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Abstract: To explore the effects of soybean-chicken hydrolysate (SCH) as a partial substitute for chicken breast and sodium chloride
(NaCl) on the quality characteristics of chicken ham sausages and the feasibility of this substitution, ham sausages were prepared using different
SCHs as the research objects. The contents of major components, thermal stability, texture, sensory quality, and storage stability were
systematically analyzed, and combined with orthogonal experiments, the best compound formula of chicken ham sausage was optimized. Partial
substitution of chicken breast meat and NaCl with SCH significantly improved the flavor, chewing characteristics, and storage quality of chicken
sausages. The intensity of umami taste and chicken aroma was enhanced by approximately 15% and 20%, respectively, and the chewiness was
increased by 71.86%. The optimal substitution formula was as follows: 20% chicken breast and 17% NaCl; the total substitution amount (dry)
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accounted for 2.0% of the total weight of the chicken sausage. The chicken sausages prepared with the optimal formula were nutritious and
healthy (15.82% protein content and 1.59% sodium salt), had a favorable flavor (strong umami and rich chicken flavor, with a sensory score of
91.04), showed moderate texture (firmness of 6 416.63 N and chewiness of 3 974.41 N), and exhibited strong storage stability (TBARS value
0.37 mg MDA/kg, total bacterial colony 1.78 1g CFU/g), reaching the level of high-quality chicken sausages. Therefore, the raw and auxiliary

materials of chicken sausages can be partially substituted with SCHs, with a positive effect on the quality improvement of the product.

K ey words: soybean-chicken hydrolysate; chicken ham sausages; partial substitution; texture; sensory; product stability
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Table 1 Chicken sausage formulae with chicken breast and NaCl respectively substituted by SCH

4% g
Co Cl 2 C3 C4 NO N1 N2 N3 N4
1) ) 5800 5400 5150 4600 4050 5400 5400 5400 5400  54.00
X &-% 1) 5 68F4 (SCH) - - 240 720 12.00 - - 030 060 090
TR A 600 1000 1000 1000 10.00 1000  10.00 10.00 = 10.00-  10.00
SPI 350 350 350 350 350 350 0 350 350 350 0 3.50
NaCl 300 300 300 300 300 300 210 180 150 120
kA 1700 1700 17.10 1780 1850 17.00  17.00  17.00  17.00  17.00
ik 1000 1000 1000 1000 1000 1000 10.00 10.00  10.00  10.00
8 EE 200 200 200 200 200 200 200 200 200  2.00
FIIE 030 030 030 030 030 030 030 030 030 030
R e 020 020 020 020 020 020 020 020 020 020
E Vi - - - - 1 060 060 060  0.60
AdbdE - - - - - 030 030 030 030
Bt 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
BRI (AFH) - - 500  15.00  25.00 - - 10.00  20.00  30.00
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Table 2 Sensory criteriafor chicken sausage
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Table 3 Chicken sausages analysisfactor table
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1 10.00 28.00 17.00
2 15.00 30.00 20.00
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Fig.1 Chemical composition of chicken sausages of which the
chicken breast substituted by SCH

E: B8R AN B F AT £FREF(P<0.05). TR.

1 IR T ANEE BRGNSl i B AR
R PR 43 PR P 2 R AR L T 1 T
B, G K23 A S AR A XS i Y LA 38
MR E A S EAK S E W g, Hr C3.
C4 X Al Al PR o 1 2 B 2 v Tl R C1 AN

AR CO, X T B N K -3 A EE A
THREASE (91.34%) DEETEMANTHERD
E (84.40%); HKE-SKNE SEHEY I KK
RIRER, 285 KK FHEN ETESERE e
HEAPPRE AR, SRS T RIEATERARY
TFIERAMMG, NI AR ST HEE NSRS
ANIATIIZRMRIRAS, B0 T B4 23], BifE
T LK,

2.12 K Z-38 1 B OB R 430 AR ) 7
SR 1) A 8 7o)

B IEGAGK I« AR S A
TEZAZ SRS ERT S E, N2 R
Ky AR & AN A AR, Bk
SE T BN Z R, gk 4 o, B8R
FERA R ESBUR R ENT 10%, RSB EA
LA R KRR 1, B ONAIE R P s P
Forp, SREGAH C2-C4 MZEREMIR KR %R
B i ZCTRHIEZE €O A1 C1 (P<<0.05), /KM FERE
K-SR AT AR IR/, pH H
BEMR (P>0.05). SR Z - RE SR
ININ—EFE P b ot 7 P R K 70 BRI 775
MET CO AR FEZE, WK TEARS FE
B, MR T B MIRGS M AR E T, (R T AR R
R AR R K 53 BORRRG 3T S B & R s nt=7)

