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Optimization of Enzymatic Hydrolysis of Fermented Acid Meat to

Produce Antioxidant Peptides
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Abstract: Dong sour meat and Miao sour meat are used as raw materials, papaya, alkaline, flavor and neutral protease were used for
enzymolysis, and the yield of short peptide, hydroxyl radical and DPPH radical scavenging rate of enzymolysis liquid were determined. The
results showed that the short peptide yields from alkaline protease enzymolysis were 86.01% (Dong) and 82.52% (Miao), hydroxyl free radical
clearance rates were 87.48% (Dong) and 79.88% (Miao), and DPPH free radicals clearance rates were 74.63% (Dong) and 87.87% (Miao).
Through comparative analysis, the yield of short peptides from Miao sour meat was higher than that from Dong sour meat. Therefore, protease
species, enzyme dosage, enzymatic hydrolysis time and solid-liquid ratio were selected as independent variables, taking the yield of Miao sour
meat short peptide and DPPH radical scavenging rate as evaluation index, the optimal enzymatic hydrolysis conditions were determined using
response surface. The results showed that the optimal enzymatic hydrolysis process of the antioxidant peptide of sour meat was as follows: the
addition of basic protease is 12600 U/g, the enzymatic hydrolysis time is 1 h, and the ratio of feed to liquid is 1:1.09 (m:V). The yield of
antioxidant peptide under the optimal conditions was 83.35%, which was the predictive value of 98.99%. DPPH free radical clearance rate was
84.01%, which was the predictive value of 97.33%. This suggests that the peptides from alkaline protease enzymolysis of sour meat have higher
antioxidant activity and nutritional value, which provide theoretical basis for further development and utilization.
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Table 1 Enzymatic hydrolysis conditions of different proteases
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Table 3 Yield of short peptide of sour meat by different proteases of the two kinds of sour meat
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Fig.1 Protease screening results
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Table 4 The yield of short peptide of sour meat by adding different amounts of complex protease
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Fig.2 Selection results of protease addition amount
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Table 5 Enzymatic hydrolysis time of complex proteinase for short peptide yield of sour meat
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Fig.3 Results of enzymatic hydrolysis time selection of protease
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Fig.4 Selection results of feedstock to liquid ratio
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Table 6 Yield of short peptide of sour meat by liquid ratio of different materials

X2 RASE, -OH H 7t & DPPH H HEE R A
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A i 7 TR 0 25

S 22 IKAT %

Fik b 1:4 Frik b 1:5 Hig b 1:6 Frik b 1.7 ikt 1:8
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Table 7 Box-Behnken design scheme and response surface results
124 A BE(U BERIHAN ARy o EY%  DPPH A A7k
1 0 0 -1 77.34 74.63
2 -1 0 0 76.53 78.84
3 0 0 0 80.27 86.57
4 1 -1 1 80.73 82.15
5 0 0 0 83.47 85.65
6 -1 -1 1 76.52 73.24
7 0 0 0 82.15 84.06
8 1 -1 -1 77.74 78.16
9 0 -1 0 81.47 75.02
10 0 0 0 82.84 83.91
11 -1 1 1 77.63 82.84
12 1 1 -1 80.52 80.21
13 1 0 0 81.64 86.51
14 0 1 0 83.63 83.01
15 1 1 1 86.45 84.43
16 81.19 84.49
17 82.46 83.57
22 R E AR DPPH H HETE R Z BIH T FE 9
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2,
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FIRAG R AR rh— kI AL C ¥R R F (p<0.01), THI AB. AC ¥JAREZE (p>0.05),
(p<0.01), B NEZF (p<0.05); THIK AL BC N&E#F (p<0.05); KT A° REE, BN CN
(p>0.05) Kk A% C* &3, B A&, DPPH T
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Table 8 Variance analysis of regression model (the yield of short peptide is the response face value)

7 ERR FuAe AEA H7 F1& P {4 BEM
AR 192.41 9 21.38 6.61 0.0034 e
A HoBgE 78.80 1 78.80 24.35 0.0006 o
B B fi et 1a] 16.66 1 16.66 5.15 0.0467 *
C Akt 43.17 1 43.17 13.34 0.0044 ok
AB 3.85 1 3.85 1.19 0.3010
AC 043 1 0.43 0.13 0.7237
BC 0.61 1 0.61 0.19 0.6733
A? 31.81 1 31.81 9.83 0.0106 *
B’ 0.98 1 0.98 0.30 0.5945
c? 21.84 1 21.84 6.75 0.0266 *
KE 32.36 10 324
RIE 25.64 5 5.13 3.812 0.0841 VN
whig £ 6.73 5 1.35
BigE 22478 19

