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Optimization of Enzymatic Hydrolysis of Mixed Animal Proteins Based on Principal Component Analysis
TANG Chunhong, GAO Xuejiao, ZHU Zihan, YANG Chaojie, CHEN Simeng, CHEN Linli, WU li
School of Environment and Resources, Chongqing Technology and Business University, Chongqing 400067, China

Abstract: Objective According to the antioxidant property and hydrolysis degree of the enzymatic digest of mixed animal
proteins, the optimum enzymatic process conditions were explored. Methods Hydrolysis degree, total antioxidant
capacity, reducing power and sensory score were used as evaluation indexes to explore the effects of enzyme type, enzyme
addition, enzyme digestion time, enzyme digestion temperature and pH on the enzymatic solution of mixed animal protein
composed of beef protein, crucian carp protein and pig trotter collagen protein, and then the optimal enzymatic process
parameters were determined by uniform design test. Results The research findings indicate that the optimal enzymatic
hydrolysis conditions are as follows: a combination of bromelain, neutral protease, and flavor protease, each added at a
dosage of 1 200 U/g, with a hydrolysis temperature of 43 “C, a hydrolysis pH value of 6, and a hydrolysis time of 6 h.
Under these conditions, the enzymatic hydrolysate obtained has a degree of hydrolysis of 43.12%, a total antioxidant
capacity of 0.079 2 mmol/g, a reducing power of 0.441 5, and a sensory score of 32. 15. Conclusion Combining the
principal component analysis method and the uniform design experiment, the enzymatic hydrolysis process of mixed
proteins was explored from multiple evaluation perspectives. The enzymatic hydrolysate of mixed animal proteins prepared
under optimal process conditions exhibits favorable antioxidant capacity and sensory flavor. This approach breaks through

the traditional enzymatic hydrolysis model that uses a single protein as the substrate and offers a theoretical basis for a more
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in-depth exploration of the enzymatic hydrolysis rules of mixed proteins and their practical applications.

Keywords: principal component analysis (PCA); mixed proteins; multi-enzyme combination; enzymatic hydrolysis;

process optimization; antioxidant properties
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TR, e RS A TR AT,
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Table 1 Enzymatic hydrolysis conditions of protease
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(2) W E AR E , & 1.5.3.0,4.5.6.0
7.5 h 5 KOV B TR), ZE N &R 1 000 U/ g, Fg
HE 50 °C W pH AE R 7 W56 T BEA T AR , LAK i
B RPUEALRE 1 A SR ) R TS A PR R R £
AR ]

(3) Ml fife Ik 2 I B 0 . I 30,40,50 AT 60 C
4 IR IR, 76 N & 1 000 U/g, B pH A
T AR N S h, OKRREE B BURARR T B R
JITRBE P RPN e b, AL B

(4) MBfE pH ME, %% 6.0.6.5.7.0,7.5.8.0
5 ANTKOF T i pH , 7E AN S 1 000 U/ g, i i I i
50 CHY A T B 5 b, LUK  B3iaAkie S 05
IR E W I Ha bR , AL EG A% pH
2.3.4 ¥h)ussivkit

T T BPL R 2R SO 5 R i ity I, R 0 il i |
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Table 2 Factors and levels of U (5*) uniform design

B 8 Bl fit B fi BT 18] Ho Bl E
EW Y5 /C pH /h (U-g™h
X, X, X, X,
1 30 6.5 6.0 1 500
2 35 7.5 4.5 1200
3 40 6.0 7.0 1 000
4 50 7.0 5.0 500

