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analyzer(LUMlFugeQ))E o] 87t frelHHE W7t AiolME o]eh FARE Y WSt Ak Eeld
T Sl =R TS fetel F AT 27)= pH 9 NaCl s&Hste] oEstgl=dl, pH7F &
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golAle A BAoH, NaCl #2(0.1 M — 0.5 M7t 255 A a7 S7tetgth 2 A
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Abstract : This study was carried out to investigate the emulsifying properties of concentrated
red ginseng extract (CRGE). First, we determined the interfacial tension of CRGE at the oil-water
interface. Second, oil-in—water emulsions were prepared with CRGE and then their physicochemical
properties such as fat globule size, zeta—potential, dispersion stability, and microscopic
characteristics were determined. It was found that interfacial tension gradually decreased with
increasing CRGE concentration, indicative of some surface activity. In emulsions, fat globule size
was decreased as CRGE concentration increased, showing a critical value (diz = 0.39 xm) at =
3.5 wt% of CRGE. In addition, pH and NaCl also influenced on fat globule sizes; they were
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increased in acidic conditions (pH < 3) or in higher NaCl concentration (= 0.4 M) and these
results were interpreted in view of the change in zeta potentials. The dispersion stability by
separation analyzer (LUMiFuge®) showed that it was more stable in emulsions with higher CRGE

concentration (i.e.,
an emulsifier in preparation of food emulsions.
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of AH4E RE AFS AF o] 5FE A4

stk

Table. 1. Content of concentrated red—ginseng

extract
Materials Contents (wt %)
Moisture 30.0+£0.54"

Crude protein 8.401+0.23
Crude fat 1.44£0.50
Crude ash 2.80+0.33
Ginsenosides 3.80+0.13

YValues are Mean+S.D., n=3

DWet base

2 AOACI[15]9] HHof
FHS 105TC AFHz
, X3EL AXZS, 2EMAL kjeldahlH,
soxhlet o2 EAGIATE XAk Ato]

= Lee 5[16]9] #¥o] w2t A|lEE HPLCE

eeo] 8353t & ©]& membrane filter (0.2
um pore size, Whatman Co., Kent, England)
2 oz, HPLC (Agilent 1200, Agilent
technologies,Santa Clara, CA, USA)fl 10 x LA
Fst]  2Astg e, HE7VI= YMC Pro
C18 RS (YMC Co., Ltd, Kyoto, Japan)< 2+
3t HPLC system (Agilent 1200 series system
withDAD detector at 203 nm)-& ©]835}o] £4
sttt AAMAtolE ZEEEL &% 99% o©]
442 Rg3(Chengdu Biopurify Phytochemicals,
Sichuan, China)S 20%9] AALAfo|EE o|&
sto] HFFAHo= sto] njaAo] oJsto] it
sto] st ATt

= | l;ﬁlu:%l&
o
rlo

2.2.2 BAEEA] AWy &4

SsEde BHEAEEES Tk HId
Dickinson & Pawlowsky S[17]¢] wwe] what
oil-water®] AHe|A Du Nouy Ring ¥H[18]
o2 AvFEE A5t S eEAE T

H(l x 10° ~ 0.2 wt%E $45 mM bis—
tris, pH 7.0)0] 83l5t9.2H n-tetradecaneS
4oz st A P4 30 Fol ZHAEA
(Sigma 700, Biolin Scientific Inc., Stokholm,
Sweden)E ©l&sto] ARGHE S5t