R™=0.856, R’x4=0.726, % %#(=2246

R THAMEE, p<00l; *RTFHHIE, p<0.05.
£ 9 EVIERIFEHH (DPPH B HESSMGER AN EIE)

Table 9 Variance analysis of regression model (DPPH radical clearance rate is response face value)

7 2R P75 Ae B E B 75 F14 P14 R
ARA 297.90 9 33.10 15.41 <0.0001 o
A BlE 54.97 1 54.97 25.59 0.0005 o
B B # B 18] 53.53 1 53.53 24.92 0.0005 *x
CHbRIt 28.10 1 28.10 13.08 0.0047 Ho
AB 3.05 1 3.05 1.42 0.2609
AC 528 1 528 2.46 0.1480
BC 12.90 1 12.90 6.01 0.0342 *
A? 747 1 747 348 0.0918
B’ 58.45 1 58.45 27.21 0.0004 Ho
c 93.55 1 9355 4355 <0.0001 o
KA 21.48 10 2.15
KIE 14.73 5 2.95 2.18 0.2061 PN
iR £ 6.75 5 135
BirE 319.39 19

R™=0.933, R%;=0.872, X# A#=1.807
E: R TFEAMEE, p<0.0l; *RTHmEE, p<0.05,
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Table 10 Response surface regression model validation

Lo HeAt
FRMUE 84.69
FAMME 84.69+1.32
FRMUE 85.17
FME 84.01+0.97

S v 7 T I A ST ASE 28 A A A A A il
12600 U/g. BEAAERSTE] 1 hy BHEEE 1:1.09 (m:V), LA
FLIKTS5 ) DPPH [ &I/ R 28 4 il AR 3E A7 1e) S T
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kiR, IR TT R R RN 10 Fis.

M S T I A T AR A ) 4 ik #3238 5 DPPH H FH &
TERRE AN 84.21%- 86.31%. TERAEEHRSCE Tk
17 3 ROPAT RS, SRR, HIKRERTIER
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SIGLE R SRIAF A REF, STOMEREA—S, v
WAL TR AL 7K ) R R IR 1528 S« DPPH. H FH 25

3 LRI

3.0 REERRA R A E A2 A, AR 708 L i
HE G IR BRI R ARG SERE L, @i R R b
HEARGISINEE FEAR 1A] SRR LUK R P RS  J 4R
AR e 0)-2 T P - G2 il e VAL AT W e i
PIENEHE, FCREIEAFEN: yi=82.130+2.402A+
1.104B+1.778C+0.694AB+0.231AC+0.276BC-1.486 A’
0.261B>1.231C* DPPH [ HEEERMREH R N:
¥,=84.708+2.006A+1.980B+1.434C-0.618AB+0.813AC
+1.270BC-0.720A%-2.014B%-2.548C>. i F a1y
ZENT, WS 1% ST RS AR g b S e 55 IR 206} g
R AR IR IR ISR o ARAK S 11 S A BEAR SR TR Y
R TEHE R Bl i AR I E 12600 Ulg. Bk
AFA] 1 he BHREL 1:1.09 (m:V). 3B AR TR P ik
132K 83.35%- DPPH H HIZ&E %N 84.01%, 5
BT R IGHIF SRIR 45 R, FUALIRTF SN 85.17%.
DPPH H H3E7ERRFN 84.01%, FA—F, T
AT CAZEA XL P TG AR R AT R PRI A — g AT
1T,

32 JEHPEERIEE ARV RE D B didh S E ik
SERIN %, B SEIA T, IRANIRTT N TRE
TEMESEHIZRIE, iSRRI A RS A PR — e (5
WIS . Bl P9 AR AE VTSR IR AR 7T, AR
W B PR R R B s PSR B T 2 70k A
AT

(1] W 38 2 pole, Fnl, 55 A IR A B h 45 5 IR ) 23 s
R4 (). B S A 100E,2017,43(2):49-55
XIE Yue-ying, LI Cheng-long, WEI Cheng, et al. Purification
and preliminary identification of the binding peptide of
fermented sour meat cholic acid [J]. Food and Fermentation
Industry, 2017, 43(2): 49-55

