENKHFED T 2.3.1 FLRWEEBEWEFRWMERKE L A fEsR

TR 2 10 ] Bl W 1 A SRR 1 R, 4 — S 1D T VI
I BE T A RE AR UE LT BT I A e P R AU BT
3 AR S Be B B ORI 12,22,45 h) B9 #00 &k B8 57 5L IR
3 A B BRI B SR A BEAL AR BR IL 3R 5

£S5 TEAEEEFRELERENER
Table 5 Detection results of different fermentation mash
Bedh pH  BR/ (g« L1 EJERE/ (g - L1 iFHEEE/ % Vol
A 3.54 3.75 155.54 2.50
B 3.78 4.19 65.51 8.80
C 4.27 4.86 6.68 15.70

T AB.CORERE R 12.22.45 h BTN .

I AE 2,506 Vol By A B T+ T bk vk B 3k B AR 24 K P
(& 2),3 Rtk 3 REIE 7 A AU, 1 B B FR i, 1 4k
54 M 8-3 C&ZE 1 W], ODgoo B RAXF & #& 14-2-1. 7
C i 7t B oW W 48 8 45 8 (15.70 % Vo) L3R Rl & it R
6.68 /1.3 MR B T )" E A MR JLF AN A KL BT R
TE BT 5 T I AR 2 0 B A R KR

2.3.2 FLMW 14-2-1 W77 MREHE K FLRE 14-2-1 Jil MRS
AR B FR BB IR 24 b X B 2 5 SR W AT A HLIR & R A
PL O h R AZ LR WA 15 57 9 R X IR 25 2R L3R 6. FLIR
14-2-1 BATHSR Y77 FLERAE 1 . OF BB 42 — /8 10 S 1R 5 [l I
B SREEHOG 7= A R, RV R bR 14-2-1 J& T 57 B e 7L
T2 A4 .

1.61 1.61 1.6¢
1.4 1.41 1.41
1.2 1.2F 1.2+
1.0 1.0 1.0+
Q§ 0.8 Q§ 0.8 Qg 0.8
S I 7 I Uor
0.6 0.6 0.6 —=—14-2-1
0.4 0.4 0.4} e 54
—4—8-3
02 0'2. O'Z.I_.élElé;ﬂ;lElEl
0.0 ‘ ‘ ‘ ‘ ‘ 0.0 ‘ ‘ ‘ ‘ 0.0 ‘ ‘ ‘ ‘ )
0 10 20 30 40 _ 50 0 10 20 30 40 50 0 10 20 30 40 50
B IR ] B IR ] FiFRmi[a]
Incubation time/h Incubation time/h Incubation time/h
(a) KF12h (b) KE£E22h (e) KFE45h
B2 SLRAETRBRLERARTHEKEL
Figure 2 The growth curve of Lactobacillus in different fermentation mash

23



EIRRE -3 TR S5 5 S TR A 7 A 0 M L IR T A O 8 T R T

24 ABHE U2-1MIFEYEETE

Wtk 14-2-1 2 PCR ¥ 345 8] (1) 16S rDNA J B, £ 3%
B UK SS L TEBEIE BB T — 42 1 500 bp [ 4k
Fe XI5 19 PCR &9 470 )7 43 Fr . 7 45 R = 0],
B Kk 14-2-1 B9 16S rDNA JF5 3 1 429 bp, H MEGA 7.0 &
- F1 Neighbor-joining A5 R4 K F W WA 3, T #k 14-2-1
Y Lactobacillus plantarum strain BCH-2 B9 3% %% & R BT
Al DL E R MW FUAT 18 (Lactobacillus plantarum) ,
2.5 HEYEAFE 14-2-1 BIEREBEYERENRIE

Vo AEP AT I 14-2-1 BT B0 AR o o, SR A R Bk
P A HEAT IR Kk L P A P FLAT B 14-2-1 (MRS ¥ 4
B AR R B AR AR AR 09T TOBO B R N A 43 ) A A K B Y
0.1,1.0,5.0,10.0,50.0,100.0 mL/kg, LA A 45 44 9 L #T
SR REAE . NS FL R A A X IR AL R RS A 5 OE R R O A
WG 2 R R WA B UL R T B A ) FLAT B 14-2- 13

F6 ZBE 14-2-1 WEEREHE
Table 6 Acid production characteristic of Lactobacillus
14-2-1 mg/L
A LR 0 h 24 h
SN 431.8140.35 299.2440.12
PR R 87.24+0.41 71.8240.13
R 27.8940.18 150.8240.12
AR 363.73+1.98 588.60+1.54
TR 7 494.5342.78 5104.1842.71
AW 452.2620.55 20 865.174-3.36
i 1% — 56.854-0.16 79.3640.03
N 423.76+3.54 5021.30+1.86

