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Optimization and Stability Evaluation of Manufacturing Process of

Nanoemulsion Containing Sargassum macrocarpum Extracts

Ji Yun Ko
Department of Food Science and Technology, Pukyong National University,

Busan 48513, Korea

Abstract

Sargassum macrocarpum, known as a kind of seaweed, contains lots of
functional compounds. Especially, the functional compounds such as
sargahydroquinic acid, sargachromanol, and sargaquinoic acid are difficult to
apply to food and medicinal products because they exhibit fat—soluble
properties. The objective of this study is to optimize nanoemulsion with the
extracts of Sargassum macrocarpum and to evaluate the stabilities of the
optimized nanoemulsion as environmental factors of heat treatments and
storage temperatures. The optimization process was Iinvestigated by
selecting several factors that affect nanoemulsion manufacturing. They are
Tween 80 concentration, stirring temperature, and stirring speed. In the
design of response surface methodology (RSM), independent variables were
Tween 80 concentration (X1, 2.5—4.5%, w/v), stirring temperature (X, 28—

617C), and stirring speed (X3, 4,700—18,200rpm. Its dependent variables are
particle size (Y1, nm), polydispersity index (Y2), and {—Potential (Y3, mV).
The optimal condition obtained through RSM is 2.62% Tween 80, 47.1C
stirring temperature, and 10,927 rpm stirring speed. In stability tests of

nanoemulsion on heat treatment at 60, 100, 120° C, all the samples were

relatively stable. The nanoemulsion samples during their storage at 4° C and

Vi



25° C for 28 days show relatively good stability. Optimized process and
stability test of the nanoemulsion containing extracts of Sargassum
macrocarpum show a good Potential to apply it to functional food products

and medicines.
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Fig. 1. The chemical structures of sargahydroquinoic acid, sargaquinoic acid
and sargachromanol
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1. A3A=
B Ao Alg® FAwEAN(Sargassum macrocarpum) < FAF A

QA AFHsFH T Az FTAMEARERE Azam et al.(2017)¢] <59
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2.1. Yxddd Ax

Oil in water (O/W) Fe9] Yol Ax3t7] $13] aqueous phase,
ethanol phase, oil phaseE Z3%slth. WA MES 0.5g% ethanol 2mL
£ &35l ethanol phaseE H|3F T} Oil phases= MCT oil(1mL),
Tween 80(2.0—-4.0%, w/v) 2 /%] 1 °™ aqueous phasei= 10mM
phosphate buffer(pH 7.4)& AF&£3F3th. WA ethanol phase 9 oil

phaseE vortexing 30% &<t 7}8Fo] =3+3}3l aqueous phase® $H



water bathol 307 x5ttt Water bath WellAl aqueous phase®l

Ultraturrax homogenizer (IKA, T18B, Werke, Germany) & ©| &3} +

[o

A3E st &= AEjolA ethanol phase®} oil phase? Z3E&ES I3
S o] g3t 3 WEH WoEH HH3| 4 wAA 7= WO E A

Z3FASH(MES—NE).

Uieeldd  Azxzdel o S¥HEss dFE 21 #E

HES- el ZF2384 A 3 (Central Composite Design, CCD) WS

o] g3t AHS At HA AxxAS TSkl fs Al A
=S E A4t EYHSE= Tween 80 5% (X, 2.0-4.5%, w/v),

<5 (X, 28-627), ##H3 £E(X;, 4,800-18.200 rpm)E

AAstdlor, ole] digt & WMags A7 (N, nm), THREAAITF(Ya),

|

AL (s, mV)E ARt A Wlel ot oA dA=

¢

F-o3leto] AAste] Table 1 o YepATH & A5+ 8709 factorial
points, 6712 axial points, 3702 center pointsE X33 17719

A5 A5tk (Table 2).



