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Abstract

Maillard conjugates are formed by covalent bonds between proteins and polysaccharides.
Understanding the functional properties of Maillard conjugates, including emulsifying and
antioxidant properties, can be crucial when Maillard conjugates are used in processed
foods. This study aimed to manufacture whey protein isolate (WPI)/Inulin Maillard conjuga-
tes and investigate how manufacturing variables including heating temperature and pH
affect the functional properties of Maillard conjugates. The surface properties, emulsifying
properties, and antioxidant properties of Maillard conjugates were assessed by varying
heating temperature and pH. The grafting degree of WPI/Inulin Maillard conjugates increa-
sed with increasing pH and heating temperature, indicating enhanced conjugation efficiency.
Surface hydrophobicity, emulsifying properties (including emulsifying activity index and
emulsifying stability index), and ABTS radical scavenging ability of WPI/Inulin Maillard
conjugates increased as pH and heating temperature were increased. In conclusion, WPI/
Inulin Maillard conjugates were successfully manufactured, and pH and heating temperature
were critical factors in enhancing Maillard conjugate functional properties.
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ME

mfojor2 Bk Maillard reaction) A& FAe] 9 A7 Fofl ofvieAtat Sl (reducing
sugar) Alo]oflA] dofu= BFEAZ ZHHS{(non-enzymatic browning)o|tH1]. wiojof2 ¥
A GAel et ARAR s 5= Sletl 2719ANA ofr| 7|9} Shldo]
tion)HL &8 & ABAH E9YSH N-substituted glycosilamines Amadori rearrangmentZ
AA 1-amino-1deoxy-2ketose”} B39t 53+ TAIA 7t dehydrationd &3l diacetyl
= pyruvaldehyde®} 22 T 714=E5) AAdE0] FAH) vk dAofA aldol £3HES0]
dojuyp FFH o2 ZM-E m= heterocyclic AASRIE?R] melanoidin®] BAEH ESRIES
27 715780 ket @ A aahE AU =ACE A TH2,3l.

utolot2 HkS A}t FAJE ulojol2 FHA|(Maillard conjugates)= TH219] oju|=7](amino
group)?t ©52HE0] 7k= R 97| (carbonyl group)te] S-23CE FAHh mlojol2 FoAA|
P AR 7R 34 S Rl EAE SR QIgh el WA R A Aok A

Z%Hcondensa-
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w21 4= Qlom(4], P (amphiphilicity)& AUl Qlo] 21& H-&A] 9535t 43} 58S 7}
A3 Y= T} v wsto] nlojol2 FHA= o HH(Y!: oil in water emulsion) Z-8A] THEHE
9] oil droplet &2 583} TLF] 7|4 v (electrostatic repulsion)22 QI3 F3} &
3& T A S ok B EQTH5]. T vlojol2 ¥kS: A4 E(i.e., heterocyclic SHE E=
TEA melanoidin $)& A )& (free radical) &4 58, 35012 T 52 o T4t

S5 AYaL Ak BaEIeH6,71.

afojol2 FAA A F4 8% pHeF G2 L= HielofE WEo FFE vlA= 8 89
92 pH 7.0 o 5719t EAE 2% F7h= ulojofE W5 FXIA7]7] wize] & AtolM=
pHe} GA 2] =7} ulojol2 FAH Y] 7154 E/d(le., B, FtEA, At EA)ol I
< As S AR 34 8ol 7HdE AAsIGit: & A9 AL 7158 2 EERet
A EAS AU QlE Eela i (whey protein isolate, WP} Z2[uto] Q€ E44-2 Ad
o2l olEd(Inulin}& ARESte] mlojof2 ZHAIE A|Fstar Al 7 221°1 pHel A
2527} wiolof2 FAA|9] 7|54 EAo| H|X= IS Atshe Aol

= A E

1. Alek

B A(WPDL Sachsenmilch Leppersdorf(Germany)ollA], TNBS &4(2,4,6-trini-
trobenzene sulfonic acid) (5%, w/v)> Thermo Fisher Scientifi(USA)°I4 F+45t¥tt. ol
(Inulin), ANS(8-Anilino-1-naphthalenesulfonic acid), potassium persulfate, sodium
dodecyl sulfate(SDS), ABTS(2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)=
Sigma-Aldrich(USA)OIA F45H% Lt

2. 22|QActxl/o[E2l O0lo0[of2 ZoHx|(Maillard conjugates) M=

28R A(WPDZ ol s (lnulin)S ZH} 1%(w/v) s =8 550 88 A1A 1:19] H[&=E
S RMS A5 ARE TFLAL 1 N NaOH®F 1 N HCIE ©]83}o] Z2F pH 7.02
pH 8.4% %A & 2,2 (Water bath, DH.WCB00222, DAIHAN, Korea)S AR&5o] 60Tt
70C 222 1247 EAsigltt. EAEd Eeldudid/olsd 3892 -80C 2AYE
104 48A17F B9t W 2] & 5 AAZ7|(Freeze dryer, FD-1000, EYELA, Japan)E ©]-85}
o] 727k Bt FAARAA Hlolof2 FAAE A X5t FTHS].

