F39%  FEe
2023 4 4B

Kok TR R

Transactions of the Chinese Society of Agricultural Engineering

Vol.39 No.8
Apr. 2023 259

C RERMITERE -

2100955 2. FrERAE KRR KA R

ETMaNENNFNIERN T PEBETIZSUML
ARE ORRE, EEL E K L OEL Kk 8 bR

(1. B R ARV R 2 B 2 B/ [ 5% PR o 22 A s ) AR BRI 78 poO AL IR 48 PR AR P 5 0 L i 22 A il o e G b, 7
/A\

W OE: RN TR, R A mER . TR SRR SRR M40 8 A A O
7Y, M6 M aigh iRk &R OMA S, Sl R NERARRAGERE . pH . BHRLL . BRI EFBEER E, JEi8
Tk o7 T T — 5 LA BN I AR (), AR B4R M40 A BRI IR D AR T 2. S5 RRW: Fmak
Hor Rt L 20 BRI 40 /L, —IREEME: XK EBEAINE 3 800 U/g. BJ1A] 130 min. % 50 C. pH{H
7.5; ZIUREEE: TS ABEAINE 2 900 U/g. WA 60 min. & 40 ‘C. pH{H 9.0, W TERKM TR ML EAIEML
UL ABTS H H3EF AL /1N (333.6246.29) umol /g, AL R AIPTEMNEME, "EA S EDTEIR IR .
WA A R P M I 45 A N A S0 7 B, Ry &I P A AR R S A e SR

KEIE: Bh; WALk, A dE; 5 TR

doi: 10.11975/j.issn.1002-6819.202212086

FESES: S21; TS251.93 LEAARERS: A

FEE,AAER, NF&,F ETNELENNFNOIZANSPBBRIZSHRKI]. RIUTEFR, 2023,39(8) :
259-267. doi: 10.11975/j.issn.1002-6819.202212086 http://www.tcsae.org

LI Ziyu, ZHOU Guanghong, LIU Qihan, et al. Optimization of the process parameters for the two-step-hydrolysis of bovine hemoglobin
based on the antioxidant capacity[J]. Transactions of the Chinese Society of Agricultural Engineering (Transactions of the CSAE), 2023,

XERE: 1002-6819(2023)-08-0259-09

H, BEARF 831400; 3. FrimRbRLERUR = IV LA AT, BEARFE 830091)

39(8): 259-267. (in Chinese with English abstract)

0 5 &

FEDR WA SHERRE, A4 M2 5 g R R =
(1 8%, EFEIL 50 Fit e AN, A E & 2 M E AR
MEERR, VUK. g RIS, BAIRER
EFRMEP . SR, AR A PRI R R AT AR AR N T
ARG 72 M E AR 8, H AT i = 2 AH T m T
MR SR 5, HEAENREFYE TP, SR T
B R 8 R B R BR 8y 5 o Xof o (] 2 o 5 YR AT 5 B
FIH, BEANE, BT g E R HNE, RE% %
g v BT P R 1 5 DR Bl ) R

e Ik, A A S i g R A T R R
FORWNIR « FSLLL U N ER R, AN ER A N K
5], H8ETEAR RSN 2L &R 1, 4% T2 i,
PR R L, HAEREZFFE. SORAPUKDEE %
XA PSSR I T Be s PR AT 0T, S5 SRR I
WEA RIFRIR RIS E M, KRR A B
ERE. MAh, MBI IRE AR, R
BACEE. EASEEE, HEABENPELEED, &
Hl P IR B B SR . B AR g i P i o
f—2, FTUAGERENLAR Y B RSP, s fh el

W H A 2022-12-12 EITHEA: 2023-04-08

FEWH: HERgEE /R BB XEHOTRIBIE (2021A02003-4)

PEE T FEE, BRI LS i EEE.

Email: 2549305697@qq.com

MOBAEIER: wharE, 18, B, BRI RO AN L R
Email: yekeping.arc@163.com

doi: 10.11975/j.issn.1002-6819.202212086

http://www.tcsae.org

8B H1 S i 7 i A ) A U R B TR DAY . Y
SREMMBAE, M5B Hra K i

ity A =2 i & DR A IR B FH I T, A BRAE
. R RRAEREEL S (B 70 2% 0 o — AR
PAFAEKIBAE . PP A TE PR S i ), e
K, Bl A 0B ) 22 W 2 G AR B A3 0 B AR B T TR R
J&, FIHASE R BB BRI, 52 MK A B A g
AR, MR E PR AL N AR, DR
FEA X B B K AR A5 A 2 R, YR ) B R
(BRI . CUT 2R PR 2R AT XUk & I 30 /K
AR e, 1520 B A P S AT UL T
KM STESEUSR B R BRI AR (R IR 2 2P K
fift, RBNMEEAEAPUAMIK, R REFHPE L
VAR

DRI, ASHH FOXT 4 ML EAT 7 20 B, i ik i 25
MG, HRARMEME L2558, Nil—P itk
BVR DA IR B B, RN 4 M55 R =2 B = A
A E AR PR AR SRR S .

