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Abstract: In this work, the effect of mixing ratio (1:1, 1:2, 1:3, 1:4, W/W) on Maillard reaction between xylooligosaccharides and whey
protein isolate (WPI) under wet heating conditions and emulsification and rheology of Maillard reaction products (MRPs) were investigated.
Significant changes in browning intensity, pH and particle size showed that MRPs of WPI and xylooligosaccharides were successfully prepared.
Results showed that the degree of Maillard reaction was the highest when the mixing ratio was 1:2. Compared to a system that has not
undergone Maillard reaction, the average particle size of MRPs was reduced, and the largest value reached at the ratio of 1:2. The Maillard
reaction improved the emulsification activity and emulsion stability of WPI, the MRPs showed the best emulsification activity (38.63 m%g) and
emulsion stability (65.23%) at a ratio of 1:2. Rheological tests showed that Maillard reaction modification enhanced the gelation of WPI, and the
storage modulus of MRPs at a ratio of 1:3 had the biggest increase in which G' reached a value of about 97,000 Pa, seven times the value
obtained in the initial WPI gel. At the same shear rate, the apparent viscosity of MRPs solution increased compared to WPL, while the effect of
'WPI addition on the viscosity of the system predominates. The above results showed that the rheological properties and emulsifying properties
of WPI could be modified after Maillard reaction.

Key words: xylooligosaccharides; whey protein isolate; Maillard reaction; rheological properties

WisEHA: 2019-07-12

EEWH: ITAUEARLE (S2018ZDYFE0040) ; STRERIFETE AR EIN (2018-Y2D1-05) ; STAE R FIREIRIESIRE (20151BBF60041)
fEE®N: BR0995), &, MEMiRE, MiRnA6: aREERUFESER

BREE: B981981-), 5B, L, BIFRR, RAR: ZEERUFESESR. ERERFRSEATIA. LRRHRES

20



MK EmBHL

Modern Food Science and Technology

2019, Vol.35, No.12

HAPE - RERNRIE TN, BEANER
B E B IE S RIm AR A T L 75 R IR R . (H2H
ZEFIEH 52 pH BT 9mE, IRE(R/ kR AL
FIGERZMRIT AR A, BEMTRZ S A I DI RENE
RMRPR 18 A AR R A U N T . PRI, K
BT R | A2 B A A PR A O3 R R 1
PR TR SRAFA g e R, HorhSe
N7 A — AL AR (PR B SR 5 5 3, R AT IR TR]
IR pH MUK AR 254 T I AR 5 S HE R HER
S R R R RE . AT, K. T
EVNERRRFIRENVRED, BARRIREE, MR
%, I LRAMRIFS ZRE R, 20507
B AT RAN [ R 2 2 BT B T 2 1 R 1 A S vk
Bl IE KB (AL T 2 B TE R AR
FAY, CUH BRI R I 38 A ] 503 4 1 5 i A4
PEREROL St Pribae %,

FLIH > B AR EI(WPDZ G5 T sl s, 322
B-AEREHP-Lg) o-FLiFEH(e-La), FIMLEHEH
BSA AR EE AR, BAREERNE.
SR, 7E WPLH WLATIN L7 a0, . ks, of
W BEE TR, WP IS ZRIBOR, FUAVERES:
HREER MG, HHAFREIERE, THE e,
TeiFid R NAK FLE TR PR SR, TG s
21 TERIN . RRAKEZ M BA m R o /5%
Wi, CRGENTA] DASGE iE A A 0T, I A
REEAMAE R, MUEGEERETRE, 11
FEEr Tl A 7= o T AR e v P i, X
B TARRANE LT AREBNTHAL,  REWDHE > 5%
No WA, B FURBAKELE RS A8 S Nk ek
T 5 MRPs H1E 6 PERIPT RS M 75 T R B
W21, R RAHEE S8 S SR AR DRI AT«

HOAHIE S LMIRZEAKERN WPL 0 5, KR #0Z
BEATSRPLABIN, RFCANF LB R SR AHE-WPL 14 &
ISR A S WA FE B E ™ I D RerE s, AN
WP HESAL A S hL 8 SN = S I3 5%

1 MRS
L1 oM

B A, 32E Hilmar A% (Hilmar 9410,
HAR>93.0%).

