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Effects of dynamic high pressure microfluidization combined with Maillard

reaction on structural changes and properties of a-lactalbumin
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Abstract: The Effects of dynamic high pressure microfluidization
(DHPM ) combined with Maillard reaction on structure and
properties of e-lactalbumin (a-LLA) were investigated by SDS-PAGE
and spectroscopy. The results demonstrated that the {luorescence in-
tensity and surface hydrophobicity (Hg) of o-LLA treated by DHPM

firstly increased then decreased. with the maximum values at
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110 MPa. After Maillard reaction ( MR ) with lactose, the
fluorescence intensity of a-LA was declined. However, H,. emulsi-
bility and anti-oxidation activity of a-ILA was improved. These results
illustrated that tertiary structure of a-LLA was changed due to DHPM
pretreatment, thereby promoting MR, emulsibility and anti-
oxidation activity of Maillard reaction products. DHPM pretreatment
combined with MR was an effect method for protein modification.

Keywords: dynamic high pressure microfluidization; «-lactalbumin;

Maillard reaction; emulsibility; anti-oxidation activity

a-FLHE H (a-lactalbumin, o-LA) J& T ¥ B B X % . 45
MEBRIE, Ktk 123 A~ EMRAR. 4 FEHARN
14.2 kDa, o- LA BRFLHE AT ME RS HE THEHENA,
H 4 D REARIRIEHRELE G5 8, Hophke i & AR 7 )
= AEAA IR T o- LA 5 B9 Zh BEFR 1 AR Wy 2 15 1 L 4
A B2 Aot S AT ) N T . AR I RR A
a-LA BB HUEAL B ML PO R AR W BUe 2 PUE (B A
G B EERAT

BRI 2 Bt 7tk e BRD T SR R AT A AR FT 4R
T8 o LA TR B, 1 3l 2 & L8 3 (Dynamic
high pressure microfluidization, DHPM) J& — F & 15 7 lf 48 .
o AR T I I s ) R B B ) ARV T R e AR T —
PRI HT 2400 I TR AR ) 2 TR F ™,
WF 5% & L DHPM il 4L B RE 15 5 2F ML A 24 F (BSA) Y 5 1
RAEZYTE AL #E 28 0T Y 56 B4 SN, 32 m BSA By 36
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J AN B 3 AR 1 2 35 A I N A A L L FL AR M R I A B
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1.1 P58
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BAL B | B < 4307 400, 7 I Rk 2 R 0 A FRA 7 5

R RS TEL N 1 N3 (=271 A

LB 40 BT 4l BT T A A B A BRI
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SHNTT DL A SE B 1. U-3200 AL, H A H 37 28 A

BN VG IE T F-7000 %1, H A H 3723 A

Gh K v s 2 B HL . NCJJ-0.007/200 I, g 35 58 F AL AR
AHBRAHE

A — 5 3543 . MOS 450 % .32 [/ Bio-Logic /A i 5

BT LGJ-1D-80 4, 4t 50 W 78 B & (X 25 $ A A
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F_l

Pﬁﬁﬁﬂx SynergyH1 %1, [ Bio Tek /4.
1.2 Fik
L2.1 BEFHIE R —E A o LALYE T 0 1R 4h 22 of
W (PBS) , it il B B R 1 mg/mL VR . 2t i 4 B
HLAL 38, 34 5 03 43 51 9 0,80,110,140 MPa, # il T AL 3 3
UKo T W T T L o — T 4 VA VB A B 1 LB TR 5T
¥R T 4y Hie oy LA-0-Lac,LA-80-Lac,LLA-110-Lac.LA-
140-Lac, 4x F ¥ % A M8, 40 338 N-LA. LA-80, LA-110,
LA-140, 43 B 05 T2 a5 . ¥ 0k T U5 Bﬁﬁéunﬁ?iﬂim
W, 1 55 °C L XTI BE 65 %6 B A5 1F N I 8 h U A5 S
BOBEETIKBREIERMN ., 4 CHFERSH.
1.2.2 SDS-PAGE A4 3Cilik[9].,
1.2.3  MEMME AR SCEkC10]. FHAR A 7 i, DL
’E&@ﬁﬁﬁﬁmﬁﬁrﬁﬂﬂfi DLIR Y B2 R AR B () i 5 2 ik

