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1.1 FEHBSRF

O3B LG A, B R IE AL T A BRA
Y Az YD RF AR FTISOW  SERF N, > H R T SDS—
PAGE &7 X ¥E#4 , Biorad 27 ; H e 3l 538 K 4y
Bratigh .,
1.2 FENHIE5EE

DXR EZE R TIEIL, EEFER CAA;T6
AN T AU AT A R A B GO e
IR A1 . DSC 800003061404 25 718 47 4t #AY
(DSC), [ Perkin Elmer; & B H2T 456 1% 4%
(FTIR-ATR) .Mastersizer30000303081002 4 [ 3
WOEREE ML, FE[E Malvern; 970CRT %6 %40t
JCEEE, Bl RUEH A PR A R 1.-8900 %4 H
SR FER A 30 BT 4% Ultra—Turrax T25 ## i 1 i
TFHEFEHL, P IKA A,

2 REHE
21 HRMES

SroNER T EFLEE A (WP, Y E K
(ASG), & F B R & ¥ (MIX) K& [ B 7 ¥
(WPI-ASG) ,MIX fll WPI-ASG 7£ A [7] i & (75,
80,85,90,95 °C) AHIff ] (0,30,60,90,120,150,
180,210,240 min) Z5 {4 & 4b B | 3= %y B 11 FIRE
W EZE, WS DL S RS S A B 3 A
SR B B o
2.1.1 EBmHs kLD 1:100 1R L
FEZRIE AR, FH 5% R W pH H &
2.0, K HEAE 80 C/KIR 1.5 h, B i 4T E IR 5
Pl EZ 4385 ,4 000 r/min 2.0 15 min J5 , BT IE Y 2F
PR R, SRR,
212 HREERILEEIT KBoEIlEEasnE
e A FR L 5:1 1R G, it & 43 80Ch 5% , MK i 2
ANTa] i s g st Tal (0,30,60,90, 120,150, 180,210,
240 min) , M & B (75,80,85,90,95 °C) , LW #)
U pH {8(9.5,10,10.5,11,11.5) , ZE 8 S Bt $E 25 h
HEAT SR 2 I, X H e R ) de AR A LA

PEHEATINE |, 4 2 X (D) TR IR E T
ES=(C0x10)/(C0-C10) (1)
A ES——FL R L AL £8 % 1 (min) ;CO,

C10——FL MK 0 min A1 10 min B} ,500 nm 3 K

Ab WA

2.1.3  WPI-ASG fLfbik 5o Beit MR ¥k 5 P 3R 5

WA, W EAE RN RAET 2%

4, iz Box—Benhnken "0 2H A5 3056 50 11 LB,

TEICI 8] (A ) (il B (B) R I 4 pH (E (C) R A

2, DAFLARTE P A0 2L A e Ay i 7 45 s 2 v A8

BRI R MK R 1,

% 1 Box-Benhnken i1t E & & 7k F

Table 1 Box-Benhnken test factors and level
i3l
P A B COR B 1%
(B 18] /min ) (B EIC) pH 14)
-1 90 80 11
0 120 85 11.5
150 90 12

22 MEUFWHNETE
221 BESLALR[E BN By B AR AR KRR S
RIK DAL 1:9 IR A, IAKRF 4L 10%1)
SR, 10 000 r/min Y457 2 min il £ FLR W, 245
J& 43 S AE O min A1 10 min W% BCEL AR BEE &6 50
pL, 5 5 mL SDS % (1 g/L)IR2), &4 -7l U5y
6% BE I 5E 294,420 nm LA 2 500 nm I K AR Y
W SEAR , 20 7R S i ) = B i M AR R BOREL
RIFLATE MR E 2 E 3 R # A (1) IR
FUR B FL AR 1
222 EEYEIERRA AL E B AR
4R L-8900 Z 32 [ 2 43 A A s |, I 2 i
e AR S T AL B . BURE S 2 S mg T,
510 mL FH MR % W (6 mol/L) IR AT, F 110 CK it
24h 5, BEIRER, HARBKERERZ 50
mL, B 1 mL F BT R T8 B S R AR
£ 5 mL ZR IR K A BRI VR T B 3K
1zt TR DA R 2 #h ™,
2.3 4L (FTIR-ATR) 447