IREEARWE (295%), Mg, Filg&fEAEYRH
HIRAF] .

1.2 (UHE5EE

TU-1900 $40a] W toefErt,  Abat i A
A PR/AT]; Zetasizer Nano ZSE KL E LAY, FE
] 5y /R 3L/ 7] Ultra Turrax T18 #=7ig 4B, 78 E IKA
ATl PHS-3C ¥6% pH i1, HIFEHEHEIERARA
F]; DHR-2 {4, EHE TA AF].

1.3 SLIF %

1.3.1 WPIKRANE EFIE B = 4 i) %) &

S AFRBCE E(REARE S WPL 2 HUE 57K
il TR EE N 10% (/Y)W B3R
AHEE WP LA 121, 1224 1:30 1:4, fE4°C
VKR 73K E 12 h 152 MNHETH 0.1 mol/L
NaOH 57 pH A 8.0, 90 ‘CKI I, AS[E]HT
)43 S BORE e TR VKB 1 T, TR AR T
MR IE
132 pH#n&

B s B ARES 0 min, 30 min, 60 min. 90 min.
120 min. 150 min FF @ VK2 b 87 i g Ak &
1) pH {EAZ 1k
1.3.3 UV-Vis BoLE 69 M&

%% Kim & Lee" {1771k, 78 294 nm Ab5E
MRPs FIWRIERE, (FEAAERRIEA AL T 8] =4I B4
FR: 7E 420 nm 4b5E MRPs (IWBOGREE, VENTESE &
L B kR 0 R A WIHIAR bR -

1.3.4 MRPs £/20&

B 1.3.1 P49 MRPs #00, FH28 KRR
1000 %, 78T MRPs SRR KN, 1FEFIIRLE.
1.3.5 MRPs #3UA407E MR AL TN T

22 Zhao! 7 AT Bk, SR Eidinl s
A RIFLATE T o 2 PR B 4.0 mL ARSI AL AR AT
16.0 mL & 5N | mg/mL FEFIETRAE 0.1 mol/L
P& R 22 R (pH 7.0)H —iEEAE 100 mL BEEELEA H 130
i = A B LE 12000 t/min FAR4F 1 min. H44%
BT 2 B FLIR(50 L) ABEARIEEHE 0.5 cm ALHL
HHEE] S mL 0.1% (W)t i mERANSDS)&
M. LL0.1% (W/V) SDS iifE 7S AR, 78 500
nm NIEFERTINRICE Ao KEFLIRFHE 10 min J5,
T MFEARECHR 0.5 em AbEL 50 pL AR 2 H 2
5mL 0.1% (W/V) SDS ¥, FHRAE 500 nm T lIE:
TR ERE Ajoo TR 2T E A IS HEFREU(EAT)
FNFLI RS P HEHU(ESD):

EAI(m*/ g) = L(BA‘X Aox dilution
cx(1-d)x10
ESI(min) = -4
Ao— Ao

21



MK EmBHL

Modern Food Science and Technology

2019, Vol.35, No.12

Ho: WEEE (dilution) =100, ¢ AFIUCHITHIEERIK
& (g/mL) F= @ A3 HIKES 2 (VV, ©=020).
1.3.6 MRPs 73 5P m

F 100 mM BEREAZz M (pH 7.00 Kl 4 10%
(W/V)FE E B R WP SR A 36 hir 4 g Joi 7=
VIRIKIER . BRI (25 C) FaEEH
PERHEEE 3 /NI, SRIGTE 4 C RS AR 52 42
IKE o TERASFEMEN S BT, i 2B DA 1-5E
RIS, B 10% (W/V) WPLIERAE A %)
G

