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Abstract

The objectives of this study, which filled gaps in previous studies, were: (1) to find the optimal mixing condition of
nanoemulsions containing oleoresin capsicum (OC), Tween 80, propylene glycol (PG), and sucrose monostearate (SES) by
microfluidization; (2) to investigate their properties and stability depending on such factors as pH, temperature, and heating
time; (3) to measure the effect of adding ascorbic acid. In order to test these objectives, the following three experiments
were conducted: Firstly, in order to find the optimal mixing ratio, nanoemulsions containing OC - the mean diameter of
which is smaller than 100 nm - were prepared through the process of microfluidization; and their mean particle size, zeta
potential, and capsaicinoids were measured. The test results indicated that the mixing ratio at OC : Tween 80 : PG +
water(1:2) = 1 : 0.2 : 5 was optimal. Secondly, the properties and stability of nanoemulsions were investigated with varying
parameters. The test results illustrated that single-layer nanoemulsions and double-layer nanoemulsions coated with alginate
were stable, irrespective of all the parameters other than/except for pH 3. Thirdly, the properties of nanoemulsions were
then analyzed according to the addition of ascorbic acid. The results demonstrated that the properties of single-layer
nanoemulsions were not affected by addition of ascorbic acid. In case of alginate double-layer nanoemulsions, the particle
size was reduced, and zeta potential increased with the addition of ascorbic acid. In conclusion, the demonstrated stability
of various nanoemulsions under the different conditions in the present study suggests that these findings may constitute
a basis in manufacturing various food-grade products which use nanoemulsions-and indicate that food nanoemulsions, if
adopted in the food industry, have the potential to satisfy both the functionality and acceptability requirements necessary
to produce commercially marketable food-grade products.
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stal mfo| 2o P HlWst FjH o & A
(kinetic stabilityye ZHA] =o] B4 9E TS 2T &
3k LA 2 G A QrhChoi ST 2014). Lo '8 A2 “bottom-
up” 3213t “top-down” ®H4]o] &Jste] 2 4= =T “bottom
up” HAE HEY FAZ e gka Ao Ao o8 =
A7k 7Fsst W2 FEHA A Uod A Aol
A== S 7ML Sl BHA, oEA F/ 9 BEAE Ol
Tgste ARl o AEw o] AESAHAE AMESE
ofof sz, thFo = Aok stz A EokollA= A&
o] o]HtH(Komaiko & McClements 2015; Charpentier JC 2005).
HHA, “top-down” X291 oL R] o @A W 7|4
A oJYAZF 2= A A Ago] 419 AA o3, oFst,
SPEE T B2 AYRoRlA Yleg2A Ao FH st
Al o] &H L Yl=Hl(Lim 5 2012; Mitri 5 2011), ©] 5 =|A]
-5 2 (microfluidization)2 112 7] ¢ H|ste] FLT A
EEEE e 22 AV 7FettER e £33 FAHER
o &AL A B8] 1 Yo|dAS AP i
Aitat7) ol Aetn, 29| AHBAC R B2 7t
HAY OW oS A4 5= 917] o] oE W
Hlsto] o ZHHsH 8820 Wi oem dEA Qlth(Park &
Kim 2008; Charpentier JC 2005).

Uleo| B ZHE X84 A B4 29 A4
I AR IRAIZHS F7HAE 4= a(Becher P 1991),
ZA|7F st Au)g-9] FAA THgr]eclRte AL
2 Qste] w| AFAAAA Y & 7HsA o] AH(Kim F
2008), 243t A o3 ThEo]7 Yo EAL 7154
AF AR &= AW S A A8 Y 84
AE ET, AE e A YollA 7148 EdY HEn =
2 243 F=7F 7Fs5Hod(Ko SH 2008) 7]&9] 7|&=2= i
23] oleiEl AT olo] o3t 2184 AP BA R
AW o8& SHIE 7HsHA Tt B3 AHAFH F DAt
= A=A FrlY] &3te o]0 IE #H5 7|EE 57 YR
S0 BT 75 ARG Hoet E9shy eHg el 9
A7) AAT Sol AFEIL glo] anEQl 754 A
279 AR AgA=A 9 &8 74 E]F ETHPradhan 5
2015; Choi SJ 2014; Lovelyn & Attama 2011).

28k 22419 Fujet A 85 SXAA B3Eh B
27 st o2 ooet aas Wrk(Park 5 1999). thi
29l gt &< capsaicinoids:= 7}AlTto|| &t 1
(Capsicum annuum L. = Capsicum frutescens 1) AZE
HE F718AFAR SRy FE58M)E FE5)
o] AoJA]+&= oleoresin capsicum®] FAEo|H T F A Q] X|&
A A7) A4 AEo]thKorea Food and Drug Administration
2010). Capsaicinoids= I} 3] A] oF & 7154 59 &

o
=

=4 EFIYEIA

28 B3 E o] Qo1 (Bode & Dong 2015), A3 A3
st AW A ZHgo] o3t Al 28 (Am F 2011), EF
A4 24 AT SHAHE ASKSeo 5 2008), A &
THLugman & Rizvi 2006), A Z &4 ZH(Park 5 2010,
Yamaguchi 5 2010), &HA|3Z £4] 9 A|(Clark 5 2015), A3
o B E(Kim 5 2002), 93 AAA) £5 A oAU

£ 7oz ABAS FAZAAY EokLee 5 2007)
= B2 FZ9E= Au A (Liv 5 2016) 53 22 thoFst
Ao} S0 Tl ololxT Yrk

Seube AREe) Hlestol tet AEEE AAE 5
Fo2 AHA Uth(Park 5 2014). 12} oFo], k=2, 9=
o At} o] wf2ute] o] b2 Heke] Ffolle g
2Rl A=t 7 A9 T2 Qld AR Al o =
7e Aoz dEA UchPak 5 2012). 2222 Aol At
2 A8 BN ES Ueodd FHizE 7Hedes
A QE SR o2 HE 7S AR Y BT MRS
FAA710L, olm|e} o]F] & &A= T aEmY AHE T
2o 7tg 9 A&o] go|F Aer 7hE 5 ok

