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Abstract

The main purpose of this work was to develop microemulsions of black pepper and capsicum extract for plant
pest control and to perform stability test of the product prepared. Preparation of microemulsions of black
pepper and capsicum extract was used Tween 80 and Span 80 as surfactant and co-surfactant, respectively
because they could also act as a sticker. Optimization of the formulation was performed by using the
pseudoternary phase diagrams in two different aspects. Firstly, the pseudoternary phase diagrams were
constructed by using Lexol GT" 865 (caprylic/capric triglyceride) as oil phase and varying ratio of Tween80
to Span 80 according to hydrophilic/lipophilic balance (HLB). The three microemulsion formulations were
selected from the microemulsion region. Then either black pepper or capsicum extract was added into selected
microemulsion formulation at various concentrations. The best formulation of microemulsions containing
black pepper and capsicum extract was considered base on its ability to solubilize the extract, viscosity, cloud
point, physical changes of the formulation such as phase separation and precipitation of the extract following
freeze-thaw test for 7 cycles and the chemical stability of the extract in the formulation performed at
roomtemperature and at 45 + 2° C, 75% relative humidity (RH). Secondly, the pseudoternary phase diagrams
were contructed using black pepper or capsicum extract as an oil phase and the ratio of Tween80 to Span80
was fixed according to the results obtained from previous method. The physical characterization of the
formulations and chemical stability of the extract in the formulations were performed as described above. It
was found that the increase of HLB, the microemulsion region area increased. However, the region area of
emulsion-gel and microemulsion-gel also increased. The pseudoternary phase diagram of Lexol GT"
865/Tween80+Span80 (HLB 11)/Water was selected for further studies. Three microemulsion samples
(sample A, B and C) in the microemulsion area were selected. The maximum concentration of black pepper
and capsicum extract could be incorporated was 15% w/w. Viscosity of empty microemulsion (without the
extract) increased with an increased in the amount of surfactants in the formulation. In addition, viscosity of
the microemulsion decreased with an increased in the concentration of the black pepper extract but increased
with an increased in the concentration of the capsicum extract. Cloud point of the microemulsions sample A,
B and C containing either black pepper or capsicum extract was not detected in the temperature range 5 - 90°
C, indicating microemulsion is not destroyed at a wide range of temperature during storage. Physical changes
of the formulation containing black pepper or capsicum extract following freeze-thaw test was not observed.
Following storage the microemulsions of black pepper or capsicum extract for 6 months the viscosity of the
microemulsion stored at room temperation was not different from that stored at 45 + 2° C, 75% RH. Cloud
point of the microemulsions containing black pepper or capsicum extract did not change. Physical appearance
of the microemulsions of black pepper did not change but the precipitation of capsicum extract was observed.

However, it could be mixed well upon mixing. Chemical stability of the black pepper and capsicum extracts in

Vi



the formulation was shown to be good during the storage of 6 months at both room temperature and at 45 + 2°
C, 75% RH. For the systems using the extract as oil phase could be prepared only for black pepper extract
because capsicum extract was too viscous to use as an oil phase. HLB used in this study was fixed at 11.
Sample D, E and F were selected for further studies. Viscosity of the microemulsion using black pepper
extract as oil phase was higher than that of the microemulsion using Lexol GT" 865 as oil phase. The viscosity
decreased with a decreased in the amount of surfactants in the formulation. Cloud point of the microemulsions
sample D, E and F was not detected in the temperature range 5 - 90° C. Following freeze-thaw test, physical
changes of the microemulsion was not observed. However, following 6 months storage at 45 + 2° C, 75% RH,
the viscosity of the microemulsion decreased compared with the freshly prepared microemulsion but the
viscosity of the microemulsion stored at room temperation was not different from that stored at room
temperature. Cloud point and physical appearance of the formulations did not change. Chemical stability of
the black pepper in the formulation decreased from the beginning but not more than 10%. The stability of
black pepper extract in the formulation when stored at 45 = 2° C, 75% RH for 3, 4 and 6 months was not

different and was not different from that when stored at room temperature.
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Percentage remaining of capsaicin in sample A, B and C when stored at room

temperature for 0, 3, 4 and 6 months.



miﬁ’mumw (List of Illustrations) (Vié))

Percentage remaining of capsaicin in sample A, B and C when stored at 45° C,
relative humidity 75% for 0, 3, 4 and 6 months.

Percentage remaining of piperine in sample D, E and F when stored at room
temperature for 0, 3, 4 and 6 months.

Percentage remaining of piperine in sample D, E and F when stored at 45° C,

relative humidy 75% for 0, 3, 4 and 6 months.
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2.1. 1n5e9ia Nl lumsAinm

Electronic stirrer 2008 (Fisher scientific, USA)

High Performance Liquid Chromatography (HPLC) (Shimadzu, Japan)

Refractometer (RX 500, Atago, Japan)

Rheometer (Brookﬁeld® Model DV-IIL, Brookfield Engineering Laboratories, USA)

Stirrer (Model RCT — B, KIKA Labortechnik, Germany)

Thermostatically controlled ovens (TERMAKS® KBS, Bergen, Norway) distributed by Science Engineer
Vortex Genie (Scientific Industries Inc., USA)

ZetaPALS Particle sizing (Brookhaven Instruments Corporation, USA)

2.2. sy lumsany

Acetonitrile (Labscan Asia Co. Ltd., Bangkok, Thailand)

Blackpepper Extract (Thai China Flavours & Fragrances Industry Co. Ltd., Bangkok, Thailand)
Caprylic/Capric Triglyceride (Lexol GT" 865) Lot DD 1026 (Namsiang Co. Ltd., Bangkok, Thailand)
Capsaicin Extract (GPO, Bangkok, Thailand)

Ethanol 95% (Liquor Distillery Organization, Chachoengsao, Thailand)

Ethanol, HPLC grade (Merck, Darmstadt, Germany)

Methanol (Labscan Asia Co. Ltd., Bangkok, Thailand)

Mineral Oil (O.V. Chemical & Supply Ltd., Chiangmai, Thailand)

Propylene Glycol (0.V. Chemical & Supply Ltd., Chiangmai, Thailand)

Sodium dihydrogen orthophosphate 1-hydrate (NaH ,PO,.H,0) (BHD, England)