K DHR-2 AR 3O MRPs FI BN FIER ST AR 2
PEFGEATINE « “FAR EARA 40 mm, BRIEIEEES A 1000
um. 7% Sun!" %5 A IR INSCE, SeB R IR
FAFEMRRI & MRPs SIS 4R N T Bk
YR, KBRS R RIS L.
WRLL 5 C/min [PIEFRM 25 CHI#AZE 90 C, 1E
90 ‘C F&¥F 30 min, #RJ5LLS C/min FIERAA R
25 CHAHILEFLE 10 min. 7EBANELFEF, 7F 6.28
rad/s [PIAZEAT 1% AR FE R IE S0 i Re i =
(GH FiFerieE (G FEARTERE. N T iR
TE BT A A 26451 4 T 10 10 3% 1) 50408 7 42 PR e e X
N, NASIEREAKFRE RN 1%. % Jiang 5%,
g 22 U VB A 38 9 AR A A P A A U
(25 C) 1 min. 8T IZEAOR BEAE At b e 854
R (0.1~100 ™) IR ECRIAF TR AL .
13.7 FEHIELE

AR s/ 0B 3 IR, SEREEE LI EEAR
WEZE LR BPERH Origin 9.6 HHAT4H], kT
ANOVA H R F 25 HrH 1 Turkey #6255, p<0.05 &
B ESCH (R APAE S 3 1 2 5

2 HZBRE5OH

2.1 RN ER pH Z4L

TE S 8 S N BATRLAS 7] L Bl R SR AR 5 WPT
K& pH A 1 R, BEE RV EIFER, 4
AMAZIY pH B2 RS £ RSB 0.5h N
R pH Gl FF%, IS pH 2218 T BF B 2 R M4k
I H pH M 8.01 (&2 7.77~7.51, HAREEANE S5 WPI
Fefh 1:4 B, pH A fkdsh, LLfl 1:1 B AR K.
pH PRACATREAAAEPIAN BB (DB A R I
FIUNFTR . WA SRl o, (I S AT
i, SR A R Y R AL T R R ()
S I B H S R A 5 SN, B R IR P R 141
AW 30 R (1 PR R A - T 1 S N AR R 1) pH
22

TR fEREdnE R NG, Hbd R JRmEEL
R S S HEAT AR, 33 It 17 T Rl £ Jse 13,
DRILE R 5 S SEEEA T, pH FRAIG, X SEmsififb S B Id 2 52
FHH, AR pH FFREETRNE, [FR T RIS
HIHER. 2. NEREE. 2 Bt —0 v
TEBURTRIEYD T, M) TR R0 pH i —30 TR
EEBIA 1:1 (R R AE 2~2.5 h B pH SRR AT AE A
Tz MRS RS SRS ERR, RG]
FRIAE IR SRR, T RSB iR A 1 2 (IR

PEVI -
8.1
8.0F
79+
78 F
=
7.7 F
—=—1:1
76r o2
75F 13
—v—1:4
7.4 1 1 1 1 1 1
0.0 0.5 1.0 1.5 2.0 2.5

IR / h
&1 NEEHUREEARTES WP EhfE R N idFEh pH B9ZE(L
Fig.1 Changes of pH in Maillard reaction at different ratios of

xylooligosaccharides and whey protein isolate
2.2 UV-Vis %% Z i & 1k

SR N 2 AR R T () TG /N o3 R ]
F=4), 40 Amadori EHEFYIE ISR, LA EAT]
TE Strecker M JiE /N FRESREE, X L]y
YITE 294 nm AL MR 5 T iE A T
fAE retro-Aldol . FEHE. F#th, &E4EEE
AR B R R A VBT SRR B3R, HAE 420 nm
AN AT BT 23 R o T AR 2R - T MR A
SRAE T 5 i S5 o7 PRI RE o

Kl 2a. 2b 23l AN A EEAG I e R R(IRER AR
HEWPIHIAERS ZIF1 8 2.5 h B 7E 294 nm #1420 nm
AEFIWOERE . EHIETRT A, DURMA R RS 7E PRI
WA IO CEEERG BT, 56K 1, 1R8N R
R, BT AR R pH AEFEARIE pH 454 KTF 7,
IER Amadori BHEP =4 32 B A A EE I /K EX 2,345
b, BRI Strecker ZEMAFIEE, [ HR s
WERE AR T BN 33, lan 2,3- T .
HIEZ — e, Y, X NS N A
FAE 294 nm AW SERERIIEIN . A\ 294 nm AEWEEE
WhnsRE, HHA 12 PRMNAR R ER K (0.075+
0.025); TMtLEl N 1:1 B FRIEE /N (0.030+
0.0073), XU ELBIA 1:2 AOAE RAE BB A=A i i



