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Abstract: In order to make full use of donkey bone resources, a method was developed to hydrolyze donkey
bone with protease to obtain donkey bone collagen peptide. The chelating ability of the enzymatic peptide
with ferrous ions was investigated and its product was characterized. Using the ferrous ion chelation rate as
the investigation index, the optimal enzyme species was screened, and the optimal enzymatic hydrolysis
conditions of donkey bone were determined by single factor experiment and orthogonal experiment
considering interaction. The results showed that the optimal pretreatment conditions for donkey bone were
cooking at 121 °C for 30 min, papain was the optimal enzyme, and the optimized enzymatic hydrolysis

process parameters were as follows: temperature of 50 °C, pH of 7.0, enzyme-substrate ratio of 1 000 U/mL,
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time of 3 h, the chelation rate of donkey collagen peptide and ferrous ion was 38.40%, and the chelating

product with sheet microstructure can be obtained. Papain enzymatic hydrolysis of donkey bone protein can

prepare donkey bone collagen peptide with the ability to chelate ferrous ions, promoting iron absorption, and

guiding the development of donkey bone collagen peptide related products.

Key words: donkey bone peptide; papain; orthogonal method; enzymolysis; chelation rate; microstructure
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Brze, BABEAANE, SmADEE s, g
MUEHEFWSR, &5AFEH. 2K,
BEWE, DR, B M. B WSEEEROLW
g EREC, Ky a2 ikE e, 1k
Al i AT Ml AR B B R R i AT 5 o 7E BT E N
el b, REEY 5 R 2 Bk I 2 F LR
FrE S B RS BT oA By 1), A& AR AR R Y
PR A . R IR SR TR ST A T
TP i e R 2 B A e 2R P EA

BEAMELTENMETRZ —, KRS
PR B, BREE A I SOz 2P 2 R AR
BN (iron deficiency anemia, IDA ), HFH
W95 . HE T A I RAEIR T A Bk ) E AR
AN e Ham AR, PRk, 2k
AW I s R R AR,
19 A A B2 5 A 0 B FH LA S i 2 T
kPl IO RIF ST A, Bl e T Ak 1t
e AR TR IR RS 5B TS, TR E
BT A SRR B R, H AT AE RN I
W HE—2 s uE e, X —E 5]
DU R R AR A R I BGE I UR RS, AR
o3t IDAMY, [ f k3% IDA /N il RO, 2%
Vol IDA 515 5l e w0 S o gk Y,
iy RS NG B T 1 Jie Dt A L B AR A [ [] 5% ) 9L
PHAKRARREEAZES, PERSEASE
. A 75.3%, X HIEER 75.1%, SAML .
B IH A O AR (HERR . R . A
MR, WA ) SaHE S,

BTGB, FRATHED TP B e S 2 — A
WIERIETER, 59 RERL, BAEG IR

TERE . R I E T . R, A
5% R F B A vk i 28 P B BB, R FH IR A8 7%
AT 25, RFEH S R TG RE,
DI Ry I SRR B A 5 O P P e I 3 P 25
L, I AP I SRR AR DG i iR 2 2
1 #MRER=Z
1.1 #HE5RF

MR B T ; BRE (1 2 250),
AINFEFE (=800 U/mg ). Bt ABE (=200
U/mg). BEEEAM (=120 U/mg ). XIKRE 17
(=20 U/mg): FHL TAEMRHEARA R, Wi
iz . Ak . REE . 2 TN R TN, Tk
BERR . HUIA MR . /K G BiER W2k (FeSO4  TH,0)
LRAED R . ToK S EESERI b al . E 24k
R A BRA H s BCA R & BB RHE( -
) Bedn A B,
1.2 UE5EK

B AL : AR AR A BR 2 ] 5 KI-300
HEFE A TR AT IRAARA
Al mERKE: B (ETT) AESARA A
Centrifuge 5430R & A E R EE LA 18
Eppendorf /v 7] ; HH-3A fHEIR/KIEN . & I E4E
HL A A PR H] 5 ST3100 pH 3. M EZEHT {8
AR ; Epoch MRl : %[ Biotek A ¥ ;
SCIENTZ-10N & T4 HL . T P08 2 A= IR A
BRAF; By ESAMA T BME.: HAKSS
FH LR AR AT,
1.3 ZWHE
1.3.1 Yk il

