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Optimization of the Rice Wine Fermentation Process for Beef
Jerky and Changes in Myofibrillar Proteins
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(College of Food Science, Northeast Agricultural University, Harbin 150030, China)

Abstract: The objective of this study was to investigate the effect of rice wine on the quality of beef jerky. The beef jerky
fermentation process was optimized by determining the moisture content, color difference, pH, shear force, texture, and
water activity, with sensory evaluation scores serving as the response variables in a response surface methodology
experiment. Additionally, changes in myofibrillar proteins during fermentation were thoroughly examined using solubility
measurement, surface hydrophobicity assessment, and sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE). The optimal processing conditions were rice wine addition 6%, fermentation time 24 h, and baking time 2.5 h. The
beef jerky produced under these conditions exhibited physicochemical properties with moisture content 42.39%, pH 5.61,
water activity 0.9298 and shear force 28.97 N. The fermented beef jerky prepared using this process had excellent color,
moderate texture, unique flavor, and high overall quality. During the fermentation process, the solubility of myofibrillar
proteins in beef gradually decreased with increasing fermentation time, whereas its surface hydrophobicity continuously
increased. This phenomenon indicated that the fermentation promoted the gradual unfolding of the highly aggregated
structure of myofibrillar proteins, resulting in the exposure of internal hydrophobic groups. The SDS-PAGE results
demonstrated that the addition of rice wine was more conducive to the degradation of myofibrillar proteins. The findings of
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this study provide important theoretical support for the development of new fermented beef jerky products, and offer new

insights for research in related fields.
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Fig.1 Process of fermented beef jerky production flowchart
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Table 1 Sensory scoring rules for fermented beef jerky
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Table 2  Factors and levels of response surface test
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Fig.2 Effect of rice wine addition on physicochemical

properties of beef jerky
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Table 3  Effect of rice wine addition on the texture and colour of beef jerky
Pivi) fiikzs
W (%) — -
il 5 (N NEEE (m)) P (mm) R L a’ b
0 15740.28+533.06° 6126.05+870.23 0.67+0.02° 0.61£0.03" 48.62+0.39° 20.69+0.36° 19.66+0.83™
2 15109.33+635.19° 6321.57£619.06 0.69+0.05" 0.60:£0.01° 47.2340.54% 21.55+0.28¢ 18.3120.53¢
4 12544.92+482.77° 4578.75+176.20° 0.600.04* 0.60:£0.04° 47.60+0.22% 22.07+0.13¢ 18.98+0.43"
6 11669.06:+283.04° 4308.19+469.11% 0.63+0.05" 0.60£0.03* 46.39+0.98° 22.31£0.21% 18.7240.52¢
8 10443.78+95.65¢ 4056.26+228.28" 0.61+0.05" 0.61£0.01* 43.40+0.32¢ 22.45+0.10™ 18.47+0.18°
10 9806.67+707.97° 3494.17+243.29° 0.61+0.05" 0.56£0.01° 44.1240.95¢ 22.7240.19* 20.3120.05°
[l —FIRF PR 2 5 B35 (P<0.05), #64~38[A,
T4 BIMEXF AR TEE TS RS2 R
Table 4 Effect of rice wine addition on sensory scores of beef jerky
I (%) fiRZs IS MR HLURT AU S By

0 12.87+0.26¢ 10.23+0.25¢ 13.10£0.50° 13.37£0.38° 12.37£0.21° 62.03+0.55¢

2 13.67+0.21° 12.70£0.17° 13.43+0.32¢ 13.60+0.26™ 13.47+0.38¢ 66.87+0.57¢

4 15.00+0.10° 14.27+0.46° 14.43+0.35° 14.23+0.32% 15.23£0.21® 73.17+0.23°

6 15.63£0.25° 15.77£0.15° 15.20+0.30° 14.90+0.20° 15.80+0.40° 77.30£0.62°

8 14.90+0.26° 14.70+0.10° 14.23+0.35° 14.37+0.38° 15.07+0.31° 73.274+0.60°

10 13.730.38° 12.8340.21° 13.83£0.21% 13.37£0.47° 14.33£0.32° 68.10+0.10°
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Fig.3 Effect of fermentation time on the physicochemical properties of beef jerky
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Table 5 Effect of fermentation time on the texture and colour of beef jerky