Span 80 (Sricharnd United Dispensary Co. Ltd., Bangkok, Thailand)

Standard capsaicin Batch no.045K7008 (Sigma, USA)

Standard piperine Batch n0.01902TD (Aldrich, USA)

Tween 80 (Sricharnd United Dispensary Co. Ltd., Bangkok, Thailand)

- Orthophosphoric acid (Merck, Darmstadt, Germany)

10



2.3. IBmsduiiumsnaae
ad o A L= 1 @ dy
FNMIAUHUMINAADL ujuifu 2 dau deid

dauil 1 msaadmisugaseiululasdilatuvesmsananinlnad naznin

aauil 1.1 gasesululasdiiaduily Lexol GT" 865 1iluTgmniiiiu

C A4

1. ahanlalaezunsuiiomalsznovvedlulnsaasi

1.1). wsasd Rz auvesanaliznon luTassiadu Tasvini (water), SN (oil), A15QALT
fan (surfactant) HAZEITAALUITIAINITIY (cosurfactant) ﬁé’mmdawﬁmﬁ'umwamﬁu nazaing
pseudoternary phase diagram (gﬂﬁ 2.1) Lﬁa@ﬁfuﬁﬁgﬁmﬂﬂﬂmﬁﬁa% Tavfunlaousandiuvesds
aausIRIAn nazasaaus g 15718A1 hydrophilic-lipophilic balance (HLB) fitanaiai (a15197
2.1) ﬂmmﬂmwmmfm'N'iwﬂn"lﬂmﬁﬁm?uﬁmwuéiuq 1B DXadN viodlatuaaiiTaggain
Snvaznamenmuesdiuila TaediyluTassifadurzdeciidnuas Tswamie Tusala

éhf}”uﬁmﬂdngﬂu"luTﬂiﬁﬁaGi?uﬂxgﬂu‘fwulﬂﬁﬂm@iaiﬂaéﬁmmmmﬂﬂ%,’luﬁuﬁgﬁam?ﬂma% ag

wasnny Bigavgives Wunae 1 vag 2 dlen

LY

Surfactant

A“\’A‘\'\“\’«“‘
s\\y AR
ARAVANNA
AR LA AN A
A\\ A \"AA\\'\\\\ ARARAN
NAVARIZANZANEOASATTAN
ANPRAERRK AN
JA\Ix AP0 ARV, ARF'0 ARYe W AV WA
ARTRARERL WA RLRARN
IV ANV AN WA WA WA

60 40

50

40 60

30 70

20 80

10

100

100 90 80 70 60 50 40 30 20 10 0

Water Qil

gﬂﬁ 2.1 An example of pseudoternary phase diagram.
HNaLin
= o ' . . = 1 > o
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Msai 2.1 Composition of each microemulsion systems.
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1). M3ATIVAOUANGNABIVOIIBM I AT IZHHISIa 158188y (Method Validation) lael¥ HPLC

4

MINTNALAINGNABIVEIIT AT INERY1T135 1 1T s e einsa 1inansnadeu
andes Taeiimsasteaeuaiadessi
L1). ANNSUNUBITUTUATY (Linearity)

msnageuauduiufiFuduase fumsuaadddiiui sramanududuvesasidns e
ANuFuILTI AT peak area

MIMANUFURUTIFUFUATIVOIITATIATILH AT piperine 111 1AIN1TIAT BNAITALATY
WIATFIUV0Y Piperine (Batch no. 01902TD) (Aldrich, USA) fianudut 0.5, 1.0, 2.5, 5.0 uay 10 faansy
aonTuvedluTnsdiiatu mmfm%‘amqmiazmﬂmmgmGlu“lﬂmﬁﬁa%’um 100 1911 A28 95% ethanol
n504EN3AZ 1081061971 14870 filter nylon membrane (Filtrex, China) Y119 0.45 Tuaseu fowirllia
313127 TaeA3 pq HPLC 192983 HPLC system taraaluas1adi 2.2

ANSUMIMANUFURUTIFUFUATIVOIITAITUATIZH capsicum  extract 111 1AIMTIAT B
N1I0LRWUINTIIUVDN capsaicin (Batch no.045K7008) (Sigma, USA) ﬁmmg%’wffu 0.5, 1.0, 5.0, 10 uay
20 daaniuaenivueslulnsodadu mmfm%‘@mqmiazmﬂmmgm“lu"lﬂmSﬁm?um 100 1911 410
95% cthanol N3BIENTAZA10R1061971 18878 filter nylon membrane (Filtrex, China) Y11 0.45 TuAsen
o1 lilfa3ins1z Tnein3es HPLC #n112u0e HPLC system iaaalunisiei 2.2

mmfuwﬁmﬂiwhzwjn peak area UDJ chromatogram UYBIA1TALAYNINTYIUUDN piperine UL

{ ' v o o '
capsaicin ﬁmmwfl}m%}umm Llﬁﬂ\?ﬂ’ﬂllﬁﬂwu‘ﬁﬁ&’1/7’31\1?]’31%!,"’]9]‘%"19]}1!"]]@\1?{']5a%ﬁﬂﬂlﬂﬁﬁilu ag peak area

3 1
V94 chromatogram HUANMIFUATI LAZA1 1

M99 2.2 Condition of HPLC system
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Condition Analysis for Piperine Analysis for Capsicum extract

Column Phenomenex Gemini 5U C18 (250x4.6 Phenomenex Luna 5U C18 (250x4.6 mm ,
mm, 5 Llm) 5 Um)

Instrument Shimadzu pump LC — 20AT (Shimadzu, Shimadzu pump LC — 20AT (Shimadzu,
Japan) with 2PD-20A detector (Shimadzu, | Japan) with 2PD-20A detector (Shimadzu,
Japan) Japan)

Dectection 340 nm 280 nm

wavelength

Flow rate 1 ml/min 1 ml/min

Injection volume 20 U 20

Mobile phase Acetonitrile : 25mM NaH,PO, (pH 4.5), | Acetonitrile : Water , ratio 70:30 v/v
ratio 65:35 v/v

{ J
1.2). ANMNEINTIVOIIBUATIZH (Precision)

