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Abstract: Insufficient calcium intake can lead to symptoms such as osteoporosis, so peptide—calcium chelates have been widely concerned as a next—
generation calcium supplement. Calcium chelates derived from food proteins have the unique advantages of wide availability and excellent perfor-
mance. This review summarizes calcium chelates from different animal sources, aquatic resources, and plant sources, with a focus on analyzing the
influence of peptide molecular weight, amino acid sequence and position, specific amino acid groups, and peptide spatial structure on the binding ca-
pacity of peptides with calcium. By exploring the structure—activity relationship of peptide—calcium chelation, the purpose is to understand the inter-
action mechanism between peptide and calcium, and develop a new calcium supplement product with better quality and high calcium binding force.

Key Words: calcium chelates; calcium supplements; structure—activity relationship; food proteins; interaction

1T, 695 PR 95 fife 2 T DR 05 8 1 5 R R AR IR R A 4T 4
R FESEPURE Sl P 255 DURE I AR . 5B L

RN S EREEOT Y, SIKEAY
1.5% % 2.2% , Hoip KR (29 99% ) LI R 45 1 12

KXAETET A . BS7E NN AR 515 005
TAE A TR IR e 2 A WL PR A A I 9 [
SELE PR PTG o PRARIE , AT 8 ) A
AT+ 48 W T o 23 i P B AR MRS L R

Y5 B #3:2023-10-18

EEWE VO A X A ARFA IS H (XZ202401ZR0118) 5
VU A 16 X TR RHE 4 10 (XZ202201ZD0001N) ; 75 8 H ¥4 X
W B H (XZNKYSPS-2024-C-046) .

PEHE BN 2R (1994-) , & Wi+, EENFEEFRINT Y
S BURPEBIE , E-mail : 1253271132@qq.com; * il {5 1EH . &
30 (1989-) , 53, WU+, 328 PSR 38 7= o T 5 S R
5%, E—mail : 751261399@qq.com

MRS R 2 S AR B , A L T A
JRERFAME o BEXTXLEBR 17 b BT 2% P il
FRE o MR R R U0, B 50 T 23 TEALAS |
AHLERES | R S S MR S 45

UTAFR PN G B S A — R F5 Y
B, AMLRERS SO IRTCHLES A HLRRES A P 32 2
SRR , RIVERI P2 I AR AR 0] P E A e e P T ) A
WIEEPE N7 H R 3 A R 3 A TR A ad 7
HANSZ pHAEZSAL I EE R, S 2 PR rT P E MRS E T
IR PR . SR, SRS 54 B WSO R
TR, I LS 2 R MR S 5 85 T BEX LAY
FEAERRAG . AHELZ T NI RAT B 2 AL

+ 061 -



KB R 2024 %4

BERLHE

PN FER D B RE R sz f R LS AR B 1
FI G PR, RS 3 A5 HA T B VT, TR
RIRBIESE S A DO 1z , i B R 4t
A AR IS, A T R A RS 8] . ARLRid
S TANFR IR A FRTAE B IS B S AR
KA A B TIT R BA RESAE & 1 B0 A, 5
G i D TRBRAN SRR, A B TIRA T AR S 5
Z[A] A ARELAE AL

1 RiEMSESKEER

B R R MR R 4, B IEEAS A IR
DL B TR AN T 5 T 90 9 B 52, I A2 2
TIZ M ARGE . H AT, E AN R B
LN B RALFNEETE T 2R AS A AR i 45 2%
e NI TR R - S R O 17 I = RN R
HCT SR E RS SFEAY K EA
G IRTER: A = RNPNITR: - = By NP1 7 o o = R
o RTEFN 17125 1 AR Sy I A
YRR BT EEA T EEEN I E S,
XA A OO IR A nl g, M H R A

5 KA ES 45 RE ) M R PR AR 2 D RE 2 TR/
it b 17 B R AR K

2 FSEGHEMERKF

S IR RO R MR S8 i ar, (H5Y
Wi Z RS G RE NN R ARZ . CHIME, 2
JKE 7051 R IR 4L B 8] R E 28 R ] LA
L IR 25 W 1 2 () R A 2 B2 W) 22 JIK 55 5 1 4
HHREST .
21 HTFEERNTI