W 2 mg W R TR SR R 5 200 mg V8 AL 7
RA IS5, e R FTIR . I FF 5 Aid



56 hoE

M

2023 455 1 #

S R, LS SISO TS R o T FERE OGS
BBl s, MR ] T N, AS Wbk e ) ==
PLB 1E 7K Z8 OGS U T4 o 76 4 em™ 23 HE
4 000~450 em™ ATARFE A W WO 94
16 KP4,
2.4 BEREk(SDS-PAGE) 4 #f

HERA PR IR T 1 & FE 0By K 100 mg, 5 500
L S A6 Bl -5 52 22 vh (50 mmol/L, pH 7.0) 5843
1R27,3 000 r/min 250> 10 min J& , B35 RARAE T
B AR . B W T 200 wL, B 7K ¥ 3 min, FE
i bR 15 WL, VR 4 I 0T 1 43 B 5% , 43 S RS S5
WO 12%, VE T RE SR A BB B LR 60V,
P47 % H TR HL K 40 min, 43 B B BEH 2= RN
120V, 2 R 35 38 75 700 2138 43 15 I JEc 3 i 45 1k H
Ko BWPEBP YA 2h 5, T 50% 2 BR - EE
VS VR R 12 h, R 0T SR U A A R M
BARGAT I B g A1),
25 EFEHEFENE

P I S BUR 0.5% 11 45 BF i B A T 43 Vs fid
TFralizK i G202 A BT 58O 5% SRl TR
VW, 7E 15 000 r/min ¥ 31, ) A8 & 3 BT
PRI B PE 3 min, HlAFLIK . ) H Master-
sizer WG KL B AAE 2 T 45 44 T 00 o 2L VR P R AR
2.6 WKL

SR FH 76 66 1 D 5 A B 50 A B b 1) 5 ik
JE . BE 275 nm AEUR P, ASIBRETEN 10

4.0, |HEEGE~DSE (294nm)

[__]#|hE% (420nm) p
AAENE (500 nm)

3.5)

LiSRIES

Absorbance value

0 30 60 90 120 150 180 210 240
Fi 8]
Time/min

(a)

nm, ZHE R 3, P AR REE A, UK A 200~
650 nm®,
2.7 WML E

P HER ST (SEM) g o 20 kV, 78
200 15,20 pwm BHORAEELCT , WREEHE SR AR O 25
L8
2.8 ETRRABHRENH

Z: 2% SCHER[27100 7 8 DT i AR itk | R 2275
AR A (DSC) W5 B i 1 PR F R BRI 5~10
mg FE SRR 4 0B8R B O 5 B AR
e LAL, PAZS SRS FO6 R 7E 30 mL/min
A g, LA 5 C/min 1Y TR 5 7E 30~250 C
T8 LN TR A3 AT A P I R R AR AR Ak
29 FHitFESHH

I EE 3 W, I B UM, K Design
Expert 11 Origin 9.8 LI K SPSS 26 # 44 k471856
Vi B RS 5317 .

3 ZBRE5HH

3.1 WPI-ASG B R

3.1 JhiAfE anlE 1a B BEEE SN A TE] Y
FER  pH A A AL aT READ I T KL, fHER 5 7= P
S M AR 24 RS A] SA 0~150 min B, A 3E1R
JOE P ] 7 b R R B 2 R R B I R 150~
240 min B, BE LR BN A ) 7 ) i B R AR R
S VTR A AR i B S RS K (P<0.05) , Z 5 A
JIF T R I TR E T E W T L TE 120

0 30 60 90 120150 180 210 240
Fi 8]
Time/min

(b)

AR NG FRE R IR 25 5 .35 (P<0.05) .
B 1 EE X E R ER & B R R

Fig.1 The effect of time on each index of Maillard reaction
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2k M Fe Th R84 P 8 R 57

min 7247 IR RO, [ & 1b R FLLRRE
PELE 120 min ZE A7 IR B O, AT REM T2 B 3L
T 55 5 U T A R OB I A ) B A T
SEHR A I W B LAV E 4R v o Bl SN I [A]
ASE R, & B0 T B FLAL PERE G 18 T B, — D T
JE I TH A BT T A Lys 80K, 55— J i, /R
A ) 9 A E AR P 8, S B0 e BT RS, AT
FEFLATE R B, o E fe kBN A 2y 120