[2] Ikonic'p, Tasic't, Pet r ovic'l, et al. Proteolysis and biogenic

amines formation during the ripening of Petrovska klobasa,

182

traditional dry-fermented sausage from Northern Serbia [J].
Food Control, 2013, 30(1): 69-75

(31 BKERAT, E MR, A 52 A 55 2 10T ARt 4 P 1t i 5
W RO 53t R (). A2 5¢,2016,30(2):35-39
GENG Cui-zhu, WANG Hai-bin, CUI Ying-ying, et al.
Research progress on the effect of protein degradation on the
quality of pork products [J]. Meat Research, 2016, 30(2):
35-39

[4] Yin L J, Pan C L, Jiang S T. Effect of lactic acid bacterial
fermentation on the characteristics of minced mackerel [J].
Journal of Food Science, 2002, 67(2): 786-792

(5] WA, o2 2 X8 S5 i 1 L R T ) s B B 1 1)
Aib ] 7 RHE 55K, 2008,31(4):160 -162
CHEN Chao, GAO Xue-jun, LIU Ying, et al. Screening of
lactic acid bacteria producing protease and purification of
protease [J]. Milk Science and Technology, 2008, 31(4):
160-162

[6] Fadda S, Olive G Vignolo G Protein degradation by
Lactobacillus plantarum and Lactobacillus casei in a sausage
model system [J]. Journal of Food Science, 2002, 67(3):

1179-118
(7] ZESENN, L8 R A A 7 T R B U1 R B 4 O B B [0, 7R
& & 578 9%,2005,4:40-43

LI Hua-lii HE Yu-bo. Determination of fermentation
conditions in main fermentation period of sour meat [J].
Chinese Food and Nutrition, 2005, 4: 40-43

(8] K ANFIA B BRI S 56/ BRI (4 52 M iF 72 D).
HPR PRI K,2012
WEI Fei. Effect of sour meat at different fermentation stages
on serum lipids in mice [D]. Chongging: Southwest
University, 2012

[9] &7 =4k, EARYESNE A & B VERR R T 20T
B[] 7R & 4K,2006,2:38-41
SHU Xia-wa, WANG Chun-wei. Progress in the preparation
of bioactive peptidolysis of animal protein [J]. Feed and
Animal Husbandry, 2006, 2: 38-41

[10] SKAFLL Vi H & A6 A DT A KB T Z AW FE[0]. 8
Tk,2010,31(3):52-54
ZHANG Chun-hong, XU Jing. Study on enzymatic
hydrolysis process for preparation of peanut antioxidant
peptidsin [J]. Food Industry, 2010, 31(3): 52-54

[11] Gilbert E R, Wong E A, Webb K E. Board -invited rebiew:
peptide absorption and utilization: implications for animal
nutrition and health [J]. J Anim Sci, 2008, 86(9): 2135-2155

[12] Hou Y Q, Wu Z L, Dai Z L, et al. Protein hydrolysates in



MK EmBHL

Modern Food Science and Technology

2020, Vol.36, No.7

[13]

[17]

(18]

[19]

[20]

[21]

animal nutrition: industrial production, bioactive peptides,
and functional significance [J]. J Anim Sci Biotech, 2017,
8(1): 24-37

b et T, 2597 K5 22 BRI D RERFE S AE £ Tl
HR R ] 5 B 5 E57,2010,3:36-39

SUI Xiao-nan, JIANG Lian-zhou, LI Yang. The functional
characteristics of soybean polypeptide and its application in
food industry [J]. Food and Nutrition in China, 2010(3):
36-39

Kim H J, Bae I Y, Ahn C W, et al. Purification and
identification of adipogenesis inhibitory peptide from black
soybean protein hydrolysate [J]. Peptides, 2007, 28(11):
2098-2103

Liu E Q, Li H, Wu Y H, et al. Isolation and identification of
hypocholesterolemic peptide derived from black soybean
protein [J]. Food Sci, 2013, 34(19): 128-132

Ralison S S, Tourkara F, Karangwa E, et al. In vitro
antioxidant activities of protein hydrolysate from germinated
black soybean (Glycine max L.) [J]. Adv Food Sci Technol,
2013, 5(4): 453-459