MK EmBHL

Modern Food Science and Technology

2019, Vol.35, No.12

FRABERE SR R P %, MBIy 1:1 Ptk
AR5 . A 420 nm AW RS 36N
K&, HBIN 12 MRS RIGE R K (0.076+
0.0082), UiHZLLEI T N ARKERRRZ, 15
A=A LRI GRS G T L 2 R, X5 294 nm
AEEEFAINT N . B ESE H IR LRI, i
oy AR NI SRR ik, FIREER
e SRR REG R, RSAR LS

02+

%56 (294 nm)

0.1+

0.0

0.6

05

0.4

03 F

02F

% 5 (420 nm)

0.1+

00 1:1 1:2 1:3 1:4

& 2 NEEGIRREBATEWP| ERER R AI7E R R ATEH
B4 (a) « $HEIZRE (b) HYT ML
Fig.2 Changes of intermediate products (a) and browning
degree (b) of Maillard reaction products before and after the
reaction at different ratios of xylooligosaccharides-whey protein
isolate
i AR FEEATEFRE, p<0.05, TFFE.

2.3 ARFRANE-WPL 48 /= 4kt 2 24

a 18-
161 i =11

ﬂ_1:12.5

R 1 %

Hif% / nm

18 ¢
b .12,

-o-1:2,,

GG | %

IG5 1 %

o

o
1
=

IR 1 %

HifZ / nm
& 3 AEILEFIRRERAYEWP | SEhifE &7 N P47 R N RS Rl
R

Fig.3 Changes in particle size of Maillard reaction product at
different ratios of xylooligosaccharides-whey protein isolate
before and after the reaction

ANTE] EE A R SR ACKE-WPT 1 R 75 56 i 41 5 S8 ip
JERAR AN 3 BT7n . WPL & 1hVgHE SR 4l f o
B, SR REFIIRARTE R 200~450 nm; SOV
250G, AFEER, MEFRARECN, SR 1T
BIRifESEFEIATE 80~250 nm, HALLBIA 1:3 K7
KAt fe/INA 94.88+1.88 nm,  ELfihy 1:2 P RIAR i
KA 214.83+4.80 nm. HATREMJREA . ()& A BLHE
WIS, 1R FS, WBERREERESK
BAKEDHREEA TN GG, T8 T EAR A S
ISR BKTAT, SRR R 22 e 38 B o SR
e S K SE A SR =Y, kR N AR 1 B R T Y
kb, HERTRR—EBRED, “BRZEMN
7% [} sz ELRUIURSE 18] f 5 B e 045 0 SRR AR, L

23



MK EmBHL

Modern Food Science and Technology

2019, Vol.35, No.12

TG TG NmhiEmN; QRIS WP
AR, FrRgE T R rEmE RS T
I A DL K 22 - B 1 1740 2 D) A BEL v 44 o SR 4 2B 1)
AR AR R EAE R,

Beliciu®'5 Risso 252580 & BRI A
[FREANER G, SR A, R AEIR,
AR EEM, 1 RsKIERE, R EARR
AR, XSRS RA T, ATREMRETE
FRAT RN E AR Z A3, R HEREAR R
oy HAE R, ARMNIRE. pH BE. &EARS
ZHE L LA B AR R AN A R T A ELAE A, IR LS
R FERAE I NIRRT B S RIOAH, Bk
SR it — B 5T

24 ARFAHKE-WPL X448 KOm 7= 4y g SL AL A%

it

Kl da. 4b NAFE G PR ERANE-WPL 7k 23541
1 N HIJE FLARRIE AR AL, FEH IR R 3 RS
WPI {E AR . HE 4a AlH1, SONHT &R R AL
TEVECERIN 35.65+1.45 mi/g)ZE AR, TAHES
VIR R, ZERE N 2.5 h (AR R HERS A 32
i A 1:3 IR R AT PRI (LTS S
¥h 40.18+1.12 m/g), HLBIN 1:1 Ak R PSP
Z(AMTEMIEECN 35.80+0.15 mY/g), (HE5Z MR
A&, WPL 28 ib 35 FL A M S FE IS (34.10+0.75
m’/g).

