542 % 418 4] i Tl B Vol. 42 No. 18
F9H Science and Technology of Food Industry Sep. 2021

2021

FHFF, R, U, 5. R F RS R BRI S BT B SRS A8 ST ARG (1], & bR, 2021, 42(18): 292-299. doi:

10.13386/j.1ssn11002-0306.2020120183

JIANG Ginger, QUAN Wei, CHEN lie, et al. Correlation Analysis between Properties and Calcium-holding Capacity of Different
Casein Phosphopeptide Products[J]. Science and Technology of Food Industry, 2021, 42(18): 292-299. (in Chinese with English

abstract). doi: 10.13386/j.issn11002-0306.2020120183

© ST -

b3

ANRIFE B TR RRIR - i B PRI S £ 5

HE ARG S P

£&5F .2 B OE, kg
(LW FE2 (L&) ARG, L% 2000305
QIIHRFERAFERRKEAREL LR T, ILHLY 214122)

i EARABZEQHBRIK (CPP) F Sl At LM 7 69%h, AT @ LF L) 7 #8& QBRI A o
At g, METHEOHRBIKEE. ABELEZAAHL (NP) . 2 FESH. AARAR, F3TLRLEREH
BRAFITHREIH. BREAY, THAROBEOBBEKASE R NP 2 EHHE 1.30%~18.50% F= 12.70~
46.80 Z 1], RABAEH 70.50~901.00 mg/g, LEBVUHARAZ, »FEHHNEF AL 5000 Da ATF (%75
&) o URRRWE (0.05. 0.1, 02 g/L) 4 7 #8E6F G BB = o N B AL RUS R AR 2 bl 52 2455 Ak
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AR B SR O BB T SRR T — R BRI,
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Abstract: In order to investigate the influence of the properties of casein phosphopeptide(CPP) on its calcium-holding
capacity, the content of CPP, nitrogen and phosphorus content, molecular weight distribution, amino acid composition and
content were determined using 7 kinds of commercial CPP products. The correlation between physical and chemical
properties and calcium holding capacity was analyzed. The results showed that the CPP content and N/P of 7 kinds of CPP
products were 1.30%~18.50% and 12.70~46.80, respectively. The content of total amino acid of 7 kinds of CPP products
were 70.50~901.00 mg/g, and proline was the most abundant amino acid among those CPP products. The molecular weight
of those CPP products were <5000 Da(except for No.7 CPP products). Meanwhile, the amount of CPP added to the
simulated reaction system at different levels(0.05, 0.1, 0.2 g/L) were also determined using those commercial CPP products,
No. 1, No. 2 and No. 6 products showed better calcium holding capacity, while No.7 products showed the worst calcium
holding capacity. Then the above mentioned results were subjected to principal component analysis(R1=0.674, R2=0.167),
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the results showed that there was a correlation between the molecular weight distribution, amino acid content and the

calcium-holding capacity of CPP products. Further correlation analysis was found that the content of molecular weight >10

kDa showed a highly significant negative correlation with the calcium-holding capacity of CPP samples(correlation

coefficient —0.985~-0.975, P<0.01), while CPP samples with similar molecular weight distribution and higher content of
isoleucine(correlation coefficient 0.766~0.768, P<0.05) and phenylalanine(correlation coefficient 0.758~0.759, P<0.05)
showed a stronger calcium-holding capacity. This study provided a theoretical basis for evaluating and improving the

quality of CPP products.

Key words: casein phosphopeptide; calcium-holding capacity; molecular weight distribution; principal component

analysis; correlation analysis

1% 25 P 82 Ik ( Casein Phosphopeptide, CPP) J&
LA ZUBS SR o okl S0 Bk g . 43 S aifb s 2 iy
— P ST BEIR 22 IR I A e R 22 AR, AR 4
JiT A 1000~5000 Da' . WF5ERHA, iR BRIk
HRPER IR 22 ZA BRI S5 A% O S5 A HA B 5 B 550
YIESFIIRE T, R REE/ Nz T s mas i B
T 5SS ECA ESER, DATHLIHALE Fh 2 Ak
Fifg 1 7K i 91 BH L 85 25 T I BRES DT TED . Ak,
i 25 FH 1B 11E BH BB A A S IS TR A4S PR A 3 BE )
(], [RIAsH e 7 B 2 X 45 25 1 i IR BRI R