BRI g B B, KB AR, IFRA 5% wiv)
NaOH % 1h, HESHEBZLHR 12 (wiv),
R E, HRBE TR E G 3 IEBR LM
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ETHEBEMA, fFEBETEEEREKE. K
Bt 5k 60~90 °CHYAMEBELL 122 (w/iv) 1Y
WONRS, &2 h S RIF L BRmiE . wiigx
BRig, P E T K UEUH B 3 YROTAE T M 2 it
FH BRI BKSEAE, #H 0.5 mol/L
RIS LA 1 2 10 BHE LL X B AT A5 A B,
= KRB — R, LT =k, AR . B
0 i 1A B BB FEUR BB B, AR R, 7 37 °C
N R EE IR, P ARG T TR
1.3.2 D 1 A Ak 2

R T B AR ROR R X 1 BV AR T
AhEE ZF IR AL S . T R R R S
ZRMKLLL 2 20 LLBIEFTIR G, AERAS S
T, T 121 CRYEEKE ST, XHHET
PATRALEE . Zr 5040 B 0, 10, 20, 30, 40 min.
BEfE B L, BRI BCA A FvRE,
DA 5 f5e R FAKE B ]
1.3.3 TP B il ik e 1) o

T B 20 min, HCEVEW 20 mL T 50 mL 2048
L WS HAH R B A TR, R ORI IR BE AN pH (A,
TRt igp R I S T 5 v TR Kl VR AV R E RS, T 4 °C,
4 000 r/min &.0> 20 min /93] F3EW, F 0.45 um
IK FR AL IR B B AT 2 IR, RO B A
1.3.4  rE R BREREE B W 0 il £

B2 mL BB DE T, B
B2 mL [ 452544 FARIR A9 5 TR, AT pH &
55, A 1 mL ZERENGE iR, NP7k Fe 4
Ak, A 200 pL HFLIR IR A (20 mg/mL ),
SRIG A 1 mL FeSO4 7H,O ¥ ( 100 pg/mL ),
THEIR YR f5 H4F 37 °C#E 30 min,
1.3.5  EERIE

2 2% M A AUOVBR IR B B L (2 0k 0 T Ak B
BRI RS AR o
1351 PRy 2dl BCHl 10 pg/mL
FeSO,-7TH,O VAT, 4> HHL 0. 0.2, 0.4, 0.8, 1.2,
1.6, 2.0, 3.0 mL T 10 mL B.08H, Ink#g
& 6 mL, MJEHUMA 20 mg/mL HLIRIMER 0.2 mL,
RN WP 1 mL, 0.5%2F3EZ Mk 0.4 mL, R
A1, MKFGRESRE 10 mL, #E Y 15 min, WHL

200 uL = 96 LAk, FEEFRACI E 7E 510 nm I
KWW . IOGEE /R N YA, Fe ik
JEVE R AR bR, 2 PR IEREINL, JFiTE
GrERIA R, RRIEIETEE »=0.102 8x-0.006
3, R=1,
1.3.5.2 FERERZEEARMME  BEA 5E R A
f, A 400 pL SBIER BRI, HI 8 FOKE A
£ 10mL, BE, & 15 min, WEL 510 nm ¥
KT RO o AR b o it 2 5 0 i OB (15
FEMTER R TP VR

BERITREAX N

CI_C2

x=——"2 x100% (1)
G

Kb X WEAR; O has AR R
TS WA S Uk BE 5 Co SR A R v A 8 0 Ak
BT
1.3.6  HRidi & M Bk

B 20 min, B EVEWR 20 mL F 50 mL 2504
mh, 3 SIS I A R 0 55 AR L R TVER L
BRPESE I . KR E R, B AN, 7545 H i
FERG AR B A pH AN, % 3 h )5, TS B
JERRERZ G I 9B IR S WAk T AR
DIES G EB AR, SR MACR R RN
Mt £ 8E F ROE iRE . pH WK 1.

