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0.66) %, 2% & TH M (P<0.05); MR REF G MR
FH A MA(46.1350.46) % . R F & T H AL ik (P<L0.05);
8% & SDS-PAGE ok 25 R AW, R R B R F) 7 ik IR
BREAARIEFF . LT EH AN 34,24,60 ku; &8
B A RBEEERKA, T FH 34,24 ku 9 BEE G &
BEEAABREG ZRRBRERAN. AT TAEEL
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HEAARETRFEG THAKRE G (P<0.05) . WA LK
Fi P ABAMBES. LS T ES A 34,24 ku 5 T
KA

KGR AR F A LRI EEZ G A

Abstract; This study investigated glycosylated casein in whole milk
powder and explored its enzymatic property. The casein extraction
weight percentage were determined by different pH, different acids,
and different methods. The casein was analyzed by SDS-PAGE elec-
trophoresis, and the glycosylated casein were identified via the
method of periodate-schiff alkali dyeing and the experiment of morse. The
casein was hydrolyzed by papain and the amino acid content was deter-
mined accordingly. Results: The percentage of casein extracted under pH
4.6 was significantly higher than that of other groups (P<C0.05). The
weight percentage of casein extracted from acetic acid (pH 3.58) was

(40.45+0.66) %, which was significantly higher than that of other
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groups (P<C0.05). The percentage (46.13+0.46) % of casein extracted
by tannic acid was significantly higher than that of other methods
(P<C0.05). The results of casein SDS-PAGE electrophoresis both
showed the same 3 bands either different acids or different methods
on casein extraction, and their molecular weights were 34, 24, and
60 ku, respectively, and the 34 and 24 ku were glycosylated casein
by the method of periodate-schiff alkali dyeing. The results of morse
experiment showed that milk powder casein exist glycosylated casein.
The content of {ree amino acid from whole milk powder was signifi-
cantly higher than that from fresh milk after papain hydrolysis (P<C
0.05). Whole milk powder has glycosylated casein, their molecular
weights are 34 and 24 ku respectively, which are easy to hydrolysis.
Keywords: whole milk powder; reconstituted milk; casein; glycosy-

lation

BB R — 28 o R 22 IR B 1 B DA A O R T A
M aEA REWERNEZWED RS FZ—. ) 27
AT 200 M 200 i R e e T o A P S 50 06 i R
AR AR S AL T A 1 B 2 M MR LR E A B
TR BB RS2 RS MR O A R G A T L
Gl RN RN W SR =R AN /B SR (B R s e
AWEANEBERRZ A &M, L4 50 7 g
FLFLBRE A i BRI o - R 1 (AGP) ™
PETE PR 1 AR A SR e D iR . R AR OB AR
F i BB 2 AR AR O R AR R
B R 2 L% A Y S R B R TR Y . B G
AR 1 A L A B TR R P A Y e R L
i .

i P 2 0 R b B 2 S AR A ) R R B S B E 8 AR
ZRIBFFEINIESE o Az 7= FLHy Rl 2L 205 0 I 23S T K e ) ¢
o T T s e A T 170 °C 26 A5 1Y R I W 55 T Mg A B A 3
TR AR RS LAY A7 L FUR N T AR R g L R 2
) B G R 7 2 5 B0 R SN AR B R T 2 R N I 2R
F R 7K A - 1 5 B F 5 140 R LA . DR G, AS WO 2 B A0 AT



AR

2017 &% 7 4

A2 R A LB oWl B AL T 2R R A AR B OK R R DU 43
Mralf ol E AR F @ AW BRI RIFME IR R,
ISR SR A 77 R v 7 R A ) B A S A
1 MRSk
1.1 #RE5 e
LT BB

SRR FURY BT 22 H R A A

% Mark:18~94 ku, 2% [H Thermo 2\l ;

ARJNEE A =>800 U/mg, % [H Bioreagent 23 Al ;

TR & AL B R A Y HARGRIHEA A

XU AT B - AL 5 55 8 H AT BR A ] 5

TR A P e (Tris) (PR M BRI N NG N N FR 3
Z i (TEMED) | | Z %t J& i B2 94 (SDS) 1 i 2 #% . H &
RVHIH RN B DTS G250 0K 2R . L RN VLR .
TR TR RTR AN TR BE R B T Tk e
2R TR B ST A T B R AT AR a2 IR
N7 Tk i N TR N W ) 5 o s T A
1.1.2 EEAUL

