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Fig.1 Process flow chart of soybean—whey dual-protein salami fermented sausage
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Table 1 Sensory score sheet of soybean—whey dual-protein salami sausage
A JE H#it 2 E
SRR (60) & F WRH e & F IR & IR X Ex—EiR
ESEEIEY: S S S R S IR LY SR RS SR s H—5 A—L
oo -F R W — 5 4 em YA R @ B R A —F F
A7 (10) H AR SO R Sl s I S N & ] 5—i%
JRA(10) 2 FRAEH b R @R S 2~3 R, B Z A SR I IR B3 H—ik
R ol A o 2~3 R, B A SR AR R 3R 53 3B—i%
Kok (20) BR ok AN o BR vk 5% 55 B—i%
Aok SR A B M B Lk R 5 B
®2 B TRNER
Table 2 Test indicators of texture profile analysis
I5 7 AL 45
ol PR TR B AN XS TR B AR LR R SRR R ERENE AR R
8 46F , HOA B R A P A R 69 AR R (BB x A R B )
B b F2REG VNI GHEREILGERSE 1 RO ERTHEZ A -
= Ak %1 REGEARPE TR RERE EgGAIR LRI, —
F AR A AR R AT
W 1 REHMEED N FTREN B H2REHWETBZAGEEAR HH 8RR, o s
7 AR
MR FIREHEEHEEF 2 REHEEHGHMATIRRIEN EL EERNY -
# R R 45 PT AR T 2tk
W A 1h W WAL A R TR 1 A AR, XA 09 77 B dn Aol iR e AT A4y N
J1, Bp ] 2 4y A 4R
*x3 BHMNESHLE
Table 3 Parameter setting of texture measurement
Winor ik B4 7k ] 45 7 ok 1l
M AT & /mm s 1.5 2.0 2.0
M P ik JE fmm-s™! 1.5 5.0 5.0
M JG = JE /mm-s™! 10.0 10.0 10.0
T )& E % /mm 20.0 25.0 25.0
7 R T R 1) [ - 5.0 5.0
i /g RIEAIN 100 N 200 g 200 g
Wk ER BSG blade P10 10 mm P50 50 mm
A F 200 200 200
H o HLA% /mm 33.0/5.0( A #2/& ) 33.0/5.0( L #&/&3JE) 33.0/5.0( L #&/& JE)
IRIE R EIC 25 25 25

5k 4.00% ,6.00% ,8.00%,10.00%,12.00%, il
SPI 5 WPC Wyttt hy 4:1 . B4 K BHEMIEM
N 0.08% B & K OHEFRINE N 0.01% 2 i

ARG 2.00% , X K G -FLIE B hoK 7 i Y
pH {E BT VI A Bk P SR R BRIl A2 A
WEL 1 A A



236 H5M

X 8- R G 4R A B 69 vh B AR AL B S SR AT 165

1.3.5.2 & e o 1A s o 2 X6 B 47 K & s pHE %
R T8 AR 52 M BE R AT IC A A & 43 Sl Dy
1.00%,1.50% ,2.00% ,2.50% ,3.00% , % i W& 1
WniEh 6.00% , HE &R 1.3.5.1 5, % K-
FLIH ALK A B pH (H 5T U0 1M L ipE | 2R
PR REBE 1005 M | RELU P R AT A
1.3.5.3 A & B R i &2 X 5% 5Kk & B pH
H R A Fe bR G 52 SRR A K TR DA P S N
4 0.02%,0.05%,0.08% ,0.11%,0.14%, % il &2 ic
JEE AT i 2 Ry 2.00% , Hee A f [R] 1.3.5.2 1, XK
G-FLIE RO B 6 pH (BT R
FPE B a5 M RELOE R R A T A
1.3.54 B4 KO WEF & X0k & 1 pH
(ERST R R i 7T & V=R W A N ) 1y
4 0.01%,0.04%,0.07% ,0.10% ,0.13%, #1445
K EETE PRI N A 0.08% , Hop A8 i [R] 1.3.5.3 75,
R G -FE ROk E G pH (H . YY1 i {H 5
PE IR BB A IR AT A
1.3.6  ma g iy i e it e i it e R 1 Tl
i A Design Expert 11 1/ Box—Behnken # ¥
SEIR, DAR S —FL 0 RCEE S I b ) 5 R AR
A A R EEFM RN 3 NHEERN AR
(LA B.CFIR), LBCE P 1E R R A, 25 6
PR LIEER, S REERMN 3 DKFE (R
4), BB R/ D ZIRIE LA IR 2T ] %
KR

