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Abstract: In order to study the effect of soy protein on the quality of low-salt emulsified sausage, the influences of the proportion of KClI
to replace salt (0%, 20%, 30%, 40% or 50%), and the amount of added soy protein (0%, 4%, 6%, or 8%) on the quality of the emulsified
sausages were examined. The results indicated that the substitution by KCI at 20%~40% along with the addition of 6%~8% of soy protein
significantly improved the yield and water retention rate of the emulsified sausage (p<0.05) (increased by 3.89% and 3.28%, respectively,
compared to the blank group), decreased the redness and increased the yellowness of the sausage. In particular, the substitution by KCI by 50%
and addition of 4%~8% of soy protein improved the hardness, springiness and chewiness of the sausage (p<0.05), with the hardness and
springiness increasing by 19.37% and 5.00%, respectively. When the substitution of salt by KCI at 30%, adding 4%~8% of soy protein could
reduce the resilience of the emulsified sausage (p<0.05). In terms of sensory scores, the addition of 4%~8% of soy protein significantly
improved the tissue structure of the low-salt emulsified sausages but worsen significantly the color and mouthfeel of sausage. The amount of
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added soy protein was significantly correlated with the springiness, product yield, water holding rate and b value of the emulsified sausage,

while the amount of salt substituted by KCI was insignificantly correlated with other quality indicators. It is recommended that the amount of

KCI for substitution is 40% and the amount of soy protein for addition is 4%~6%. According to the results of the principal component analysis

of the quality indices of emulsified sausages, a comprehensive evaluation model for assessing the quality of low-salt sausage with soybean

protein was obtained. The results of this study provide a certain reference for the production of low-salt emulsified sausages.

Key words: pork emulsified sausage; potassium chloride; salt substitute; soy protein; comprehensive quality evaluation
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Table 1 Test factor design table
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Table 2 The sensory evaluation standard table
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Fig.5 Effect of soy protein addition on low-salt pork sausage
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Table 3 Effect of soybean protein on the texture of low-salt pork emulsion sausage

4@;;:;%: % ?i_;% /Z /g a3 ISP L PR "R/ = A
0 4364.78£670.11°  0.80£0.08"  0.24£0.03"  1055.07£294.29°  865.27+246.58°  0.09+0.01
4 4312.84+707.62°  0.82+0.03°  0.23+£0.03* 1011.01£314.36°  837.01+276.54*  0.08+0.01°
0 6 4915.65+570.26"  0.82+0.06"  0.23+£0.02°  1143.26+£250.45"  941.51+£230.40"°  0.08+0.01"
8 5045.99+£753.64°  0.81x0.06"  0.24+0.03*  1326.78+338.96" 1085.05+309.29"  0.09+0.01*
0 4203.06+779.54"  0.79+0.04  0.23+£0.04°  991.39+367.57*  786.55£316.19"  0.09+0.02°
20 4 4373.14+657.68"  0.82+0.04"  0.2240.02°  926.61+192.71°  748.56+194.02°  0.08+0.01°
6 4357.724539.81"  0.79+0.07"  0.23+£0.02"  1025.23+£228.21"  814.84+182.96"  0.08+0.01"
8 4369.34+571.86"  0.78+0.06"°  0.244+0.03*  1062.49+£277.88"  829.69+216.75*  0.08+0.01°
0 4151.98+659.74"  0.79+0.05"  0.25+0.03"  1044.80+£280.61"  824.74+222.00"°  0.09+0.01"
30 4 3969.88+860.22°  0.75+0.06°  0.23+0.02°  907.33+248.04*  695.91+218.57°  0.07+0.01°
6 4272.49+622.41°  0.75:0.08°  0.23+0.02  994.45+251.90°  720.86+135.45"  0.08+£0.01%
8 4200.05+427.43*  0.74£0.06°  0.22+0.02°  927.71+14535°  687.20£105.53*  0.07+0.01°
0 4396.02+730.91°  0.79+0.03°  0.24+0.03*  1043.14+281.55"  898.86+265.89"  0.09+0.02°
40 4 5226.15£886.48"  0.79£0.06"  0.24+0.04"  1313.67+405.65* 1057.29+320.58*  0.10+0.02°
6 4604.38£771.99®  0.77+0.05*  0.25£0.03°  1215.91%£335.92°  920.79+243.34*  0.09+0.01®
8 4365.76+801.05°  0.81£0.04° ~ 0.24+0.03*°  1060.51+£320.55°  863.69+285.10°  0.08+0.01°
0 3825.54+48827°  0.76£0.06°  023+0.01°  903.68+165.11°  680.68+127.89°  0.08+0.01°
50 4 4322.67+704.87*  0.79£0.05°  0.23+£0.05°  1044.43£339.59°  929.05£337.36°  0.08+0.01°
6 445524+691.36°  0.80£0.06°  0.25£0.03*  1113.64+£21523"  873.49+17131°  0.09+0.01°
8 4385.234370.36"  0.8440.05"  0.23+£0.02"  1049.07+£170.36"  884.97+140.86"  0.08+0.01"

