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Abstract
Numerous hydrophobic bioactive compounds are susceptible to decomposition and contain low bioavailability because
of their poor water solubility and chemical stability during food processing and storage, and gastrointestinal digestion.
The use of Maillard conjugate—based nanoemulsion delivery system using whey protein can be a promising way to en—
hance the chemical stability and bioavailability. It is attributed to the enhanced functional properties of Maillard con-
jugate, such as thermal stability, emulsifying property, and antioxidant property. In this review, technological approaches
to enhance the physicochemical functionality of whey protein—based Maillard conjugate will be discussed.
Keywords: nano emulsion delivery system, milk protein, Maillard conjugate, functional property
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kl = (Banerjee et al., 2016; Han et al., 2008; Kohane, 2007).

U o @A AgA|(nano emulsion delivery system)+= 1-200
nm 715 A o5 A2 2719] AGA|= GO 4= 9loH,
4% Az B4 0 A% 43} 712 Bk AR 24 BE
(bioactive compound) H&35}1 o] 84S Fsled 4~ Qo
(Fathi et al., 2012; Ron et al., 2010). A~%*J(hydrophobic) AJE]
2 RIEE A% 71548 ol 588 ATS SHA|L A
7k 2 AR, 1 2% 1 § 22 &9 R =9
SRS} QP Aeke <o) A3 o} &Ebioavailabilty)o] ol
8A% AL Al SHA7F Ack(Bryant and McClements, 1998).
oliat 444 7l B4 SRHES] SAE 48 Al W Ths
e FAREEE sidsh] 98l ol&E= Ul ogd AEAl=
U e YA Ash EAEo] W] thio] 43k )
|7t 716kl 9 AlF AlRE Aste] g 24 S
A= A o85S FIAE 5= qlow, AE 7R H A%
2 solHe] 4w 24 SRS Agae AL % ot

A (milk protein)yS THEF 80% HAJo]Al(casein)T} 20% -
R Sul(whey protein. 2% 740} Tk 1% §4 Pl
e~lactalbumin, 4*lactoglobulin, bovine serum albumin, lactoferrin,
immunoglobulin® & F/J=of low, Wpofu|lcihy Ty
38511 9lo] YUk 71x]71 EHojyth(Livney, 2010; Sun and
Gunasekaran, 2009), $3 SIS Lo =g, A A5 0 4
H#5i/dolH, AdKgelation) 522 AUIL Itk EIF B2 85
S2 Q) 4% B8] FAEES UL Y= docosshexacnoic
acid(DHA), eicosapentaenoic acid(EPA) 53} 22 454 A2
2 Sl et 55t e o g I8 Ul HEA A
Z A| surface coating material 2 ©]-8-%]0] £t Adjonu et al.,
2014; Ha et al., 2019; Shafaei et al., 2017). L&y -4 ol
A2 AEFE 2RA(C: 25, pH)ollA 22 E4 Wtz <l
2t 738t 58 AolE Ule AEd HE Al EAREE A4 QL
TH(Capanni et al., 2004; Li and Gu, 2011; Luo et al., 2011; Yi
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et al,, 2006). 2 Z|FoA= ol&et £ TlES Ul ofdd
HAIA Y coating material £ 0] A] WA 7H53 EAHES
2k 9o 77 TS ]85t npojof2 ¥hg(Maillard
reaction)2 7|¥FO & ABJE= FHA|(conjugate)E ©1-85t] +
A iAol 83184 7154 (physicochemical functionality)
< FIA IFHCE Y ADA 9] ] &4 ke ol&
A& S7HI7IE 24l 71& EdEd did) =5taat g