Table 1. Experimental range and values of the independent variables in the
CCD for MES—NE manufacturing process

Independent 2
variabl Symbol
anabiey =163 Wil 0 +1  +1.68
Tween 80
Concentration Xi 2.0 2.5 3.25 4.0 4.5
(%, w/v)
Temperature (C) Xo 28 35 45 55 62
Stirring X; 4800 7,500 11,500 15,500 18,200
Speeds (rpm)




Table 2. CCD for the optimization of MES—NE manufacturing process.

Independent variables

Run No. Coded values Uncoded values
X1 X2 X3 X1 X2 X3

1 -1.00 —-1.00 —=1.00 2.5 35 7,500

2 1.00 - ROON g OO 4.0 35 7,500

3 —EMgO 1.00 —1.00 25 55 7,500

Factorial 4 1.00 1.00 —1.00 4.0 55 7,500
portions 5 =1.00. 4" =ill00 1.00 2.5 30 15,500
6 1.00 —1.00 1.00 4.0 35 15,500

7 —1.00 1.00 1.00 2.5 55 15,500

8 1.00 1.00 1.00 4.0 55 15,500

9 —-1.68 0.00 0.00 2.0 45 11,500

10 1.68 0.00 0.00 4.5 45 11,500

Axial 11 0.00 —-1.68 0.00 38D 28 11,500
portions 12 0.00 1.68 0.00 .25 62 11,500
13 0.00 0.00 —1.68 3.25 45 4,800

14 0.00 0.00 1.68 3.25 45 18,200

15 0.00 0.00 0.00 3.25 45 11,500

Cepter 16 0.00 0.00 0.00 3.25 45 11,500
points 17 0.00 0.00 0.00 3.25 45 11,500

X1 : Tween 80 concetration(%, w/v), Xz : Temperature(C), X3 : Stirring

speed (rpm).



2.3. Yxoddg &3 54

2.3.1. QA= 7])9F tHERFR 4= (Polydispersity index, PDI)

Axt=7] 9 Polydispersity (PDD &  F43AHdHS d2l2 sk
Electrophoretic Light Scattering Spectrophotometer (ELS—8000,

OTSUKA Electronics, Photal, Osaka, Japan) 2 ©]g3lo] =4 3sl% T}

2.3.2. A A <) ( ¢ —Potential) =3
A EFA 9] += zetasizer Nano 7S90 (Malvern Instruments,
Worcestershire, UK) 2 o]l &390, Alg+= 3A3l#] 21l Disposable

folded capillary cells(DTS 1060) o Fdste] 25CoA =48t}

2.3.3. oA FZ 4

200—mesh 18]E9] Al5E 3t WL "Hojmadl ¥ 1% phosphotungstic
acid2 4 |4 3Tk 183 WX = oA YR 2 o B3 A AL

Ab2o A hAs] AxdE & F3EAAHEv| A (Hitachi H-7500, Hitachi



2.4. YxoEdAd A FU)

2.4.1. Ao e A F7}

10mLe] MES—NEZE A& 3o %74 3d= 7% 5 water bath(60C)

2} autoclave (100C, 120TC) o] 30% FoF Wxsgt. 4#=7], PDI9}

At o] WstE BAsk7] S8l A2olA 2443 Ek WAFE ¥ SA
skl
2.4.2. A% HEAY B
MES—-NE®¢ A AAL H7st7] 93] 4T 25CoA 43 E<t

Agstel 79 1402 YA4=], PDIS ABANE =30

2.5. Sargahydroquinoic acid, sargachromenol$} Sargaquinoic

acid & £

MES-NE W9 meroterpenoid 3}3+&92  Sargahydroquinoic
acid (SHQA), sargachromenol(SCM) ¢} argaquinoic acid(SQA) 3srFS
23517 98 A eAAT=ZvtE 23] (High Performance Liquid
Chromatography, HPLC)E ©o]&3to] A48ttt HPLC #4317 el
MES—-NEZ*%E SHQA, SCM# SQAE FZE3t7] 913 Shu et al.(2016)

o] WS E3) A48 59 H15]. MES—NE 0.2mL%} ethanol 3.8mL

10



i

F7F vortexing 3ol &£t 1 T ultrasonication (VC100,
Sonics and Materials, CT, USA)S o] &3} 208 FoF F=33ich. 1

