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1 MP57H® #£1 W45 ASEMRE(CFUL)

11 #ME5itH Table 1 Experimental grouping and inoculation

B, W VA B R AT PR 7 T conecliation (EELL)
U = - . . 28 3 FMESS22 FMESS56 FMES99

) kB T W FL AT I (Lactobacillus  paracasei) | 0 — -
FMES22 | &l T g FLAT 15 FMESS6  SUEE T B (Bifi- 5 B o B
dobacterium lactis )FMES99; kg & A b4 .3,5- 3 10° o 107
TAHBK AR A TR PR Ry R RR B 4 4 _ 10° 17

Wi W IR SR 51 o3 B sl R 5 TP E 5 _ _ _

B TR T 5 R IE N N Lk SR
o Al g A ) 24 4 A Ak 2R A BR A A
12 MUB5EHF

ST3100 pH i1, BZEH LA FRAH ;RVE-
HB10 E25 fiefs 28 &A%, K15 IKA 24 7] 51510 42
KR, 32 FE Thermo fisher 23 7 ;LC-20AD &
ROBAR TS AL, HAS By HE A W) 5S7130 2 2 H 3)
K4, 7 [ 5% Jg BA Sykam 2 7] ; 7890B/5977A =,
ARBTIG IR AN, 56 B 2R R A TR A W
1.3 Fik
1.3.1 WFEfL PR S R 1l
A 5~10 mL {88 - % X §% - 5 % 55 57 5 (MRS, H
T B FLAT B ) AN OUSUES FT B8 1A 85 7% % (BBL)
121 CHE KB 15 ming Bh 5942 Fl %53 1] 1) 307
A FMES22 FMES56 fil FMES99, 7E 37 ‘C4%
R #FE R SR 18~24 h AT MG AL, 7] 250 mL
HETE P A 150 mL. MRS ¥ 4 85 32 3L 121 «C
15 min /= KB, RG0S BB DL 5%~10%4%
T AR, 76 37 CAME T i B R 9% 24~48
h §" KRB F% 76 B AL 2] 10°~10° CFU/mL, K-
B BEWAE 1 000xg,4 Co4&AF T B0 10 min, MITA
B R R P I (10% 47 R TR BN , 6% 16 36 W5 V5 WL, K B
SRR R B TR T RS A . RO A TR
KGR ER R R IE(E M Z 2 E R B e
YR8 FLER H K55 ) (GB 4789.35-2016) , fifi
PRI RO AT TS T 45 R R FMESS22 1
414 4.5x10° CFU/g, FMESS56 i 71 4 5x10° CFU/
g, FMESS99 i /18 6x10° CFU/g,
1.32 FLREHEA 5804 HICHE K #
WA, A GE RO B, il FMESS22 5
FMESS6 f4 ¥ BE 1k 2] 10° CFU/L, FMESS99 () #k
IKE] 107 CFU/L, PEWLEE 1,
1.3.3 HEAfERE ZMBER GB/T 13662-

2018 #E17 pH A WKG B2 (BRJE GO AR BE B
Yy B AS A S R IE

1.3.4 VB EER S ENE SRASH IR
G4SN o 28 LR 5

135 @ARHMOETENE S Fu 907
2R FH R 1) 1 R0 AH €035 7 (HPLC-FLD ) A5 ) %
WP EC &, 1 30% et e il J5 a2t vk 5 43 5]
M 24.5,6.125,2.45,1.225,0.245 pg/mL 1 EC $5
VW, B 50 mL R P AE A 50 mL £ PR T
RAZER L BWAR, 7 60 CES R R E R
KT A 5 ml 30% HF S A vie 4 I B RE b 1A
TR 45 2 JEAR TR 1710, 8 1 mL A5 BOhR TR W
5 0.1 mL 1.5 mol/LL #: f2 F1 0.2 mL 0.01 mol/L
I Pt — T PN P W TR R AT AT A A BN, 91 355 ) T
30 min, 7853 SN JE #EREIE DL EERUKAE
TBIAR SR U 2% A KR 233 nm, & ST
K 600 nm, #6 BE PR HERE

