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ABSTRACT: Objective To compare the composition of protein and secondary structure of whey protein in
human, cow, goat, sheep, camel, donkey milk and clarify the differences between human milk and main proceeded
milk. Methods The composition of protein and secondary structure of whey protein in different milk were
investigated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and Fourier transform
infrared spectroscopy (FTIR). Results The content of lactose, fat and protein in sheep milk was significantly higher
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than that of human, cow, goat, camel and donkey milk (P<0.05), there was no significant difference in the content of

lactose, protein and mineral between human milk and donkey milk (P>0.05). The results showed that the casein:whey
protein (C:W) of human milk was 38.58:61.42, the C:W of cow milk was 81.43:18.57, the C:W of goat milk was
61.14:38.86, the C:W of sheep milk was 68.42:31.58, the C:W of camel milk was 56.16:43.84, and the C:W of

donkey milk was 8.91:91.09. The content of lactoferrin and serum albumin in human and camel milk was high, they

contained no p-lactoglobulin and high ratio of a-helix structure. Conclusion

There are differences in the

composition of protein and secondary structure of whey protein in human milk and main proceeded milk, which can

provide a theoretical basis for high-value utilization and purity identification of different milks.

KEY WORDS: human milk; small varieties of milk; whey protein; secondary structure of protein
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2 HERE5SR

21 HAEEESTERDH

K ZIHBEFL AL AT E IF4545 Duncan’s ZH L
Bt sl E R 25, 4Rk 1. SRl
FURRS &, IR & EAREE . YRS RN EES
THEFL AR L e Y EL(P<0.05), X HEEEH
SPGB R, EIURE R, TR
FRAG Y IR E N2 (P>0.05), (HEFLA AR &
BERTYFL(P<0.05), YL RK RN 24 FLFURS
YRR E S TR S 5ERL(P<0.05), T5EFL
F I 3 s TR FL S I AR FL(P<0.05), IhEFLIE

% 100 (1)

FUR e 2 ) TR FL S BETL(P<0.05) Zi b, 6 FlFLAYE
eI L E VRS

®1 6 MAEERDER T (%, n=3)
Table 1 Analysis on the difference of basic constituents of 6 kinds
of milk (%, n=3)

FLEE LB Bl i Ej‘f HA%AEI
[N =20
BEF 3.44+0.01°  0.4240.02°  3.64+£0.01" 0.59+0.01°
43, 433£0.11°  2.59+0.06°  2.84+0.01° 0.63+0.01°
HAEFL 4.79+0.01°  5.52+0.01°  5.05£0.01°  0.79+0.01°
WEFL 3.2720.06°  1.8420.10°  3.45+0.06° 0.54+0.01°
BgFl 2.70£0.09°  3.46£0.10°  2.88+0.10° 0.45+0.02°
gL 3.46+0.01° 3.65+0.01°  0.57+0.01°

T [l R RIS F BEOR 22 5 .35 (P<0.05), -FoR AR,
IEE

22 FEBARS

i £ 11 <L R 11 (C: W) 1 i sl W 18 8 i A 1Y
WEEbR, FLUEE A Loy, R R LR
R, BEL C:W ol 4:6 2t e fnifER. k2
Fill, B3 C:W Jy 38.58:61.42, S AT, 1LF
ARBFEAPABFEEA ST EE I, RAHLEAR
Jo R A A LA, PR R — TR € B B 0 N R EL R
FLIE & (1 H ) = m kB, HORRE R B IR LR 1
WAL, JRENIERN R FLEE N s L, R SR
FLE R, A REULZ AN OB A IE A RE ST R

#2 o MIAMERSIBFELREM KBS (%, n=3)
Table 2 Relative gray ratio of casein and whey protein and in
6 kinds of milk (%, n=3)

FLHE fis 2 1 FUEHEA
B3 38.58+1.01° 61.42+1.01°
43, 81.43+0.14° 18.57+0.14°
£ 68.42+0.44° 31.58+0.44°
ITE =S 61.14+0.48° 38.86+0.48¢
LN 56.16+0.49¢ 43.84+0.49°
L 8.91£0.23" 91.09+0.23*

L AAL, BEEL, AFL. eERL . 4Rl R
PAMEAREEHBEAMALFEEALR, X 5HiRE
S0t R —5, Bk B, N TFREACNT 43 kDa)t
Xt & TR FREACKT 43 kDa).

M 3 1A, BASEIAILTFASE p-ABREA,
HEA SN o-FE O S EHRM, MAEN o-EN
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it B T HALFL(P<0.05), o-FEEE 1R -FLERE TN
R AP, St R LA S 5 R R A T
Ko #RFEFLA p-Ms AR 1 i 3 e T HAh 7L (P<0.05), -
EOE RO TR P30 -FLERE M a-FL R A&
B 035 E T HAM AL (P<0.05), (HERER & BHAL.