3.1.2 IR i 2a s, B I E] 0 SE

4.0 N HEP YRR (294 nm)
[ ]i83sig8 (420nm)
| A4EE (S00nm)

35¢F

3.0F ¢

WA

Absorbance value

75 80 85 90 95
R
Temperature/C

(a)

K, BESLAR R v a] 7= 9 5 i R0 A2 4 B0R ke
s 7€ 90~95 CHt, 7= ¥ i FLALRE 1 fie i, i T IR
JEE R Ry, 5% s g bR S R R L A
o AW KA T =9 . W 2b s, 7R
WFLALREEVETE 75~90 °C, 5 Je 36 hn s B AR i #4
B e B A R T FLAR R M T KT
i B L 95 CJa , W WK & Wk s | )™ B 52 1R A%
(A M, O ELYE LAk S 42 THIR B 5 BURA TH #E
B SO R OV R 90 °C ok F il A1

300 p
b b
b b
= 250}
P é a
o8
=
27
po—}
=
200 |
150 L L L L N
75 80 85 90 95
i3
Temperature/C

(b)

I AFRVNG TR 2 57 13 (P<0.05) .
B2 REMNERNERNEERNE

Fig.2 Effect of temperature on each index of Maillard reaction

3.1.3 MW pH i 3a firas, AR R N
w7 ) i RN AR S R B BE R bR pH (B 3G K 2
RS pH AN 11 B FUALAE J7 Beoi 24 pH {E
& 115w, FLAkAE 1A B R R a8l 3b iR, pH

HTE 9.5~10.5 i, FLALFREMESE IS pH H
£ 10.5~11.5 B FLALRR e M PR, T4
FERAE B A b R BB RN TR R, B &
ARG AR R, — FRELE A B R B A R T S Al

4.0 I TSR (294nm) 300
[ ]#8%iEs (420nm)
350 1 A& (500 nm) . L
. 3.0} b
E ab & 260} b b b b
< =
2 25t ;
= e a
2 £ 20} @ £ 240t
= 2 i_% &
: f B 220}
= 10}
sl 2 a b 200+
0.0 1 . . 180 A ; . . .
10.0 10.5 11.0 9.5 10.0 10.5 11.0 115
pH pH
(a) VE RN 0 305 25 5 3 (P<0.05) . (b)

B3 pHEXMENERNESIERNFMN
Fig.3 The effect of pH value on each index of Maillard reaction
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JRE R HEAT T A i R P A 355 vl S i 7 152 7 4 410 P, 248 pH 11 S fed &1,

i, 52 R AR, e Ah B Y pH B WPI
Y 2 L R B, 23 5 DR BSR A 23 5  E  HE SR T
HABUEH LN, SECETEE AT AR
B M R RGBT AR RE SR T AR = R A A
A BT R RSN, A LA TR

3.1.4 WPI-ASG T 21k 7 58 3K 5250 H il
I+, RH Box—Behnken /7%, #i&E H 2 &= h it 7]
(A) JREE(B) W1k pHAA (C) , Wi b AE Ay 2L AR 6
(Y ) LA E PE (V) , Bt = B =K mig Bz
RS, BT R A R IR 2,

% 2 Box-Behnken i{ & it R &R
Table 2 Box—Behnken test design and result

. B % Y, 5L & Y, SUALAE E
R G P
A (B 18] /min) B(#JE/C) C(pH 14) A 500 (ES)/min

1 1.000 1.000 0.000 0.636 212

2 —-1.000 0.000 1.000 0.702 234

3 1.000 -1.000 0.000 0.616 206

4 1.000 0.000 1.000 0.713 238

5 1.000 0.000 -1.000 0.558 186

6 0.000 —-1.000 —-1.000 0.547 182

7 0.000 -1.000 1.000 0.689 230

8 0.000 0.000 0.000 0.602 201

9 0.000 0.000 0.000 0.601 200
10 0.000 0.000 0.000 0.603 201
11 0.000 1.000 -1.000 0.571 190
12 —-1.000 —-1.000 0.000 0.593 198
13 0.000 1.000 1.000 0.725 242
14 —-1.000 0.000 —-1.000 0.552 184
15 0.000 0.000 0.000 0.597 199
16 —-1.000 1.000 0.000 0.621 207
17 0.000 0.000 0.000 0.601 202