TEARZ WS, B XIS B B W ORI 58 1 el
oo TR HE FOK = T T o Bl
ANTR] 73 00 22 KB AT AN R A A 0 15 PR AT E o
T RENINEERZ RGNS . 72
WrRE R R TRNZKEA S 5485, 6
A, BB T NERBEER I AL
E N o o R A T VR Sl INTU R i i
4396.98 Da,700.48 Da .960.58 Da .579.34 Da, ix 4
Z IR 53 5 B /0T 1 000 Dao AN, M4 L
T R LR R R S A £

®1 REMENGBESK

KR IK itk it A Tk IR rFE
fig e 2 o - S(P)S(P)S(P)EE -
X6 2R B ) T BT - 1~3 kDa
DEAE [ Fac 4 e ik,
FLiE M RUKEAIE A #E(2:1)  SephadexG-25 BEM il g , 2k YDT 396.98Da
S V£ SO 25 A (i
fFJ]ﬁl‘rH“ﬁEl[m W 2 1 it ﬁ{[ﬁ%?ﬁéﬁ@lﬁ}"ﬁ*ﬁ DNLPNPEDRKNYE 1 603 Da
H
Sephadex G—15 Wi I 5
R JRUH il WORAR (3 B8 T AC BT VSGVEDVN 1172 Da
FMRHER PSR AR R BT
%4 g 1 WEE iﬁ%z‘g REAIA - WEWLHYW 1.2 kDa
ey (o] BRI, R B I A AT B 1033 Da
KEFR BiEak R 1 R ARGy DOPPOPAGKIG
p— BT A BRI R ‘ ‘
iy TR it A o TCH <1kDa
KL K 2 P T R P e i - DEGEQPRPFPFP 3~10 kDa
LA R L RUMR G ERDG
N &:3 [14] - a
A INZERZE R PRI AT (46 /N2 000 D
N IR W 11 IR PIE FEAT SE FVDVT 579,34 Da

UEJZ TN S A R RO AR Z AT

- 062 -



HERLHE

2024 5 48] KB A A

T B R A A S BRI 4 i 430 1603
Da.1172 Da.1200 Da.1 033 Da.1 200 Da, j% 4t %
K43 T4 7E 1 000~2 000 Da 22 ]

SR, WA WFFE R B, & T i KB T g R
AHEEWESZARE T . B, ARG E A KEY
(SPHs) A WF5E %t 4, Bao 25120 £ 2008 4F & #1 B A
R4S A RE I KB 150 1 14.4 kDa 3%
8~9 kDa, [AIf], Ly %538 12 Caco—2 4l i 56 1iE B
T K (10~30 kDa) B9 K 5 BK— 855 59 1) 1
PR T /N F 8 (3~10 kDa 1 1~10 kDa) 4 ik B .
WAL, Jiang 55122 DA 25 B B B 3R B A 5 1R K
KT G, B F/INTF 1 kDa O BERR K A B AR 2
WE5E 85, 10 1~3 kDa 1Y 5 43 5 B2 K B LU 1%
T HWERR K (CPPs) 454 T L n] vAPESS .

XL AP —E 257 . K F Rk
BOEGS B A R AT RE R /IR S5 A R
Jof B 1) 23 TR BH A /N | B T A6 AR b gk s i A
WAL 5 17T S AR e - R BB 5 A B 0 B i ) O T
B X SE RSB S ) 2 R AR JRAEAVE T TE L)
REWE ST I SRR E . 4R, LR
S5 R0 22 34 T RE 2 B TR R A R S AT AR
MR IR A R] A AT G2 A58 5 R 40 2
FEBMESFET AN TEIAG A B HCER LR
E5
22 SEBARFIIRSEEBANER
22.1 BB BAR R -5 S AR,

% 25 W R K (CPPs ) 101 8 = i 2 1 W R K
(PPPs) &R e R 5L A -85 28 A B IKEE , B4
SR ET 1 2 1 AN B B i i AR 1, B S SR A
VA ERTE B R VS A 8 DL S A 4 W AR )
ITEH

CPPs J2 1 1% b 1 1% 28 11477 A2 Kk, AN R 1% CPPs
A& E R 0T Ser(P)=Ser(P) —Ser(P)-Glu=Glu,
T IR RS W) T B 45 5 L TR )
JoT R A W R B ol AR . IFE N U B,
KBt 5 Ca™ 456 1Y 58 55 5 i N2 22 22 N W3t T2 15 5k 41
MAFAEARDC , T IE ] B PR TR BE A2 i T /N X5 1
W™ s 3 4b, Ferraretto % 2445 1, CPP 5 4545 &
AE 1 S BEME LR 3L A ¢ B A T HE A A Cay (PO,),
YRRLT