E3 7R 758 EEL YR S oRHE Hos)
I RS AISH] flste] M A RRAEE 249
A7 A e 5o ALA|(delivery system)et Agsto] o]
o HAEAE HRF(gums)E+= 7] EAKchitosan), ¥714Halginic
acid), 3|g-FZ2 A hyaluronic acid), 7}2}7]H(carrageenan) 5
olt}. o] F 7| EARS Ft AL, TR, AUAlA BF =
7, FE2HE Ast 13 AT B 7154, ke UE
£ 24 A%, oFE AT AR 9 59 71sol gt a+
Qo= AF Aol AR 714 BE, G, AEY A
ZA AA}o]| o]8E 31 QIthRekha & Sharma 2010; Wittaya-
areckul S 2006; Shu & Zhu 2002). & s} 19 thEZ WA
57 TSROl QRIS WAt FRENY HlE, B4
% A% w0 G2 Pxo) tepgel wet A 34 w9,
B g, A2, 29, Ue 94 5 59 Py
S 7HA AE IEE, AR R Y%E T o7 EoFY
2 &80l HEH steh 484 WA= gyt vt
sto] AL FAste 58S 7HA SEA A" &893
Sha] AT} o WEel gt G4 Ze A ekt A
7} B3 o] Q) o m(Wittaya-areekul 5 2006; Shu & Zhu 2002;
Inukai & Yonese 1999), AJ&]& Z-&of o= & Zg A
HE, 229, ded & A5t 2-8o] ¢dEA tkldota 5
2016; Back 5 2014; Kim 5 2000).

AR AEFAG oA AR AH 7Hee AE FEHY 7154
=8, e HEd 2o AE, A8, HIER E2A|, 49
FEA 5= AAbste 71s Wdol ol&stE= Al=7t =
Q] AFAAE THLE AEHI Ql7]= SHAIE, AlFold

-/

o = Am 4>
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A 24 B g2 A7t =Fof vlste] AFE AlE
AHgplol ke UieolEae] 2Alo] Bet wat yg
Z] o] tHDasguptaa 5 2015; Flanangan & Singh 2006; Sanguansri
& Augustina 2006).

webd 2 AToIAE A8 AP B4 AR YAl
= A3t vAlR-seHol &sto] BT, olFS Ueol
WAL AZST e ZelRAoIN S P S ARl
ol ae] AEARIol M) AAHe S8 FRsRa T
gt Ao AEo FL3 5 Y= 7| ZARE A|ASFLA} 3}
et

M= Y e

1. ME M= Y Al

Oleoresin capsicum(OC, Capsicum Oleoresin from Capsicum
Sfrutescens L., SHU 100,000, India)2 2010 2€ (F)G&F)| A
Fajste] 4C @rgare] BatstiA] ARE-SHTE Tween 80(P8074,
polyoxyethylenesorbitan monooleate)™} €71XHA2158, from
brown algae, viscosity of 2% solution at 25C: ~250 cps)= Sigma
(USA), propylene glycol(PG)2 Junsei(Japan)®] & A|oFE,
oA F 2 H A} sucrose monostearate(SES, F-160, () Q414

2e 4B S5 sk

2. UlHITroiFE‘Pl e A

R [ e e o = l 5}01 ‘/Hr:"ﬂ ’ﬂa —%Xﬂ;% 7
P& ’\’“—4 HjRHH|& Jm agx % 5 gy st
o] 100 nm ©|5}2] ‘?JX} 7|15 Zte Ui=olEA F4el
2%et 24 WeE 2572 stk A dEY 2=
AE Fote] datF o2 AHEYA = Tween 80, A4S
FHTE 48T 51 Sl 242 140 MPazt 332 1175}
o] AFSFATHChoi - 2009). AHE/ZA| Q] viRdH|-&-2 OC
: Tween 80 : water = 1 : 0.1, 0.3, 0.5, 0.7, 1.0 : 322, & vjgt
H[&L OC : Tween 80 : water =1 : 0.5:2, 3, 4,5, 1022
3l th OC2t Tween 802 158 ot wulsh Eatolof HA
3] B2 71511 1A17F wHtsled pre-emulsions &A1)
Pre-emulsionS 1|A|-S-"=3X](Microfluidizer Processor, M-110EH,
USA)Z o] g3}o] 91269, 103, 140, 172 MPa)T E1t 312x(1,
3, 53) & gEsto] A A" 1,}5;011::4 -2 primary
emulsion® Z A A-20j| A 24X]7F SHASIAIZ] 0.5%(w/v)
FEE SRl B4t Pt ?JZ} =719 ZﬂEP A9NE =
Aste] 24 gyt g S5 AAsHATH

r_h

3. DIMIFS=t0l QI8 LEcOlHM ERI2 ==}

1) BES LM =A|

DdF o342 A8HE A 272 140 MPao] ¢
oz 53] 04§53 HAE BaAA zxﬂs 1 oju) 24
ZA wige|e= AAE OC : Tween 80 : water = 1 : 0.2 :

52 Eake 7 Abe] WSS Table 1o ey oict Eat
OC : Tween 80 : waterZ pseudo ternary phase diagram< 24
sko] 100 nm o]3}e] 27|15 Zhe @Y Uieod o] A4
HE 99 #BAIS] OW Ukod@Ad e 74 A=<l OC,
Tween 80, water?] & wjgd 2AL AAsHTH

Hz AUSHA S79 widvso] e Uieod A A
= =37 duAddEE Bt FA Lo =Z PG SESE A
3l F240f EESFFTHChoi 5 2009). PG= PG + water
D 2(wiv)e] vE&2 5315193, SESE SES + water= 3 :
100(wiv)e] B2 Egsto] 40THA 2427 wHtate] 9
8] 23} sH) M AES S UkoEA FA0] 7Hs
3t /e A viEElE A= 10 15 o]0l itk Table 2
9 Table 33} Zto| vjgrat 212+9] pre-emulsion 140 MPa, 5
3] WHE F5}o] primary emulsions ZA|5HTE M primary
emulsion2 AF2-0]| A 24X 7F QFASIA 7| A1, 0.5%(w/v) B =2