1 MRS

1.1 MES5NEE

MNEE OB R PMEA PR A R REE 3 B 524 i (2022
17D TR AR (200 Umg) « SR EE (14 Umg)
ARMEBEE (10 U/mg)  REHEE (250 Umg) « BEH
g (200 U/mg) « KBRS ERE (20 Umg) , R4
FHEABRA R $hig. S, S, M G



260 My TFESH (http://www.tcsae.org)

2023 4F

fra) , EZAERFEFIAR AR T-AOC Mlit& (2,
2R (3-ZFE-IRFFMEME-6-R) Ak, ABTS) ,
A R A TARER T T

Avanti J-E &b m 3 AR B 0FL, 2£E Beckman
Coulter A 7] ; HH RANBUEAEIRE KB, SIZTRITIES
AIRAF; FE20 &3 pH it Fid: Mettle Toledo A Fl;
AUY120 TR, HZA SHIMADZU A #]; Alpha2-4 LSC
plus AT 1ML, 78 Christ A 7]; Spark 2 IhHERFFRX,
Tecan Austria 2 & ; Kjeltec8200 FOSS 4= H 2P IG & &A%,
FEER AR A .
1.2 R 75E
1.2.1 Hofiae

WCAE B MR T INN 0.5% W FT 5 BRAN TR T AT Pkt
PR, 4 CHM FIZBIERINE, 4 000 ¢ &0 15 min
(4°C) , WEETIZL4HM, M 5 AR A B Eh K BR %,
BOER R, BEE 2 &k, ST EEE
-20 C#&H.
1.2.2 —REGMZAFHRAL

R E A, P E AR, ARNEAN. BE
HEE. BREAN. KNRECRE 6 MEAR, ZEE 1R
FRIKfRA AL E, 2 8 E A FH 1 B S 16 B U
PR pH B 2644, 2 BSCHRIIT 7t 45 538 HORH L AN B 7 i
AT (AR LEE 1), KRR 0. 20, 40,
60. 90. 120. 180. 240. 300 min & [KEEME =Y, M
FEVKAREERD ABTS H HETERRBE ST, Hi € — IR EEAR I
OIS B AR .
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Fig.1 Flow chart of the bovine hemoglobin first hydrolysis
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Table 1 First hydrolysis conditions of the six proteases

AR Teljxl;fra— pII-)II;E Soijrd{ﬁlizlilid Enzyme
Types of protease addition

o o1l
ture/’C  value ratio/(g-L™) amount/(U-g")

Wk 25 (1 Alcalase 40 10.5 40 2 000

rf 9 2R (1 Neutral protease 37 7 40 2000

A JKNEE A #F Papain 50 7 40 2000

8 B Pepsin 37 2 40 2000

JiREE ¥ Trypsin 37 8 40 2 000

KA I Flavourzyme 50 7.5 40 2 000
1.2.3 ZRE&EMEFIARAL

EHUGEIA S MEAR, HRE 2 WARKE KB
PR, 2 HREE S A U0 R O AT pH (2% 1, 2
FESCHR BT 70 45 SR 3k BN I 4 S (VA R LR 2D,
WAL 7K f# 0 30, 60 90. 120 min J FBEME=Y), &
FEVIK AN ABTS SRR H AR T, HsE IR AR I
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Fig.2 Flow chart of the bovine hemoglobin second hydrolysis
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Table 2 Second hydrolysis conditions of the five proteases

e W pHH BRI RN N
T ﬁeiﬁfﬁﬁme Temperature/  pH  Solid-liquid Enzyme addition
p p C value ratio/(g'L™") amount/(U-g™)
TP 1 Alcalase 40 10.5 40 2000
i R I 37 7 40 2000
Neutral protease
K JNE B Papain 50 7 40 2000
2 E#§ Pepsin 37 2 40 2000
JiZE A Trypsin 37 8 40 2000
1.2.4 rAE@KRIRTE