PPPs 2 F JBR A 11 16 6 A B0 o oo o 2 1 1 200 1)
W R Bk, AH L % 25 11, PPPs & A T 22 (14 22 58 1R 4%
o, Hrp K v iR 1k o Jiang 552 L IE B B R

R R 531~ K/ IN DA BTl 1R 6 1) 5 BE XA 45 5 Mg B
A HE L

LT 1% 2 1A R AR B B v ol AR I R R AN
V2RIt K i A 11 (F258 0 #0 J R £2 p 7K i
B W EA SRS IR B A B IR
FREE . HLAh, B R AR AE AR L 1
HHRAT AR IRRB S & 4 DA B 1 TR IR AL AR 2
S IEE G BRI A5 2 i e s &
PO BFSEN G R I, K Bl £40 BP IR (CHEPPs ) 8
MAC)E , LA GG MR T AR RR L1 HEPPs >

AN TR F U5 B A TR K 55 8 ) 45 G SR R D iR s —
75 5 BEMERAT VI G R . — 7 T, BERR KR
filf 5 1) S TSP 7 T — SE SR AR BRI 1 07 s iy A
G TR B B | JFC v A MR ) R T TR 22 B R R A
Zong*" A5 3k HE AL 6 A LB IR KRS AR 11 BRI
PR ARG BT A I, W IR 22 2 1Y) K AL X T
By 1E A TR 5 1T U ()T i 28 DG 2 5 LAt 20 e n 9
IR B SR P 2 R L A SERE R KD A
B FRRSE5 A5G, 14N, Thr 5 Ser 25481, Hor
e i R e e PV VA DA
(] S 5 R 5 AR I 0 S B A T o5 7% G o IR T
[ DA =P
222 BRMAERIKBRA BT a-45 AR

PR P S B TR AR A E 22 Ik 85 45 G e vh 4 1
BEENMAO, IR 8 R &
AR S AE G E PR T 109 IR
FEWR o BB R AU Y 26% . B TR R
B, AN [ R VR 1 15 45 55 AN T KBS 2 A b it &
SR BB HE 2 IR 55 E5 5 . BN, Sun 55 K& B
TESS IR AR IR K 28 UK 585 45 &
TR RS B I LR I, R 2 K
g5 5 B LS AR AT BEJE Asp Ml Glu YR FE™ . Lin %%
i3k 2 AT LR ST AR LT ARG RIS R B
JINGE IR 2 R K 7 ) v R S S IR 32 Gl
Asp Arg F1 Gly 4 5%, HH Glu Fil Asp R % YR L
RIL T HE B T2 IR GG A R o, 2
PR S E5E G, Bt S B W2 AR XT L i) 2 3 e
T, /RS e BRI IR R 23 1 A 1 K A i
GG, Asp I Glu B LA R 1 54.17%, )it
U RIEIN T 56%

X TR R 5 Fcke i B B 245 5 A
BRAIER AT S 6 T RAHEIR A A TR
KA, Frcha s W R A )24 5 e B i —A>

+ 063 -



KB R 2024 %4

BERLHE

RIBEAE T A — DA TR E . et Ak
M2, LIS Asp F1 Glu 5k 2 2 T LASUCR 85 45 45 19 3L
JAL,— 77 AT e A Dy i SR I 2 FE IR Sk FE RE S 2
BT AAL A AT 2 KA 2 5 5 8 A 4
A Iy XA R] R 2 kA ey L R
THEMIE A G o BN, Zhao %5 (11056 & B Asp
R F SRR A AL by AU T AT DU R
HL 0 R 5 B T8 BUBC 6 #E . AT, Zhang S5 RF 5T
N B 2 30 22 SR v 0 3R B 1T B 25 i Ry B F,
i 5 B, T R A4 J s T R LA 4R 2 T R PG
PdE . T pH (R AT DA 22 R v L AP IR S Al
Ho Ry vt P ECE R R TR B 5 R 1 2 R R
585 2 1) R AH ELAE T I o5 225 R PR b pHAE Y
S
223 BRI E -5 E SR

