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Changes of organic acids and free amino acids in fermentation

process of Sichuan bran vinegar
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Abstract: In order to investigate the changes of organic acids and free
amino acid during fermentation process of Sichuan bran vinegar, 7
kinds of organic acids and 17 kinds of free amino acid content were
determined by high performance liquid chromatography (HPLC) and
automatic amino acid analyzer. The results showed that during fer-
mentation process, acetic acid and lactic acid were the main organic
acids of Sichuan bran vinegar, and the contents increased
significantly. The contents of oxalic acid, citric acid, tartaric acid,
malic acid and succinic acid were low, and there was no obvious
change. The contents of free amino acids increased significantly from
668 mg/100 g to 1 470 mg/100 g during the early stage. Among
them, Asp, Ser, Glu, Gly, Ala, Val, His, Ile, Tyr, Pro gave a
great contribution to the Sichuan bran vinegar.
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FEB 8] 43500 o0 & eSS 1,3,7,12,18,24,30 K, HUKE £ 0 i %
FJZ 40~50 em, TE I 3 AR TEHL K 3 A~ K T I T 105 A o
REJEEMHL 1000 g 26 F T0 o 13 5 48 v, IS B I [ 4L
ARG HERE T 500 mL BRI b, 3L 3 R, FE SRR IS 18] 52 58
=BT —20 CKRIRAT.

1.1.2 a5

BRER A AR AL - o Bl , R TR B4k TR0

FE L i« 0 33% 20 B B8 Oceanpak 23 A ;

L35 SR AR &l - 2 =>99 %, 35 [ Sigma 24 ) ;

PR R ARV - 4 B =>99.5 %%, 1 g BT T A= AL B IR
A B

AN AN AN S N NN NI Il R )
99. 5% , KT8 RS 404k T 58 T .

1.1.3 FEAUHR KA

K% K. TE412-L &Y, {8 & Sartorius 2 ;

WA %Y . LC-10A2010C HT %I, it LC-Solution T.fE
U, H A~ Shimazu 2 # .

1.2 BHBESEHNE
1.2.1 FEf b3

(1) BEASEEE FREC 50 g BEET. i 150 mL 8 467K &
3 ho i PR E IRV 10 mL Ff A 2k FAL# (106 g/1) F 4
FRHE (300 g/ LDV WA 1 mL, B8 4K 3 45 % 50 mL, &%
J5 R 30 min, IS 0.45 pom SRR 75 25400 R, BEE UK
WAL HPLC 431 T,

(2) WASTARS 10 mL S, A 106 g/ JF 8k 5 AL

BRESWAN 300 g/ L BRIER BRI TR 4 2 mL. #8575 FI M 4K &
% 100 mL, ## 30 min, BH LW, 0.45 pm JE L
UEFE LA IR IS U HPLC 4347
1.2.2 SRORH G &M @35 Carbomix H-NP & ¥ 3¢
e (10 pm,7.8 mm X 300 mm) ; i 340 : 2.5 mmol/L i B
P8 3 Pk :0.6 mL/min; PEFEIRAL 10 pL; MR .58 C; oM
29k K . 210 nm,
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Figure 1 HPLC chromatograms of mixed organic

acids standard solution
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Table 1

Regression equation and correlation coefficient

of organic acids

LR/

AHHLER By R FRE(RD)
(mg + mL™ 1)
HR 0.025~0.250 y=2X10"2+31 670 0.999 7
FeEm  0.150~1.500 y=1X10°2-+4 831.6 0.999 2
WA 0.250~2.500 y=2X10%2x+30 866 0.999 2
SERER 0.150~1.500  y=1X1052—1 902.7 0.999 1
BEHIR  0.150~1.500  y=596 8542 —6 397.5 0.999 8
LR 0.250~2.500 y=831 593x+1 555.6 0.999 9
Z R 0.300~3.000 y=496 1952 —10 640 0.999 7

L3 HEREBRANE

FREUE B EEEGE K 8 F 60 CHUR T TR B &L T
T EEHLA HOo IR 60 BB . WO EAEE T 0.45 pm P8 BRI
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Table 2 Contents of organic acidduring the whole process of fermentation of Sichuan bran vinegar