R BT (h) s &t
i TEAE(N) NELAE4: (m)) #H: (mm) AR L a b
0 17001.87+732.52° 7948.82+605.95° 0.78+0.02° 0.64+0.01° 48.62+0.39" 21.46+0.62° 21.13+0.18°
8 15020.18+259.97° 7329.44+311.39° 0.80:£0.03" 0.60:0.04° 47.23+0.54 22.45+0.62% 19.69+0.28"
16 13550.52+153.64° 6345.29+185.92° 0.74+0.01° 0.63£0.01° 47.60£0.22% 21.95+0.52" 20.16+0.30
24 12609.65+£196.68 5559.71+442.36" 0.74%0.02° 0.58+0.09° 46.39+0.98° 22.72+1.06° 19.29+0.46°
32 12860.84+293.62% 5131.70+533.74° 0.73+0.05° 0.55+0.03* 43.40+0.32¢ 23.9120.25° 19.62+0.23%
40 11787.42+419.07° 5252.17+857.40° 0.74+0.09* 0.56+0.05" 44.12+0.95¢ 23.01£0.33® 20.09+0.49°
6 KPR HIRT AR R T E P43 (5 e
Table 6 Effect of fermentation time on sensory scores of beef jerky
R T[] (h) JERES JELZS MELIE 1 HBVRAS (S By
0 14.10£0.60° 9.83+0.60° 12.73%0.60° 13.77£0.61° 12.43+0.45° 62.87+0.88¢
8 14.57+0.55® 12.50+0.61° 13.60£0.60™ 14.00+0.17% 13.70£0.17° 68.37£0.41°
16 15.30+0.40° 14.87+0.35° 14.47+0.35° 15.13£0.26" 15.03£0.26" 74.60+0.41°
24 15.40+0.44° 16.03+0.49° 15.57+0.32° 15.00+0.72° 15.57+0.35° 77.57+0.55°
32 14.90+0.26" 14.50+0.56° 15.63+0.25° 14.10+0.67* 15.07+0.16° 74.20+0.29°
40 14.17+0.25° 10.47+0.93° 13.73+0.78" 13.10+0.52° 11.90+0.92° 63.37+0.61¢

BT SRR S . TEIE B A R R 0], A2
HY A R P A 7O, REiE | B R 4R
M7, Sb B A, 23 AR AS RO, EEHME T B, DTS
BURETEREMR. 25 BTIR, KB TR A e+
A B E B AE b TR B . AR A
SEASK T IR R A, 2 T Tl U 2 7= A A RLXL
MRo PRI, ASWFTEBE A BERTTE] 16, 24 32 h VA0
BT, LIRS A A P Al 5T

2.2.3 PUERTEIMAAE  ANE 4(A) TR, FEE S
s TR] A SE G, 2 A TR T IR 7K 43 3 B S i W I [k
o FEREEE 1.5~2.5 h W8], KS3Fr RGP T 24
HLIZ ] AE R ZE 2.5~4.0 h 15}, K58 T B4l
2812, P\ 44% [ 2 38%., X MG AT BEJ2 K A4k
KT, R A KRR LR, S BOK & ik
TR SR, BEE USRI EET, AT B KT
AR, FIAILE G /K R Sy i sh K ME LA E— 2
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Fig.4 Effect of baking time on the physicochemical properties of beef jerky
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AESE PR AR 2 (i A PO LS ST 48R 1 A8 P, BETT T34
HOXIK B2 RE T 0S8, /K36 BEREZ FEATR . HeAIk
7K 533 BE BEABAT AN il PR B AR S, DA TTTRIE 1 A2
WA TR BR 2RI ikl 4(D) FFR, BEE HUEE T
[EI A HE RS, A= AT R8T D) S ok IX TR T
R TE RS | RS 1 3 P B PR SR S B AL R, 73K
WLETdEe 4, AL ST U7 3 71w o X —45 25 Shi
ST BT R — B

= 7 o, SRLIE I RS s, NE - A R
AR, SR, BEAE S I TA] B9 SE S, A P T B A EE AN

TH MR S0 W2 Y H(P<0.05) . IXJEHR N4
R IR STIBREiZE 2, K53 S B ASTRERAIR, LET 4l
4n, TR T B BUE I LEF digh Ay, dEm S 234 T
R, PRt TS BXRTRE D
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T B Bg BT E AV E A, SR LA 2R P A s e i ek
LT ZR A, [RIEs 7K 43 B 17 b 28 R ATt 25 ol Y (A
B, XS5 R ST EN (g —3.

AN 8 Fin, BER MR El I ZE K, BB Vo2
BSET BRI FEIE B RE R A, A
H i R B R PR EAE N B HRAR, RS b, AR
T, 3 RS 2 5 B B A Ak, R AR mS, [RIR K53
B BRI i 2F A b i, AR TFREIE, AT S5
BREPEOREAC . 25 L ATR, Bl s el %) A ek A i)
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Table 7 Effect of baking time on the texture and colour of beef jerky

5 B ] (h) i i

i W (N) MELIEHE (mT) #PE (mm) R L a b’
1.5 7830.06+890.19° 3059.75+£592.67° 0.63+0.09° 0.63+0.06" 51.72+0.11° 20.81£1.09° 18.64+0.25¢
2.0 10758.65+220.07¢ 4371.924334.56° 0.65+0.02° 0.63+0.05° 51.60+0.17* 20.99:+0.60° 19.07+0.60
2.5 11924.21+497.71 5102.11+205.28° 0.70£0.01% 0.61+0.02° 49.73+0.36° 21.51£0.66 19.08+0.37"
3.0 13286.93+556.48" 5406.35+402.73¢ 0.72+0.06™ 0.52+0.08" 45.42+0.35¢ 21.98+0.51% 19.44+0.25
35 15562.20+281.89° 6186.34+£295.81° 0.68+0.04™ 0.60+0.04° 46.64+0.53° 21.95+0.52% 19.53+0.49%
4.0 18168.43+334.16" 8603.79+731.63* 0.78+0.05° 0.60+0.03" 43.26+0.47° 22.67+0.74* 20.25+0.48"
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Table 8 Effect of baking time on sensory scores of beef jerky