5 R NP S EREFEE N RITE, 295K
EAREN 1.5%~2.0% 2457, MGG =E 2800
HARKEEAR . BGOSR EE R A,
FWEEFHE LR, JLE., F/04E., 2Rz PE A
WAFTEGRES ISP, W AR AR IR E Sy —Fh R 4r
PGSR BERE AR 5k AR B A5 g ISCR R 2, DT T
Bt | it . JLEE R B ARSI, FREH
Bl T 2038 A i 4, 1 R IR IR E A & Fea AR v T
B Lty . FSirAkFLEE L B PO RN E SRR SR
FJAGET

SR T T JEORERIT S £ T 1k 19 22 55, A W]
B HBER AR S-PE T 22 B4 . BF AN IAFST R I 1%
B BRI U™ i I L BE R L S AN HE T |« /K fie B8 Sk
WEIR FELE G 85 M RE 1 237 AR AR R i 5 g 13191
i, ASTIF SR AN [F] 15 25 1B IR ™ o Pk BT R A 7 5
AT, I A MEHLL L 5025 S8k LU P 2 [ B ™
TEAFGINEFIE T WRFESEE 7, 5T oo bl
FH I 53T B T RIS E AN [R) T A PR O™ b AR e
SN HASFEG RE 7 M OCERIR 3R, S R AR BRI KA E £
R R TR A AR
1 #REREE
1.1 MREEE

7 PP AR D AR AR BRI R SR
W 1 7 AR ERHR A E] O . R
o gal, 32 E Tedia 2N 7] SR FURAREE . 1B 2R

RN IIRASA BRA T SEg = otz H3e

[E MiLLipore 2\ F4li/kigib R GeH £ oK L2, &4
AN, =R . $hiR . =20 . BERREN . VKGR 47
#rati, HE RigEZEAERA TR A A .

2695 TRRCRAH TG FRIB PR AT B . 2690 iy

SR AH O BRI DUAK AT BT 3 22 [ Waters 2 s
3K15 B R ES.LHL S5 E Sigma 43 5 AX205 H T
FKF-. FE20 pH i Fi-t Mettler Toledo 2\ 7]; DHG-
9070A F T LML v [ M S IR AR A R
Al; TDL-5-A B G ELLHL FE =3 .
1.2 SLWHE

1.2.1 CPP &HEMIE MRS CHER [1,16]: HERHFREL
5.0 g CPP FE&h, N 40 mL #B4liK, F855 e
i Hozf%, FH 0.1 mol/L R pH I = 4.5 3F 8
A ACKHARTE AR 50 mL, iR #5560 min, B#
JENFERAE S IR 5000xg B0 30 min dE |-
YW, R DTTE B FaARAEIRAN I, KL 2B PR T
S0 EISIRG, FTEHBAACK AT REZ S 100 mL.
2 N oRINA BaCl,, {# & 15 5] 50 mmol/L, 847
WHEE A 100 mL Jo/K ZFEFer RS e BT 4 C
VKA PR E 24 h, FIREME SRS T 5000<g B
U 30 min W& EIER . dRSLmyiiE A 100 mL
50% 1 L EE (B FERE R UTTE) , H HAE SRS T
5000%g #5.0> 30 min. I IZEETRIFEELLPIIR,
TS UTTETE 60 °C A TR 145 24 h(EZS
B <24 mm Hg) . IZHREIrMSM9TUTTE T o
LI AFGHA CPP 4

= % 100 £ (D

m,
s c: CPP &1, %; my: TG B Z BT T
P TR, g5 m,: FRFEIIT R, g
1.2.2 CPP BSVA(. SMBEE & M N/PUEE/REL) YA
HRYE GB 5009.5-2016 B AR FH T AMINE Y EILES
EAEEMEN, CPP HH ARSI S8R X B4
AMRE . B CPP A S R AR Y S it A
52 N/P(BEIR L) >'®,

n=—x— (2

T n: N/P FEJR s ny: N BRI 403 &, %
n,: P BRI B hE, %3 31: P ARIARXT ST hE, g/mol;
14: N BYAEXT 53+ BT L, g/mol.
1.2.3 CPP PYEFEIRLH AL AR SCHR [19], HERIFREL
—E Y CPP A (R 5 2 L% BV EETE 50~75 mg
JEFEIPY), B 15 mL /KRS, BE/S A 10 mL 6 mol/L
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LR, FLHTYRFEAE CPP FESLI SIS BT IEwh, el
7t N, 3 min IS, SRJEE 110 °C HLFa oK
24 h, BUREHIS A 4.8 mL 10 mol/L NaOH HHl
KR o Z I K /K i S5 2 3] 50 mL 5200
N, B EFR B ZIE, IRS) . BRI
JZNELCENE, WAEIEMTE 15000xg T &5.0> 15 min, B
IR AT A

