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Optimization of the Liquid State Fermentation Technology of Litchi Vinegar
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Abstract

The alcoholic and acetic acid liquid state fermentation technology of Litchi vinegar were studied.
Experiments showed that the suitable addition of 4 g/L polypeptide before alcoholic fermentation could
promote microbial strains growth and the flavor compound formation of total esters and amino nitrogen.
The alcoholic fermentation was optimized by means of quadratic general rotary unitized design. The
optimized condition was 0. 15% inoculation volume ( the volume proportion of Anqi to CICC 1312 was
2:1),18g/(100mL) reducing sugar, 30°C fermentation temperature, pH value 4. 5. The alcohol content
was 9.76% under the optimized condition. The acetic acid fermentation was optimized by means of
L,(3") orthogonal test. The optimized result was 10% inoculation volume of AS 1.41,33°C fermentation
temperature and 6% alcohol content. Under the condition, Litchi vinegar had 5. 99 g/ (100 mL) acidity,
0.48 g/L total esters and 59. 8 mg/ (100 mL.) amino nitrogen.
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#h B £} | Hansenula anomala H. et P. Sydow , # k5
AS 2.300, HBHBE L A W0 T TS BT 15 AR 0 T R R
Lo 57 L b B2 55 H AE P, Hansenula anomala
var. Anomala, F ¥k5 CICC 1312, #7 & Tk W
PR DR TPt o A R I TR AT TR Y S B, Acetobacter
rancens var. turbidans Frateur, F {5 AS 1.41, R}
W 3w A= 0 F 5 BT Bl A 0 T o DR B P L o R IR
IR N RIRE e i e N e Sk 7/ KT B 5~ o = g
MELTP e M o 20 T o
L2 REFHE
L2.1  Z A0t m il B

Ve IS A 90 % G HL T 148 6 0 B, 282 K B
FRABZG W VER IR, TR 41% o R 28
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1.2.2 e

i JFOBE I E - 4R % € %, GB/T 5009. 7—
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€ pH 3Tk AT ME DR PRI E - oeik . BOR
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(1) Z 3Ll BE 15 AL

2 1 g TP TBERE A 10 mL 7K 1Y Ho 1], 76 88 1

TAE & K e 8L BB A B G B K R KR R R
38 ~43°C ;## & 10 min J5 #ATHEFE, R 30 min 5%
BLIE Ak o B T AL AT Y B BV R ) 2 30°C DL &
S E R

(2) bk AS 2.300 .CICC 1312 f3E AL P K IG5

W R R T © 1 #85  BR N 2% Bl 1) 6°Bé
AR SR b, T 28°C 5 T2 h, Zid Lk
5 ARG % , R RD A BE B I TG 7 I H AR K

— AT REEFE B SRR, B SO A
10 mL Z5 87, F 121°C & K B 15 min, 2 #1 5 H
A R R B 75 3 B R R =, B T
TR T A 28 C 4557 48 b,

TR KRR FE B 250 mL = A, A 100 mL
A, T 121°C H KB 15 min, R 4154 A 2 mL
IR R IR W, B TR R SR A P, 28°C K AR
48 h,

(3) bk AS 1. 41 ByIH AL Be P K 85 55

Ji IR T AR AS 2,300, 22 B LE T % AL R K B
Fr ik BE Y0 34°C o TR A AR TH BE 3R SEC L - A
B 1 g, BEREE 1 g,CaCO,1. 5 g, K 2 mL( il KA
JEIA) B 2 g, 7K 100 mL. [ FR 04 1K 35 3% 2k
BoEE Jy: #2505 1 g, BEREF 1 g, CaCO;, 1.5 g, T A
2 mL( & EKEEMA),7K 100 mL,
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Tab.1 Content of main compositions in Litchi juice
S T e B I JE IR e CIRGS R IAY] SR SRR )
/g+ (100 mL) ! /g+ (100 mL) ~! SE/ % /mg- (100 g) ! /g+ (100 mL) ! PH
15.75 15.21 17 8. 62 0. 084 5.15
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TR B, VAR 2 KBNS 3 K ab DU B ) [ 2= ARG Y
AKF IR AR, R 3 do R bR
AS 2.300 ,CICC 1312 #E4TI5 ks & B2, 38 J5 1 45 3

0 1 2 3 4 5 6
i I)/d
L A [ T ok T G A T 14030 i 5 i e 2k
Fig.1 Reducing sugar changes during alcoholic

fermentation using different yeast
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Fig.2 Number changes of different yeast during

alcoholic fermentation
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Tab.2 Results of alcoholic fermentation at three

different kinds of yeast

ZH AS2.300 ZEHLEEEE CICC 1312
W 1 (] /d 5 4 5
RS/ % 3.6 7.8 4.4
T JEUR B v B/ g+ (100 mLL) ! 1.50 0.73 1.25
SRR /e L 0.21 0.13 0.35
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Fig.3 Effect of yeast volume proportion on reducing sugar

during alcoholic fermentation
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Fig.4 Effect of yeast volume proportion on the number

of yeast during alcoholic fermentation

>R FIAS [R] IE BE 1Y) 22 3L 1 BF A ER bk CICC 1312
R AT, 28 R G AR, I R I 46 s O 247 IR
HIE ARSI T RS

M 3 Al WL, 24 5R A& 8L i £ A bR CICC
1312 {4 WU RR Ak 3k 38 I8 I, 22 B0 B T o8 B ) B
R, A R 25 TV 11 7 AR, TG e ey L