=
259
1

Table 1. Composition of CLN by microfluidization on the
system OC/Tween 80/water”

Ratio Normalization

OC Tween 80 Water (%)
0.5 62.50 6.25 31.25
1 47.61 4.77 47.62

. ol 2 3225 3.24 64.51
3 24.38 2.45 73.16
4 19.61 1.96 78.43
5 16.39 1.63 81.97

1 0.2 5 19.44 3.87 97.18
1 4347 13.07 4347
2 30.30 9.09 60.61

1 0.3 3 23.26 6.98 69.77
4 18.87 5.66 7547
5 15.87 4.77 79.36
1.5 35.90 17.96 46.14
2 28.57 14.28 57.15

1 0.5 3 22.22 11.12 66.66
4 18.18 9.10 72.72
5 15.38 7.70 76.91

CLN, capsaicin-loaded nanoemulsion; OC, oleoresin capsicum.
¥ The emulsions were prepared at the pressure of 140 MPa and 5
cycles, respectively.
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Table 2. Composition of CLN by microfluidization on the system OC/Tween 80/PG + water”

Ratio

Normalization (%)

Pre-
ocC Tween 80 'O (;:gater oc Tween 80 PG Water emulsion
1 47.59 475 15.89 31.77 O
2.5 27.75 2.78 23.16 46.31 O
1 0.1 5 16.40 1.64 27.32 54.64 A
7.5 11.55 1.15 29.10 58.20 A
10 9.00 0.90 30.03 60.07 A
1 4541 9.08 15.17 30.34 O
25 26.95 5.39 22.55 45.10 O
1 0.2 5 16.11 3.22 26.89 53.78 A
7.5 11.47 229 28.75 57.50 A
10 8.92 1.78 29.76 59.53 A
CLN, capsaicin-loaded nanoemulsion; OC, oleoresin capsicum; PG, propylene glycol.
9 The emulsions were prepared at the pressure of 140 MPa and 5 cycles, respectively.
Table 3. Composition of CLN by microfluidization on the system OC/(Tween 80)/SES + water”
Ratio Normalization (%)
Pre-
oc Tween 80 SE(S3;:1 J(V;)’ter oc Tween 80 SES Water emulsion
15 6.25 0 2.73 91.02 O
. 0 50 1.96 0 2.86 95.18 O
100 0.99 0 2.88 96.13 O
150 0.66 0 2.89 96.44 O
50 1.96 0.20 2.85 95.00 O
1 0.1 100 0.99 0.10 2.88 96.03 O
150 0.66 0.07 2.89 96.38 O
15 6.17 1.23 2.70 89.90 O
. 02 50 1.95 0.39 2.84 94.81 O
100 0.99 0.20 2.88 95.94 O
150 0.66 0.13 2.89 96.32 O
CLN, capsaicin-loaded nanoemulsion; OC, oleoresin capsicum; SES, sucrose monostearate.
9 The emulsions were prepared at the pressure of 140 MPa and 5 cycles, respectively.
SR AAst] AYLES AY A2l W2 B YA e BT A RS A2t 005w FER Shof 100C

371¢} Alet AHE 451 §]}<4¢] AW A <} wlEHy
£ AASG o, o]F o|F L}}Eoﬂgxq 2 Ao AL}
Atk

2) O|Z5 LI=OoHM =

G4 7| B4R o83 o]F5F UlkeddAY A=
A S-E3HH o] 25} primary emulsionS ZA|SFIL A o]
A Ao A Ao R 2A1ZE wHkste] A ST WA, 5=

oA 58 714, 045 um nylon filter(Whatman, England)®f] &3}
Ao oz Wztste] A5t} Primary emulsionS T

o]z L]—
80 : PG + water = 1 :

°l

A A VA A =A0E AAT OC : Tween
2 0.2 : 59 vjPH]E&Z pre-emulsionS

TS 140 MPaollA] 53] BTA|A ZA|SHT) ©] primary
emulsion 24417 B9 AL oA ABIAIZl &, n]E] A
St G714 7| EAL SAof ZHz 0.5%(wiv) BER2 247 5

SELLERE

% ool 94 AT 1 HAS &
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Stirring of OC and surfactant for 30 min at 25°C

Drop water gradually and stir the mixture for 1hr at 25 °C
¥

Pre-emulsion

¥

Microfluidizaion

| Primary emulsion |
¥

Dissolving into 1) Water

2) 0.05% Alginate

3) 0.05% Chitosan
Stirring for 2 hr at 25°C

Filtration by 0.45um Nylon membrane filter

¥
Stabilization for 24hr at 25°C

| psy |

Fig. 1. Preparation of CLN by microfluidization”. CLN,
capsaicin-loaded nanoemulsion; OC, oleoresin capsicum;

| 2pan |

SN, single-layer nanoemulsion; DAN, double-layer (alginate)
nanoemulsion; DCN, double-layer (chitosan) nanoemulsion.
9 The emulsions were prepared at the pressure of 140 MPa
and 5 cycles, respectively.

Aetedet. vIAS 5ol % ol 24] $A0 =
AmL Fig. 1o Uehiglch

3) = Xt 37|

Wio @A) 9z} 27] 242 F23ArHDynamic Light
Scattering, DLS) 2] &J3tF 3A}A T (photon correlation
spectroscopy, PCS)= vl S 2 31 L= QJR} =74 7](Nanotrac
TM250, Microtrac Inc., USA)S o]-&3}o] 53] o]A} HHE =74
shict

4) MIEl <

AA| &of] Bfohs 2015 YAEY EH dji= A=
£ Uetl= Alet A 9l= 25CollA A3 574 7](NanoBrook
ZetaPlus, Brookhaven Inc., USA)E o]&3sto] 43140 Y
ol HA 2F 3 mLE disposable cuvette(l cm x 1 cm x 4 cm)o]|
sto] 7122 AASHT AIo] YA Grtx) 28 Fot
FrAIRE 3 53] o] S48} retention 70% ©]4}9] ZhE A

steirt

5) Capsaicinoids SH2f
Y =2l oleoresin capsicum(OC)T} L= of| H A4 2] capsaicinoids

