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ABSTRACT

Extraction Purification and Identification of Policosanol from Beeswax

Anakhaorn Srisaipet and Manoch Thanomwat

Faculty of Science Maejo University, Chiangmai Thailand

Policosanol is a group of long chain aliphatic alcohols of 20-36 carbon atoms. It
has been used in pharmaceutical and supplementary products. This research was focus on
extraction of policosanol from beeswax for a short time by microwave energy activated
hydrolyzation. First of all, the beeswax was washed with hot hexane followed by hot
isopropanol for triglyceride elimination. The purified beeswax was hydrolyzed by 0.5 M
KOH in 80 % ethanol using microwave irradiation at 100 watts on 5 minutes as energy
source. The wax ester was completely hydrolyzed to long chain aliphatic alcohols
(Policosanol) and long chain fatty acids in rapid time. Thin layer chromatography (TLC) was
used to analyze the products. Thereby, the purification of policosanol was done by
washing with the mixture of various organic solvents, ratio and it were precipitated at low
temperature for long chain fatty acids separating from policosanol. The technique of TLC
and high performance liquid chromatography (HPLC) were applied for the fatty acid
checking. The carbon chain lengths of alcohols were found in range 20-28 and 32-34 atoms
by gas chromatography (GC) analysis. The policosanol extraction yields from white and
yellow beeswax hydrolyzed by microwave activation were found to be in 16.96 % and
10.8, respectively.

Keywords : Beeswax, Hydrolyzation, Microwave, Policosanol
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A v
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(300 9
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Tetracosanol (C24) 14.6 0.7 18
Pentacosanol (C25) - Y §
Hexacosanol (C26) 18.7 8.0 17
Heptacosanol (C27) - 3.5 -
Octacosanol (C28) 17.0 66 19
Triacontanol (C30) 24.5 145 31
Dotriacontanol (C32) I\ 6.0 15
Tetratriacontanol (C34) 8.6 175) -
Hexatriacontanol (C36) Zad . -

' o '3 ' P ] W & e Vo
amalinmuamﬁ‘ixnawua:11‘11umawumumwaJLLiJ‘iU'i:luLLmnmaﬂu1ﬂﬂuuaqnu LAY

aeug wasuvaawizugn [6]
1.2.3 gruantUanazusylevidvasindlagiuea

NTBNUETATANNsTIHYIAIndlaguea tnsnmzinulululdendes fgnslasaing
aa1y eranluiuluidenndu statin divssansamatlunisanluiulaaamesea duduaniunvesniiz
vaealianiile wavauesgadu dauvasadvgeudilddeiieslusseves lunisdredeadunig

naealdeniily auegasu dn1sAnv1iTenianisunnglanuinnin 60 N334 FaAnwiudUae



ludulaaaineseags 91uruiie 3,000 Ay Junsendnsiiuinansidelunsarsmianisunng

American Heart Juoural U 2002 [26] Usglawdvasasanalnalaguea 1ussil

drvanseauluiu total Cholesterol 1o 23 % anseaulusiu LDL-cholesterol (lasiu
U laif) laae 31 % wazaieiiuseauluiiu HDL-cholesterol (lusiuaiios) 1984 29 % wazannis

iMevaunaniden 19oe 50 % Feaiunsaasuieleeadl [26,27,28]

1. anluiulAtaawneseastindusssund dvanseaurasdluiulpaaineseasing (TC)
warluiulaaameseariiniie (LDL-cholesterol) lngUsuaunanisaindluiulaaaimesea uwaviasy

nsviheusessulumsuwnaigyleiu dwalvszauvesluiulaeanesealudenanas

2. twainlaiulaaaneseariad anaudsdlsavasadeniila daotrgedulaiig

lusTulataaimeseavsting (HDL-cholesterol) u1ndu TaeUndlesiulealadainosoasind (HDL-
=l t 7 EJ a at li; as ot =l at o CJ ar l!' A’ st

cholesterol) finththwluiunazay wazaasiumuntmvasadeanduluviaiendu Fanmsiiuszeu
losiulataawmeseaviin® (HDL-cholesterol) Tunszudldaniiies 1 Haansunalndans Ld1u150an

arundodlumsiinlsavnendoniilagasuldds 3-4 %

= ) - Vet ' ar v o Y
3. anAUEBINMIZNTRRdUTBINaaLAanlAte 50 % FreUsuannisasaNnelALin
NSNNAIVBINAALFDA WAL IMAIEUYDUADN 9 ILANAINUEIIBINITIRANTIZVADAADN

gasy Ueaiun1ieiila wavasosvinidenideundu

4. Joafunmzarmmuniivewifvasaiden (eaanauanifveamsiduaisiuoyya
Saszvasansanalnalariuea Sadisanuuunisiuiidutousedluiulaaaneseaiiniavaoniden
suiluanmaliiinanuden wazvinnudanguuomasaidan auAanzasadenuniuds
(Atherosclerosis) Lsawala wavnasaiien (Cardiovascular Diseases) n11gAIUAUlaingq

