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Abstract

The aims of this study were to manufacture a hydrolyzed goat milk protein (HGMP)/chitosan
ologisaccharide (CSO) nano-delivery system (NDS) and to investigate the effects of produc-
tion variables, such as sodium tripolyphosphate (TPP), HGMP, and CSO concentration levels,
on the formation and physicochemical properties of the NDS. An HGMP/CSO NDS was pro-
duced using the ionic gelation method at pH 5.5. Transmission electron microscopy and a
particle size analyzer were used to determine the morphological and physicochemical pro-
perties of NDSs, respectively. The size of the HGMP/CSO NDS decreased from 225 to 138 nm
as HGMP and CSO concentration levels decreased. The NDS had a positive surface charge,
with a zeta-potential value of +23 mV. The encapsulation efficiency (EE) of docosahexaenoic
acid was enhanced as the HGMP concentration level increased. Additionally, increasing the
concentration level of CSO resulted in an increase in the EE of resveratrol. The HGMP/CSO
NDS exhibited good physical stability during freeze-drying. Thus, our findings showed that
the HGMP/CSO NDS was successfully manufactured and that HGMP and CSO concentration
levels were key factors affecting the physicochemical properties of the NDS.
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ME

e HeA(nano delivery systemi= &F 1~200 nm 2715 AU+ 28 A(carrien)Z A77154
222 B6kT B % QtkFathi er al, 2012). E3] Wi ALHE 1 gm o] T7)2 A=
H ARk Bl JRAA717E A W EEAS AU qlof, 7 A3 Al $PERolA HE = AlZE
o] A, A% Hut Fzlgo| wof A% A9} A5 Akgo] S0 7158 £ A0
£ A 4= AUHAcosta, 2009; Ha er al, 2015). §3] o= A% 285 fJsto] =2
o] ol generally recognized as safe(GRAS)SF 2491 casein(Semo er a/, 2007), whey protein
(Ha et al, 2017; Hwang et al., 2017)3 2> @A 9 7|E€4HHa er al, 2013), ¥714HLee
et al, 2013)7} 12 thFRE 0}85}0] food-grade Wie HZA] Aol T3t A7} Gl 4= it
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ARFRE YU 7HA7E =0, gl 2/go] Rt fARE Hut
ofl2HKaminarides and Anifantakis, 1993; Urbiene et al,
1997), Aafol vl ollA 37 =7t Hof A3t (digestibi-
lity)o] Holutar A& o= A =7] e d(allergenicity)o] 2ot
A 27] gk3o] AA HYehh= A3E AdehPark, 1994; Haen-
lein, 2004). 13y} AlFfols 24Ret nERIZIAE Bfo] 24
SkA] o= 528 A 2719l HER—EZREET o] 45t (Haen-
lein, 2004) E3F ZARo] B[o H2Fo] ATk YofA] -FaLE|o] A
35 o Byt ol 28 deE7] Yo R 285l -7
o] ZAsttHBernacka, 2011; Jung et al, 2016). o3t TS
A7) o Tald B aaE olgoto] HelESEERT ¢~
7Rl EFRE ARSR A S 7hEsfolo] feae] gea
7] L Aohs At =AU ung er al, 2016). & A
TollAt= alcalaseE ol-&sto] HEHIEZEETS LT ASR
THAS TheEoiAlYl AR B ZheEdlE(hydrolysated
goat milk protein, HGMP)2] 0]-8/3Z FXIA711, 2L 7|57
FAE AR E&sP7| st a8 1737154 £2(9l, DHA,
YAHTES)S A 7153t FAH 7]9Hnon-fat based) Ule A
GAE Azt sttt E5] AGA| Az Al Sy} g HE
(Ron et al, 2010), €71 HLee et al, 2013) 53 &L GRS
o[- 83t AL, I/l B3 AIE AlFsh] Wizl A58 =
AL Hoh gapdo s xy Hog HHos tgRel 7ESE 1
Hchitosan oligosaccharide)& ©]-85}0] ARkG thiid Helz/
7|EZYNT YeBAAE A FotarA} sfoirt. el el
2 BN oA, a4 A 483 50l Qe B3t (com-
plex)& 34T & 9lom, 53] duid-ekeslE7t H%714 19
Z-L{electrostatic attraction)2 £3f A&7 E3HA|(electro-
static complex)E BT 4 AcKSchmitt and Turgeon, 2011).
AT ehpslEo] HA714 Qg Agols Tl /eekEe] A
slof] FFE v|RAE pHE} o8 ofY2}, polymer 5% ¥
H|&o] uf-$- F93F YRS vjAtHDoublier er al, 2000). wkA
2 A tollal= ol2fet B4 AgGAEe] JFE HA = e A
94 Az FH82A(pH, 7HAFSE, polymer F& §)°] ARFF
il BelE/7|ELeaY Ui AEA|Q] g4 ol Azt
7], FHAs}, 477154 24 4 58 53 22 23ty
EAoll $8%F 93 nE Aojgk= 7 Asiolth

