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Abstract

The objectives of this study were to manufacture casein phosphopeptide (CPP)/chitosan
oligosaccharide (CSO) nanocomplexes and to investigate the impacts of manufacturing
variables, such as CPP concentration and pH, on their morphological and physicochemical
characteristics. Transmission electron microscopy (TEM) and particle size analysis were
used to assess the morphological and physicochemical properties of the CPP/CSO nano-
complexes, respectively. Based on the images obtained by TEM, the spherical shapes of the
CPP/CSO nanocomplexes ranged from 50 to 150 nm. As the concentration of CPP was
increased and the pH was decreased, the average particle size of the nanocomplexes
significantly (p<0.05) increased. The CPP/CSO nanocomplexes had a highly uniform dis-
tribution with a polydispersity index value of less than 0.3. In addition, they had a negative
surface charge with a zeta-potential value between —17 and —26 mV. The CPP/CSO
nanocomplexes showed good stability during the freeze-drying process. In conclusion,
CPP/CSO nanocomplexes were successfully manufactured, and the CPP concentration and
pH were found to be key factors that affected their morphological and physicochemical
properties.
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Ao} gt}

A L HHE 9 ol&HoR= L EFAZRE calcium carbonate, calcium gluconate,
calcium lactate@} 22 0]23} Z<i(ionized calcium)] Utk Z5o] A oA 5571 HalA
= &l AH= EAsHoF sh=tl, ol23t e AgolAY 8l AstE Qe IH BHo=
I8l A F57H Aok, A o= PAol&Eo] W Aol Jlom, Eot WL ER B3;
53 72 HzaRgo] BAEE = QItSun er al, 2016). & AFo|AE 7]&9] o] 23] L o]
Al Yehs BARES 7146 ] ol M2 2 o8-8 = St AF A& AloilxAxs
E]E, casein phosphopeptide(CPP)2} 71E-28] 19, chitosan oligosaccharide(CSO)7} A€l
k. CPP= -7 TRl Aloj4lo] Eafjxlo] vhEoixl HEER 46 W& ofrlicAlll 3719
QAR ARl 27]9] SFEHte g o] Qlo] At A8Ho® At & ltKFerraretto
et al, 2001). T3 CSOE #AFo] AAX 2ol & 54| Y 71EARS E33H<20 kDa) 222
85l4d0] =o A& #-84o| FoJuyw(Bharathiraja er al, 2018), paracellular pathwayE
o) o]FolRE= 2o A 4= Yol M Ale] 37 tight junctiong EO] paracellular
uptakes SAA ZEY 48 FHAZ 4 AtHRanaldi er al, 2002).

2 A+olA CPPeF CSOE ol&sto] AR Wi EftAl= YA+ 2717F ~200 nm °Jsk= #HA0]
Ard oz Yol A A e} ZH2 target AJEQ} AT AETE 4= QI 75A4j0] 01, o] & QI
Zad TR oY A4S §58 2 BAEES T & ok& ZAeE 7|[dEH
(Ha er al, 2015). TSt Z AgE H91E Ad CPPL} paracellular enhancerQl CSOE o]-8-5}9]
AZg Ve EA7 Zwo] Sofiint ofue}, g0 45 SN 5 Sk A0 E TPFsIA
o}, B Ao] BHL T S8 FIAIFI7] YsE CPP/CSO Wi EHAIE AlRolal, Ui B34
Az 374 82191 CPP %8} pH7t W E9tA|9] FHjehd, E8jstetd E4do) w|x= 835
Asl= Aol

=z 2 IH

1. A|o¥
AlC|AZALHE| =X FrieslandCampinadlAl, 7|E&8] 17132 Amicogen Inc.oIA A& o} A
2319t} Hydrochloric acid(HCL)= Sigma-AldrichollA 45kt

2. U S8 M=

Casein phosphopeptide(CPP)/chitosan oligosaccharide(CSO) W E3A+= modified
ionic gelation WH(Ha et al, 2013) Ak&sto] Axs13ich 4 AKX ZAEHE SO} 7S
YIFE SF0l LalAA 0.4%, 0.6%, 0.8%(w/v) =] AloJAZAZHE|C 4=2o7} 0.006%
(w/v) 5=9] 7|1E&T I $8H S S5t Ao AXARTHEE 8okl F|ELT T 8
HS S3toto] thFst Sl AOAIZARHE E(XF-5E: 0.2, 0.3, 0.4%wW/v)/71EL2] 1]
221 0.003%(w/v) EFLNS FH|5E & 0.2M HCIE ©]-831o] CPP/CSO &3toi9] pHE %
HoItHE% pH: 5.5, 6.0, 6.5).