223 {39 Az 9 AP 7] 53

f3te Yun & Hong[19]¢] WS HYPsH
of AZoHAH. S (aqueous phase) 02 FA4Hs
ZHS HLEHQO0 ~ 45 wtBZE 20 mM
bis—tris buffer(pH 7.0)0l &3t & ol& 74
(oil phase)?l 7F=atf-(canola oil)@t Z (R
Z 718gE 5.0 wth)otil, AFAL w7
(LART, Silverson Machines Ltd., Chesham,
UK)E o]&sto] 5,000 rpmollA 5E7F ob]
Aste] pre-mixE AESHAH. ©] pre—mixi= A
FAL IHAA7I(M-110Y, Microfludics, MA,
USA)E o]gsted 3,000 psiolA 23], 500 psioll
A 13 dd8st FHF /FEAQ.0 ~ 45 wi%
concentrated red ginseng extract, 5.0 wt% oil,
20 mM bis—tris)& AZXstATE {5t Fo] 7
v 3715 QR A 7] (Mastersizer S, Malvern
Instrument, Worcestershire, UK)& ©]&3}o] =
Aotdon, Aies surface mean
diameter(ds) 2 weight mean diameter(ds) 2
B}t

volume

dy, = X d’n; / Xd.*n; (n;: numbers of

particle on size d) «eeeeeeeeeeeeeeeeneens 1)
dy, = 2 d*n; / 2d*n; (n; : numbers of
particle on size d) weeeeeeeeeeneieeees )

224 §3 42 %71

A3} A42-e Chananmai 5[20]9] ¥HS HY
sto] EAotgth. Mett /8 FHES o]8otdo
Az St (2.0 ~ 4.5 wt% concentrated red
ginseng extract, 5.0 wt% oil, 20 mM bis—tris)
o diste] pH ¥ NaCl 37l 5k ®¥3to] &
FEl S AH =27] s du)g o, AE
9 (Nanosizer ZS, Malvern Co.,
Worcestershire, UK)MEE o]8s f3Hgd ®
3HE XA Frbeklot

2.2.4.1 pH Wste]] @2 G
G35kl 20 mLE 25 mL vialo] €71 & 0.5
M NaOH %2 0.5 M HCIS o]&sto] pHE

- 506 -
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wotele] 4 wskE Z:*]'O}‘ﬂﬂr.

2.2.4.2 NaCl 5&o] ¥islo] w2 FgF

NaCl #H7tel ot 8t &ele Binks &
[2119] HHH-& o] &35ttt S35l 20 mLS 25
mL vialef 71 & NaClg =249H(0.1, 0.2, 0.3,
04, 0.5 M2 FA7& oHM S o]5 Ak
A sk B9t WA & NaCl 37 5= W3}
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o -
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—?L o ot fetdlel febsS Brtshl
A8, FEAnF(Olympus CX21, Olympus

Optical Co. Ltd., Japan)& o]gstsct. SHeiiuf
&(x 1000)] A=E o]gsto] {319 pH w3zt
¢t NaCl &k ®gle] mE A+ 27] HeE
=745t TE. Motic images advanced 3.2 (Motic
Co., Ltd. Causeway Bay, Hong Kong)E ©|-&
8 29 Waeter W QA xAF H 2048
x 1536 TA sig=g AE eIt

2.2.4.4 AEFA9 =34

= 59 &% w39 pH ‘ﬂﬁ}(pH .0
~ 9.0° wE ALY AHALE ZA5HI
A3l A2 felde 10008 S|4 &, =487
folded capillary cellMalvern Instruments Ltd.,
Worcestershire, UK)e] ZA5}o], Nanosizer
ZS(Malvern Instruments Ltd., Worcestershire,
UK)E ol-&sto] S35kt

225 ¥4 Y= &3

THEEdY . #gle] OE /3A(1.0 ~
45 wt% A== 5 wt®h oil: 20 mM
bis—tris, pH 7.0)0¢] B4t FH T separation
analyser(LUMiFuge 116®, LUM. GmbH,
Germany)Z& ©|-&ste =435It Separation
analysere= 318 AR5 FHste] EASE
7F438F AlZ|HA near—infrared (NIR) light
opticsE O8] 4t IHEE SAot= Ul
TH22,23]1. &, A& §39E cellofl 2 ml §F2
2 Z7stal o]& separation analyzerd]]l do] 2
5TColA 1808 Z<F 3000 rpmollA B AAA B
A M E Skt Aot #A4F Z23d
(Fatel =olof gt AlZte] wE  transmission
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Hsh o] ®glE JHESIGlon ole 5471719
2T Eo](The LUMiFuge software, SPEview
V.5.0)F ol-&shrh