2 Al 9 EolE/7|ESE T Ul AEA
Azsha, Ax FHRRApH, 7HAlsE, AR il EsiE
s, 7IEZYIGEE)o] F8E e AGA 9] sty E4
of ot FFZ HA=A sk Aol
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1. Alof

ARRS thilz] B (hydrolysated goat milk protein, HGMP)
2 Jung 5{(2016)9] 3ol W} alcalased ol-8cto] Akkf Tl
AZ 7tEsfsto] 2461, 71EE&2 1132 Amicogen Inc.ol
A A5 dho} Ago] o]85193tt. Sodium tripolyphosphate(TPP),
docosahexaenoic acid(DHA), HAHIEFEE(resveratrol)} Sigma-
Aldrich(USA)oIA sttt

2. MG CHEX SSHS/7|ES2 0T L MER| X

A 4 BaE/71EL8 1Y Y AEAE= modified ionic
gelation W¥(Ha er al, 2013)& o]-&sto] AZ3IHt. 941 Alke
ol Bl SRl SoAA oefet 5=(0.02, 0.1, 0.2,
0.4, 0.6%, w/v)2] A1%kg Thild Boffs 48942 FH[3h 5 probe-
type 221%2]7](Sonoplus HD 3100, Bandelin, Germany)&
ol-gsto] 50 WollAl 9027t 231} Aeollrt. 251k XzH ALk
F A EoE 8oy 7B 84S SFtoto] Tt
B9 ARy Tl BolE(XE5%:0.01, 0.05, 0.1, 0.2, 0.3%,
w/v)/71EZE IHFFEE: 0.01, 0.05, 0.1, 0.2%, w/v) &
HE FHg F, 0.1 M HCEE o]-8sto] Algkg Tl RofE/7|E
S| SR pHE ZESIATHAE pH: 4.0, 4.5, 5.0, 5.5,
6.0). 18 e Wi AH A2S ) ke thild 22/
EL22]79 20 mLofltk @AIQ1 0.1 M TPPE 22} 0, 20, 40, 60,
100 xL A2|(TPP #Z5%: 0, 0.1, 0.2, 0.3, 0.5 mM)3tgch &
4 27371573 E4(DHA ¥ g AHZES)S e Ao 23
517] f1eiA 242 20 mg/mLe} 5 mg/mL == ofghEo] &34
71 DHAS} AHIZIES 894 200 pLE ARG thillE Bajg/7]
ELTE EFH 19.8 mLo] F7Feka, 0.1 M HCEE o]-&sto
pHE 5.52 £483gt & 7k A9l 0.1 M TPP 20 pLE Aottt

3. Lt HERQ| YEfstd E4 "It

U A Fejetd £ FaaA@R| A (transmission elec-
tron microscopy, TEM, phillips Tecnai 12, Philips, Nether-
lands)Z ol-&ste] &7gslqitt. AxE U AGAl= SHFFE ©l
Boto] 1081314 & 7HE51gH 200-mesh copper grid ol &
& TR 2% uranyl acetateE 0]-85t0] 9027t 2/ DM (negative
staining)otlth. 138 tha FME I2=E FabdAdW Ao 4
Ystod 120 kVolA Ue ALA] B4 75 FEE 619t

4, L MEHQ| Seietsid £ 24

Al i EofEe] BAF Aot AlRE i YA Uzt =2
7|(particle size), THEAA[<(polydispersity index), At A(ze-
ta-potential)= YT H47|(particle size analyzer, Nano-ZS,
Malvern, UK)E °l-&sto] S4st3lth. Ui LA FEAS 557
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$E ol&sto] 2v] BJATE £ 173°9 scattering anglelA A=
719 GEAR|E SASHT AfE Ui AEA] dE 1
mLE zeta-potential cuvette©l] 21, electrophoretic mobility
(um/s)= 33t & Smoluchowski equationg ©]-83}o] AJERA
9l Fro= kool A\t

LAY WISY BN BY 88 5

!