A AR E; RIIBYEA EF LAFFREATEFRRE (p>0.05);, RFHER RF LAFFEERFTEREE (p<0.05).
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40%HT , NI 4%~6%FF1 K 57 2 A 7L A Jo O s I 2
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W EATARERFLA A 1 [3] B B 2 PG (p<0.05), FLAk
Ji i P SRR B B2 1 B I 0.22 F1110.07 0 HoAt AL
BREHRLET, KGEAXNIIN AR
/N FEFMFREREIREN 0%~50%0], K& HE X
ARG R AR (p>0.05). IR 2 AIAl,

FEAIR B AR, S SR HE 20-50% 5%
HAMLL, ERAAGRER . Sk, NEM. s
PEREIE AR AR, WERE. & PHSPERA
FHIEAE 2 (p>0.05); Bibiana A. dos Santos 25 A\ %7
R E B R — g E e A R A AR

M 1735, =ZFHHRT 1: B-ADTTETRER
37.927%, % ANTTZETRREN 26.947%, H=AT7%
TR 15.773%, RBTTERFIL 80.648%; [AlIiX
AN RERS AL R 4G M B, A
AT UG IR = AN AT 04 o 42 I8 3 o 85 3t
SRRV HORCE, A PP S A E A, IR HL
JERARFR T A AR LS W] LA B SR AR A
ISP Pt A A B AR
R4 HRFLBmRIERER T AR

Table 4 Principal component analysis results of pork sausage

FFEFR A IR T PR ZE R AR

quality indicators

TEASLIGE R N IR &2 8 1 mT DA SRS Y I A -’
FAAIHIORERE . SRR, RS PRRIRAT 1 2 3 *
BIEN 50%K, HARE. KEEARNE 6% A 0.839 0364 -0204 0234
8% Et, R IZ MR £ PRI LA B A IR 2 AN S22 bt 0.506  -0.04 -0.676  0.008
=, NEFRGE R, KEERARINELE 6%0 5 Sp It 0.665 0.065 0501  0.240
HiE. R 3 AR, HTEREERD, BRALE fc e 0918 0308 0018 0274
TR P AT AT B R, s AL i, JE AR PH A 0951 0159 -0.127 0231
H BB ER 50%0), HHAMHSER T2 =AM 0784  -0265 0453  0.19
SRR g (0 U B2 R (R B AL ot 033 0872 -0006 0.092
RELWESEATN &, & BTk, SiEm B S 0478 0769 0140  0.060
B LLE N 40% LT, K& A FEINEA 4%~6% L& 0.015 0415 0.808  0.197
RED T AN ER I & i, N T AR . afh 0249 -0.691 0078 -0.180
24 (R ILALH B R 5T R AT R s a0

RS LA A bR R e M IS5 2R AR FETRENS 37927 26947 15773
4, ABHRRRHT =AM RFEE 0 4.1721 2.964 Rty £FakE % 37927 64874 80.648
%5 KEEARMNEMSIHERARESRAIA LA RRIEFEXESESR
Table 5 Results of correlation analysis between soybean protein content and potassium chloride substitute salt content and pork sausage

quality index
sein AMATBRRA I E/% XE&ORE%
0 20 30 40 50 0 4 6 8

REZKOQMeE FATHREEE
AE 0.842 0.866 0.333 -0.051 0.905 -0.606 0.278 -0.550 -0.750
ik 0.716 -0.184 -0.981* 0.118 0.977* -0.720 -0.486 -0.427 0.260
AP e 0.173 0.569 -0.902 0.013 0.389 0.229 0.557 0.839 -0.196
i g 0.772 0.561 -0.646 0.139 0.831 -0.614 0.386 0.126 -0.710
v g 0.789 0.581 -0.883 -0.195 0.779 -0.479 0.459 -0.171 -0.529
= A 0.024 -0.578 -0.910 -0.650 -0.039 -0.047 0.407 0.695 -0.678
R 0.830 0.689 0.977* 0.990** 0.640 0.392 0.159 0.188 0.179
PRARZ -0.904 0.707 0.996* 0.860 -0.048 0.092 -0.125 0.404 0.584
L& -0.335 0.711 0.748 -0.658 -0.211 0.629 0.869 0.912%* 0.476
afi -0.824 -0.987* -0.897 -0.461 -0.923 0.061 0.301 0.090 -0.448
b1& 0.970* 0.983* 0.937 0.978* 0.931 0.192 0.197 0.356 -0.748