A axa 7 ' a Jd 3 qu} Y Y A ~
ﬂ’ﬂllmEN@'iQ"'UEN’J‘E’JLﬂinﬁLﬂufﬂiﬁ'i’J%ﬁ’ﬂiJ’)”IﬂTiﬁ!,ﬂin‘ViLmaZﬂ‘i\iuui'ﬁﬂﬂﬂmﬂﬂﬂmEl\‘]'lﬂ

4 a v 1 [ @ §y a d [} 1 o
WedAT1EHA9819018 U IUABINY (Intraday  precision) HALINDIUATILHAIDE195ENI199U (Interday

1 o o
precision) Tags181uNan NN UE TN % RSD 1158 % CV

gasildmuiunm % RSD #30 %CV Ao

%RSD or %CV = (SD/ X) * 100

BmsAn i laons sua15a2a18u1A5§IUUDY Piperine (Batch no. 01902TD) (Aldrich, USA) #1
9J 9 a Aa o 1 Aa Aaa a v W 09: A a v W [ U "9
ANUTUTY 2.5 HaanSuaeiaaans TuluTasddadu mmiudeselylasdiasudinaidad 100 mMiale
95% ethanol (ANMUITNTUFATIBININY 25 LLg/m]) N509T15AZA 18R 196197 1§A20 filter nylon membrane
. . ' ° A a P2 A

(Filtrex, China) ¥119 0.45 Tuaseu nouti laadms iz lagnses HPLC

@115 capsicum extract 3MIANE1M IAOMIIATOUAITAZAONIATTIUVOY Capsaicin (Batch

v A

10.045K7008) (Sigma, USA) NANNANTU 5.0 iaanSuseladans 1ululasddadu vminidenslulng

SiadudIna17a3 100 111328 95% cthanol (ANMMITNTUFAT NN 50 LLg/ml) NTDIA1TAZA18A 08197

vy 1 ) a a o A
148 filter nylon membrane Y11@ 0.45 luaseu noui lUAadins 1z lasnies HPLC
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1.2.1). AATEIns VeI IESInT Iz el Sude i (intraday precision)
msnageuanuudIMelu Ay Thlasaionaisaza1esainsiiedu s 91 uaziia
Sinsgiasazateiindonldtesduneluudoriu §e19az 5 ase i ldndnnamsunds a1
e (%RSD 138 %CV) TngfiA1 % RSD 1nAse4 peak area Voam13azauiasgudes lifudevas
10
1.2.2). AT IV IEINTIEHIEH 15U (interday precision)
mInaaeuANBIUTENITY T TaomToumsaza1e8ain et 5 51 uaziading iz
mrazaefinion1dTedu dred19az 5 ase Hunal 3 Tufadedy haildinAadunde sudouuu

(%RSD 130 %CV) Tagff1 % RSD 1nA8V04 peak area Y0Id15001001ATFI1UADS A uSooaz 10

Aada d
1.3). ﬂ?TNQﬂﬁ@QW@Q??TJ!ﬂﬂ&’W (accuracy)
9 =2 1 d'Q Y 1 d' I a 1 as

MINATBUANUYNABY VONDINAINAATIZH 19 e T)anafiiluaiamla (Recovery) 35m1s
=3 1 a 7 3 A
ANMLINI AT Y 2 Tunsufe
ay// ~ a J a . . A .. Aav o &£~ @ a o
YUABUN 1 WATIEHHUTUIN piperine Y170 capsaicin TuluTnsodadu Felasanansnlned

A o a Yy 9 9

NIATANANTN ANUTNTUT AL 15

M 1AgNI05 sua13FI961999Na1IN 091989 100 1M1A28 95% ethanol NTOIANTALALHIDEN
A Yy . . ' o a a 4 A
'14A8 filter nylon membrane (Filtrex, China) Y119 0.45 luasou newiirl1Radnszy lasnies HPLC
(A)

5’ A a o a . . A .. Aav o &~ [ a [

Tupoui 2 A3 11T piperine 130 capsaicin 11 luTasdiadu Feliasadaninlned
Wieasananin aAnudNiuiooaz 15 ANauRD (spike) @1392A1WUIATIIU piperine H3D capsaicin

mlagmstleasdedialulassiiasuniarsadansnlnedrdesas 15 1nduasun 111970
luTnsans mwﬁuﬁumiazmﬂmmﬁm piperine (Batch no. 01902TD) (Aldrich, USA) AR NUAUTY 0.5
Haansuaeiaaaas u'lulasaiadu 30 Tulnsans (©) wauldiidnsu aminiwudesisas 100 (Midle
95% ethanol NT8A15ALA8AI0E8197 1AA28 filter nylon membrane (Filtrex, China) Y11a 0.45 lunseu
nausi lRadns 129 Iaein3 o9 HPLC (B)

v Y

M5 capsaicin 1 IaemsdilaensdiedislulnsodaFundarsasaniniesaz 15 1nduneu

111950 lulnsans WINEUAUAITAZA18UIATTIY capsaicin (Batch no. 045K7008) (Sigma, USA) 21
Y

WU 0.5 Taansuaelaaans ululasoasu 50 lulasans (©) waulidniu niushuudenaas
100 111928 95% ethanol NTBIATAZA18AI9E197 IAAY filter nylon membrane (Filtrex, China) UY11A 0.45

Tuasou nowiitllaadniiz laensod HPLC (B)
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MUIUM % recovery

%Recovery = (B-A)/C-100

=2 Yy 9 . . A .. av o
A T3 ANUUUUU piperine KT capsaicin “lu”lﬂmaua%u
B ¥u10D9 AU piperine 130 capsaicin 11y Tasdiiadu Anauniy (spike) a1sazaIvuInIgIU
piperine

C M09 ANUTUYUUDIAITAZAWUIATIIU piperine HID capsaicin NWaad11l (spiked concentration)

1.4). anutnvumgaia1sans191as1eHIa (Limit of Detection; LOD)

Y o

mMInageumAINUTNTUdIgaNaI0nT1ATIeH 18 MlaumSouans piperine 130
.. Av w A Yy 9 a a o 1 o . . n’/‘ A

capsaicin “lu"lﬂﬂiam%uwmmmmu 0.5 UAaNITUNBNTU (stock microemulsion) mﬂuummw"lﬂm

BaduAINE1I8I8 95% cthanol 14 IaAududugaieminy 5 lulasnsudeliadans miniuveaa
mMsazaeaInanatIunsznInnNudutud1gan 1 peak arca AD noise =3 : 1
1.5). anuandushganansalslumsmsunasld (Limit of Quantitation ; LOQ)