LRI E] (h) FERES RIS LR HLVIRA kR By
1.5 14.73£0.47° 14.03+0.32¢ 10.63+0.31¢ 12.97+0.23° 14.37+0.25" 66.73+0.68°
2.0 15.03+0.21° 14.90+0.30" 14.03+0.32° 14.13+0.19° 15.60£0.26 73.70+0.36°
2.5 15.43+0.40° 16.07+0.32° 15.53+0.35° 15.47+0.38" 15.70+0.44° 78.20+0.78"
3.0 15.03+0.20° 15.1340.31° 14.40+0.26° 14.83+0.18"™ 15.57+0.31° 74.97+0.42°
35 13.50+0.34° 14.27+0.40% 13.0040.20° 14.60+0.23% 13.80+0.26" 69.17+0.96°
4.0 12.50+0.46° 12.27+0.31¢ 10.70+0.66" 14.50+0.32° 13.10£0.26° 64.07+£0.72¢

Bt Rsta) 2. 2.5, 3 h VE MR ARG/, AHAZR
AL R A T T

2.3 MapEEIRIEEER

2.3.1 RAiE T 5458 R EE A X
Haft g mfofl, ik =R =K FEH: 17 dHiife
HEE, 9.

KO KT ZAALHmA R it

Table 9 Response surface design for fermentation process

optimisation
nvass IR K T[] 5 sf ] BEIS
1 -1 -1 0 70.39
2 -1 0 1 72.28
3 -1 0 -1 71.66
4 -1 1 0 75.01
5 0 -1 1 72.19
6 0 -1 -1 71.35
7 0 0 0 78.67
8 0 0 0 78.20
9 0 0 0 79.01
10 0 0 0 78.82
11 0 0 0 79.13
12 0 1 -1 74.44
13 0 1 74.13
14 1 -1 0 73.48
15 1 1 75.95
16 1 0 -1 73.33
17 1 0 74.31

2.3.2 BRIy 225387 Rl Design-Expert 11 #f4:
X 9 MIBAEIA THIG B BRI Y —on 2 H e
J7 % LUBCE PFS M NAR, R AF Design Expert
10 Xt i g 45 SR A 7 Rk I B 5347, 2L
HRRIRE AT T SEBAR R INE (A) .
PR A (B) | HHE R A (C) Z M]3 R =tk =]
=37 B AN R 2 BCE PF 43 =78.77+0.9663A+1.31B+
0.4713C—0.9475AB+0.5AC—0.2875BC—2.6A’>—2.87B>~
2.87C2,

3R 10 vl 0, JBCE P4 RSB (Y P<0.0001,
LUK 255 AT P (Bl 0.0735>0.05, AN 35, Ut
AR UL T RRAS IR, i 2 TR 52 A PRI R i s )N s
ERE RP=0.9817, KLIEYLE REL Adj R*=0.9582, J7
R A AT EE, 25 b Al A I IR R 5 450, T
TR 53 BT B A A TRV E P4 2Rk, 2R E
AB XA RZ 00 i 35 (P<0.05), —IRI A, B 5 1K
Tt A%, B>, C? XIS RIFZma b 35 (P<0.01) . 48 F Ky

By, ZPHE AR AT RVE VSRR R R /)N
WK g : F Pt ] | EERE S e | I s TE]

10 REEAF T RETE 0 AR Ty 22 53 B
Table 10  Analysis of variance for regression model of sensory
scores of fermented beef jerky

FERE  CFIHM BHRE B FE P B
(e 137.05 9 1523 4176  <0.0001 I
AN 7.47 1 7.47 2048  0.0027 **
B-& B 13.73 1 13.73  37.65  0.0005 ks
C-HbREmfE 1,78 1 178 487  0.0630
AB 3.59 1 359 9.85  0.0164 *
AC 1.0000 1 1.0000 274 02417
BC 0.3306 1 0.3306 0.9067 0.3727
A? 28.36 1 2836 7779 <0.0001 o
B? 34.75 1 3475 9531  <0.0001 ok
C? 34.57 1 3457  94.82 <0.0001 ok
B2 2.55 7 0.3646
PRiu 2.03 3 0.6760 515  0.0735 AEH
AR 0.5245 4 0.1311

JEP= 139.60 16

e * TR EF B E (P<0.05) | **FR 22 70 3% (P<0.01) .

