5 47 % 5 3 i Tl B Vol. 47 No. 3
2026 4F 2 H Science and Technology of Food Industry Feb. 2026

SKICLL, J5 45, A5, A5, WA A9 L s b Ul e IS PR T 2004 B ke i 0], B A TR, 2026, 47(3): 254-262.
doi: 10.13386/j.issn11002-0306.2025020108

ZHANG Yuanhong, FANG Yu, LI Ying, et al. Optimization of Enzymatic Hydrolysis Process and Characterization of Antioxidant and
Anti-aging Peptides from Pigeon Blood[J]. Science and Technology of Food Industry, 2026, 47(3): 254—262. (in Chinese with English
abstract). doi: 10.13386/j.issn11002-0306.2025020108

c TEZEHFAR-

BRSSP E L DT E TGN
TEAL R = et

iz, 5 OB, E ELBRMEES, BB
(1AFRAR L TR FREZ TR, RILRATSEFELREEM I EFEMNEEEZRT,
I HEESHFERERAFERARAEEERE, S A7 M 510225;
2TAKFASA S TSR, F AL 750021;
3 AN A LRI R KA TRNE], T H AN 514500)

W EATHERERIE W nfFRSAAR, AT EAIHRELEAFHERANFREEETHEKR, AL
AA—RHALEFRMEE bR aEE, FALIARNROETERE a7, L DPPH A & KAk
. ABTS 8 & R iATh £ Ao bs ZBRBEIPH] E A £ 206 R4, KA LR Ffo ik SRR KA fo 75 S K 69 B4 7
IZ. Z£RET, 100W FAZE Smin ARG ELZRRL, AhbhiRaEEERS, # 192.65mg/mL; K
B & g+ § & G ifah 0% g3 249 74 DPPH. ABTS' 8 &1 A FA 1k £ AR AR GBI H EHAEKSG, L24
FameEAAE (PR) & FROBBMORETZEMAEA: oKk 1:1.2, 858 0F 12000 U/g, BFAEE1 4 h,
BEMRIRJE 37 °C. pH2.00 % 1% F 135 0988/ = 48k A BR BRI HI £ R %, %3 45.93%, ABTS F%EH 83.84%.
LR SR EE RS T 20T 5000 Da 9k FR 28k, b B EEAR R A 78.98%; H0F A AR . AR ALBAREA
AR AEHH &AL 42.01%. 38.62% A= 27.22%, & W13 | 6946 fo & MR EL AT JF 9 47 09 B S B A= 4
A, HEED K. KA RLER A F KT R R A 4570 T &) = 469 TR ACH A B AR,
R 40, BEAR, HBATER, MR R EW, TERA, 5 F 50, BILB 4R

FE52£5:TS251.93 XEktRiRE: B XEHS:1002-0306(2026)03-0254—09 o
DOI: 10.13386/j.issn11002-0306.2025020108 AR [k

Optimization of Enzymatic Hydrolysis Process and Characterization
of Antioxidant and Anti-aging Peptides from Pigeon Blood

ZHANG Yuanhong', FANG Yu', LI Ying', CHEN Weibo>, ZENG Xiaofang""

(1.Key Laboratory of Green Processing and Intelligent Manufacturing of Lingnan Specialty Food, Ministry of Agriculture
and Rural Affairs, Guangdong Provincial Key Laboratory of Lingnan Specialty Food Science and Technology, College
of Food Science and Technology, Zhongkai University of Agriculture and Engineering, Guangzhou 510225, China;
2.School of Food Science and Engineering, Ningxia University, Yinchuan 750021, China;
3.Meizhou Golden Green Modern Agriculture Development Co., Ltd., Meizhou 514500, China)

Abstract: In order to achieve a high-value utilization of pigeon blood, a by-product during the processing of meat pigeon,
this study focused on the preparation of antioxidant and anti-aging peptides from pigeon blood through enzymatic