3. Olojof2 A2l HMESH2I E Hetgs Tt

WPIQ] 58] ofn|iy] ke SH3h= Graft degree= 5795 TNBS WH (8]0 93 B7H=1
ok A58 800 wet AzH wielof2 FHUAE 0.01 M phosphate bufferofl -§s141# 0.5
mg/mL FE9| ulo|of2 FHH| =8l FHlsllrt. FHlE 484 1 mL E 0.1%(w/v) TNBS
€9 1 mL 2 0.1 M NaHCO5(pH 8.5) 1 mLE &3t &, 40CoJA 2A1RF Bt FA a9t
i &, ¥k FAX7171 Iah 10%w/v) SDS 1 mL % 1 M HCI 0.5 mLE F7ketelct d8a
8 U] Yot EFF=A(spectrophotometer, GEN10S UV-Vis, Thermo Fisher
Scientific, USA)E 0]2519] 420 nmoA S4rs =419},

A 1 A 2
Graft degree (%) = —x T X 100
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of7IA, A2 THEZ B YTAe] SHE ZHS Ushie, Ak Bel /ol tlol
ok FAAY THE e LR

4. 010|0f2 BAUHIe| XX 7[5M(structural functionality) L7}

AxZH8R0G.e., pH, AT 2k)of wZ Eagddiid/olEd nfojof2 FAA|9] 24
71532 254 @3 probe?l 8-Anilino-1-naphthalenesulfonic acid(ANS)E o]-85to] #H
45(surface hydrophobicity)Z Z7ste] $785 =91 25| H71=|qict. nfojof= FHA|
+ phosphate buffer(10 mM, pH 7.0)°ll 0.005%0.025%(w/v)¥] ttA¥et =2 SIA= Qi 3
A= 8 mL AA=89S 0.1 M phosphate buffer(pH 7.4)°] %291 ANS €H(FZ%% 8 mM) 20
pLoll A7ketgint. S8 HS 1587 vhgAIR] &, 3238 (fluorescence spectrophoto-
meter, LS-55 & Lambda 25, Perkin Elmer, USA)YE AR&3lo] &3-&o9] #3371 (fluorescence
intensity)& S45I9tE. 24 A, €3 Z(slit width2 0.5 nmZ, excitation?} emission T
+ 27 390 € 470 nm= A7sIGit). vlolof2 ZAH9] HH Aa/d2 AY 3 EA(linear
regression analysis)& AR&sto] At FFR)FE Al Hlolok2 ZAHA ] H2(%, w/v)S] 271 7|&
71(So) = UERSIT. 3 thaat 22 408 AXlslGit

F—F,

R = T,

A71M, Fe 2 dgiid/oled miolok= SAAF ANS E3+899] §F o], Fo= 1t
ojo= FAA7F Ql= ANS -§HRte] g Frolth

5. Dfojof2 Zetx|o] Q3lEM(emulsifying properties) T7}

R /olEd nfojof2 FHA|Y] RIIEAHS B7Ioks AESI emulsifying activity
index(EAD®} emulsifying stability index(ESD+= B4 M (turbidimetric method)& ©]-8&5
of ZA5ItH10l. AxE4 82lG.e., pH, A &) wzt A2=H wlo]of2 FHAE 0.01
M phosphate bufferoll §31A1# 2 mg/mLY] &= nfojof2 FHA| =M A 23519t
ZH AZXE Aok 8 mLe wiolokE FHA 883} corn oil 2 mLE EHT F, 7]
(Homogenizer, DAIHAN Scientific, Korea)& ©]&3f 13,500 rpmelA] 25 59t #43} 519ict.
w45t & AZH o'E8HE 0.1%(w/v) SDS &Hof 314 § B rAIE o]t 500 nmOflAl
SYEE Z5IYtt vlolof2 FAA|Q] EAISE ESI= ofef9] Al whal AAketict