0f0[Of2 S|

vjolof2 WF-S AEE A /LS Ft T
A3} R Aol AT MEsT 2 S(mon-
enzymatic browning)o|™, ulolofZ HRZ-O] 27| THAOA=
N-glycosylamines2 ¥4Jol= ofu| A/ E| =/chulZ o] A&
ofn|i7]e} ghlo] 7FE Hd 7] Ale]9] ZH(condensation)©] X
P HA B3 N-glycosylamines< Amadori rearrangement-=-
AA ketosamineS FAH} A A= ketosamine= reduc-
toneX} diacetyl, pyruvaldehyde @ 71€} &4 7<= B3] HAE
52 AT oA DAO1A reductone R 7RrrS] ARE,
Strecker 23l AFE-2 aldol¥} aldehyde-amine &%} ¥H-2 7|4
FFA0Z M R4 BRI melanoiding A SHHHodge,
1953; Peng et al., 2011). Tfo]ok2 Wk A3} AAJ% melanoidin
2 g A% 71548 B8] L I 715 = XYL Stk
J18u nfolokE WG] 2F @A 2 X&EH Ty H
Gzstolmel 22 A {48 gQlo] & 4= 917] wizol mio]
of=2 ®kE-Z 1400 MPa)ollA] $=3Y5HAL} pHE 8.0K T} &
A skl A 93 29 FAL A 2 9lrhde Oliveira
et al., 2016; Moreno et al., 2003; Silvan et al., 2011).

slolofz wig-2 E8) AYE wolok2 ZAA(Maillard
conjugate)i= TN} OFRo| FFATCE FAHEH, &
AR 9% G W {3 58, AR E4H0= <l
8 ALAQ] coating material2 ARE Al 7152 EA(func-
tional properties) S Bl ThFt 2RI AL 7S

4 Qlth(Nooshkam and Madadlou, 2016a; Nooshkam and
Madadlou, 2016b; Vhangani and Van Wyk, 2013; Vhangani
and Van Wyk, 2016). ntojof= 3AF9] of2] 7|54 542
SHA Az 54 219 vfolof= Hkg ARRE} FAF 2=
2 pH, &, Thildy Rl 27 HlE 5o 9% =t
(Table 1). Wang 5(2020)9] 5% Tl 2 (whey protein isolate,
WPD3} ol olle] Aol pH7t 30014 7008 F7H
ol et B9 93} S| fola0E Frlelglon, &
3| 3} Q4 Aol phZk S7hgl ket 2 F7bt het
s} 3t nlolokz FoA] Az A] vlolol §kS: AJ7bo] 24]
2o ARk F7KSlo] whet gHkSE B9l ABTS [2.2-
azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)] radical 47
o] fojaoz sttt

O[0E= SAHIe| 7IsH &Y
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A9 7154 £48 2T 4= Yrkde Oliveira et al., 2016;
Rinaldi et al., 2014; Wang et al., 2006). 5% w2y} -t
21e] vjolof=. 13 sk, FAT vjolofz BAA A2
A Al 778 Ed Ao R Q19 e 7HO] intermolecular
hydrophobic interactiong 7AAA|A FAZ]=2 ASH 44 oY
A9 x4 H3E AT 4 QtH(Sasahara et al., 2003). 4
4 o) AT Welelel Do) 725 HEsH) ot
otolof2 FHA| P ol tFRE o8 FS, UA
Zofj(steric hindrance) & 7|4 Hh(electrostatic repulsion)
2 QI8 23k e ° FIHE Z7AA QXA T
A9 248 WAE 4 Jti(Liu et al., 2019). Jiménez-Castafio

5(2007)9] 74 SRl Slactoglobulin(4: Le)t SHlg?l

Table 1. Enhanced functional properties of Maillard conjugates according to parameters

Parameters ]
- - - - Functional property Reference
Protein (P)  Carbohydrate (C) Ratio P:C  Temp (C) Time(h) pH
Whey protein Inulin 11, 2.1, 41, 70, 75, 12, 24, 7.0 Thermal stability  He and Vardhanabhuti
isolate 5:1, 6:1 80 48, 72 emulsifying properties (2021)
Gum acacia 1:2 60 24, 72, _ Thermal stability
120, 168 emulsifying properties Chen et al- (2019)
Inulin 1:1 70 2,4, 6 9.0 Emulsifying properties
oxidative stability Wang et al. (2020)
Flaxseed gum 311 60 22, 48, 727.2-7.4 Thermal stability
emulsifying properties Dong et al. (2020)
Whey protein Inulin 311, 21, 11, 60 120 7.0

