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Abstract ; In order to enrich tomato varieties and obtain fermented tomato sauce with better taste and quality, tomato was used
as raw material.On the basis of single factor experiment, color difference, total acid and organic acid content were used as the
test indexes. Using total acid content as response value, the fermentation conditions of tomato were optimized by response surface
method. The results showed that when the ratio of Lactobacillus botanica , Lactobacillus acidophilus and Bacillus coagulans was
1:2:1,the acid production of tomato sauce was the highest, and the optimum fermentation conditions were as follows:
Fermentation temperature was 28 °C ,fermentation time was 30 d,the inoculum size was 1.8% and the content of V, —Na was
0.5% .The total acid content of fermented tomato sauce was 25.16 g/kg, the organic acid content was higher than that of natural
fermentation.The finished product was fresh in color,rich in aroma and mellow aftertaste.
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Table 1  Organic acid regression equation
P R AR AR L 1
A 6233:1.1878:1.420(1:1:1)
B 6233:1.1878:1.420(2:1:1)
C 6233:1.1878:1.420(1:1:2)
D 6233:1.1878:1.420(1:2:1)
1.2.3.2 RBEREE R FLER B4 5 4% I8 Le il 3%

B FE e b, BT 25.28 3134 37 CA&MTHEEXR
7 30 d, (22 {6 | B R FA VLR & 1 8 B A% F5 b5, 1
FE B AR R TIR I
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Table 2 Factors and levels of response surface experiment

for fermentation of tomato sauce

SES
KV ARBHREE B KREEAE CHEFE D3 Ve -Na
() (d) (%) (%)
-1 25 20 1 0.5
0 28 30 3 1
31 40 5 1.5

12,5 F5hRIE

1.2.51  @ZEEME FHEHE O 22N, R IKEE
WL b7 He o LT AE R R S8, L7 B 15 W 2
RSSO e” b ER B B, 3 o



@%si&@h‘«il

T EHE&

(B AR P TR AT s 25 b E BT S B
1.252 AHLREEME A VLERIR RS W i Ed
il ERMFRECELER A R SERR PR R L BE
PR 0.0200 g, 43 51 FH 4l 15 7K 2 25 2 10 mL 25 50
oL R AT, BE R BE SR 2 me/mL A LI b HE Bl
W o

B YRR & Fr 1 B 28 09 W AE < 43 551 W B 258 L
TR fig 44 0.025 .0.05 .0.1 0.5 mL E4E 10 mL & &
T (25 A BLTR JoT L vk B2 4K ¥k A7 0.005 .0.01 ,0.02 .
0.05.0.1 mg/mL) F&4] , #E4F 20 pL, RAEEHE . AR
IEmA SR ) e R@B AL MERIET AR, WE 1 &
%3,

1600
1400 |
1200
51000
< 800

600 S
400
200

0

,,,,,,,,,,,,,,,,,,,,,,,,,,

730

4328 o

BI1 AR A bR (R 5
Fig.1 ~ Chromatogram of mixed organic acids
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Table 3 Organic acid regression equation

I BIEpRE e FA
1 HR y =60.383x +180.11 R* =0.9992
2 AR y =16.185x +41.253 R* =0.9993
3 YR y =11.097x-23.835 R* =0.9994
4 BN y =3.0822x +6.6586 R* =0.9998
5 R y =5.175x +24.007 R* =0.9991
6 BEIIMR y =3.0604x +12.506 R? =0.9998

A5 ol T A B« MR T S B AR G 5.000 g, im A
0.2 gifithpe, HZEMR/KE AR 2 50 mL R, T
8000 r/min E5.0> 10 min, B & W H 0.22 wm BERF T
U8, FHERE

