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Effects of Yeast Protein on Quality and Flavor Characteristics
of Emulsified Sausages with Reduced Sodium and Fat
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Abstract: Emulsified sausages are widely popular due to their rich nutrition and good flavor, but they have quality issues
such as high fat and sodium content, and a tendency to lose moisture easily during cooking. In the study, KCl was
substituted for NaCl at sodium reduction levels of 0%, 20%, and 30%. Additionally, yeast protein was used to replace fat in
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emulsified sausage at ratios of 10%, 20%, 30% and 40%. The texture, color, water distribution, sensory attributes, and

volatile flavor compounds of sausages were then analyzed. Results indicated that elasticity, cohesiveness, and resilience of

yeast protein emulsified sausages were highest at 10% fat substitution and no sodium reduction. Maximum hardness,

chewability, and elasticity were achieved at 20% fat substitution and 20% sodium reduction. However, reducing sodium by

30% significantly decreased these texture parameters compared to the control. The water distribution results showed that

under no sodium reduction and 20% sodium reduction conditions, the bound water content in yeast protein emulsified

sausages was significantly higher than in the control. However, under 30% sodium reduction, free water content in yeast

protein emulsified sausages was significantly higher than in the control. Electronic tongue analysis revealed that the

addition of yeast protein enhanced umami and richness while reducing saltiness. In conclusion, the appropriate yeast protein

substitution ratios were 10% under no sodium reduction and 20% under 20% sodium reduction. The textural and sensory

qualities of yeast protein emulsified sausages with 30% sodium reduction were lower than those of the controls, suggesting

a sodium substitution ratio below 30% for yeast protein emulsified sausages.

Key words: yeast protein; emulsified sausage; reduced fat; reduced sodium; quality; flavor
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IE PEHEEEELAE, RIS R R CIaheam, Ao s @ i .
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INABCENS#TFE 25 s, SRIG157 11217, VAR 25 s,
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# 1 FUEEBBCT (100 g)
Recipe of emulsified sausage (100 g)

100 gFtfs HR(g) MRIMI(g) K(g) Bf°(g) wmil(g)
N-FS(XHR4L) 65.0 18.0 15.0 - 2.0
R-10(#1010%)  65.0 16.2 150 1.8=0.9+0.9 2.0
R-20(#1020%)  65.0 14.4 150 3.6=1.8+1.8 2.0
R-30(F{t30%)  65.0 12.6 150 5.4=2.7+27 2.0
R-40(#1R40%)  65.0 10.8 150 7.2=3.6+3.6 2.0

s AR LR T FLAL 8 100 ghe S A 42,00 g, H
1A 1.50 g AbaN; 0.135 g & 45 (0.035 g2 43+0.10 g AR ); 0.30 g
SRR 0.05 g RITIR MR EN; 0.015g WA . B EEL: &
H 5K LIRS Y, WR-104H7°40.90 g2 1 #3+0.90 g7k . CHFA
X W ZH 147 R ANV AN Bl i 75 1 (N-F'S ) ; DM 20% B 1 2 1 FLAL & I s
FIh §94590.30 g KCI1+1.20 g NaCl, Ho B BORIAAS s I8 43 0% 1) 25 1 31,
BN R 0.45 g KC1+1.05 g NaCl, FeBERCRATE

Table 1

1.2.3 BREAZUEERTENNE S IE5E
SN Yy T AT I RS , HHTE 4 °C Vs A IR 5 22
i, R A, K EFE YA 1.0 em (9 [EAEAR, J
JHFNE 53 Hr i (TPA) HEA T A2 o ARHEAE A R HR 3
ASPATRE S FLRE A L s | AV . IR PES
WM&, WE S50 DIATEE 2.0 mmys, 558
1.0 mm/s, 5 ¥ )% 1.0 mm/s, JE4E L 40%, —IR5Z
JERF AR RE 5.0 s, L8 P-36R, 5= S g, 5L
P HE 2 200 pps/s, WEEE 25 C, PR EEIR IR
= 10 mmo

1.2.4 PEREAAMATFBEERANE FHFhE
2SI E B B, G55 LA LT, o bR, i
JEREI A RIICIBM 1 em VI, 0254 45k
ST FEAERES L, FPIRIEA YRR, e =R E S
L™ a Fl bE (LR SR, aMRRLLEE, bR
B .