®1 BEOBHREEE. pH

Table 1 Optimum temperature and pH of each protease

it g 24 e i /°C pH
KA E A 50 7.0
RN 45 6.5
MR 45 9.0
PR 11 i 50 7.0
JBE 2 11 i 55 8.0

1.3.7  Se AR P it PR 25 i A S 0

e e AR S, YRBUES L . WA pH .
it e A S 1R DA PR RS R A T 2R
1.3.7.1 B LR EE SRR [ R &A1
Fitifg ik E] 3 b JEE 50 °C. pH=7.0, EEMIKIL
750, 1000, 1250, 1500, 1750 U/mL, LiF
BB T RGN BRI, TR 5 90
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JRE K, SWARRTFHITEA,
BEARIRm
1.3.7.2 Wit pH XEGRIYm [ 5E KOV ok
PRREAFEITE] 3 h R 50 °C B 1250 U/mL,
WEM# pH 4 5.0, 6.0, 7.0, 8.0, 9.0, LIE%k
BT RERR EEEAR R, WA A DR R
HHRK, 5WEE FHITES, RITHIE R
g ae
1.3.7.3 itk ifs B2 XS B AR S [ SO0 o
PFREA# I R] 3 h B pH 7.0 B H oA 1250 U/mL,
W BRI N 30, 40, 50, 60, 70 °C, LI
BRES TR N R EARR, BT 2 9 E i
JREEEIK, SSRGS, RITEIT XY
AR
1.3.7.4 Mg i ()0 28 G A 50 [T 2 2%
PERGfFIR B 50 °C . Bgf# pH 7.0, BRI LR 1250
U/mL, BEEMERER 1. 2, 3. 4. 5h, DIE
BRE B G RON F B EE bR, RT3 90 R
JEEE K, SR AT S, IRITEIE X
AR,
1.3.8  IEACIE ARG A5 1

R PR R SR 25 2R, 2% 185 BAE IR 52
BT P PR 2 =K E A8 528, 2 Ly, (37)
TE A RAAT AN B IEAE S8, TR S g 9 i
JEE I IR AN BR 25 7 Y 25 %, BoiFansk 2.

I M Lo Xt

x2 EREXEEKER
Table 2 Chelate orthogonal factor level table

K A B/ (U/mL) BWfEl/h  CI&EE/C D pH
1 1000 3 30 7
2 1250 4 40 8
3 1500 5 50 9

1.3.9 ZEEWILA SHOWESHFRAE

W e UIC T 19 BN S G 7= 08 VR T4 Tl
BTG B T A7 . BC R IEE; R
AV G K S A 1 Wi (FESEM) 94, 43
WA 1000 4% . 5000 f5 WSS AR L5 44
14 HEHH

SRS F Graphpad Prism 8.0 AR 1F 174K
AL PR UL R AR, IEAg iR SPSS 26.0, %X

Pa b 3 IEE A EIME . BRI R E
J7 2245381, Duncan Z 7 LKL, UL P<0.05 %
RNZEREE, H/INEFHa b, c. d BRER,