hydrolysis. First, pretreatments of pigeon blood were adopted to help the hemoglobin in blood erythrocytes dissolve out.
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Then, different proteases were employed to enzymatically hydrolyze the hemoglobin in pigeon blood, and the DPPH and
ABTS" radical scavenging activity of the resultant hydrolysate, as well as the tyrosinase inhibitory activity were selected as
screening indexes to optimize the enzymolysis conditions. The enzymatic hydrolysis process of active peptides in pigeon
blood was optimized by using single-factor and orthogonal experiments. Result showed that ultrasonic treatment for 5 min
at 100 W owned the highest dissolving hemoglobin content for 192.65 mg/mL, which indicating the best hemolysis effect.
The DPPH and ABTS" radical scavenging activity and tyrosinase inhibitory activity of hydrolysate obtained from pepsin
treatment were all basically higher than those from other proteases, and the protein recovery was also relative higher,
revealing pepsin as the most effective protease for the enzymatic hydrolysis. The optimum conditions for the preparation of
antioxidant and anti-aging peptides from pigeon blood established: blood-to-water ratio at 1:1.2, protease addition at
12000 U/g, hydrolysis time at 4 h, hydrolysis temperature at 37 °C, and pH at 2.0. Under this process, the tyrosinase
inhibition rate of the obtained pigeon blood hydrolysate reached the highest, at 45.93%, and the ABTS" scavenging rate was
83.84%. The hydrolysate was mainly consisted of peptides with molecular weight smaller than 5000 Da, accounting for
78.98% of the total. And the essential amino acids, hydrophobic amino acids, and antioxidant amino acids accounted for
42.01%, 38.62%, and 27.22% of the total amino acids, respectively, which indicated excellent nutritional value and
antioxidant and anti-aging effects of the hydrolysate obtained from pigeon blood. All these provided a fundamental basis for
the development of bioactive peptides from pigeon blood and the reutilization of meat pigeon processing by-products.
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Table 1 Optimal hydrolysis conditions for different proteases

filFh 2 WEE(C)  pH FiFRhZE HEE(C)  pH
PR 50 7.5 A 37 2.0
B 1 50 8.5 B 1 37 7.5

KRR I 50 7.5
HAE AR 50 7.0

AN I 50 7.0
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Table 2 Design of orthogonal factor level

IR — : -
A: MK B: Jinfitii (U/g) C: Ftg et a] (h)
1 1:0.8 8000 3
2 1:1 10000 4
3 1:1.2 12000 5
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Fig.1 Effect of different ways of hemolysis on the dissolution
of hemoglobin in pigeon blood
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Fig.2 Effect of different proteases on the enzymatic hydrolysis
of pigeon blood and the DPPH, ABTS" scavenging activity
and the anti-tyrosinase activity of resultant hydrolysates
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ZILAR P ACE Ve M etz . 25 R 3 R 2R 11 Tl ity
it Je ) 1 RSO i 22T AR 1 (P<0.05) , ASf
FELR AR E B IR N 5 22 3550 10 S A 2R Pl
23 BERIW
2.3.1 MK EeXT RS LA R RO M52 K FE XS
10 BEHRSCR A sZ i an B 3 Fras . IR, BEE 1L
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IR EERE AN, 2 P AR PR LB/ IN)G R RER#aE,
H 255 35 (P<0.05), 7K Ee>hr 1:2 B, 25 EIlieER
IR B E = {H 38.84%. 1fif DH. ABTS" H H A5 EREE
TN S PR B ) R ] S B SG F e T A EE S,
MK LA 1:0.5 B, Bf# =409 DH. ABTS H
FLIH R BRI RN S R B ) Rt =, 000k 10.31%.
77.23%. 37.96% KA R Bffak F v 4 RN A BT R
IR, BELRUENCY) SR Il FE o, Bt /K
FEIBE N, IR B 2 BRI, TR 5 Tk ek 72 4,
IR fERADIIRS, DRtk 2R P RN g i, AR AR S
Yy B VT BRI INE Y [, SO )
L Sl LA 8 v I R 1) B R A Ay B/ IN ) R B
FILFRCS, TR = P e AL DT B IE TE, AN
FIFIEPERRAO SIS FIAEE . PR FE— 2 R B Sz L fify
it 5 FE H 0 BLSCR) R, 1K Bk 1:0.5 B, PR %52
%, 12 6.33%., EIEEG75 8 PR, ABTS H H 5Ll
5% . 7 1 s 2 R Fi AT 1) %2, e PR 7K bU A SR i v i
1:1 E ALK b .