B IR SR R L I TR AR R 2 T A g M B
i R IR FUAT B 14-2-1 7 R W] A7 04 1 2% w1 i X3, DA
T e AP B T PR e A P Y A W e

®7 FEXBIZXEBERBRERHEN

Table 7 Detection results of fermentation mash with different crafts

wnik/ % kEEEE/d YR/ (mg e LT BER/ (g LTD pH B/ (g e L7

1 6.99+0.33 2.09+0.01 3.88+0.01 94.42+2.42

4 8.3340.43 3.70£0.05 4.1040.01 43.2942.53

0.00 Ckf 8D 8 8.93+0.67 3.69+0.13 4.33+0.00 10.63+1.34
12 7.83+0.26 4.1740.03 4.25+0.02 6.43+0.22

16 7.63+0.27 4.3340.34 4.27+0.01 5.79+0.41

1 6.7040.17 2.8440.31 3.8440.06 103.47+4.23

4 7.90+0.22 4,7140.15 4.08+0.07 37.55+2.44

0.01 8 8.12+0.64 5.39+0.03 4.16+0.08 19.48+1.00
12 7.80+0.28 5.4740.13 4.1840.02 8.2340.35

16 7.63+0.21 5.63+0.04 4.20+0.03 5.38+0.52

1 6.4440.17 3.6540.42 3.8940.03 112.554+1.54

4 7.5140.22 5.6140.43 3.9840.01 44.3642.49

0.10 8 7.48+0.73 6.7040.12 4.1140.06 23.41+1.04
12 7.8440.17 6.5940.04 4.0740.03 11.38+0.44

16 7.64+0.61 6.77+0.09 4.09+0.05 6.36+0.74

1 6.5940.46 5.0540.08 3.9440.04 121.9445.27

4 7.07+0.64 7.02+0.13 3.92+0.02 54.67+2.58

0.50 8 7.12+0.44 8.14+0.23 3.88+0.01 22.57+0.55
12 7.2340.62 8.2940.38 3.84+0.03 12.93+0.87

16 6.87+0.41 8.38+0.07 3.83+0.02 7.38+0.77

1 5.82+0.66 4.87+0.13 3.84+0.01 149.5243.85

4 6.11+0.12 7.15+0.21 3.82+0.01 91.94+5.90

1.00 8 6.2240.54 8.04+0.11 3.8440.05 60.43+1.49
12 6.54+0.64 9.34+0.23 3.68+0.03 45.0940.57

16 6.86+0.23 9.59+0.18 3.66+0.02 28.43+0.88

1 3.65+0.43 6.85+0.09 3.66+0.02 148.9144.68

4 4.72+0.41 11.8440.06 3.54+0.01 86.79+3.98

5.00 8 4.4840.29 12.544+0.23 3.6240.02 67.84+1.90
12 5.9240.71 13.944+0.05 3.5740.02 47.28+1.22

16 5.68+0.33 13.87+0.06 3.56+0.03 30.19+0.85

1 2.30+0.18 8.88+0.13 3.68+0.03 145.2743.89

4 2.38+0.16 14.6540.22 3.60+0.01 100.1244.39

10.00 8 3.1340.47 15.7940.40 3.5640.01 79.184+1.05
12 3.45+0.38 17.134+0.58 3.52+0.01 49.64+1.88

16 3.39+0.26 18.2440.31 3.52+0.02 42.59+2.87
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Lactobacillus plantarum strain BCH-2 (KX388383.1)
Lactobacillus pentosus strain THB B 6854 (KF668473.1)
Lactobacillus plantarum strain WEI-48 (KY041764.1)
Lactobacillus zeae (D86516.1)

Lactobacillus sakei DSM 20017 (AM113784.1)
Lactobacillus curvatus DSM 20019 (AM113777.1)
Lactobacillus agilis strain DSM 20509 (M58803.2)
Lactobacillus aviarius strain DSM 20655 (M58808.2)
Lactobacillus johnsonii (AJ002515.1)

Lactobacillus helveticus DSM 20075 (AM113779.1)

98— Lactobacillus delbrueckii (M58814.1)

B3 AT 16S rDNA 7] #3 49 & S s/ AF
Figure 3 Phylogenetic tree based on the sequence
homology of 16S rDNA gene
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