E: AT REMK (p<0.05); **ETFRBEAK (p<0.01).
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e A LA LA AT AR R AT SR

HI% 5 AR, R EACRERE 0%, 20%I,
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30%H, KER A IS iR RK R LI
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B 50%00, KEFRARGINES#IE LI AR
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RS LEZREF MR (p<0.05); Bbih, &AL
B EE B AR FHE R R MEA B2 (p<0.05),
SRR A 0~50% X 4 A FLAL 7 it BT AR FH AN
Ko

2.6 R A I & FETFNAER

xR 6 AL mBIERER T FHERE
Table 6 Pork sausage quality index principal component
characteristic vector

) . FRSAFIEE)
X RKREMIF
1 2 3
7, BE 0411 0211 -0.155
Z, 223 0248 -0.023 -0.513

Zs AEK 0326 0038 0380
Z4 JRAEM 0449 0179 0014
Zs W 0466 0.092  -0.096
Zs EAK 0384 -0.154 0344
Z, HEFE 20162 0506 -0.005
Zg  ARAKE -0234 0447  0.106

Zo L{&  -0007 0241 0613
Zo affl 0122 -0401 0.059
Zn b{E  -0.041 0463 -0223

IR 4 AT, ARAE 32 e oA s SR AT O EGRT =
AN AT TSN, 55 1 FRA R ERR
EVE. PHREE BERE. MR, BIEME, XEEFTE
PR R IR 56 2 ERR BT IR PR £ S
AR, UK, 4. W 53 Tl EEE
FES 3, SEREMEMTR TR R 6 HIRHIE R &
Je % H R B AT R DA RO R E AR T
M, PLF1. F2 f1F3 N4 1. 2 A1 3 (4545, 45
GRS PR EAFHERR, "= AR TR S
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Fik LA

F1=0.411Z,+0.248Zy+...-0.122Z,4-0.041Z,

F2=0.487Z,+0.294Z+...-0.145Z,0-0.049Z,,

F3=-0.155Z,-0.513Z+...40.059Z,4-0.223Z,,

THE & SEIOZH A = S kT HE R, 45
R 7. R 7 ATUUE HHEA B A = B ARTE 13~
20 2H, ULEARIH SR BT 0 & #h PR LA T B 2k
FEEA BT RYE AR T ZE TR
R, HEEAE 4. F 6 MR T X ERSDPHILER,
PLF NEEAS 0 BATAT DA HR S WAL i e
BN AL F=0.470F1+0.334F2+0.200F3, 15715
IRy S H T e A R B B 3L 9 40%,
KEERARINEN 4%, ST CrshFetaa] bLsd
GRS R ER AL 1 5 A TN, xS e
BRESEMRTEARMER TR, REEEN
A, ARSI R, SEEENERAIT.

x7 ERHER

Table 7 Principal component score

485 Fl F2 F3 FaF s
1 263555 1290.55 -69631 153049 10
2 2580.00 126929 -68720 1499.10 13
3 293600 143031 -788.74 1699.89 3
4 313976 150492 -820.18 181430 2
5 250420 123668 -66536 145696 17
6 252668 1259.61 -689.18 147042 14
7 259473 1282.69 -691.12 1509.72 12
8 262391 129149 -694.19 152576 11
9 252496 123893 -660.13 146851 15
10 232758 116694 -559.70 1371.78 19
11 250236 124946 -669.44 1459.54 16
12 242656 122072 -654.57 141729 18
13 265937 1297.05 -704.07 154230 6
14 319487 1537.84 -84393 184644 1
15 283178 137708 -73641 164360 4
16 2637.18 129423 -696.30 153248 9
17 225939 113412 -596.44 132142 20
18 264327 1286.09 -696.06 153268 8
19 270235 132352 -709.71 157022 5

20 2649.83 129825 -701.71 153869 7

27 REVRRIRIEE AT L

KEEARINESHE S AR E e K5
migE R LR 8, TEEMHEREEE 0%~40%H], [
HREEABINERBE N, (KA SR
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FPERIE R RS SR E 40%M 50%, W
I 4%~6% (1)K 8 FUE AR Eh AL I AH 2R 254 (B 2
Pem (p<0.05); fEAMHABMREIREN 0%, A
4-8% 17 K &2 8 [ % 7 Ak W 1 o P R e e

(p<0.05) WK H AT MR SR AL A0 i sk b
X, EEMLABREEREN 0%H 20%, KEERAR
T 4%~8% fe 3% (p<0.05); ERILERECaLh
A 0% 20%, IR PT PLEE LA
B (p<0.05); FEE KT EAMNINRERMN, (K3h3