2.3.3 ZHEXZHA/EMAMM HESHT  FIAH Design
Expert 11 $AA4HE BISAERIZE G 3D w1 K], Bl
AT RSS2 R854 PRI 3R A HEAE B AR FH XS0 A PR 5 i
SRR TN A A Wi TS SR Rl . e T
A AR AR 5 AEOREFEE 1T El 0 T R AR A R ke, PR
ESOLTIVRI=RIS AT A TE 1 Ny = pap 475 < M E I
JEIR T 45 B 2 A WA A T BB P45 0 (4 i) )3 T
o YHuShnatEE, BE TR RS R EERT TRl 3 i
SEIE E TS RRRA R, s aL e ae, JBE TF
Sy Bt LB IS ] R SE K S E S B TR SRR
2.3.4 BSUESCES  FIAH Design Expert 11 K {F % [H]
H 7 FRER A SRR, BB P48 Maximize, 500 1.2
(IR 6.318% . K EERTE] S 25.579 h, MilEHsTE]
2.543 h, BE VAT TRINAE 2N 78.992) & fl 165 1F 1 5%
&, 9B KA A T RAE AT T 22808 SN
6% . KMERTEIh 24 h, BUERTTE] 2.5 h, e AR
T EBEEAE T, i = A TR IS AR R m]
FErE, ISR R IR AT E VR E S 78.50, 5T
EAHXHRZE/NTF 5%, FFEHERITIm 25 52, 22 BH i bz
AR B ST 1Y R 230 [ AR AL G R B AU,
FLA S BR R PR, [R)BsHIESE 7 5 A i sy Tk A e A
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Fig.5 Response surface plots of effect of different factors
on sensory scores of fermented beef jerky
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Fig.6  Plot of changes in solubility of beef myofibrillar proteins
at different fermentation times
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of beef myofibrillar proteins at different
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Fig.8 SDS-PAGE of beef myofibrillar proteins with different fermentation times
TE: (A) AR K, (B)RBKE A .

3 i

ARG SR J 2 IR 22 52 0 45 45 e T 5, R A0
AT T S T2 A TR T T 2, SRR ARSE T &
SRR IUSTEF AR (025 L, S5 SRR, IR &
PEE P T I T2 S 80h : IR 6% ., KT8
W] 24 b, BUE R 2.5 ho (EHZME R, 720 (g
2L, SRR, KU, 254 i TR T, R
SRR, 2 A WUB ET A gk IR A, 5 A K
B T, LB B T 7 e, /NG T2 R
SR, AR R TR LL, IR I R T RE AT AU R R AL
IR AR AR . 25 TR, LA Sy A 1)
VR P, B0 B ol 24 PO 0 S BRI RUSR,
PR 7 2 A T T 4SO I PR T 1B . R
1T, P TR T A FR e g B e, e T R 5 2R
FT 2 M A AR P LT At — 2B R AT

© The Author(s) 2026. This is an Open Access article
distributed under the terms of the Creative Commons Attribution
License (https://creativecommons.org/licenses/by-nc-nd/4.0/).

SE K

[1] B, kth, FAEE. Fral 4 AR B Fa T &I
¥ B F A 2h 4 A5, 2024, 44(6): 76-81. [ LI Wen, CHU Zhen-
dong, LUO Shengjin. Research progress on factors affecting meat
quality of beef cattle [J]. China Herbivore Science, 2024, 44(6): 76—
81.]

(2] AF A A8t A B R ARBE ARG (D). A ARAR
X #,2019. [ ZHONG F Y. Study on the preservation technology
of chilled beef and marinated beef[D]. Chengdu: Chengdu Universi-
ty, 2019. ]

[3] K& Aoy XaT4bF AR G R BACHE I ALH 109 %R At
% [D]. & T K5, 2023. [ ZHANG Y. Study on the effects
of processing methods on protein oxidation and digestion character-
istics of yak meat[D]. Xining: Qinghai University, 2023. ]
(4] ZT, 8%, RESL, F. FHH Km0 IIKE L REAR
(1. & &= # # ,2019,44(10): 122-129. [ WANG Ke, ZHU
Chaozhi, ZHAO Gaiming, et al. Overview of beef product process-
ing and development[J]. Food Science and Technology, 2019, 44
(10): 122-129. ]
[5] WFEE. HLHFNTFTELRMABRLZRRIRAD]. oFfo ik dt:
R EF R X%, 2023. [ DENG Mengmeng. Study on process op-
timization and quality of salt-baked beef jerky[D]. Hohhot: Inner
Mongolia Agricultural University, 2023. ]
[ 6] LI Sining, TANG Shanhu, MO Ran, et al. Effects of NaCl cur-
ing and subsequent fermentation with Lactobacillus sakei or Lacto-
bacillus plantarum on protein hydrolysis and oxidation in yak
jerky [J1. LWT, 2023, 173: 114298.
[ 7] XIA Lingyan, QIAN Min, CHENG Feng, et al. The effect of
lactic acid bacteria on lipid metabolism and flavor of fermented
sausages [J]. Food Bioscience, 2023, 56: 103172.
[ 8] ZHAO Changqing, ZHAO Xingxiu, LU Ziyang, et al. Produc-
tion of fermented pork jerky using Lactobacillus bulgaricus[J].
LWT-Food Science and Technology, 2016, 72: 377-382.
(9] Mz, 23, 557, F. 5L A B T ¥ 5 i B A B R AL
S 69 % w11, F BB vk S, 2021,46(6): 5-10. [ CHEN Jun-
hong, WANG Yang, LI Qin, et al. Effect of lactic acid bacteria fer-
mentation process on the physicochemical properties and quality of
minced meat[J]. China Condiment, 2021, 46(6): 5-10. ]
[10] #wesm, R A&4L, 3 B K. KB P BEA 09 6 ik T E4AL
B o AT F (D). R e b5 R B Tk, 2022, 48(19): 185-195.
[ YANG Xiaogang, ZHAO Xinrui, DU Guocheng. Screening, fer-
mentation condition optimization and quality evaluation of commer-