O AT (o) AR HE T R 7 Rl y = 1.28724-0.007,
L2.4 WiEZOeMmE ARk,
1.2.5  FmsiKMENE AR IcEk12].
1.2.6 B @38 Hr ARAESCERCT ],
1.2.7  FU kMW #R4EScEkC13],
1.2.8 ABTS" - i5BREES  MR4EICHR[14].
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SDS-PAGE of ¢-LLA treated by DHPM pretreatment
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Figure 1

combined with Maillard reaction
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Degree of grafting/%
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B 2 DHPM A& &S £ /8 R B a- LA BA B 6y
Figure 2 Effect of DHPM pretreatment combined with

Maillard reaction on the degree of grafting of a-LLA
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23 1P 42, B 0 1 O 22 1) B0 67 o5, 418 8 T S i s g R
MK F735%] 110 MPa I, LA-110-Lac [ 88 5 35 5 5, Uil
RN R B R B R R, (H AL BEE F7 K F110 MPa i,
LA-140-Lac 1948 B .35 FEAIR (P<<0.05) , AT BB JE 3 KMy & )
PR o LA 73 W) 2544 B BOIE o 25 P08 N HF T 28 14 I
SR A B, 8 35 1 05 40 By 3 A 7 AR R R
2.3 WIRMERLNE
WM R E AR = wssMmw AN s k. B3
RS [ b B s g 25 G R PR N X o- LA YR P SO0 1Y
W, 24 DHPM AbHS ,o-LA 2GR B Thm G IR . X
JE Ky DHPM (1 i 3 il 48 | o5 54 77 5 59 80 < XOFE 4%
WIRT o LA W25 M 254, S BOR AL | A 4 F N
Trp B £ M 5 B E MR B b, TGN o LA 226 R
MR S 110 MPa, LA-140 %8 Y658 B F# K, 5 Maresca
FUTR BT A AL, 2 PR S R R B S L LA-Lac f& R
BT 0 BE  EREAR, fTRE S R Oy o LA 5 ZLBE M 25 & X3
OB E) T BV . ELBE AR B 7 A8, 2Ok B
Je I I LA-110-Lac (1% %€ )6 58 B 15 B A%, T fE & LA-110-
Lac 1 28 i 78 S b 5 B o R 25 6 B i 22, % (8 % 1R 7
AT R ) R RN
21001
18001
1500F
12001
900+
600

Fluorescence intensity

300

0 ‘ ‘ ‘ ‘ ‘
300 320 340 360 380 400

Wavelengtiégrﬁl
B 3 DHPM FRAL 2 & £ 32 BB 3 o- LA WIR M
R
Figure 3 Effect of DHPM pretreatment combined with

Maillard reaction on the intrinsic fluorescence in-

tensity of a-LLA

2.4 FREFKENE

Bl 4 o LA By 310 50K M 48 40, & DHPM stk 5 .
LA-80.LA-110 1 LA-140 f H, % N-LA § % 3 Kk (P<
0.05), 3 1 Ruan %177 (g 73 25 5 — 55, n] A & £ ) 1B F i
a LA M G R A8 Ak W8 K e 55 38 4 2 86 Ho 3 K.
A2 140 MPa Zb 3 J5 . Ho #1% 110 MPa &b 34 7 F K, vl
REREH RS T Z ARG KR Y2\ HKEARE
mh, St s K EH R AT, MG o LA 5L
AL G . LA-Lac 1) Ho 8 LA 1Y & 2 8 m (P <<
0.05) , HLFf 5 FE 1 1) 328 i 386 . H o 26 3 25 38 Jin J5 B AR (P <<
0.05), XA BESE o LA 530 & A B SR o LA 250 K
AR B T AR O T YR A B K L T 3 TR
Bl B0 S K R A 880 T Ho o 24 E J735 %] 110 MPa, LA-
110-Lac iy H, ik 8 F K MEH .