R RIS Bl B, Bl ABTS HHIIERAE
I AR, S E— BRI (4D « — IR AR I 1] (B)
TIRBEAINE (O . TIREEERTE (D) 4 DAREIER, it
17 Box-Behnken X388t (£ 3) . fiikfG ML &
FPUECICH IR Y 1 e AR B 25 1F, JFXTH ABTS HH
FTE B e JJ AT IRAIE o

&3 MR EhEERERKFEER
Table 3  Factors and levels of response surface method
[ % Factor

KT KRG —KEERTI KRR AR
Levels  Firstenzyme First hydrolysis Second enzyme Second
addition amount time addition amount hydrolysis time
A/(U-gh B/min clU-gh D/min
-1 3000 60 2000 30
0 4000 120 3000 60
1 5000 180 4000 90

1.3 IB+rMZE
1.3.1 ABTS g b AFFRAE A egmie

S R T-AOC Wlik& (ABTS) #i#, it
HFERI ABTS H H2EERRAE .
1.3.2 KR &GMZE

J71%Z 1 GB 5009.5-2016 (& i EEFAME)
KA E YLK E B O E BRI a A SR, W
2 mL A MBS, N 1 AiEAAE AT S mL BRERHEAT 1
(RIS 420 CJEHAL 1 h). MM ARA NG E T4
HaILIKE AL, St Bzl &0, Wekh, i
o 4T 8 U

SR P A 30 2 20 5 A TR i I R R S
5 fERRURE R AR WS, B 1 mL B RE S RSN
20 mL Z&MKA, FFBh 0 R A8 I AR R T
Wid, A 0.01 mol/L () NaOH 4y i i € & pH 14
N 82, AN SmL ORI H B, 48 H
0.01 mol/L ) NaOH ¥ i € & pH H N 9.2, 1d3%H
FEM NaOH IS ARFR N Vo [5] Ae BZ% 08 /K AR 385 6 A Vi
2 AR5, 0 THFEM) NaOH B RAA RN 7, 5
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R P SRR EAKBE. BERENSE
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KA n NFES IS ZEENIKRE, pmol/mL; N ¥ NaOH
FRAER IR EE, mol/Ls V NEEMRAIEUHE, mL; 54
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D:M_MXNW6 2
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A D ONFERKAREE, %; Ny N FFEEEI S () B A
TR RN SR, umol/mL; N, JyH BRI 1 7K i A
PIRE VTR R S & &, pmol/mL; N, AYLIKE
AL FE PR7K AT I RE SIS P S A& &, pmol/mL.
1.4 BG5S

KH SAS 8.1 BAF#ATHRKZE T Z 5 (One-Way
ANOVA) , X Duncan’ s multiple-range test #47% E Lt
B, WEMKE P<0.05 BrAREER. WEEE 3K
RIRLE RFR N PIME L FRifEZ . K Design-Expert 8.0.6
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K)o
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K FEE S 8 B 1 R K A e R R T 24 4 5 B 1R
SRBERI L], R R UK R S R B A R LI
REBELIEFR, ABTS [ L5 A8 7 000 R P 2
ABTS 7EEALFINE N A&t ABTS', T 24biEdk
YILFAERE ABTS AE Az 2IHN ], I8k I e s S IO
JE B AT LA AR S AP E AL R Y . AHIF 7T LK R
M ABTS HHIEIERRAE I NS H bR, ST A1
ity 20 SR B LB A BE ST SR B VA
2.1 —REBMRERBRIFE

AN [E) R 1 B 0 90 A L B 2% 1 TR %o 2 I 41 2 kAT
Fipfife SN, 250K 4 R, BEE KRR R E, 6 Flis
B B = 0 K AR A ABTS 1335 IR BE ) R IIE
W TS, ERER 20min #2, XU E A EEA 0 BTEL
M EEE T HABA (P<0.05) . Fitt, FERiik
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Table 4 Effects of six proteases on antioxidant effects of the bovine hemoglobin first hydrolysate