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.lwt.2022.114298
https://doi.org/10.1016/j.fbio.2023.103172
https://doi.org/10.1016/j.lwt.2016.04.060
https://doi.org/10.1016/j.lwt.2016.04.060
https://doi.org/10.1016/j.lwt.2016.04.060

- 260 - £ Tl B4

2026 4F 1 H

cial low acidity fermented beef starter[J]. Food and Fermentation
Industries, 2022, 48(19): 185-195. ]

[11] ALE, KE, R, F. L84 0T TP 2A0HRS Kok
SR (1], A S A3, 2021, 42(14): 240-247. [ ZHOU Yajun,
ZHANG Yu, CHEN Yan, et al. Analysis of physicochemical charac-
teristics and flavor quality of fermented beef jerky during its pro-
cessing[J]. Food Science, 2021, 42(14): 240-247. ]

[ 12] WANG Han, SHANG Rui, GAO Suying, et al. Characteriza-
tion of key aroma compounds in a novel Chinese rice wine Xijiao
Huojiu during its biological-ageing-like process by untargeted
metabolomics [J]. Heliyon, 2024, 10(14): €34396.

[ 13 ] WANG Yurong, CAI Wenchao, GAI Jianshe, et al. Analysis
of the effect of rice wine koji on the fermentation quality of rice
wine based on high-depth sequencing[J]. Food Bioscience, 2023,
56: 103109.

[14] YANG Yijin, LI Haifeng, XIA Yongjun, et al. Unraveling
physicochemical characteristics, microbial community structure and
functional enzymes governing fatty acid ethyl esters formation dur-
ing Chinese rice wine brewing[J]. LWT, 2024, 198: 116035.

[ 15] LEI Yan, CAI Wenchao, WANG Yurong, et al. Fungal com-
munities and their correlation with the sensory quality of rice wine
from the Xiaogan and Dazhou regions in China[J]. LWT, 2024, 191:
115575.

[16 ] #3h, S/ &, IRA T, 5. ST & KB > KB W A B
% %A A ). b B AR, 2024, 43(8): 170-176. [ XIE Ling,
GONG Xiaohui, ZHANG Dongya, et al. Analysis on microbial com-
munity diversity of Jiuqu in Guizhou characteristic rice wine produc-
tion areas [J]. China Brewing, 2024, 43(8): 170-176. ]

[17] RE4, AR R, AW, 5. F R B KA R IE S R % va
(J]. & & T 1 ,2024,45(2):91-96. [ ZHANG Huiming, XIA
Weiliang, XING Feng, et al. Effect of high-temperature instanta-
neous sterilization on the quality of rice wine[J]. The Food Indus-
try, 2024, 45(2): 91-96. ]

(18] HHH, BT 36, 5 v B%ABEH T ILHREEIL
B4 B %2 [J]. Bk, 2020,45(1):95-98. [ JI Lili,
CHEN Xueling, WEI Yan, et al. Isolation and identification of sev-
eral dominant lactic acid bacteria in Sichuan traditional fermented
sausage[J]. China Condiment, 2020, 45(1): 95-98. ]

[19] MIKAMI N, TSUKADA Y, PELPOLAGE S W, et al.
Effects of Sake lees (Sake-kasu) supplementation on the quality
characteristics of fermented dry sausages[J]. Heliyon, 2020, 6(2):
¢03379.

[20] PHEARKER FEARRER S, BRTHEEER
%1, GB 5009.225-2023 A% %A B RAT A B A I ¥ LB
#Z ey 2 [S]. b P B AR E AL, 2023, [ National Health
Commission of the People's Republic of China, National Adminis-
tration of Market Regulation. GB 5009.225-2023 National food safe-
ty standard-Determination of ethanol concentration in alcoholic bev-
erages and edible alcohol[S]. Beijing: Standards Press of China,
2023. ]

[21]) PRAREFEBREARELER A, BRTHUEER
& B). GB 12456-2021 o %4 B A7/ 2o ¥ S8t agn 2 [S].
6%, P B AR 4, 2021: 1-3. [ National Health Commission
of the People's Republic of China, State Administration for Market
Regulation. GB 12456-2021 National food safety standard-Determi-
nation of total acid in food[S]. Beijing: Standards Press of China,
2021: 1-3. ]