2 HERE5HW

2.1 PEEAMETLERNENHE

FRZEZ A E RO, X R
TR A, R AR 2 1A 5 58 31 43
TR, BT EE ARSI, P
Ab PR 2 By T A TN EHE, BEERUET
SR, WK AL, AT B,

RN W 51 D B T i [ S T S
PR Y ER PR B BTG &, 78 121 °CF =il
I 30 min B 2 PR B A B A . IR ]
MR TR, SRR AT AR Sy e T AR s [ 2
KAB RS HBOE A kA28, HarF s o
Bl EAERE, AT AR, ki F%1
PLA-E R R EORE, A ERZS 121 °C, 30 min AN
FAbPEGE W E R S AR O PR AR R, 5
ARSI ZE R ISARL, I B 1 BT AEA (R AR M R
XK g E R AR A, A8 PR BE 3k i B I AN F K
fiff o DR M 22 P B T A TOUAR BSR4  7E 121 °C
T N #A 30 min.
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Fig.1 Absorbance and protein concentration of protein
solution at different pretreatment times
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B 5 W 2 IR S BB & R WA . B S
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R P ity > BE 2 R > KR G > A
B, AN BN & B AL IR EE N DIBE, REIS [
fpaiar A R A K e, R pH
W 5~11, 7ERE . ik skbEsss 2 Ee
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Fig.2 Comparison of enzymatic hydrolysis effects
of different proteases
: AN FRFRRA R EW 2R (P<0.05),
A T RLRE D R
Note: Different lower-case letters showed statistical significance
(P<0.05). The following figures are marked in the same way.

2.3 KRINE A EEHFEERL
2.3.1  FE XA R A

AN IV LU k28 B S s i 1] 3 T
B RT 0, BB FLAE 750~1 000 U/mL (#9375 Fl N,
A RHAA RSN Z LA, T E %
S (P>0.05), 7£ 1250 U/mL B 243 1 B ik
B, BESTHAHEE G HAKF (P<0.05), A
BT T R o 1X TR H TR b/ T 1000 U/mL
W, S5 R S 5 KA I 2 KA AR,
B AR B IR A, 2 R
o, EA NI, R YN A B
&, BESSUREK RN FREAR M ZAR, B
KSR, T S8 IS B RRAS, 2
A7 Yl Bl B A 1250 U/mL,

40 -
a

30 + be b
o be T c
% = [z
4];[ 20 +
2

10

0

1 1
750 1000 1250 1500 1750
i &< Hi/(U/mL)

B3 AEEKREXNESENZN
Fig.3 Effect of different enzyme substrate ratios
on chelation rate

2.3.2 [l A )X A A R R

A ) At B[R] X6 25 R A S e L ] 4 BT s
TERGFETEIY 1~3 h BSE N, BRE G R AR
s, BRFEES (P>0.05), 18 4 h BHERES K
K, BEETHMA (P<0.05), 4 hJHELEE
BHTREAR . HR P T REAE T RN, KA
W R, RS RY E A FER WA sAH E
Zih, BRBRNBEZNEINLE, AR T E AR
FTREYD , N 7= A 22 K, 4R T R BB A P
LMV A3 1% 2 8 5 BE IR ), {2 X4 Rl A FsF 1]
WK, MRS OK R E SR, 2R
RRAG, BSA LA [RIEE, B A o 18] 334
I, YRR S S AR e A RN, RS
AN TR S A TR I, fGE i
B[R] 26 4% 4 ho
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Fig.4 Effect of different enzymolysis time on chelation rate
2.3.3 TR R X B A R A
A ] it il 2 ) R 5 AR R AN 5 i
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BN, - FIShBERIN, W5 I =2 10 1 il i
B, RONBCRIERY, HEEENTE, 4Tk
ORI R 771 % 7 SR % ST S TN o & e & D e
RMEIE, AR TREDZEFVIN, ™
MV 4o BT S iR A R BET L T 2 i
LG, R MERRAL, BRI ES . BLe,
o R IR T RIS A e (AR ), B
R U gD, BB A e ) i K B s
D EEERE TN B DRI, Al AR I AR B 40 °C
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Fig.5 Effect of enzymatic hydrolysis temperature on
chelation rate
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MR . AF5E 2R A, pH 32 %238 o 52 M JIS 400 1) it
R WA EZEH . WD SRS A R
JE SR RN . YU SRR, R AR 2
)25 RA A 255 R TR 2 W0 P A 3 e s FE—E Y
pH JWFEAN, IKYIE AR RREE IR 257 A —
PUAEMK Y, ATLARE N DPPH H i3RI bR TG

N[ pH O BRES S RS2 IR AN 15T 6 BT
HEABE YR B, BA R od
pH YU, o R A G 2> i A WG ) T e, Bff
ZRRREAR, BAALAEW . 1E pH & TR
s pH 44T, DB £ OH Al fE
AN KA SO I A, i T 2R 1 1Y) 7K i
MR pH b 8 W, KRR, BA R
i, DR B A% pH B+ 8
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Fig.6 Effect of enzymatic hydrolysis pH on chelation rate