2.3.5 KSR (DH) RO
PEFE OPA 3 I 2 R & 2l W 2 11 16 ik W 1 K i
JEU ) OIRIET OPA 5 & A8 S IAT A8 B & A
PSRN . 5 mL B 20% (w/v) SDS ¥ .10 mL
%) 50 mmol/L OPA HIELAK .75 mL /9 0. 1 mol/L #IfiR
eI (pH=9.5) A& 10 mL Y 50 mmol/L Z. B3~
PR ERIR A, 4 5] OPA XK, OPA {7 #fic
P IEAEAE FH AT &SGR FE 60 min, HU 10 pL #E40 5
1.2 mL OPA iXFE &, ) 10 min J5, W& WO {H
0Dy o [FIRTLL L-s2 &M M hn e S il br i th 2. H
6 mol/L [ HCI 7 110 °C N /K& FBAE & 24 h J5 I
EHT S E A B, DH &M S, F£/~8,DH 1)
NTX_NTU
SDH _N Total -N To
) T, Ny, Sy Bl A O i 2 2 3, pumol/mLg
Ny, AR SIS S & pmol/mLs N, WER
JERE i S S Y i, umol/mL,
2.3.6 MPUEAL(T-A0C) fESIME
Z IR PTAALRE 77 (T-AOC) Kl £ ( ABTS 8
M) AT SE . 4 ABTS ¥ AN A AL FI SR BUR &,
FIRBOCAFI 12 b 5, HZE B ACK HA B 30~ 55 fi5 AL
ABTS TAEW (A, =0.7+0.05 8 A,y =1.4+0.05)
ABTS TAEW SREMFE S B8 40 + 1 AR AR U n
A 96 FLAR Y G A, /NGRS F RN S min
J&F 734 nm 3{E 405 nm A E WS, LA Trolox h
P 2 dilbnifE i Ze
2.3.7 SERERE
%7 Sampath Kumar' ™ J7 3530 A A, FHZEH

x10 (1)
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KT ] — 2 B P R (A A A, B BE  2 mL AR U
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Table 3 Standards and scores of sensory evaluation

R A $5 47 o oy

EFER EFEN, RFR 8~10

SUL BEFRFE/ R, R VTR 5~7

CEZBE A TILER KREF R 0~4
CRARRAR ERRAK 810

Atk MAREOE AR R 5~7

PR S A LS 0~4
SRR, A EACR 8-10

ek BEREUE R AR 5~7

Rtk Ak, A N Rk 0~4
REA g0

FoR OB ER,TAER 5~7

Fok U R AL 0~4
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PR iR 26 S Wb 25 TR B, 9 3 4 1 A R 1 T— AOC
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%40 %

357 i DH/% 10.018
a B T-AOC(mmol/g)

(lb

10.016
10.014
10.012 ¥
=}
10.010 £
10.008 2
-
40.006 ¢
40.004

DH/%

10.002

0.000

HIREFNZE
(¢) FRAEQEXEIEEAEEHR DH 1 T-AOC M=
E ARG FEREEFEFE(p<0.05) , MRAKREZFREHF
1 AREZEAEY =Mz E B %K DH #1 T-AOC KT
Fig. 1 Effects of different proteases on DH and T-AOC of

three animal protein hydrolysates

3.2 SIATEFIG SR A S

SRR A O A A R R N | A
[F] R IRLRE I pH R T IR RSE 0, LIUK AR | ST
SEMRES) SR IFE TR E P AP RS B e

PCA J2— P B 7R 73 7 125, 70 68 il A~ 40 sk
BET I ZMEAY . PCA M FT R Kb £
AN HATAHSENE B 16 bp E AT 4l 20 31, T A5 21 T LA
AR ARAEAS IR DR B 1 R 20 It 58l 22 e 1) 3 0l
SR, R PCA A3 TR & S B e A
AT, AT B T ARBL T B — PP 4 AR B D v AR 4
T ZRE PR A 45 2R 30 B 1k 1 BAT R S B9 48 A X
i JTPP A 2 R A s 20
3.2.1 i R R SR A

1E2 4 al LUA RT3 A a3 51977 22 Tk
AR 73. 280 % .19. 799 % Fl 6. 889% , H: BTy 2%
TTHRAILE] T 99. 968% , F B L X 3 > 3 i o3
TR S G B T 95% Wy 5L A (5 B A8 & ok #%
3R N TR ERAE

®4 AEMEBERSNYMESBRERRBRIER
ERADTERLLEE
Table 4 Principal component analysis explaining total
variables for quality indexes of mixed animal protein

hydrolysates with different enzyme additions

PCA LRG0 SR AR AFAE 0] 5 FIRRIE (A T3R5k
(), 0 4546 bR AE 32 18000 B 7 rh i A543 B S T
TR EE RN b B AR S B A5 20 B TN
ARG INSE BT, 1 200 U/g BOMPG LR G157 fe
i, HOZ 1000 U/g T 1400 U/g (i &, 3X AT figJ2:
DR g 25 i A D) 5 R 78 00 B, M P PR R )
IKSigp E T S AT P I 2 T T 1 8 o o 8 o 5 =54 o g
HIRE—TE R B TR A SO RO , B
B N B A B (L TR, A RO L, e T B
PRI 2R S 6 8 B S S0 AN 8 4 T AR L R JR 221
B ot S s e TSmO, YR T OB AYE
BRI B 1200 U/g BAFTEDL,