1.2.5 BERFEAFEE KA miieE FaN
FRARSFARAS ST S 25 R/ INHEENT 7 PR T AE o
B AL YRR 1 em BYIRIARIR, FHIEYHE T
TR BT TR & R Y, e
T Tk 3 PN S A 2K B ) AR v B, FH CPMG ik
MO ST X A i 04 B A [n] st BBk (] 2R 00 R,
WEREFCIR S B0 R : o (B R 800 us, Jii T HARATR N

20 MHz, MI5ETRE Sy 32 °C, RAEESFE N 200 kHz, &
FLUA SRR ECH 8.

1.2.6 PR AIZLIEEISROWLE I e BRI
SERE K FF AL S, BUSEZY 3 mm 19/, {7 FH e — g
[ERE 24 h J5 AR EE 2% vp#% (0.01 mol/L, pH7.0)
Wk, Bl SR R AR FR 5% 30% . 50%. 70%. 90% 1)
RSN TG /K L BEAR BE K, B S 53 5 JE/K £
st s 2P SIS (R AR Le=1: 1) S RN 2. 1R S5 SR TG 14
B ER B W 0. FESMR AR I TS
{7 FHAE P41 F 7 S A X 5 i TR JBE TS S PR AU,
ZERE), TRORAEECH 100 1%

1.2.7 BEREEAZUEE R FESNT B SR
FHE TS5 T 550 ik A g . FFlik
T 1 FH 28 A AL 048 B8 TR JBE , BRIP4 10.0 g A BE,
AT 100 mL 25048 W, 433 A 50 mL 255
Tk, FEEHL 8000 t/min )5 1 min, 745tk
S1J5, FE 50 °C KRR Fr K i 20 min, 2R J5 7E
5000 r/min £5.0> 10 min, FEFPEE S EXZ) 80 mL _iE
WA TH 5. A TS-5000Z BRGE5HT R 48,
BEAFESL B R AEIAT 4 W, 5 1 A& 2. FE
i RSN Z880CH - AR AR R R AR — B, SRAERT
[4]°A 120 s.

1.2.8 MEHEAIAFHREEN N E =%
Guo £8P ({54, YFE/ N B £ kit . 55U
PIAFIT AR (10 42) ZH A%, XA PEAR /NS AR B3 351 74
MV B RBE 2 B0 2, AR ZR IS I ZRAnpr e FH I 25
AT AR EN BN ZE R, IFRENL R LA BTG
KPEZR 2 TS 2R, A PTFZE PV . ZHEUIR
A5 BEWRANERAR AT 22 PEXH R LA A I DEA T PR
IATSr o BRI HT IS P 2R T KBRS

#2 BERREAFEERRE IR
Table 2 Sensory scoring criteria of yeast protein
emulsified sausage

155 W RE RIS
PRSI, R 15-20
6% i, RA G 7-14
BRI, Bk, RYIR 0~6
Y) R HEAT, DI, A, O AL,
i e 21~30

gmauhs  VTTERLS VI ﬁfﬁiﬁ%ﬁ%ﬁ B, AR, 1120
MELAY) F A, Ve AR, ok, LR Z,

TR 0~10

PRI BRI A, RIS T, JC 5k 15~20

AN AR, TR, A RO R 7~14
PR, 1 iR, A Sk 0~6

HE 21~30

AR — 11~20
Ak E 0~10

1.2.9 Ptk AL NG5 A XU 4 ot a4 0 2
27 Yao 25" (Y ik, FH FlavourSpec < AH & T i
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B FHAL (GC-IMS) XTRE & B R I 35 22 PR AU 1%
SyEATINGE o HERRFRER 4.0 g FESLCA 20 mL TS
T, K ShPERERS M S 808 E A T A R iR
FE 65 °C, MEALATTE] 15 min, 246 EE 500 r/min, 3
FEEHIREE 85 °C, FEFEARR 500 pL, B3 AF 5 i E
3APATEE IR . SAHEISAECSEC . Ak
FS-SE-54-CB-1(15 mx0.53 mm), {354 EE: 40 °C,
A N, IMS IR 45 CEBEFIE 45 C, ik
150 mL/min) . =47 A []: 30 min, 28 S H 4F it 28
2 mL/min, ££ 4§ 2 min, 2~10 min #{ & 10 mL/min,
10~20 min #4Z 100 mL/min, 20~30 min #Z 150 mL/
min,
1.3 B

{# J§ SPSS(IBM® SPSS® Statistics ) X} 52 5 4%
SBT3 HT, SR Duncan AT LA,
Hrpr P<0.05 2553 . {4 Origin 2021 (Origin-
Lab Corporation, MA, USA) i A4AEEI AL HE,
2 HERESH
2.1 BEEEREXESMEEBRNT

ZEnL Sy M, TR FUB R S T AR TS B
79.60 g/100 g, IENi & &2k 4.37 g/100 g, 7KGFFIIK 55
AN 3.69 g/100 g F1 4.10 g/100 g X aHHERL):
AR AR, A E ARb TR, i 1 T
N, FEREER R & 2P AR TR &2 3R, Horh 5 iR
T, BE S THEMBEERERN S E(P<
0.05), FRAFR & H NI, B ETRVE SR AT A
SO, Tt PR T S AR T A AU 2 Uk B
FEAEFPO, DRk, w0 A S T SR R R R LA
A TEMORE . &S A ) aE R R i R T AT
St MR, AR AR E I n] AEBR TR 8 57
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Fig.1 Amino acid composition of yeast protein
T ARVNE FRERIR 16 PP SR & B Z AL 3% 25 5+
(P<0.05),