VER R AT AR E A RS L 5, 3 27 DM A
R MBMREE SR W IELLRZE RIATT
W ZEFNT5 22550, Wk 3 FIk 4,

ARSLIGARIR N EE SR, BORBRMEE, i
A, & 4. AC BABEM (P<0.05), HAth
K ZXHER s A 3, AT 2RI, JFidA
W2, WERPWERNTH A>AC>B>D>AB>
BC>C, MFRERENHE 4, HiEh K {EHA
WL A, Ao Hirtp AC 22 B3 S  PH & Le
CEXR, Priliit —IoRRME C MK, o
5P,

A\ CERRERKR, HYS A FNE®RFE—2, Py
DL CINEERE C5, R K MH, IFgsAa4 =5,
W KP4 E R 41B,C;Dy, T IHAEAEIER
SH IR L, TR, IR G R
H38.40%, TR 4T SABER, X—RIAD
P F [ = ol @l = Bk B 2K
(30.67% ) PO W ZHE (19.6%) P14, HA
—E I EF N E . B AR 8] 5 R K
A1B,CsDy, BEDE§IEEE 1 000 U/mL, HE]R 3 h,
IREEH 50 °C, pH 7.0,
2.5 EEFURSSRMEHMRIE

XE A YIRS . E 7 PR, %Y
PGS, FORLRIS), B IERHE AR AR

i Ve 3 & A 4 - B U X B B e
T4, 2R 1000 £5F1 5000 £, WREHAON
JEA, WE 8, ATLAL I, 7= OUES#4 R B
I RR S, FLIR RN 45), (B RR
RN —, ATRERAER R TR R b ™ A T %L
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Table 3 Range analysis table of orthogonal test

M5 A B AB AB c AC AC BC  =F zEF) BC %4 D EER%
1 1 1 1 1 1 1 1 1 1 1 1 1 1 29.28
2 1 1 1 1 2 2 2 2 2 2 2 2 2 33.60
3 1 1 1 1 3 3 3 3 3 3 3 3 3 32.64
4 1 2 2 2 1 1 1 2 2 2 3 3 3 34.08
5 1 2 2 2 2 2 2 3 3 3 1 1 1 34.56
6 1 2 2 2 3 3 3 1 1 1 2 2 2 33.60
7 1 3 3 3 1 1 1 3 3 3 2 2 2 29.76
8 1 3 3 3 2 2 2 1 1 1 3 3 3 25.91
9 1 3 3 3 3 3 3 2 2 2 1 1 1 31.20
10 2 1 2 3 1 3 3 1 3 2 1 2 3 29.28
11 2 1 2 3 2 1 1 2 1 3 2 3 1 29.76
12 2 1 2 3 3 2 2 3 2 1 3 1 2 28.32
13 2 2 3 1 1 3 3 2 1 3 3 1 2 31.68
14 2 2 3 1 2 1 1 3 2 1 1 2 3 24.47
15 2 2 3 1 3 2 2 1 3 2 2 3 1 20.63
16 2 3 1 2 1 3 3 3 2 1 2 3 1 28.80
17 2 3 1 2 2 1 1 1 3 2 3 1 2 28.32
18 2 3 1 2 3 2 2 2 1 3 1 2 3 22.07
19 3 1 3 2 1 3 2 1 2 3 1 3 2 26.39
20 3 1 3 2 2 1 3 2 3 1 2 1 3 34.56
21 3 1 3 2 3 2 1 3 1 2 3 2 1 24.47
22 3 2 1 3 1 3 2 2 3 1 3 2 1 23.03
23 3 2 1 3 2 1 3 3 1 2 1 3 2 28.80
24 3 2 1 3 3 2 1 1 2 3 2 1 3 27.35
25 3 3 2 1 1 3 2 3 1 2 2 1 3 21.59
26 3 3 2 1 2 1 3 1 2 3 3 2 1 23.51
27 3 3 2 1 3 2 1 2 3 1 1 3 2 27.84