1:0.5 1:1 1:1.5 1:2 1:25
7K H

B3 MK O R AR A 2

Fig.3 Effect of blood-water ratio on the enzymatic hydrolysis

2.3.2  PEASINEEXT RS I MR 52 BN
XF B LA SR B2 M AN &L 4 Bras o el AT 0, Bl
5 WS TN 0 3G 0, A5 0L A 0 19 PR RGN
DH. ABTS" [ H LI 53 5 R 2 PR I i 5 D) S 22
TR TAE o XDy AN IR, i
AR AR 565145 fih, B AN 5853 BEE N5 Y
HEm, BN A B ey, 2 RS TR E

PR DH mmm ABTS*
[EER

ik 2 R T ) 2
70 b ab
C C
lnon 1 1.1
S 304 b
= d Ha a '
&R 20
jm
104 | ld b
?
0 ¢
Q Q Q Q
S & \QQQ Q,QQ
figAs i (Ulg)

4 BRGS0 B SCR 200
Fig.4 Effect of enzyme dosage on the enzyme hydrolysis

Jo A T I /Ny T KB B S 3R, PR . DH X9
WEPERE N, X R N e R R, I A,
IR TE L, X AREL R IR b A B A = I 5
WA, ARSI H S EFEANE S E] 10000 U/g B, 77
P ABTS™ [ HH JETE 5 06 P 0 1 20 R B o 7 k3
FEATEE, IRF 67.80% Fll 22.40%, kL N8 b
EEXF TS PEG B A (P>0.05) o LI, BEPRIETS
JiiE: 10000 U/g A3 infi el 7 e 252t

2.3.3  [HEAF ST () o B0 I AR O AR A S A T 1)
X} B I BRSO S AN S B o [ 25 e st ]
MJIEES, PR il DH 2 5e3 s FBEIRng s, X 22
J2 TR [] (R 35 i S 3808 2 10 K9 TR ok
filt > Z2 K, PR 1 DH B4 5 1 >4 Bl e i) (8] g — 25 2
K iF, PR A1 DH S i il BT R, sxX rl AES B & A
MY T XA 6. B R A RERE S Ml Y) Phe.
Try Fll Tyr SRILIERM KB, T E3OE Z B K P2 5
PR AR SR TR 1), PR B X R /K P 2 IR sk 3k 2 ]
eSS KA KR, T AN E R REEDY), T
IR s RN & &L, 5230 PR I DH R %,
BitEf =41 ABTS" [ LT85 BRAE 1 R S0 iR BT i
SR BT ] A9 $E K S B R RS BT HAEE3A, X
T HE 5 WA A 0 IR B S B LA SR 40 AN
HIA 5, A AT RESE A 1 h B O A5 335 P 5 19 ik
B, (0Bt 25 il o) ] ) I, 3% P IR B I five 38005
PEREAR; SRR 4 h B, TR A B /N 9 R
NEA R ABTS H H SR AR R 2 R B
%, Horfr ABTS™H FHBLVEBREE JT7E 4 h BTik 8%
=1, S 69.60%; 1 1 22 1 B 41 1] 22 AE 5 h B ik )
=1, 8 30.69%. & EEGAHBT R AR, 8 ABTS'H
FH I BRAE T frei, B 1 IG5 S BRI i 2Rah
HH RS TE] 4 h AR S Al s a]

[ PR 222 DH 8 ABTS'
SRS

FEEfF N TE] (h)

P 5 TR AR T 0 FEARR SR B M)
Fig.5 Effect of hydrolysis time on the enzymatic hydrolysis

2.4 EXANFHESMEEETIZ5EM
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PEAL B HE A A 6 L ) A8 D A AT T TR IR

I T4 AN 0 ABTS' I thi ST BRAE

R P 2 PR T AU 7] 34 Dy B BB AR, B T Ly

(3*) IEAZISGE, [RIF i A [R] S g6 2R A5 2 B4
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R AHULHA T AR BB A 25100 ABTS" H H AR ER %
A B EN BRI, R BT C>B>A,
RPcH A5 1M B ABTS™ LR BRG PERE M f Y
SRR 1], RO BERAS I, e R MUK HE, fefit)y

Z b AB,C,, Bl /K EE 1:0.8. Jlfif & 10000 U/g.