T B A A P i) R 2R T R T AN (1 EEE4S] JE R AR 2 1
Item Hydrolysis time/min Alcalase Neutral protease Papain Pepsin Trypsin Flavourzyme
0 20.25+7.99% 20.27+4.66% 23.69+6.28" 20.27+4.66™ 23.87+3.94" 21.96+3.40%
20 49.24+11.44™ 62.48+2.03™ 39.64+12.13% 48.24+6.34™ 36.35+3.12¢ 68.1245.39
ABTS B s 40 53.87+1.83P¢ 66.58+1.96™ 47.17£11.33%  59.18+£17.81°%°  46.73+9.22% 109.14+11.73
{H PR
fe - 60 64.96+12.64 73.54+1.15° 57.95£10.16¢  70.15+13.68P*  51.38+14.59"B¢  132.99+16.19%
ABTS free radical 90 78.06+11.185° 77.352.60° 59.5746.20"¢ 78.15+4.075° 51.42+12.6245  141.61+11.02%
scavenging 120 79.80+23.115° 79.94+1.505° 62.6242.447¢ 81.11+12.095® 54.26+7.0745¢ 161.73£16.69"

ability/(umol-g™)

180 97.00+12.56° 81.93+1.85%5¢ 61.83+2.25 87.99+12.8748% 58.60+9.77¢ 163.81+21.05
240 102.83+21.99"° 82.4142.78" 63.65+2.46" 93.32+17.964% 59.28+9.67"¢ 168.17+13.64"
300 103.5249.56*° 82.61+2.07" 63.87+5.03"¢ 93.02+11.874% 58.33+28.61 169.00+15.36"
0 1.020.03" 0.94+0.01" 1.04+0.03% 3.46£0.09" 2.91+0.11% 2.83+0.11%
20 9.860.15" 4.51x0.06"™ 4.23+0.18% 12.75+0.14% 4.08+0.08% 15.72£0.36"™
40 12.45+0.14% 5.90+0.04% 5.50+0.28" 13.43+0.11 4.92+0.12" 24.08+0.32%
KR 60 13.29£0.05" 8.1120.06™ 5.9120.09 13.9120.18% 5.68+0.05™ 28.3820.63™
Degree of 90 14.68+0.05™ 10.63+0.09% 6.05+0.29<> 14.25£0.215¢ 6.07+0.24> 35.06+0.67"
hydrolysis/% 120 15.78£0.03™ 12.240.08™ 6.20+0.155C 14.40£0.09" 62120212 37.69£0.36™
180 17.1320.14° 19.01£0.05° 6.28+0.24"5¢ 14.4420.15B¢ 6.31£0.18% 39.14+0.26%
240 17.37+0.225¢ 23.36£0.05%° 6.36+0.14%5¢ 14.45+0.12M 6.41+0.14%5¢ 40.71£0.20%
300 17.5140.08"¢ 26.33+0.06™° 6.44+0.16™° 14.44+0.17 6.56+0.19%° 41.46+0.36™

T ANFENG FREORMFEN (8] AR E A 2R RE, ARKS TR R & QA RN E2 @27 8E (P<0.05) .

Note: Different lowercase letters indicate significant differences between different proteases at the same time, and different uppercase letters indicate significant

differences between the same proteases at different times (P < 0.05).

2.2 —XREBMRBRERRNE

WA pH A RBREEL. BN DL [ 55 25 A 1)
A, Syt A MLAL B B P K S B e i e
IERUEE R, 8T R R I AR 2 1, SRR ST
FEF=IBTEACRE IR RT S . — IRBEHAE I B R R 4 IR
Bl 3 i, BEEBGARRET &, 2R A8 AR 7K
fif % S ABTS H HHEEIERREE I RIS T =G T RERES,
R E 50 CHIIAR| & KME, 25108 37.16%+0.25% 1
(163.99+2.38) umol/g (& 3a) . @ 3b Azr, pH fEXT
B =D AR A RE D RIS M s B AR AL, S B0 E 3 219

M. RN LR 2R 208 AR AR = s an il 3c B
N, BEERNR LRI, KR & ABTS H HEEERREE /)
BT IR S, ERRR LA R 40 g/L I EEE =P AE AL
RE 5 o RN I B AR P AT T (s e B 3d
iR, BEEREAINER T, KEE & ABTS H HEHR
REER EAEBE T FEMES, YR NEXT
4000 U/g J5, 4+ 408 A RGAE =)0 ABTS H SRR AE
NARBEEZETE (P>0.05) , HUEFEHAINE 4 000 Ulg
VENmMR A AL, BEEBEN R, B~
s SR IS0 45 FE A — 80, B R T
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120 min Ff, ABTS HHZEERENAHEET & (P > R L 24 N JEE 50 C. pH {H 7.5, FHELL
0.05) (El3e) . Ziabl B4R, #EFMAEH KM 40 g/L. EgASIIE 4 000 U/g. BEARTA] 120 min.
ABTS [ 23 Brig