3. L =giHe| S2setd £ B4

CPP/CSO Y= B39 AR} F7(particle size), TREAAG(polydispersity index), AEF Y
(zeta-potential}= Y& E47](particle size analyzer, Nano-ZS, Malvern, UK)E o]-&3}o] &
Aoloirh. U EHAIE SRSE ol&sto] 208 343k 3 173°9 scattering angleollA At
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2719} SIS Zigi) EQ AE A9IE Ui RIS 5548 ol8slo] 104 St

4. Lt MER|C| FEfst 4 Hot

U B39 deistd EAL EARAD| A (transmission electron microscopy, TEM,
Phillips Tecnai 12, Phillips, Netherlands)& ©]-85t] 245}t AzxE Ui AGAE ehi-
F&H 200-mesh copper grid 9ol &3 th 2% uranyl acetateE ©]-85t0] 453t FA519
ok 38 ohg e 2=g FaRdAiEn]ge] Aeted 120 kvollAl Ui B3A|9) @4 5
FHE sttt

5. Lii- Z3kjo| 52 71X
BZ27A27)(FD-1000, Tokyo Rikakikai Co., Ltd, Japan)E o]8slo] U= E3HA9] A& 284
IS oI BUokE st ARH L B BERS —80°ColA 12412 BAAR F
EA1271% olgsjo] 2} H U BEAS 1 me/ml BER ZR0] BN T, Tk
A4S ol8sle] Uxto] et B4 ZAsiict

oL

1. Casein phosphopeptide(CPP) sk0f [E L =2&iQ] HEfSHH, S2lsiety EM

CPP/CSOE o]-83t Wi E3HA|9 Az 34 2 sl A= 378 [21(CPP 5%, pH)l w&
Wi E9HA|9] ERjokeld, Feekd 44 Brbeloinh FabdAdn]d S ARESto] CPP ko
o U B3| 34 R7<t FEiehd 492 5793 23k CPP %7t 0.2%C1A1 0.4%(w/v)=
715l w2t & o 2 3HAVE 348 RIS, °F 50~100 nm 2719 79 AR 34
e ERISH & SIQUtKFig. 1). CPP sxol wWE W E3A1 E9jsield 4 7} 24t
-4 CPP %7} 0.20141 0.4%(w/v)Z 57} gl wzh CPP/CSO W £ 3717} 1870141
280 nmZ G-9J2(p<0.05)2.2 Z715F¥CKFig. 24). 18u CPP B%7F 0.6%(w/v) oAl
73%- F7do] WA¥sHtHdata not shown). Hu 5{(2012)9] kol w2 thili e} e=515-S o]
Bolo] EMAIE AIXE 3%, S| st SRS s B9 R 217 SR
2 BEEQlth 2 A 2491 pH 6.5004= FE#ARl CPP7F &9 Hoke AU, CSO= ¥
AsE A FA71A AlaA{electrostatic attraction)O]l 28 U ESHA7F FA=Qict CPP

Fig. 1. TEM images of CPP/CSO nano complexes. Nano complexes were prepared with 0.2% (A),
0.3% (B), and 0.4% (C) (w/v) CPP concentration levels at pH 6.5 (CSO concentration: 0.003%,
w/v). Scale bar=100 nm.
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Fig. 2. Effects of casein phosphopeptide (CPP) concentration level on the particle size (A), poly-
dispersity index (B), and zeta-potential (C) of CPP/CSO nano complex. CPP solutions with various
concentration levels (0.2%, 0.3%, and 0.4%, w/v) was mixed with 0.003% (w/v) CSO solution and
then adjusted to pH 6.5. Different letters on a column indicate significant differences (p<0.05).

9] FE7F 37FREEE T W2 CPP7F CSO9k] HA714 Joago] fofst] A o= ¢ &
E3AE B0ttt AlsEh

CTHEAIA|SYPDD ] 749, CPP B%7F 0.2904 0.4%(w/v)&E Z7F5tol wet 8-2J49l Aol giich
(Fig. 2B). 13 0.2%, 0.3%(w/v) CPP sE2 AZ% CPP/CSO Wi E3HA= 0.3 o5t PDI
S 7 A, 0.4%(w/v) CPP 522 AlRE Ui B3A419] PDI 32 0.3 ool qlct. Axt& o
2 PDI el 0.3 o311 0.29F 0.3%(w/v) CPP 5= F7oji= Aoz #U3 e E3H7}
AAAERNSS & 4 UK Lippacher et al, 2001). CPP s&kof| wE Aet A9 439 32 CPP
FE7F0.2004 0.4%(w/v)= S7Fetel ot Ui 53H4|9] Alef A7 —19.0014 —25.7 mVE
FH(p<0.05) 02 A4S & = AUATKFig. 20). £ AFE 93t oH] AgojA] CPPY] pl(EA
)= pH ~3.10]%3l(data not shown) kA pH 6.5914 CPPE &9 #okg 71AA Htt.
%, CPPY] 57t 371rE Ul EAle o B2 2X6KE WA Hol 2o s Ui 5349
FH Aot AA| AT AR