13.6 y-AETRIENE ZSHEEREFE H
5] B 2500 5 35, SR ] Berthelot Fb 0 35 46 ) 3 7
) GABA & &, MO BT & Wk B2 43 00 D 0.02,
0.04,0.06,0.08,0.10,0.12 mg/mL (X GABA #5 i#
B, W1 mL A5 E R WRECRE S M A 0.2 mL 0.2
mol/L. HiBO; Z& #h ¥ (pH 9.0) .1 mL 6% 2 ) |
0.4 mL 7%WKARRM, IZ IR G /KIE 10 min,
T AE VKIS TP 1 10 min, HELE S )G A 2
ml 60% 1, 72K AR I, T4 630 nm
A3 oD fA

1.3.7 BRI E S8R E T8RS0 J5 ik ok A
o072 [ AR A O - S BEH]. (SPME-GC-MS)
J5 5 43 M BT v A R XU ) S 2 43 R AR R
H, B 10 mL B £E 25 °C,3 000 r/min &0 20
min, 5 H o B S mL B0 AR S, A 20 mL T5
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IR, MA S WL WARY) (2—2F B, T & i
89.65 wg/l),2 g E AL, ZEBURE 50 °C, Fidk 15
min, Z A 40 min,, €33 544 . DB-5MS £1 % £
AEHE (30 mx0.25 mm,0.25 wm) ; FEEETEE 250
C; FHERBRF AR 40 C, 44 5 min, LA 2.5
°C/min FF#] 65 °C, LA 5 °C/min FF3] 150 °C, L) 10
°C/min J+#] 230 °C, A 4F 10 min, 2SN &4liE A
AL 1 mL/min #6873 R 2 I HERE BT
FA PR R T RE R 70 eV IR A TR
280 °C; B F IR 230 °C; i & HTEH (m/z)
10~550 u, R FH 1= 850M0ORH 3% 05 0 2 A LR &

et

2 HER5H5MH
21 HBEEBEXER

B pH EZ BN, 41 F0 2 PARRE R AY
P ANTECpH (IS A FEAR, T 3 M4 hEE5H
PR 4 AT B 9 pH (H S A TCE 0, B X B iR
Rz S Alm 2Ry R, 41 Mg 2
FMES22 Fl FMES56 5. P (14 42 A 5 S80I 1 1R
R Bk E] 9.0 /LA 8.1 ¢/L, ELHE
E AR (2.5~7.0 /L) ., T 41 G AR & I 1 8174 A
LR O R RN SR Ny O A =T (E KL 7

WETE R, AT FMES22 F11 FMESS6 Ft % fi
S REORE EF 15 8RR A KR | T FMES99 1
TN BT RE A% 45 i R B 1 2 FERE K . IR A A
JE I e R R B I RS FR AR, IR TG bR
L A R SRR S R R E SR, AR R
1 AP £5 2 0 B IR R A A IR B K br ik
B2 (R LR S A e R4, Hoh FMES22
9 K WA 2 I BN A L R A A, 16 0.34 ¢/L,
FMES22 5 FMES56 43 5 f1 FMES99 1) 20 & A& T
B I & SRS AW TE 030 /L VL L, fiskn]
HEWT, AR IS I LR B & T 1 BT LA
FEMNAE, EWETE bR S AL 22 558 B B, FMES22
BATR P R OGSO = ik 14.5 o/ L H2E E AR T
TR BT OB R (15 /L) , 156 W G P o ) A s 22
O ARHEAC RS , B w8, T FMES22
PR AT BETE B S I B BRI AR AR L it Ah , e
R R S A B I b i AR
TE W) S PG R A O Y — T R S b, A2
TR (S e AR R A R e, R Y T
U R TR, FR R 1 AT, A5 AL R A IR
[ T W 24 35 8 [ K bR o (=5.0 /L), H & IMR T
TIEA R K T S 1 T B A T e R DR

=X
H

R2 REBEEARFE.pHERE . SERSE.CEMEEBERYNELSR

Table 2 Results of alcohol, pH, acidity, amino acid nitrogen, total sugar and non—sugar solids of yellow rice wine

28 %) 8 4 . /%ovol %0/ (g/L) AURER S RU(gL) %/ (g/L) 3 48 B Y 4/ (/L)
1 16.9 9.0 0.34 14.5 22.0
2 17.8 8.1 0.28 52 183
3 18.0 6.4 0.30 3.6 19.4
4 17.5 55 0.31 1.7 17.4
5 16.6 54 0.25 1.0 16.6

