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Abstract: [Objective] This study aimed to screen composite enzyme formulations, optimize the enzymatic
hydrolysis of chicken protein, and investigate the digestive characteristics of the resulting hydrolysates.
[Method] Chicken slurry was hydrolyzed using two composite enzyme formulations: composite enzyme
formulation 1, consisting of alkaline protease at a mass fraction of 2% and papain at a mass fraction of 2%; and
composite enzyme formulation 2, consisting of papain at a mass fraction of 2% and flavourzyme at a mass
fraction of 2%. Enzymatic hydrolysis was performed at 55 °C for 1.5 h. The degree of hydrolysis, peptide mass
fraction, free amino acid composition, and volatile flavour compounds were determined. The hydrolysis
efficiency, digestive characteristics, and physiological effects of the hydrolysates were comprehensively
evaluated using in vitro simulated digestion and a mouse model. [Result] The degree of hydrolysis achieved
with both composite enzyme formulations exceeded 56%, and peptides with a relative molecular mass below
500 accounted for more than 94% of the hydrolysates. The results of in vitro digestion experiments showed that
the crude protein digestibility of composite enzyme group 2 was 87.48%, significantly higher than that of

composite enzyme group 1 (P<0.05). The proportion of peptides with a relative molecular mass less than 500

EETH - [H K E SR RIBUH (2021YFD2100101) .

BAEEE U (1995—), 55 18, By B A 70 04, Wi 58 AR 5 0T, 32 8 A S 08 0 £ ot BCORE Zh BB VEAN L B Th e & T R .
E-mail: liuchang670250789@jiangnan.edu.cn

W is HEA:2025-10-21 &[] HHEF:2025-12-15

31



32

Journal of Food Science and Biotechnology

BE3ISHI 20265 6 A | ER5EMEARFR

in the digestion products of composite enzyme group 1 and composite enzyme group 2 was 92% and 90%,

respectively. In the animal experiment, the crude protein apparent digestibility in mice fed the hydrolysate

produced using composite enzyme formulation 2 reached 82.64%. [Conclusion] Both composite enzyme

formulations effectively promoted chicken protein hydrolysis. Composite enzyme formulation 2 performed

better in improving product digestibility, providing a feasible processing approach for the value-added

utilization of chicken protein.

Keywords: composite enzymes; in vitro simulated digestion; digestive characteristic
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Fig. 1 Hydrolysis degrees and peptide mass fraction of

enzymatic hydrolysis products from different groups
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Table 3 Mass fractions of different types of amino acids
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&M 14A 5139.42+8.80° 851.34+3.09° 1167.91+2.83" 3156.18+9.09° 5218.54+8.71°
SEm2H 5074.71£11.39° 792.09+1.54° 1351.00+2.01° 3 069.00+6.19° 5041.91+12.72°

T R BAS [N 5 7 B e R 4 0] 72 57t 2 35 (P<0.05) .
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W A 43 7 & /N T 500 B K S 4L 4 & U
NG FRR . NGE T RRCE SR A S B A
WU . R I IR R OXCBR R M S R T S
BN 4r 7 BE 2% U0 M 96 o R AR X 4 7 R & BK
(<1 000) AIAF 2y 55 Fi7 48 J 8w g AR | 44, A
A AR TE 0 A T oG B i Rtk A 5
KGR AH B, 2 B G G AL B S AN 4 T =
791 000~<3 000 )44 4 &5 LL 2 g . AH %
W50 R B, 3G AR e A Tl E R
1 000~1 500 ) &6 73 Bk 2 ¥ ot A 1 o 6 Bk | P R
B JRE R 7 TR

HE 3R a L, EMHFE M EGELET 284
iy 102 A B 2 B M S 7 0 e AR R A R & D
T500 ) /N 4 F K 5 B 43 g0 A 94% F195% 5 43 il
EU A B i 20386 0 16.7% A1 17.5% . 1X R B & & B
Ab B RE 05 2 3 XS A B A OK AR L A B T RN o
THREEHLEGRNEPME. BEEARE
N gy v ] gk — 28 KA N NI, I 4 T TE IR 21K
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Fig. 3 Relative molecular mass distribution of peptides after

enzymatic hydrolysis in different groups
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G lEX T HE A N E A E A EE RN EA
H—EW .