5(2013)9] Y4lEe WS olgslo] Brlsilth. = 58 54
< 951 DHA E= JAHSHEESS TR3 U HEA a5
10,000 gollA 3027t AaEe] shirt fdES F 452 0.45
pm syringe filter2 73t thg A5H W free(EY=A] 932)
DHAS} HAHZHEE S Cis AH(Gemini-NX C18, 5 um,
4.6 x250 mm, Phenomenex, USA)°] 2Hd 1A 5l 220t
ET#™(high performance liquid chromatography, HPLC,
Agilent 1260 Series, Agilent Technologies, USA)E ©]235}o]
Z7ott}. DHA £45 93t o84k acetonitrile/methanol/
water ZHH(75:11:14, v/v/v)& o|&3t91, HAHEEE 0.5%
(v/v)= OHAEAMERE/574(52:48, v/v) EFHE oldsio &
gotoitt. DHAS} glAHHESRS] AEuPdS 27t 400 nm ¥
303 nm= A4, DHASF JAHSES FF89S o83t &
FTAE ARESE S W9 free DHASE AHZIEE 3K
AlARRE & ofgfje] Alof tiisie] x BE&E AlbelSith

7R 437168 EE 5=
/K]—z's_qlll 67]-7 A 22 e
EE(%): felxe) LH o]oéﬁao x 100

AR 47154 28 B

6. LI MEHQ 4 71X
AzE e 949 B3t 342 527427|(FD-1000, Tokyo
Rikakikai Co., Ltd, Japan)g ©l-&sto] =qlch A2H Ul

i

A FEAZ 80T 1241 F2AR & S2U=271E ol %
Stof 397t Axsiint. 8 € Ui A24le 1 mg/mL 52
srrol AR &, A EA7IE o185t AT TRt

MeIQ THIT oS /7|E ST L HLR| HEFSH

T
v
2

A Az 28-S S| Al Al B Eee/71E
2| A ol FFe viAlE AR 3L RAPH, 7HeAls
n

2J5fahy A4S ATsISit). pHi AR thild Bej=a} 7)E
g Bajgl 7ES

o] A3k foto] L HgA| P40 T nIFItHChen and
Subirade, 2005). A2 3744800 W2 Ui ALA ] g4 -5+
o Fejety EAL FapAdu|EE ol8&sto] BrshIthFig.
1~3). pHoll W2 Y A9 P4 {7 FHshy B4 54
S A3}, pH 4.03} 4.5 2794+ 1 pm oV 3719 AlRkg Tl
A FoE/7182E1d S A(large aggregate)7h BHHUL,
pH 6.004= S50l AL EAsHA] -2 ¥HH, pH 5.02} 5.59014]
+ 2F 100~200 nm 2719} F+F9] YAt I AR AxH A&
3HI519itHdata not shown). £3] pH 5.09] ®]3}] pH 5.5°14 ¢
A3 A i A FAdo] TEE ] whEe], Ui HEA Al
29] 4 pHE 5.52 Agolal, 35 Aol o]-8st9irt.

24 pHYI 5.5904 7FAIl TPP 5%=(0, 0.1, 0.3, 0.5 mM)°]l
o e A9Ae] Feey 4 54 23, TPPE 0.5 mM A2
Al 2 SAA7F 349 B, TPP 5% 0.3 mM oJ3lolA% 200
nm °[5t2] 39| ti ALA7}F B/ irKdata not shown). &

Fig. 1. Impacts of hydrolysated goat milk protein (HGMP) concentration level on the morphological properties of hydrolysated goat milk
protein/chitosan oligosaccharide (CSO) nano delivery systems. HGMP solutions (0.01 (A), 0.05 (B), 0.1 (C), and 0.2% (w/v) (D)) were mixed
with CSO solutions (0.1%, w/v) and adjusted to pH 5.5 followed by treatment with 0.1 mM TPP. Scale bar = 200 nm.
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3] 0.1 mM TPP AzZA] 7FE 21 #Y3Khomogeneous) ~100
nm9 Y AGA7} A= 9tHdata not shown).