WAH 3% 55440 AT TR 30 °C LK 210 nm; 3
ZfiAH : H B2 -0.01 mol/L iR — & # MK (pH =2.6)
(98:2) ;333 : 1.0 mL/min; JEEE 20 pl.
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Table 4  Sensory evaluation criteria for fermented tomato sauce
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Table 5 Results of acid production by mixed inoculation with tomato sauce
5 FLIR B R AR SRR BN FrEEIR BRIMR SR FLER/ SR
- HEIH  (g/kg) (g'kg) (g/kg) (g/kg) (g/kg) (g/kg) (g/kg) (%)
A 1:1:1 0.065 0.181 0.230 15.534 2.841 0.049 21.859 71.062
B 2:1:1 0.067 0.176 0.192 16.284 2.757 0.060 21.468 75.852
C 1:1:2 0.071 0.177 0.215 15.932 2.957 0.024 21.706 73.401
D 1:2:1 0.072 0.181 0.293 19.740 2.800 0.053 23.710 83.257
E ER/ YA 2 0.047 0.099 0.128 12.482 1.465 0.045 16.658 74.930
6 RN R BRI 22 1 FT MR )X K T A (25 1) R
Table 6  Effect of temperature on color Table 7  Effect of fermentation time on color
difference of fermented tomato sauce difference of fermented tomato paste
N : N
K Bl o be I ST (8] o be L
(C) (d)
25 2042 +1.21"  19.13 £1.23"  39.59 +1.43" 10 1458 +0.21° 642 +091° 4941 +0.94°
28 21.91 +0.94* 18.25 £0.12¢ 38.97 +0.21° 20 12.21 +1.23° 3.24 +1.43° 41.74 £1.48"°
31 19.78 +1.92" 17.86 +0.75"™ 37.59 +1.09" 30 19.42 +0.97°¢ 14.71 £0.94° 36.97 +1.92°
34 21.27 £0.89"  17.26 £2.02"  37.07 +2.10° 40 20.13 £1.57"  17.21 £143" 3530 +0.73"
37 17.61 £0.94"  12.81 £1.02"  37.00 +1.83" 50 20.93 +1.73¢ 17.73 £2.1° 34.31 +1.69°
H:X2SDn=6,FIARFHERNEAEFEERME(P < . N,
I n IEWJKIEJ%H%%/T A E2ERM( R T ——
0.05) ;3 7~ % 9 [Fl. 2% BT R 122
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Fig.2 Effect of temperature on acid

production of fermented tomato sauce

213 REEEFE & L A R 02 BR YL S
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ma, & PR A )RR AR AR AR PR A R 2 R IR
30 d, (W25 {HZR 18 T R, 355 LTI, &7 30 d LU
JE LT ERZETRE(P <0.05), & 3 AT, & Bl
Fe T A BT o 5 B I TR] ) 28 Ak B S i AR Ak, 2 &
B#10~30 dst, & e b ZLIER TRA G U B Sl FE &, 45 Fh A
HLAR S i 24 B 3K, RS 30 d B, LR & s g
F] 12.69 g/kg, b5 BL R & Eif =l 71.02% , 24 & 9% 30
d LU, 3o & 1 v IS o uk L I PR O T T FE R
SRR IR AR B W TE R, b, S e R B
Fende T E PR & &, PR R e [a] 2 30 d,
214 AR BRI X I A R i B
b R FIn S BRI KR R e, F L
i A 1 2 T R B R R, AN AN RAS G 0, i W] BB
T 2 AU o] JEL T A 2k 0 ) 2 R SR i 3 75 e 1) R AR
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ML R RT 5% LU, LB T . mE 4 n]
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Fig.3 Effect of fermentation time on acid
production of fermented tomato sauce
N, BRI AE 1% ~3% Z AR, SPE AR IR | FLIR T s
P2 Mo SR e M SR B e e, FLAR & R R =
PG4 56.6% ; BBk g 5% LI, FLING B W FE 5 77
Yy, SBECE IR BUIHFESR T, T BB FL IR 1 R )
TFHAFR R T A WL AN AR TT i 2 A8 /b, 23 1
PR, BB A &L 3% .
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Table 8 Effect of inoculation amount

on color aberration of fermented tomato sauce

}%ZT;E a” b* L"
1 18.93 +1.34"  14.82 £0.05° 3539 +1.74"
3 19.65 £1.93" 1429 +1.95*°  37.71 +0.96°
5 21.15+£0.99° 1726 +1.39"  37.09 +1.89°
7 19.13 £1.54>  17.67 £1.97" 3824 +1.27°
9 18.14 £1.89*  14.39 £0.83*  34.77 £0.45"

2.1.5 5 V. —Na BINE AN FFon % B O e &
T B A Z B ZL R B S = i 2, i 5 AR
& ARG &, BN Ve —Na AT L 58 Bl 2 i 3 248
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Fig4 Effect of inoculation on acid

production in fermented tomato sauce
o SRR M IS, 3 ] LU i & 19 2 5t e v
MR ER R . WER 9 PR, RS Ve —Na BYZRIN
X R I A b Y (22 (B AT W R B9S2, 2SS
B/NT 1.5% B, (22080 Z2 08, 2138 v, SE K =
V. —Na BEGE I 6 ¥4 4 e s s> 18 5 ml LR
HY L B 57 Ve —Na BRI0EIE IC, FLBR ™ IR 19 33 508
WoeNs , AR & A ., 255 57 Ve —Na il
MAVUIR & BZZ 8, WEHEIIN 1% 57 Ve —Na 8518