*5 AENBERAIVEOBEEREARIERESRE
Table 5 Comprehensive scores of quality indicators of mixed
animal protein hydrolysates with different

enzyme additions

wi#%E/(U-g') BF1  BAF2 BT3 HoAN
800 -0.384 7 1.067 6 -0.5003 -0.1050
1 000 0.277 3 0.863 2 0.653 2 0.419 1
1200 2.192 1 -0.695 3 0.206 3 1.4829
1 400 0.461 4 -0.4822 -0.5786 0.202 8
1 600 -2.546 1 -0.753 3 0.2194 -1.999 8

3.2.2 [T ] P R e A4 R
2 6 SN [v) Tl gk 1 TR YR 55 2 L TR AR ARt I A
PR BT RS AR B, AR 5.1 T IZ R R R
SRR 3 A TR HURAIE(E A 3. 288,0. 674 Fil
0.037, H 231 J7 22 ST MR AR IK B T 99. 986% , 7 L
(3 A TRk B T8 TR AR B 99. 986% (117 B
i BERLF AR R IR AR A R R, ARIEER 7, T LIS
S, TR N ) 2o B I T A TR 2 B AR A A
fe o N T) S S NS ) RO A TS 303, e 7 0 R e
AT AR 5 555 5 I M)Ak 4 K ot B B T 5 S e 7 )
RIS PE AR AN e BRI R YIS 6 h I, 255
J& DH T-AOC & 5 JJ FUSE 53 4 485, HERE TS
ordi, o AU IEE 2R RIS R, R S )it
I, Pl A ) [B] Y LA 3~7 h
* 6 A EEERFREIRA Y E B EHEEmEIER
EHANTHBREES
Table 6 Principal component analysis explaining
total variables for quality indexes of mixed animal protein

hydrolysates with different enzymatic times

PPN AFRRER 5 & BT R
BRI FEATRE/N  RHTRE/% T BB FEARRE/% RN RRE/%
1 2.931 73.280 73.280 1 3.288 82.200 82.200
2 0.792 19.799 93.079 2 0.674 16. 851 99. 051
3 0.276 6. 889 99. 968 3 0. 037 0.935 99. 986
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R7T TRBENEDEEGHNECERERTIETEEFES
Table 7 Comprehensive scores of quality indicators of mixed

animal protein hydrolysates with different enzymatic times

B 1] /h K1 K- 2 H-F3 R
1.5 -2.0290 -0.6093 -0.2131 -1.7725
3 -1.6493 0.208 6 0.293 3 -1.317 8
4.5 0.766 9 1.286 9 -0.109 8 0.846 2
6 2.3185 -0.7844 0.068 4 1.774 3
1.5 0.5929 -0.1019 -0.0387 0.469 8

3.2.3 [R5 O DR R S Al R

1 8 J M Al i, 7E A [a] Mt e B2 VR & s W &R B
BERERL T BT AR B PCA Hp, 4% 3 A iy I 7 e kit
o 3 TR T RRAEE 230 2 3.390.,0. 493 Al
0. 116, H B3 Jr 22 Tk AL 2 T 100% , LI 3 4~
AT E A TR IR AR AT R, T DU
P e IR 5 Sl ) 1 R AR O T R, R 9
AR it S v m e AP 2 e A R ) T, S SO
R LR G A9 BEAR, 76 4 DM IRBEERS EEMZ5 515 50
Hh BEARIREE A 40 °C I B i BTF8 AR 255 15 00 e, 1K
BT 1.659 1, ARALEHR S, 18 40 CLamE, EH
TESE B B TR g b A 78 Ak , PN i /K ik AT %
AR T W SOV AT TE— e R RER AR T
TRt i P K e B B S AR TR R R XU 7 T 1Y)
RO B SR A RSB0 PR, 1 5 2E S S it s g
TR Pl el B AR L 30~70 °C