AlFG Tl BoflE 58t 7 EZY1Y o] IE Y A
Ao FeEed E4 &4 A= 27} Fig. 13 Fig. 200 Uefid
o}, Ak 9d EeiE 557t 0.013 0.05%(w/v)ollAle Ui
HAIA7E A k2 uhE(Fig. 1A, Fig. 1B), 0.1%w/v) o1&
S| AkF TE EofEo] o8 A, i ALA 454
o7 PAEIItKFig. 1C, Fig. 1D). 7|1E28 14 5= 42 0.01%
(w/v)elde U AZA7 FF=A gotokFig. 24), 0.05~
0.2%(w/v) ‘sZo = 789 Y FEA7F 43402 AR
=2 ERIsIG{tHFig. 2B~2D).

2. U= MEHQ S2ietstd EY
Az 3748800 WE Ak @id BofE/7|ESdd e A
9A9] E3etd E42 = BA7|E oléste] A=), thE
AR5, AP S4Bl B7kekith 4 pHYI 5.5004 7
ARl TPP w0l e W MGA9 22315y E4 &4 243,
TPPE 24 A% 73S, 179 nm 719} 0.3059] AR |SE
Ad Yz ALA7F 49 v, TPPS 0.1~0.2 mM A71H9S
35 WAL TR 42 141~148 nmeF 0.223~0.242
2 71A519tHdata not shown). 224 TPPE 0.3 mM A5}
< 7%, 0~2 mM TPP A2t Hlsh YAH271(294 nm)<t THEAr
21940.394)7F 3-214(,<0.05) 22 F7FotAtHdata not shown).
CREARA| = 091141 1 Aol gh& 7HA|AL ledl, AEAY) thaitA|
71 00l 7hesE P A monodisperse) £EXE, 19] 77k
& th4Kpolydisperse) 25 AU -2 QJulopH, Uvkd o
2 R4S 0.3 ofotd 7, F¥(homogeneous)t Y &
= AUt Gaumet et a/, 2008; Hu er a/, 2008). & A3 ZAx}
7t ARl TPPE AoHA] ot A%, A7} 0.3 ol
HhE TPPE 0.1~0.2 mM A4 BRAbAl471 0.3 ofskz Bt o
U A7 BAEUE= & = AU weEbA Hoh 22 3719
AT e WA FA4S AsiA= 0.1~0.2 mMO] TPP AREO]

" & iﬁ"‘%‘f

Zasim, 0.13 0.2 mMZE F3Q1 Apol= YloE R 5 Ao
ol &8 Ui ALGA AFoE 0.1 mM &2 TPP7} ol &= it
Aed] Ad9 3¢, TPP s AP Hgol 24 9F=
H|R|Z] gokor, Ui HEASS oF +22.0~23.3 mV HERALIZ,
< AYIL AUitHdata not shown). ZHHH 0 & AZH AR o
0y Hofs/7|ESE|ad e HYAE o] 3H Hoks A
g gRlseith