S 30% ZoF A2oA WA & membrane filter (Pore size 0.2um) =

¢

Abgate] o 75 o $ Lim et al.(2017) Z71o] whg} HPLC #4418 %13
3} ¢}, Pump (Shimadzu LC—6AD), photodiode array detector (PAD—
detector, Shimadzu SPD—MZ20A), online degasser (Shimadzu DUG-—
20A3), auto sampler(SIL—20A), system controller(CBM—20A) 2}
Shimadzu LC solution(ver. 1.22sp) 7} #2r¥l HPLCE ©o]&3o] MES—
NEE #4353t} Phenimenex Luna RP—18 (2) column [Luna C18(2),
3um particle size, 150X3.0 mm ILD]& °] &3t &S At A
ZulE gy o o]EA A 89 (0.1% formic acid”’} ¥ WEFSo] A}
|53, B &9 0.1% formic acid T89S AHEsH o A/B(90/10)
— A/B(94/6) &) sE=F 33%1H A/B(94/6)=A/B(100/0) 9] sE& 24T,
A/B (100/0) & 10%3F AlAE Fol A/B(90/10) 9] &= 1083 2
He FFgsigith. 42 0.34m/min® 2 APk, 270nmelA 93
= st ZF 33ELS retention timelZE EQldlg o 3FSHE 9

k2 linear regression equatione ©]-£3l] AAFSFATH16].
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7 AFeA MESE &3t deldd Azx ¥ HEs 210S
AAQ357] 98l Tween 80 FE (X1, 2.0-4.5%, w/v), % (Xz, 28—627),
TA3} £E(X;, 4,800-18,200 rpm)E SHWTSER AAste] AdES
233l Central composite design®l] &) AA¥ Az F4do uz}
TR AydE FEHEF] YAA7] (v nm),  GEAAT (Y,
AR 2] (Y3, mV) & A= B3 28 (Table 3). 17709 3HAZH =
SA Lol E-vTe TEHT Alolo] AAAAE 24 FAREAH

olo] st AAASFR)E  Table 4o YEHIQT. =3 23

itk CCDEYE  =Fd mde)  Agds  dds) 9@

P-value @ o B4 Z2F 34 el dis fods HSsH

!

0.058Y #om A3S st oz Fudti[19]. Table 594

2ol FHMgo] ik P-value #> 7 0.007(Yy), 0.0009(Y2),

13



0.0016(Y) o= e+ 0.05HT Hormz {Foido] A=
dxrek,  wAE "W ojabge]  did foAdS  wdsiE A
AR (YD o A AT (X, Xo), ¥AF(X4Xe), o123 (X%, X39)©]
dAHReH, vHEAAF (Vo) S A AT (X, Xo), AR (XX,
ol (X% XpHol AAHAT. A (Y A A (X)),

A XX oA (0% X2 X)) 5% olelA #el4s vhehslnt.

il

S [e)
29 AFYS ¥

i

aats A Aol H35 (ack of fit) [20] F&5HASF
Y1, Y59l P-value o] 0.05ET ZHoEz {FoFFE 5% ol 37
AL A7 (V) D A (Yol thdt oSl RA e oH, 1,
o] P-value % 0.0869% FFE LROIHlA 37 EAS
CHEEA 5= (Vo) ofl tist 5ol & &-3llth,

AE5E REn A Aughel gt AL Fig.2 o JERdSith Fig.
20A vEbd A3 2ol oSk vEble A AAgre] e sow
Hol HlwA A= o et =EE WA 2@ HH3

g ol dHd (MES-NE) 9

14



Table 3. Observed value of the response variable as a function of the
independent variable in the CCD.