1:2, 1:3

Oxidative stability =~ Wang et al. (2019)
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dextran Tlo]of2 FHA|E 0|83t & P AFolA LALgHt
2 olgaloe 490} ulisto] ALgidextran Hholofz FoUA
o] pH 50 % 70014 & QFgAo] folHon o wgke}. wat
EA}&Fo] th2 dextran®] Hi3h £Lg/dextran Tlo]of2 F-oi]| <]
& oFgA HLof| A= dextran©] 20 kDa9l 4 Lg/dextran H}O]
of= FNHA|2] & HY g2 dextran©] 10 kDaQl FHA|HLT} &
oMo okt olejdt AT WEA SrEe] 9
Hhdro] AEA} ghpslEo] A whio] Bls|| 7] wZoltt
(O’Mahony et al., 2017).

SEIS
ufolo2 BRS-S o] g3t nolokz o] P

fu =

9] 93} EXJ(emulsifying properties)S A7 Aoz &
Z o
=

O/W o'BH(oil in water emulsion)2] oil droplet IEHO] BI=A|
S, ZAA Y] ST FES YA| Aofi(steric hindrance)
9 A 712\ (electrostatic repulsion)& S3f| oil droplet
9] =& AT & o] AHH g /3 B4 FAE
4 QTHGumus et al., 2016). Wang 5{(2020)2] native WPI 4
WPL-Inulin wjojof2 FHAE 0|83t {3t B4 A4EAL
emulsifying activity index) @ 83} P84 A4 (emulsion
stability index, ESI) A& o]lA] WPI-Inulin "W}o]of2 F-oHx]9]
T3t &/ Al9= native WPI9| 3} B4 A5ET {230
2 45| =8I olEtt 73t 4 $7H= WPL-Inulin PRolok
2 FHH7L Fo} v 53l Aks FEvF S, 2 A
Z7F L&SHA EHo] AaEog oW ogde] 71E-E AW
(oil-water interface)o|A] SZHadsorption) © #a] £Z307]
HEJYTHMu et al., 2006; Xu and Yao, 2009). TSt WPI-
Inulin WjojoF= FHA| O] 73} Q4] Z|~ESD)+= pH 3.0-7.0
H ol A native WPIRTE 502 0 & &k=t, o]2]3t FiH
£5} QP4 WPI-Inulin Bo[ok2 ZRA| 7} native WPIS} H]
Wlo] Ao B2 HA/|H WIS AT o] B}
QYA OB droplet TR FHS, A B4 B
droplet -3 (flocculation) £EE 2|4 5}7] wjEo]chConsoli
et al., 2018; Yang et al., 2018). o]<} Zro] 94 thal B nf
ojof2 FHA|S] L5t 3} S oA FEIY] HEAIA
A AR 932 T 5 U it

0g

et £4

slojo}z BolAle] FAISE BAL SAE A 710 B 2
4 A 9P SIRIEC: DHA, EPA $)9] Alshd )
(oxidative rancidity) T& EAIE 43815 4= IrthNooshkama
et al, 2020). TOIoFE WFSS o|galo] Tz} B
Az vloloke. oAe] YA B4 AFolA vlolof

202 XAEE Amadori S A&, reductone ¥ melanoidin
3} Z-2 ufojolZ HRS AJAJE{(Maillard reaction production:
MRP)of|A =3t gFAKS} G 37} HalE|Ql 0w, ujojof= FoR
Ao} ikt B FAR, pH, =5, BFSAIE 52 E9RE
o Qolo] I3RS Hh=rH(Franzke and Iwainsky, 1954;
Nooshkam et al., 2019). & S dfolof2 W3 AYAIEC]
melanoidin& EAgo] we} ghikst Edo] geEprl=d], AJTh
Zog 7] nfolof= HEGA[ZIoA /dE ILEA}F melanoidin
AEAF melanoidin =t AL Aol il HIAE I
(Wang et al., 2011). o]2{3} njojof= ¥l-g- B4E0] JAikst &
32 A5AtSHautoxidation) T % radical chain reactiong
Z435}7] I3t hydroxyl pyrrole 15-2] AR} AE&HA](electron
transfer activity) 715, 540 Z#0|EL, H,0, o3
W gy e E JksS B9 wEda 2eA oo
(Nooshkam and Madadlou, 2016; Wang et al., 2013). T}o]of2
B 747} 714 BES AA] DHA 58 93 7]
54 FAEY 4 ¥RgS Al A ARHAIE ARG
755 HGiroux et al., 2010; Nooshkam et al., 2020).