[22] kEs, B, FHHR, F ZhHLARK 4 7R EGRE
FHW ] £ %BR 5 I &, 2024,45(22):172-180. [ ZHANG

Chenrui, YANG Wen, HUANG Xingqiu, et al. Wine-making charac-
teristics of four kinds of mulberries in Mengzi area of Yunnan
Province[J]. Food Research and Development, 2024, 45(22): 172—
180. ]
(23] PHRARSEIAN, ¥EERFELTEZELT 2. GB
4789.3-2016 A& &b T A fit & 4 F A T K W A AR [S]. AL F
A7/ AL, 2016. [ Ministry of Health of the People's Republic
of China, Standardization Administration of China. GB 4789.3-2016
National food safety standard-Microbiological examination of
foods: Enumeration of coliforms[S]. Beijing: Standards Press of
China, 2016. ]
[24] PHRARLRE AR, ¥ FAFBEAE AL 4. GB
4789.4-2016 & & % 4 B FAR R R S LM F AT 1T KA A0 e
[S]. db7w: ¥ B 47 i ij4L, 2016. [ Ministry of Health of the Peo-
ple's Republic of China, Standardization Administration of China.
GB 4789.4-2016 National food safety standard-Microbiological ex-
amination of foods: Salmonella examination[S]. Beijing: Standards
Press of China, 2016. ]
[25] 3RE. ABEF AT LB LMK AR [D]. K
F: &K F,2021. [ ZHANG Yu. Study on fermentation process
optimization and quality characteristics of fermented beef jerky [D].
Changchun: Jilin University, 2021. ]
[26] FHAREAEER L AR EF ET 2. GB5009.3-
2016 o4 A B FARER S P AL 6 nE [S]. AR P E AL ®
M4k, 2017. [ National Health and Family Planning Commission of
the People's Republic of China. GB 5009.3-2016 National standard
for food safety, Determination of moisture in food [S]. Beijing: Chi-
na Standard Press, 2017. ]
[27] Fx4, £, HiFl, 5.8 F a5 QT 5 AL
R RO LM n [T]. £ T kA, 2023, 44(20): 36-42.
[ DONG Zhiming, JIANG Qiuwan, JIANG Zelin, et al. Effect of
ultrasonic time on quality characteristics and myofibrillar protein
structure of beef jerky[J]. Science and Technology of Food Indus-
try, 2023, 44(20): 36-42. |
[28 ] ZHANG Ruyu, XING Lujuan, KANG Dacheng, et al. Ef-
fects of ultrasound-assisted vacuum tumbling on the oxidation and
physicochemical properties of pork myofibrillar proteins[J]. Ultra-
sonics Sonochemistry, 2021, 74: 105582.
[29 ] YIN Feng, BAI Xueyuan, WANG Ke, et al. Mechanism of
tumbling-curing to improve beef quality: Insights from the struc-
tural and functional properties of myofibrillar protein[J]. LWT,
2024,207: 116692.
[30] PAN Jiajing, LI Chengliang, LIU Xiaojie, et al. A multivari-
ate insight into the organoleptic properties of porcine muscle by ul-
trasound-assisted brining: Protein oxidation, water state and mi-
crostructure [J]. LWT, 2022, 159: 113136.
[31] WwaAREAERLIR. NY/T 1885-2017 4t &£ 56 K if
[S]. b7 P B R Ak g4k, 2017, [ Ministry of Agriculture of the
People's Republic of China. NY/T 1885-2017 Green food rice
wine[S]. Beijing: China Agriculture Press, 2017. ]
[32] Tt AEEZHAKREGHA(D]. KA THRELXE,
2003. [ YU L M. Study of fermented loin ham[D]. Changchun:
Jilin Agricultural University, 2003. ]
(33 ] #rara. ZEestFF 20 A F 5 R 69 %@ ar s (D], #6:
"Rk K%, 2021, [ JIAO Yangyang. Effect of fermentation on
quality of semi-dried beef jerky [D]. Zhengzhou: Henan Agricultur-
al University, 2021. ]
[ 34 ] ZHOU Yajun, ZHANG Yu, PANG Guogiang, et al. Effect of
inoculation of starter on physicochemical properties and texture


https://doi.org/10.1016/j.heliyon.2024.e34396
https://doi.org/10.1016/j.fbio.2023.103109
https://doi.org/10.1016/j.lwt.2024.116035
https://doi.org/10.1016/j.lwt.2023.115575
https://doi.org/10.1016/j.heliyon.2020.e03379
https://doi.org/10.1016/j.ultsonch.2021.105582
https://doi.org/10.1016/j.ultsonch.2021.105582
https://doi.org/10.1016/j.lwt.2024.116692
https://doi.org/10.1016/j.lwt.2022.113136