A, |
Fho]| W FiesEd #8490 E/71F A
oA ANFY WHIE Fig. 1o Heisith &
=z 1 x 107, 1 X 10 wt% EZolA
WA 36 ~ 37 mN/m HY=Z HIH =
on], ojF BEo] Z7je} tio] A
< F49] »dAaste] 0.01 wt% olde sk
oAE I (14 ~ 15 mN/m)9] ¥vjwZA
< AREE g UESlHh ol quillaja ARE
do] Augd=En AR +F0=2[14], Mitra®t
Dunganof| @W2WH[24] quillaja®] Atxd E2p7t
=/71% Aol S2do| wet Aol AAa
St 1 fAa Ahe A&l EAlske Axd
of H|H5}A 2™, critical micelle concentration
(CMO) old9] skoAe o ol Haes &
ZEA] Fkes stk webd 2 Ao
W 89 F ZHEEHY s STl o
E AREE dae A AARdEA Ao E)o]
=/71% Aol &2 EotH, 44 X ol
(2 0.1%)°lM+= &/715 Aol AA|lAo]ER

40

35 4

30
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Interfacial tension (mN/m)

10°® 10°% 104 102 102 107 100
Concentration (wt%)

extract
concentration on the interfacial tension
measured at  the

oil-water interface at 25°C

Fig. 1. Influence  of  red—ginseng

n—tetradecane
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backbone)& B%F 7HA1 Qlow, wetA A4
B hydrophobic effect)ell &Jsil =/715 AW
@FWez gHhgastal, o] it AWFHS
o] A FHTH26].

321 =Y s BE AT 2719

el F =AY FA7He=(2.0 ~ 5.0
wt@)ol WE AW 27] HIHdyn, dad)E A
sttt Fig. 3¢l <lotH, S4esd w29 &
7tet Eo] AT A7)E Aot ow(ds: 2.41
m (1.0 wt%) — diz: 0.39 imm (4.5 wt%)], 3.5
wt% °oVd H7Vd Ae 7ol F AT A7)
Z H3E Holx] 9th. /I § HAUtEe
F3AE B/71589 AWFEE W30 {3 A

Mean droplet size (jum)

4.0

——d,
—o— dy

@
o
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o

0.0 ¢
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Concentration (wt%)

Fig. 3. Influence  of  red-ginseng  extract

concentration on the mean particle
diameter (dsp, ds3) of 5 wt% canola
oil-in—-water emulsions.

YT 278 AN, Ed f3
R St AR ool HY AYTE
Mo g3HE maslo] Ak feplE AT
2olo] $2u7) Zoui8], 3} Agpe] 271

o ol ZobAA] FerHEA AL+ 27)).

Ginsenosides  R1 R2 R3
Rb, -glc[2=> -gle[6>1]gle -H
Rby -glc[2> -glc[6>1]ara(p) -H
Re -gle[2> -gle[6>1]ara(fy -H
Rd -gle[2=> -gle -H
Re -H -gle -O-glc[2->1]rha
Rf -H -H -O-gle[2>1]glc
Rg -H -gle -O-glc

gle: D-glucose, ara(p): L-arabinopyranose, ara(f): L-arabinofuranose, rha: L-rhamnose

Fig. 2. Representation of ginseng ginsenoside molecule. Notation R1-R3

represents either H or different sugar groups (Li at al, 1996).
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2 AdoA fatel] Az AEH FAEEAS
F1g loA B Hpel Zo] E/7]5 Aol AW
Jom WEglom, fat A+ =27