ROV —Na G 0 A e il €5 22 1 52 0
Table 9  Effect of addition of different V. —Na

on color difference of fermented tomato sauce

5 Ve -Na &

. b L
(%) ¢

0.5 18.6 +1.83° 147 £1.63*  35.0 £1.23"

1 19.3 £1.09" 15.7 +1.89° 363 +1.62"
1.5 21.4 £2.01¢ 17.1 £1.21° 37.7 £1.75°

2 20.7 £0.93° 173 £1.53'  37.0 £1.43°
2.5 19.3 £1.63" 15.4 +1.93" 354 +1.95°
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.oy NG e dm
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= 0.6 &
. B 0.4 . &
& s 0.24 2
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0.5 1

L5 2
SV -Naifs i (%)
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5 5 Ve —Na G0 A& B i ™ IR A 0
Fig.5 Effect of V. —Na addition

on acid production in fermented tomato sauce
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54558 W& 10, ] Design—Expert 8.0.6 Z{4:X] &
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Migper i (Y) =24.73-0.93A-0.74B-0.73C —
0.49D-0.96AB + 0.30AC—-0.92AD-1.39BC + 0.015BD
+0.74CD-4.82A* =3B*> —1.28C* -0.39D°

# 10  Box-behnken 46151145 1

Table 10 Box—behnken experimental design results

oA SR

W5 A B C D (a/ke)
1 0 0 0 0 24.92
2 -1 1 0 0 17.09
3 0 0 -1 1 229
4 0 0 0 24.35
5 0 1 1 20.1
6 -1 0 -1 0 21.3
7 0 0 1 1 22.39
8 1 -1 0 0 18.01
9 0 1 1 0 21.7
10 -1 0 1 0 19.02
11 1 0 -1 0 18.1
12 -1 0 0 -1 20.02
13 -1 0 0 1 20.95
14 0 0 0 0 25.32
15 0 1 0 -1 21.92
16 0 0 -1 -1 24.56
17 1 1 0 0 13.97
18 0 0 0 0 25.02
19 1 0 1 0 17.03
20 0 -1 0 -1 23.06
21 -1 -1 0 0 17.29
22 1 0 0 1 17.34
23 0 0 0 0 24.02
24 0 -1 -1 0 20.12
25 0 1 1 0 18.17
26 0 -1 0 1 21.18
27 0 -1 1 0 22.15
28 1 0 0 -1 20.08
29 0 0 1 -1 21.1

iz J1] Box—beheken i 137 11 53 BT 25 X 592 56 245 SR AU
BB AT T7 22 o0 AT, B vh 4% 2 50 3 PR AG 56
ER VLA 11 [l 5 A v A8 b o 2 5 B 52 V) ) I
FVEH F ARSI, PRGBS  H BT N AR B ) e
PR LB o BRI F{E N 36.64, KT 0.01 /K-
B89 F AR, H P <0.0001 , i5a B 2458 U I 55, 200 28U
MIPE R R = 0.9734, UL I Z A AL (il JUL 5 B R 4T,
REAS T IR AL . TEGETH 7 B A B S, R F =
1.84,P =0.293 >0.05, 1~ . 3 , 5 B 24 184 [] ) 5 7
ANRAY, BEFE 73 S WS B 40 , v LA 1 )5 77 R A QRS
TG LS R 0 S 6 2 R VEAT e M. B AH OC B2 B
R, F WAL B 2 [A) 1 2R M G 28 T B Bl U, i B Y Y
P ANC RB(R,,; =0.9469) 21T T 1, PLWI A it
B LR PEAR SCARR EE B DT . A5 I h— k3 A (B C |
D, “RIGA® (B C*, Z2H I BC XK 19 3 5t 5 1
MR & B SE AR 3 (P <0.01) ,AB (AD [CD IiUXf % 1§
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Table 11  Response surface ANOVA results
AR SRR ¥75 M FI H1 ¥or FAE Pia BFE
iR 228.68 14 16.33 36.64 <0.0001 s 3
A 10.34 1 10.34 23.2 0.0003 ok
B 6.54 1 6.54 14.67 0.0018 ok
C 6.48 1 6.48 14.54 0.0019 ok
D 2.88 1 2.88 6.46 0.0235 ok
AB 3.69 1 3.69 8.27 0.0122 *
AC 0.37 1 0.37 0.82 0.3802
AD 3.37 1 3.37 7.55 0.0157 *
BC 7.73 1 7.73 17.34 0.001 ok
BD 9.00 x10~* 1 9.00 x 10 °* 202x10°° 0.9648
CD 2.18 1 2.18 4.88 0.0443 *
A’ 150.65 1 150.65 33791 <0.0001 ok
B 58.35 1 58.35 130.88 <0.0001 ok
(o8 10.57 1 10.57 23.72 0.0002 ok
D’ 1.01 1 1.01 2.26 0.1548
e 6.24 14 0.45
ERN 5.12 10 0.51 1.84 0.293
fhiiR % 1.12 4 0.28
ZE 234.92 28
R 0.9734
R 0.9469
T+ FRBE (P <0.05) , «x Fontl & (P <0.01),
K12 IARULG R A SR A ) T 0 A LR & e SR TP A5 2R
Table 12 The organic acid content and sensory evaluation results of tomato sauces
by optimal combination fermentation and natural fermentation
Wi H FLIR AR R PIRIR PR BRI BRI (G
(gkg)  (gkg)  (gkg)  (g'kg)  (g'kg)  (g'kg) (43)
o g BRELA FRIGE 1T FRIRUE |
&t RRE  18.211 0.143 0.032 1.854 1.932 0.054 TR e ) 87
HR KB 12.482 0.099 0.047 1.28 1.465 0.045 ELE R 77