KR 5 P A Bt b A7 Z ot Bl S, R EI 7L
AT P (Y ) FFL AR R RE P () X B[R] (A ) | i JEE
(B) I BL0IUG pH AR [0 05 7% -

Y, =0.6008 +0.00694 +0.0135B +0.0751C -
0.00204B +0.00134C +0.0030BC +0.007042 +
0.00878%+0.0235C?

Y,=200.60+2.374 +4.37B+25.25C-0.75AB +
0.54 C+1BC+2.33A%+2.83B%+7.57C*

M 3 fIg 4 mla, mIEFREARS QA
R R, ZER T B S A
R AT 8 2 (P>0.05) .

x3 EHAFBRFESN

Table 3 Analysis variance of regression equation

Y, 5L E Y, LA 2
F1& Pr>F 2FH F 1 Pr>F BHEH

B 374.57 < 0.0001 HAE 292.75 < 0.0001 HA

A 25.44 0.0015 HAE 21.13 0.0025 ok

B 98.09 < 0.0001 ok 71.70 < 0.0001 ok

C 3037.49 < 0.0001 HAK 2 388.19 < 0.0001 HA
AB 1.08 0.3340 * 1.05 0.3389 *
AC 0.4205 0.5374 * 0.4682 0.5158 *
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/AR

$e R AT o B LA K

G 45 H) Fo T A A 0GR 59

(&% 3)

o Y, 5L E Y, SLALAS &k

7 ERR

F 14 Pr>F 2 FH % F14 Pr>F AR i3

BC 2.42 0.1636 * 1.87 0.2134 *
A? 13.78 0.0075 kK 10.66 0.0138 Hok
B? 21.56 0.0024 ok 15.73 0.0054 ok
C? 156.10 < 0.0001 HkE 113.12 < 0.0001 Rk

K AR 5.34 0.0697 * 2.50 0.1985 *

oo AN (P>0.05), %%, 285 B3 (P<0.05) %%, 2 51 1 3% (P<0.01),

x4 OEAFBUSESN
Table 4 Analysis fitting degree of

the regression equation

B, WRAE Y, ALY, B 55— DR A AR e
AHTRD, 2 WP DR 3R 2 () ) 5 AR TR AN B3 X

5575 2253 W (9 45 SR — 0 IS R TR I EE BE U S R

ok £ R R} CV/%
Y, 00039 09979 09953  0.6226
Y, 1.46 09974 09939  0.7074

24 T SO IR 3R s A TR 3RS R I R, T 3
F5 R RBIE NS Z R, aiaR P H

PRI A B .C X RLE Y, ALY, PP 58 AR
F9 Wi 7 T P L 4 s, R O R
A R T, ST SR Y, A Y, EH R A BLC
PP TS0 R N A7 AR A, S e i T

WHE A AT 85 R LW, i A B .C X RAE Y,
Y, B BRI,

Fe M8 i A T 25 2 BOBORE B8 U v 7 T V5 T A 45
RBAFENE AN 5 s PO A -5 5 B R 2 18] 42
A RLAE IR TR A R

I
=
g El
il g
Q g & 7
=2 S
=} —
2 B
<
59.46“4 419701
7, @
(a) I ] 1 2
05
©
Ti 06 sl
= =
@ o 07 {gﬁ g
R £ £7
= _§ 08 g =
8 09 )
2
<
280

10.9836
10.7026
10.4216
10.1407

41.9701
65.9701
89.9701
11397

9.76045
10.1604
10.5604

~ 64,2281 9.85069 « 97 11.3604 109604
A, 482424 957873 R/ 16197  11.7604
7},%/ liy -9 7}0]6/7‘/,97 B
o, o