2.1.4 ARk R AT &

PR R 7 W 2 e A R B MRS
AR o XY P KUK BT AL EE /N 4y 1K
YR RS, DL R VI B BR LB PR LA
B E P) A R M r

AR B 73 1) 3 G B 12 B 5 58 R 4 Y
Strecker [ fi# g BB AL B B 5 36 48 I N A
HAE R A R T i 25 P o SR P 00 2 1 FH A AR S
AH € 3 - J57 3% 5 (HS-SPME-GC-MS) il 5 i figt 1 1Al
I Tl A8 A PR S P R IR A I b 288 AR R
EOHGER R 40 A F LB AL A IR H L
B ek o BRI G SRR, B
6 Mt e KA AV 10 MR BR KA -G ) 3 B Ho Atk
TR IEIAAE TR 1S P R R A
g R A A b B AL R R T RUBR A R I b SR
BEA-HHZHEREMR R ESHAAEE S
Mg b5 BT mE .

i 2 W) o3 A2 PR 2 AR ) B R A R Ay,
T I R A AR B, R 4 BT R AT B S
TR A-2-FIHE AR BN, 23
AR T AN AR S . ISR 5 ) SRR T
AR G 07 R 7 A B kUK . BT RE R R
FR) J5T £ 7 280 AH R BRAIG

ARG HKR P RN EY F 28 5
T I SRRk R B R R R, B A B (R E X
MR TTER 2 &, /I T =M EMRE. Hk
S G W R L B v K R A R R B R N 4
REW . 22 B KEE, HRELEY &
o L I | RN T BT 2 Sl el S A s
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Table 4 Major volatile flavor compounds in chicken meat slurry hydrolysates

Ny P - o i = 5 H/ Cugled

Pk RN A ) I £ B 5T 18] /min A EE R BAm 4 SO

S 3-2-3 g 10.93 1404.0 4.08 41.19 39.53

(E,E)-3,5-3 -2 12.50 1522.0 0.70 2.38 3.01

3-3 8.72 1255.3 0.02 0.18 0.13

(E)-3-3FIfii-2- T 10.99 1 408.5 0.62 4.57 4.96

IR 12.61 1530.5 0.89 27.63 25.42

4-Z KR H g 14.47 1683.1 0.07 1.53 1.14

KL 14.08 1649.6 0.10 4.60 3.86

1 I S B A& G X -4 5% 475 itk 18.77 2 087.0 0.17 2.35 2.16

PR 7.60 1185.6 1.35 13.87 12.51

(&N 5.79 1080.5 40.11 211.37 225.53

T 10.78 1393.7 3.60 31.83 28.15

¥ 9.25 1289.4 1.33 15.79 19.13

T 4.06 975.4 2.07 11.46 14.69

J A -2- T 45 s 12.71 1538.2 1.01 12.64 21.45

IR -4, 5-FF 5 -(ED-2-58 I 16.91 1903.3 0.06 5.91 8.31

5,5- W1, 308 11.14 1419.8 0.45 3.46 6.03

1,3- A 3K 7.58 1141.0 0.06 12.85 18.36

o B2 A 2 ) iﬁ%% 7.76 1195.1 0.12 0.98 0.62

% 15.27 1753.2 0.06 0.29 0.41

F Lt 2.12 837.3 0.48 6.56 7.81

3-HE A+ =0 10.27 1358.2 0.05 0.18 0.56

2-BHIH TR 18.63 2073.0 0.01 0.13 0.05

N 11.58 14522 0.10 2.71 3.24

BB 21.92 2438.3 0.01 0.19 0.41

B2 17.36 1946.5 0.05 1.22 2.76

) [EALLd 16.24 1 840.5 1.66 16.63 21.37
RBRENEY .

yia] 27.85 3055.6 0.03 0.33 1.75

T 19.45 2159.2 0.05 0.54 0.21

F IR 18.43 2052.6 0.12 1.88 0.72

343 15.05 1734.1 0.03 0.60 0.83

+ U iR 24.45 2706.3 0.02 0.29 1.10

g 17.27 1937.8 0.04 52.34 46.28

HAt & B BRI E D) 2-(2- T4 #i B ) -1k e 13.78 1624.7 0.04 0.37 0.92

2- J32, 5 TR Tl 8.33 1231.2 0.39 18.17 15.87

TE R KR 5 5 ) i L LR R R T

22 EAMBENMEFRIMEUBERRETHEK
Fift

WM& B RH R E

A SIS ULV A 38 T AR 52 4% A5 A R LIS 18
B AP0 5E L AL B AR L T T AR B R
75 18 W 38 P RITE AT 9. AR SMRLER BT AL R RE
i B W BT 5 LR B0 B AL &R g R K AR
J& WO VRO B R R AR I R AR E TR
PR E IR B S, o R SRR A 5 A
W RN B AR 2 R B AT B R A
FEPE (AN RE S S5 A T B A8 JR il . iR 5]

2.2.1

R, REEARA H AR AR AR 2 40k SR
AR AR 51 9(47.30+£3.04)%-(50.79+0.80)%
H1(87.48+0.27)% . H v, & & fg 2 41 1 14 41 fH 2
HRH R E, HE S T REMANE S5
# (P<0.05), 3 B 5 & B T AL 21 RE 06 B 12 32 = X8
P2 L R AN B T A &R G b ) T A R
JE . XAREAR TR G T AL B A A e A
JE T2 7K i D R K B, AT A R T S 2R AL T
BE— B AE M . ©A TR, 8 UK MR 8 A
FEAR A 15 T A B B 3R I H A8 v 1R 7K A B2 LN 4 1
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Table 5 In vitro crude protein digestibility

451 LB T 1 3%
A g i 41 47.30+3.04°
HEM 1A 50.79+0.80"
HEHm2A 87.48+0.27°

RSN F/NG 78 08 22 57 B 35 (P<0.05) .