2.2 BRERANEMRAEYT
FE 3 P, TEA RSN B IE O0 T, FEE I B 1

BARNE D LR, FLACTE I s | EE P2
ThiEs, WAL 10% i), BERE R H UL F
SR PIERPE. B MR, X ATRESE PR AR
SR LIRS IVE AR A A B, LX) 5 i R 4%
SEAE TR R TR T e i 2 TR B B B, A
&S T L AR BERNPH IR . AEVEN 20% B, 75
gt 8 | WELNER P R e B 25 Us i A E A8 P 3 in e
BRI, IR 20% MIRHBER B R, Xl
e MR NS 10%~20% I, B LR 1A CNE
i & B, BT PR R P10y SO il EomE R gh
Fa), B3 1A BE Uk A g 484, # T T & I dE R
B ABLEVSNRAEAC LU — 2B B R, YN FITa g i XL
AR T IG5 WURLT 485 (A R 2 (8] AR AR
HH, S EOE I ER X 28 S5 R LB RS 22, IUTTREAR T
FHME T . 1EUR4EN 30% BISRMF R, FimpgaE | 5
P THERE . N ERPERI A PRI TR AR . X AT RE
S R R M ER AR AU A1 4k 3R 11 45 19 TR Bt i v e 391
SRR, ZEERER BT 30% 4RER . BEREEE G

BWITTEOL T, BB UAR = T 8 1 BT 48 S A e A
B, HEMsZ T A I RAR N A REE . 25 TR,
FEANYSAENET, B AR A R T Le s i 2L e &
A B FIEL P TH g, AR 10% A5 5 BF s . Py SRk
FIE S B I, VAN 20% A, AE R | MAME: Fgea b
Jerg 5, BAC 20% BB R A AN 30% i, #5351
DXL (=27 (39 RO WA E2E IS

* 3 BEREOIACED AR
Table 3 Texture property of yeast protein emusified sausage
PR L6 (%)
20 30 40

f8hr - A gLl

RUEEN 37.37£1.01% 44.99+1.55% 45.28+1.07°°49.76+1.26"

WERE(N)  JEA20% 45.55+0.44% 46.29+1.514* 40.72+1.04%°40.59+1.56™
JHEN30% 32.21+0.72°31.43+1.51% 33.9+1.03 26.08+0.27%

AUHEH 0.85£0.037 0.81£0.02°% 0.78+0.00% 0.83+0.01%*

PE  JEN20% 0.86£0.02%° 0.93+0.05 0.90+£0.02*% 0.89+0.03"®
TEN30% 0.78+0.025  0.810.02% 0.78+0.02% 0.79+0.02¢

AIHEH 24.60+0.01%° 24.59+0.71% 26.01:£0.74"26.18+0.724

MRV (N J8EH20% 24.35+0.89% 25.97+1.16° 21.56:1.74%°20.92+1.00%°
IHEN30% 15.76+0.54 15.42+0.29% 15.93+0.83% 11.02+0.17%°

AN 0.7440.027  0.68+0.03% 0.60+0.03"° 0.63+£0.01*

NEPE  WEH20% 0.63£0.03%  0.59+0.01%° 0.49+0.00% 0.51+0.01¢
IAN30% 0.63£0.01%*  0.60+0.00™ 0.60+£0.02*" 0.54+0.02%

RUEN 0.19+£0.01°  0.16+0.01°° 0.13£0.01°° 0.14+0.017*

MY WE20% 0.16£0.01%  0.14+0.00%° 0.14+0.01°° 0.14:0.00*°
JEAN30% 0.14+0.00°" 0.13£0.01%° 0.1240.00%° 0.12+0.02°°

s X BRZH CRBARANIBUIR ) 7 7 O B 2l 44.54+1.07 N, 3114 240.83+0.03,
NI 924.35+0.89 N, EREMEM0.72+0.01, [8]52 1 250.16+0.01, A[FIK
B PR FRRTE R — e B A LU B, S Rl AR L) & 1 =22 0] Sk 4
b2 5 i 2 (P<0.05) 5 AN FRER R LR — AN LB T, AR
FRLLAI I 22 [ R 4 A 22 57 ik 2 (P<0.05) o

2.3 BEEAANEREE
Hi=R 4 "ION, TEANIEN RO T, BEE R R
AR LRy, T LE. o (B T
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Table 4 Corlor of yeast protein emusified sausage
. R IRRAR ] (%)
Sty Tl i 1