ABTS free radlcal scavenging ability
—a— JKfikJ¥ Degree of hydrolysis
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40 45 50 55 60 N 65 70 75 80 85 N

il /¥ Temperature/ ‘C pH
a. W b. pH &
a. Temperature b. pH value
o 210F 150 & e 240 150 & e 250 - 450 &
g el {452 X2 ot las2 3 8 145 2,
z T S %z S 2% 200f S
gélso— -40:; ,_;g';gzoo- -402‘#%;2 -40:5
g2 {353 T L Zs0f 1358 H 2 5 50 {35 ®
EEgE 8 EE3 8 EE3
85 430 & 4 8= 160} 430 & 5 8= 430 ¥
£3 90 S8 23 & Z2EE 00} a
2 I 1250 22 w40t Jsa 22 125 =
& £ 2 ¥ g £
60 1 1 1 1 1 20 X% 1 1 1 1 1 20 % 50 1 ! 1 | 1 20 %
30 40 50 60 70 ~ 120 1000 2000 3000 4000 5000 ~ 60 120 180 240 300 ~
¥ EeSolid-liquid ratio/(g-L™) g7 N Enzyme addition amount/ (U-g™) I Time/min
c. KRR d. BEInE e. B[]
c. Solid-liquid ratio d. Enzyme addition amount e. Time

W [ ENE R JRE 50 °C. pHAN 7.5« BHERE 40 g L. BEAINE 2000 U-g's B E] 120 min. ¥RFTIEFE (40, 45. 50. 55. 60 'C) . pHAH (6.5,
7.0 7.5, 8.0, 8.5)  BHELL (30, 40. 50, 60. 70 g-L™) . EEAINE (1000, 2000, 3000, 4000, 5000 U-g") FIFHESE (60, 120, 180 240, 300 min)
X —REEHAEF=IH) ABTS H H A BRBE S FU/KAREE RS2 AR 'S 7 B R ABTS H ARG R 1257 B, A R/NS 7 BRI 27 B2 (P <0.05).
Note: The conditions of fixed hydrolysis were as follows: temperature 50 ‘C, pH value 7.5, solid-liquid ratio 40 g-L™', enzyme addition amount 2 000 U-g”, time 120 min.
Temperature (40, 45, 50, 55, 60 C), pH value (6.5, 7.0, 7.5, 8.0, 8.5), solid-liquid ratio (30, 40, 50, 60, 70 g~L'1), enzyme addition amount (1 000, 2 000, 3 000, 4 000,
5000 U-g™") and time (60, 120, 180, 240, 300 min) on the ABTS free radical scavenging ability and degree of hydrolysis were explored. Different uppercase letters represent
significant differences in ABTS free radical scavenging ability, and different lowercase letters represent significant differences in degree of hydrolysis (P < 0.05).
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Fig.3 Effects of different extraction conditions on antioxidant effects of the bovine hemoglobin first hydrolysate

2.3 ZXREBMEEREEIHIE BT B € 77 BB 5 M I 8] A SE R 2R T R JE R R E

A M8 A B, bl Tkl B, FEREMEIN (DY 60 min IR B R, B m T A
AR PR ATE L, IRBEIR IR 5 Fros, Ik EARYA (P<0.05) , L, Sl E Aty —
Bt RE b, BUPEEE A ALERAL MUK AREEM ABTS A1 BRI SRR .
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Table 5 Effects of five proteases on antioxidant effects of the bovine hemoglobin second hydrolysate

i H A AL i) 2R TR E NI\l EE{s] JHETR 1 il
Item Hydrolysis time/min Alcalase Neutral protease Papain Pepsin Trypsin
0 213.19+4.65% 210.98+2.48% 212.75+2.43% 211.8442.94" 211.21+2.45%
ABTS H HiHE5 5 i 30 263.09+1.39% 238.4243.77% 253.79+5.03% 219.14+0.74% 219.84+0.53%
ABTS free radical scavenging 60 314.15+1.09% 248.03+1.6845° 215.76+3.45 219.010.454 221.64+1.3148¢
ability/(pmol g”) 90 295.90+3.00™ 253.87+3.56™ 203.00+2.54% 220.53+0.614 221.78+1.114%¢
120 256.98+2.79™° 258.33+10.74% 202.69+1.40% 220.99:+0.75%° 223.39+1.224°
0 41.91£0.39 41.70£0.23% 42.06+0.11¢ 42.00+0.12"* 41.91+0.06™
30 45.53+0.12 43.76+0.06° 43.34+0.20%° 43.08+0.08¢ 42.82+0.13%
JKf# % Degree of hydrolysis/% 60 46.06:£0.08 43.99+0.16"° 43.58+0.31P¢ 43.55+0.26" 43.24+0.20°¢
90 43.81+0.28% 44.07+0.06™ 43.83+0.21 43.81£0.214B° 43.70+0.20™
120 41.5740.51°° 44.08+0.10* 43.85+0.35% 44.01+0.05 43.92+0.09