IR 73 B PR ARAE S A 22 (p>0.05).
LR R, HEEADERNAEAFNES, AR
RIFLC SN 2 . IERPE AT LA, S
TR 50%I, PR T I AT %3, W]
RER T R 1 SR FU R k.
AR E VR R, RILAEY 14 A, FHENR
TR 40%, KERERABINEN 4%; HRGEHF
SRR —, BRIE. TR, WA VTS
WA BATE LR 4l

* 8 KEERRNMEXEEIERF I FREIEERFN
Table 8 Effects of soy protein content on sensory evaluation of low-salt pork sausage

EIAR ALBREH e =F=3 ok &eiF o
1 5.75+1.16° 6.25+0.71° 7.25+0.46° 6.88+0.99° 6.88+0.99° 33.002.14°
2 5.63+0.92° 7.25+0.89° 7.00£0.93% 6.25+0.89° 5.63+1.51° 31.7542.92°
3 6.25+0.71° 7.00£0.76™ 6.88+0.83% 6.63+0.92* 5.00+1.20° 31.75+2.60°
4 6.55+0.83" 7.40+0.70° 6.05+1.21° 6.40£0.97 5.00+£1.25° 31.40+2.60°
5 6.00+1.63" 6.30+1.16° 7.00+1.33° 7.00+£1.25° 6.80:£1.40" 33.10+3.73°
6 6.80£0.92° 6.60+1.17 6.50+£1.08 6.60x1.17° 5.65+1.67" 32.15+4.15°
7 6.40+0.97" 6.80+0.92° 6.20£0.92 5.90+1.29° 6.05+1.07* 31.3543.21°
8 6.85+1.45° 7.30+0.95° 5.80:£0.92° 5.70+£1.95° 6.0020.82° 31.65+3.67°
9 6.50£1.27° 6.80+1.23 6.80:£1.23 6.30+0.82° 740£1.17° 33.00+4.24°
10 6.50+£1.08" 6.70+1.06° 6.70+1.06° 6.70+0.95" 6.80£1.40™  32.90+3.54°
11 6.80+1.48° 6.70+1.16" 6.70+1.16" 6.30+0.95" 6.30£1.25®  32.90+4.53°
12 6.80+1.14° 6.70+1.16° 6.70+1.16° 6.50£1.08" 5.80+1.03° 31.90+4.48
13 6.00+1.56° 6.80+1.23" 6.80:£1.23° 6.50£1.08" 6.80+1.23° 33.20+4.10°
14 7.30£0.82° 7.10+1.20° 7.10£1.20° 6.90£0.99" 6.45£126™  34.85+2.43°
15 6.45+1.46™ 7.00+1.41° 7.00+£1.41° 6.10+1.45" 5.80+1.14  32.154.23°
16 6.95£0.83% 7.20+1.23° 7.20+1.23° 6.20+£1.32° 5.50£1.43°  32.55+3.64°
17 6.30+£1.49® 6.50+1.18° 6.50+0.97° 6.30+1.34" 7.00+1.15° 32.60+3.69°
18 6.80+1.03° 6.60:£1.43° 6.40£0.97° 6.60+£1.26° 6.35+1.25" 32.75+4.29°
19 7.00+0.67" 6.70£0.82° 6.50+1.35° 5.90+1.37" 6.00+1.15" 32.10+3.76°
20 5.80:£0.63" 7.05+1.01° 5.90+1.20° 5.70+0.95" 5.90+1.20° 30.35+3.70°

A CPHELATEE; FIZBHEA LR EARFRERTERREE (p>0.05); FIZIHEA RF LAFFEHETEFEH (p<0.05).

3 Zhig
3.1 ERSEEGVEREIN, SRS A AW PR A KA L

AR, (ROKBFIEEE: (KA AR AE
SPEZ BRI, BRItz AL, WINKE & AW L ksh
WA RIRERE . SRR, MBI
et I BAESACEREAE E 8N 40%~50%HH, K
TR R DA PR FEE S A R L B S £ P g
EEVEE T, B KGR NI AL A I 2,
PRI S B =, (ER LA I DR T
K SEEE R, IEHI R E TR EA 40%,
K HEARINELE 4%~6%.

32 FRHRIFZ I LR O LA 2L
[FEVESS N RRtl e NN e
WU A HTRTHISRRE AT, VRN KT 88 F1 IR
RTINS T S TR T & IR AR
UEJA R 5 VRIS, AU T AR S I TLAL
Wbk PRI BRI S, ) SRR L —
SR S L
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