M 2 AT BRFL S SE ALY O A B AL R 1 S i
WEEASE, HLPASA B-FLERE N H1 3K 4 A,
FLIFLER R 7 it 3 i T A FL(P<0.05), i 4E L 1 1L
HHEA SRR E N R E R T HAFL(P<0.05), L4, 7E
20~23 kDa 2547 i)43Fi T AT LAV RS 5E 7L & {1k
3 F SRR E (immune  globulin, IgG), X5 OMAR
DA ik, B AR SRR, SRR
LAY L 2 A TR B 25 5

180 kDa

130 kDa
ABEN <okba
M AEA 75 kDa
G 55 kDa
43 kDa
oTEN 34 kDa
{%ﬁi%% 25 kDa
Fhen 1 kBa

1 2 3 4 5 6  Marker

T L RERL 2 9L 3 3L 4 L3RS S AR 6 R L.
KI'1 6 FhFLa& 1 5AY SDS-PAGE 4]
Fig.1 SDS-PAGE of proteins in 6 kinds of milk

=3 o MAFAKREEIELHI(%, n=3)
Table 3 Relative gray ratio of proteins in 6 kinds of milk (%, n=3)

FUHE a-FE p-EEEE k-TEEE 1 BFLERE a-FLHAE N
BEFL 2.60£0.17° 38.78+0.76° 20.55+0.90* - 37.90+0.18*
4L 31.25+0.30* 21.3140.19¢ 6.18+0.42° 29.27+0.41° 8.10+0.10°
EES 9.56+0.17° 44.20+1.37° 15.33+0.36° 19.76+0.27° 8.49+0.05°
[ITE =S 7.83+0.28¢ 37.07£0.23° 4.62+0.18" 39.304+0.10° 9.93+0.32¢
BgFL 13.33+0.70° 37.0420.32° 3.28+0.15° - 20.21+0.12¢
LN 1.78+0.11° 8.23+0.63° 0.95+0.03" 54.83+1.44° 34.22+1.07°

180 kDa
130 kDa
95 kDa

ABEA

Mg AEN 75 kDa

SeRERRIE R 33 kba
43 kDa
34 kDa
25 kDa

B-AIRER 17 kDa

A HEA 10 kDa

1 2 3 4 5 6  Marker
s 1B 2 9795 3 AL 4 CE R S AL 6 4L
K2 6 FfFIIEEMMY SDS-PAGE &
Fig.2 SDS-PAGE of whey proteins in 6 kinds of milk

23 ABERZREMDH

mE 3 A, B, 4Rl SRR, 48Rl SeFLm
9P L 2L AR OGS B AR A R R A ] . S 1 42
OMNIC 8.2 ¥l Peakfit 4.12 AbRE, 15 LM A A RCR
Bl 4, FiEELSRILL . ZERATEEAAEE, Eid%
Tl 5 % AR X R G R, B T R RS A
Duncan’s 2 5 H A5 S5 R AR S R anEE 5 iR . B
o BRI R 8 K 1610~1640 cm™ 1 1682~1700 cm™’
N AT 1640~1650 cm™' R TE AL i ; 1650~1660 cm™
H a-HEHE; 1661~1681 cm ™' Ny p-E5 23,

M s ulsn, el gegl. Rl A3, rRLm
BEAFUE RO ZREE A g4 . TS, o138
TR B2 FA AL B H AR & ik AR 22 5 o BEFLIY oM EAE T

F4 o MAAFEAKREMEITELSI(%, n=3)
Table 4 Relative gray of whey proteins in 6 kinds of milk (%, n=3)

M FLYEA s EEA GIERRE pFLERE A oa-FLHEH
B 53.36+0.86" 12.6120.48° 7.39+0.41° - 26.64+0.14°
4L 10.72+0.32° 10.76+0.18° 16.29+0.34° 47.85+0.99° 15.38+0.55°
EES 5.14+0.70° 14.98+0.32° 14.54+0.48° 50.59+0.39" 14.75+0.19¢
ITE == 5.28+0.06° 9.03+0.12° 11.62+0.20¢ 56.77+0.48" 17.31£0.23°
4EFL 12.22+0.35° 37.11=1.85° 23.59+1.92° - 27.08+0.28°
LN 3.11£0.15° 7.1740.05" 9.27+0.25° 48.40+0.45¢ 32.04+0.41°
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TRl AL MM I p-Ir S &R E %R
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x5 6 MIAFBEEOEBBIRIFE DR (%, n=3)
Table S Analysis results of whey protein amide I bands of 6 kinds of milk (%, n=3)

IR AR
FLEE
a-12 e BirE TN iz i

BEF 26.17£0.58° 18.5420.56° 23.09+1.90™ 32.93+0.36°

43 16.57+0.16° 29.83+0.93" 21.49+0.43% 32.11+0.34%
ITE=S-} 18.07+0.03¢ 25.09+0.03¢ 18.85+0.03° 38.00+0.03*
EES 18.110.44¢ 39.72+1.44° 24.71£0.82° 17.46+0.18°

LN 41.07+0.22° 37.03+0.24° - 21.90+0.03¢

LN 22.79+1.86° 22.28+1.89° 21.38+0.45" 31.7340.56°
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