AR o2 Al23E ARl By Wi E A9 MY 989

Table 4. Conditions of HPLC for capsaicinoids analysis

Pump PU980 (Jasco, Japan)
LC-NET II/ADC (Jasco, Japan)
AS-2059 (Jasco, Japan)

Detector

Auto-sampler

Solvent Methanol : Water = 70 : 30 (v/v)
Flow rate 0.8 mL/min
Wavelength 280 nm (UV975, Jasco, Japan)

Oven temperature ~ 35C

XDB-Cs (Agilent Technologies, USA)
250 mm x 4.6 mm, 5 pm particle size

Column

Injection volume 20 pL

Run time 25 min

+ Ha 5(2010)9] S sl HPLCE ©]-&-5to] 45}
ek

OC 100 mg-& 95%(v/v) ethanol 100 mLof| A-8&3}37 0.2 ym
PVDF syringe filter(Whatman, UK)Z2 & #}3F & HPLC(LC-NET
II/ADC, Jasco, Japan)& ©]-&3}¢q capsaicini} dihydrocapsaicin
9] gto 7 A3l FEEZ -2 capsaicini} dihydrocapsaicin
9] Z3HE(65 : 35, Fluka, Switzerland) S ARESHo] 0, 20, 40,
60, 100 ug/mL(R*=0.999)¢] EZTAAl0] oJatoe] Hakatg e
o, HPLCS] RHZAL Table 40] L gich, A3 e
o2 0.2 uym PVDF syringe filter(Whatman, UK)2 o] 1}5}
of oce} 2 zHe HASHAL,

6) SAHAZ

A ATo] EA X2 SAS system(Ver. 9.4, Cary NC,
USA)S o|-&stfth A& EAHEA(ANOVA)= Duncan’s
multiple range testE, T A ZF 7+ S-JAL T-testE S35}
o ASsch

Zut o pE

1. Oleoresin capsicum SM 24

Pruthi JS(2003)2 QI%=At Capsicum frutescenso| A &3t
AAE OC FE2EL i 3.9~14%9] capsaicing 3-7-31H,
500,000~1,800,000 SHURZ ©°F&}8 T= AlZ1} 27 Sof &
TE= Aeg RSt HPLCE o83 4] 27 4d
of] ARE-3t oleoresin capsicum(OC, from Capsicum frutescens L.,
SHU 100,000, India)2] capsaicinoids $HFo] 9= g & 19.19+
0.92 mge]¢it} Maillard 5(1997)2 ux 2|7} So] &3 U=
Capsicum anmum-2 0.01~0.70% capsaicinoidsS 7}A| ™, cayenne
3} tabasco 1LF5 E$FSH= Capsicum frutescens+= 0.26~1.21%

9] capsaicinoidsE -G-3tcty R ustE =Y B Q7o) AL



990 LA - ol - A% FFA YU IA
3t OC9] capsaicinoids+= Pruthi®} Maillard7} 2 318F A 1}9] w 200
27191 191%2 EA =i 7™ g™
2. DIMRSEel He 2 £ P MR ’
AHEGA HH?JHI% St HHELH]% a9, 282 T3 . .
542 MR so] UARENINE FHstel AT Somomo o s
ol EAs] B UAt 2o9) Ae BS Table 52 2,
AHEAAA 9] vgH] L2 OC : Tween 80 =1 : 0.3, 0.5, 0.7, sl e
1.0 o)A, E2] ujgu]&LE OC : Tween 80 : water = 1 : 0.5 gm gm
£ 2,3, 4,5, 10041, AFFL 103~172 MPao| A, B3} 4 i \ 1w
1,3, 58] B3 F 100 nm o|3te] o B4 FAo spsst  C ° el T e
Ark E 100 mE ZHE B QA 2719 A A9 W w w w0 s s

Pressure (MPa) No. of cycle

-20.75+1.85~-23.99+1.81 mVth ZTH o2 AHTAA
o] wigHl s, &, T STt S E B AR 27
= FYF R AL, Y wighlso] S7HEE
B A4 271 FAHoR F718ATHp<0.05). 2 ER
100 nm G0 Uio g FAS Sgt nAlf-s3HH 9 of AUEFA7E BrstA F2FE ] o HAY S A
) L 140 MPa, £33+ 34X 5312 AAs Y tHFig 2). ShAIZIThaL B arskel=t] 2 Aito] w2H OC : Tween 80

Tseng & Teng(2001)2 AHEAGA| ] s =7t 2 F< BH =1:072 E3819L T 49324420 nmP oL, 1 : 1.02

Fig. 2. Effect of surfactant, water, pressure, and number
of cycle on particle size of CLN by microfluidization. CLN,
capsaicin-loaded nanoemulsions.

Table 5. Effect of surfactant, water, pressure, and number of cycle on particle size and zeta potential of CLN by
microfluidization"

Ratio Pressure Cycle Particle size Zeta potential
oC Tween 80 Water (MPa) (No.) (nm) (mV)
0.1 190.44+17.34*? -25.78+2.41°
0.3 100.06+25.02° -23.04+2.36°
1 0.5 3 140 3 64.26+ 2.83% -22.16+1.57°
0.7 4932+ 4.20° -21.41+1.66°
1.0 78.78+13.77° -21.98+2.14°
2 63.89+14.34° -23.99+1.81°
3 68.62+ 7.15° -21.94+1.69°
1 0.5 4 140 3 76.88+ 6.49° -21.07+2.23°
5 76.16+ 635 -21.53+1.32°
10 81.99+10.31° -22.56+3.00™
69 148.75+96.39" -19.88+2.18"
| 05 3 103 3 86.33+24.98" -21.14+1.97°
140 63.00+ 6.82° -21.65+2.76™
172 5851+ 6.71° -23.09+2.17°
1 99.01420.01° -20.75+1.85°
1 0.5 3 140 3 7026+ 8.61° -21.76+0.96"
5 58.73% 4.86° -21.07+1.55