CHETESCHR ] O35 IRRRE AT T 2O RIS RS AR AT - 261 -

characteristics of fermented beef jerky[J]. Journal of Food Process-
ing and Preservation, 2021, 45(9): e15744.
[35] a4, vt5 =, ke, 5. R H M5 w45 4
# e AT 5 (1], F B ifnk S, 2021, 46(4): 31-37. [ BAI Ting, YE
Fuyun, ZHANG Xu, et al. Comparative study on the characteristics
of “lightly fermented” sausage and Sichuan traditional sausage[J].
China Condiment, 2021, 46(4): 31-37. |
[36] HUGHES J, CLARKE F, PURSLOW P, et al. High pH in
beef longissimus thoracis reduces muscle fibre transverse shrinkage
and light scattering which contributes to the dark colour[J]. Food
Research International, 2017, 101: 228-238.
[37] M s, fErafe, A%, & ZBEe R < T 2R84 )T
R RE G R 6% [T, & S A 52,2021, 42(20): 45-51.
[ ZHAO Gaiming, JIAO Yangyang, ZHU Chaozhi, et al. Effect of
fermentation time on quality and protein conformation of semi-dried
fermented beef jerky [J]. Food Science, 2021, 42(20): 45-51. ]
[38] PRZYBYLSKI W, JAWORSKA D, PLECHA M, et al. Fun-
gal biostarter effect on the quality of dry-aged beef[J]. Foods, 2023,
12(6): 1330.
[39] &4, 5T, Bk, 5. 5UA A0 L R B o3 F 2L 852
AT &Rk amg U] £&gs R Thn R, 2024,
15(7): 1-8. [ LI Jin, YUN Xueyan, CHEN Lu, et al. Studies on the
effect of whey and commercial fermenters on the quality characteris-
tics of semi-dry fermented camel jerky [J]. Journal of Food Safety &
Quality, 2024, 15(7): 1-8. ]
[40] kA, Rk, Tob, & B R RBEE B xT A BE2F A o 45
YagHem [T, ILARR e AR, 2024, 40(4): 55-63. [ ZHANG Qi-
uhui, MENG Gaoge, WANG Han, et al. Effects of cured meat-de-
rived yeasts on the quality characteristics of fermented beef[J].
Modern Food Science & Technology, 2024, 40(4): 55-63. ]
[41] REF, RAE, WL, F. LELMEA AT LBEF A TR
S R B At e Hm (0], A B T A, 2021, 42(7): 43-49.
[ LIANG Ruifang, ZHANG Bangjian, GAO Lixia, et al. Effects of
starter cultures combination on physicochemical quality and safety
of fermented beef jerky[J]. Science and Technology of Food Indus-
try, 2021, 42(7): 43-49. ]
[42] ZARM, FFA4, BINS, . RE > &G #ILE A KT+
W R # o B g AR (1] & 5 A d 3 K ¥, 2023,
42(12):72-81. [ WANG Jungang, LI Yuhui, PU Shunchang, et al.
Effects of different protease-producing lactic acid bacteria on quali-
ty and safety of dried beef[J]. Journal of Food Science and Biotech-
nology, 2023, 42(12): 72—81. |
[43] FEF AR, X548 5 ME MO REBAE T
LRACR I = o e TG Hva [T, A £AF5E, 2024, 38(2): 17-27.
[ LI Junnian, QUAN Wei, LOU Aihua, et al. Optimization of the
production process of liquid-smoked bacon using liquid smoke-as-
sisted curing and its impact on product quality[J]. Meat Research,
2024,38(2): 17-27. ]
[44] 5. HRF AT P 0B $AERBRMER KRB 37X-9 5+
A& My o T AEALA) AT 70 (D] of Fo b4 AR F R L K5, 2022,
[ SUN Xueying. Degradation mechanism of biogenic amines by Pe-
diococcus pentosaceus 37X-9 and the bacterial diversity of tradition-
al beef jerky[D]. Hohhot: Inner Mongolia Agricultural University,
2022. ]
[45] SHI Shuo, KONG Baohua, WANG Yan, et al. Comparison of
the quality of beef jerky processed by traditional and modern drying
methods from different districts in Inner Mongolia[J]. Meat Sci-
ence, 2020, 163: 108080.