P P S B R 7 B 3 1k 1) TR P B 58 LUARE 45
BT R BRI DT i AR A SR, o B
LR, R R A B 2 IR A R B K
ZUAERR > X AT e 5 NH, B NH £ A 7E b 2
JIk 5 45 1 B A 505 s KR T AR A G .
2012 4F , Liu %) F mi 8808CHH €238 3 4 & 31, K
KT Fe*  Cu® \Zn® Rl Ca*4 Fft 4 8 5 7 1) W L
AR SRR A REE . IEAh BRS8N Tt NN
o TR ) R 3 AN R R R 1 5 4
4 BK 8 (Phe-Tyr, Ser—Ser—Val , Val-Leu—Ser-Gly—
Gly-Thr-Thr—-Met—-Ala—Met-Tyr-Thr-Leu-Val) .
X RUIEEEE G RE ) T RE 5 Bk PR E IR B ARG

FEGLK M LR T, His™ RN AR I 2 B 1R (Lys
Al Arg ™) SRR B i 22 1 . His BRIKIR i) 8N Al
Lys [ e~ 2 5L 20l #oA b J2 2 K5 85 454 1
o X THARM S , RN RIS 75
i 42 J B9 718 1 His PRIR R Y 8N 5 F B Ik (35 4
W) 45 &M, Chen SF4V &K B, £ K
GPAGPHGPPG i JIT A 5 & i 85 1 B 5 1 v Bk %
AHETR X0 Jm B T E ST e N A
PR A K G A PO B T PR A o X e 2
BRI , Lys Fll Arg #2415 A7 1E FL 17 O 2R o 4R
T W 7R, Lys Fll Arg XF T 45 5850 R H 456 B4
)3 1T, 85 3 £ 1 P A S IR B B T AT 13.29% 717
A TERLAT o AN R AR A M AR GE BE 5 Asp BY
Glu AHEAE IR MERAT , DL Rn 243 0y 57 f fep , AT
A R TG 45 G R RS R FRE

W 1 ZH R AN R R IR , HoA—SE g K PR

- 064 -

FERR R ORI AR AR 5
RIR R AR 2RSS M E S PR S
FEEAMEH . BN, Pro il #7778 T 8 11 L 45 ¥4 (1 b
HLA Hh AT B 2 i v, X6 485 142 e 1) 2 P B 45 4 X I
23 BHZEEHREIHR I

T BRI, Z K S E AT E M S AL
AT SCHE I LR I VR . S I
ZIRAE 58555 6 J5 2T R 1023 (B 4544 , AT fi
FEES I W, 1E U0 Walters 28 19 ifF 5% il ik, 2 ik
WL ZEA W R s AR A AE R R
TR R Sy HELAG B TR0 T 0 I R R AR
It HZ RS0 YL G G ST S S 4 .

VFZ RN LU, IR S 5456 538 23 KA
REMSE a4 E RS
Gravaghi 26 % P, % 35 1 # 2 Ik (CPPs) i “Ser
(P)=Ser(P)=Ser(P)-Glu-Glu B2 P 3L ¥ 7 A B JF R~
FIRERIAEH , A S#mRSIERREL G
A BEVA S Ca® A HT-29 i & 35 = W24 5500
A, PEREGO 55 A X % 25 1 B 2 K (CPP) 5 45 1E
B SRR AT T S50 50 W7, B0 T2 IR —
AR ZVECE GO RS  RKFBLZE 48 (BRAE RS ) L 55
— AN A A B /NTE S5 R, LARUAR TG 72 T W iR
FEL K A T sCHES o B 9 25 SR 30, AT 45
T-B, CPPHEA 23 & A R4 i M 85 B T ik 1
CPPHE W) F A5 I IE L

RERZ R IE R SIKSHES NS
AR DL K 5 F RAH BAE A G o Ferraretto 55 244
FER I, 55 5 I I BERR K1Y “Ser (P) —Ser (P) —Ser
(P)-Glu-Glu” ¥ 45 & 2 R AE T2 1 2514k,
FEIRREA T BFE AL, Wu SS9 T i
Z: G0 1117 42 BK (Asn—Asp—Glu—Glu—Leu—Asn-Lys) ,
7% S B 15 NDEELNK ik _E % Asp F1 Glu 9 9§ 4>
BRI TGRS TMEAES TIZKL o
B iGE R i 2 BB 25 A R A T 1 e NI AR T LA
A AR G5 R () 4 KR

P53 [BIAH B A F J5 T, Zhang 45 & 3055 23 5f
Wi 22 IKEE 1 0 S, VR R S T AR IR SR A 1
A . KGR A AR K T 2 e S R K A
VEFH 55 85 25 #H B AR R Bl ok Uk . SUN
a6l ) filk 0 BBk (HEPPs) h BF 98 %F 4, & 91
HEPPs—Ca 44 K Jikr 3= 2230 1o s K AR 0] 4 | S0
A A BAE R 1B R .