B BE.OHL:800B A, |2 SR AR

7k & %8 : PowerPacTM Universal %, & [E Bio-rad
NEIR

B 5B 75 U 0 Ve A% - KQ-250DB B, B Il B S X A A
PR 5

AEWRG - HY-2 B, S InTh & R A B A

Ay G T 722 AL, B R REALSRA BR A F]
1.2 BEAMRR
121 ZBR—BRMmEWERBIEED V5K
107 (g/mL) iy Lo e i 42 S 2L AR O IR 7L 5 mL, 43 5
AT pH(4.6,4.8,5.0,5.4,5.6,5.8) (1 2. — Z TR M &%
MIEW 5 mL. 200X g B0 10 min, FFEBINZ B 2R
T 4 0 CO TR R A s E A

BER

S

W=7:171><100% , D
Fivie e

W——& 8 B 5 6

m (ﬁﬁﬂ"]@%ﬁﬁﬁﬁ%’g,

R i g

1.2.2 BEREEFRREARI Wik S5/KEL L 0 7 (g/mL) i LE A
P ol A2 JEFL AR U B 5 mL FLRE, 43 B AR [R5 E 4 8K
(0.5%,1%,2%,3%,4%,5Y) M L FR FLER iR BR . B AR . TR
SJEISE pH (H 200X g .0 10 min, 35112 i H B2
Bk L2 PR DO EBEANTEE K.

123 AFMERBEELD A BSR MR ERIRG R
MR . RKIREJEFL 5 mL, 4351 A 10 mL pH 4.6
CR— LA GE ths W BT i) L pH 4.6 1Y 30 92 1 T (BR T
PEML) L0 VO 8F BRI (A W B DT T ) L TG K & BE CA LI 77
B SN LMBBERH (ELB B T O 1R s w4
JE B AL JE B UTRE E T 40 CHLA R TR B4 E L PR E L 3%

m

L2 DR RE AW BT 4.
1.3 FE&ZE B SDS-PAGE 4347

SDS-PAGE eIk S5 Sk (12~ 14 1. FE B . W
VL7 il s i B R AU E W F 40 C T IR BAE T, BB AL
WA R 4R B B NE . 28 K BE & 3 KL 200 X g B
5 min, WEEEA 2 mg T 1 mL £ 5% i b, KB
AbFE 10 min, ¥ 1) Z I, B g B IR e 1) 3 AR [AD E
10 mL 15 %0 1943 25 15, 57 BB — )2 28 18 /K BE [ 40 min J5 1%
- 2K L P AR T FETE 4 mL 3% M L 4 AKE
AR BEE 1 h S K AR G vh R LUK B R A
M BB T e 10 pL, FFIG LYk . 80 V 4H K 40 min, 120 V
fHFE 2.5 hofsf Ik HVk . B KR G250 Y4k Y (0 2y
2 h ZEAB K vh Yk AR IO B €0 VR 2 RUIE AL L AR I M
Hy 1k
L4 HBEABEEAOLTE
LAl R — AR B AR AR (2R .
R HLR B WM R B ) 22 A4 X BR AR 347 SDS-PAGE
HL K o A R ) 2 5 e b) R B 4, AL T R Yt A
4 %6t BB TR AT R R — A R B e T CRTRR B ) .