R 4b, PBET SR LR E M RN
60.06+0.88~42.30+5.88 m*/g, F:H{KIEAKE-WPI LLH
N1l AR E R, BB 123 BN, X AT
REAE 2 B AN NG R ZE 5 TSR A R M 5 544
RIF SN, EA 12 MFL R e T
(65.23%), LLHIA 1:3 B 7(56.85%), (RIS #Akb3 5
i) WPIL FLALFR e Mt A (41.64%+ 0.77%). WPI 43
T RN SRR R AFg K F, BAWEEE, Fit
RETERR— oK I A4, /K 5 [T 5 P PRSI P/
R T K S AR, i B R
TRREME, AEX Z K RS, B2 R &
TR, pH R Z M, e SEh i & N %
MR BIE AT L, — TR AR A & 1R
IR, 380 AR 5 S K 1 [ Btk 2 B A
KR A R, R T K
SR A ELAE PR 3 s AT, B — %
B F I NRKREBE 3N 1 2 (1 5 o 11 25 TR Ao
BELART 3 T e e 410, e o e ) 52 P VR L
24

SR LI 1 FLAASRE T o 1E2 TR 2 A,
By 12 R RERAE RN R, R t A
R FLACTEEAMFLR ETE, KEWF MRS,
I A S SRR 1B LA TR AR E PR FE O,
i B B 2 A B SR B R AR, Y B
WK, SRARBUKTE RS A FURE. Skt A
FEEACYERERRR, XA RER MRS WPL FLARHE
B S L MRPs FLAGTE PERT AL MR 2 —

a 50r :IAO
N A,
S 40 A q a AB
§ o 2 T 1 e
5 Z
am
3
o 20 H
]
o0t
0 | | | |
1:1 1:2 1:3 1:4 WPI
b 80 [_1A,
70} A Eaa,
* a 7A_ ? ab %{3_
<60 B 3
f b ab
2ol )2 v
£ s
17 Il
e 30 H
<
= 0l
10 K
0 1 1 1 1
1:1 1:2 1:3 1:4 WPI
& 4 REEEFIRERBATEWP FRRNEIEFLILES () 3L
AR EM (b) BIEE1E

Fig.4 Changes of emulsification activity (a) and emulsion
stability (b) before and after the reaction of different ratios of

xylooligosaccharides-whey protein isolate system

2.5 ARRANE-WPL 4048 R B 7= 4 1y i &

=
a : -~ 100

10k 190

100k 4180
£ 02' 470 ©
= 10% ¢ —
o : 460 %(
o ]
© 10 -G 450

100k * G 440

0h WPI 130
10-1 1 1
0 2000 4000
I 7E] /s



MK EmBHL

Modern Food Science and Technology

2019, Vol.35, No.12

b 100

! 190
- 180
170
160
, 450
140
130

10°]

G'G" /Pa
W/ C

0 20I00 40IOO
Wi /s

- 100

190

180

470 ©

G'G"/Pa

v 750
140
430

E] /s
d i 1100
: 490
{80
{70 ©

G'G"/Pa

, 150
140
130

BFA] /s
e 105; 4100

190
180
4170 ©

10

10°L

G'G"/Pa

= G’
-+ G" 150
25h1:4 |,

10°

103

10°

0 20|00 40IOO
WA / s
E 5 mHARAAIRHAEIE RIS 6" FIRFEIEE 6 ' ML,
BRI
Fig.5 Changes of storage modulus G" and loss modulus G”
during the heating-cooling treatment, the straight line indicates
the temperature profile

B R E B IR A AT N S DR K,
R RURALEE 7T, BRI & 5, ] aRIE |
R e SR R e PR, 1] 5 o) WPT B 4 FhEL A3
fIRERAKE-WPL SEhi A8 [ N~ Mt e i GRIARFE