Independent variables Dependent variables
Run No,
X1 X2 X3 gl Yo Y3

1 2.5 35 7,500 161.8 0.31 —20.1

2 4.0 35 7,500 207.1 0.65 —-13.2

3 2.5 5% 7,500 45.6 0.31 —-17.7

Factorial & a0 556 7,500 | 2185 051 —13.4
portions 5 2.5 35 15,500 | 177.4 0.33 —-17.6
6 4.0 &5 15,500 | 190.5 0.64 —14.6

7 2.5 55 15,500 44.4 0.31 —-17.2

8 4.0 B 15,500 | 161.3 0.44 —-14.0

9 2.0 45 11,5600 | 135.5 @37 —-18.7

10 4.5 45 11,5600 [ 298.7 0.67 —-13.3

Axial 11 3.25 28 | 11500 | 68.3 062 -17.1
portions 12 3.25 62 11,500 67.1 0.31 —15.8
13 3.25 45 4,800 213.2 0.29 —14.6

14 3.25 45 18,200 | 139.6 0.38 —-17.1

15 3.25 45 11,500 43.6 0.35 —-18.4

Center 16 3.25 45 11,500 | 41 0.37  —18.1
points 17 325 45 11500 | 437 038 —18.2

X1 : Tween 80 concentration (%, w/v), Xz : Temperature(C), Xz : Stirring
speed (rpm).

Yi: Particle size (nm), Ys: Polydispersity Index, Y3: & —Potential(mV).
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Table 4. Response surface model equation to optimize the effect of
manufacturing conditions on physical properties of MES—NE.

Quadratic polynomial model equations R?

Y1 = 44.75 + 45.75X; - 19.85X, — 12.95X; +60.11.X% + 5.31.%% +

0.954
44.40X5% + 28.93X1X, — 11.02X1 X5 — 7.18 Xo.X3
Y = 0.37 + 0.11X; — 0.063Xs — 0.0066X3 + + 0.054X:% + 0.034X,? 0.950
.95
- 0.013X3% - 0.040X1 X5 — 0.012X, X5 —0.01 X2.X3
Vs = —18.24 + 1.95X; + 0.42X, — 0.23X; 0.80X1° + 0.65Xy% +
0.941

0.83X3% - 0.30X1X, — 0.62X1 X3 —0.154.00 X, X34

X1: Tween 80 concentration (%, w/v), Xo: Temperature (°C), Xs: Stirring

speed (rpm).
Y1 Particle size (mm), Ys: Polydispersity Index, Y3: {—Potential(mV).

16



Table 5. ANOVA of response surface model equations for monitoring the effects of preparation conditions on
the physical properties

gl Yo Y3

Source
SS F-value P-—value SS F-value P—value SS F-value P—value
Model 97346.5 15.94 0.0007 0.28 14.81 0.0009 70.88 12.45 0.0016
Xi 28375.7 41.83 0.0003 0.16 76.01 <0.0001 51.42 81.25 <0.0001
Xz 5279.4 7.78 0.0269 0.054 25.38 0.0015 2.41 3.80 0.0922
X3 2297.6 3.39 0.1083 0.0006 0.28 0.6145 0.70 1.11 0.3273
X1 Xo 6693.3 9.87 0.0164 0.013 6.02 0.0439 0.72 1.14 0.3215
X1X3 972.4 1.43 0.2702 0.0012 0.59 0.4683 3.12 4.94 0.0617
X2 X3 411.8 0.61 0.4614 0.0008 0.38 0.5590 0.18 0.28 0.6103
X* 39782.2 58.65 0.0001 0.032 14.89 0.0062 6.96 11.00 0.0128
Xo* 301.18 0.44 0.5265 0.013 5.90 0.0455 4.54 7.17 0.0317
X3* 22630.8 33.36 0.0007 0.0018 0.88 0.3795 7.95 12.56 0.0094
La‘f:i °f 474376 40487 00025 0014 1235 00766  4.38 3757  0.0261