Figf FTRI A 4 h, 550 RIS RIMOEHRY) ABTS' A H
IEIHBR RIS, N 85.95%, I A 4 158 22 R EHT
KA 28.26%; [RIAF, H1 R AT %1, 75 2 R BT i %
S R 2R v, ik B A8 S R R, U BRAS
it e o) 1) B2 R 0SB ASB>C, 52 00 1% 220 1R i 170
FIRIIRATT N AB;C,, BINLKEE 1: 1.2 BN
Ko/ 12000 U/g. BEFEETE]Y 4 h, 25600 1520007
SR ) s S PR BT T 3R B i KA, N 45.93%, ILHT
BEfEI ABTS " H HHHEIE BR300, 47 83.84%., Xt
LW AR T 48, FTRAR IR, A B,C, A& MR
oA P s P T 1T 1) 36 dnl 2 8 T A B,C,(P<0.05),
T EATH ABTS"H H L35 B 22 5480/, RN 3
(P>0.05). HIEEGFIE, EPE ABLC, E MRS IMHT
AT T PR B A A 120, B /K He ok
1:1.2., BEAIIEA 12000 U/g., BEf#TE] ) 4 h, 12%5%
RSB AEHEYI ) PR WIABEEE, N 23.55%.

3 RGN EE Y E AL ARG A R S b
Table 3 Results and analysis of orthogonal optimization test
of pigeon blood enzymes

fER Wit ABTS'HH &M PR DH

A =}
RS VKEE it i ML) MRS (%) (%)

1 1 1 1 80.97 20.82 2320 12.85
2 1 2 2 85.95 2826  20.32 13.01
3 1 3 3 85.12 3124 1819 14.16
4 2 1 2 85.39 3119 1965 11.92
5 2 2 3 86.23 28.87  20.03 11.50
6 2 3 1 79.19 3744 2046 938
7 3 1 3 81.46 4024  24.03 10.48
8 3 2 1 81.66 41.63 2606 8.64
9 3 3 2 83.84 4593 2355 172
K1 8401 82.61 80.61

K2  83.60 84.61 85.06

K3 8232 8272 84.27 .

kI 2800 27.54 26.87 B EUIUF: C>B>A

k2 27.87 2820 2835

K3 2744 2757 28.09

R 0.56  0.66 1.48 et %E: AB,C,

KI® 2677 3075 33.30

K2© 3250 3292 35.13

W s s g RERIR B

k2’ 1083 1097 11.71

K3’ 1420 12.73 11.15

R 528 176 0.61 el %: A;B,C,

2.5 fBIEMZKMIBR S FEN

B —2E X e AR R T2 A5 2 B RS LG PR
AT FEAAIIAE, 25036 4. AR n] 1, B
ZAF AR RSIMLIE PR T 435 AE 1000~3000 Da

BB 5 Fe e, 153 35.01%, Hok &Sy T/ T
1000 Da [HIKES, 5 tbie/ 2S5 FH& KT 10000 Da
MILH 53, 1N 2.76%, Ui BHIZRf# 254 T 1 B 2 Al
I BT A BRSSO, R S3—F3 1 o B AR 1k il
i, FLZ A T KA AR, SN 7.72%, G T o BERf
i, A LR S S SRR L, R H O HAas i e A 3
PR/ INGSTFHI AR, XG5 R 5 TR ERPT i sE a5 2R
—8, 8 b, IS TERR EE R 4T E /T 5000 Da
PR BELH A%, o BRI 78.98% . /N TR
K BEE AR A B H B R 114 A BRSPS 4 T AR AL
B 2R

K4 AGMIETEZ IR 25
Table 4 Molecular weight distribution of bioactive peptide
derived frompigeon blood

25 4y (Da) i E (%)
1 >10000 2.76
2 5000~10000 18.28
3 3000~5000 15.70
4 1000~3000 35.01
5 <1000 28.27