[46] PEI Yamin, GUO Xingyue, SHU Xionghui, et al. Effects of
deep frying and baking on the quality attributes, water distribution,
and flavor characteristics of duck jerky[J]. Frontiers in Nutrition,
2024, 11: 1309924.
(47 ] RHC AL E R AT D] ALM: Hrix Tk K42, 2015.
[ ZHAO Min. Research on colorant combination in minced
pork [D]. Hangzhou: Zhejiang University of Technology, 2015. ]
(48] T, Fuids, THE, F. 445080 H AR EEAME L2
1 [J]. & o6 T A 34,2023, 44(20): 182-188. [ DONG Xue,
HUANG Qinghuo, WANG Haibin, et al. Study on processing opti-
mization of liquid smoke and baking in low-sodium cured pork [J].
Science and Technology of Food Industry,2023,44(20): 182—
188. ]
[49] #&F, 0Nk, 5RME, F. 2 X F 20 BEFFHILR
o e %k & RACE L M e Foa [T, F B R S F 4R, 2023, 23(11):
74-83. [ CHANG Haijun, BO Zhaoying, SHI Yuanwei, et al. Ef-
fects of curcumin on oxidation and structure of myofibrillar protein
induced by hydroxyl radical [J]. Journal of Chinese Institute of Food
Science and Technology, 2023, 23(11): 74-83. ]
[50] Mkmeth, 24855, A5 BRIUAF A K A& 60 & B IR
MR ALK I AL [T]. & A4, 2019, 40(4): 186-191.
[ CHEN Xiaogian, WU Zufang, WENG Peifang. Changes in gel
properties and formation mechanism of giant squid surimi (Dosidi-
cus gigas) during fermentation by Lactobacillus coryneformis(J].
Food Science, 2019, 40(4): 186—191. ]
[51] B, A4, BER, & 5 AR HR G £ F) pH A
M T o T M T AR S AHE, 2023,39(8): 85-93.
[ QU Sha, HU Ting, TANG Shanhu, et al. Molecular structure
changes of yak myofibrillar proteins via protein oxidation at differ-
ent pH values[J]. Modern Food Science & Technology, 2023, 39
(8):85-93. ]
[52] &etir, M EM, 8AE, F. &8 WARMNKZ AT K E S0
Rtk g g ea 1], s T AL AHaE, 2019, 40(1): 29-33.
[ LEI Yesi, YANG Jupeng, LU Chunxia, et al. Effect of hydroxyl
radical oxidation system on structure of myofibrillar protein in cul-
tured Pseudosciaena croceall]. Science and Technology of Food
Industry, 2019, 40(1): 29-33. ]
(53] E 77k, 2 Ak v AR B R 08 o) & B 3 i o 64 3% v A
% [D]. # M. @M K, 2023. [ WANG Yongyong. Preparation of
functional strain starter and its effect on sausage quality[D].
Yangzhou: Yangzhou University, 2023. ]
[54] E7RE, B&, AT, 5. DL AR I Boxt X BEA I LA
o 4 b R ok 8y 4 R[], A S B 4, 2023, 44(22): 149-157.
[ WANG Yongyong, CHEN Lei, WEI Congjiao, et al. Effect of
functional multi-strain starter culture on inhibiting protein oxidation
and improving flavor in fermented sausage[J]. Food Science, 2023,
44(22): 149-157.]
[55] #tk, 5 K0T, kAT, F. pHAAAT AR FF O AR E G %
My, R R R B 6 ok [T]. a2, 2020, 41(18): 51—
57. [ YANG Jian, FU Tianxin, ZHANG Shu, et al. Effect of pH on
the structure, solubility and surface hydrophobicity of albumin and
globulin from rice bran[J]. Food Science, 2020, 41(18): 51-57. ]
[56] ZF&Fm, R4, BMRAE, 5. BA L BT L B2 WA a7
B % PR B A FE WA R em [T, £ BT R, 2022,36(1): 7-13.
[ WANG Xiuli, LU Chenhong, HUO Junhui, et al. Effects of inocu-
lated fermentation on quality of fermented beef sausage and antioxi-
dant activity of peptides from it[J]. Meat Research, 2022, 36(1): 7—
13.]


https://doi.org/10.1016/j.foodres.2017.09.003
https://doi.org/10.1016/j.foodres.2017.09.003
https://doi.org/10.3390/foods12061330
https://doi.org/10.1016/j.meatsci.2020.108080
https://doi.org/10.1016/j.meatsci.2020.108080
https://doi.org/10.1016/j.meatsci.2020.108080
https://doi.org/10.3389/fnut.2024.1309924

	1 材料与方法
	1.1 材料与仪器
	1.2 实验方法
	1.2.1 醪糟理化指标的测定
	1.2.2 醪糟发酵牛肉干的工艺流程
	1.2.3 单因素实验设计
	1.2.4 水分含量测定
	1.2.5 色泽的测定
	1.2.6 pH的测定
	1.2.7 剪切力测定
	1.2.8 质地剖面分析测定
	1.2.9 水分活度测定
	1.2.10 感官评价
	1.2.11 响应面试验设计
	1.2.12 肌原纤维蛋白的提取
	1.2.13 蛋白溶解度的测定
	1.2.14 表面疏水性
	1.2.15 SDS-PAGE测定

	1.3 数据处理

	2 结果与分析
	2.1 醪糟的理化指标
	2.2 单因素实验结果
	2.2.1 醪糟添加量的确定
	2.2.2 发酵时间的确定
	2.2.3 烘烤时间的确定

	2.3 响应面优化试验结果
	2.3.1 优化试验设计与结果
	2.3.2 模型方差分析
	2.3.3 多因素交互作用响应面分析
	2.3.4 验证实验

	2.4 溶解度
	2.5 表面疏水性
	2.6 SDS-PAGE电泳分析

	3 结论
	参考文献

