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Quality analysis of soybean protein vegetarian sausages of fermented by different Saccharomyces cerevisiae
WANG lJiayi'Z, WANG Zhengrong?, PAN Xiaogian'*, ZHAO Changwen? LIN Dongmei?

(1.China Meat Research Center, Beijing 100068, China; 2.College of Life Sciences and Food Engineering,
Hebei University of Engineering, Handan 056000, China)

Abstract: To improve the quality and flavor of vegetarian sausages, using soy protein as the base material, fermented soy protein vegetarian sausage
was prepared by inoculating commercial Saccharomyces cerevisiae 32717 and S. cerevisiae 13-1, respectively, and using unfermented soy protein veg-
etarian sausages as the control. The volatile flavor compounds, odor, taste, color parameters, and sensory scores were analyzed by gas chromatogra-
phy-mass spectrometry (GC-MS), electronic nose, electronic tongue, colorimeter, and sensory evaluation. The results showed that a total of 24, 26 and
21 volatile flavor compounds were detected in the fermented soy protein vegetarian sausages inoculated with strains 13-1 and 32717 and in the control
group, respectively. The contents of alcohols, pyrazines, aldehydes and furans in the soy protein vegetarian sausages fermented by strain 13-1 and
32717 were 164.38 pg/kg, 220.91 pg/kg, 30.81 pg/kg and 54.93 pg/kg; 536.34 pg/kg, 657.89 pg/kg, 35.99 pg/kg and 53.76 pg/kg. Compared with
the control group, the contents of alcohols and pyrazines in the fermented soy-protein vegetarian sausage groups were significantly increased (P<<0.05),
and the contents of aldehydes and furans were significantly decreased (P<<0.05). The electronic nose and electronic tongue analysis indicated that strain
13-1 fermented soy protein vegetarian sausage had richer odors of alcohols, aldehydes, ketones, aromatic components, sulfides, etc., better taste layers,
umami intensity and color, the lowest loss rate and squeezed juice yield, which were 5.46% and 0.62%, respectively, and the highest sensory score
(88 points).
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W50 75 18 I 44 R i
1 wicC X5 A Ay RS R
2 W58 xRS Y R A
3 W3C X2 5 A A R
4 W6S XA R
5 W5sC Xof R T JE T A Ay R
6 Wi1s Xt PP 28 R g
7 WIiwW P IRAL Y R L
8 W2S X TR R 2 52 A
9 W2wW Xt O AL AT B A R A
10 W3S X B b J R

13.6 KE& 8 FAM#EREFENE

HL T8 7 Ik S B T 5 A PO 1R IR AR A& vl B &
i R W8 112 A o ORI BY /N B S AR L0 g5 100 mL
A KRG, E4 CT T 60 s, 25 T4 C .8 000xg5k
PE B 0S5 min, YO BV BUE TSR,
137 KEEZRAZFAMACSHNNE

B S B I SE R A 22 100 e e IR VRIS B, K
KR G R VR A A BRD AR 1S mm s 04 IR 4, 1
U T 1) (0 22 AN A T B3 60 2 50 i SR BH 5 B (L*H) |

CLERRE (a*(H ) FIBCIE BE (bME) o BASFE S ABB AP AT I 5
138 KE & & & Wi kAkmkeyE

FRAE IR 5 2 2 3 ROV 5 ik R VR s ok, o
TR 2 B K 2 1 2R P M S vt 2 7 T 22 W T A
25 HRE B =1, WK AUE T R m b K
A Ag P K FRICH T o, AR R 3 IR
REMRRITE AT .

11 - AR AT /- AR R R R

HES R R= ngmggﬁggm%ﬁ;iﬁ%ﬁyg><100%

B TR E S 7% B RGP I A AR E
W K 1 25 TR iy RO FRUT) B JRE A 15 mamn g 14D (80 A 1, ik G
Wi T my (g) K L e AR b Rt 2 kg K T,
TFIE3 min, W22 46 5 Z WY A 9T hmy(g) . 5
FE TR R A R

BrE =" % 100%

nm,
139 XE& B XA MEEIFH
WEER204% 2 ad L b B VI A R B EAG A 5L R FE 22 1y
B PN ARED, B IR R R R AR S R O
ML R ANTE 45 BRSSP , KEE A E R
PENFRUEILZR2

R2 REEAZHABBETSIRE
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i 24 %0 #5 S Ve AR ) 5, HL P S AR B3R R 2R
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M WK 13-1.32717 & K L8R F 3R A i vhoRGn i i
KEMER L | &0 5 164.38 ngke . 22091 pg/kg;
536.34 pg/kg .657.89 wg/kg. FEAS  WRIR W) T B i A ol
30.81 pg/kg.54.93 wgkg;35.99 wg/ke.53.76 pgkg, 54
Y1 HA, 2 K N R 13 A I A R R R 2R I A R