R3 TRABSEILLNEBSKBER

Tab.3 Results of alcoholic fermentation at different yeast proportion

ZEPEEFE S CICC 1312 MR B

1:1 1:2 2:1 3:1
R /% 6.3 5.5 7.3 7.5
I OB B R I /- (100 mL) ! 1.24 1.41 0.78 0.75
ST R /g L) 0.28 0. 30 0.29 0.19
R IPE T 5T R R WAL RS B FI, R A R AR FREARE
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Fig.5 Effect of polypeptide addition on reducing sugar
during alcoholic fermentation
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Fig.6  Effect of polypeptide addition on the number of

yeast during alcoholic fermentation
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A BE y g H bR, R JH DU PR 26— O e % 4 1%
T AL RS & 2 A

BEIE b, 0 JFOME o B A T I 4K 1T RS T
L VIR R A X I B A K A A T 2 A
ML 10% mF, B K& Z A S R KK T
W' FRIR LT g BERT LU A | mL RS T A

4 FAEASKANMENEBAEBER
Tab.4 Results of alcoholic fermentation at different polypeptide addition

LRV /gL

0 2 4 6
T RS B/ % 7.8 8.0 8.3 8.4
6 JEURE R A W S /g - (100 mL) ™! 0. 74 0.58 0.40 0.38
BT R R /g1 0.13 0.23 0.27 0.19
IR ALK /mg - (100 mL) ™' 76.5 94.2 108.6 104.3
JE PR E 7 5T R R R NI SE 7 3 T S ) 5 1 S i R v AR BT
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Tab.5 Levels and factors of four factors quadratic

currency rotational composite design

] e, BEESEx,
pH {4 x,
/% /g+ (100 mL) ~* /°C
2 0.25 18 34 5.0
1 0.20 16 32 4.5
0 0.15 14 30 4.0
-1 0. 10 12 28 3.5
-2 0.05 10 26 3.0

6 HT_XEBERARFHGHRESER
Tab.6 Results of four factors quadratic currency

rotational composite experiment
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Tab.7 Analysis of variance

BRAW P AME 8T Ji %
X, 0.001 7 1 0.001 7

i EKF
0.805 77

0.062 50

X, 159.4458 1 159.4458 5967.56236 0.00000° *

X, 0.602 8 1 0.602 8 22.56250  0.00022 " "
X, 1.2174 1 1.2174 45.56250  0.00000 " "
X3 0.104 6 1 0.104 6 3.914 23 0. 065 36
X3 0.5254 1 0.5254 19.66423  0.00042" "
X3 1.268 6 1 1.268 6 47.47806  0.00000 " "
X; 0.3493 1 0.3493 13.07380  0.00232" "
XX, 0.0225 1 0.0225 0.84375 0.37197
X Xy 0.002 5 1 0.002 5 0.093 75 0.763 41
XX, 0.0025 1 0.0025 0.093 75 0.763 41
X)Xy 0.062 6 1 0.062 6 2.34375 0.14532
XX, 0.062 6 1 0.062 6 2.34375 0.14532
XX, 0.0025 1 0.0025 0.093 75 0.763 41

] 15 40.7325 14 2.9095  F,=108.892 0.00000 " *
Tl 4 0.4275 16 0.0267
EX 0.3875 10 0.038 8 F,=2.812 0. 059 02
W% 0.0400 6 0. 006 7

¥l 41.160 0 30

TE:Fy o5 (1,16) =4.49, Fo o (1,16) =8.53, Fy,, (14,16) =
3.45, F) 5(10,6) =4.06; * * KR ZEFHEE,

7 rp A%l T B [ U AR BOR: 56 45 R 3R
1 X, XS X, i 1019 2R %07E p = 0. 01 JK-F-4R ik
b 2, AR X, X, R X, XHEDRE B y AR E
SR o 3 AP RN A IR IAE p = 0. 01 K B
RS I T ) o O e R (SO E R DO R L
J¥JC B E

L5 p =0. 10 B E /KT, AT 4517 44 1] )5
it
y =7.400 +1. 287X, -0. 079X, +0. 113X, —0. 030X; -

0. 068X; —0. 105X> —0. 055X, (1)

i T L) & B 0 T AR B bR AL,
JIT LA 2 L 50 HE 248 00 (i A8 DR /0 BIVRT 4 B 4% PR 7 %o T
A TR /N S R AUy 3 JOHE J5 5k B2 pH
B IR R P A