HETH B ORE S P T S S IR TR TR B b 1 L s T
200 pL, BT 1.5 mL ¥R LA D, HEFRAITA 20 L

SRR, — LN CREHSR 100 pL, SR

FRASHE Z NS W 100 L, FEMREHIRS], SIR&AIE T
HFE 2 h, SR INAIE & 45 400 pL, Fo4RFE A BUS
JiE 20 min, BT )20, FH 0.45 pm GRAFLIERE I DE

HPLC &MU0F: fBiiftE: Venusil-AA Z3E1R 55
H74& JHAE (100 A, 4.6 mm=250 mm, 5 pm) ; K 0 3
£:: 254 nm; AEiR: 40 °C; WBIAE A: BREX 15.2 g Tok
Bk PR €4, N7k 1850 mL, ¥ fift J5 FH vK & MR I pH =
6.5, SRIE N & 140 mL, {27, FH 0.45 um 3RS
UE. VishAE B: 80% (v/v) ZREEW, R 10 pul,
1.2.4 CPP 4rFw4540  HRIECHR [2], &0t 2
ERUE T CPP AR B F A TE L. Bidk
FREUN R . EEHIMEEE S 10 mg/mL A9 CPP £ 4, R
FH Waters = R0 AH TS (FL 2487 85 MEINES ), X
it S BRI 433 A A T

HPLC 25440 F : A%+ . TSKgel2000 SWXL
(300 mmx7.8 mm); st ZHE/ K/ =528, 45/55/0.1
(v/v); KM 1. 220 nm; 7233 . 0.5 mL/min; 7R
30 °C; #FFERE: 10 pul.
1.2.5 CPP WFFESRESI43HT AR SCHR [2,15,20] 3
LS YRR T ESE T ANES 5 5 AR
BRI B 45 & A LB R S LI, ANBERE AR LI,
i CPP A EA45 1+ . FHIEA: e e a5 0T TE i 1E
JH, R S7 5 AERHR (37 °C) . /MK s pH 451
(pH=7.2) FHE AR S AR 2R o TR W AR 22
5| AW M B 7 Fl CPP, 4R J5 I A %5 85 7, WL 5%
CPP BHIF@EFRESUIIE R I pH-Stat 324650

HLAARSC G20 BRAN R ¢ 0] [ S N # HPOImAGE
NaH,PO, Fl CPP, i 35 7EALLR A4 Z2 vh g e B2
43512~ 8 mmol/L Fi1 0.05. 0.1, 0.2 g/L. FFHHL
ERIEWINIRZE 37 °C RS IIA 0.1 mol/L 19 CaCl,
W, (ASTALL S N A4 & v CaCl, R 28 mmol/L,
It HAUZ AR ZR P Ca:PEE/REL)=1:1, Hif P J2&
FH NaH,PO, AT #E LAY LIAS [Fl g B IR ASAE A BB IR
AR . T kSR 0.05 mol/L B9 NaOH %
W, 7E 2 min PUREOVAR R pH P& = 7.2, IR
T 0.05 mol/L NaOH, {4 /i Wi A &= 1Y) pH 45
TE 7.2 MVEY pH ITIARITIF U 2 mindT 4G, 4508
5 min g 3% — ¥ 0.05 mol/L NaOH B #E 1, 19742
1 h. DARSE] RS AL AR, 0.05 mol/L NaOH B4 #E 5
YRR ER

1.3 #iEAIE

FITAT 1 S2 6 #R TR A =k, H 9256 45 S -1
EEhrEIRZER N . 2R Stastistics(9.1 JgAS) Y
— PR AR R P A T W ST (P<0.05), I HLAE
FHE/NE 25 5 (LSD) R T & fiXt 2 E b, A
W 58 38 1 — 25 >R F i 1 Umetrics 23 & 19 SIMCA
13.0 #1753 (Principle Component Analy-
sis, PCA)XJAN[E] CPP 7= i i BRI TR R4 A B, tb
BANE] CPP P2 i BAb T 22 55 . ¥ PCA Y
FETTHRE R IF#E— i@ ik SPSS 19.0 # A4 iy
Pearson Z& 156 RN CPP y= b Bk M B A HC 5
E5HE T BRI AH A T4 T .
2 BRSS9
2.1 A[EF=mE CPP 28