1 Y 9 o = ¥ a Y o ° . . A

minageumimanmdududganaunsolylumsnliuna’la  dnlaetiras piperine 130

T
v A

.. a o Yy 9 o 1T a aa ax A 9 A 9
capsaicin 1u"1n1ﬂsamsuuﬂmmmmu 5 llﬂmmmamaam (AT ITIUNINUD 1.4) NUIDINAINIY

'
@

95% ethanol ﬁ]‘L!ﬂiwlQﬁﬁﬂ’ﬂﬂlﬁﬂ%ﬂ%fjﬂﬁiﬁjm peak area ¢19 noise = 10 : 1

2). MSNATOUANINANAIVAIMITY

' ' '
a o A o @ AA v Aq Y

v 9
NHANTNARDI 1A IUN ﬂﬂlﬁ@ﬂﬁ'@]i@ﬂiﬂﬂﬂ‘ﬁﬁ(ﬂﬂl@ﬁﬁxﬂuIﬂiﬂﬁa‘]fu‘ﬂ ¥ Lexol GT 865

U

o Aq Y oyw
1

1< [ : % a o @ a o @ a g @ o
Wuigmaniuiv vaz lulasddadunldarsadaninlnedr viomsanansniiluignaigiy wins
o A a ~ dy v o JY I~
NATOUANNAIRIAD IAenadoNgungll 45 T 2 serusarbad ANusudinisesas 75 £ 5 1iu
1 < o [} ~ a o d"
AU 6 1RO LAz gUINUAI0819N 0, 3, 4 18z 6 AU Wlsziiuasi
=}
2.1). ANUKUA
2.2). 33
2.3). anyaznmMenmauANNu-Aw e msldsudvesdisn wazmsuendu
a o w o w a 7Y Yy . .. S
2.4). YTmnamsdidyludisu Taensdniiziaie HPLC tag 1% piperine 11ag capsaicin 11U

marker Y9383 aAANI A Inesaza1sanans nnud e
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UNAn 3

WNan1INaael

aauil 1 mansdisugasaisulalasdilaruvesmsananinlnad vaznin

aauil 1.1 gasesululasdiladuily Lexol GT" 865 1iluTgmniiiiu

C A4

1. analalaezunsuiernaiusznevvedlulnsaiaru
a%’mﬂa‘lmmmmmazuu Lexol GT® 865 (caprylic/capric triglyceride) ﬁ”liaﬂuiﬂﬁﬂa’) (surfactant)
v '
A13AUIIAIAITIN (co-surfactant) HALUINAW AINSTUENTAAUTIAIAD azaTanausInamITIN Tumsanmn
11810014 Tween 80 uay Span 80 tilesvnausarimrnnyeliesaauuluies (stcker) 16 Tasns
] o A 9 ' 2 A =2 a 1 YA 1
asralalaszunsuaziimslasunilasdasidiuvesaisanusaaanl azasanansaaanign 1
] v Y
hydrophilic-lipophilic balance (HLB) 8 fia 12 HLB #igan11 12 li'ldimsfinen neilifiesnindesldasan
2K a KX a 1 A 1 £ n 9 ] 4 =
LIIAIAT HazanTaans AT iuanaseon 11 delideglugailseasdvosmsfiny

Y Y

v F4 Y 1 b4
HAMIANIND I MIINNA1 HLB gevu nuilumsina luTasedaduazniediu usvazipeddunsing

4
o

) A 1 A . . I 9y K [ @
M5 UgUuUBY NA1IAD emulsion-gel 11A2 microemulgel NNV MFUAY daaaTumd laezunsulugll

=2 dy ~ a Av o A =1 1 1 <3 Y [
3.1 N 34 Wuﬂ1Uﬂ1§LﬂﬂllllIﬂiﬂi\laﬂfuﬁll@\ﬁ&“]ﬂlﬂllﬂ'l HLB 11 u4@ag 12 UANUUANANNUDNUDY LIA

=).

'
(2 A 1

VUMUVDY 15U emulsion-gel 11AZ microemulgel 319111 LazAsUIeIng

1 =}

s2UUNNAT HLB 12 921U
Y

@ a A a Av o d'dyd A Aa o Y
ﬂU‘]JiL’Jﬂ.!VILﬂﬂbbJIﬂiﬂiJﬂ“]fu auiulunivudenssuunial HLB 11 th‘VHﬂﬁﬁiNLWf’fllﬂﬂ$LLﬂiiJIﬂﬂ

= Y [ A n’/‘ 1 A @ 1 @ [} A o =
azlagn uax'lﬂwaﬂmaﬂﬂugﬂm 3.5 NNUUGUIABNAIDYN 3 AIBYN AB sample A, B llay C UlﬂTnﬂﬁﬁﬂ‘H'l

ao
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Surfactant mixture (Tween 80 + Span 80; HLB 8)

00, g

O Emulsion-gel
30

40

ANWANWARNWANYL
o ANNEINANAY
JANAVANAVANAVARRVANRY'S
ARAATIVARIV AN S IV
AVENANA AW
A\\":Q‘\‘A\\\'A\\\‘:ﬁ\\‘n\\\‘&\\".t\
AAAVAALVARAVRAVARVARVARN SN
ATVANRVARIVANRYQIVANWARVAWA
/AIL7ARLV AV ALVALVRLTARVAR AN

30 0

20 20

10 0

0
Water loo 90 80 70 60 50 40 30 20 10

100
Lexol GT® 865

gﬂﬁ 3.1 The pseudoternary phase diagram of Lexol GT" 865 /Tween80+Span80 (HLB 8)/Water.



Surfactant mixture (Tween 80 + Span 80; HLB 10)

O Emulsion-gel

30 O Microemulgel

ANANVANWA
ARLVARY " ARA V4R

O Microemulsions

40 60

AT ARLANP ARV ORPARNVANVA
AV ALV ALV AR COARLVARVANN AN

70

30

20 80

AVPANFANY A ARPANPANARNANY A S
ANV AL ANV AT AV ALY ARARNYANY

100 0 20 70 60 50 40 30 20 10 0

100

Lexol GT® 865

3 111 3.2 The pseudoternary phase diagram of Lexol GT" 865/Tween80+Span80 (HLB 10)/Water.