I3 Oek (1) A 300 R B, mT TR0 A T ORS R TR Y
RABAE X, X, Xy X, 205 0.2.,0 1, B2 42
il o 0. 15% 38 J5OHl o #9218 ¢/ (100 mL) ,
Iy 30°C, pH Ky 4.5 I, BT 45 BT RS B fe
$99.76% .
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0 e Bk A A IR B 9. 52% , A M
SR T W R 0. 24 o/ L, A B R A5 AR o K
& 103. 8 mg/ (100 mL) ,
2.5 EBRAE

T 4 5 T Ji 08 A o e I B 06 AR S, AN AR G
AP R 1) 975 4% v 3 T PR T T, B0 O 0 S R A I L TE UL
AR PR R R A ISR . BR R IUR AR
NP R E IR .

PBRE AS 1. 41 i 52 05K B2 R 8% , IR K & T
FIRTTPG AR TaE 224 i B8 S AT T TR R I o T T TR K T B 1A
IR LA b, DLR ISR T R R S A A H b JE
1 Ly (3") IS 50 1 b Bt R A W 1225, 45 DR K OF
LA 8 iR .
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Tab.8 Factors and levels of orthogonal

experiment for acetic acid fermentation

H#
K
Bl A/ % i B/C R C/ %
1 7 31 5.0
2 10 33 6.0
3 13 35 7.0

MO MIRE A5 R, 4545 T 220 M 10 af L 23
AR B FE RS RAK U il TR L R
BE YRR AR TR 7 R 14 R A E

R BRABZFHMALEZRRES

Tab.9 Results of orthogonal test of the acetic

acid fermentation

2K (p <0.05) , H2 B it %k 7™ B2 o 52 i A 18 3% o
AL PR G ALB,C,, BRI R AS 1. 41 452 Fh &
10% |EER & BE IR 33°C RIS I 6% . &%
UE, TE AT R I 10 d, i JBCAY 75 A A il e 1R o o
WHER 1K 5. 99 ¢/ (100 mL) 5 AH N b B P S5 H 9 B O
O%yhﬂ%&* J R R 3% 59. 8 mg/ (100 mL)
% BORBS B B R % 5 77 & GB 18187—2000 Y #E
FE(=3.5g/(100 mL) ) . TERSER K Bt Fe b, 05 &
it T A — B A2 b A A A 1, R A R
FH A L R 22 i 1 s 1 2B 1, DT A 5 2 s 2R
il B A DA I 3 o

£10 EZRBAFENT
Tab.10 Analysis of variance on the orthogonal experiment
WRKW FITM AW 7 J5 % B E K
P 0. 141 2 0.0705 2.0435
i 1. 920 2 0.9600 27.8261 #
K 1.437 2 0.7185 20.8261 %
=5 0. 069 2 0.0345  1.0000
B 3.567

fjf:Fo_os(292> :]9;’?0‘01 (2)2> =99; = ﬁ%%#i%:

3 Hit

(1) R A2 BLE R A1 TR R CICC 1312 347 WU

itym@ﬁ%zﬁ%ﬁi,,\{E'biqﬂﬁiﬁ%tiﬁﬁf M) 2 T
AR A W RE CICC 1312 25200 77 I 5 Y

LILWERE R AR CICC 1312 {RFALL S 2 1A, B &
SRR R AR o

(2) LA 22 BRAE S 7% BOR TS I 0 78 R & 19 A
8, Z2 IS I %o TR 2B KR IR T 1A 4 T 2
YER, ZKEs it L 4 /L N'H .

(3) 45 BB 5% P K 32 5% el 19 32 ORI KU R
I OB BT SR T pH L R GER R R AR
FEAh i 0. 15% (42 BLEE BEFI P Ak CICC 1312 (4R FR
Foohy 2: 1) 3 JEOME Jot vk B Oy 18 g/ (100 mL) |, & %
JELBE R 30°C, pH (B 4 4.5 BF, & B2 00 RS B Gk
9.76% .

(4) £ PR 5% e R 52 W 11 32 U 4K R - T
JE R RE AR RS R 10% R E
33°C WAEEE 6% o BLIRAETT 7 B s B R T o vk
4 5.99 ¢/ (100 mL) , 25 5 & vk B 4 0. 48 ¢/,
RAEMRSE W E X 59. 8 mg/ (100 mL)

£ x

A B c &l
r5 /g+ (100 mL) ~'
1 1 1 1 1 4.93
2 1 2 2 2 5.96
3 1 3 3 3 4.03
4 2 1 2 3 5.67
5 2 2 3 1 5.35
6 2 3 1 2 4.37
7 3 1 3 2 4.23
8 3 2 1 3 5.36
9 3 3 2 1 4.88
ky 4.973  4.943  4.887  5.053
ks 5.130  5.557  5.503  4.853
ks 4.823  4.427  4.537  5.020
R 0.307 1.130  0.966  0.200
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