AWM E T 7 FEES T CPP 18, 45800
#1. GERRAAREES Z W] CPP & BATAEI W22
5,4 SRS CPP & e i O 18.50%(P<0.05),
HYJE: 3 5 H1 6 SHEM, 2 5/ 5 SREMhH CPP &%
AL, A 7%~8% 247, 1 CPP & i e Iy J2
7 SRS, AN 1.30% 4.

K1 LEELHELIE R b CPP it

Table 1 CPP content in different samples determined by
barium ethanol precipitation method
Ykt S CPP i (%)
1 11.40+1.92¢
2 7.68+0.08°
3 14.60+1.06°
4 18.50+1.39°
5 8.70£1.05¢
6 15.20£1.06
7 1.30+0.25¢

E: WA RNG 558 22 57 35, P<0.05:32, 4l

22 ARE~EGPEE. SHMEER NPLE

M 2 g IRk E, Bk 7 SFEES Z /AR [E] CPP
FES AT R FiE 22 SRR, T AR ST 1 SRS
BooRSERE . N/P ZIFr CPP JREI— %
& kR, N/P>24 S}y 55 N/P CPP, 15~24 71 N/P CPP,
<15 Ak N/P CPPP>?1, ARAFFEH 7 FREESIER 1 5
1 7 S RE S AN Sk E N/P CPP, H 6 % CPP AE 5
N/P 7, HakE: 2 5F0 5 SHEM.
23 TRFGRPRERERESE

A TE SR IR K SR AN PITC fifAz 1%t 7 # CPP
RESHEAT T RTALER, 35/ HPLC 454 & 5L i &
FHBARCEISAEIRE T 7 Fh CPP AE 5 AP 23R AV LE AL,
e, g5 N 3 Uion . MORVE LR & ah Aok
B, 2 SRER P R i, 7 SRR P R AL
R & B E IR T H AN (P<0.05), T HE 4R
BERR 22 AN . RS RES Th EIE R
BT, 45 CPP FESL AR 2R & fL e, Hakie &4
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Table 2 N and P content and ratio in CPP