Surfactant mixture (Tween 80 + Span 80; HLB 11)

O FEmulsion-gel

YAV AVANWAEE O Microemulgel
Al ANR VAR Y ARN
O ANERARWI W\ 0 O Microemulsions
A\ SN PRVIN SRNNASA N\
50 AN K AR\ AN, 50
.\Yv_".&\\"A\\"A\\VA\\\‘.’A\_
0 AR AN
ANYANAVARRL VAR VAR VAR AN
SVANYARNANVANVANANWVANVAS
Y ARAVAILV.ARLVARAVAARVARNVARN SN
A NVANY ARV ARAF LRV ANARVANWA!
A\\.‘.\\\VA\\VIt\\\‘.x\\\k\\\\\\_"’;\\\_\\\_\
A\}‘A\}‘L\\}?&.\\y;\\"1\\'\_"‘\\}\\\‘\"\\?1 %

30

10

100

Water 100 S0 20 70 60 50 40 30 20 10

3 19 3.3 The pseudoternary phase diagram of Lexol GT" 865/Tween80+Span80 (HLB 11)/Water.

Lexol GT® 865
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Surfactant mixture (Tween 80 + Span 80; HLB 12)

100 0

AN A O Emulsion-gel
t\\"&\\"\\\
AVLIVANWA
- ARKRARAN

AW VAN AWTA
QA IWATRANNINN
AN VAN VAR VA \ VR, O\

AN SRy AN VAR VAN
ATATAATERTRTA
ALVAN VALY AR YANVAN
A A AT A
ARIVARLVAR VAR Y AR CARLVARN QAN
ANWANFANN ANV ARANWATVANYA

ARLVARNV AL VAL VAL VAR VAR AR VAR s
A\“A‘\\\\\\‘ \\"A\\'A\\‘A\\‘ \\\'A\\\‘A\

70 30

O Microemulgel

40 O Microemulsions

50

40

70
30

20

10

100
Lexol GT®865

Water 100 S0 30 70 60 50 40 30 20 10 0

3 191 3.4 The pseudoternary phase diagram of Lexol GT® 865/Tween80+Span80 (HLB 12)/Water.
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Surfactant mixture (Tween 80 + Span 80; HLB 11)

Sample A

Sample B
Sample C

40 v = v J N
ABANPANP APV ARA
S A VARV AR VAR VAR VANV ARN
AN ARANPANVAORAVANVA
ANYALVARNY ARV ARLYAR AR N
AWANPATP AN OIPANRTARVANNA
ALV ARLVAAL VAR VAR AR AR AR AR
AN A NLAN LA NUAN AN NANUANNSAN AN
ANALALVAATALVARLY AR AR VARY.

Water 100 20 30 70 50 50 40 30 20 10 0

20 30
10

100

Lexol GT® 865

gﬂﬁ 3.5 Area of microemulsions in the pseudoternary phase diagram of Lexol GT" 865 /Tween80+Span80

(HLB 11)/Water. Sample A, B and C were chosen for further studies.
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Y Y v d’ b4 = ¥ av o
2). ﬁ7ﬂ?73J!WN?IHQ’QQ’ﬂ“ﬂ@ﬂﬁ’ﬁﬁﬂﬂ?’mﬁﬂﬁﬂaéfﬁ78]7@!!?]2{%?1373]?7391?91?1!7%??758%@‘#%

9y 9

= ' o A = v o Y Av o
5]"Iﬂﬂ"lﬁﬁﬂ]‘.ﬂW1]'JWﬂ’"Iiﬁﬂ@wﬂj"lulalluellNQ\iﬂQﬁﬂﬂag 15 8\1fmuTiﬂaga"lﬂblﬂﬂllulluiﬂﬁ@wa“ﬂu
A

{ o =2 o

AN Jga 9 g KR o Y o =] n’/‘ y Y
"lﬂJJﬁ!,"’UiJ"’lJu %Q%ﬂﬂﬁﬂlﬂm‘l’iUﬂﬁLLﬂﬂ%u‘lﬂEﬂﬂ ANUUIIN

(A15199 3.1 uag 3.2) ¥nua luTasovasun

o ti‘ 9 9 a 1% £ 1 [
minageuaNuasandowduIaeldannzgungiady Faznaneo

Ms1ai 3.1 Solubility of black pepper extracts at various concentrations in microemulsions.

Microemulsions Concentration of black pepper extract added to the
sample microemulsion sample (Y%ow/w)
5 10 15
Sample A \/ \/ \/
Sample B \/ \/ \/
Sample C \/ \/ \/
NB: \/ = soluble X = insoluble

MI199 3.2 Solubility of capsicum extracts at various concentrations in microemulsions.

Microemulsions Concentration of capsicum extract added to the
sample microemulsions sample (Yow/w)
5 10 15
Sample A \/ \/ \/
Sample B \/ \/ \/
Sample C \/ \/ \/
NB: \/ = soluble X = insoluble
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a v v

3). msilszddnIulnsosiaru

FregaluTnssiaduiinauasatansn lnos1 uasasasansniinnudududevas 15 gnaaidon
wiihmsiszdiv aunavesignianielu snnusila 9au (cloud point) HAZAIUAIAINIINIYATN

3.1). vinavesigmamelu

iosnnlulasdiaduiinauasasaninlned wazasatansniddomseunadudasuniums
nszifanas Seliansatavnasgmaneluves luTassdaduiinaumsadanin lnos wazarsasansn
14 Seinsiannaigmanieluvedlulassiadui hildnauasafaminiy snmsanmuiunasy
mameluvedluTasodaduvedlulnsdiadu A, B uaz ¢ oglurialufu 10 wluwas (15199 3.3)
FmvvinavesluTassiiaduii fasasansn Ineduiiusgmaiuiuiaunsasannaldiiesndves

v a9
1T ANANTLUVY

M15199 3.3 Droplet size and polydispersity index of empty microemulsions.