Fig. 32 WY M4 34 Az 270= A4 pH 5.5 € TPP
B% 0.1 mMOJA] Alkg Tid EofiE o] ThE Ui HEA |9
S35y B4 Aot AR ©d EaiE =7t 0.1004
0.3%(w/v)& Z7Fl wet A 2717k 141914 225 nmE 79
2(P<0.05) 0= F7Folgltt. A(HEE)T} i 1F Agel=
BA71H AgsAgo] vl 851, PHE-OFRI 55 HE
o] 59| oAl YFE vA= F83% 8R10=E UTA SIth(Ye,
2008). Hu 5{(2011)<] 7HAIQ1 f2 A2gd WE=/71EAF e
AGA| Aol 2 HEEQ} 7| EAN B H|E Hake ol59 &
714 FoAgS M A Ao g QA 7]et Aol 3
e mFIHAL BAskGIn 2 AtoflA o] &H Atk T Eaf
B2 SA9Ho] ~4.40]3(data not shown), 7|E=E] 19| pKa
= 6.3(Bhattarai et al,, 2010)°]7] wi&of|, U= ALA Az F
2 pHY 5.5904 Atk ©ld EofiEd 71 ESEd2 4 &
Zotel FdskE AU ok webA 7714 Q22 electros-
tatic attraction)}s &0 Al THA BoflE/7|EL 1T 5%
A IS 5= Ao, SAHE te Alq Bl EsiEdY 5
7he FokE ts 71EST L] 4714 QIERRE-S B3t asso-
ciation& TIAIA AAHOE o & 3719 Ui ALA7 AR
Ao AlmErh

CREAIR| 0] 742, AMkR i d Bofls sof 2 F241 Ak
olglo] 0.223~0.252% 1L #UsKhomogeneous) Y= HXE
A Alekf Tl BolE/7|EZead e AGA7E P59
< SRISIA(Fig. 3), °oF B9l AN Tl Eofis 5= e

) 5
A9 homogeneityoll+ S VAR &S & 5 A

=y

'ﬁd_t'

Fig. 2. Effects of chitosan oligosaccharide (CSO) concentration level on the morphological properties of hydrolysated goat milk protein
(HGMP)/CSO nano delivery systems. HGMP (0.1%, wiv) solutions were mixed with CSO solutions (0.01 (A), 0.05 (B), 0.1 (C), and 0.2%
(w/v) (D)) and adjusted to pH 5.5 followed by treatment with 0.1 mM TPP. Scale bar = 200 nm.
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Fig. 3. Impacts of hydrolysated goat milk protein (HGMP) concentration level on the physicochemical properties of HGMP/chitosan oligo-
saccharide (CSO) nano delivery systems. Particle size (A); Polydispersity index (B); Zeta-potential value (C). Various concentration of HGMP
solutions were mixed with 0.1% (w/v) CSO solutions and adjusted to pH 5.5 followed by treatment with 0.1 mM TPP. Different letters
on a column indicate significant differences (P<0.05).

AN 7 At 2 Fohe st SRl wEb Ay AEA] EHo)] EAsks FAIsk] 71EEE|arge] o @el &
HAARES +23.3001A41 +19.6 mVE Aot (Fig. 3), olzgt 2 AsHA o, Uie S| BAdsHE Ueidie AR 571
= W AEA A2 pHY 5.5004 S445HE wis AR 2l A0 AaEthFig. 4C). B, BRI 71E82|arg E0

2329] o] Hoklo] e, L PR B M5O AL E  mhE £0)Hel Ho] glo] 0.186~0.2242 W FUT UE BES
o o Argd, AU 3 I9lom(Fig. 4B) olat 20E B9 5L NY Sl

U AdA] 24 Az 2720 pH 5.5 2 TPP 5= 0.1 mMoj|A] e AgA19] homogeneityollis ¥k HIRIA] 32 & 4= %Itk
7|ELE 1Y Ho] e Ul HgA o sty B4 24 2
= Fig. 40] JeSIL) 71ES2] 19 S5 0.0500A4 0.2%(w/v) 3.

2 Z7IAC] ot e AEA9] dA=7]E 1380014 181 nmE, A
AEFAYI= +20.6914 +26.1 mVE §-2&(P<0.05) & Z7151 a =
tHFig. 4). 71 ES 1 FHoHE wi= ohv]er|E AY L qlo], Y7} Fig. 59} Fig. 60l A=t Alks THld Boflg/7| E&E]
SAHE W= AR T EoE} association & ¢ U # I W HgA9] DHA 23] 882 9F 86.5~88.5%= AlFH &
ot ofzt gAsIE W 7twARl TPPE ARSste] 7k A g cross- W BollE 57t 0.1014 0.3%w/v)E S7Ftel w2t DHA 23
linking)® 4= AAtHHu er al, 2008). 71ELE| 1T B& Z710f ot B-80] 86.6%°1A 88.5%= F214(P<0.05) 22 F7}et BHH(Fig.