701
601
501
401
30
20

F B K
Surface hydrophobicity

AN FBE R R 22 5 .35 (P<C0.05)
B4 DHPM x4 s£E-R N - LA K&
B MG %R
Figure 4  Effect of DHPM pretreatment combined with
Maillard reaction on the surface hydrophobicity

of a-LA

2.5 BEZ@tiEsH

KR AT M o-LA TG S5 & YA AR
i & 5 A1, DHPM iAb BEXS o- LA 92540 Hr 45 41 0 10 %
WA W E N, 5 Subirade 2577 g 25 36 MU 5 3t 0] B 2
LA 554850 F i T M w2 Y . R E R
JEREE R ILE6 R R L, o- LAN o - SR8 & 1 T 56 /A A

dmol ™)

ES

Ellipticity/(degree * cm?

230 24‘10 250 ‘
i8S
Wavelength/nm
B 5 DHPM &3t o LA R LM

190 200 210 220

Figure 5 Effect of DHPM treatment on the secondary
structure of a-LA
E 10
v st
M
=t
=3
E
£ 5
= —
= _1ol_. ‘ ‘  LA-O-Lac L
190 200 210 220 230 240 250
B
Wavelength/nm
B 6 DHPM 4 2 2 & % 45 f& B B 5t a-LA =28
AR A
Figure 6 Effect of DHPM pretreatment combined with Maill-

ard reaction on the secondary structure of o-LLA
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Table 1 Effect of DHPM pretreatment combined with Maillard reaction on the secondary structure content of o-LLA
%
FE il a- U2 i g E L To M il
N-LA 22.3+0.1% 24.2+0.3% 25.54+0.1* 28.040.2"
LA-80 22.3+1.7% 24.9+1.0° 25.1+1.1* 27.740.4%
LA-110 23.241.3% 23.9+0.9* 24.5+0.5% 28.440.1"
LA-140 23.2+1.5% 25.1+£1.7¢ 25.24+2.12 26.5+2.4%
LA-0-Lac 25.3740.4b¢ 23.8+0.5% 24.1£0.3% 26.640.3%
LLA-80-Lac 27.9+1.14 23.8+1.2% 23.5+0.3% 25.3+0.7%
LA-110-Lac 26.0+0.3% 23.8+0.4% 23.7+0.1* 26.540.5%
LLA-140-Lac 25.47+0.5 24.5+0.2° 24.4+0.0° 26.4740.3%

T S AR TR AN [ ROR 28 5 2 (P<C0.05) .

B A R, (B AR S LA-0-Lac, LA-80-Lac, LA-110-
Lac Fl LA-140-Lac — 48 4544 & 20 73 Z A A B W 22 531, Al
B O AN 1) 1 ) b B T7 A a- LA 1 Z 945 44 % i AN
Ko B4 Liv I8 58 & BUER (AR R A A4 8L 5 38
JEHE Y 43 TS R BRI SRR Y B e L 3 L A B B 1 B
fa] K % A 5%, 3B LA-0-Lac, LA-80-Lac, LA-110-Lac I
LA-140-Lac By R 451 72 {6 W 18 7] BB A2 A o Ak SE i 7
J NI Fe M —FE
2.6 FENE

B R AN FL AL PR — K o FL Ak S M (EAD R EL
oA M (ESD k3P . B 7 Jy DHPM i 4b 3 45 45 56 Hi
RREXE o LA FLAME R, 4 DHPM HiAH /S .o~ LA 1
EAL# ESI 256 T )5 B i a3, 24030 K ) 35 3] 110 MPa,
LA-110 3L AP K . X g DHPM 1Bk i = FE AR T
{145 2 1 0 S (] 45 0 R A R Ak L AR I B K A 1R T O
FRIKVE 32 15 5 5 1M [ INh — 28 Ji 505 0 907 0 7 P 98 118 i K
AT 2 5 o L SR Tl PR B O IR B BT T A L FL AR R
BRI HYME ) # T 110 MPa B, LA JE B2 F R 4E
A, R B K VR RS L K T A R D s L FLALRE ) TR L&