x8 AREREERANNEDBREEMARER

ERSONHBRETE
Table 8 Principal component analysis explaining total
variables for quality indexes of mixed animal protein

hydrolysates with different enzymatic temperatures

. AFRRER
R — .
M FEAR FERKRE/ N R TRE %
1 3.390 84.759 84.759
2 0.493 12.335 97. 094
3 0.116 2. 906 100. 000

®9 FARHBEFEERESIVNELHBERREREER
Table 9 Comprehensive scores of quality indicators of
mixed animal protein hydrolysates with different

enzymatic temperatures

BE/C HF1 HF2 BF3 %eHFs
30 -0.1926 0.6521 -0.4001 -0.094 4
40 2.0595 -0.6832 -0.0785 1.6591
50 0.507 1 0.5576  0.4237 0.5109
60 -2.3741 -0.5265 0.0549 -2.0756

3.2.4 [ pH SR SRS

I 10 Z0Afr Al 0 TERG AR pH BRI 2R SE e rp, 2E 4R
3 AN F o BT, HURRAEAE 4300 A 3.139,0. 754 Al
0.099, H Bt 22 TTok F 5 2 T 99. 806% , 3 W] ix
3AER T ILTA & 2 80 R A B E T br s 8., ml
DI S i A8 e 2 7 R [ g pH IR 0 ) 2 1 Tl A
WL, MRS R 11 RTAL AE S ALl pH LR AR
Sy, MR pH R 6.5 B IRA S & A R & TS bR
CEARI R, IR F) T 2,099 0, M EALEER S5, H
REFB AR R pH R 6 A7, HEM B, 53X 7T /i
JEA Y pH N 6 ~7 I, 3 Fh 2R 1 A9 6 Pk 48, FLR
VI v i e, T T S R A B AR 24 pH
R, B R E, CIE S IR Y &R RN, R g
HTEIR S AT L B AR pH BEIRVE
5~8 KRR oA HIUEAETE,

* 10 A [EEHE pH B &3 E QR R mRER
EHATTHBREES
Table 10 Principal component analysis explaining total
variables for quality indexes of mixed animal protein

hydrolysates with different enzymatic pH values

BT R
57\
AR FETHRE/ % Rt TR/ %
1 3. 139 78. 475 78. 475
2 0. 754 18. 845 97.320
3 0. 099 2.486 99. 806

x11 AFEBEMHEpH BEIYECBBRARENRESES
Table 11 Comprehensive scores of quality indicators
of mixed animal protein hydrolysates with

different enzymatic pH values

B fif pH B+ 1 B2 BT 3 FEIFS
6 -0.4906 1.3321 0.0769  -0.1335
6.5 2.7160 -0.1335 -0.2851  2.0990

7 0.6254 -0.0775 0.436 8 0.488 9
7.5 -0.9335 -1.1031 0.102 1 -0.939 8

8 -1.9173 -0.0181 -0.3308 -1.5146

3.3 RAIWE ARSI,

Fefe g 2 Wit i IR R ACE T 55 50, 45 41 525 i
MR DH T-AOC 3& JF ) AU B R4 N 3% 12 i,
HLFES A 2 B,
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R12 U5 ) WS REER
Table 12 Experimental results of U (5") uniform design
B fif 5 Bfgutle  mBEE DH T-AOC -
sB%E  /C i pH /h /(U -gh) /% /(mmol - g™) ERA BRI
X, X, X, X, Y, Y, Y, Y,
1 30 6.5 6.0 1 500 41.20+3. 86 0.113 7£0.008 2 0.381 7+0.017 4  24.23+0.77
2 35 7.5 4.5 1 200 43.51+5.60 0.033 6+£0.0052  0.3439+0.0058  26.27+0. 82
3 40 6.0 7.0 1 000 45.35+4.83 0.034 4£0.0022  0.384 9+0.003 0  28.73+0.78
4 50 7.0 5.0 500 39.75+3.29 0.027 9£0.001 2 0.3192+0.007 6  23.83+1.38