Ofojol= 7|8t MEX[Q| AsPH Fa}

48} 3P Bt A 24 SRIES A ol &ES SR
7] fIsl 97 W 27004 A B4 sRekEe] EFstehy oF
B 9 A HY Y Bell AA E &5 A Sol E8
SHH(Chen et al., 2018). T} Skl {2 mfojof2 R
AE olgste] AzxH odd HIA= HA hafdo] s <t
ke oEA AgAet Blwsto] ot W Askg(ell: pH
1.0-3.0 % HAlo] ofgt whil ] Faf)) 52t B2 24 shk=ol
Bt =2 protection effects Algol= AoZ LFTH
(Gumus et al., 2016; Lesmes and McClements, 2012; Xu et al.,
2014; Zhong et al., 2019). Tlojo}2 ZRAL= O/W o EA A
ZA|9] oil droplet Yol T2 AHAZ(interfacial layer)
= FA5taL, o|FA FA9H AHMPESol oEH dropletat H
Al 7¥e] A2 A4S AlshL, ArF o R o Ul Aslargol
A e A SRS H 53t (Davidov-Pardo et al., 2015).
o] Al-EE YA E F(casein-maltodextrin) Hfolof2 ZMHE
o|- 835t AgA|9] T 435} A A}, WEHAEY FHA 9
AH QHFO = QIS barrier effect= QI HEA W ==
i AE B4 SRREEo] pepsinolysis=HE H 2 E T
(Markman and Livney, 2012). T3St A5} 71 501 Alg] &4
e A ol &ES SXA7IE 8210l mlolok2 FH
A|9] barrier effectiRt ofz}, wio|of2 FHAE o]-&5to] A
ZH oEd ALEAQ| droplet sizeZ} Ao Qs 2 A3
2] &/ sIE] A ol-&Eol FFE wXItth Fig. 1= WPI
o} Inulin THo]ofE FAAE o]-&sto] A|2H O/W oHH A
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Fig. 1. TEM images of Maillard conjugate-based nanoemulsion delivery system. WPl (1%)/Inulin (1%) mixtures at
pH 7.0 (A, B) and pH 8.4 (C, D) were heated at 60C (A, C) and 70C (B, D) for 12 hours. Scale bar=100 nm.
TEM, transmission electron microscope; WPI, whey protein isolate.

S F3HAFA U] (transmission electron microscope, TEM)L.
2 75t Z2}o]H, droplet size?} thEF 100 nmQ] AL &2l
¥ % ok Lherle] 27]9] o AR 27k EHEo
Z QI8 272 mucosal adhesion¥} U AIA|EL}O] AFS A}
£S5 ZAAIZ 4= 1 oH(Banerjee et al., 2016; Yao et al., 2015).
1 A3 2 A2 B St A o188 S STMIE A
O 7 A TH Acosta, 2009; Fathi et al., 2012; Ha et al., 2015).

dE

e &4 sRkE2 474 716548 el 583t 92 sHA
gk AE 7hs AR, A A% Y S W2 Eoie Y
Eo5}sHA ot A dl= Q15 AYA| o]-B-E(bioavailability)O]
vol R4E 48 Al WAV Ak 44 DL BATE W
A0 sl S $59 @ 493, 434 59,2 3
MBS AU 9ol e ofEd ALA! coating
material &2 ©0|-& A] A& 7hg W AR, P 49 2
% &/d(hydrophobic) 2] &4 2RME2] A ol &&= 5

AN 4 9 BT 7154 AE Aol
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