JIk BT X AR R BT R A A R T B A TR
B o 18 bk — P A, RIS R R AT 7R 4 A AR
PR PE AT
222 HARPKRAAMSTFREG S

EHREE WiHE A ol T i B e R A
NN/ N YRt 7/ W S T I N 7 B L
W B 2 AR R e N 1) K O BA , B RS A A A
fib 20 2L

W 4 Fros, KBRS A 74% 1N o
TBK CHIXF 4> TR <5000, 1 &8 1 L4 e
G 2 AL AL R 2 A 92% AT 90% [ /N4 F Rk .
S AW 1A E 5N 2 1R AE A A a8
AN 5 77 A Bl oK B 4 5 2 (A A X 4 F i =
Moy e R, 26 0w BE & A
Wy AR AE X 23 o R 2 O3 1 o L
223 GKMRP B ARARA R E TR

B AE AR SN E T A S AR 2 W AL
BT K AR P B A K B W 2 DL R K AN i B A ik R

MRS (R AESRE S MIH I E A BB L K R R
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Fig. 4 Relative molecular mass distribution of peptides in

digestive juice
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bl , 2 i 2 G i 4H 1 U0 AR R TR A R A TR
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Table 6 Changes in free amino acid concentrations in digestive fluids
1) I B9 R R R R IR BE /(mg/L)
4
Phe Ala Gly Glu Arg Lys Tyr Leu Pro
ENg 200.16+28.23"  158.37+4.72° 89.484+4.60°  323.08+10.50° 273.03+21.45" 212.39427.22% 223.55+£19.01°  312.07+48.13" 98.92+9.29*

373.03436.47° 29127+21.13° 624.74+18.45°
629.85+40.61°  655.97+12.39° 766.06+6.71°

HAH 14l 398.28+26.35°
A2 470.10£19.33°

461.80+27.22° 573.39+39.01°
532.96+31.78"  986.97+60.92°

194.0949.29°  789.87+38.23° 145.014+4.70°
133.85+15.33" 1 170.19+73.49" 368.92+14.65

U 25 5 R I VK FE /(mg /L)

iRl

Ser Thr Asp Val Ile His Met Cys Trp
ATl A 1 34.60+3.23"  113.86+4.72°  145.44+14.60" 106.79+10.51"  67.87+9.29" 37.64+6 47" 127.91+18.03" 31.5242.70"  95.3345.02°
S 14 9434+14.60" 262.28+10.51° 247.65+26.47° 205.13+28.13° 197.86+21.45" 115.67£17.22" 304.49+25.17° 44.824+1.39"  53.18+3.09"

SAHF24 14429+18.17° 267.39+22.51°

244.41+18.12° 351.56+23.19° 339.25+17.47° 132.18+5.38"

403.04+3126"  389.61+34.03" 110.37+7.19°

W RS FVNG 2 B R 4 ) 22 5 B 3 (P<0.05).

Bl SRR 1 AN [A) 4 22 20 3 A0 b i o ik TR
PR R ZE R . SRMMAME, 2 ME & igA
i Glu. Arg.Lys. Ala fll Leu &5 % #t 1R 1) i & K J&
SR E R, R WS G M AL BEA R T I L
L TR AE AR A BEADLTH A 1 1 F R TR

2.3 EREESYNNRZ I
231 ERARAS ST A KRR A

ANERAAR TR AR LB 6. IR TT AR I, & 4H /)
R R R A 2. IR 4G, E AR
MR EE KR . BB IAME S 24/
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Fig. 5 Heatmap of free amino acids in in vitro simulated

digestion
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ISR A AEL T 6.72% A1 12.11%, U W i A )5 & B
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Table 7 Apparent digestibility of crude protein

450 HHLEE AU R I 1 2 /%
N 70.53+1.13"
SEm14 77.25+2.31°
HEam2dl 82.64+0.38°

i FSIA VNG B RO 22 57 B 35 (P<0.05) .

232 BB AR DR EER TR R
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o B R IE 5 JOE e N VA P SR b A Ak
e PR Al B A G RO IR 7 1 R OA K. g5 R
Bl 7 BT, oK R 4H /s B 2H 24 TL-6.4 IL-10.
IL-17 1 TNF-a B30 % 3 m s B 5 14
MEEM2H FRTEbr S IE W R K& &
BFAL A EE 2 T8 B 25 25 3 (P>0.05) . £ AR 6 45 1
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Fig. 7 Effects of different dietary treatments on the expression of inflammatory factors in mouse kidney tissue
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Fig. 8 Renal histomorphology of mice in different dietary

treatment groups
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