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# E: BN IR AEIKEE (degree of hydrolysis, DH)ES & [ B2 ik (casein phosphopeptide, CPP))FR AL 4
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Comparative study on the physicochemical characteristics and calcium
holding capacities of casein phosphopeptides with different
degrees of hydrolysis
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ABSTRACT: Objective To study the physicochemical characteristics and calcium holding capacities of casein
phosphopeptides (CPP) with different degrees of hydrolysis (DH). Methods CPP was prepared by the laboratory
with the DH of 4.32%-26.76%, the content of CPP [high performance liquid chromatography (HPLC) and
barium-ethanol precipitation method], content of isoelectric insoluble substance, molecular mass distribution and
calcium holding capacity were measured. Results With the DH increased, the peak area determined by HPLC and
the content of isoelectric insoluble substances of CPP were increased and decreased, respectively, but the content of
CPP determined by barium-ethanol precipitation method had not significantly changed, and the content of isoelectric
point insoluble matter could be used as an index to evaluate the quality of products; the current relative molecular
weight distribution detection method had large detection error for CPP samples with different DH, which could be

used after using acid soluble protein content as correction coefficient; when the concentration of CPP was 0.6-0.8
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mg/mL, the calcium binding capacities of CPP with the DH value of 9.22% and15.06% were better than that of CPP
with other DH. Conclusion The degree of hydrolysis has distinct effects on physicochemical characteristics and
calcium holding capacities, and the appropriate degree of hydrolysis and detection method should be choose in
practical application.

KEY WORDS: casein phosphopeptide; degree of hydrolysis; physicochemical characteristic; calcium holding
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IR NS SRR R T D P e R, 2k
BAE AR 1.0%~2.0%Z 41" Jadiil, 856z 25800
FAERKETAR . BIREME . MERERRNEES, &
FRRELER TN, GEILE. F04E . Z2AMEE AT
i = BRI, VRN SRR R A S BE A S A
A R A T B T ISR AR B T ORI o 1

i 25 1 B 52 ik (casein phosphopeptide, CPP)J&4fF,
Ji% B 11 20 0o A A5 B0 (0 25 4 i B, HLSEAC S5 # Oy -SerP-
SerP-SerP-Glu-Glu-, 2+ 44 1000~5000 Dal*". #F5F

il

K] CPP AYAZ L AR AL (W IR 22 Z R TR )TE 55 TR Ik B4 2R 1R T

REA A5 85T TS AW, AV R 45 T UE (1
AR, DN AR E /N X5 i W i, ) B LA )RR 1
AL B P AR T E TR, BB e YR
AR A SR AL R A TR, EANE % CPP
Jz S AL 2L A L SRR TR DL B i
B 31 3R [ H R 20K CPP A i JR 5 AL
ATFRY LR . EFR RS R HR a6 R
YRk

AR R, K AR BN [FIR A3 300 CPP %
FEPR A BURARR 43— S0 B A A R AN IR, 330K B e
PE ISR F A RO S g1 Rk, ASBF SR XS R K
JE %) T B 1 ol e K™ o P R B 1 R K R R RO
AR5 (high performance liquid chromatography, HPLC)
M- ELME] FHANEY SR XSRS
HEAT 40T, 38 A AL SE I 8 T AR AN [ B n 2t 19 Hp4S
AeS1, DAAASZERAE ;7 CPP Y B P Ah H A — 2 A HLS
A

1 HR57®

1.1 #E5R

THEER . EOEEMR, TTH).

LG (g4, 5 Sigma 23H]); oK LEE, Efein,
Hir . SAMAT. RO, HR. A, SJs. =
$2 B B G S B B - R (Tris-HC) G Wil . BEPR R 2% vhifk .
FAES(rbral, E2GERFLFIERAF).

1.2 UE5EF

BSA224S S R(0.1 mg). PB-10 pH i+ (FE£FIiHr
Bl gt T A B F)); HH-6 %5 A5 R A /A 50 (i M LAk
{28 PR ) ); Ultimate 3000 725 4% i AH €5, 15 4% (35 [F
Thermo Fisher Scientific 2\ ] ); TSK # i 4 3% #
(G2000SWXL, 300 mmx7.8 mm, 5 um, H A TOSOH 2\ 7);
Welch Ultimate AQ-C;5#1:(250 mmx4.6 mm, 5 um, Fi&H
OB A FR N ); HC-3018R 2 3V VR B O LB b )
AUAA R ), TAS-986 JFF WIS 4 BE T (b -4
WA A RS A ).