SS(Sum of square)
X1 : Tween 80 concentration (%, w/v), Xz : Temperature(C), Xz : Stirring speed(rpm).
Yi: Particle size (nm), Ys: Polydispersity Index, Y3: & —Potential(mV).
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2.1. A =7]

PAA7IE welddeld Fod wil wWEelth A A s
Ueelldde e SXAE ¢ len, A olgAdE FIAAE
Atk HHWSe e MES-NE9] §izkaz]e] ik 3ake whg %9
I 2= Fig. 3A9 2ol yeElYth. WA Tween 809 X9 259
2 MES-NES A7) WA 227t Azp S71ges A
A717F Azdks e & F 2™, Tween 80 s&olA 3.25% Hu
AAG BEFE 4A A7 Skt Ae B 5 Sk ol d7Adte}
Al=dt A¥e BAT21]. 2E7F S wel fAe AdEgE s

127} sl farel 44k qhe] BAtel AmaA Hol lwel 277}

ARTIAL g3t 3 Al AWFAS kA se] ¥ A
AFsHe AT @k o2 Ad thwolHA] AL AT AFAUAS

HaAZg. ol Tween 809 &7} S71E,s dAe A7E

Tween 8092 %9 #23} &5 wE Yx=37]2 WH3l= Tween 809

g Skl wet JAATIF A 3.25% FEAA SUMEFE
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P77 Sk e = 7 Sk EE gAste] SRt

o\

AE5% A2/ FAAAT 11,500pm BTk SE 255 A
2717b AA F7heGT ol ol AjelAm ¥ 4 glgitH23]. ol
MES-NEE Az# W #ud Adz s 49 FEuv 34842
AL/ E T AE B F Utk ol WA sash A AT
S weEE BRE 49 A4 g8 Aze 9Ah gdRd
wAse] % QA 2re FEo] AWBYAY FF Aut gor, A
] Aol ARMPYAL A5 FFEA Gn ASH Rgatol

UARe =A717F F7hE (23],
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2.2. AR 4= (Polydispersity index)

AAFe] AP =5 UERdE PDIS] W9l 004 1AFo]S] gho & e}
itk PDIZE 0.00~0.0881 A-%-o @244, 0.7~1.09 3-$-ol= thtabA
S vEbdith Fig. 3B o] PDIE 0.29~0.67%< YeEbsith
Fig. 3BolA] Tween 80 %7} PDIo| AFE = FHOo=Z eyt
Tween 80 %7t T7te+5 PDIC #% S7kske 21& & F Qth o
= AREGA7E MESS] dAE w3 Golsols Bt dobsle Al
dEA ] & AETF Fotd] F3 &S U7 WiRelth. o E
% A& arig o ZA wEA HH, 4 2719 E£EXE FTHIA
PDIS Zto]l =& o= yehtA Hci[24].

259 #As £x9 wE PDIO WHEE #4351t £57 F7METS
PDIC] g% S7akaleh. A ske] ZIAAR &892 g A BEE

=3

AANA Hs & QA7 AL ole] mer PDIVE S71E & 3loH

TAs A AN 2L7F sk o] Aol v s dojd
T Ath[26]. 227t A PDIO #HE facts dde o AT
Al = o AAT[27]. o] Aol W= Tween 802 2% =
A oEdte AHdS #gdd 5 Qv 257 S7HEES Tween 809
S E=7E S7Feke] FdelM &alivh ¥ 2 "ok s ARk a2l Tween

809 W44 FEQ me)-15e Srsh A5 e g4l Ao
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Tl Gt FAaste] -4 AdelA Tween 800 At

7} QA Afole]l SAo] WAFT[27].