H F=O] F7Ht HaEol Aol
= I 4 QA8Hh o= Yang F(14]9]

wstal gajarel st 5

OPF

3.2.2 pHe 9%

pH H3HpH 2.0 ~ 9.00o] @& {3tH(3.5
wt% concentrated red—ginseng extract, 5 wt%
oil, 20 mM bis—tris)2] AT Z7|(dh, di), Al
BP9 gk B4 kA, | el WIE
AHHESITE Fig. 40 9stH, pH7F S71ders=
AT A7 (ds, dip)7t BAD] Fasches AEFE
Helglom, pH 7.0 o|elx= #3bt flsltt
[d3: 2.25 um, ds3: 30.38 m (pH 2) — di:
0.29 um, ds3: 0.43 mm (pH 7.0)]. ES, 3stan]
7d& ol§ste] pHE| ®isle] whE A JAE
W A7HFig. 5), A&d Ay 27|19 W}
o SAbslgth. 9A pH(= 5.0)914% A9
717t Zastdoer, $HE AW (flocculated
fat gIobules)7} glo] orAsH AMEE el Qi
g w pH(pH < 3.04 gH= SHE
s 147“54 o, fREE o] Ho] & 7
W 4t %’g% Zi% W 5 dleh o]
23t Aib= AR S 2Tt FARE A
BAEH (Fig. 6), 4 o#—."ﬂ o5l Hg3tE
St pH 9.0004 =2 SXotH(-67 mV)—
UErSIT, pH 2.0014 + 2.1 mVE Ueht
pH7} Zragol ot Aede] d= FAaEA
o]= McClenments 5 [26] 9] X A {3HA|
24 AHgEE HMAEHE F quillaja AFEY, AX
2 Z)A(sophorolipid), #x &1 E(rhamnolipid)
o5 bt fate] f3t A Anet fAF
g A3kS dehdh o] A= Fig. 20 YERY
B4tol ZAleAtelE Fx QF HiEA <]
carboxylic acid group®] & 2J3] 7]QlE+E=
Aoz FAHEEY, Wb o=2 carboxylic acid
group?] pK,= pH 3.5 o2 gdajx glom,
o] BN AedLl= A HAEo[14,29]
A7k 714 HHF (electrostatic
repulsive force)o] RobzIth30]. whepA 2 AE
o] W pH Ze A g A 1] 8
2 A AL AL Ropdel ot 73}
27te] whd o] AstEglr] wiEel Ao

oru]

ol
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A= 9t

30
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20 =
g -
= 10
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® 5
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g
Q 1
=

0.5

0.2 T

2 3 5 7 9

pH
Fig. 4. Influence of pH variations (pH
2.0-9.0) on the mean droplet size (d,
di) of emulsions (4 wt% concentrated
red—ginseng extract, 5 wt% oil, 20 mM
bis—tris).

variations  on

Fig. 5. Influence of pH
microscopic images of 5 wt% canola
oil-in—water emulsions containing 4
wt% red—ginseng extract the photos
were taken after 24 h storage (X1000).

- 509 -



Vol. 34, No. 3 (2017)

20

-20 4

-40

Zeta-potential (mV)

-80

pH

Fig. 6. Influence of pH on the ¢ —potential of
5 wt% canola oil-in water emulsions
containing of 4 wt% red-ginseng

extract

3.2.3 NaCl #7}| w2 gF

NaCl &7l @& f/39CS5  wit%
concentrated red—ginseng extract, 5 wt% oil,
20 mM bis—tris, pH 7.0) & AT 27](dk,
dz) 0 HBHE doti 7] 9fsto] fatlo] NaCl&
Tz Huketar(0.1 ~ 0.5 M) AYT Z27]
WsE 2Aesitkg. 7). AWPel Al §8
A F NaCl 5= 371}t &0l F7kstalon
[dy: 029 um, dazt 041 mm (0.1 M) — d:
0.52 um, ds3: 37.40 im (0.5 M)], £3] NaCl =
T7F 0.4 M olollA A A2717F 546 F
7¥skqieh. olelet Aib= FetAu|AEe ol-8ste
et & Ao] ¥skE AW Fig. 8ok &
et 9k NaCle] 5=7F 0.3 MY 3%, &
st & A7) SR o] tha ISt
o8, NaCl 557} 47 Zohatel wat A7
k] F(coalescence)o] Lot AL =717}
45 S7tekeh & AglolA fIAR o]
H 4 59 F f8Ms(emulsifying capacity)
= Uel= AAkAte| B ZEo] FHo] &
o] o] HskE yetlini(Fig. 4), ol sh
e A 4R ZHe] Axr|A ahde
(electrostatic repulsive force) 22 <Q15}o] <t gh
fratefo] FAHHTH30]. L2y NaCl 5=9 F
7ket gEo] A IR BA7|A vl
7Fd & (screening effectoll sl Rolx]il Z]
W] 34 3 S FAAF o= Fig. 89
H P v} Zo| 43t BeFgHol Zlel
H31]. & ZAEEH9] 49, MaClemnets &