1.3 SKWHE
1.3.1 REIKfEE CPP 494 &

FRI—E i TS 2R, TR RHAR pH & 7.0, Win—
ERMEAMN, T 45 °CTFHHE—C I RS & T Rs+
KM 10 min, 245 . RURT G138 CPP K, 5
HAE CUT S5V 3 I 52 W i RO 7K AR T 125 v LA
YO0 it 2 P AR BT 1) G0 3 1 s

&1 CPP @I ZHHINES S MBESHERTE
Table 1 Enzyme dosage and hydrolysis time in the enzymatic
hydrolysis process of CPP

KAt BE 1% TG /%o it gt B i)/
432 2 1.0
9.22 2 2.0

15.06 3 4.0
19.21 4 45
23.68 5 5.0
26.76 6 5.5

132 CPP #94&A% & & REMegn &
(OHIN-Z B E CPP & i FN4F L s NI
R4 GB 31617—2014 { b2 FHERME £ HEFR
SEAbF] W I BEER K ) AYEN-Z BEDTTE LN E CPP 2 Al
SEHL AN
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(2)HPLC i€ CPP % 4k

S kSN HPLC JIE CPP A& R RER I g
96.63%~101.42%; AEHEEE N 0.00%~0.02%), BCHIAL 5 &
WIEH 1 mg/mL, FF5% ] Ultimate 3000 725 250/ AH 23543 (i
£ Welch Ultimate AQ-C g #1)JEA T 5E 237 o
1.3.3 CPP ARt 4T/ & oA 69 M 2

P HRE it R BE Ol 1 mg/mL, SRS % T B B )
FRIE I 1 T (3 I E CPP MR o0 T i oA o (il 4%
P EIERESN TSK BRI, WatH(A/BYA 45%C i
+55%7K+0.1% = LR, SFEVEDL; W 0.5 mL/min; 41
i 30 °C; BEREAAFR 20 pL; A 220 nm.
1.3.4 CPP #4548/ e 2

S IRZE i S PO ik VRIS M A8 B B 0.5 mol/L
B AL AW 1 mL. 2.5 mol/L (pH 7.2)4 Tris-HCI 28 i
1.0 mL, CPP RFIM 1.0 mLUREWESHH 0, 1, 2,
3. 4. 5mg/mL)., 7&K 1.2 mL. 0.1 mol/L M4 LB K
0.4 mL, FI—FiFIELEFTLAFES], BF 37 CKIEH,
IRIGINATRSGAEIETE 37 °CHY 0.1 mol/L (pH 7.2)fIHmREh
LA 0.4 mL, $E5], dREEAE 37 °CIRIE. 3.5 h JFHUH,
AR, T 4 °C. 6000 r/min 4T &0 15 min, B
3mL BT AR, A 3mL 9 0.1 mol/L LR, &
K% 10 mLo U 1.0 mL L3RR, A 1% L5E R
1.0 mL . A8BR(1:1, V:7) 0.1 mL, FKBFZE 10 mL, X5
JELF WAL 43 6 BE I T W S 1 & . CPP YRS R
TR AKX DHATHE .

. C
i%@%ﬁjw%=z}x1ow% (1
2

Hrp, ¢ MIEER P Ca¥ & i, mg/mL; C, MINAMAR
PRy Ca* & i, mg/mL,

1.4 HIEFEH

K] Excel BAFHEATGET o34, AT SEg$ics it 3
UAPAT S5, 4551 DLV B (E 45 HE I 22 % on, JF R
GraphPad Prism 8.0 #4742 .

2 HRE5HR

2.1 KEEEI CPPEEMFESN TS ENZNY

i 1:f HPLC FIA- 2 BEE TR E T ANl K ff B CPP
TR T AR R RR K O, 45 R AN 1 IR . B K AR
(7t , HPLC v ity FRRH 2 38k, RV 26 11 B 1 R 114
N, I - 2 WE VT UE 0 A 0 B R AR I T
30%ZE 47, T B ARk, X AT BESE B T HPLC ZAR4EHE IR
JUR BT A 1 i T BRE AT A AT, E AR R LA MR, R
i FLSC 3 S B CPP HP A R UK B0 55 B2 o, o XL A 2
K FH HPLC 5 LRy S 2L il it v s 26 11 ol e o 1) 5 i