2.3.  AELA Y ((—Potential)

dAF mHol Aerb EA skl o] st ojal] YAk Ateolo] mbro]
Aot whE A=E S B 57 #8 ARE el Ae AlE S
gl gtk ole tish AERA S Yiedd Ao by ForE w g
@ete =3 SACR, FROIE QAL HU|Ho R QM A g5
T At Tween 803 #&& BHlo]2A A& A= At {7 5882
A (28] @2 A DA St 735 HEHCRE FA 8
T A%e Uehdn29]. & H¥eld MES—-NES AlEHdfl= —20.1~-
13.1mVE YR

Tween80 Tt ko ®ate] wpZ AERH 9] WMEE Fig. 3CelA
& T Atk Tween 80 &7F S74e5 Aepd 9] dUigho] Hadhs
2E& B 4 9tk o] Ahmad et al.(2020) 7 A2} F-AFsHEH[30].
MCT 2d=ol vlal thZFe] ARG AE AHEE A5 oo Al A A
of oa viedAde] kEAde Wallehs vhol A (micelle) o] B4 ¥o]
wolEAe] AAAQ HakE A g Q7] "Eel o9 22 Ade

& g AT30]. 257F Skl weEk dAF e A upa A =i
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A A A B e Bk BAE 5 9 sel Aase 3
kel Faweh31l,

743} 559 Tween 80 5% 4 2%E 919 A5 28 whE AEA S+

743 £57F 7,500 rpmE T F7MESE AERd$1e] Ak dAAF 5
bele AE B £ 9o, 11,500rpmollA] Al ZrasteE AL B2 £ 9)

th ol Ryu et al.(2018)¢] A7 A} wxe %L vhehgeb(32].
#AT S F7HEe] Wk AR o] o] Srbskel YAt B

AR o] M E Yo o] A=A 11,500 rpm o4 A5 43+

!

ke SAe] Y = P ([32].
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A
Particle size
(%3, nm)

B
Polydispersity
index
(%)

C
(-Potential
(Y3, mV)

Fig. 3. Response surface and contour plots of the physical properties of MES—
NE. Xi: Tween 80 concentration(%, w/v), Xz : Temperature(C), Xz : Stirring
speed (rpm).
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2.4. HAF Az 273 95 4 HAF

Uodde] Az 3o 93-S vX = 5HHTE Design—Expert 9.0

software (Stat—Ease Inc., Minneapolis, USA) 2 A3t HA A4S A

glom olo W o =¥ Az Table 63 7l RSMS £3 dojx F
A Z7A Tween 80 3% 2.62%, &% 47.1C, #4243} % 10,927 rpmell

ARG 3 stoll =S¥ Aghe 9A27] 41.0nm, PDI 0.30, AEFES]

= =

X

—19.2mVelty, A3 3yt A dx=A7], PDI, AEPdL7F 242F 41.2=+

0.92nm, 0.30£0.02, =19.5£0.27mV {1 MES-NEE &< + Uit
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Table 6. Optimum values of process variables for the predicted and
observed responses.

Particle size PDI ¢ —Potential
(Y7, nm) (Ys) (Yo , mv)
Predicted 41.0 0.30 ~19.2
values
Experimental 41.2+0.92 0.30+0.02 ~19.5+0.27
values

Optimum conditions: Tween 80 Concentration = 2.62 %, w/v; Temperature
= 47.1 ° C,; Stirring speed = 10,927rpm.
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L= Int. Distribution(ls)
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Fig. 4. TEM image of an optimizes MES—NE showing some oil droplets in the
nanometer range and particle distribution.
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4. MES—-NE ¢34 37}