ra

(o)

& FH5HE Ade 71EZE 139 ohvlr] 371 sk AlY 54), FAHEIESS] 24 Gadls Fo4 < AolE HolA] it
© Al Tl Eoiaate] 41714 d89aEE SAAA A (Fig. 5B). & 7ol Al2gt Aok @l e 2e HERt
o= g & 2719 Ui AGAVT B4H Ao AadtiFig. 44). EZEE0] 7leRaf= 1L, oF 40%9] as-7HAIRI0] 7hEeE &
AR 23] B, 71E&e|T s 7k Ui AgA 34 Az, A B o] 8 Sl 7Rl HAHEE

o § @2 gl 71E&argo] dolstA Hil, 23 os Azd £o] Hsj DHASH AHHHOE et affinityg AYIL Ut

C

&

A 014 B

ka
5

a

5
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b ab

g

g
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Zeta-Potential (mVv]
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Particle size (nm)
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g
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=
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I
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Fig. 4. Effects of chitosan oligosaccharide (CSO) concentration level on the physicochemical properties of hydrolysated goat milk protein
(HGMP)/CSO nano delivery systems. Particle size (A); Polydispersity index (B); Zeta-potential value (C). HGMP (0.1%, w/v) solutions were
mixed with various concentration of CSO solutions and adjusted to pH 5.5 followed by treatment with 0.1 mM TPP. Different letters on
a column indicate significant differences (P<0.05).
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Fig. 5. Impacts of hydrolysated goat milk protein (HGMP) concentra-
tion level on the encapsulation efficiency of DHA (A) and resveratrol (B).
Different letters on a column indicate significant differences (P<0.05).

g AHEFES-742] 7} binding constant= 1.9~2.3x10* M(Bou-
rassa et al, 2013)Q1 ¥FH DHA-7}A|91 7F binding constant
8.4x10° M(Zimet er al, 20112, 7FAI1 1 mol2 % 1.2 mol
o] HAHHESY 29 7FsSHARE, DHAS 735 °F 3~4 mol®t
2%t 7hsolttal HarE|Qiet. wEbA Atk Tl EefE 59
37k BIAHEES H|g) Hot W2 9 DHASH 4% A%
S7HNA JHACE Ui HEA|9 DHA Z 588 893 o=
PN ACR Almdrt

7|EZT 1T SO T AR B d BEolE/7|EZEad Ui
A W DHA 2 HIAHIZIEE X 582 Fig. 69 A=k
1 23, 71E28TY 5+ DHA I E8ole 92 vRA|
ke Fig. 64), 71E&T1T F=7F 0.05914 0.2%w/v)E 5
715to] wet HaMElE S 23] §8-2 88.7014 90.6%2 5o}&(P<
0.05)0.8 Z7}51%9tKFig. 6B). 7|E-2e| 1% & 2710 ©
AHGEE X 88 P2 DA/ RT JGA ARA O
@, "€, g7 olER) Bk S0l mE AgA e B auet
immobilization &3} A0 Z QI 7o AlgHL} & J|ES
g % F7Hs Wil 2 AHZE S| BpHUZFA] 5t
TE o 2 885 F7HIX Ao AlmEthRon er al,
2010; Lee et al, 2013, Ha et al, 2016).

4. Uiz Mo SZAX

AZE NG T BohE/7|E LY the WA 4F 4

8
p-]

Encapsulation efficiency (%)
®
Encapsulation efficiency (%)

& & 3 8 8
2 28 2 8 @
@
o
&

0.05 01 0.2 0.05 0.1 0.2
CSO0 concentration level (% , wiv) CSO0 concentration level (% , wiv)

Fig. 6. Effects of chitosan oligosaccharide (CSO) concentration level
on the encapsulation efficiency of DHA (A) and resveratrol (B). Di-
fferent letters on a column indicate significant differences (P<0.05).
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Fig. 7. Particle size (A) and Polydispersity index value (B) of hydroly-
sated goat milk protein/chitosan oligosaccharide nano delivery sys-
tems before and after freeze-drying. Different letters on a column
indicate significant differences (P<0.05).
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