(b) WA} Al pH
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Fig.4 Effects of interaction terms on the emulsifying activity and the emulsification stability

x5 ENEFYINFEEMILRESELEREIE
Table 5 Verification of emulsifying activity and emulsifying stability of Maillard products

& RAET L AH B 5 FRAL TR AR
A (B 9] /min) 117.965 118 Y, Y, Y, Y,
BB JE/C) 89.624 90 0.724 241.578 0.732 244.028
C(F_RAn% pH AH) 11.995 12

3.2 WPI-ASG ## ¥ S BB 4H K Kl E

FEAE ISV A2 W ) 30 T B B 1 R R A 2
)R T, 78 S 0y aok 75 v Qi 285 22 35 18 AN W A2 4k | 9K T
HAMAEIER S5 RN, F 2R AR (Lys) 5%
B e— LS & R (Arg) IS | Hoe & R
7 R B AR, PR o T DA o a3 R A AR AR
FIWE, 413 6 Fis , WPI-ASG ' Lys #1 Asg & &
KM% F B — 8 (1 WPL,MIX ' Lys A1 Arg 43 51
BT 11.9%H1 4.4% ,\WPI-ASG ' Lys F1 Arg 43 %
W T 23%F 31.1% ., KW Lys Al Asg 1R A G /&
B 2 5 HE AN B B BRI PR 3K
ol G 1R B e AT LUK T G h A S AR B, AE MIX
1 WPI-ASG rh ¥k A T A [l A4 B2 i SEhi A I g
3.3 4I4bhstit (FTIR-ATR) SR

FTIR-AT i@ it 73 F ¥ 2 5 | e S e, 4 it
KO0 E e AL A B, PR a5
WPI-ASG 53 F&45 /) FMH A BEAEA . E 5 fr
&, 5 WPI A EE , MIX fil WPI-ASG 4 51 1 I K
1 000~1 750 cm™ Al 3 200~3 700 em™ & [l Py 34 1
IR I g Wi 0 3R] g R BE Hh R BR R C-0-C B
TR B 0 I A A i B e AR R ASG L3R
5 WPLIE E A Y™, WPI-ASG 78 3 K 2 800~
3000 cm™ i Bl A, W AT U i R T I8 0k 555, X ) B

X6 BHGSTHERMAIRIE

Table 6 Lysine and arginine content in each sample

£ N3 WPI MIX WPI-ASG
B EBR % 5.78 5.09 4.45
A R % 1.35 1.29 0.93

Fmﬂ\\/\ / T wel

[ : .
WJ\/ 852 7 N 383
2922
1061
MIX
2910 3679
/" 2068283
1061 2940 WPI-ASG
\ 3679
B0 /| 377
oéi 2088 2975

L 1 1 1 1 1 1 1 J
500 1000 1500 2000 2500 3000 3500 4000 4500
WA
Wavenumber/cm™

5 HBEMAMLIEELER

Fig.5 Infrared spectrum of each sample

Je i1 T 22 AR B =2 18] AR AR S B01 H 2R Ik
s , E— L U] ASG By IL M A WPT /9 2
RERF I DA A5 A A A B A
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34 +IREREM-FBE Z % B IR Bk
(SDS-PAGE) 4 #f

X i SDS-PAGE 43 #f ASG L4 $2 K7 %} WPI
Oy FIRE RS S RANE 6 Bk, AT LLE Tk
2 KATE 13.8,18.0,66.0 ku 4t /R K a-FL i
A B-FLEREE (M4 ILE (R 3 RS R
F 5 £ 0510 T 4 Pk TS 43 A B 2.3 ko %
AR S R U A MR R, 5 WPLAE
LU, B2 R ) 457 5 B X T T B, O 0 Ji TR
JEL B BT 43 JoT A O g R AR, SR TR
() 457 YA = s WPT 27 K2, Ui ASG 4%
KA WP /)43 F B 34 K, IF AN E A i+
IEMr H23% (1) ASG Bt A R H vkt B2 b g FH
SDS 5%, B—%it Jik £, BV A 44 3 L6 135 43 F Jo At 1 2
e o i, Uk IR 02 B WPL A1 ASG 3 o 2 fy
HEEE AR N,
3.5 WPI-ASG ZLI AL 1Z 5 7