22 HEIERNEER

B A AR, FER S A UK
fife 55 ol A 0 0 AR S i 7 AR R R R A e I 1
Rt PR R R AR T, 225 o KU ) Joi (4 i 44
W, W B S B BRSS9 Jre L
JE AR 22 3 45 i R RO BT B
JEAH B DO, ] e A ) BT e i S A R R Y
AR R PP T fod Jo10 BT P RS MR
) A7 7E A6 AR OCPE , FBA 10 MBI S 5%

e BRI A TR G v 5 T 1 R T A OC Y 2 SR R
A RAEATR (Asp) IR TR (Thr) | 22 %1% (Ser) i
AR (Pro) , HZ& L (Gly) . 552 &R (1le) F15% 2 2
(Lew)®, HEIEI 1 4554, N 5 Bl rh dLAs s 17 Fb
e B AR , AL 4E 6 Pl iy & BLFR AN 11 FhAE A5
R, WD EATEIRER SCER RN
AR TR B R AR, R 2 S
FER I 5 HURIE A OC I 2 R & i 34 1 T 0 iR
A, Hrpss 1 AR E R & R R IE AR G Y
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REER (Asp)
FHEB (Thr)
LEER (Ser)
AEEK Glu)
HEE (Pro) 400
HE® @ly)
AEE (Ala)
BEEEE (Cys)
HER (Val)

RIS (Met)

REE®R (e 200
EEB® (Lew
BMER (Tyr)

ERER (Phe)
HER (Lys)
HEER (His)
HER (Arg)

B1 BEEDHESEERNSE (ML)
Fig.1 Content of free amino acids in yellow

rice wine (mg/L)

QAR EY N im, 2000 2 869.21 mg/LL Al
675.0 mg/L, T X B 2H 19 22 BE 2 6l 7 & e I, AU
1 120.8 mg/L, FT B 1E AH ¢ 1 2 3L iR 2 5 {Uh 288.0
mg/L, 45 5B, SRS I ) W LA B RS A
TR ZE ) R TR BB A% F 0T b 45 U S A AR TR
1 5 i, 0 R R TE A G S R 7 k| DT X
T XU 1) 405 A B 2 1 R A
23 SERBRZENEER

PRE & EC e EZE R B, Sl h A
90%1) EC JEH IR E 5 LW B & WA 7, B
R R 1 32 R R R R R RO R K ) AR B R R T
o R R [ RR R A SR R L DA R R AR
TR | TR LA KO B UE W R v S  R AR
e B0 EC SRR Y BT T S, & R s

—
[,
O

5 80 T
=0
2w h
2 E g \
: *dkk . \\
= o0t :’: T \§ §
0 _—M_-_

3
25 531
Group
e P<0.01; *#%, P<0.001,

B2 #EBEHHECEE(mgL)
Fig.2 EC content of yellow rice wine (mg/L)

S R TR 1 2 2 T ek SR I 2 B 6 ) B
B S i A0 T Ak 2% 4 o R 0 ) )8R A O
M2 £ TR 7K B, T2 AR A TR Bl 214
Dy a2 R ] 2 AT A, AR HE A FLFE BR R XL
AT B K BE B B P BEC & B E R T A
FMES22 40 1) EC FEARRCR 5 B &, X 11.39
mg/L, FHEE T X A BN T 85.6% ., A FMES99
J& X EC T B 400 i 4 P W A 055 o A7 B9 ke R
VF 22004 W 3 RS A R il v ™ o A1 R FH - B A1
KBRS PR R & 2, N AR EC & 21722
kB B PAFE (Lactobacillus reuteri)CICC6124
F14) P U TRl A I ) PG B R A 2R v EL A A 1Y
PREBEFBOR, LRSS R | 25 SR I i bl
PRAE 0] K, B0 R EC 08, 7= dh i 2 A AR 5
R
24 y-SETBHRUEER

v-R I TR (y—Aminobutyric acid, GABA)
s R AAAE T Y . AR Y iR N R
PR IERR , B M PUIm AR, s I, W i
HLAESF 2 Fh A= B D) B 02 i JL AR 4 T 4 44
A R A 2 A E R R B (GAD) A Ak 2R B>
B HIVE R P C & — =W GABA, TMi7E
BT P TR ok AR T LR T . IR B TR S A W e
G L — 1 GABA, 5340, #6754 GABA i
Y, BLEE FUAT R AE PN 1 FLIR TR A A O A
GABA Wy F 2473, MG U I ZLIR 1R & A —
FRA 80 y— 5L T R AR 7= 7 k0 fF 98 KB
GABA & Rt 7E 8N J5 Be o 0 o & 3, HLPRER GE
A AR T P Y GABA & &P,