LR A R R OB E T 100 A L
g 1 h, ZEMKESE 2 (3 0.5 )L ARE B T 1% Mtk
VWAL 1 h, FIKGEEVE 2 (3R 0.5 h) L 75 JH Schiff 7 Y €
1 h(Schiff 7 Be il . G E M 20 1 g 3§ T 2848 /K 400 mL,
12 mol/L HCl 4.2 mL  {i & Wi B 4h 3.2 .4 CH ALK,
JniE R 2 g, 2% 1 min id 38 . B B 6 (0.5 Y0 Jm 1
BREREN e 7% LA L L TIRGO Wit 4 TR,
MR ) R A g
142 BHEREAE SH 18] B8 T 2 451K
LA T mL [ 100 R VA L 100 0 FLOR B AR T
WOET 0.1% /) NaCl ¥ ) 5 88 )5 A SE K] (5% /Y
- ZEB WV T 95 %0 M L mE BB HD 2 3. 8 5T
B R U R I AR B AR 1.5 mL. B2V TIRE
JEHBE RV W A AR 2 2 MBS WK T A2 AL T R A 3
HHEL,
1.5 MEABREAKBERSERSENE
151 MiEAbME A KA B pH 4.6 ZBR— Z MR 4N vh i
PETBUAY FU 0 1 2R 1A L AR L TR Ol 0.1 06 BB R
FTF 0.1% NaCl %8 ), & BOPE % T 10 mL, 3m A
1 mL 0.1 %A JRE A B (% T 0.1% 9 NaCl ¥ ¥ . 3L AL
BHD & T 37 CRIG HEGEAE 6 h.
1.5.2 SEBMETEWE RAH =0 L EE" >, RS
B (0.0,1.0,2.0,5.0,10,15,20 pg/mL) % 1.0 mL F
73225 mL A4 . HmA 2 mL pH 5.5 ZR— L BR N ZE vp
W PEA), TR 206 B =W (2 g % F 100 mL oK 4
OB D 2 mL, B KB 15 min, REIEE W, F
570 nm YA A D 5 WO L A5 8] IE 7 B (y = 0.031 92 +
0.002 5,R*=0.999 5), WM J5 MoARE i A A [6) F 0y 35
FE TR VO OB 15 LR R A



FIEFETH IV 4 < 2 A FUBS O AL K AT

1.6 #IEAIE g sor @ iEfE @ pHi ]
A RS AT AL 3 W R K B 2938 ) SPSS 19.0 ZZa0r N e j

P HET S0 1 3607 2 4 7 45 5 L 39 £ o i 22 25 sobal T [/

7R R LSD ¥ 5%k T i B LI 22 53 G 4k £ 5 % % o LE

2.1 ZB—ZBWERKRRDERER $o R .
LW — LR NCTE pH K 4.6 B L B 2 1 B IO Lactic acid mae T

SRR (28.38E2.49) % . B & T HAL 4L (P<C0.05) , 5 3Tk KRNG5 77 25 B 525 (P<C0.05)

(21— 226t W 26 19 %P 45 pH 1.6 —BL. ZF—Z R v B3 LR R A B 4R IR A pH A 6

KR DN R 2 FEOB A ME AR BMEEAR  Figure 3
Uik T A A 2B A

351
30r a d

25+ d
20 c

15+
10+
5,

0 1 1 1 1 1 1 1 4 A
46 48 50 52 54 56 58 1.0 2.0 3.0 4.0

. 5.0
ot R
ANF/NE B R OR 22 5 B 35 (P<C0.05) Hydrochloric acid mass percentage/%

Bl ZB—LEMETRASBEREGRREN Y A A /ING 8 R 2 7 B35 (P<0.05)
Figure 1 Influence of acetic acid-sodium acetate buffer B4 ZMAMmENBERARBRERZEER pHAWY IR

solution on protein extraction rate Figure 4 Influence of hdrochloric acid different additions on

Influence of lactic acid different additions on ex-

traction rate of protein and pH value of solution
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Figure 7 Analysis of SDS-PAGE on casein from reconstituted

milk treated by different acids at pH 4.6
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Figure 8 Analysis of SDS-PAGE on casein from reconstitu-

ted milk treated by different extraction methods
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Figure 9 Analysis of SDS-PAGE on casein from reconstitu-

ted milk treated by different dyeing methods

AN R 24, 34,60 ku, R —A RIEPEOH 2 Kl
(9 b) A T4 0 24,34 ku, Z5 SRR W), — % H i &
EBEER . ZAE 9 a Kl g R, 0 54 60 ku M
B ARSI 2R L SRR 29~ 3204 A A TR] i B 5 45 2R
26 ERREBEABREALESER

W B AT 2R 1 B TG B0 45 R D0 I 10, 7 46 W A o 1 W
LG I0 A R B W A 5 00 3R, FUBY 4R IR0 1 2R 1 22 [l e
S W AR AR, 4R RN R B R O A AR
LEE TR . 5 2.5 B UK I s e 45 SR — 30 i — 5 E B 2L R o
FE—E MBI E A .