Ykl > NE# (%) P (%) N/P

1 11.70+0.32 1.57+0.15° 16.50

2 12.90+0.21° 0.74+0.03¢ 38.80

3 11.900.33 0.960.11° 27.40

4 11.80+0.47° 0.81+0.04" 32.20

5 12.20+0.18" 0.74+0.13° 36.50

6 13.30+0.28" 0.72+0.19° 46.80

7 9.01+0.46° 0.71£0.22° 12.70

3 CPP MMM & & (mg/g)
Table 3 Composition and content of amino acid in CPP(mg/g)
IR 1 2 3 4 5 6 7
Asp 4.35+0.03¢ 8.62+0.12" 4.48+0.21 4.8420.11% 5.27+0.33" 4.83+0.09" 5.24+0.14°
Glu 77.80+2.13° 136.00+5.87° 60.20+5.03¢ 57.5+3.73¢ 70.70+2.18° 60.50+2.44° 15.40+1.51¢
Ser 9.35+1.96" 14.50£1.07° 6.93+0.83° 7.25+1.01° 8.69+0.53" 7.63+0.72° 3.98+0.50°
Gly 9.0142.69° 8.30+1.53" 3.84+0.74° 421+1.82° 5.26+1.43" 4.49+0.93° 1.40+0.34¢
His 9.2120.85¢ 31.50+4.75° 15.50+3.99" 15.0+4.28° 17.2043.86" 18.004.04 1.61+0.41¢
Arg 10.500.78° 14.40+1.21° 6.65+0.60° 7.25+0.73¢ 9.26+0.65" 7.84+0.33¢ 2.41+0.53¢
Thr 28.60+3.31° 71.30+8.50° 31.60+4.69" 33.6+4.28" 37.60+5.75° 38.50+2.07° 2.95+0.42¢
Ala 8.61+2.15" 14.00+3.77* 6.70+1.09° 7.03+1.00° 8.43+2.23% 7.67+0.80° 2.21+0.13¢
Pro 168.00+9.98° 369.00+21.60° 286.00+17.50° 257.00420.00° 280.00+16.20° 302.00+35.90° 6.76+1.96°
Tyr 17.30+4.03° 30.20+6.22° 12.00+2.77° 13.7+1.09° 17.4042.43° 15.00+4.11° 3.86+1.52°
Val 19.70+5.51° 36.30+8.24° 17.70+3.90° 17.60+4.14° 20.60+2.99° 19.40+2.73 4.22+1.86°
Met 7.72+0.99° 14.40+5.87° 7.23+3.71° 7.03+2.02° 8.15+1.76° 7.86+2.75° 1.88+0.63°
Cys 1.770.01° 5.30+1.77° 2.95+0.40° 2.83+0.58" 2.25+0.66" 2.76+0.37° 0.19+0.00°
Ile 20.70+5.57° 41.10+7.14° 20.80+3.86° 20.30+6.07 23.00+3.99° 22.60+5.50° 3.31+1.00°
Leu 15.20+1.71° 63.10+8.22° 31.80+6.93° 30.80+7.04° 34.60+3.07° 34.30+4.73° 6.48+0.72¢
Phe 20.00+3.86" 42.10+5.19° 22.00+4.29° 20.60+3.33 22.90+1.88" 23.40+2.00 3.40+0.75°¢
Lys 9.104+2.23° 0.85+0.14° 0.62+0.08¢ 0.58+0.13¢ 9.92:+1.44* 0.58+0.00° 5.13+1.11°
oS 438.00+41.00° 901.00+92.20° 537.00+71.40° 507.00+49.50" 581.00+62.30° 578.00+£66.90° 70.50+21.80¢

T R AR NG TR R 22 57 13, P<0.05.

— 7 B9 5 & R A S S E R, X 5 SCHR S SR A

SR 7 RRRS B CPP F= il iR S s = vl fe S

Ji

fRU217230 0 3 3 4 AR LR, 7 FhEE &S TP IR AR 5 B
Byhere, o 2w T IHA AR S % (P<0.05), iX 5
RE M EHEEN 0 B # CPP LALREG Y. CPP 1Y
FAIEFR L A ATAE W] W 25 5705220 SR HZAE Y
CPP &ML & BEAE 30~90 mg/g = [a]1522 AHf
5EHBR 7 5 CPP PR Z AN, HEERESh Il 2R & =
b 168.00~369.00 mg/g., =% kIR i 1Y 4% R ok
F 2420, g L IR o it e MR A R, I
SR o RAE 100 mg/g ZoAT, HEM AT v i it

gtz DA B il 48 ridia 2%,
2.4 A EE&S CPP I TENH

ARG R HPLC X% 7 FEES B9 4 F 55 A0
TEMBEAT T 0TI 2, 45 R 3% 4 7R . 1~6 5
CPP ¥ 54 50T B EZELE P A4E 5000 Da LI, 40 3
4 ST 80% LU _AEHFFE 1000 Da LITF, 2
1 5 SHES H 2 80% AEf 4T =& HE 5000 Da
PR, iX 5 SCRRA CPP 4T gt SR ILAS ARG 221 2227
M 7 %% CPP #E5 1 {H 20% Z245/VF 5000 Da,

#4 CPP TG (%)
Table 4 Molecular weight distribution in CPP(%)

Ykl > >10000 Da 5000~10000 Da 1000~5000 Da <1000 Da
1 2.70+0.02¢ 6.82+0.39¢ 55.40+0.14° 35.10+0.52°
2 10.800.23 16.20+0.22° 42.40+0.28" 30.700.30°
3 0.15+0.00° 0.37+0.01° 12.10+0.21° 87.40+0.21°
4 1.60+0.02¢ 0.85+0.01¢ 14.80+0.32° 82.70+0.33"
5 6.89+0.15° 12.60+0.27° 44.50+0.03° 36.00+0.45°
6 7.12+0.00° 12.30£0.00° 43.80+0.40° 36.70+0.40°
7 66.80+0.17° 10.20+0.11° 9.60+0.25¢ 13.40+0.31¢