4.1. @AYl B A BT

MES—-NE?] a12efx2] ¢rgde w7 9a 60T, 100T2 120Tef|A
308 Fob 7ttt dAel® MES-NE9 E214 542 w7 93
st $ Jxt=7], PDI W AEtHSE F4 35k
t(Fig. 5-7). 257t S7FgEE A7), PDISH Alebd 9o A Higho]
Aadte AES etk dxa719 PDIS] A 3= Shao et al.(2018)
s} ARt FARE S B ATH33]. dAA7|8 PDIVE W2 FEOE
UElgol 9] Fol dAF F2 H9 del 2EHASS &+ AT
Igbal et al.(2020) ¢ AT o] MES-NEO] AEpA9e] Az
19.56mVelA 14mVe® ZAsts e & 7 AUrk34]. ol 2 =%
of oaf AW Fo] oFaA AWe] EAG o]ko] WEate] YA AW &

b oz ol HTH[34]. vt AE el Aulgho] w2 el =

st A EE 3 3o MES-NE= 25 543 AHs fAsdow, =
wel, A2 (Creaming) # 22 @] BAsHA] dgkor o]F T3 4
F M4 7HE ¥ Tl MES-NEZF Hddow A + Slve 4
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Fig. 5. Effect of thermal treatment (60, 100, 120C) on the particle size of
MES—-NE
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Fig. 6. Effect of thermal treatment (60, 100, 120C) on polydispersity
index (PDI) of MES—NE
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Fig. 7. Effect of thermal treatment(60, 100, 120C) on ¢ —Potential of MES—
NE
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4.2. A% g9 H7}

(creaming), =% (aggregation) ©] ¥WAg 4 7] wj&Fof|[36] AA

Aokl UrelddS AY D FF Fol 2yFoR dAHHO

it

FAH = Zo] Wi Fstt Igdto] MES-NE ¢ &84 A=
B7vet7] Sl 4Tek 25ColA 28 4 & Ao (Fig. 8-10)
Nejadmansouri et al.(2016)¢} Ryu et al.(2018)°] <72 Ay}
AR A& ekt [37-38].

MES—-NE ¢] Siab= F &EdA 717t S7tets Ae & 5 A+

4Tl AT AMses @At

o[\

7behs A= WERRAIRE 25T B3t
A 14 9FEH 348 S7H ol 4THT w2 &R0A A
Apolel ARt oGl o dxlE SFE A A7e) SUHE
g 4 Jqv}(38]. =3I Tween 80 T2 H|o]2AAHEA A 9
polyoxyethylene head groups ©] F< AF 2EoA EHo]
AddgAe] 9o HA FES WAs] dAAd whE W s

HAaAAT[39]. AN A Tl A=AV SVHEECdE =tk
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Fig. 8. Changes in particle size of MES—NE stored for 28 days at 4C and 25T
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Fig. 9. Changes in polydispersity index of MES—NE stored for 28 days at 4T
and 25C
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Fig. 10. Changes in ¢ —Potential of MES—NE stored for 28 days at 4C and 25T
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5. Sargahydroquinoic acid, sargachromenol &}

Sargaquinoic acid % 4

MES—-NE W g% 7|54 #3292l Sargahydroquinoic acid (SHQA),
sargachromenol (SCM) £} Sargaquinoic acid(SQA) &#HS FA38}7]
?18l HPLC & o] &33ith 3 749 3th=9 &% vt Table 7 3
2ok Al 7HA 9] F T2 338 pg/mg Q1 AE FRlsglon g &4
AES FHste UeS uEbdth MES-NE Wl SHQA £ 24 pg/mg,
SCM 2 214 pg/mg, SQA = 101 pg/mg 7} =] da= Asidt
SCM & #x3 94 (anti—photoaging), A7 A FA

(neurogenesis—promoting) ¥ @ Ao HuEAci[41-42].

ZAr Rkl EEE SQA £ A3 FdFS deEhe 2AS
B Eg o [43-44], AN REAREEe] SHQA = 4 7|4 Ewo] shgs

frestel e g9 555 dgsiA ske Zel BaESIvH45].
EARES] FEE SQA 9} SHQA + JdedFHs FolFe avE

et ZAo® 1B uEdeh[46].
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Table 7. Identification and quantification of the major three components from
MES—-NE

Components Concentrations (¢g/mg)
Sargahydroquinoic acid 24
Sargachromanol 124
Sargaquinoic acid 101
Total amount 249
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V. 48
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