(a) A% BEHRER I
A 10
Figure 10

(b) FLBrh S B A M A
Bk | KK R

Morse experiment of casein

2.7 HMEOMBRER

i 2E P A 4 SR L LR R B S B K IS A R R
CET = S 0 Bt R 2R o) & | B & 8 T aEFLK s i
(P<C0.05), 454 W% 1 SDS-PAGE & Btz — 75 K 0k 4 {6, 45
TR B [R50 56 45 SRR L FU R BRI T AR P P oA i AL
BEEE L, S Tk 2 X 2 Fiops 3R 0 e B T RE R 2 B
HF . SCHRL33~36 438 4 21 H i 7Lk 35 1 ol S 28 06 1 18
F AR A, HLoh A LA B BT A L 4 2 ZE w3l
GEEEUT MR A ST SR R R AR TS
TR i v R R A LA SO R R . — B L

600 b
T s00.
1
@ 50 400
&= . 300
HEE o
= g £ 200
5 100 a
0 5y < > 1 w > 1
fif 2 LK A PRI A

AT /ING By R 7R 28 5 4 35 (P<C0.05)

B 11 B&EadEAst L RMREEN "
Figure 11 Influence of glycosylation on hydrolysis degree
of casein



EBEFETH

IV 4 < 2 A FUBS O AL K AT

3 00 4 2877 i o AR BB W B — M R K R 8 L W] e
JEREAR BT B LB — R RGR R .
3 Bk
WEORAEEER. A2 l)5, B8 S HE
FIRE S Ak X TR A i AR FLEE A BOBUE AL AR IR R
BTN 8 T R R S i R S I el Ry
A 3 P E O, &b %o Horp 2 B L O
HAFREE/AN BN 34,24 ku, B HKGIRK L8
AR TR S AR 0 T R A LG AR L B SR R 5 T K R
BTN 2/ FREOMIELEE S TKIE. 2G2d T
AL ACTE S FREVEN M5 3 — 2B 5E

5% 3k

(1] Bse L, mttt 5, =W, & KRR A 052 BOR BT M om oF 58
[ MR R KA 4. AARBR AR, 2013, 29(1) ¢ 1-3.

(2] KRB JHEHT . SRmEME. YR IR E Qe 5ohael)]. &
w5 R EETL, 2002, 28(12); 57-61.

[37] ¥/ k. ATME. B 00RO AL 2 M S BF S ik e L) ], vh R« Ak
. 2012(12): 1 746-1 759.

[4] Putf. WK/ B AW BB AR RID]. L. ZH K%,
2009. 1-4.

(5] hk. 4L A m AR T RELT . EIFL A Tk, 1996(1) .
22-23.

[6] ORCZYK P, OWICZ M, BERGHAUSEN M, et al. O-Glycosy-
lation of a-1-Acid Gly-coprotein of human milk is lactation stage
related[ J]. Breastfeeding Medicine, 2015, 10(5); 270-276.

[7] PICARIELLO G, FERRANTI P, MAMONE G, et al. Identifi-
cation of N-linked glycoproteins in human milk by hydrophilic in-
teraction liquid chromatography and mass spectrometry[J]. Pro-
teomics, 2008, 8(18). 3 833-3 847.

[8] JOLANTA L K, IWONA K P , MARTA B M, et al. Lectin-
based analysis of fucosylated glycoproteins of human skim milk
during 47 days of lactation[ J]. Glycoconjugate Journal, 2015, 32
(9): 665.

L9 ER T 4 Wh v 32 B SO 3 R B A ) 4 R A BIFSE [ D Kkt
KK, 2007 1-5.

[10] RiA AL, 4 3L T B R o FL a8 R B-FLERE B bR v BT

M D]. BE . BE K%, 2013 3-4.

[11] Bt SRR, SRERAR, 45, 4= W% SO W 7 W i o i e [T .
A TR, 2015, 36(12); 385-389.

(120 Zhkud . SRATHT, 70, 5. 4 3 FL A0 #IIR (7 50 A8 PR AR E L
BeALE A A LT ], v AL AR AR B F R 222 4. AR BL 2R, 2016,
44(11); 149-154.

L1370 AR, XUST B AL, 45, 4= 2L b 2R 15 09 A UK 43 BT HOR iF
(1], 5P, 2010, 26(6): 51-53.