80

dkkk
*kkk

q

*
*
*

GABA &
GABA content/(mg/L)
=
=
w

3

____

0 1 2 3 4 5
2 51
Group

Hons. AW #6x P<0.001; *+% P<0.0001,
3 #HifEi*h GABAWEE (mg/L)
Fig.3 GABA content of yellow rice wine (mg/L)
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Y &3 AT, AR TR ik T AL ) O
GABA & ¥ TG gt K Bedl, Ui FLAT 4
FIUBUES FF B4 BE 9% 12 08 570 15 PE Il GABA 94
B, 0 3 4R T B A SR A 5 E MR A , JE I
N MR LB P GABA S HIA S & T HE
4, Ho FMES22 KB4 GABA & it fie i, M it
60 mg/L, $%U0 XF BEAL Y 2 5, FMES56 % 4 H i
GABA #5881 mg/L, #HLZ T, RE
BRI AR 2 TR B0 GABA & i A2 RO B A B
W2, YFZE ) GAD 36 PE7E pH 4.0~5.0
If i, ELAI T & FLAT 0 55 LR AT 14 8 Bk W]
A7 GABA Wi EEM A BRI FH 1 GABA &
A A T R A S N A IR B AR e
W R, e ROREE A 2 IR A H 28 f GABA 1)
A B, DT 4 o BTG 1 7 7 AR A A
25 RHKYREENELER

P T T R 1 DR R 5 4 Y R T2
WHEAN R B E 2 HEORSER &
BEA AR 5 2 O RUBRBY B Y KUK 2 TN I

an B BAR AR — 3R 3 R B E KR Y
BT B AR B, DA BRI FIIR A &, B n]
PLEBR A, F LR FR 2 E 8 2R 1 1L
A al AN, SR 0 A bR R I Y 5 4% G R
BP0 AR RRY T S AR R ER, AE3 AT
B IR R 2,3-T Sl N Ko T
TR WA FLIR £ TR R O Y 32 R
AMIRS IR A PR R B RO R 2,3-T . &
M2 FLIR O BE T R . LR A 2 1R T 25 3T gt
T JRUIA B o V) 5 a2 v TN RO IR . PR U]
W, 2 AN N R R FLAT BRSO R S
18 5t 2 e BT 1) 3 2 IRV ) o ) ) ol A A
WAL S5 A0 55 3 drh TN =l RO T @
B T RS- ILREEE ) S s S e AW
ZSRBAR, XA, FMES22 41 fil FMES56
2 T A% Gt B0 Y AU B A3 S R S T e
R T B i W T HURRAE U )
(5% 78 BE U8 JE WA [A] 145 G KUK O BT, A B 1
T8 BT AU

®3 HEPHWEZRKRYE (%)

Table 3 Main lavor substances in yellow rice wine (%)