i 11l 2 R 1 JO o e 5 HL 0 TR B R LA R A T R
PEXF, BIREPR A HPLC W2 224 LR 7 3Lk b g
EERIKA &R, ZBLAE 100~500 pg/mL 75 B YL
KRN - BT N A Ba i
19K 43 PR BRI TTE R TS B WL IR Y 25 i, ik %001
R 237 B A3 A S [ 9 CPP 7 ity (A 7K A B e A i 75
F) 45 Z2 AR 43 F 00 B AR I B R IR R AR B IR K, 15 B A
W48 T A PR AR il n, SRR A AR - 2 i v
PAE YIRS P CPP &, ISR E K 6436.11%. 73 4%,
I Lo ATHN, BEE KA, SHAENEY B
Wb, X5 HPLC I i e T AU i 44 — 3. HPLC
BRI T A, RS DU T A ) B, T L AR
N BB 3R TSR A, AR I A 7 e AR v A T W
A= S o DRI, AT DA 3 e ) LA R SR VA I
e Hop= S B, X CPP My oE fAd: r= B
—EE L.
2.2 JKEREN CPP HM S FRENHHIF

H T, CPP AH Xt 4 5 & 4 i A A% I 2 B GB/T
227292008 (i AARR MR ) T kAT, B
AAXF 43T B A AR T 1000 Da FAREE BROK AR #K) -
T 24 7K A BE AR, 5 B F R S A R = i R & R
LAY, L5 2B, BB TR, T L
RGN 25 SRR BE S B P LSS 2R LRI 2 B A,
Xof 3k B 2 R 8 R o0 F P S A T U T, DR X 2 SR
PHTIEIE o Gl AT AL IR IR UE, AW S3 41 0 DK B
A R R A A S SR T A IE, X AR
X o3 BRI SRR, AR S T AR TR pH
2,11, HL, SRR B 3% A R 3 4 o B A 1 R
AR . GB/T 22492—2008 { KB A ) Aotk & & Ayl
SE TR, S B R I R VS R 1 R, IR A R
B pH A 1.95, 5435 I B i shAR S ARG o BRIk, LA
T Vs 8 11 T o S R R T A 1 BB S RS I R AL
T IEAE S A 43 F IR A I A5 R . X Ee & 2 e 3 Bk
P rlLVE Y, A E BB IE IR, AFUKAEE CPP Bk
WS Bl 0% LS o e 7= iy P 50— X ) B9 T o5 ) BB
PR, 0058 A (] K AR B CPP A X 43 5 ) e S kA T
Y AALIE

P SCHR PR T, CPP B ) BB A4 HT X 4 F R AR
1000~3000 Da Z[f] , ti 36 3 W%, /KMREBETE 4.32%~15.06%
B, 43FEAE 1000~3000 Da )25 5 Fifi 5 7 7 BE A 488 o iy 1
Jin; 7 15.06%~19.21%0 P58, MK KT 19.21%
B, 23 FHFE 1000~3000 Da A5 ik bifi 25 7K A7 B Ao 38 i i o4
fi%e B, 76 SEBRAE =i FK R BEAE 15% 2847 19 CPP 4L
R,
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0L, : ’ / % g3
2V B
=111
& / / / / / / B
Sk
il
il
. . . . . . 432 922 15.06 19.21 23.68 26.76
0 IKIBEE %
8o -
]
g 60
s
& 40
=
g 20
0
22 15.06 19.21 23.68 26.76
IKIREE %
T a. B-ZBEUUREL I E A CPP &4 b, HPLC MIAEAY CPP R TRIFY; c. SEr i RIEYI & i,
B 1 ANFEZKAEE R4 CPP W& i FAE i AN IR Y 2 i (n=3)
Fig.1 Content and isoelectric point insoluble content of CPP with different degrees of hydrolysis (n=3)
*2 WERIARIKEE CPP MBS TRENH
Table 2 Molecular mass distribution of CPP with different degrees of hydrolysis before correction
TKAHE 1%
43 &/Da
4.32 9.22 15.06 19.21 23.68 26.76
>10000 30.44+1.02 5.87+0.14 1.01+0.11 0.16+0.05 0.73+0.09 0.57+0.11
5000~10000 34.54+0.82 10.06+0.72 2.16+0.28 1.58+0.26 0.58+0.17 0.34+0.11
3000~5000 13.37+1.00 12.06+0.09 3.49+0.24 3.16+0.15 0.52+0.12 0.25+0.09
1000~3000 14.50+1.98 37.79+£2.71 26.20+1.95 22.39+1.41 10.59+1.25 7.04+0.64
500~1000 3.34+0.44 17.12+0.94 28.37+1.54 25.62+2.13 27.44+1.25 24.84+1.00
<500 3.81+0.10 17.10+0.26 38.77+1.57 47.09+1.92 60.14+3.71 66.96+5.27
3 RERTEKEE CPPHENSFRENT
Table 3 Molecular mass distribution of CPP with different degrees of hydrolysis after correction
K BE %
7 F/Da
4.32 9.22 15.06 19.21 23.68 26.76
>10000 97.75+0.03 72.54+0.04 38.13+0.07 29.06+0.07 21.01+0.07 12.60+0.09
5000~10000 1.12+0.03 2.94+0.21 1.35+0.17 1.12+0.18 0.46+0.14 0.30+0.09
3000~5000 0.43+0.03 3.52+0.02 2.18+0.15 2.25+0.10 0.41+0.09 0.22+0.08
1000~3000 0.47+0.05 11.03+0.82 16.37+1.51 15.92+1.04 8.43+0.97 6.19+0.56
500~1000 0.11+0.01 5.00+0.27 17.73+£0.96 18.20+1.52 21.84+0.99 21.83+0.88
<500 0.12+0.01 4.99+0.08 24.23+0.98 33.46+1.36 47.86+2.95 58.86+4.63
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2.3 JKFREX CPP #§56E RIS