e NE/NG FREFRORAHFEIN (8 AR R AR 127 B3, NREKSE FRRSAHRE QA R i 255 8% (P<0.05) .
Note: Different lowercase letters indicate significant differences between different proteases at the same time, and different uppercase letters indicate significant
differences between the same proteases at different times (P < 0.05).
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40 CHIA R B (B 4a) o pH EX M EA
DGR PP S B 4b B, BEAE pH {E 3 K
fi P % ABTS B HIEIE KR AE 71 2 Y6 T i 5 BEAIK, /£ pH
{H9 9.0 I, B 7 0 B B0 AU A BE 7738 B B B, BE
Wi 7 W) (¥ UL RE 738 N F% 5 (£ pH {EN 10.0 IS,
FLOKAAE PR T B g e ML o X A2 HY T AR S NLIE A pH B
10 A A 2 T 1 S W R R JER ) AR, T R
iR i Pk B A TS S5 AR TE P I 4c BT

N, BRI R B bR AGTE YER e 5 pH A
BL, 55 18 J5 ek () B VS N &4 3 000 U/g I, ABTS
H HHAE PR /R 2 i mE N (319.69£1.92) pmol/g.
I A 5 T A N TR) B S S, PR B AR A B D S T
Ja FEA%, HAE 60 min A A (Bl 4d)  ZRE D
R, e R AR A IR B AR A T AN
B 40 'C. pH {H 9.0, EEAINE 3000 U/g. FEfRES
[f] 60 min.

—=— ABTS[ tiZEi# B g JJABTS free radical scavenging ability — —s— 7Kfi#J Degree of hydrolysis
X

2 2 s g oS & B
:Egn 330 SOE i; 360 50_&}:@ 340 é ?:ga 350 50%
=D S =20 40 4geESD 485 =20 A 18 =
& 550320 A BE w5 £ 5w £ &g E
T A= > oup A= — o A=
o 46 15 2320 162 E=2 462 2z 46 2
2310 B BCc| ©®WSE S .8 £300 s #SE o |5
HE~ C 44 8 EE300 448 ER 48 ER~ 44 o
R 5 o3, SIS 5mEE250r 4 g
n 85300 08 282280 0k » =280 DR »BE el g
HaE | d o |5 558 B s 2552 |E &
<& ¥ 290L— L L L 400 <& Topob—— 1 lpre < T 0l— L L N L Jaore <& H L N L 0=

% 30 35 40 45 50 % g 80 85 90 95 100105110 z g 1000 2000 3000 4000 5000 z ‘-;:D 200 0 30 60 80 120 5

% Temperature/ C ~ pH PN N i 7] Time/min N
Enzyme addition amount/(U-g")
a. HE b. pH & c. FANINE d. e
a. Temperature b. pH value c. Enzyme addition amount d. Time

e [ERERSE . 40 C. pHAH 10.5. BEAINE 2 000 U-g's W& 60 min. #FFTIEE (30 35. 40. 45. 50 C) . pHAH (8.0. 8.5, 9.0. 9.5. 10.0.
10.5. 11.0) « FEZRIIE (1000, 2000, 3000, 4000, 5000U-g") FIEEAE A (0. 30. 60 90, 120 min) X “XEHEF =¥ ABTS [ B3 i fig 717K
fREERIREIT . ANFKE = BHMUER ABTS B BRI Z R BE, AE/NSGFERZKMEZERZE (P<0.05) .

Note: The conditions of fixed hydrolysis were as follows: temperature 40 ‘C, pH value 10.5, enzyme addition amount 2 000 U-g™', time 60 min. Temperature (30, 35, 40,
45,50 C), pH value (8.0, 8.5, 9.0, 9.5, 10.0, 10.5, 11.0), enzyme addition amount (1 000, 2 000, 3 000, 4 000, 5 000 U~g'l) and time (0, 30, 60, 90, 120 min) on the
ABTS free radical scavenging ability and degree of hydrolysis were explored. Different uppercase letters represent significant differences in ABTS free radical
scavenging ability, and different lowercase letters represent significant differences in degree of hydrolysis (P < 0.05).