Kij 284.61 268.28 253.88 24523 253.88 262.52 25532 24427 247.15 25580 253.88 266.84 24523
Ky 24331 25820 262.52 266.84 263.48 244.75 236.11 267.80 257.72 251.96 259.64 243.79 268.28
Ki  237.55 238.99 249.07 253.40 248.11 258.20 274.04 253.40 260.60 257.72 251.96 254.84 251.96
kaj 31.62 2981 2821 27.25 2821 29.17 2837 27.14 2746 2842 2821 29.65 27.25
ko 27.03  28.69 29.17 29.65 29.28 27.19 2623 29.76 28.64 28.00 2885 27.09 29.81
ksj 26.39  26.55  27.67 28.16 27.57 28.69 3045 28.16 2896 28.64 28.00 2832 28.00
R 5.23 3.25 1.49 2.40 1.71 1.97 4.21 2.61 1.49 0.64 0.85 2.56 2.56
x4 EXXBRERFEFTR
Table 4 Analysis of variance of orthogonal test results
% -5 fi i ) F Fa [
A 146.38 2 73.19 10.32 Fo.0502,8=4.46 *ok
49.20 2 24.60 3.47 Fo.01(2,8=8.65 ns
AB 36.77 4 9.19 1.30 Fo.05(4,8=3.34 ns
C 13.39 2 6.69 0.94 Fo.01(48=7.01 ns
AC 99.01 4 24.75 3.49 *
BC 34.82 4 8.70 1.23 ns
D 31.22 2 15.61 2.20 ns
R e 42.57 6 7.10
Wk e 55.96 8 6.99
ST 45335 26

e *AHBEE (P<0.05), **Fpal i (P<0.01), ns FRILEEN.

Note: * is significant (P<0.05), ** is extremely significant (P<0.01), ns is not significant.
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Table 5 A and C interaction binary table

P, %5 T P R FIR S W TR S RE T
BRI, A EAT LS e R R R,

H% Ci G & e . Vi 4 e AL
4 3104 3157 3248 121 °CZEAEALIE 30 min, P LIS R HEH S =
Ay 29.92 27.52 23.67 BB E AR HAARRNE AN, 7ERTE
4 23.67 28.96 26.55 Ft 1000 U/mL . i pH 7.0, FEEf#IRE 50 °CHY

B 3 h, FHE)S5EKE TR G RE S R Y
IR, B G R ILF] 38.40%. X E AT WHEAT
VR, R P s A AR B AR,
W 25 S BLBAN Z AL R RESFG o X 9 DIk
Bl e 26 AF RO D ACAT A T4 R R 8OR il AR B
H B B BRI A BRI T o 3O S £
A5 P B DR K5 Mk T ) 2 S LR LA B
DI BE5E T LAk

7 ERFUNIE

Fig.7 Appearance diagram of chelating product %%S‘Cﬁk :

[1] i, ek, BEE, 5 FEE TEARVZEI]. EH
R, 2019, 44(3): 169-70+88.

DOU H G, YANG G, CAO D Y, et al. Study on the processing
technology of bones of livestock and poultry[J]. China
Condiment, 2019, 44(3): 169-70+88.

2] FERTEGEHR (hEAR) fiEs. PEARRM]. R

iR AL, 1999.
Editorial board of Chinese materia medica of the State
Administration of traditional Chinese Medicine. Chinese
Materia Medica[M]. Shanghai: Shanghai Scientific & Technical
Publishers, 1999.

3]  FRHEZIA. PEREM]. B REREHEOR R
1k, 2006.

Nanjing University Of Chinese Medicine. Dictionary of
traditional Chinese Medicine[M]. Shanghai: Shanghai Scientific
& Technical Publishers, 2006.

[4]  FESL, WEA, W%, —FFNYEKIEE A Y2k
A AN S AT FRE, CN109007847A[P]. 2018-12-18.
DONG J B, PAN Y Z, HE T. The invention relates to a method for
preparing calcium supplement products by using donkey bone
collagen and donkey bone polypeptide: China, CN109007847A[P].
2018-12-18.