Microemulsions sample Particle size Polydispersity index
(nm)
Sample A 9.70 £ 1.80 0.422
Sample B 5.80 +2.63 0.442
Sample C 5.28 £0.68 0.631

3.2). MANNYHA
Y v
wanisiannuriavedluTasoiasuninlunaunsenavaisananinined1 nsearsanansn
WuN ANuHiaanauiolsuamsanusadaid ludisuanas (91319 3.4 1Az 3.5) UBAIINITINLIIANY

'
@ =}

nilavedlulasovatuanad lenauansanansn ned1 (m13199 3.4) vazidlonauasadanin aANuvdia
O S mo o du . r y g4
vodluTassdasunnywiemeuduluTassdasun linauasada (a13199 3.5) Nadlo19ilvau1910
o o A o a 0o A w = o Y A Aav o
dnvazvesasananway a1sanansn Inedilianyuzimardai lianuniiavedlulnsoiatuanas
=1
?

& v A Ao & A Ay 0o 9 ¥ A av o A Z
‘Umgﬂﬁ'ﬁﬁﬂﬂ‘WiﬂﬂﬁﬂﬁmglﬂULWﬁ@ﬂlwuﬂﬁﬂlu \11/]']clﬁﬂ'l"luﬂu@ﬂl@ﬂuliliﬂiﬂﬂa%ulWN"Uu
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Mmsah 3.4 Viscosity of microemulsions without and with black pepper extracts at concentration 15% w/w.

Microemulsions Viscosity (cps)
sample Without extract With black pepper extract
Sample A 449.1 1738 390.5+8.2
Sample B 338.7+ 7.6 302.1 £3.9
Sample C 2854142 25851 6.5

MI199 3.5 Viscosity of microemulsions without and with capsicum extracts at concentration 15% w/w.

Microemulsions Viscosity (cps)
sample Without extract With capsaicin extract
Sample A 449.1 7.8 52371 143
Sample B 3387t 7.6 43191+ 133
Sample C 285.4 142 39751+ 6.8

3.3). i;)ﬂ?.l’u (cloud poing)

Y

' . D] = Av W ' AAR
A1 cloud point ’fﬂll'li’L‘IGlG]ﬁJE)ﬂﬂQﬂ’JnJﬂ\?ﬁﬂ'lWeUENU]JJIﬂﬁ@Nﬂ%uiu%?ﬁqmﬂﬂuﬂﬂﬁﬂy1qﬂ ﬂ'lﬂulll
Av o A A dgl ] @ o ] A o 1 = ' Awv o A
TﬂiﬂNﬁWUﬂLﬁiﬁm"Uquﬂﬂﬂ’J ﬂgﬁﬂmﬁlﬂUﬂTilﬂﬁElull‘l]ﬁ\i%']ﬂclﬁlﬂu"uu Nﬁﬂ?iﬁﬂHWWU’ﬂlleIﬂiﬂﬁJﬁ%uﬂ
= Y ugzl d' 1 d' [ a o A [ a (=Y
miﬂllulﬂ‘ﬂ\i sample A, B uazC ‘Vlllllfoilllﬁ%‘ﬂWﬁﬁJﬁWiﬁﬂﬂWﬁﬂULﬂﬂﬂ'l NIDHIITNANIN llllﬂJ'ﬂ'li

nlasuu)aslugrgurginnaae (5 - 90 derIATE) (A1319 3.6 1AE 3.7)

13199 3.6 Cloud point of microemulsions without and with black pepper extracts at concentration 15% w/w.

Microemulsions Cloud point (°C)
sample Without extract With black pepper extract
Sample A >90°C >90°C
Sample B >90°C >90°C
Sample C >90°C >90°C
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13137 3.7 Cloud point of microemulsions without and with capsicum extracts at concentration 15% w/w.

Microemulsions Cloud point (°C)
sample Without extract With capsicum extract
Sample A >90°C >90°C
Sample B >90°C >90°C
Sample C >90°C >90°C

3.4). NISNATOUAIINAIA INNNYNIN

k2
mﬂmﬁaummmﬁmwm&m1wgﬁmﬁuiﬂaﬁmazqmwgnaﬁu (Freeze-thaw) 04 14 1A 5

d3a%u Sample A, B uay C Anauasananin lnedwazansadansnianudududosay 15 Taeimiin

= ~ o A Ay v =
Lﬂiﬂﬂlﬂﬂﬂﬂu%ﬁgﬂ!ﬁﬂuﬂﬂ\i Wﬁﬂvlﬂllﬁﬂiclu@nﬁ'l\i‘ﬂ 3.81a¥ 3.9

M131971 3.8 Physical stability of microemulsions containing black pepper extracts at concentration 15% w/w

=

u

at room temperature and after freeze-thaw process.

Microemulsions Physical stability of microemulsions
sample Room temperature Freeze-thaw
A o I A 3’ = Y ' A o I A g‘ 2 Y '
Sample A astanvaziudrhaaeudenty 1 | enstdnvaziudhamaeudendy i
4 k2
HeNFU Llﬂ@ﬂ@lzﬂ@u HYNTU 'lmmmﬂ@u
A o & A 09; = Y ' A v 3 A g’ = Y ]
Sample B asuanyasudihmaouendy "lll gsianyazdudimaouuy U],ll
E4 k2
HeNFU Llﬂ@ﬂ@lzﬂ@u HYNTU 'lmmmﬂ@u
A o & A 09; = Y ' A v 3 A g’ = Y ]
Sample C asuanyasudihmaoundy "lll gsNanyazdudimaouuy U],ll

9
HENYU Ll‘JJG]ﬂGI%ﬂ’E)“L!

Y
HYNTU llll@lﬂ@mﬂ@u
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M31971 3.9 Physical stability of microemulsions containing capsicum extracts at concentration 15% w/w at

room temperature and after freeze-thaw process.