Mattews D M, Mechanisms of peptide transport [A]. In:
Dipeptides as New Substrates in Nutrition Therapy [M].
karger London, 1987

Wen Siying, Zhou Guanghong, Li Li, et al. Effect of cooking
on in vitro digestion of pork proteins: A peptidomic
perspective [J]. Journal of Agricultural and Food Chemistry,
2014, 63(1): 250-261

Kaneko T, Chihara T, Shimpo K, et al. Inhibition of
azoxymethane-induced colorectal aberrant crypt foci in mice
fed a high-fat diet by Pleurotus eryngii (Eringi) and
Hypsizygus marmoreus (Bunashimeji) [J]. Asian Pacific
Journal of Cancer Prevention, 2015, 16(9): 3881-3885

Jang A, Lee M. Purification and identification of angiotensin
converting enzyme inhibitory peptides from beef
hydrolysates [J]. Meat Sci, 2005, 69: 653-661

KA W SRR, 2 e, 55 i B SRR K= 4 P
EER K7 B SO EER A 53 (0] RR - T S5 HF K,
2009,21:122-124

ZHU Xi-bo, ZHOU Pei-gen, LI Yan, et al. Isolation of
antioxidant peptides from collagen hydrolysates of pig skin
and their amino acid components [J]. Natural Products
Research and Development Hair, 2009, 21: 122-124

Yan Hong Li, Jiang Bo, Tao Zhang, et al. Antioxidant and

free radical scavenging activities of chickpea protein

[23]

[26]

(28]

hydrolysate (CPH) [J]. Food Chemistry, 2008, 106(2):
444-450

JHIEDT SEMER RS AR 5 R S AR TR 1 ACE I Fk kA
TER53 TR AT T[] i DAk AHE,2017,38(17):
163-167,173

ZHOU Feng-fang, CAI Bin-xin, WU Xin-rui, et al. Study on
the enzymatic hydrolysis process and product molecular
weight distribution of the body wall protein of sea cucumber
[J]. Food Industry Science and Technology, 2017, 38(17):
163-167,173

AR, s e A, 5. Pl R i 2 1 ) AR ] e Pk e L
g ]2 T A Ak [ HH R A, 2018,43(10):46-52

CHEN Dan-yang, HAN Tao, DU Bin, et al. Enzymatic
hydrolysis of broad bean

protein  to  prepare

cholesterol-lowering peptide and its response surface
optimization [J]. China Oils and Fats, 2008, 43(10): 46-52
TRz, e, P2 25 B SR U724 M]3 IR SRT AR
A HARAE,2002:1612
XU Shu-yun, BIAN Ru-lian, CHEN Xiu. Pharmacological
Experimental Method [M]. 3rd Ed. Beijing: People's Medical
Publishing House, 2002: 1612
IR, A &7 B AR A5 B 1 A BB AR T A PR AT A
[J]. &b 7 571 %,2018,39(3):35-40
DAI Yao, WU Sheng-jun, SHU Liu-quan, et al. Yong fish
enzyme content of antioxidant activity research [J]. Journal of
Food Research and Development, 2018, 39(3): 35-40
PV, J ZM, 00 T RE AR KIS R 1) % T 2R FE[0]. &
i A RHE,2009,30(5):194-196
SUN Wei-feng, ZHOU Su-mei, WANG Qiang. Study on the
preparation technology of yeast protein peptidolysis [J]. Food
Industry Science and Technology, 2009, 30(5): 194-196
JR IR, 2 B 5 R B T i R B ST AL IR AR ).
HRERHROL AR 22 B 24,2016,29(1):53-59
SU Xian-bo, WANG Geng-xian. Response surface method to
optimize the enzymatic hydrolysis process of fish tail fin
antioxidant peptidase [J]. Journal of Handan Vocational and
Technical College, 2016, 29(1): 53-59
EHuM, 7342 BN, 55 2 R A IR L 200 K
PRGN AT HER T [J]. 7K 244%,2013,37(4):622-630
WANG Yan-mei, WAN Quan, LAI Nian-yue, et al
Optimization of enzymatic hydrolysis process of yellow box
turtle meat and its antioxidant activity in vitro [J]. Acta
Fisheries Sinica, 2013, 37(4): 622-630

(#8297 7O

183