L G i AR (] AR A 2%

T 10% (W/V)) WP, #5284k i 28 B R
Bl Sa H, AT —ARERIR L 5 35 SRR I 5
B 7R EAE 25.80~55.29 CIF, WPI R
G"™>G', RIUNFARFFE, BIREEBRAE; HiREE
55.78 ‘CIf, WPI TR G>G", 1E 88.64 C
I G SURIIE R, YRR MY BOR AR T - 1)
AR, R ARG B IR E BT BE GRS R 20N
25~88.64 C), G'M G"WEHSIEHR /N(<1 Pa), W
Dewit 2557t WPI 2R EHIE(DSC)4E 3 (WPI
WA T 2R R (E 2 7E 74 °C(B-g), JHIELIFE 66 C
(o-la)), I WPI 75 B AR MR B2 e A e AT 52
W GG, ZKRILE Sun™. Marfa™% A\#F9T—3K;
BEJG GUAZRT G", £ 90 “C F{£4HF 30 min HAH,
ARG A S Z M E LR 7T REE, WPL BRI 2%
Wag, MmiHReEr 7 FHRIGE T R SR . BEE
IEM 90 CHEZE 25 C, GHE—I K, m&LF
13000 Pa DA -, SXPHEIL G BH RO A4 X 28 5 B 724 Al it
TR GE, X RE R TR AR AR R T
B M AESEAN AR AR FH (i fiss 24 v 1 201 TR AU
WWAELE NP AER ORI 25 COFEIWE, G G
JUTFEA P, REFAEXTAT, UiB R &
ZE TV SRR (1) B A TR X 28 2574 o

ANTF] E A PRI SR AHE-WPT 38 hr i Js =
A ZR AR B R S AT 8] ()28 46 5 WPT BB A%
A fEFHEM B (25~90 C), G'Fl G"[1]
AN, FHAZE/NTF 10 Pas 7690 C Fhn#JE
AWM ELE] MRPs ¥ GFI G534, AHEL WPI
£5(125 s, 88.64 CHIFFUATRIIE X)MRPs HK Gl
G" S Z N s TE) AR B 2 R R AESR CEBI 101
1:22. 1:3. L4 IR R AIME 147 s, 1545, 167 s+ 129
s), IXFPELG ] BE SR ERANE I 5 T80k B AL 1
BE AR, B—J5m, G GIEA IR 4k
SEtn, 7EEE ORI 25 C P AN GRI GMEZRETAR
e, HAEly 1:3 IR R GHERIEZ 97000
Pa(%) WPI [1] 7 £%), FHIOZ 1:2 1) GMEZI M4 38000 Pa,
1:4 A1 1:1 {4 G1ME 55124 18000 Pa 113000 Pa. [H]Hf
BATFHEMPFERSRE, GUART G, RUKEANE
-WPI FERAE N~ PIR R ATRETE 25 CZ ATt R
FE[EAME R . B A FURIE JFURE 1 SEhr il e N R, 2R
FUR sk 2 R AP, IR R A 5 WPT
FERE, WO RSO ] R AR R
JR 5T AR 25 G AEEE R AL AP B B AT AR s 2 22
DR R A s Al WPT B2 MR ERANE AT e A
MR T WPL SR GASREE B8N )%k HE AR

25



MK EmBHL

Modern Food Science and Technology

2019, Vol.35, No.12

A0, NI 2L T i e B AN HUFE R AE AR 1L . EAD,
AW FURIANR 73T R BEREF AT WPT S {81k
F R RS EAT NN, B2 RERSRK
FR P AN SRS K PR IR < (R AH LA - H1 95 5E1

[ 213339,
100.0
~ 10.00
]
&
= 1.000
2
= 0.100
®
0.001
0.001 s v iii Y
0.10 1.00 10.0 100
BIYIEER / (1/s)
[ 6 WP FEEHE R K A=A T (RYAEE BT IE
%)

Fig.6 Flow behaviors (apparent viscosity versus shear rate) of
the evaluated suspensions of original WPI and its Maillard
reaction products
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