LUO &N 3 AN RAE TN 03T 3 J7 BB AR 45 5 1Y
FEKEI, 555 CPP M4 &0 BT Glu-2 BRI
WAL 1Y Ser-15. Ser-18 Fil Ser-18 MyMEIRILAL, [RIFFiIA %
UG K AR EAE F RS B 45 A I B 20K S ) . G ER IR
BRARES IR (0 18 AN 2 22 2 1R TR I . 2 JEMR AL A LA
KO3 T4 B A 62T L L (AT W st A
A4 K (4 20, 41, TSUCHITA 2562859y 324, CPP X
B (SRS T/ M I CPP A A SRR, 24— R
o 0.37 BEXHE S YT RS R A . i, 5
XTREAHE, MR RER R T E A 0.2 1, Mg RS
AR I SO | ik B SR R Y A B b S R e ) R
I, AWFFIRGE T LEAS A KA B2 FOAS [ N &2 1) CPP /Y
FRE5RE ), 459 2 . B 2 AT, 4 0~0.4 mg/mL
B, REVKEEE CPP RIRFESRE ) B, (HIE AN 2,
W5 WS IR 30, FEESRE I BB, X4 CPP i
R 0.6 F1 0.8 mg/mL W}, /KARRETE 4.32%~26.76%F)
CPP HYFFEGRE 1143 514 (40.23+1.27)% . (52.24+0.03)% .
(43.56£1.38)% . (25.63£0.35)% . (18.43+2.84)% . (24.16%
1.72)%F1(59.96+3.93)% . (63.36%3.50)%. (65.99+0.22)% .
(48.15+2.30)% . (29.86£1.09)%. (39.66+2.08)%., 45FFHH,
X4 CPP 4 F Tk i B4 0.8 mg/mL B (ML) CPP 545 1 (8
N 2.5), HERYLE AR, A TP gy 45 R
H—E 4 CPP W EWKIE N 0.6~0.8 mg/mL B, KFAFE
H9.22%F1 15.06%I1) CPP [WHFESRE F1 05 T HoAth K A B2 1)
CPP.

751 -e-432%
- 9.22%
60 15.06%
-+ 19.21%
\o —— 23.68%
E 45 | ©-26.76%
39
&
30
4
15

0 1 1
0.0 0.2 0.4 0.6 0.8
CPP/R &Y E/(mg/mL)

B2 AFKSfEE CPP IHRF5HE T (n=3)
Fig.2 Calcium holding capacities of CPP with different degrees of
hydrolysis (n=3)

3 FHi5iie

ABEFARIE TKFREEXT CPP it LS AEY &
DS TR AT AR RE ST AR, ERANE T
(1Bt 7K fff B R 380, FIPL.C 00 532 1) A e ok 17 0 i

Rl Z 38, SEH R St B 3G, TR - 2 B
TUVE LI AE (10 B BRI AR & 3 4E 30% 2540, WK 55
RN AT 0 5 i — M8

(2) H B FA%1E GB/T 22729—2008 1 CPP AXf 4>+
JoT A AT A I 7 VA X K AR B HRAR A CPP R AL IR ZE R,
AT IR UE SR AT, B ERE S P RV B 1 A AR
ERBASIER, AFEIKAREE CPP AR I B Al % EL 52 F ik
77 b A A3 X R 3 AT

(3)¥4 CPP Wi HEWE N 0~0.8 mgmL B, 7
4.32%~15.06% i [E N, CPP [UH¢E56E )1 Bl 7K A 2 A 38 in
g, AKREE KT 15.06%)5, HAFEGRE T BE/K M B2 A3 m
BT, IKARE N 9.22%F0 15.06%0 1Y) CPP 45456
PEF AR EE ) CPP.
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