CLN, capsaicin-loaded nanoemulsions; OC, oleoresin capsicum.
) Mean + standard deviation (SD) of three replications (n=5).
? Data with different small letters (**%) in a column are significantly different (p<0.05).
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2 53519 S Y= 78.78+13.77 nmZE ZE7}5le] AHEAA]
o #=gk F2E WA|Sh= OC : Tween 809 HiRHH] &2 I:
0.7 o]stz AAst= Ao] vpgAsitta 7= ok

3. DIMwSatgol 2l LEcoZM XExQ| =|={5t

1) OC/Tween 80/water

OC : Tween 80 : waterS 43 H| &2 wd3lo] oA &=
SYAE 140 MPaz 53] Bkt B A BF YA 2719}
AEF 9= Table 60 WERH It E3E - 29| wigtule
of uFE Lo WA @4 998 A (pseudo-temary phase
diagram) Zgel] ZHds}e], 100 nm ©]ste] 7|5 Zh= A
Ulod Aol Y= F9S Fig 3o #7]5kch

OC : Tween 80 = 1 : 0.17} 0.29] vigtu| Lo A= HH U=}
7] 740.95+100.99~139.0043.46 nm, AJE} A= - 15.17+ 4.53~
=26.57+1.56 mV Ato|of|A] nlo] A= o|HA0] A=k 100
nm ©|3}9] Yo HAH-2 OC : Tween 80 : water = 15.3~

Table 6. Particle size and zeta potential of CLN by
microfluidization on the system OC/Tween 80/water"”

Ratio Particle size Zeta potential
OC Tween 80 Water (nm) (mV)

0.5  740.95+100.99% -16.27+4.57®

1 262.60+21.88° - 18.17+1.46™
1 ol 2 209.49+15.23° -21.094+2.94%4
3 195.66+15.87° -15.1744.53°
4 196.81+10.83¢ -26.57+1.56°"
5 189.57+13.62° - 16.99+3.82%
1 0.2 5 139.00+3.46" -20.65+13.76>4
1 80.27+3.75°% - 16.46+1.50®
2 842141004  -31.29+3.39"
1 0.3 3 88.50+9.26° -27.77+1.73%
4 86.9949.32° -28.16+2.68%"
5 92.98+7.34° - 24.64+1 47%"
15 482343 39" -20.29+1.56"
2 50.37+4.74" -22.74+1.71%%f
1 0.5 3 56.216.05¢" -22.15%1.19°®
4 59.35+7.08" -22.8241.69°%
5 67.41£7.04°%  —23.8242 21"

CLN, capsaicin-loaded nanoemulsion; OC, oleoresin capsicum.

) Mean + standard deviation (SD) of three replications (n=5).

? The emulsions were prepared at the pressure of 140 MPa and
5 cycles, respectively.

3 Data with different small letters (*™) in a column are significantly
different (p<0.05).

ocC

Legend
® OC:T:-W=1:0.1:X
® OC:T:W-1:02:5
+ OCT:W=1:0.3:X
4 OCT:W-1:0.5:X

Tween 80
10 20 30 40 50 60 70 80 90

Fig. 3. Pseudo-ternary phase diagram of CLN by micro-
fluidization on the system OC/Tween 80/water. CLN, capsaicin-
loaded nanoemulsions; OC, oleoresin capsicum.

43.47% : 4.77~17.96% : 43.47~79.36% Atololl A BAE 1,
A} AL - 1646£1.50~-31.29+3.39 mVE VrebfSict.
ﬁi’—]-?ﬂ,_‘li OC : Tween 80 : water =1 :03:1,1:03:
2,1 o 1.59] ufjgtu] ol A 100 nm o]3}9] Lo WS
‘%‘*33}93\3} JHEg 2y Bustge o NG
TR 2FY AMSAAE AHESH] UieoH A Aol
7Heet AR AxH o A= E5 nA5-53HY
o2 ZAIT Yo dAL OW o E Ao 72 = e
HLA 9l oil phase H =9 33.3%S ZISIILE 43.47%,
30.30%, 123l 35.90% A= 100 nm ©]3}+2] Uio|dA 3
Jo] 7hEste] a9 AHEAZAE AHESte] iLEsS A
Y HeodidE A2 = e 28380 Ax o=
AZre| ek g+, Jafari 5(2007)2 220t HS ©]-§5t
o] “over-processing”o| WHAIEIA] &l w|AFEIHOZE F
gt At v YA 2719 Yo dAs A5 o,
o] 7% pre-emulsion A2 ¥ oJEFoln, UizodH 9
YAt £Ex=7F o QA FAE Rkl

2) OC/Tween 80/PG+water

Tween 802 AHEAAAZ PGE EZAUEAAA =2 H7Is}
o] gAro]| PG + water = 1 : 2(w/v)2 E3ste] v|A|§-=33F
A8 ETAA 2A ol gae] B A 2719} Ae
A= Table 70 UeERHRIT)

OC : Tween 80 : PG + water =1 : 0.1 : 1, 25,5, 75, 10
T 1:02: 19 ujgH]e HY oA 110.41+19.04~200.75£10.45
nme] wfo] 2 2ol o] FAHT 100 nm o]ake] Lo
HH-L OC : Tween 80 : PG + water =1 : 0.2 : 2.5, 5, 7.5, 10
(8.92~26.95% : 1.78~26.95% : 67.66~89.29%) H oA A H
AL, o H A9 Alet A= -20.36+2.50~ - 32.72+8.16
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Table 7. Particle size and zeta potential of CLN by micro-
fluidization on the system OC/Tween 80/PG + water"”

=4 EFIYEIA

Table 8. Particle size and zeta potential of CLN by micro-
fluidization on the system OC/(Tween 80)/SES + water’?