Microemulsions Physical stability of microemulsions

sample Room temperature Freeze-thaw

A v I A Y ' g A I A Y 1 g
Sample A asianvaziuduaady la lunendn | estanvaniuduaaudy la livendu

A o I A 9 [} 3 A o IS TS Y ] 3
Sample B FsNanyuUFUAIUY Glﬁ "liJl,LfJﬂﬁlfu FsNanyuUFUAUUY Glﬁ "liJl,LfJﬂﬁlfu

A v I A Y ' g A o I A Y | g
Sample C asianvaziuduaady la lunendn | estanvaniuduaaty la livendu

aauil 1.2 gasesulalasdfasuiilymsanaiuigmainiu

CA 4

4. anralalaezunsuiomauilsznevvedlulnsoiari
MM3A5oN Phase diagram AU 52UV Lexol GT® 865/Tween80:Span80 (HLB 11)/Water U6l

4 Y D [ a o d' [ d'
aeuinniaingiuain Lexol GT” 865 Wuasadansnlnad wam“lﬁ'uﬁmmgﬂw 3.6 sample D, E t1ag F

1&anfadoniioiinisfnuide 1

U

Surfactant mixture (Tween 80 + Span 80; HLB 11)

Sample D

Sample E

» Sample F

AAAAATFN
£\ PAWAN “V\K\

0 AN AV ALVAR"AR"A \ o
WA\ A AOANOANANGAN
o ZANANENANYONAWANONONASN
w00 90 80 70 60 50 40 30 20 w0
Water
Black pepper extract

51U 3.6 Area of microemulsions in the pseudoternary phase diagram of Black pepper extract

Y

/Tween80+Span80 (HLB 11)/Water. Sample D, E and F were chosen for further studies.
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A o a 1 Y 9 A =R ' Y v S o Y =
osnnasanansnaoudesduniia 39 luawnsaldaduigmminiuld Yeihmsnaaeuninig
v '
azargvesasanansnludinaiedeg namsanenuasananinaiisoazarelaaluiinguy
4 [l
propylene glycol taz luTasd3atu (sample A, B 11ag C) M1iu (11314 3.10) Fueusnumsiiasana
v Aav o 4 o 2 Y o = Y Y o o =Y 1o ~ Aq ¥ o
nwaunudiatuims suaswdlaemsanydnedu aaiude lisimswseuslalaezunsuildasana

a g @ 3’ % 1
Wimﬂuagmﬂumum

A15199 3.10 Miscibility of capsicum extracts in various solvents.

Types of solvents Ratio of extracts to solvent

W
—_
N
—_
—_
—_

Distilled water

®
Lexol GT 865

Crodamol GTCC

Propylene Glycol

Ethanol 95%

Mineral oil

Rl I T I T =l (i e A I
R I T I B I o T B O Il
R I IR S I T o T Il

Microemulsions A, B, C

HUELTIA \/ = miscible X = immiscible

5). masvszdivlulnsaiavuilvarsanansnnaduiluigmaiiniv
Mmsisziivvnavesigniamelu amnumila 9a9u (cloud point) HAZAIUAIAININIYATN
@ I Av o AqY o a o & @ g‘ o
Yoi10819 luTasdiiadunldmsanansn lneduiluignmiiu
5.1). vinavesigmamely
Av o AqY [ a o o [ 09; &Y ] @ Y A a
ynavedluTasodadunldarsadansn lneduiuigomminiuliawsoiavunalaiiowind
Yosasanall A
U A
5.2). AANNHUA
1 A Aav o v Aw o AqY [ a o o [ 2’ o A
nanmsiannunilaves Ty Tasdodaduwudnlulasadasunldarsanansn lneduiluigaiminiudl
A 1 Aq Y ® o = v W =2 9 9 A A a
ANUNTIAINNINTE Lexol GT® 865 wazluiwesdeanunumsanyidisdu anuwiliaanauioliua

=2 A o A
asaausaasdl ludisuanas (@15199 3.11)
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Ms1ai 3.11 Viscosity of microemulsions using black pepper extracts as an oil phase.

Microemulsions sample Viscosity (cps)
Sample D 582.8 £ 26.6
Sample E 54941129
Sample F 548.0 £ 21.9

5.3). @ﬂsy'u (cloud point)
v Aq Y

' . a o { Y a o & v :‘ o A A Y o
1 cloud point W04 Iy Tasodadunldasanansnlneduiluigmaminiuimseulans sample D, E

ez F lilimsnasunlaslugisquugiinadon (5 - 90 esrusaifod) (15197 3.12)

13137 3.12 Cloud point of microemulsions using black pepper extracts as an oil phase.

Microemulsions sample Cloud point (°C)
Sample D >90°C
Sample E >90°C
Sample F >90°C
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15199 3.13

temperature and after freeze-thaw process.

Physical stability of microemulsions using black pepper extracts as an oil phase at room

Microemulsions Physical stability of microemulsions
sample Room temperature Freeze-thaw
A v 3 = g/ =) 9 ] A o | = g‘ = Y [
Sample D miuaﬂyngﬂuﬁm@naammfnmm llil mﬁuaﬂymmﬂuﬁmmaemmmm Vlll
F Y
wen¥u lianazneu wenFu luanazneu
A v 3 = g/ =) 9 ] A o < = g‘ = Y [
Sample E miuaﬂyngﬂuﬁm@naammfnmm llil mﬁuaﬂymmﬂuﬁmmaemmmm Vlll
4 v
wen¥u luanazneu wenFu luanazneu
A o [<TE=! 3’ = Y 1 A o 3 A g‘ = Y 1
Sample F astanvaziudhaaeudenty 1 | ensldnvaziudhamaeudendy i

v
HENTU NANALADU

Y
HINFU NANALADY
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aIUfl 2 MINIVANAMNNIAZNSNATOUANINAIAIVBIGAIMIS VTR INTY

6). MINTIVAOUAIINGNABIVEIITMIINTILHIYSI M@ 1361A8Y (Method validation) Taslin5es

HPLC

a v

=y d %3 o %4
Method validation ¥8935 M5 1zvinfsunamsanawsn Inedwazarsanawsnlululnsasaru

k4 Y
S v W b4 o
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Tuas193.14

#1319 3.14 Composition of microemulsion used in method validation study.