WE 7 fis , WP Fil WPI-ASG FLAR KL A2 4
A AHARL , 35 5 L 43 A T AE 0.3~0.5 pum Z (7], 2 B
FLIRORL AR BAT R A3 — 1, WPI-ASG 11 4L f 2
kenT LABE E WPL ZUIR A ZL Ak . EZ R m T
KW WPI-ASG fE 9% 78 i — 7K A 11 B g J5 1) 5t
T A5, 3 = WPL 2L AL PE 68 5 I 78 W80 1] 7= A= HEx
P LABH 100 SR A, DT B o LR v R Y
Yang %52V B8 5o 55 7 78 5 Ry a4 A% il £ 1) 2R 1 -
KGRy, HoR R A 2k 13
RIFRE M, X ARSI &5 A &
3.6 WIiRFKAEDHT

PG VL AT LSRR i = A Y
FR, ZITIEROA R — Rl AR AR TR
WO A E B H R T B, B TR A
i 2 2 A PN TR 26 6 Y S BEOR TR, 2T/ 280 nm
ORI N RSO, H o SRR 5% 3 1 e K R G
PR AE 340 nm 24, AnE 8 BTR A5 AE dh d R
BT IITE 340 nm 247, FB WPI-ASG i
TR N R ) PG REPE Y T ORI A R AR S
ASG (R34 ek T 80 WPT 986 3 5 I B FRAIC, ¢
SR RER R TR E RS S TR R
B, AT RE R T EAMEZ NI/, R
B o T 00 I HE AT RE 00 5 B S Lok
D3R B P VAR AR PRI 22 W 1 o A/ e g |

1 2 3 4
. UK EMGR T UKGE 1 Marker, ¥KGE 2 S WPL, Jkif 3 A
MIX, ¥ki& 4 & WPI-ASG.

E6 AEBEEHMBIKER

Fig.6  Electrophoretic image of each sample

after treatment

30
= MIX
25 i —— WPI-ASG
—— WPI
IS
=, 20
i Z
5
= 15
B
¥ E
= 1wr
=
=
sk
ok
L . . . . . )
200 0 200 400 600 800 1000 1200
BLRE 53 4%

Size—grading/pm
E7 SHBEFERERIABMESFHERL
Fig.7 Particle size distribution of each sample

emulsion after treatment
500

WPI
400

MIX
300 WPI-ASG

iﬁf
3 200 |
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Fig.8 Fluorescence spectrogram of each sample
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Table 7 Peak temperature and enthalpy of each sample
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Effects of Glycosylation on the Structural and Functional Properties of Whey Protein Isolate

Zhang Yuanyuan, Wang Cong, Ma Qin, Li Dongdong, Li Peipei, Liu Dunhua’
(School of Food and Wine, Ningxia University, Yinchuan 750021)

Abstract In order to determine the best process of isolating whey protein, the structure and functional characteristics
were studied. The glycosylation reaction was conducted by separating whey protein  (WPI) and Artemisia annua gum
(ASG). The optimal process parameters of modified WPI were determined by response surface method: time 118 min,
temperature 90 °C, initial reaction pH 12, and the emulsification activity was 0.735 and the emulsification stability was
245.103. Under the best process parameters, glycosylation products were prepared. The results showed that the glycosylat-
ed products (WPI-ASG) and the single protein. The emulsion size distribution was similar, the main free amino acids
lysine (Lys) and arginine (Arg) were reduced by 23% and 31.1% respectively, the fluorescence intensity decreased, the
FTIR-ART spectroscopy showed that the corresponding absorption peak was significantly weakened or enhanced, the lane
intensity measured by SDS—-PAGE decreased, and the peak temperature and heat enthalpy were increased by the differ-
ential scanning meter. Comprehensive analysis shows that WPI-ASG has better emulsibility and thermal stability. The re-
sults of this study have certain reference significance for the improvement of isolated whey proteins, the preparation of
protein—polysaccharide covalent complexes, the improvement of physical stability, and the development of applied proteins
or sugars.

Keywords whey protein isolate (WPI); Artemisia sphaerocephala Krasch. gum (ASG); glycosylation; structure; func-

tional characteristics