Ratio Ratio
PG - water Particle size Zeta potential SES - water Particle size Zeta potential
OC Tween 80 (12) (nm) (mV) OC Tween 80 (3:100) (nm) (mV)
1 200.75+10.45*  —24.68+2.79° 15 129.05+15.15* - 36.60+3.02%
2.5 134.70+5.16°  —26.39+1.53° | o 50 111.60+36.34° - 34.19+2.83"
1 0.1 5 127.7948.03°  -26.48+2.63° 100 112.57+54.75° - 36.88+2.95™
75 122.06£7.57%  —29.48+2.04% 150 106.39+16.72°  -33.91+3.07°
10 120.3548.39  —30.80+4.26° 50 100.88+13.67°  —35.83+3.05™°
1 110.41£19.04° - 19.30+3.74° 1 0.1 100 104.9248.77°  —37.75+2.68>¢
25 84.33+4.74%  -20.36+2.50° 150 102.35423.18"  —35.6542.56™
1 02 5 83.2748.42¢  -32.7248.16° 15 60.33+10.41°  -39.1543.61%
75 89.45£6.96"  —29.05+1.48° | 02 50 63.62+29.99° - 37.99+2.29%
10 87.37+£12.48%  -26.83+2.08° ' 100 66.36:26.84°  —39.23+5.08%
CLN, capsaicin-loaded nanoemulsion; OC, oleoresin capsicum; PG, 150 54.06+14.90°  -40.20+4.83°

propylene glycol.

D Mean + standard deviation (SD) of three replications (n=5).

? The emulsions were prepared at the pressure of 140 MPa and
5 cycles, respectively.

% Data with different small letters (“%) in a column are significantly
different (p<0.05).

mVE ZA =} E3E OC : Tween 80 : $24+9) vljgu| 0]
1:02: 52 A9 AHES Y T77F SFF g5
e HF QA Z717F 139.00£3.46 nm, AE} HY= -
20.65+ 13.76 mV .2 L HTable 6), PGS HZAHTAA = 5}
of ZAIHAS o B YA 27] 83.27+8.42 nm, A|et A
-32.72+ 8.16 mVE ZA o] PGE BHRAUTAAZ 5]
ZAI Yo B0 Bt YA 2717 o Za P A Y S
gRlstglet. ARG IAY R2AUSLAE AHESHA
GUAAHEGAE AHESHRS wofl vt o E A< bgAd
o] B& FAEE Hoz oA grklee & Hahm 2010).

3) OC/Tween 80/SES+water

SESE HEAUBPAZ H7Fsto] $4] SES + water =
3:100(wiv) o2 E9ste] mAf-EEEAE T Ui
od Ao FHat YA 27|19t A|E} A 9= Table 87 At} 4
HEAJA ¢l Tween 80 H7} §lo]= #Z 3t pre-emulsion 34
o] 7kt ey 42 OC tiy] 15H] o] &jtstoiof +
A3t pre-emulsion®] FAE It} Pre-emulsion 1A|-F-53
Aol FHAIA ZAR YleodAY Fd AR 27|
129.05+15.15~106.39+16.72 nm $Ttr. OC : Tween 80 : SES +
water = 1 : 0.1 : 50, 100, 1502} 1 : 0.2 : 15, 50, 100, 1502]
B E|&ol A= 54.06~104.92 nm9] e @ o] FAEHU

CLN, capsaicin-loaded nanoemulsion; OC, oleoresin capsicum;

SES, sucrose monostearate.

Y Mean + standard deviation (SD) of three replications (n=5).

? The emulsions were prepared at the pressure of 140 MPa and
5 cycles, respectively.

% Data with different small letters (*) in a column are significantly
different (p<0.05).

tt. 27422 100 nm ©]5}+e] Lo B4 OC : Tween 80
: SES + water = 0.66~6.17% : 0.07~0.39% : 92.59~99.21%2]
HjHH|&o A P =Sk T3 100 nm o] Yo H A §
A FGoA BRRAHLAAR] SES7F A Ao =& PG
E HEAHGAZAZ st ARGRE FE9 10% 2] 2.70~
2.80% W= uvehgth aau 48ke] SESE ARSI E
100 nm o]} e BH FAol= AZ oA AHEA
Al =9 et A A2l 24 core ingredient?] OCE] 3t
e Fadshs 235 Vel

4. @0 MHE LECO|EM MZ 2HE

mn

RIS LICOEHM EM

A M2 YeodAd FA4 210 It Hst
o, HNlFEEH O E A GYS HieoEAH pHE, 5,
7,9), 7FEL%(60C, 80T, 100C), 7FEA|ZF (15 min, 30 min)
o] @2 B YA+ 37, At A<, capsaicinoids THEFL Table
99} Zth. 25C 278to| 4] pH 304 pH 97bA] HBIAIZ] &
A= YreoH A HF AR} T7)E 79.85+5.92~84.86+12.01
nm HYGL, pHO| W2 A= 7He] {242l Zpol= YEht
2] eFFTHp<0.001).

E
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Table 9. Effect of pH, temperature, and heating time on particle size of SN by microfluidization"-?
oH Temperature Heating time Particle size Zeta potential Capsaicinoids
(©) (min) (nm) (mV) (11g/mL)
25 - 84.86+12.01%% -9.86+11.19® 10.100.22¢
3 60 15 109.3945.43° - 6.57+2.04" 9.73+0.58%
80 15 1,145.224251.66° -22.0443.21° 9.68+0.19*
100 15 1,489.85:£653.86" -15.316.16° 10.82:£0.19%¢
5 25 - 82.63+12.16° -49.98+12.58¢ 11.17+0.50°
25 - 79.85+5.92° - 42.09+7.09°" 11.35%1.15®
60 15 80.09+6.03° -45.39+8.61¢ 11.39+0.81%
7 80 15 81.40+6.11° ~40.1126.75% 11.00:£0.28%¢
100 15 81.28+8.92° -39.79+5.92% 10.78+0.46™
100 30 80.97+6.03° - 43.5342.54°" 10.30:£0.68"¢
25 - 83.13+£5.45° - 46.02+14.24% 11.01:1.26™
60 15 79.65+4.31°¢ -36.15+3.34% 11.68+0.27"
’ 80 15 83.82+6.89° -36.05£1.75% 10.8620.00°
100 15 79.63+4.90° -36.34+2.87% 10.76+0.07°
SN, capsaicin-loaded single-layer nanoemulsions.
D Mean + standard deviation (SD) of three replications (n=5).
? The emulsions were prepared for the system OC/Tween 80/PG + water at the pressure of 140 MPa and 5 cycles, respectively.
% Data with different small letters (**®) in a column are significantly different (p<0.001).
pH 3 @AM 7FE =7} 25T oA 100C=E oA 87%% T, 100~120C oA 308 7}E & capsaicin®] ZHEE-0]
A B YA Z7] %= 84.86+12.01 mnof| A 1,489.85+653.86 nm 86~93%z AL Sto] E AF9] Axfe} SASE A B st