WK 38 2 A b A 23 4 R v XU B o, 21N (P<<0.05) , [ 28 Fiwk g 25 4 BT 7 o b 2 RIS
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Table 3 Analysis results of volatile flavor compounds contents in soybean protein vegetarian sausages
- i/ (ng-kg')
R casE ety L ke wma | BEIEE  EER2ITER
KREEAENWE KRUEAEAW

1 470-82-6 52 o A 1.1 ND 8.02+0.50a 9.56+0.20b
2 111-27-3 ECm WG, AL, 5.6 ND 74.38+1.35a 111.59+2.50b
3 78-70-6 35 e T AT 0.01 ND 7.30+0.65a 10.15+0.45b
4 60-12-8 T EE R B TR 0.015 ND 74.68+0.55a 89.61+0.45b

/it 164.38+2.65a 220.91+3.56b
5 66-25-1 SR N 2.78 64.74+0.40a 24.33+0.20c 45.25+0.23b
6 124-13-0 TEE Rl IR A g E 0.32 2.71£0.50 ND ND
7 2548-87-0 SR 2-F I a0 R IR 0.34 2.22+0.05b 2.00+0.15b 3.00+0.25a
8 124-19-6 T g At A S 1 19.07£1.50 ND ND
9 188829-56-6 R 2-T- wN IR WG, %11 0.08 5.06+0.70 ND ND
10 112-54-9 + Jig 1y 0.53 7.35+0.50 ND ND
11 25152-84-5 R ,J2,4-%% ) PN TN 0.027 8.08+0.252a 4.48+0.05¢ 6.68+0.04b

NaE 108.93+3.70a 30.81+1.60c 54.93+2.52b
12 127-91-3 BTk FAAR W R AL 6 15.45+0.35b 13.55+0.22¢ 16.45+0.25a
13 5989-27-5 D-Frigf HEAR 3 A 34 56.89+0.55a 50.11+1.50¢ 55.56+2.50b
14 87-44-5 -7 7 Jis NN 64 68.38+0.45¢ 71.23+0.35b 82.33+0.75a

/N 140.72+2.54b 134.89+1.56¢ 154.34+3.25a
15 620-17-7 3-ZHE-F R 0.85 0.98+0.06 ND ND
16 90-05-1 2-F AR B LERaN] 0.48 55.37+0.35a 37.95+0.51c 42.45+0.25b
17 2785-89-9 -2 H2-HE KT ERLTE 4.4 15.19+0.20b 15.07+0.40c 17.24+0.30a
18 97-53-0 T & T 0.71 3.76+0.11b 4.00£0.23b 6.22+0.32a
19 7786-61-0 4-Z i He 2 - H G LR T 3 4.34+0.12a 4.63+0.13b ND

N 79.64+3.35a 61.65+2.45¢ 65.91=1.36b
20 109-08-0 2- 1 St g HEK A 60 ND 157.74+5.50a 200.23+4.50b
21 123-32-0 2,5- L CICIIN AT N S ] 80 ND 88.55+3.50a 120.25+4.50b
22 13925-03-6 2-2 H:-6-H B 1% TG0y W e R 40 ND 164.8+5.50a 180.24+6.50b
23 13360-64-0 2-7, -5 B KA 16 ND 36.23+0.30a 52.45+0.70b
24 13067-27-1 2,6-. 4 K- RIRF A 6 10.60+0.20b 8.83+0.40¢ 11.24+0.20a
25 13925-07-0 2-7,33,5- I KLt % +5 0.04 24.68+0.25¢ 33.31+0.15b 42.22+0.51a
26 13360-65-1 3-2, 32,5 7 T St +E B 0.4 16.74+0.20c 46.88+0.50b 51.26+0.30a

Nas 52.02+1.50¢ 536.34+2.53b 657.89+3.20a
27 624-92-0 3 T TR 03 0.16 7.03+0.20ab 6.60+0.20b 7.43+0.30a
28 2179-57-9 By b 30 202.99+2.25¢ 218.32+1.15b 228.43+2.15a
29 3777-69-3 2-1E e S ki LEIT HE 5.8 60.83+0.50a 35.99+0.75¢ 53.76+0.56b