EAI(nﬂ)f (2 %2303 x Ay xN)

g [px¢ x (1-6) x 10,000 ]
. Ay

ESI(mm)fAO_AtXt

o714, Ao oTEA BAFY] g% g N2 S4A(N=101), pe 2 &% Fk(g/ml),
o FR(p=0.01 m), o= 739 vl&, A= oEd A4 t&(=10) o F3= oIt

6. DIOOIZ BAH| SEI S Tt

Bel e /o)Ed Hlolok2 A9 g4k Ex(antioxidant properties)e B7FHs
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]—01 ABTS 2H)Zt 27(ABTS radical scavenging activity) 42 $4% 2[11]1& AR83

H7kFa}. 7 mM ABTS 293} 2.45 mM potassium persulfate 28-S 1:0.59] ]Ei Roks) o

T 16AI7E 58 AoA Bsigint. 23t 8H2 734 nmolA S8k #to] 0.7+0.027F HEE

5 mM Phosphate buffer saline(pH 7.4)°] 3]453ict. 3lA% S34% ko] 0.7+0.0291 ABTS

|4 2 mLe 5 mg/mLe] L= A|Z2H vlolof2 FHA| MEEN 200 pla Sl 3=

2 0RolA 60 5t 8= SA7IA] bAoA HaE|glet. S4E S 8Eg v 4
o|-gsfo] mlojol2 FHAO] ABTS i AA5HS F7I6HITHI2L

ot oE

ru[o

. . A,y blank — A -, sample
ABTS scavenging activity (%) = X 100%
A 5, blank

o7]A, Azs blanks= 734 nmollA S35 Ffe] 0.7+£0.027t E%=5 pH 7.4 PBSS} 412 84S
W5t Ay samples 734 nmof|A 0&4 60& 59 4% Fholtt

s A

LE A= 39ESE Aol Hek+ EFHARE YEhRlon, ulolol2 FHA|9] A3
82%10] JguE, 124 7154, 1254 2 A} S0 nX= JF Fisherd] H4Fo4%
(least significant difference, LSD)HT} o ¥AREAREA (two-way ANOVA)S 0|85} 5912}
95% AZ2(p<0.05)004 Aottt e SAESL Statistical analysis system(SAS) T2 1
HE AR&SElTh

1. Olojof2 ZAH|e| Het&eE(conjugation efficiency)

ufolop2 FAA AxFHa%UGe, pH, FAE 2m)o] wE B A(WP)/olEH
(Inulin) Ttolok2 FHH|] FFaE H7F M= Fig. 10 A=A, 5Lt FAE] 22004
pH7} 7.0014 8.4% Z713tol| W} ufolok2 ZMA| graft degrees 3-2%(p<0.05)02 7151

60—
a B pH7.0

;:5 b be pH 8.4
o 404 ¢
i
()
@
©
3—5 20—
o

0- T T

60°C 70°C

Temperature (°C)
Fig. 1. Graft degree (GD) of WPl/inulin Maillard conjugates treated with heating temperature of 60T

and 70T for 12 h at pH 7.0 and pH 8.4. Different letters on a column indicate significant (0<0.05)
differences. WPI, whey protein isolate.
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tHFig 1). T3 pH 8.4 2704 AE] =7} 60Tl 70CE S5kl wet nlojof2 FHA|<]
graft degreer= 9% (p<0.05)2.2 2713 & 4 USHFig. 1). 71 graft degree 7
TNBS Ao} §EgSh= wiolof2 FHA| W 2] ofu|i7]9] o] o] Fe|i-d il d} o=}
9] Fgaeo] = A= FoMH18,13], 2aHE o2 pHet A 2% $7k= WPIZ Inulin Ale]
9] FFRES T7IA mlolof2 ZAA A BE&S A= F8 AXTH 8RIdZS & &+

AT

2. 22QYTHHZIWPI, whey protein isolate)/0[E2!(Inulin) DI0j0f2 SR ZHALM
AZTA L9191 pHel A48 %7} WPI/Inulin Tlolof2 FAAS] #H A4A(surface
hydrophobicity)ell 71X ¥3kS B7I3t A3= Fig, 20] AXEct vlolok2 Hkgo] 2Rt pH
8.4004 IA] &7} 60T 70CE F7Helo] we} mojof2 FAH Q] EHAPHL (o7
(p<0.05)°2 Z7151%tHFig. 2). ol2iet ik IAjE] Lxrt Z7Iglo] et 7i2H 719} opu]i
7] Alol9] ¥kgAdo] 7Kk Bt opujg} nlolop2 FHA P Aol o]-8=h= globular protein(-%
T A)Ql R L] Wi 2ok A4 7| E0] FAE 2k Sl met fAhdo]
B/ Elo] Tl A yiol QJE A Z7I7F 9RE i A0 A4 3 probedl
ANSe}e] ¥h3o] Fxgjo] nlojofz FAllA|o] EHAsA0] Z7IES & S AATH14L.