2 F43] 2718924 pH 73 pH 99 A= 714

ewe} 7}

A whE Bt AR 2719 23 oIzt YEhtA] ¢
UTHp<0.001). 2}H o2 TUS oA Fo A&
A7) pH 3& A ISHaL pH 5904 pH 9742] A7 Bt ¢

A 2718 FABHA AL, 7FE =t 7FEAIZE HE s

SUS Yo dA Y] Alet M= pH 3014 -6.5742.04 mV
oA -22.04+321 mV Ato] 2 ZA o]

= Ueh itk 22u pH SolA] pH 974A], 7HE
A|Zbol| w2 T F o B A AleF HE -36.05+1.75~
-49.98+12.58 mVE ZAE|Qow pH, 71EAZL 7tEeE
Fo x| B35}y

o w17 Folt qglort AHH
THp<0.001). o149 ATz wlFo] B

33 e 733 A S
AL SR BTt AL o1t th. Capsaicinoids S

AJgE kA9l

hdemet Azbel wet 914 Holi

F FA] Zdhlen 7HEAITE 308
off eFggt Al Ao
A 5AIZE 7HE 2 Folw
gofl gste] 15-302
%t} Choi & Ha(1994a)=

2 A7 B4
LR

5 o g4 pH
&g oNA =

Ao dg3t 73

ool A& H|LH %
2 =}k o= 100°C2} 150Col
BEEL 73.3~84.7%% H|LF
i = o L L R B
2A17F 7FE % capsaicin ZHEE0]

9), 7FEL2

A} o]

THChoi & Ha 1994b).

== LI-o|HM EN
Ul*ﬂviﬁ}‘ﬂ o7 ZAF o|%F

S WieolEgA

(p<0.05). =3 A}t Y=

Z Ui=odA 9] pHE, S, 7,
L %(60T, 807C, 1007C), 7]-0,3_&]2_]‘(15 min, 30 min)oj|
B AR =27, AEr A, capsaicinoids THEF2 Table
102} 7}1;}

U HieodgAoly 7R
‘/Hr—"ﬂ‘j“qd—} v 5te] B2 pH FHolA gt
FH Y L}iﬂl“e“d% P B AR 2=
X pH 97H2] 95.27+6.13~154.77423.47 nm H|%1, pHe}<]
SelRe dsiort U AL SAsHA E3Ackp=005)
pH 7 870X 79 L= s 1583 30222 2|39
o B YA 271 74 308 Fo) foix 02 ks
pH 394 pH 97}%] W 3}gto]
wha}b -20.13£0.70~ - 73.9043.25 mVE 402 02 Z7}st]
(p<0.05) pH7} Fotd4E HFE FeH 9 odAdS FAol
Vs Aoz wuEdc 7Y
capsaicinoids 2] ¥H3l= 714
£ HolA| o} 7FEAIZE 302

pH 39|

El

ze ezl Azt He
Lxo] ta EaFt §o)7
Slfel A LA o

o]

g
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Table 10. Effect of pH, temperature, and heating time on particle size of DAN by microfluidization"?

oH Temperature Heating time Particle size Zeta potential Capsaicinoids

(0) (min) (nm) (mV) (ng/mL)

3 25 - 95.27+6.13% -20.13+0.70 10.33+0.89*

5 25 - 131.59+16.33" - 48.85+5.48° 10.68+0.51°

25 - 154.77423 47° - 61.46+2.94¢ 10.32+0.90°

60 15 129.06+54.29™ - 64.735.77% 10.57+0.24°

7 80 15 112.47+64.02% -70.67+5.85 10.30+1.08°

100 15 117.22443.35° -73.90+5.50" 10.7740.64°

100 30 134.22428.65™™ -70.37+4.61% 10.49+0.35"

9 25 - 140.82+22.16® -73.58+3.25" 10.50£0.73"

DAN, capsaicin-loaded double-layer (alginate) nanoemulsions.

Y Mean + standard deviation (SD) of three replications (n=5).

? The emulsions were prepared for the system OC/Tween 80/PG + water at the pressure of 140 MPa and 5 cycles, respectively.
3 Data with different small letters (*) in a column are significantly different (p<0.05).

Table 11. Effect of pH, temperature, and heating time on particle size of DCN by microfluidization??

oH Temperature Heating time Particle size Zeta potential Capsaicinoids
(©) (min) (nm) (mV) (1g/mL)

3 25 - 111.84+38.30™ 37.79+31.63"% 10.01+0.86™

5 25 - 246.98+89.32 54.844+2.54 7.69+0.04

DCN, capsaicin-loaded double-layer (chitosan) nanoemulsions.

Y Mean + standard deviation (SD) of three replications (n=5).

? The emulsions were prepared for the system OC/Tween 80/PG + water at the pressure of 140 MPa and 5 cycles, respectively.
3 NS not significant. “p<0.05, “p<0.01, ""p<0.001, significantly different from nanoemulsions.