2. pHOl M2 Lix 20| HEfsix, Saisisin 54

Ui 25 A% 34 89 SRl pHG.5, 6.0, 650 we e BekAle) dees =4 #7)
A3, pH} 5,514 652 3718l et & B A S YHBS SIS, oF 50~150
nm S719] 789 YA FHERSS BT 4 UK Fig. 3. h BUAS B 25k B4
of ciet pHel 9% %7ke] A9, pH7F 55014 652 27Hlo] wek CPP/CSO e BeHle] U7t

100 nn 100 nm B o oty o

Fig. 3. TEM images of CPP/CSO nano complexes. Nano complexes were prepared with 0.3% (w/v)

CPP concentration and 0.003% (w/v) CSO concentration at 5.5 (A), 6.0 (B), and 6.5 (C) pH levels,
Scale bar=100 nm.
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3717} 246 nmelA 191 nmZ F-93(p<0.05) 202 43S BRISHAtHFig. 4A). CPPY pl7t
~3.1(data not shown)°|1l, CSO%] pKa¥ ~6.3(Bhattarai et a/, 2010)°]7] W&of| pH7} 5.5
oA 6.52 F713tl wet CPPe o B2 245k AUA H1L, olof et F#IskE Ad CSO2e]
33714 Q12L& electrostatic attraction)°] S7F=lo] ATH O T A2 7719 Ui EAIE
Bttt AbE . pHell w2 thEARAS 32 pH 5.59 © 0.200, pH 6.02 = 0.156, pH
6.5¢ 1 0.1892 <4<l Afo] glo] Al 27 &4 0.3 ool gk XYL YUATKFig. 4B).
webA] 2 gtellA] 5.5~6.52] pH 2704 B/4== CPP/CSO Wi B3] Y& F3= vj$-
TLTE BRISHALE. ESF pHYE 5.5004] 6.52 Z71gol| weh CPP/CSO Wi B39 AEl 49
e —16.8 mVolA —24.5 mVE §93(p<0.05) 02 74T & 4 AAHFig. 40). pH7F
5.50041 6.52 713l Wt CPP7F Auss X6kt S7FsHA| = al, Z3pdog AxH CPP/CSO
Ui 25HA19] 39 Hole Ak ARt

3. SZVE WY F Lix B3HC 2N oy

AZE CPP/CSO hie BYANE thafat S5 AEe] 48317] 9o 5242718 olgstol Bt
315 iRl FAENAS A183te] $A7% A 50 Lhe BIA) Beld A4S Wt
3 A3, $2U% Fol= vl FUT LY TP he B FHEASS SASHITKFis.
5). AnAo B2 A% HHL Bo AHE the BYA) LLL §5 ok SR 430) 48
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300, 0.3 30-
b a a ~ <
3 b - a z b
= 2004 b S 02 Za{ a
e 2 B
] i €
w a &6
-'5 1004 ERRE ;5- 04
T E '
H 2 g
& -8
0.0 o
’ 6.0 6.5 55 60 65 55 6.0 65
pH pH pH

Fig. 4. Effects of pH on the particle size (A), polydispersity index (B), and zeta-potential (C) of
CPP/CSO nano complex. 0.3% (w/v) CPP solution was mixed with 0.003% (w/v) CSO solution and
then adjusted to pH 5.5, 6.0, and 6.5. Different letters on a column indicate significant differences
(p<0.05).

e s

Fig. 5. Morphological properties of CPP/CSO nano complex before (A) and after (B) freeze drying
process. 0.3% (w/v) CPP solution was mixed with 0.003% (w/v) CSO solution and then adjusted
to pH 6.5. Scale bar=100 nm.
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A%, T3 B AEleh 2 e BYA] BYS B4S 28T & 902 Slsie £
CPP/CSO thr B3Alo] 2zt 342 53] Huel € the B3] A% 4842 5042 4
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