JK 555 25 4 J5 T8 1 25 ) 245 44 % L D e A AR



HERLHE

2024 5 48] KB A A

PV A H B X S [ 454 AT fE 4 175 12
Jie A& B-PrE I A, Bk T OF 51 LK 5 85
B IAHEAE . i, V2 A S E A TP K
Bl - 1R S 1 , X M EE A RS 5 4 B TP
RS E FIBCALEE . S8k, —SEiRTT RETE I &
G He G o Y B R A = [ AT ELAE T 5
BTG XSRS BT LA IR RS 15 A
TA AR EAE T, JF R A5 E i AR e A

BEAh , K-S BG4 5 J5 1945 (] 25 K T LA He
TEA BN R E LI RE . V2 AN 5% Sad
R PR e L B0 EG B T R PR TR A A B T R
E LR AT MR A R S 1, S AN R 5 15 1
BEAHEAE I i, — S ik AT AR iE o 5 A A 1
P18 15 30 T A AR A R A N 5 S 1
VI FEE A7 Ak, DTS2 I A0 B D RE AN S 1% 5

SRR, IS5 B 45 5 5 2 U RE i 5 (] 245
Fay, IXPPEEA X KA S RE A= Wi P B G T 2 JiK
2 W) S5 Aey l LAE i 22 MO AR T T i 2 SR,
LGB A AR SR KA AR A X
S A8 B TS AN JIK-S 5 7 5 RO A B, e ml
RESZ MR HAE AN N 1€ DL AT RE . PRI, W ikl 5
[F1) 45 K K XA 5 4 52 W) ) BF 5 0) T B e JOk 5 5
Z A AH AR ML R T 20

3 ZitERE

ARSCLER T AR AR ) oK AR B2 I8 AR
YR E S EAM AN EE SR, N THRER
JR-E5EE 5 YRR R AT T 2 R 40+
BRI T B A AR IR ) S 3 A A R K-
BB G 0 2 T RGOS K5 45 45 A e T s )
W58 R I, R 43 o % L 5 85 45 5 i 52 ma JF R
10 D (105 M Rl 1= 107 N e =42 £ e s RS N S g TR v
BEL, T8 5 T N\ A PR B MR S R 3 B 5 17T s 43 o
(4 KT fiE 38 It SRR IS 3 T S S A e .
WAk, 22 1R (Ser) 952 R (Thr) Fl & 22 (Tyr) i@
HAE R BERR AT i, BRI A A AT LB 5 K 55 55 Y
FEMTT . SR, VF AN IR AL 5 3 1y It e 2 4
AR5 A5 ES G R T, X 3 B P R W A s /K
HIRA . Fra LM, IR A E R (Asp) IR
T2 (Glu) (IR HE 2 2R (His ) A K 5 35 )R il 4
SR () 8 FE A 28358, B o A R 45 A 7 a5

AN, LT A IR S A el SR
BETV URE A 1) 28 [ 2548 , TG F 5 i Wi . Bl

PHRS IR BTTRABTFE , K5 55 UM R OC 28 1Bk

HIE W . AR ABFFET B3T3 ) 2 1 F AR

RN GGG R, DT 2 IR S A5 5 1

FBCALALR , 38 ik = 2 [A) AR R AT o 5

FT ARG B 5 IR A 25 TR 2548, Lt — AP H A 1]

GER IR R R

SE K

[1]WONGDEE K, RODRAT M, TEERAPORNPUNTAKIT J, et al.
Factors Inhibiting Intestinal Calcium Absorption: Hormones and
Luminal Factors that Prevent Excessive Calcium Uptake [J]. The
Journal of Physiological Sciences,2019,69(5) : 683-696.