T AAEQ Ao BEH QI Table 11914 AAE Bief & e HA A= dHA s vE G 2 7
o] 71E4l 0]FS Hieo A2 pH 39 4FE 100 nm 01” A ARl FA AA gL F4o] glon FlEGE o
o JAE BAst & Aol AdsA 2 AE I 2 A AR AL waste] ol HHste] 2FAkAl

SAh Lim 01012 pH 2 §1o] 415k coenzyme Q1 uuc
AL A F BE A7t FAeHAL, ST} vop
How, Ak A7E -20 mV ojsh2 Bkl SHo] &
7531931, T3t Hong STQO08)E X414 2717 $7}5 A7kl B AR 2], Ak A, capsaicinoids T
A< u golelo] QHYEE BTk ST ol pH 30 2qstomn A84 Ael B AR FisiA =
A §3tole] ouxguie] BuEe] AR S Eh A ofazEuAte] ofgtal 1 AklE HE7M5AS Topr
WA 22 AR 277k A Hel B Avel 2L 1 o9l
Atz gorE e, oz
astHon 2Hs 24 4gstel A EohE o B7iol B2 B WA 2], Aek A, capsicinids T
AR TFYE o @A A7 052 oA Fig 491 UERAT, 9% Yoo @& oprzz it 3
A AR AT A 22 DA AT TE AL B B YA 37190 19 Haph gigiort 27
AZA ABAGRolA AR Hg Aol ST ABI AL 7|EAF o]FF tieo| WAL okaTE B Frlo] o5}
AR s ol M5 Ao wekE . o B YA DA BE ST AP0
o]z pHL Wolx| @A o] %% Lol de] B 7 27

5. OfARZEA HJ} & LM SN = o] ZolAd AR A} YXsHe Holk. oprmE

AFol A-8-3trhd FAaket avtel FAo FAHY &
7| 4= A& Aoltk I ER, nN oz 24
Weo|BAT} o] FF Wieog o] oAz 2 uAt

rE oo ot tlo o
L
ne
o{}lu

|z

ol BAT} 055 UieojB o] olazE A
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Fig. 4. Effect of ascorbic acid on particle size (a), zeta potential (b) and capsaicinoids (c) CLN by microfluidizaton on
the system OC/Tween 80/PG + water”. CLN, capsaicin- loaded nanoemulsions. SN, single-layer nanoemulsion; DAN,
double-layer (alginate) nanoemulsion; DCN, double-layer (chitosan) nanoemulsion. ? Mean + standard deviation (SD) of three

replications (n=5). ? N.S., not significant. * p<0.05, “p<0.01,

BAF H7tol| WhE @S UiodA e Ale A ofAA
ZHA M7} A -32.7248.16 mVOA A7 T -64.94+7.79
mVE #3}ste] QgAdo] folH o g Frtstgt. G714t o]
2 Yod Mo ofazaHAF Hrlo] w2 Agt A9
YA atol= YetUHR] §Gkal 7| BAF 0|53 Yo EA
L 82.93+£2.52 mVoj|A] 47.18£1.99 mV=E 35.75 mV7} A4S}
itk ofAF 2 BAF H7to] oste] TS Vo g, U4
o5 YoBA, 7)EAF 0]F% Vo HA Q] capsaicinoids
ke H7F A ZF2F 11.3320.30 pg/ml, 9.83+0.59 pg/ml, 9.72+
0.01 pg/mLo] gl oyt A7} o= 12.6+0.29 ug/mL, 11.73+0.41
ng/mL, 10.18£0.01 pgmLE H7} A} v @8}ke] 0.46~1.90 ng/
mL7} 71t A3HE Y ik Choi AJ(2006)2 o d
A9l Ak} 9HY/dS carotenoidA] A AJE ] Mg oR =
Aste], G4 7| EAL 0]5F Yeod AL TGS Uk
o g vls] OCE = compactdt 2 F/Jol Lo A
EQHgste] o2 Qlste] 9] carotenoids A4~ AJHEo] HA
ARSE]7] wiZe] Y-S Wieol "9 carotenoid o] 57.89%
2 7P =Tl sfo] ofAT 2 HARS HTFSHA] ¢k - &
UZ Yo dHo] 7P A E0] Ad £ Aot dAg 2
BE AASHTE 1 BE ofAT 2 HAR] H7H= capsaicinoids
& AAA7= 9&F 31, o]FF UdEAY 7
d e dEol ZHgate] ASkE A AA7IH SA] A
gy AR B35 AIARA LY JTo v Aol
2, AFY F& AFA AEH $8 182 5 A
Ao 2 A7 E QI

L

Qo9 A

=
—

£ AFoIAL, A GEse] 9 oA 24| A
A% A7 3710 JHFS WAL W ARNTAAL 24
o WigEl g, ¢, a1 Bt 94 52 2elste] 100 nm

sk

p<0.001, significantly different from nanoemulsions.

o]sto] tieo|d A FAo] et A 2HS AAsta F
2 2494 vAlFEIHeE 2AF GUdF YD Axt
0|3 Wio A9 pH, 7FE2 %, 7FEAIZE, ofAF B HAL
7ol w2 B+t YA 271, Alek A S, capsaicinoids ot
z29 e ST 1 23, vidtE]E OC @ Tween
80 : propylene glycol + water = 1 : 0.2 : 5, 140 MPaZ ©|X|-F
FIFAE 53] vHE Fasto] A SHE Uieod A 24
st om &gk AHGAHAE AHESHe] 100 nm |5} H 9
o] o HA FAo] 7hsslAth BxAEEAA S FHet A
7S 2 g Yo g a2 uiEH|&E OC @ Tween 80 :
PG+water = 1: 0.2 : 52 AAIAE Y= YeoHA, &
4t o]FF Uieo|HA, 71EA o]FF UYieod Y 27
3o E S ST A dYF YB3
T+ AA=7], Al A9, capsaicinoids 32 pH 5~9 H ol
A Fhdeme} 7o) Qs U 0F3 Lol
e B3 ieodHol R4} ol53 o] @ dz v
wste] pH 304 = HFRE FEj ] Lo d S FAsH
7He 2259} A7t wE capsaicinoids @] H3IIE 7} A]
7k 302 ool A= Hlw A Fofl gt el Ao s wd
Holoh 2nHow FHH x| sty nAlfEIHeR
ZAg G5 e AT} g4 o] F5F Yo EAS =
4k S¢S ALY dubd x8] $7(pH 59, 7HE_E
60~100C, 7FEAIZE 0~304) A2 Fol= S FA5H=
Aoz AZAFITE EIF G Lo PAS of AT EHAL
A7F A, 3 Bt GA 27000 KAl et gl ¢4l
Ah 71EAR o]FF UoE@ S ofAF 2 BAL Tt o5t
o P YA Z77F B fFolF oz Al a(p<0.001),
capsaicinoids 2 S7Ht ATE Uehfo] AEolv 37
AFold a&Her ol f 7Fad Aoz 7|t
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