WA (668 mg/100 @) & R EEL T (1 470 mg/100 ) i T
2 fi5 o AR T R AR 3 TR Y R B A L TR
R A 2 R A e R R

O3 N BEWR R
TER BRI R, SR AR AR
PSS AR — B S TR0 3 DR 3 B s Fﬂ%ﬁﬁi&"»ﬁ?ﬁ%éﬁ

WU BT A% TG v R S R IR T IR R IR o R S TR

530 Ry 243,06, 562. 67, 446. 14 mg/100 mL, K .5;1 a E&
A R i A B S T R A TR S R A R R AN AT

ALK

BEkL/ (102 mg+ g 1)

2 1d

3d

7d

12 d

18 d

24 d

PTG/

30 d (102 mgeemL™ 1)

LR 167.29+0.29 74
BN 127.10£0.23 1 29

6.36+0.27 1 438.68+0.32 1 962.9540.25 1 781.124+0.24 2 124.44+0.20 2 190.5740.26

3.2540.34 1 855.96+0.16 2 037.7940.24 2 404.65+0.36 2 098.06+0.27 2 189.75+0.27

4179.590.22
2 623.250.26

B  26.2740.20  30.0340.15 45.2740.14  50.9940.26  40.94+0.31  46.80+0.27  52.0940.16 164.46220.19

FREERR 22924021 12.002£0.12 19.8620.22  24.11420.14  29.4540.17  35.53%0.12  43.4140.16 34.6540.21

WHER  36.56+0.10  54.5640.17 16.28+0.21  22.9040.16  26.7740.08  27.934£0.20  29.21+0.13 28.0440.11

AR 5.2240.14 2.647-0.09 9.244-0.20  35.282:0.15  46.68=0.11  30.6320.07  37.7020.15 34.02420.11

iR 1.7840.07 1.4240.13 2.0140.09 3.1420.11 5.4840.15 3.497-0.05 1.8420.12 0.6920.02

3 MIHBELABIREPEMEEEERBRNSE
Table 3 Contents of free amino acids during the whole process of fermentation of Sichuan bran vinegar
TR Rt/ (10 me - &) 2
1d 3d 74d 12.d 18d 24 d 30 d (10"*mg + mL™")

RITAZAR(Asp) 10+0.21 28+0.15 11+0.22 2140.10 3240.20 29-+0.11 3440.17 33.060.20
1 E R (Thr) 484-0.14 864-0.17 8640.27 60-+0.22 6040.20 60+0.18 5140.23 53.0340.19
22 5 R (Ser) 2740.12 534-0.22 7140.16 7740.17 8140.25 794-0.23 7240.19 70.1740.23
BEMR(Glw 68220.23 16940.26 21440.18 216£0.24 21740.15 2082022 1784:0.27 185.9024-0.31
H R (Gly) 1740.07 4740.14 68-4-0.34 6820.23 7340.17 7120.19 6220.25 62.584-0.15
AR (Ala) 9140.34 1860.21 28740.18 30420.22 31540.15 31440.27 284032 252.8640.28
k22 (Cys) 124:0.09 2740.14 35240.11 3240.15 302£0.21 312£0.14 2820.20 16.4240.24
B R ( Vab) 434:0.26 9740.33 12840.21 12540.13 12640.24 12740.27 113£0.14 109.724-0.25
HE R (Mev) 1474-0.06 3240.21 4120.09 3240.11 3440.14 3220.07 26+0.13 39.284-0.18
FRRER le) 247013 62220.20 8470.15 8120.11 8020.13 8240.20 7220.09 74.463-0.16
FLAR (Lew 5720.19 17440.22 22540.17 2032012 21020.15 20520.07 1794:0.19 189.314-0.22
% S R (Tyr) 6140.18 5940.21 5840.11 7240.17 662-0.16 6920.21 8240.16 30.663-0.15
H N R (Phe) 6140.20 10740.37 9440.30 8540.17 8240.08 8240.21 8020.16 61.584-0.22
5 R (Lys) 3320.12 102-0.10 8+0.13 1624-0.24 194-0.15 1924:0.07 1824-0.14 24.104-0.16
21 %2 (His) 6+0.03 140.06 3+0.01 114+0.01 14+0.04 1340.05 1340.10 17.67+0.19
&R (Arg) 53+0.23 1340.17 8+0.24 2040.32 2340.16 21+0.13 2740.14 33.37+0.24
fifi ¥ (Pro) 4340.17 96-+0.21 12540.19 148+0.23 15340.22 145+0.16 149+0.11 106.360.24
e 66841620 124741300 154652235 157141920 161542.16° 155741100 1468187 1360534243
W AR 2804-0.960*  5684-1.21" 666+1.72¢ 602+0.87¢ 611+1.24¢ 607+0.63" 539+1.31¢ 551.4841.24
e A EERR 388+1.19 679+0.87" 880+ 1.14¢ 969+0.92¢ 1 004+1.42¢ 98040.56¢ 92940.87¢ 809.054-0.79
G R e HE R 11140.542 20720.47" 23340.71° 25340.43¢ 26840.51° 25640.62f 23020.57¢ 243.0640.64
HtR LR 2324-0.42¢ 46940.37" 64040.33¢ 6684-0.52¢ 6964-0.36° 6824-0.41" 75240.25¢ 562.67+0.43
TR R 191+0.12¢ 37840.27" 48640.53° 4614-0.41¢ 47340.36° 4674-0.33" 41740.29¢ 446.14-0.26