[2]LIU J C, TANG N, CHENG Y Q. Understanding the Factors Influ-
encing the Ability of Calcium—Binding Peptides to Promote Cal-
cium Absorption [ J]. ACS Food Science & Technology , 2023,
3(3):499-513.

[3]RERAT A, NUNES C S, MENDY F, et al. Amino Acid Absorp-
tion and Production of Pancreatic Hormones in Non—Anaesthetized
Pigs after Duodenal Infusions of a Milk Enzymic Hydrolysate or of
Free Amino Acids [J]. British Journal of Nutrition, 1988,60(1) :
121-136.

[4]YUXN, LIUX Y, ZHOU D Y. A Critical Review of a Typical Re-
search System for Food-Derived Metal-Chelating Peptides: Pro-
duction, Characterization, Identification, Digestion, and Absorp-
tion [J]. Comprehensive Reviews in Food Science and Food
Safety,2024,23(1):e13277.

[5]BAO Z J, ZHANG P L, SUN N, et al. Elucidating the Calcium—
Binding Site, Absorption Activities, and Thermal Stability of Egg
White Peptide—Calcium Chelate [J]. Foods,2021,10(11) :2565.

[6]JTIANG Y, LIU X C, AHRNE L M, et al. Enthalpy—Entropy Com-
pensation in Calcium Binding to Acid-Base Forms of Glycine Tyro-
sine Dipeptides from Hydrolysis of A—Lactalbumin [J]. Food Re-
search International ,2021,149:110714.

[7]GE X Y, ZHANG J, REGENSTEIN J M, et al. A-Lactalbumin:
Functional Properties and Potential Health Benefits [ J]. Food Bio-
science,2024,60:104371.

[BIRTSR , WIIGE A BE 1K, 55 . B A £ e Jie S 2 11 IR B 2 5 W i 1
KA FAL S RIS T )] a5 & BT ,2021,47(14)
38-44.

[9]ZHANG M, HE J L, PAN H Y, et al. Phosphorylation Modifica-
tion of Tilapia Skin Gelatin Hydrolysate and Identification and
Characterization of Calcium—Binding Peptides [J]. Process Bio-
chemistry,2023,127:1-9.

[10]WANG T T, LIN SY, CUI P B, et al. Antarctic Krill Derived
Peptide as a Nanocarrier of Iron through the Gastrointestinal
Tract [J]. Food Bioscience,2020,36: 100657.

[11]LEE S H, SONG K B. Article Isolation of a Calcium-Binding Pep-
tide from Enzymatic Hydrolysates of Porcine Blood Plasma Pro-
tein [J]. Journal of the Korean Society for Applied Biological
Chemistry,2009,52(3) :290-294.

+ 065 -



KB R 2024 %4

BERLHE

[12]JCHOI D W, LEE J H, CHUN H H, et al. Isolation of a Calcium—
Binding Peptide from Bovine Serum Protein Hydrolysates [J].
Food Science and Biotechnology,2012,21(6) : 1663-1667.

[13]EL HAJJ S, TRANKUNDA R, CAMANO ECHAVARRIA J A, et
al. Metal-Chelating Activity of Soy and Pea Protein Hydrolysates
Obtained after Different Enzymatic Treatments from Protein Iso-
lates [J]. Food Chemistry,2023,405: 134788.

[14]LIU F R, WANG L, WANG R, et al. Calcium-Binding Capacity
of Wheat Germ Protein Hydrolysate and Characterization of
Peptide—Calcium Complex [J]. Journal of Agricultural and Food
Chemistry,2013,61(31) :7537-7544.

[I5]LIL L, MA CM, YANG Y, et al. Exploring the Potential of
Plant-Derived Metal lon Binding Peptides: Preparation,
Structure—Activity Relationship, and Biological Activities [J].
Trends in Food Science & Technology,2024,152:104650.

[16]SUN N, JIN Z Q, LI D M, et al. An Exploration of the Calcium—
Binding Mode of Egg White Peptide, Asp-His=Thr-Lys—Glu,
and in Vitro Calcium Absorption Studies of Peptide—Calcium
Complex [J]. Journal of Agricultural and Food Chemistry,2017,
65(44):9782-9789.

[17]SUN N, WU H'T, DU M, et al. Food Protein-Derived Calcium
Chelating Peptides: a Review [J]. Trends in Food Science &
Technology,2016,58:140-148.