Y=BA2BX +3BX +2B,;X X,

KA, Bo. B Bi 1 B; FACIEEY @y eF il X; R
TR B A AR & Y AR e i AR &
1.3.7 FHageitsir % 804 ok F Microsoft
Excel 2010 #4748 11403E, F| H] Design Expert 11
Ge vt o0 B Rk i A5 8 HE 25T ANOVA 4381, R
) SF- B 2Z (AR LSD 36 2047 22 5 W S PR 6

2 HRESMH

21 BREAERXBRERSHH

211 KRG -FLIE AU N [FES 0 6F §% 7 oK
1 pH AEFI BT AE Y520 8] 2 Sy I 3G i T[] Y
FE AR R 7 - LI OBLER S I A X B RLOK A s pH
HZm 45 A, I AT 7E 4~10 h ] EEHK
Tl iy pH PR FEAL, b — KRG A5

% 4 Box-Behnken i{ 3%t B F R 4 i &
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Fig.2 Effect of different soybean—-whey dual-protein

addition amount on pH value of salami sausage
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Table 5 Effects of different soybean—-whey dual-protein addition amount on the texture of salami sausage

I E % W /1IN A R FE M M/ges =5 ik ¥

SPI 5310 £0.110" 0.849 £0.001* 0.771 £0.030° 10 737.140 £ 192.970° 0.409 + 0.022" 10 093.180 + 223.770"
WPC 4.210 £ 0.240° 0.942 +0.004° 0.798 £0.004"  5754.430 £ 112.550*  0.459 £ 0.004" 5 416.340 + 120.330°
4.00 4.230+0.110" 0.916 £ 0.006* 0.808 +0.001° 7 224.780 +213.590"  0.426 + 0.005° 6 831.580 +213.830"
6.00 4.760 + 0.250" 0.904 + 0.003“ 0.813 £0.006" 7 466.700 +395.260°  0.419 + 0.008 7 049.710 + 345.420°
8.00 4.730 £0.150" 0.898 £ 0.002° 0.815 £ 0.005*  8292.490 + 137.000"  0.419 + 0.006° 7 840.400 + 93.750°
10.00  4.840 £0.210* 0.892 +0.007° 0.814 +0.018" 9219.390 +309.240e  0.411 +0.014° 8 648.470 + 284.620"
12.00  5.240 £0.210° 0.849 +£0.003* 0.801 +£0.003* 10 336.890 = 326.070"  0.386 + 0.003* 9 768.170 + 337.63°

TE B R 3 U7 U0 Y B (b ik 22 AN TA) 5 R SR 22 53 1 3 (P<0.05)
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Fig.3 Effect of different addition amount of compound

colloid on pH value of dual-protein salami sausage
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Table 6 Effect of different amount of compound colloid on the texture of dual—protein salami sausage
AmE%  FIHIN LS SF &3 FEM /g s = 5 il P

s 4.830£0.110° 0.936 +£0.002* 0.824 +0.004! 7 706.950 + 464.990"  0.437 +0.009° 9 183.780 + 374.203"
1.00 4.600 £ 0.130* 0.942 + 0.004™ 0.821 +£0.005 7 604.290 + 144.190°  0.436 + 0.003* 8 950.660 + 75.051*
1.50 4.880 £ 0.250" 0.946 £ 0.007° 0.816 +0.002°  7729.290 + 155.380"  0.441 +0.003¢ 9 471.985 + 321.026°
2.00 4930 £0.110° 0.949 £0.001¢ 0.805 £0.001* 7 814.560 = 152.680°  0.429 + 0.005 9 647.380 + 69.703"
2.50 4.940 £0.310° 0.951 £0.001* 0.807 +0.003" 7 829.510 + 139.430°  0.421 +0.002! 9 714.950 + 241.074*
3.00 5.020 £ 0.630" 0.934 +0.003* 0.793 £ 0.006* 7 913.450 + 604.460°  0.393 £ 0.005* 9 818.510 + 46.805°

TE B 3 YO AT I8 1P S (B bR 22 R ] 5 BEAUR 22 57 1. 35 (P<0.05)

THE TR #H 0.02%F1 0.05% W5 20 R4 Fh 2 5%
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0.14% IR A AFFE R EATLAY . 7= R ol B 548 4
ANRER A ot PR 2 e, IF B R & i = A
BIRR . 4 HERNR R 0.14% W, Kt B LR #1771k