* 4 KE-BHE AT B RISHREHS SRR E M
Table 4 Heating stability of chicken sausages of which the chicken breast substituted by SCH

St AABEEY% K F/(mL/g) 5 % /(mL/g) Aw pH 14
Co 6.03+0.11* 0.66+0.03" 5.120.10 0.98::0.000° 6.38+0.03"
Cl 5.66+0.22° 0.49:£0.04 4.65+0.05° 0.97+0.001b°  6.34+0.05"
C2 4.47+0.28° 0.36+0.06° 5.47+0.16" 0.970.000;, 6.32+0.01°
C3 4.49+0.13° 0.28+0.02° 2.32+0.21¢ 0.97+0.001c!  6.33+0.04°
c4 4.80£0.14° 0.32+0.05° 1.53+0.13° 0.97+0.002° 6.29+0.01°
E: FIAERAR N EFERTEAREZHA (P<0.05). FAFE.
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Table 5 Sensory evaluation of chicken sausages of which the chicken breast substituted by SCH

Hduth

#he Co cl 2 3 Cc4 Fres
Bk 19 17 25 32 10 11.09
BRI 18 20 21 15 31 8.34
Hok 27 21 21 21 15 4.11
b B Aok 23 22 19 31 10 13.14
212k 29 19 23 15 19 6.40
HAR R 19 16 25 33 12 15.43
BE 15 9 26 31 24 17.94
ik a3 15 8 25 32 25 20.46
A 14 7 24 33 27 24.80
%R 18 9 27 31 20 16.57
G N=peY 18 7 26 30 24 18.29
R A 18 23 22 28 14 6.40
HARIIL 20 21 24 27 13 6.29
N Yy 19 16 25 33 12 15.43

&k 6 KE- 18RS ABEHRIE X XCHPIXG R A BAGH 1%
Table 6 Texture properties of chicken sausages of which the chicken breast substituted by SCH

Hnths A2 JE/N 5%14/mm 7 JRet4/Ratio w7 /N
Co 3990.19+£70.51° 0.88+0.01° 0.74+0.01° 2 589.83+64.48°
Cl 4262.07+152.99° 0.87+0.02° 0.74+0.00° 2765.30+87.68"
2 4 422 .83+52.92%® 0.89+0.03 0.73+0.01° 2 887.50+81.62™
C3 4582.22+184.73° 0.87+0.03 0.74+0.01° 2972.98+50.13°
C4 4137.90+133.44% 0.88+0.02° 0.73+0.01° 2 674.94+154.04%

2.1.5 K E-38 R 5 4B g KA ) i 2t 28
W ik iBAS 0GR 7R

FERMETRFR (TVB-N) IR 7EmIE 2 N AE
FERMME LRGSR, fe— e bR AR
WA B MR AR R, Pk P R M SRR A
BB BB AR e R R P i
2 [, FFES TVB-N EHBMET 15 mg/100 g,
T MBUTT 5 1g CFU/g, F5 A 5% 22 Ashrife B R PO2
PR v R R A R R VR B 5K F B
ASEAREHRADN. 5C1 M, BAE-MHNES
Wi A o % i P B AR 3G D, SkER 2 C2-C4 (1)
TVB-N 1 5% M B8, S/KaaEMEAS
EHALFEA—. {5 C2 M1 C3 i) TVB-N [H5H#%

RMEUHIAEEIL Co, VLALLM FIK -39 A 5 A B
I ARIE RSP, X PR )2 A ORI JC B 2 A T
Al

TBARS B2 5 BRIl i I o S AU AR B 1 2kcda
%, EARHLE 7 70 TBARS (ARSI 1.0 mg/kg™,
S B AT B 31 B s e 2D A )17 S O R (G i g L i
[ L REAN ], HA)4G TBARS AR . — ki,
REWTRUK & s, AR NS 5 RAE, A e
LI IR, AR TBARS & 1
T, 7 HIEK T 45.83%.67.35%-53.73%-34.52%-
47.83%(0~96 h), H C3 ) TBARS {HIKFK &/,
72 h J&, BRGIERE C1, AR BMXS R GEE i TBARS
fE¥8d T 1.0 mg MDA/kg.
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FR7 KE-BRE SEFRTER X CHPHSERIEERY TBARS {E (mg MDA/kg)
Table 7 TBARS of chicken sausages of which the chicken breast substituted by SCH