28 3)
& #
1 2 3 4 5
2,3-T =8 13.74 14.90 15.6 14.51 12.82
A =B 12.46 13.61 3.10 9.78 10.41
KT 2.92 240 0.87 3.30 4.12
SHEAK T 1.45 1.57 1.45 1.70 2.20
5t R BE 0.96 0.91 1.29 1.55 1.23
1,2-%" = 0.95 0.81 1.02 1.11 1.11
2-FA-1-T 0.48 0.44 0.65 0.82 0.69
T 8% 0.19 0.17 0.25 0.27 0.18
1,3-/ = 0.07 0.07 0.11 0.21 0.19
T =8 OB 4.10 424 0.48 3.71 3.69
Lm LB 2.83 1.65 1.88 2.11 1.64
T 8= LB 1.98 1.33 4.68 0.45 0.40
LE T B 0.10 0.53 0.08 0.05 0.03
1 Jk T 8% T BY 0.05 0.05 0.02 0.04 0.02
EN 42.89 47.19 4241 43.69 47.25
Em 11.75 5.86 14.46 13.96 11.64
T 2.03 1.36 1.37 1.04 0.75
T =8 0.45 251 0.03 1.51 1.36
2-F AT 0.13 0.09 0.07 0.11 0.12
NS 0.22 0.16 0.04 0.01 0.04
-V R T EE 0.14 0.09 0.02 0.02 0.02
5- A E 0.11 0.05 10.13 0.04 0.10
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ARWFFELERFRW], A B R i S BB B A R
IS IR B LA T AOSUSAT R, Kk R A
A H RS R (P 129%~36%) B HE (52
1 2~14 1) FEAEREETEY) (BEIN2 5%~32% ) &
i, HA IR 098 TR AN T R R XU 5 18
AE ™ A T 22 1 I B 2 R R RN XU T AH OC 2 1R
DL Z R KR D) B4 43 . WS in FMES22 /) 351
(8 JRUIAR 8 73 S e S T s 5 kW e AR AL i 7L
FrEE BRI, SR LR T B AU 1) 32 2 DTk
o [ 28 3k SR TR 0 52 G TR 5 1 2 v 2
KR TR B Al 3 BEAIR, FMES22 #il FMES99
PR A B2 B 1) EC FEAIRZ AL 20 mg/L 2247, ff
HLA2 A PEAR BN ORER o 53 A1, SIS I R o T )
W y-ZETRMWEEOEEEFRA,
FMES22 & B2 2H B 1 (1) GABA & &2 #2 T E il 1t 60
mg/L, FMES22 Fl FMES99 H [f] & [ 41 # 9 i1
GABA #2712 44.05 mg/L, 7 — P Fw 1
T 1) %8 TR PR AR AN B

LRGORAR, AMEE IR TS AT B R SUB AT
PRI ) 2 X B0 7 i RUBR I s B . B SR
DL R 2 VA B AE R, 98 45 S0 B9 P 2
ARAEAEE AL — 2 1 WF 55 SE Al

[ Eigt)
A SCAR B 5 BV b A BR A R -3V R 2= T
KIH (KA -2020-KYY=513111-0011)" #3245 .
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Effect of Directional Fermentation by Bifidobacterium and Lactobacillus on the Quality
of Traditional Yellow Wine

Luo Jiaqi', Zhu Bin?, Wu Liehu?, Chen Qihe', He Guoqing', Shi Ying"
(College of Biosystems Engineering and Food Science, Zhejiang University, Hangzhou 310058
*Wuzhanmao Wine Co. Ltd., Huzhou 313300, Zhejiang)

Abstract To effectively reduce the high content of ethyl carbamate (EC) in traditional Chinese yellow wine, exogenous
Lactobacillus paracasei FMES22, FMES56 and Bifidobacterium lactis FMES99 were inoculated at the start of the post—fer-
mentation stage for the co—fermentation. The contents of EC, ry-aminobutyric acid (GABA) and flavor compounds in the
yellow wine were determined by high performance liquid chromatography fluorescence (HPLC-FLD), Berthelot colorimetry
and solid—phase microextraction—gas phase—mass spectrometry (SPME-GC-MS), respectively. The results suggested that
the addition of FMES22, FMES56 and FMES99 significantly increased the total amino acid content. And the amount of

flavor positively correlated amino acids, including aspartic acid, threonine and others were significantly higher than the
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control group. The total content of free amino acid in FMESS22 group sample reached 2 869.21 mg/L., while only 1 120.8
mg/L in control group sample. In addition, compared with traditional fermented rice wine, the content of GABA in rice
wine added with Lactobacillus and Bifidobacterium was significantly increased, while the content of EC was markedly de-
creased. Especially, the content of GABA in FMES22 group reached 62.04 mg/L, while the content of EC was only
11.39 mg/L. Moreover, the contents of acetic acid, 2,3-butanediol, ethyl lactate, ethyl acetate, diethyl succinate and
other typical flavor substances in the experimental groups were higher than those in the control group. The transformation
of characteristic flavor substances contributed to a fresh flavor that different from the traditional rice wine. In conclusion,
the directionally fermented rice wine with Lactobacillus and Bifidobacterium added in the post—fermentation stage signifi-
cantly improved the nutrition, safety and flavor richness of traditional yellow rice wine.

Keywords yellow rice wine; Lactobacillus; ethyl carbamate; y—aminobutyric acid; flavor substances