[R] B XU B K A i R ek | P SR 8 b A X
T 0.08% 1 0.11% 2825, bR 5~ 0.08%~
0.14% %5 A3, X 5 R RPHF 57 45 51— 20,
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Fig.4 Effect of different compound fermentation strains on pH value of dual-protein salami sausage
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Table 7 Effect of different compound fermentation strains on the texture of dual-protein salami sausage

FE My E/ges

w2 H

ik FE

®7
A % W AN A2 MR
Rze 3.100 £0.140°  0.939 £0.001°  0.806 + 0.012¢
0.02 3.430 £ 0.140" 0.933 £0.007¢ 0.810 + 0.002"
0.05 3.710 £ 0.080° 0.931 +£0.001*" 0.812 + 0.006"™
0.08 4.720 £ 0.180" 0.928 + 0.004° 0.823 + 0.002°
0.11 4.930 £ 0.210% 0.919 +0.003" 0.819 = 0.040°
0.14 6.350 £ 0.130"  0.910 £ 0.003* 0.817 + 0.004°

6 336.000 = 160.640°
6 853.540 + 606.140"
6 876.730 + 161.940
7 886.460 + 560.790°
8 054.210 + 366.100*
7931.991 + 359.340*

0.401 = 0.009*
0.403 + 0.003*
0.415 £ 0.003"
0.438 + 0.007°
0.455 +0.034¢
0.439 + 0.002°

7 823.510 + 120.080°
8 008.310 + 894.580"
8 108.280 + 157.800"
8 785.410 + 667.330°
9989.890 + 432.530*
10 014.720 + 408.400°

TE B 3 UOPAT IR AP (e hr i 25 R R) 7 BEA 3 25 57 1 3 (P<0.05)

2.1.4 A K TE AP TR ES in e XU B LK
Flp pH AR SR B A K 00 FhoE H

2 BRI /N TR e PA) 4 2 BR R 2 L 1) 52 TR T
HEZAMEH RS O R amrER, WE S AT
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Table 8 Effect of different compound chromogenic bacteria on texture of dual-protein salami sausage
FmE%  FAIN £ 8cd MR FME/ges w il g
Rz 4.020 £0.630° 0.950 £0.001° 0.809 +0.002*  8320.640 + 464.200*  0.424 £ 0.001* 9 992.280 + 598.740"
0.01 3.950 £ 0.110° 0.948 £ 0.004" 0.810 £ 0.003*  8370.520 + 243.430"  0.425 £ 0.003* 9 986.410 + 482.340"
0.04 3.940 £ 0.020°  0.949 + 0.004> 0.812 £0.004* 8 413.080 + 324.490"  0.428 + 0.004> 9 899.730 + 372.520°
0.07 3.950 £ 0.350° 0.949 +0.005" 0.814 £0.005" 8394.630 +358.200*  0.430 £ 0.006" 9 891.250 + 294.560"
0.10 3.740 £ 0.140*  0.949 +0.005" 0.814 £0.003" 8 405.730 +379.850°  0.430 £ 0.005" 9 892.440 + 481.920"
0.13 3.730 £ 0.170* 0.945 +0.009* 0.813 £ 0.006" 8 382.930 + 232.880"  0.426 £ 0.003* 9 872.430 + 334.020¢

TE B R 3 YCP AT I B S (b 22, AN [] 5 BEAER 22 53 k35 (P<0.05)

22 M EIREERESIT
2.2.1 BT RRE PR S5 LLss a1 R
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Fig.6  Effect of different compound chromogenic bacteria on appearance of dual-protein salami sausage
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e

2.2.2 [l TRY 25 85 i 2 G 6 R AR AR g ST

Table 9 Box—Behnken experimental design and results

Xt 9 iR B -FLIE WU F 5 HK & i i 55 1)