FLBEERLE)E o LA W FL A6 M B 25 3 K (P<C0.05) , AT fiE &
LA 53 A ST RABSE G, ER S e KEREA
LR G A I 2 T b B TE K T T [ B S A 1 A 2
Wy AT LA RE AR T KR A B, DA R R AR R T A
T, % DHPM A3 E J7 35 %] 110 MPa Bt , LA-110-Lac f#)
EATF1 EST K. X A f8/2 110 MPa i, 35 $ii £ I o #2 B fix
REAREEA L2 ERE LN RBE" Y., 4
JE S5t 110 MPa, 35 4 78 [ bR 2 B AIG, 7= A e i A
K4S A9 EAT F1 ESTHFEAL,
2.7 ABTS' - iEBREEN

ABTS" « 3Bk A 77 7T LA We 35 B8 7= 9 1) B A AL T
. A DHPM 4k # JE Jy 45 & 25 B0 48 2 W % o LA 1
ABTS" - 35 BREETT R L& 8. £ DHPM Hikh #J5 . o-LA
By ABTS" - Ji§BRfE 1K A B &2 5 (P>0.05), i ] DH-
PM % o-LA ) ABTS' - iHFREE WA BEHZM, W&
WEEPLIESS o LA 19 ABTS™ - W5 BRAE ) % & 5 (P <
0.05), Al i J& o LA 52U 0= iy Ehi il 7= M ABTS™ -
SR A o LARRIWIE S F A B 3E& &b, S RE AR

501 .
ro 190 S ’
7001 ez FLALHE 180 Z 0l d 7
= by M >
% oo T ALILRUEE 0 & R 7) 7
o £ = 5 30k
£ 500t 60 = &g
#HE 50 =R o
vz E RN P M z 20
S § 400 dd 40 %"é_g ﬁ g
E
= 2 3001 d N 30 E w T E 10
& : 20 = k:
2 200 2 = = 0 9 .2) .
£ 10 < < I3
= NN
100 77 0 & & 8
NNCNS SR
Aol \)V’/ v’\ \y he >
A% FE
Samples

AT B R 25 5 W 3 (P<C0.05)
B 7 DHPM 4L 22 28 & % 42 & BB 3 a- LA SUAL M 69 % w0
Figure 7  Effect of DHPM pretreatment combined with
Maillard reaction on the emulsibility properties

of a-LA
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Figure 8  Effect of DHPM pretreatment combined with

Maillard reaction on the antioxidative activity of

a-LA



FMBEH 7

S5 < 0 25 i R WU A PO ) S 4 4 S X - L R 5 A R D R P B Y 2 T

MBS AL RE S B = . B DHPM JE J (3 n, ABTS " -
I B AE J7 e i )5 e AIK. 4b FEE J7 4 110 MPa B, LA-110-
Lac (19 [ th &% B 235 Bl e K, X 2 i T DHPM {2 # T
LA 5ZUAEI L P48 5N, A R 2 M SERLE . YAk
HE J1 R 140 MPa, 35y 78 ) 0 A2 B2 ARG AR 0 38 B 48 7=
Y& s HSCHHGE (R R LA A AL BR AE D L T 98
LA SN 1 0 A 5% 1 25 W A1 G SRR 1 1 Pl BT R BB 1T
[H 1 LA-140-Lac # [ H 35 75 BR R AR
3 H5ik

DHPM il b BEXT o~ LA 1) — R G 25 1) JC 8. 52
mix =R A B EZ W, & DHPM HiAb# )5 o LA 1
PR VR 2 TR B R 3 T B K R R, B2 R TR R 3
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