FRARAS I RN Z G

Tt IR R IR 2 (P < 0.05) , 25 X A
e 5 it e A PR R W) o BE AR U Ry« R I IR > A I
] > eAfdE > 5 Vo —Na B30

P 52 B A B4 i D T P DL P 6

FH L 6 19 = 4 = [a] P ] 40, 32230 56 A T 326 9 [
PN AFTEARARL , e — 2 o T 1) i o A, SO 45 1o 2R A
Bl b i e 5 B J7 ) FeH, A J7 [a) B4 e 0L 1T h 2
BIBE, A SFEmARnE R S T B U5 I, Ul
PA e Pl B2 (L A) e e T 3 o 8 G R 7 ek P SR2 i) . =%
5 T ARERS TRl (B) |, 25w £k S M [BDE | 3R W] A 198 il B2
(A) 5REFE (B) ZZ HAEM R34 5 D Jr W s,
A T[] FA e 7 TAT I ZRBCBE , A A e 2 R B T
W D J7 a8 B, U W A BRI (A X A I8 2 bl
BPR SRR TR Ve —Na @8 iEE (D), 45
AR RDE R AR (A) 557 Ve —Na @80
(D) ZEAFM R 5 C Jr i e, B J5 [ B9 i B
TR BCBE , B 45 i LR A 58 e 35 & T C J7 1Al i
FRE UL A RN 1A) (B X A2 P 2 it v s I 5 i B 52

116 20194 52341

M) &2, 35 75 TR Rl (C) , S5 in LR S T , W K 1
IFIE] (B) SRl (C) S BAE I B35 55 D Jr i bk
82, C I 1] R S TE T SRR L C S5 4R 0 B T
5 TUY D 7 1] B % R 4 Rl R (C) X % 18 7 il
e S T RS RS T Ve —Na (D),
SERRLR L IRE , R IR (C) 55V, —Na B30
(D) A B,
2.3 WIERE

Fh [T 07 5 AT e e 4 A R 380 e A A5 1, 4 331
g de W R B 27.93 °C | % WIS E] 30.14 d | 45 P
1.83% 5 V. —Na i 0.5% , 76 4540 F R 18 3%
G A R A B FUAG A 25.25 o/kg, 5 I F PR
PRVERQE R P 5 0T A5 M, R 55 0 A% P08 TE g R 1 R
J¥ 28 °C &I E] 30 d %R K 1.8% , 5 V. —Na
BINEE0.5% FEMLAE N HEAT 3 WK AL W0 iE PRI 56,
79 1) 2 W T 50 TR o B A K 25.16 g/kg, 5 HU
(B30T, 2 WA V0B 0 400 2 B 4R 4, L AT S M A,
FEIE ST 2 I T 5t AT ML 2 B 4 3 12 T,
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Fig.6 The interactive response surface and contour of fermentation temperature ,

fermentation time, inoculation amount of lactic acid bacteria, addition of V; —Na
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