[18JHOU H, WANG S K, ZHU X, et al. A Novel Calcium—Binding
Peptide from Antarctic Krill Protein Hydrolysates and Identifica-
tion of Binding Sites of Calcium—Peptide Complex [J]. Food
Chemistry,2018,243:389-395.

[19] JUNG W K, KARAWITA R, HEO S J, et al. Recovery of a
Novel Ca—Binding Peptide from Alaska Pollack (Theragra Chal-
cogramma) Backbone by Pepsinolytic Hydrolysis [J]. Process
Biochemistry,2006,41(9) :2097-2100.

[20]BAOX L, LVY, YANGBC, etal. A Study of the Soluble Com-
plexes Formed during Calcium Binding by Soybean Protein Hy-
drolysates [J]. Journal of Food Science, 2008, 73 (3) : C117-
CI21.

[21]LV Y, BAO X L, YANG B C, et al. Effect of Soluble Soybean
Protein Hydrolysate—Calcium Complexes on Calcium Uptake by
Caco=2 Cells [J]. Journal of Food Science,2008,73(7) : H168-
H173.

[22]JIANG B, MINE Y. Phosphopeptides Derived from Hen Egg Yolk
Phosvitin: Effect of Molecular Size on the Calcium-Binding Prop-
erties [J]. Bioscience, Biotechnology, and Biochemistry, 2001,
65(5):1187-1190.

[23]LAO L H, HE J, LIAO W W, et al. Casein Calcium—Binding
Peptides: Preparation, Characterization, and Promotion of Cal-
cium Uptake in Caco—2 Cell Monolayers [J]. Process Biochemis-
try,2023,130:78-86.

[24] FERRARETTO A, GRAVAGHI C, FIORILLI A, et al. Casein—
Derived Bioactive Phosphopeptides: Role of Phosphorylation and
Primary Structure in Promoting Calcium Uptake by HT-29 Tu-
mor Cells [J]. FEBS Letters,2003,551(1-3):92-98.

066

(25 it . 60 O 15 25— 25 5 6 M IR 18 o) B 5 45 5 ML e 0 52
[D]. 75 &« P EERS:, 2014 111

[26 ]SUN N, WANG Y X, BAO Z J, et al. Calcium Binding to Her-
ring Egg Phosphopeptides: Binding Characteristics, Conforma-
tional Structure and Intermolecular Forces [J]. Food Chemistry,
2020,310:125867.

[27]ZONG H, PENG L J, ZHANG S S, et al. Effects of Molecular
Structure on the Calcium—Binding Properties of Phosphopeptides
[J]. European Food Research and Technology, 2012, 235(5) :
811-816.

[28]WU X P, HU Y Y, ZHENG S H, et al. Food-Derived Calcium
Chelating Peptides: Biological Functional Components for Better
Calcium Bioavailability [J]. Trends in Food Science & Technol-
0gy,2024,150:104595.

[29]WALTERS M, ESFANDI R, TSOPMO A. Potential of Food Hy-
drolyzed Proteins and Peptides to Chelate Iron or Calcium and
Enhance Their Absorption [J]. Foods,2018,7(10):172.

[30]BANSAL S, VACHHER M, BURMAN A. Calreticulin:a Quintes-
sential Multifaceted Protein with Therapeutic Potential [J]. Jour-
nal of Proteins and Proteomics,2023,14(3): 187-200.

[31]LIN ST, LIJ, HU X, et al. Potential Dietary Calcium Supple-
ment: Calcium—Chelating Peptides and Peptide—Calcium Com-
plexes Derived from Blue Food Proteins [ J]. Trends in Food Sci-
ence & Technology,2024,145:104364.

[32] E/AR, FLFRE ARk A R0 B 2 11 IR 25 W O i o
BAATELY ] A Mg, 2017,42(7) :50-54.

[33]LIU X C, LIU J Y, SKIBSTED L H. Temperature Effect on Cal-
cium Binding to Aspartate and Glutamate [J]. Food Research In-
ternational ,2022,159:111625.

[34] NEMIROVSKIY O V, GROSS M L. Determination of Calcium
Binding Sites in Gas—Phase Small Peptides by Tandem Mass
Spectrometry [J]. Journal of the American Society for Mass Spec-
trometry, 1998,9(10) : 1020-1028.