[26] © A7 wEEle Addeke Axy,
Wd, 1A gatele] g3k 54 Auet S

73S e

—e— d,
—o— Oy

02

Mean droplet size (um)
N

01

0.0 DT1 DTZ nfa DT‘ DTS 06
NaCl (M)

Fig. 7. Influence of NaCl addition on the

mean droplet size (b, diy) of

emulsions (4 wt%  concentrated

red—ginseng extract, 5 wt% oil, 20 mM

bis—tris, pH 7.0).

—

Fig. 8. The microscopic images of emulsions
taken after 24 h storage following the
addition of NaCl in the range 0.1 to
0.5 M (x1000).

- 510 -



3.24 B4 AR £H

FEHAIEY B AL,
ozl 7k Eof= o] XIS
HAEE= AHZE SHoA AFS] HRF]
= FH, 7 2A dolA Fag waglo]
HoH32]. 2 AYoA= fEde] 24t s
Z745t7] $5te] separation analyzer(LUMiFuge
116®)5 o]-&3}tH23]. Fig. 9= SAs=9]
s deloto] Xt {EtH(1.0 ~ 4.0 wt%
red—ginseng extract concentration, 5 wt% oil,
0 mM bis—tris, pH 7.0)9] B4t IHEE S4

=
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3t light transmission(Y )¢ ®H3FE YERfSITt
A m=23el), Egh AY 2UE F240=2
THIR = Aoz ehfo] A7He] Aite] wkE
b Zastle] HEtE o 4 QtH22]. /3
59 =t FUkstE0.0 — 4.0
wt%) A7te] Ao wE  cell offf X9
transmission 2712 WA 4 99lem, olzgh
kol Hgh= R Iy Ay BATE 9L
= ZAC2=2[2], Fig. 3¢ Uehd s {3 F
AW 2719t A¥E Aoz HQIth f-5helo]
agy &5 the9 stokes WA HyHE

ol H;I ol

St AREA, f8d ARE FA celld 3¢ = St
T 3H =eo Y 4% =ABO00 rpm, V=202 00— 0)g/9 7 weeereememmmmeseseeenenee [3]
180 min)ollA F]HstHA cell =Ol(X FH)ol o (Vi 0 289 £, a @ ZHF H2F. p,00
b 1.0 wt% Concentrated Red-Ginseng Extracts
-
£ ool Last profile :
n \ Creaming 2
:m - R First profile
1.0 wt% Te=lk 2.0 wt% ™
! VIERRE L ‘
an 9 W
! i3t LA
N 4 4
2.5 wt% e 3.0 wt% =i
m : ! 3/\1‘ \
El& \f‘ ] '\$ |
h‘_‘—_——ﬂﬂ-ﬁ—’—'/" \%,__——_—-—ﬂﬂ"-—"f‘
3.5 wt% =5 4.0 wt% P
ﬁr"g‘ | ) iy i 11
feal i f
g0 ‘f\t | | ‘4
‘ Y j
¥ = ;7;-_‘_‘*__/—‘

Fig. 9. Time dependence of transmission

profiles of emulsion (1.0-4.0 wt%

concentrated red—ginseng extracts, 5 wt% oil, 20mM bis—tris, pH
7.0), from the top of the cell (106 mm) to the bottom (129 mm)

of the cell.
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