PE Oh 24h 48 h 72 h 96 h
Co0 0.72+0.01° 0.85+0.01% 0.89+0.02° 0.98+0.01° 1.05+0.02°
Cl 0.49+0.01° 0.57+0.04° 0.61+0.03° 0.73+0.02° 0.8240.01°
c2 0.67+0.01¢ 0.79+0.07° 0.87+0.06° 1.03+0.01° 1.030.04
C3 0.84+0.01° 0.86+0.02% 0.93+0.01° 1.10+0.01° 1.13+0.09°
C4 0.92+0.02° 0.98+0.06" 1.14+0.10" 1.26+0.02° 1.32+0.06"
15 o R PSR a A A 15 HHE 3 WA, SRIR4 N2-N4 S EREm T
g 2l < < HEFENO(P<<0.05), EX I NT JE i 7257 (P>0.05);
g 5 TSR — Mmook A5 N1 7Ky & T
= [ < NO; {HSZBH4H N2-N4 /KA & B3 N i, AR iT
?& 6f | |2 q bob ﬁ BYEA NaCl ININE UL | i B E e £k
N . [ B o 25, WIS USRS, M AR K ) RIS,
# f—% F% BRI S, WA HOXS IR R PRIz A7 1 73 s i i
T Ta e o o T NaCl (B8, FLPH HOREIRT POk 5 6 it
PR 50 oA ofEli wmEBE ok4
E 2 XE-BHEAEEINHERCREFIESHEBINEL i a b
MR AAETE B : %
Fig.2 TVB-N and total bacterial count of chicken sausages of ﬂ;’; 0T &
which the chicken breast substituted by SCH & 20f E: :f
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NIZH NaCl B4, (EPE A B BTk SR )
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BEXT NaCl ISIHEST ARREER B, RKAAFRG
AREXRT S A 2% TR AR 52

22.1 K-35 K 5 ABEMN 4R NaCl 2t
X 1) By 6945 IR AL AR RS 7R

222 KE-X K 5483 a3K NaCl &
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Table 8 Heating stability of chicken sausages of which NaCl substituted by SCH

B&hs  EABERE % HKE(mLg) b %E/(mL/g) Aw pH 14
NO 4.78+0.47 0.32+0.02¢ 47240.10°  0.97+0.000°  6.34+0.03°
NI 9.13+0.14° 0.75+0.01° 4.65+0.05"  0.98£0.003° 6.24+0.05°
N2 7.40+0.33° 0.56+0.04° 447£0.16°  0.98+0.000° 6.22+0.01°
N3 6.09+0.34° 0.44+0.03° 4424021 0.99+0.000° 6.45+0.04°
N4 7.610.28° 0.54+0.02° 435£0.13*  0.99+£0.001° 6.43+0.01°
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L5 o AL AR LR AR NaCl s iR
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AR S-S N E AR, Re\— e R ok
SARAN SR IAIR0T B 1107 285 P 1) 53R 36 SR b K
VAN Sl 8
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AR XS PR RO R v, X R PR v A
WRICRANA; 7RI, FIRACPE B0 T R
e TR . RIKE SRR AR
PIE] KC1 A1 MgCl, B ARE 7> NaCl GeH 5 A ik
W, piaEEAR R A A b, N3 S8 A ke
RIELF, WEITXHEFE NO A1 N1 (P<<0.05),
Bk XS SR NaCl (=R LLE] (BA
TR A 20%0F, X ARz AR it TR e o
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AN TR A Ak 3 2 X PR g 56 & £ oA e P G 5
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SZIGH N2-N4 8 M B3 = TR 2 N1, B
K -G BRI IMN TT e 2> (e - AA R A
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DR B PR R REPE R 5 25 SR A — 5. {E
FHERME, PR NaCl ERBIERE . AR MERIHE
WP AR A e 55 5 AR P A B/ A e I A A
B, X SE RN A S R ER 2RI e
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Table 9 Sensory evaluation of chicken sausages of which
NaCl subgtituted by SCH