10 20 30 40
AN 90.5+0.2* 89.4+0.4* 89.3+0.3% 89.5+0.17°
L I E120% 72.3+0.35¢ 74.2+0.1°° 75.3+0.5% 75.120.2%
I E430% 69.7+0.6 70.0+£0.3 71.8+0.1 72.0+£0.3%
ANygH 17.7+0.24 17.5+0.3% 17.440.17 16.240.24°
a I E720% 13.4+0.2% 13.0£0.1% 12.1+0.4% 11.10.3%¢
WEN30% 12.8+0.1¢ 11.6+0.1° 10.7+0.3% 10.3+0.2¢
AN 12.940.1% 15.3+0.3° 16.4+0.1% 16.6+0.3%
b HEN20% 12.9+0.1% 12.8+0.2% 14.6+0.4% 14.9+0.2¢
WEH30% 14.3+0.5" 15.940.1% 15.6+0.2% 16.0+£0.2%

T LIRSS, o fURLLIE, p R BIE . X IR ORI AN IR ) T 5 BEL (N9 1.820.1, 21 a2 15.7+0.2, BEH (H14.940.2, ARG PRk
ARTELE] R AR L, ASTEAA R A LU 7 1 22 1) €54 b 22 57 S 25 (P<0.05) 5 AN R)/NG FRER R AL 6] — AW L 5], AR 1R L 195 1 22 [

(PR bR2E B 25 (P<0.05) .

AP, b EIEZWHT P XA RRE R
A 5 S BAAR A, TER I HIVER SRR, BB S
PRBERSISIIR A, TR BEER FA RS I s i T 5 i 4L
PRI, FLASI U, T REER P i R AR 0 22 I il
Sy Al HE S T BUCE I AR T A A AR AR P, R S 2R
W52 B (L) FLLEE (@ ) Ydi)S, BERE (B I, LEIs4EN
20% 1 30% B, LR B & I LB o (B3
INFRIGEAE A L ) R AU AU M4 . 3 T e N
SR ER A CENER X B I B s i), RS T 2R IR
ARENERFZ IR T R - /K S EAE DA [a) 32250 75
PR AR EAENTE K T TS BE AR L BB
B LSRN 34T, AR UE T B /KA EAE L, (8
o B LH LR EE R R A BOR, NI AR T R BB i
SRR SN S B I e RO S T R A= A8 k,
DATATSENR L3 ) ST SRR, V8 T s B
{ERNLT (G . TEEN 20% FN 30% A, B BEREE 1
AR T LA kg o, 85 R (b)) (E 52 LIk,
TZEE R G ASISEN SN, X UL I RE R A AR X
e 2 (OB IS —E A E . 25 1, FEADR
RS, PR AR AR DT B i A i 2 B (L)
LI (a ) FEAIG . BERE (BT Fhiss; 184N 20% F11 30% B,
T 58 (L) LT (a") /NF AR EN ., e B (b7)

A 2 AfK 22 AR5 shK B
105 | g 4547k 105 ) g 454
1001 2 = 2 =y 1001 b a
S n»m SEESRl
et 00 ) < //7/4 7
= /) L umy V/,
i Z i )
S & 1590
¥ 10 % 7
5
0
N DM SRR
SN L S
El 2

1 AflK ARGk C

R T AR R = AW R A C7IE= eyl [ TT(T 2
24 BEERIANBEHXSSH

FHIE 2A FE 2B 015N, FEASISEANATIRAERN 20% 4%
T, B EREER AR T LBl n, & iz iy
ZE GRS BT . AN 20% B, Bl AR
T, BERE R H PSS A K S R T
JE REAR A A, 33T GBS R ZEAR I AR LA 10%
Ak, PR AR IR AR L, SRR R A
IR FEUA F B A KSR T B b2 e
), BB AN R, PT 45 & 7K 8 22, T3
A KSR, B 2C RIAL FEIEN 30%
BRI, BEIE A C L e e, Tz iy 1 ik &
4 .25 T X R ZH (P<0.05), WF9E 2] NaCl i id{e
UL 4R 7K A VR, DA s ALl i ARk
PHEESL YN 30% FHHLLH NaCl & & | ¥, &%
FLERIE 22 (18] 3), 728 & Bk AFLER, S30A
KBTI N 30% A b el Gk S R T
T JE R a3, eI R 30% B 4h &K &
e X T HER T ZEUE A EL AR, R AR
[FIE 2 a7 o i (B 7 =2 =X AW E U N = =y
E AR SER R PR R BRI G, LA TSN
REFR A TCIR R RN —as ik, [ a2 S 8 &=

O Ak Ao K

PRk A FLACA I K 23 oA
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