[35]ZHAO L N, HUANG S L, CAI X X, et al. A Specific Peptide
with Calcium Chelating Capacity Isolated from Whey Protein Hy-
drolysate [ J]. Journal of Functional Foods,2014,10:46-53.

[36]LIU H, BAO X L, LV Y, et al. Separation and Evaluation of Soy-
bean Protein Hydrolysates Prepared by Immobilized Metal lon Af-
finity Chromatography with Different Metal Tons [J]. Journal of
Chromatographic Science,2012,50(8) : 714-720.

[37] YANG W T, HE Y Z, TIAN Y, et al. Characterization and
Mechanism of a Novel Rice Protein Peptide (AHVGMSGEEPE )
Calcium Chelate in Enhancing Calcium Absorption in Caco—2
Cells [J]. Journal of Agricultural and Food Chemistry, 2024, 72
(15) :8569-8580.

[38]PEREZ A, RUZ M, GARCIA P, et al. Nutritional Properties of
Fish Bones: Potential Applications in the Food Industry [J].
Food Reviews International ,2024,40(1) : 79-91.

[39]HU G H, LIX T, SU R N, et al. Effects of Sheep Bone Peptide—
Chelated Calcium on Calcium Absorption and Bone Deposition in
Rats Fed a Low—Calcium Diet [J]. Journal of Food Biochemistry,
2024,2024:8434888.



HERLHE

2024 5 48] KB A A

[40]SCOGIN D A, BALDWIN T O, GENNIS R B. Studies on the
Complex Formed between Bacitracin a and Divalent Cations [J].
Biochimica et Biophysica Acta (BBA) — Protein Structure and
Molecular Enzymology , 1983,742(1) : 184-188.

[41]CHEN Q R, GUO L D, DU F, et al. The Chelating Peptide
(GPAGPHGPPG) Derived from Alaska Pollock Skin Enhances
Calcium, Zince and Tron Transport in Caco—2 Cells [J]. Interna-
tional Journal of Food Science & Technology, 2017, 52 (5) :
1283-1290.

[42]TARAHI M, ABDOLALIZADEH L, HEDAYATI S. Mung Bean
Protein Isolate: Extraction, Structure, Physicochemical Proper-
ties, Modifications, and Food Applications [J]. Food Chemistry,
2024,444:138626.

[43]JHUANG L H, CAI Y J, FANG F, et al. Recent Advance in the
Valorization of Soy—Based By-Products: Extraction, Modifica-
tion, Interaction and Applications in the Food Industry [J]. Food
Hydrocolloids,2024,157:110407.

[44] GRAVAGHI C, DEL FAVERO E, CANTU’ L, et al. Casein
Phosphopeptide Promotion of Calcium Uptake in HT-29 Cells—
relationship between Biological Activity and Supramolecular

Structure [J]. The FEBS Journal,2007,274(19) :4999-5011.

[45]PEREGO S, DEL FAVERO E, DE LUCA P, et al. Calcium Bio-
accessibility and Uptake by Human Intestinal Like Cells Follow-
ing in Vitro Digestion of Casein Phosphopeptide—Calcium Aggre-
gates [J]. Food & Function,2015,6(6) : 1796-1807.

[46] ZHANG J, LIANG L, TIAN Z, et al. Preparation and in Vitro
Evaluation of Calcium-Induced Soy Protein Isolate Nanoparticles
and Their Formation Mechanism Study [J]. Food Chemistry,
2012,133(2) :390-399.

(47 VRN, ARG , RBAZ , 45 445 4 O o v WA A AR PO 1 i 5 %
HARESEE G A RAELT ] &R, 2023, 44(6) : 125-133.

(48 T3 WA, A0 A8 I, 24N 6, 25 . e of i 26 19 52 kK St I -5 5 9 i
AT RO LB EHURI[T]. &5 FRHF,2024,45(20)
57-64.

(49 BRI . 85 % 5 0 48 10 A0 ) R RR I B LK e R A A ML 11
WD ] 5 7 BRHR A, 2022.

(501 JE 23 AR RR , Mz ik, 45 . 1 I T o A 255 IR 3 i 4
el ik S [ ] B mRE,2020,41(22) :8-14.

(S1IBKBUDE, T RFEE, 47T, &5 . o fh i faff g D5 2 1 U S H ik — 45 2%
G WREEFFRAEL) ] BRI AT, 2019,25(12) :98-100.

+ 067