A b5 -
NO NI N2 N3 N4

ek 20 16 19 31 19 766
APk 20 18 15 32 20 9.60
ok 18 2220 26 19 229
Ak 19 15 23 29 19 640
EM% 23 22 20 16 24 229
HAKReR 15 16 20 32 22 1051
BE 23 16 21 29 16 674
WA 20 13 16 34 22 14.86
LAY 22 12 15 35 21 1794
%R 21 13 16 33 22 1337
ko 21 15 17 34 18 1314
mgmkE 20 16 18 30 21 6.63
AL 13 19 24 33 16 14.06
ARG/ 17 16 20 33 19 10.86

® 10 KE-IBAE SEEMRIIERSE X NaCl FISERIRMRI Bt it
Table 10 Texture properties of chicken sausages of which NaCl substituted by SCH

ST AR EN 3.4 /mm M F b /Ratio PR /N
NO 6 372.85+78.09° 0.87+0.01° 0.73+0.01* 4019.43+98.03°
N1 6 153.59+138.07% 0.88+0.01% 0.66+0.01¢ 3 645.95+136.45°
N2 6 070.73+139.50™ 0.88+0.01% 0.69+0.01¢ 3 664.18+34.67°
N3 6 904.77+295.79° 0.88+0.01% 0.71£0.00% 4330.16+231.98°
N4 5825.21+119.96° 0.89+0.00° 0.70+0.01% 3772.22+112.92°

*k 11 KE- 8RS SEEARAIERIE K NaCl HI1SIBPIRAAY TBARS /E (mg MDA/kg)
Table 11 TBARS of chicken sausages of which NaCl substituted by SCH

M5 0Oh 24h 48 h 72h 96 h
NO 0.29+0.08° 0.40+0.06° 0.43+0.05° 0.46+0.01¢ 0.47+£0.01¢
N1 0.39+0.05° 0.43£0.01° 0.59+0.08° 0.68+0.01° 0.77+£0.01°
N2 0.68+0.05 0.76+0.01° 0.87+0.04° 0.97+0.03° 1.110.03"
N3 0.85+0.06° 0.93+0.04% 1.07+0.03 1.18£0.03° 1.25+0.03°
N4 0.710.02° 0.82+0.03° 0.88+0.01° 0.93+0.02° 1.14+0.02°
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Fig.4 TVB-N and total bacterial count of chicken sausages of
which NaCl substituted by SCH
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T BGIE SRS (L3R 13) KB ARl Ty il
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Table 12 Variance analysis of the orthogonal experiment results

AE
FEAT AR ) B(k;‘l_éz\%;él BRIV CNaCIAREY) D) R
] 1(10) 1(28) 1(17) 1 64.78
2 1 2(30) 2(20) 2 68.76
3 1 3(32) 3(23) 3 70.77
4 2(15) 1 2 3 7754
5 2 2 3 1 4537
6 2 3 1 2 89.01
7 3(20) 1 3 2 76.46
8 3 2 1 3 84.07
9 3 3 2 1 89.91
K1 68.10 72.93 79.29 66.69
K2 70.64 66.07 78.74 78.08
K3 83.48 83.23 64.20 77.46
R 15.38 17.16 15.09 11.39
ALK F A3 B3 Cl
Rk mA A3+B3+Cl1
A RaR R
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13 FMECHEREIE
Table 13 Validation of the optimal formula

WA LR AEERS AE/N wRLog b /N EO4%/% Na't%/% TBARS {4i/(mg MDA/kg)
sHRBLE 79.03+0.88°  5045.43+78.23°  2312.56+54.32°  14.78+0.10°  3.21+0.02° 0.48+0.03*
AL 91.04+0.74° 6416.63+118.54° 3974.41+83.62°  15.82+0.16°  1.59+0.02° 0.37+£0.01°

- \ L. M

WHRZET CReO WX ARG R

X2 (EEg) EBNRBAER GFBZ0

&5 HMKEHBHSRESTHESREEEE
Fig.5 Cross-sectional view of chicken sausageswith optimized formula and commercially available chicken sausages
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