B 4 RERREMT 4 41 % & = R ERfR 7 IR BAL R A Hh

Fig.4 Effects of different extraction conditions on antioxidant effects of the bovine hemoglobin second hydrolysate
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Table 6 The matrix and the results of Box-Behnken design

\ ‘ ‘ o ity AR T Second  INTF] g
KR A (D) IIANRERNEZE, PLABTS HH3 g Firstenzyme  First enzyme Second ) prc e dical
o A & N \ VL addition  hydrolysis addition  hydrolysis - -
THERBEJIME MR, MR4E Box-Behnken I 3L No.  mount  time amount  time Sca;/e(nir:ﬁ;gl)hty
BT R AR, 4RIk 6, %7 WA S BT AU) bioin  CU) Dby T
Ne FIMAEARMIYIN ABTS H HIEERRAE /11 ) | 1 0 0 198.67
VAR 7 FE R 3 -1 1 0 0 280.57
4 1 1 0 0 223.77
Y=328.96-22.684,+20.92B,-12.62C,+5.53D,~ s 0 0 1 ¥ 55240
2.984,B,-22.634,C,-17.444,D,+11.78B,C,~ j g g _11 '11 ;gg;‘;
25.03B,D,-22.61C,D,-49.264,°-46.45B,*~ 8 0 0 1 1 224.73
26.50C*-44.67D* (3 o ‘ 0 g ol
AR AR R E M2 R (P <0.000 1), R4 1 -1 0 0 ! 277.80
P-03876 > 0.05 (FE%) , HHEHRITHE, THT o . ¥ S 0 25820
o 5 I i e 25 o 14 0 1 -1 0 275.33
Zo W T AL RO AT, BB S R ) | } . .
H A& N —IREES I 3 780.57 U/g. — I 17 1 0 1 0 263.70
f IR 1] 131.48 min. —YXEEAINE 2 860.22 U/g. —iK s ! 0 1 0 26627
R ff it 7] 62.61 min, ABTS H 5% B A8 7 10 T 20 1 0 1 0 194.80
% 334.65 pmollg. %I FISIERAT IR, WM RRAL 2O ! ’ g 1o
it . —IREEAINE 3 800 Ul/g. — UK fi# i) 1] 23 0 1 0 1 247.00
130 min. - REGVRINE 2 900 U/g. — Yk fif i ] i g . : . R
60 min, FFFATIGUERES, WIS/~ ABTS H B35 % 26 0 0 0 0 329.63
B8 /1N (333.62+6.29) pmol/g, MXFIRENT 1%, i j; g g g g gﬁgg
RCEIGE R STk » 0 0 0 0 326,67
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Table 7 Significance test for variance analysis and coefficient constants of regression models

AR 5 5KJ8 Source of variation “F-75 i Sum of Squares HEfE df 77 % Mean square F {8 Fvalue P { Pvalue &3 Significance

17 Model 53 473.95 14 3819.57 48.93 <0.000 1 *x

A 6172.86 1 6172.86 79.08 <0.000 1 o

B 5252.89 1 5252.89 67.29 <0.000 1 o

c 1911.88 1 1911.88 24.49 0.000 2 o

D 367.05 1 367.05 4.70 0.047 8 *

AB 35.40 1 35.40 0.45 0.511 6

AC 2 047.56 1 2 047.56 26.23 0.000 2 o

AD 1216.82 1 1216.82 15.59 0.001 5 o

BC 555.40 1 555.40 7.11 0.018 4 *

BD 2505.05 1 2 505.05 32.09 <0.000 1 o

CcD 2 044.58 1 2044.58 26.19 0.000 2 o

A 15 738.44 1 15 738.44 201.62 <0.000 1 o

B 13 992.58 1 13 992.58 179.25 <0.000 1 o

s 4553.65 1 4 553.65 58.33 <0.000 1 o

D’ 12 945.97 1 12 945.97 165.84 <0.000 1 o

5% % Residuals 1092.86 14 78.06
A Lack of fit 855.15 10 85.51 1.44 0.387 6
R % Pure error 237.71 4 59.43
SR Cor total 54 566.81 28
9 R % R 0.98
KEWATE R ag 0.959 9
JEEMEE Robea 0.9029
CV.% 3.40

%W L Signal noise ratio 22.441

e SFOREREE (P<0.05) ; =*RREFKLEE (P<0.0D) .
Note: * indicates significance at 0.05 level; ** indicates significance at 0.01 level.