(4] T AP BRAEEAR SDSPAGE F 5 [D]. Lk
. BN AR BE . 2015 28-46.

L15] G fRIE. AWl 5 36 B 30 A J7 2 LML dE st dbat K4 i
#L., 2005 145-151.

[16] AT, k5. mliR — A RAR R ok e L) ). 49
B E . 2006(s1): 534-535.

L17] B/, e, PAS UL LR 2] MR EY

10

7, 2006, 28(6): 178-179.

(18] BREIME. AW sesu [ M. Jbat. B2 AL, 2003: 1-2.

L1970 #A mEAL . /NG RN, S5 A 405 B LAl b v e o S B 1R 3% 1
BN D7 IR SELT ] TR A S - SRR, 2007, 28(108)
29-31.

[20] BRA& R, BRETT, FEiA, 5. B =0 bb 6 200 e A i w8 44
g BT, A E RSB, 2008(2); 162-165.

(210 2=, SR, BOORKE, 5. BE AR AUTIER I 5 i S HLre 4+ 2L
P BB s PR R A LT £ A B $E. 2008, 33 (12):
262-267.

[22] %55, REE, WIEW, 5. 55 00k 308K R O 09 7 i ok ik
(1. M R USE R 2724 FARRR2 R, 2016(1) : 109-111.
(23] MR A EA S RELEAH G5 B XM pF e (D] 74

% PRV R K, 2015, 23-36.

[24] KRB, Hifd, DL, ez khegEammi 2]
LA B2, 2016, 57(8): 1 335-1 337.

(251 EAME M. 005, e 40 £ i 5 1R e WS v g R R L0 ). IR Rk 4
2004(3): 61-62.

[26] BREC, WA, 0l 88, . JLAJLE 4 PImE A & e 5
L LT]. st 5FF &, 2014, 35(20): 101-103.

[27] PORTUGAL C A M. Milk Protein, UF Application] M]. Ber-
lin: Springer Berlin Heidelberg, 2016. 1-20.

[28] LEJARS A, NOGRE M, TELLIER M, et al. Method for the
extraction of one or several proteins present in milk: EP, WO/
2007/138198[ P, 2007-02-25.

[29] BASCH J J, GREENBERG R, FARRELL H M Jr, et al. Iden-
tification of the milk fat globule membrane proteins(ID) : Isola-
tion of major proteins from electrophoretic gels and comparison
of their amino acid compositions[ J]. Biochimica Et Biophysica
Acta, 1985, 830(2). 127.

[30] RIORDAN O N. Targeting the glycome of major milk proteins
[J]. Febs Journal, 2016, 278(19); 3 769-3 781.

[31] KARAYV S. Selective prebiotic activity of N-glycans released
from milk glycoproteins by novel endo-beta-N-acetyglu-
cosaminidase[ ] ]. Dissertations & Theses-Gradworks, 2015, 15
(10): 15-16.

[32] KARAV S. LE P A, KIRMIZ N, et al. Oligosaccharides re-
leased from milk glycoprote-ins are selective growth substrates

bifidobacteria [ J J.  Applied &
Environmental Mi-crobiology, 2016, 82(12): 3 622,

(330 XUmi e, #hil, 2=, 4. SEHI4E T RIFE W o3 & AR B-FL
R A BURERFELCT/ /h E o R R OR LA
SRS IREE : RAURILKR A, 2011, 26-32.

[34] Bk HE. Y/hEr, e, & AL A MOR Sk o wr e [ .
T E FL A Tk, 2005, 33(10): 4-8.

(351 2%, B¥IE . A% 9 Pk JIR—M5 2 O 9 5. Ik CCPP) 1 AF il
(7. £ & 58U, 200006) : 15-16.

[36] B4k, s, Xb&, . A0 LB O & ' m &
e LRI BT HE R LT ], AR AL Ak K2 27 4. 2008, 39(5) .
137-140.

[37] BT M. A WFLh FLEREE B A9 43 B L Ak B HC Bt v I 1 9 AF 5
[D]. K KEER LKA, 2003 2-6.

[38] IMEIPR, HEWELr, A PCHE, 5. 3P o FLAE A M p-FLRE
I AR AR LT ] e 5L, 2010, 26(3) . 94-96.

for infant-associated