[5]1  Z220K, BT, XVHF, 55 —Fha ity . B am A

(a) BETYRHEEFARME (1000x) (b) &Y mEH
HE (5000x)

(a) Scanning electron micrographs of chelate product (1 000x) (b)
Scanning electron micrographs of chelate product (5 000x)

B8 ES~MHREEME (1000, 5000 )
Fig.8 Scanning electron micrographs of chelated products
(1 000 times, 5 000 times)

[6]
3 %#ig
AW GT ST T — o v ) £ P B IR SRR )
e, I R R AIEA AR, otk T B A

Bk AT FE, CN111041058A[P]. 2020-04-21.

LI LJ, WEI Z X, LIU G Q, et al. The invention relates to a
preparation method of donkey bone collagen powder, donkey
bone powder and donkey bone oil: China, CN111041058A[P].
2020-04-21.

FE, T, T, % QBRI SR T
DAL A 5T R 2%, 2022, 33(3): 1-5.

WANG L, WANG Z Q, YU L, et al. Research progress of iron
metabolismand iron homeostasis imbalance[J]. Journal of Public
Health and Preventive Medicine, 2022, 33(3): 1-5.




?ﬁ IGHEEEE

B&ilLT oo o s or cemis s o 3035 2022 F £ 5H

[71 OUK,LIUY, ZHANG L, et al. Effect of neutrase, alcalase, and [18] HE P, WANG Q, ZHAN Q, et al. Purification and
papain hydrolysis of whey protein concentrates on iron uptake characterization of immunomodulatory peptides from enzymatic
by Caco-2 cells[J]. Journal of agricultural and food chemistry, hydrolysates of duck egg ovalbumin[J]. Food Function, 2021,
2010, 58(8): 4894-900. 12(2): 668-81.

[8] BRYSZEWSKA M A. Comparison study of iron bioaccessibility [19] HFME. AN 1 A 24 Y & TR I BB 55 (0] 80 b 28
from dietary supplements and microencapsulated preparations[J]. 457, 2021, (26): 122-4.

Nutrients, 2019, 11(2): 273. BAI L Y. Effect of papain treatment on beef quality[J]. China

[91 B, WA, B, 5. B i g RE D RE R R Food Safety Magazine, 2021(26): 122-4.

BTN A RIT T HE R ()] £ 5 R B Tl 2020, 46(19): [20] RN, PRI, WA ok i f Sk 2 R AT TR FE 9],
264-70. A TR, 2001, (1): 45-7.

GUAN L J, CAO C C, TU P H, et al. Research progress of the YU J, CHEN M Z. Enzymatic preparation of hydrolyzed eel
effect of iron deficiency on intestinal immune function and new head protein and its application[J]. Science and Technology of
iron supplements[J]. Food and Fermentation Industries, 2020, Food Industry, 2001(1): 45-7.

46(19): 264-70. [21] FHRs, (7, XURERN, 4%, B S WO &4 P 2 ik

[10] M. BT BRI A PRI P 1 53 B LR 2 5 W A AL T A R AR A RE J1 BT 58 0] B il % 4 BT 4G ) 2 4%,
WFFE[D]. To#h: YLRIRE, 2021, 2021, 12(20): 8192-7.

CAO C C. Study on the active components of Colla Corii Asini YIN L B, HE P, LIU Y L, et al. Optimization of enzymatic
promoting iron absorption and hematopoietic effect of their iron hydrolysis of soybean clear liquid for preparation of biologically
chelates[D]. Wuxi: Jiangnan University, 2021. active peptides and its antioxidant capacity[J]. Journal of Food

[11] WA, EEIE, B, 5. EA TR L 1 i B i ik Safety & Quality, 2021, 12(20): 8192-7.

BRES YA RN 'S ZB T, 2021, 4724): [22] TJrYEKBE, FEWImN, SO, SF. W s T A I R H
28-34. A5 HT] B TR, 2021, 43(9): 1-20.