3. Djojof2 BAHHC| FelEH

WPI/Inulin Ttojof2 FHA| 9] F8}EAL FAI 9 ESIZ o]8sto] F7lety AZad 2191
pHe} FA 2] ko] tigt 53} 4 A= Fig. 300 A=k FAL= ©id ohelds & o-yst
H 5 Al R o= AojEw(15] BHH, ESI= v|E] 278 ARt o] % o dde] A g/Adell
et FHAZ ETH16,17]. WP/Inulin Plejof2 FHAC] EAI e U G4 2=oA
pH7} 7.00014] 8.42 Z7F3t] whet R-9&(p<0.05)22 F71ota-S SR1oHtkFig. 3A). Bolof
B2 U w2 258 pHZt & 92T 2704 EXE S Slvkal B Eglow JItE QI
FeHS= 0 U-& AH(oil-water interface)ollA] B2 QFY Q1 &S ZAAA G35} EHAo]
=SS € & AUSITHI8L. ESI ESF 5ot A 204 pH7F 7.0004 8.4E S713tol wet
oA (p<0.05) 22 F7FtEdI(Fig. 3B) pH 3712 I3t R8P4 S71= ulojof2 FHA|
B30 Holoks AT oY 3 Adol 71 2ol droplet) 80l FARI AU

I NN
P INE N

pH
Fig. 2. Surface hydrophobicity (So) of WPI/inulin Maillard conjugates treated with heating temperature

of 60C and 70T for 12 h at pH 7.0 and pH 8.4. Different letters on a column indicate significant
(p<0.05) differences. WPI, whey protein isolate.
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(A) (8)

27 59 pH 7.0 507 —?— =3 pH7.0
_ 20 = pH 8.4 o b N =9 pH84
= 10- @ 50- 2 \ - \

: b

0 1 0 . & . &

0°c 60°C 70%C

Fig. 3. Emulsifying activity index (EAI), (A) and emulsifying stability index (ESI), (B) of WPl/inulin Maillard conjugates treated with heating
temperature of 60T and 70T for 12 h at pH 7.0 and pH 8.4. Different letters on a column indicate significant (p<0.05) differences. WPI,
whey protein isolate.

(interfacial layer) @430l 7|od5}o] Ji] b (steric repulsion)™} g%17]% vE(electros-
tatic repulsion) &Jgt AEH 34 52 ASHAIZ Ayl AmHTH19].

4. O[O[of2 ZMHQ| Sitety EY
WPI/Inulin Ttojof2 FHA2] FAlss EX(antioxidant property)< ABTS 2t]jd A|A &

A olgsto] ZAEHULN AlZ3H 821U pHeF AT 2o tigh 4ksH 54 B2 23
Fig. 40l AAI=|qlt). mfojof= %‘thﬂ-fl ABTS 22 A7 S (radical scavenging ability)}
00 &<t FH o7 F76l9 o (Fig. 4), 242 & WPI/Inulin Hlolok2 ZAA|Q] F4ilst &
7} Alzto] Aol wet F7HE S-S & S ATh FYT EAE 204 AlRF 8191 pH
7F7.0914 8.4% S71Rtell Wt ABTS 2 AlA 58 v-/]xq(p<0 05)°& F7lot om Egt
SYg pHollA A8 2% 71 E3F ABTS 22 AlA 58 S0l f2j8 o0& 7]ofsl3irkFig.
4). mpojol2 ¥kg- & HFHACIA FA=k= 58 IRIEQ melanoidins ABTS &tjZ AlA 58
= AFckes SREE 4A 1oH20,21], €2 pHY 571 FAY 2ToA] Atide=
melanoidin 4430l S716191, A2 o2 ABTS 22 A4 S2lo] 75ttt AleEch

< 70 -

= —8—pH 7.0 60
2 60 - :

= : —4—pH7.070
[ ] -

> 50 : . pH 8.4 60
D 40 - = pH8.470
c

[T}

>

[

Q

(7]

E

L

i)

s

[

=4

o0

<

0 10 20 30 40 50 60
Time (min)
Fig. 4. ABTS radical scavenging ability (%) of WPl/inulin Maillard conjugates treated with heating

temperature of 60C and 70T for 12 h at pH 7.0 and pH 8.4. Different letters on a column indicate
significant (p<0.05) differences. WPI, whey protein isolate.
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