- 296 - £ Tl B4

20214 9 H

— BN Sk i B PR IR ER 11 43 T B FE 5000 Da LLF,
7 SRE T T RAYAA 20% ZEA/INT 5000 Da B 5T
TN AE 2B 7 SRR CPP S BB KA S
2.5 A[E CPP #HGAEARIRNE S THIFFGRED
AHFFE LLEEANNE] CPP AR S EA RIS IS L
FOFFESHEE T, G5 R ANE 1~& 3 Fin e MBRERES ULTE
JERLBIBT RIS E, 1~7 5 CPP £ 5L FE /7 0.05. 0.1 Fl
0.2 g/L INARH VAR F= e RS U TUE TF 4R A2 i)
A Ta] R ZYHRTE 5~15 min Z247, AN[F] CPP FE X TR

33 e )
\E/ %%: /,P—"r*_k . _4_§
=61 ey
wos] | ——0
= | . ——7
E |III —a —""J__:_‘_:F':.t_
Q | = :_],_g
z | S
= !
S !
= !
8
s 0 . . : . .

0 10 20 30 40 50 60

At i (min)
1 7 # CPP AR (S hnH 2 0.05 g/L)BHLIE
BERRES TUVEIE BUBCR

Fig.1 Effect of 7 CPP samples(at 0.05 g/kg)on preventing
calcium phosphate precipitation formation
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Fig.2 Effect of 7 CPP samples(at 0.1 g/kg)on preventing
calcium phosphate precipitation formation
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Fig.3 Effect of 7 CPP samples(at 0.2 g/kg)on preventing
calcium phosphate precipitation formation

TR 5 T D A i 1 B[R] P2 A5 BH S s i, AR 1 7 Ff
CPP A4 BUFFE5HE 77 2 BUHY B 25 A8 0 A 38 i i 434
R, LR CPP FESAESRINA A 0.05. 0.1
1 0.2 g/L B BIFFESRE N5 RRE, 1. 2 F1 6 S8
1 NaOH T FER /b, FRHBHIX —Ff CPP FE5HAE—
s 0B 254 R I RRES AR D Y, k2 45
CPP £E4h, 3 B-F1 5 5 CPP A 5H 0945 HE J1 0K 22 T
R PURREE S, 7 5 CPP RE LR ESRE IR 22, 45&
ZHTXF 7 CPP AL & LI FE Ar il i &5 ROk A,
7S5 REEE CPP Sk, H RZEN4GFEE
10000 Da BFRASFT-, [FIE] N/P A%, X e m] GEHR 21tk
A 7 5 CPP £ 545 HE 1 B B 55 1 H e AE i i it
BRI LU EAE AL SR, 6 5 CPP AL N/P &%
=i, H CPP & &K 15.20%; 2 5 CPP k£ B 4K CPP
RN, R m I B T H e AR 4 B4
i CPP &rigdrmy, Hor T80 n B4 PAE 1000 Da
LA, 3X 28 CPP #8 ff LAAS RS IS i AL i o A
A RIS RE A I W 25 5. Kk, CPP = ih
i SRS RE 1 0 RG24 T .
2.6 CPP HmMRSFF5eENRIERK 7 7 R AEK
ST

HRYE CPP F= AL PR TR A9 53T a5 SR DA S AR s
o EMN T BFEFESRE ST g 45 ok E, ANA] CPP 7=
ol R AR I i 25 5, I HLARFESRE 1 [RIFEAEAE
B2s 5. (HHEPRE BRI E S, REmgE RS T
SIRTEIRIME . PR, ASEFSE SR FH S A5 BT Tk,
X} CPP M2 IEMRAH L e & i . Sy F iAol . N/P
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Fig.5 Principal component analysis score plots for
the 7 CPP samples
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Table 5 Correlation analysis of CPP sample characteristics and calcium-holding capacity

ST T AT T

Ef:f 2 WAL WAL FEiR MR TR e FANER B CPP i

FHSRE ORINER0.05 /L) 0720 0.686 0.669 0723  0.719  0.746
FHSRES GRINER0.1 /L) 0.747 0704 0.7 0748  0.743 0.768"
FHESREIGRIMEL0.2 g/L)  0.743 0703 0.694 0.744  0.74 0.766"

(>10kDa) (0.5~10kDa) (0.1~0.5kDa) (<0.1 kDa)
0.738  —0.136 —0.985" 0.010 0.517 0.494 0.746
0.759°  -0.14 —0.975" 0.025 0.543 0.461 0.733
0.758"  -0.159 —0.975™ 0.017 0.538 0.467 0.743

SRR L, P<0.05; ** KRk i3, P<0.01.
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