CAO C C, GUAN L J, TU P H, et al. Structural characterization YIN J Q, KANG M L, HAN M Y, et al. Enzymatic preparation
of Ejiao peptide-iron chelates with potential hematopoietic and sequence analysis of antioxidant peptides from chicken lung[J].
effect[J]. Food and Fermentation Industries, 2021, 47(24): Science and Technology of Food Industry, 2021, 43(9): 1-20.

28-34. [23] B, H/0Hk Bfe, & SRRt R R T2

[12] CHENG X R, GUAN L J, MUSKAT M N, et al. Effects of Ejiao A3 E & TR, 2022: 1-11.
peptide-iron chelates on intestinal inflammation and gut LIAO H Q, CAO S Q, YANG H, et al. Enzymatic hydrolysis of
microbiota in iron deficiency anemic mice[J]. Food & Function, immune active peptide in chub mackerel[J]. Science and
2021, 12(21): 10887-902. Technology of Food Industry, 2022: 1-11.

[13] &EH:, EESH. Da i ERE A= g e B A A 5=y [24] YU L, SUN J, LIU 8, et al. Ultrasonic-assisted enzymolysis to
¥ HPIE, CN105558859A[P]. 2016-05-11. improve the antioxidant activities of peanut (Arachin conarachin
PAN Y Z, DONG J B. Production method of donkey bone glue L.) antioxidant hydrolysate[J]. International Journal of
main material and production method of donkey bone glue: Molecular Sciences, 2012, 13(7): 9051-68.

China, CN105558859A[P]. 2016-05-11. [25] fREEAT, FhiRiE, 5K, % AN E AR T2k

[14] 2R, R, HeMl. B ils s 2 I T 20280 KON 3160 Tl B, 2022, 43(9): 232-42.

Aelv B2, 2010, 38(31): 17720-2+40. HOU Y K, LU Y F, JIANG Y F, et al. Optimization and
MIU F J, XIONG Z, KANG L. Study on enzymatic preparation evaluation of enzymatic hydrolysis process of hybrid broilers
technology of donkey bone peptide[J]. Journal of Anhui skeleton[J]. Science and Technology of Food Industry, 2022,
Agricultural Sciences, 2010, 38(31): 17720-2+40. 43(9): 232-42.

[15] PAN AD, ZENG H Y, ALAIN G B, et al. Heat-pretreatment and [26] FBWZE, P, FEIE, & HFIREAZK-WREEY
enzymolysis behavior of the lotus seed protein[J]. Food H & T (3] iR, 2021, 42(5): 1485-91.
Chemistry, 2016, 201(2016): 230-6. ZHEN Y J, SHI P Q, WANG G L, et al. Preparation of coconut

[16] BkikF, L, JE#E 4. Flavourzyme 7K BB A5 & globulin peptide-ferrous chelate[J]. Chinese Journal of Tropical

TR IKA A BRI FE (0] B Tk B, 2006, (7): 141-3. Crops, 2021, 42(5): 1485-91.
ZHANG Y X, WANG S P, ZHOU R L. Study on processing [27] #¥52F, MR, Bk, & W& ZHgNE & T 20k
conditions of oligopeptides prepared by enzymatic hydrolysis of K HEERFAEI] & Tk RHE, 2018, 39(5): 161-5+70.
bovine bone with flavourzyme protease[J]. Science and CUIJF, DUCY, CHIY Z, et al. Optimization of preparation
Technology of Food Industry, 2006(7): 141-3. process of Enteromorpha prolifera polysaccharide — iron and its

[171 LIN Y J, LE G W, WANG J Y, et al. Antioxidative peptides structure characterization[J]. Science and Technology of Food

derived from enzyme hydrolysis of bone collagen after microwave
assisted acid pre-treatment and nitrogen protection[J]. International
Journal of Molecular Sciences, 2010, 11(11): 4297-308.

Industry, 2018, 39(5): 161-5+70.

#iF: AR AERINMATERM (http/lyspkj.ijournal.en ),

FERIR ., 507, 4 R SEER T 8RR