(N 5 4000
&) 2500 3500 gt gy an 3500 o
7" 0003000 ) (UE ™ 55000 T g
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a. Interaction between first enzyme addition amount b. Interaction between first enzyme addition amount
and second enzyme addition amount and second hydrolysis time
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c. XA 18] 5 RS A ELAE d. — UREEHAE I 1] 45— Y AN T A ELAE . VRN IR YA N TR A ELAR
c. Interaction between first hydrolysis time and d. Interaction between first hydrolysis time and e. Interaction between second first hydrolysis time
second enzyme addition amount second first hydrolysis time and second hydrolysis time
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Fig.5 Surface maps for each factor interaction
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Optimization of the process parameters for the two-step-hydrolysis of
bovine hemoglobin based on the antioxidant capacity

LI Ziyu!, ZHOU Guanghong?, LIU Qihan!, WANG Lin!, WANG Hui?, ZHANG Ting?, YE Keping'*

(1. College of Food Science and Technology, Nanjing Agricultural University/ National Center of Meat Quality and Safety Control/ Jiangsu
Collaborative Innovation Center of Meat Production and Processing, Quality and Safety Control, Nanjing 210095, China; 2. Xinjiang
Hualing Agriculture Science and Technology Development Co., Ltd., Urumchi 831400, China; 3. Research Institute of Agro-products Storage
and Processing, Xinjiang Academy of Agricultural Sciences, Urumchi 830091, China)

Abstract: Bovine blood is one of the main by-products of bovine slaughtering and processing. The preparation and antioxidant
activity of bovine blood peptides has been investigated systematically to promote their high-end value in industrial utilization.
Taking the bovine hemoglobin (BH) as the raw material, this study aims to prepare the BH antioxidant peptide crude product
using two-step hydrolysis. The reference indexes were taken as the hydrolysis degree and the ABTS-free radical scavenging
ability. Six proteases were also employed for the hydrolysis to identify and select the optimal protease. Specifically, a
systematic evaluation was made to investigate the effect of different solid-liquid ratios, enzyme concentration, reaction
temperature, pH value, and reaction time on the initial hydrolysate, including antioxidant activity using ABTS-free radical
scavenging. The remaining five proteases were used to further hydrolyze the first BH hydrolysate, where the optimal protease
was selected for the single-factor test. Furthermore, the influencing parameters were assessed during enzymolysis on the
antioxidant capacity of the bovine hemoglobin second hydrolysate. The results showed that: 1) The best effect was found in the
first enzymatic hydrolysis of flavorzyme among the six proteases. The highest hydrolysis degree and the ABTS-scavenging
ability were also observed in the first BH hydrolysate (P<0.05); 2) The BH was hydrolyzed at pH value is 7.5 and 50 °C for
120 min, when the solid-liquid ratio and flavorzyme content were 40 g/L and 4 000 U/g, respectively, indicating the highest
antioxidant capacity of the first hydrolysate; 3) The alcalase demonstrated the best second enzymatic hydrolysis effect; 4) The
BH first hydrolysate was hydrolyzed (pH values are 9.0; 40 °C; 60 min), when the concentration of alcalase was 3 000 U/g.
While the hydrolysis degree (46.06%+0.08%) and ABTS free radical scavenging ability (314.154+1.09) umol TE/g protein) of
the second hydrolysate were significantly higher than other protease groups (P<0.05). The single-factor test show that the
enzyme concentration and reaction time were further optimized using the response surface method (RSM), with the ABTS free
radical scavenging ability as the response value. Furthermore, the regression equation was obtained after RSM optimization,
indicating the enzyme concentration and reaction time on the antioxidant capacity of the BH hydrolysate. The optimal
parameters were achieved to prepare the BH antioxidant peptide crude product with the solid-liquid ratio of 40 g/L. The first
enzymatic hydrolysis included: Amount of flavorzyme is 3 800 U/g, enzymatic hydrolysis time is 130 min, temperature is
50 °C, and pH value is 7.5, while the second enzymatic hydrolysis process included: Amount of alcalase is 2 900 U/g, time is
60 min, temperature is 40°C, and pH value is 9.0. The ABTS free radical scavenging ability was achieved at (333.62+6.29) umol
TE/g protein, indicating excellent scavenging capacity and antioxidant activity. A systemic and effective procedure was
obtained to extract the food-derived antioxidant peptides. The finding can provide new insight into the comprehensive
processing and utilization of by-products, not limited to the bovine blood. A theoretical basis was also offered for the research
and development of food-derived antioxidant peptides.

Keywords: protein; antioxidant capacity; response surface; two-step-hydrolysis
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