A — R R [l /NG B R 25 5% W3 (P<<0.05) , “ND”FR AR,
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R R32717 K R G H R Wi vh2- 1P SR e g 2,5-—
FH LNt s | 2- 20 6 -5- 1 3 i s 5 1 43 ) 200,23 pg/kg
12025 wg/kg 5245 wg/kg, Wtk 13-1 K BERK G EAZ AR
2-HISENk R 2,5-— HH FENE MR 2- 2, 3-5-F JEmb e & 1400 ok
157.74 ng/kg 88.55 ng/kg 3623 wg/kg, i@ tk32717 % %
KEE AR A LR 13-1 8 B KB E AR ALY
BT iR o KUK 2 3 S P KU AR AL, 2 e ks 4 T
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T2 ) o 1 (AT, 2 NIRRT, 2 Bl 0 2 S ) i
B (1 AU 5T 2 3 v A SO ORI PR XU
FEORET IR VR R 45 2 AN RN R 7 R A AL L) SR
PO 0 B2 L R AR ik S 10 B0, o R v T S a-2- T L IE
A S A 19.07 pglkg 5.06 pglkg 271 pg/kg .
7.35 ng/kg, WHR13-1 327174 K EE AR RBA H ik
AR X IR P OO R -2 I I, [ -2,4-
28 RS R A B 64.74 wg/kg 222 wg/kg .8.08 pg/kg,
WR32717 13- 1K EER G H R A Ol e a-2-E 00
T, B-2,4-58 I i 0 4525 wg/kg 2433 pg/kg;
3.00 wg/kg.2.00 pg/kg;6.68 wg/kg 448 pg/kg, Hh HitR13-1
KR EER R R TR R A, 32 I R R X &
TR WL AR 2 R 1 XU o RSO B3

I ) B R HAA AR A BN A R, B AR T LR
(S22 0K, ot B AL Hp B-TiR s | D=7 A6 s B 1 -0 A 0 5 k43 1)
H115.45 pg/kg 56.89 wg/kg.68.38 pe/kg, B H: 32717 B Bk
13-V R 2R R W B-Tk I DA M -4 P &
51645 we/kg 13.55 pg/kg;55.56 pg/kg 50.11 pg/kg;
82.33 pg/kg . 71.23 pg/kg. B-IkM \ D-F7 1M Ko 1-41 71 i =2
B AT A A DT R B o o e

MRY R E A T & NE KEES, 2Rk
M EZTER A . FHAR32717 R 13-1 kR A H3-4
FEOR B A Y, UL & /D T AN B Y & B XU, X R
2] - B AR IR I B oM 55.37 wg/kg, TR RR 32717 T kR
13-1 5K EEAZ A P2-F &AW S R TR
42.45 pg/kgfl 37.95 palkg, Ui A % 18 AT LLd /A0 5 R 2G4
W0 KRR, X BRI T & B oM 3.76 pglkg, TR HK32717
HHRI3-1EBEREEARR D T & & &0l The 2
6.22 pg/kgfl4.02 pg/kg, Wi T T HH,

I MR 2K 40 J50 v 2- 1 3G 35 ke e LA A L R AR,
MY o RE AR T, R S IR S AN AR AT T R 48 A Ak
I A BB KRR 2 rp2- 1 R g i 60.83 we/kg, TR AR
32717 F AR 13- 1R WK G R A th2-1E R R I 5
I3 R R 253,76 g/kg .35.99 we/kg K H 1) 0 T I T
I R R ARCR MRAR R R, YR [ AR P R

25 b TR R R TR AR R R T S ke
B PR R ) 5 A P 28 R B i 8 W O T R AL
A T AR R T KR RIS, L™ 28 T HAT 6 A Ak 1 ik
W S HLAT R FUBRRR A AR LB H T, K LR AR
TR & B ) R A B Z R R AR
i JBT BR T
22 KREFEOAEFABHARE T FHH

HL - B 1) g JRR X A it ) AR Sl B, B T S
PR e LA A B 0 R A/ NS A 5 5 BOAR [ 94 2 s i)
JO 3R TR 3R TR AR L T S e (L TR L

wiC —=— X B

—e— 32717 EEZE NG
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E1 REEOZHBBRFESNERFNEESEE
Fig. 1 Radar plots of sensor response values of electronic nose
analysis for soybean protein vegetarian sausages
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Fig. 2 Radar plots (A) and principal component analysis (B) of
sensor response values of e-tongue analysis for
soybean protein vegetarian sausages
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Table 4 Determination results of color parameters of soybean
protein vegetarian sausages
415 L a*(f b*fH
X HR 2 60.33+0.43a 6.48+0.12a 20.87+0.48a
WRRI3- 1B R G EME A 5647+123b  6.27+0.10a  20.84+2.34a
WR32717TRBER BB E W 57.22+0.78b  631x0.15a  20.77+1.22a
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Table 5 Analysis results of cooking loss rates and expressible
moisture rates of soybean protein vegetarian sausages

215 EEMEE Y% TR R 1%
Xf B 5.52+0.26a 0.66+0.08a
13-1kBER A 5.46+0.21c 0.62+0.13b
32717 R EER W 5.48+0.56b 0.63+0.35b
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Table 6 Sensory evaluation results of soybean protein vegetarian

sausages
4151 BRIy Y MRSy SN BCIRAS Y SAY 5y
Xt B4 23+0.53b 23+0.62b 15+0.32a 1740452  78+0.66¢
1B-1%BEA 27+022a 26+034a 17+044a  18+0.56a  88+0.78a
32717k B Z A 25+0.35ab 27+0.53a 16+0.56a  18+0.67a  86+1.22b
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