B2

3.3.1  MERIHIRR THEE
i SPSS AT XT3 12 51 3T 5256 1 K A
FE L RPUEALRE ) GBI 4 R i T Ik E
B AL WA 3B A5 2 R = (2) —(5) -
A,=1.617-0.097 3 - X,-9.856 ¢ - X,*-
9.408 ¢ - X, (2)
A,=-0.192 7-0.002 196 - X,+2.805 5¢™* + X+
1.597 77 - X,? (3)
A;=0.282 1+1.866 ¢ + X, + X,-2.926 e - X,’
(4)
A2 =-744.57+2.612 - X,X,+0.033 7 - X, X,-

0.073 - X,X, (5)

HEKBPRETFNHEAER

Fig.2 Groups of samples for sensory evaluation in the homogeneity test

3.3.2 MXRREHr

ol AA R EGR , B 5 R T 95%),R*>0.380 9,
DU 1] 05 R W ) 4005 W 3, TR 13 4 AR
RIMAH C R 80 R 435 24 0.817,0.817,0.875 Fl
0. 815 #FIE KT 0.380 9, Kt 4 A~ [y BT, [F]
B, 2% A% 70 8 B S Y A G R AR 41 R 0.749
0.748.0. 847 1 0. 746, 5 HXF W (9 R* AT, ¥ B
4 AT R ERRE . DL, AR 14 A5 o I 25 5 0
O ST 56 U A B 1 ~F- AR B B /N T 10% (5258 BT 7
VFRI IR 22 AU 38R 22 B3 10%) , U6 81 7 # B vl
HETE

K13 HERBOW

Table 13 Correlation coefficient analysis

ey R g omeg RS BAATE
BE R &  FEK dr1 a2 Sig F R&
1 0. 904* 0.817 0.749 0.032 315 3 0. 817 11.921 3 8 0. 003
2 0. 904* 0.817 0.748 0. 036 966 4 0. 817 11. 894 3 8 0.003
3 0.935* 0. 875 0. 847 0.011 908 7 0. 109 7. 844 1 9 0. 021
4 0.903* 0.815 0. 746 59.407 542 9 0. 815 11.782 3 8 0. 003
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3.3.3 %ﬁ%ﬁii&ﬁ%%

R B AR A T2 2%k, i MATLAB7. 1 4 fit
B RS TR AE B AR HP480 HEHLIs T, X, AYHL
HIEE A 30 ~60 °C, AFEFE 1 3HE—W; X, fHUEE
il 5~8, &EAlRE 0.5 T — UG X, BYIRETE Rl 3~
7 h, B0 0.5 THE— X, EUETERY 500~1 600 U/g,
BRSO T —K, Y, ~ Y, M RRE B SPSS KA kAT
W54 e 2], W (2)—K(5) .,

BAFA BT as BAS 1 Y B AR IR B 43 °C B pH {H
N 6, BiEfF 1] 6 b, B 1200 U/g MfcdEmHn 1.2,
A IS T 4 ¥R Sh ) 4 1 T A Y DH 2h 44, 86% , T -
AOC 70.071 5 mmol/g, 3 Eﬁﬁoamnmaﬁ%ﬁ
34.166 7, TEIZMHHE AN UEAT 3 RIS UESLEG, A5
ASF8 bR 1S Y AE 53 50 R 43.12% . 0.079 2 mmol/g .,
0.441 5 F132. 15, B iE 5250 45 50 5 R 45 AR T Ik
PSS vl 5 TR A B W) B A T2 B
RIS %

4 4 ®

AR S 45 A e S 9 45 2R 1 i v R AR A X
PR IR TR A sl ) 5 1 52 O A FH G, o R R R
LY RN A R I L‘MJWH“VJ =N iAWY
JIHUBE PE5r AR e b5, 15 1 4518 . Z IR 5 2)
%EE%WEI*&%?&%E&%ME 43 C, Wi fi# pH H
6, BT 6 h, IR 1200 U/g, TEBLARME T,
REhYE AR R 43.12%, Bt AfkiE 71 R
0.079 2 mmol/g, i JE F14 0. 441 5 JEETTF43 M 32. 15,
I, A T HA RAF e AR RE ) R R TR
GO AR . ARG sh W E 0y L
USRI T B LAt J5 80 R A s
H R A 0BT AR TS YA T IR S R E /N BT
Ui UK 2 9 AR R 5 3l W) AR LA 7 ) B B 55 )
4, LAY RE N 206 Tl 8 &k 5 SRR 57
1) AEHER BRI (BT 57 IR B i
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