2.6 fBMEMMARERREARK

Y17 P AR B SR PR A B AN R 5 Fin . AR AT
0, A LTS P R P = REBR (amino acid, AA) FFE5 4,
5% 60,2201 (Trp) ALK SN, HoAx NAKRITTT AA Pk
Y, FLTE 5 % (essential AA, EAA) 5 B ELlR
LB, S 42.01%, = TG EDR & SRl 2H 20
(FAO) BYFETUE (40% ) P, B\ A HAG = S F= MY
{Ho Wb, A B 22 Bk 45 2002 (Glu) &t =,
BVEFEIR I 11.76%, FURZ 5L Z R (Leu) FINH 2R
(Lys), 475 5 BEIEFLZ Y 11.02% F1 10.24%. WIS
W, Glu NMUS 520 g pd 4 sk, IR REHRPTICTZ FI
TR AR I RIS PEAEPY, Lys & AR —BR
PEEIR, Y & EARML, A= 255
P U BEAS A LEERRAS:, XoF 25 P o i) S Fe b 5 e
REPERIVE SO, TiASHEFE il A5 2] 10 A% G PR AR EAA
B &y Lys, HIEMHE S o Leu M 45 2 1%
(Val) B 522208 (1le ) 55 S s S FEMRRE A RS LA
M EHANLREFAEIZIRE, #%) 2 I A B b LA aE
T, H &R (Gly) & PIE ML E A
TR ) B AR A I s K 2R (Arg) T LRI A
AR BHEE REIL, RERiE 5 1 EAH S I ZFEs,
5 20 i 1 A AF A PRI BB AE SC ™ Ak, R TN AR
(Phe) . Lys. TNZ# (Ala) ZE5 /K P& B vl 12
N HA BESRPT R DI 3 A 5 AT A1, AL
PR R PSR B IR L 27.22%, K PR SR
It 38.62%. Kl MNERIRLH & &= &, A
FE A RS TS P IR T A i e s b oo %
TIRe, IXAMAERT ST A T2 A 20 RS i
RPN ABTS" H P35 B TE 1 S i S R e o 7 12
PRI R 25 SRAS 31 T RS,
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Table 5 Composition and content of amino acids
in the hydrolysis of polypeptide

FILIFNS i (mg/g) AR FERR LA (%)
LR (Cys) » 3.430.29 0.62
R 2R (Met) ™2 0.27+0.09 0.05
% 2% (Tyr) 13.65+0.29 2.49
RN (Phe) ™ 31.93+0.84 5.82
iR (Lys) " 56.19+1.67 10.24
ZH %R (His) 28.67+0.98 523
Jifi 22 (Pro) "2 15.22+0.59 2.77
KRAEHRR(Asp) 54.6+2.95 9.95
IR (Thr)” 22.14+0.86 4.04
225 % (Ser) 28.12+1.2 5.13
B A (Glu) 64.5+2.35 11.76
H&Am(Gly) 30.27+1.37 5.52
AR (Ala)” 44.57+1.83 8.13
iR (Val)” 35.51+1.14 6.47
Sesea R (1le)™ 23.97+0.7 437
SR (Lew)™ 60.46+1.97 11.02
K2 (Arg) 26.75+0.8 4.88
A AR 149.35 27.22
BK PSR 211.93 38.62
TSR 230.47 42.01
MEILR 548.51+19.86 100

T *FR AL TR IR, #8RBUK TR MR, A FRItELE IR
3 iR

I DA SRS R SR S D)% 100 WL 5 min Tiikb
B NG RN I RES (130€2 5 52 S =91 @A R TS ORI == (| A e = &= R =
B . FEMCEERE FakdE 7 FhEE I EEXAY ML U T
Tt fi, HoH B R (I I S A2 1 R =4 DPPH.,
ABTS" A H 3EIE BREE 1 FNs 2 e vk i il 88 1 23
Ho P25 DIIZERAE A i FH I, iR 2RSS
R 5 WL B SN e v o i ) G £ OO I R V= £ L153 SL SS
MK H 1:1.2. & 12000 U/g. BEAEETE] 4 h., i
fRIGEE 37 °C . pH2.0, FEIZEA1F NS RIA RS I TG P
JER ) i 2 FR VAT 11552 Sl 45.93%, ABTS™ | H B&0E
BR%N 83.84%, FEH 4T H/NT 5000 Da [ AKER
ZH A, 5 Lk 78.98%; HIZEf 22 IK 5 & 7T 2l 51,
A EIEBR A 42.01%; Bi/K P IERR FiPT A b & 3t
Bz 5 Ly 3R 38.62% Fl 27.22%., LI b4k R0,
BT 2 A3 2 MRS I % P IR BT BB 4 1 B 3=
{HAPLEAL . Prasimtt . ASBFSE AT oA FHAS il )
FhAACFID U IE MR RE—E U BISARYE, H:3)
PIRS AN T-Ry= i s B e o (BRI R FH
W PR E I8 AR Ml A 5 AH SE i R N A T, TR ST
BE—25 38 3 B S 58 B E HAAR PN VS AR IO S AT
HAWE
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