J1#EAT Z2 0 RN oA, [ VAR TR AR R A

IReE LR 10,

% 9 Box-Behnken i iZit R &R

gy T ERE ARMEAAR G LR A Y\(3 4291 )N Y ()
Gl (A) (B)/% ()%
| 32 0.08 1.50 3.80 « 0,07 §7.99 + 0.27"
2 3:1 0.11 2.25 3.98 + 0.18° 87.95 + 0.05"
3 3:1 0.11 2.25 3.98 + 0.23¢ 87.95 + 0.18"
4 91 0.08 3.00 449 + 0.02" 8344 x 021°
5 o1 0.14 3.00 4,66 + 0.20° 83.14 = 0.09°
6 9:1 0.11 2.25 4.67 + 0.09* 84.56 + 0.29°
7 3:2 0.11 2.25 3.79 + (0.28% 87.90 + 0.34"
8 31 0.11 225 402 £ 0.15° §7.95  0.30"
9 31 0.16 225 412 % 0.07 §7.26 + 0.16"
10 31 0.11 225 401 + 023 §7.95 + 0.24"
11 3:2 0.14 3.00 3.71 £ 0.01° 86.84 + 0.06¢
12 3:1 0.11 2.25 3.99 + (.12 87.95 + 0.35"
13 91 0.08 1.50 401 = 0.03 $4.57 + 0,30
14 9:1 0.14 1.50 425 + 0,04 §7.60 + 0.22"
15 3:1 0.11 2.25 4.00 = 0.18° 87.95 + 0.15"
16 3:2 0.14 1.50 3.72 + 0.25° 87.25 + 0.27"
17 31 0.11 0.98 3.99 + 032° 9177 + 0.11°
18 31 0.08 225 388+ 0.11° §7.14 + 0.32"
19 32 0.08 3.00 3.91 = 0,07 88.61  0.14%
20 3:1 0.11 3.51 4.03 = 0.09° 86.20 + 0.06¢

TE B 3 YO AT IR 1P S (L bR 22 | R ] 5= BEAQR 22 57 12 35 (P<0.05) 5

£10 BEUAEAEAFENRBEZERE

Table 10 Test of significance of regression coefficients of variance of shear force

% £ kiR F 5 Fm 8w Ers F i Pk T
e A 1.37 9 0.1519 27.46 < 0.0001 o
A 1.05 1 1.05 189.65 < 0.0001 o
B 0.0209 1 0.0209 3.77 0.0809 NS
C 0.0819 1 0.0819 14.80 0.0032 *
AB 0.0595 1 0.0595 10.76 0.0083 *
AC 0.0780 1 0.0780 14.10 0.0037 *
BC 0.0045 1 0.0045 0.8158 0.3876 NS
A 0.0974 1 0.0974 17.60 0.0018 *
B 0.0002 1 0.0002 0.0414 0.8428 NS
c 0.000028 1 0.000028 0.0005 0.9822 NS
#E 5.840 5 1.168
% MR 0.0540 5 0.0108 38.40 0.1092 o
shig £ 2.59 2 0.0133
it 1.84 14
R 0.9981
Ry 0.9953
CV/% 2.03

T 0 LRI B3 (P<0.01) 5% FoR B0 B 2 (P<0.05) ;NS 26 /8 JC B & MEAEH (P>0.05)
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Fig.8 Response surface and contour plot of ratio of soybean—whey dual-protein and the addition amoumt
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Fig.9 Response surface and contour plot of ratio of soybean—whey dual-protein and compound colloid addition amount
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Formulation Optimization and Quality Analysis of Soybean—-whey Dual-protein Salami Sausage

Liu Xinyue, He Xiaoye, Han Di, Zhang Jingjie, Wu Meishan, Wang Jing"
(Institute of Food and Nutrition Development, Ministry of Agriculture and Rural Affairs, Beijing 100081)

Abstract The effects of the addition of soybean—whey dual—protein powder, compound colloid, compound fermentation
strain and compound chromogenic strain on the pH value, shear force, elasticity, cohesion, adhesion, resilience and
chewiness of soybean—whey dual-protein salami sausage was explored in this paper. According to the design principle of
Box—Behnken center combination experiment, the proportion of soybean—whey dual—protein powder, the addition amount
of compound fermentation strain and compound colloid were selected as the main exploration factors for the three factor
and three—level experimental design. And a quadratic multiple regression model was established with shear force and sen-
sory score as the response values to verify the effectiveness of the model. The formula of dual-protein fermented sausage
was optimized. The results showed that high—quality fermented sausage with high sensory score and good shear force
could be obtained when the addition amount of dual-protein, compound colloid, fermentation strain, compound chro-
mogenic strain was 10%, 2.6%, 0.11%, 0.07%, respectively, and the mass ratio of soybean protein isolate to whey
protein isolation was 8:2. This study is helpful to better understand the applicability and application value of dual-protein
to meat products, and provides a new direction for the development of fermented sausage.

Keywords dual-protein; fermented sausage; formulation optimization; quality analysis