T WA IR AR NG TR RO 25 57 B (P<K0. 05) JMFRREFARE. U7
iz : Asp.Ser,Glu,Gly,Ala,Cys, Tyr,His,Arg,Pro,

Val,Met.Ile,Leu,Arg,

R LR : Asp.Glu, Lys,

13

T MR : Thr, Val,Met,Ile,Leu,Phe,Lys, JF 7% & 3t
R BR - Gly . Ser, Thr, Ala,Pro,His, 775 % 3 R
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3K 96. 976 % , BLBAET 2 A T LA T A& BEad A2 v i i a0k
B SR AR BR 97 0 2 AT I B . AREE BT STk R =85 % 1 IR

L e R 2 AR T R A A . 2 AT 2R
SRR EWRMR I E RS SRR T 1A IETr B B
Y A R K R AE TR T 1R B I A R Y A 5 R
& E R I A TR M A MR TE N 1 2 B9 IR 5 1) A B e Y AR
i . LR EIYHTRI N 22 FOR A AR T AR VTN AR L A
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Table 4 Analysis of the variance contribution

PO [IRGESRNA(E] PEIOF-T7 A A e % - J7 M A
it F#E/ % BR/ % it F#E/% B/ % ait F#/ % B/ %
1 12.91 75.938 75.938 12.91 75.938 75.938 12.91 75.938 75.938
2 3.576 21.038 96.976 3.576 21.038 96.976 3.576 21.038 96.976
3 0.418 2.456 99.432
4 0.084 0.496 99.928
5 0.012 0.072 100
6 5.69E—16 3.35E—15 100
7 4.27E—16 2.51E—15 100
8 3.06E—16 1.80E—15 100
9 2.27TE—16 1.33E—15 100
10 1.08E—16 6.37TE—16 100
11 4.94E—17 2.91E—16 100
12 7.27TE—19 4.28E—18 100
13 —1.52E—16 —8.92E—16 100
14 —2.38E—16 —1.40E—15 100
15 —2.96E—16 —1.74E—15 100
16 —3.87TE—16 —2.28E—15 100
17 —5.15E—16 —3.03E—15 100
121 . R 00 5 00 3 BB, T P EL IR O D 1|k e i
0.8 o AP T HATHURR A 2 A R o 5 Bk b T S A 06 BF 5 4 1 g
2L o4 s L 1Bk 5 o o LR A B D S T T A G
== oo Arg Gt B T -5 )11k ) A2 I DT L
S5 Cyof o A g D 1K 1 o T SR A0 O 7 2 e R A
& 04 et R Uk 0 8 5 SRR I 0 3 R R A R
038 Thr S0 TR 5 P A R U 1 R b i o T R
15 -10 05 00 05 10 15 KU 3 R B R A R A B 9 D U 1k XL o 5
Ffﬂgg:ggzg T ML 6 Tl 5 o I g D)1 S BE Al 5 T
B 2wl gk s A LA 2 A F DA B 7 5 IR 00 52 TR T 5 % B0

Figure 2 Principal component digram of Sichuan grain

vinegar in fermentation process
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