Composition Amount (g)
Caprylic/capric triglyceride 32.5
Surfactant mixture (Tween 80 + Span 80) 60.0
Distilled water 7.5

910 HPLC chromatogram WUHAY0Y piperine  Manlszanm 3.7 wdi (317 3.7) ieasiaaow
o an a 7Y A Yy 9 . . [ v ' zﬂy Aq ¥
ANUTUNIZIIZIVDIITNTIATIEHAIMTINUANUUTNYUYDY piperine W uaoum wunnunlansm
~ L 22 % v A v oo v v - { A a @
vo4fin piperine NNV udad MRS INUAVANMTUYUVDS piperine MNNIU uaztlo AT 1eH 1N 1AT
dtadud luliarsana (empty microemulsion) lunudinlaq Usingludmmisfeadunufinves piperine
Awaaalugln 3.8
A5 VeTAnANIn WURAUD capsaicin Mra)szanm 7 Wil (31N 3.9) iWoasaaeuANTUNIZ
an a <Y A Yy 9 .. I~ 1 1 Ay A Y ~
19129V09ITNMTAATIZHAWMTIAUANUINTUVOS  capsaicin (Tuaount nunnunldnsrlveiia
__Q'd?dwldww Yy 9 c!'Q'd? A a ' Ao o A
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gﬂﬁ 3.7 HPLC chromatogram of piperine concentration 100 ug/ml. Retention time was observed at 3.7

min.
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51U 3.8 HPLC chromatogram of empty microemulsion (Sample C). No peak was observed at retention

U

time 3.7 min.
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3 1J# 3.9 HPLC chromatogram of capsaicin concentration100 ug/ml. The retention time was 7 min.
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3 1/# 3.10 HPLC chromatogram of empty microemulsion (Sample C). No peak was observed at retention

time 7 min.
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AUNIIEH (Accuracy) ﬂ1ﬂ’J'lllL‘Ull5111!@]1’6’19]‘1/]?(']11159'3!,?]51%1’71{% (LOD) uay mmmmmum’qwmmm%

Tumsndsunald (LOQ) v91 piperine L@ capsaicin waaaluasng 3.15
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M15197 3.15 Results of method validation.

Marker Linearity v Intraday Intraday % Recovery LOD LOQ
precision precision
(%RSD) (%RSD)
Piperine y = 145345 x — 131483 0.9993 2.07 0.93 86.67 £ 2.40 <1x10" <1x10’
(range 5— 100 |lg/ml) Mg/ml Lg/ml
Capsaicin y=11013 x +4903 0.9998 0.25 0.23 103.87 £ 15.35 1x10” 1x10°
(range 5200 |lg/ml) Mg/ml Lg/ml
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M1919 3.16 Composition of microemulsion A, B and C.

Microemulsion Caprylic/capric Surfactant (g) Distilled water
sample triglyceride (g) (Tween 80 + Span 80, (2)
HLB 11 (62.6+37.4))

Sample A 12.5 80 7.5
Sample B 22.5 70 7.5
Sample C 32.5 60 7.5

7.1.1). AIANNHHA
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‘ﬁl!ﬂIlmmﬂﬁNﬂﬂﬁTiiJ1’]LﬂﬁJhl'JVl’qil!‘Vi{]M‘ﬁﬂﬂuigﬂgnanﬂfJ’Jﬂ‘L! (M1319N 3.17 1ag 3.18)
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Ms1ai 3.17 Viscosity of microemulsions with black pepper extracts at concentration 15% w/w kept at room

temperature and at 45° +2°C, relative humidity (RH) 75 * 5% (n=2).

Microemulsions Viscosity (cps)
sample Room temperature At 45° C,RH 75%
Sample A 321.7 331.0
Sample B 261.8 260.4
Sample C 2194 219.8

M519i 3.18 Viscosity of microemulsions with capsicum extracts at concentration 15% w/w kept at room

temperature and at 45° +2° C, relative humidity (RH) 75 =+ 5% (n=2).

Microemulsions Viscosity (cps)
sample Room temperature At 45° C,RH 75%
Sample A 590.9 550.7
Sample B 450.2 434.0
Sample C 350.4 363.6

7.1.2). @ﬂsy'u (cloud point)
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7.1.4). msapasveslSnamsanaludsu lag HPLC
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Ht=0 He=3mo. Het=amo. Ot=6Mo.

110 7 1000 100.0 100.0
_ €25

3 100 913 91.7 22 900 g6 880 895 893
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D
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§ oW
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5 30
-9
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10 -

0
Sample A Sample B Sample C

sUf 3.1 Percentage remaining of piperine in sample A, B and C when stored at room temperature for 0, 3, 4

Y

and 6 months.

Ot=0 O¢t=3mo. Ht=a4mo. O t=6"o.

110 7 1000 100.0 100.0

100 89.8 90.5 90.8 363 874 88.1 872 87.8 884
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=
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.E a) —
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s 3.12 Percentage remaining of piperine in sample A, B and C when stored at 45° C, relative humidity 75%

P

for 0, 3, 4 and 6 months.
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O¢t=0 Ot=3m0o. Ot=4Mo. O t=6Mo.

120 110.0109.8

110 7 100 [T 1000 94 081 g6 g 1000 956 950

1m7 b——

Percentage remaining of capsaicin

Sample A Sample B Sample C

3 19 3.13 Percentage remaining of capsaicin in sample A, B and C when stored at room temperature for 0, 3,

4 and 6 months.

Ot=0 O¢t=3vo. Ot=amo. O t=6Mo.
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s 3.14 Percentage remaining of capsaicin in sample A, B and C when stored at 45° C, relative humidity

P

75% for 0, 3, 4 and 6 months.
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. . S @ a o
nagly piperine 1Tu marker vosg1sanansn Inod

M1319 3.19 Composition of microemulsion D, E and F.

Microemulsion Black pepper extract Surfactant (g) Distilled water
sample (Tween 80 + Span 80, (g)
HLB 11)
Sample D 325 60 1.5
Sample E 52.5 40 7.5
Sample F 57.5 35 1.5

7.2.1). MANNHIIA

[ A Aav o Aqu @ a o & @ g’ @ ' A
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v o

M3137 3.20 Viscosity of microemulsions using black pepper extracts as an oil phase kept at room temperature

and at 45° = 2° C, relative humidity (RH) 75 &= 5% (n=2).

Microemulsions sample Viscosity (cps)
Room temperature At 45° C, RH 75%
Sample D 429.8 432.3
Sample E 410.8 427.4
Sample F 464.3 473.0
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7.2.2). 909U (cloud point)
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Ot=0 Ot=3m0. Het=amo. Ot=6Mo.
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s 3.15 Percentage remaining of piperine in sample D, E and F when stored at room temperature for 0, 3, 4

517 3.16 Percentage remaining of piperine in sample D, E and F when stored at 45° C, relative humidy 75%
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