(Hypertension) lsadumgne suwn wazlsavasadanundiuatugaau wu uianu 1Wudy

A’ o o o ' @ a“ dl ar @t
5. Wuanssanmnsvinuresile wagdu drsannisazauiniyiiveluduidiu il
) 4} v o L = L @ = i o &=
wagrsuyanssanmeesiuiideulnsy duifinainnissudsemugianluduludendeiisuiy

AU
1.2.4 NTZUAUNTENALENINALAYIUDA

msanauenindlaiuea wualaldu 2 Jussundnmanisanalnalagiusa (Extraction)

waznsvinllnalagueauians (Purification) (22]



1.2.4.1 nsanalnalagusa (Extraction)

nWiaﬁmeﬁiﬂmueaﬁ%aLLaaﬂaaaéawamamnlwﬁagiugﬂmaum*ﬁ (Waxes) &4
Jueawmesvesnsalusiu ﬁ‘ULLE]aﬂaﬁaéﬁﬁﬁﬁélﬂﬂiaﬂ%aLﬁﬂdMijam (Monohydric Alcohol) uagil
wiinlaanags fsudesiinisdiniuszeamesvesty (Hydrolyzation) dewsliiwalaeuea waznsn
lusfuansens fagu 1.3 vilasnsisafisendowaioumgiigs dwiuuaitenls liun laieols

pienlen (NaOH) vizalnunaideslansenlys (KOH) lnevirufjisentudavhazatssie 1wy lowmy

ordlau Ingdu wulu wmuea lovuea wazaaslswesy [22]

|C|) catalyse O
R &=y A= OH R—C-OH + R'-OH
A
Wax water Long-chain Long chain alcohol

fatty acid or Policosanol

U 1.3 Ujisenlalaslawduaasly

1.2.4.2 mavinlilnalagruaauigns (Purification)

[
al

nsviinalaguealiuigvstu  Wunisusnlwdlagueasenainnsaluiuansy

€e

o

g1 winumsvililwalagueatinuuiansuwilden sramnantgmilubewesSunuwesin
= o e o = o Vealaal o ] e =i = &£ ] at
dlerueanaineenuilates  Jewvhlidasnsnasililndlasueaiinuuiansuanseiusenly

[17]

uadlng ey anniunislelasladuaiunannnisivinazareyinmnge

Wolunlwa lagueasenannsaldu wiu msldlaefadwaslunisana lneada 3 a5 [6] n151467

= = et

o 1 ar =t - :J o =) “u ﬂ‘ g

ma:maﬂunumi@mwaan'J'uamtivrm‘mﬂﬂﬂwaiﬂmuaamqmmnw 1n8 Gamble wazAme [17]

o -:‘: =|| 1 o st 15 - 4 = E e I‘: q!l

U laianeunslalasladunaianieesdloui 50-60 sermwaidaa wsouvianiutduian 3-7 47lus
o a o a & v - a

ntuanguuniai 2-10 asrnwaidos Wua sz 18 9ilus tielilndlagiusannazneu

waztluanagndn 2 A lnswasusmvinasaroluewny wazesdlau vlalnalagiusaniinliu

U3aud 80-99 %

o el w ° = = Lol A
mamalulagaug uvszendldlunisaia wagvillnindlagusauigrsiienay

anmsbisviasaredunis wu ldasueulaeenlenbenn (Supercritical Carbon Dioxide) Wnun1g



TaeviazaneBunid wasisalfisenumiulada (Metanolysis) iteusnuwaanasedaue10on1n|Y

ia Tngldleulesllawans (Novozyme 435) 1udu
o
1.2.5 n'l'a'm%]ﬂaUﬂ'maJUiQ‘Mﬁ ﬁl,ﬁgqLﬂ‘iq5ﬁﬂqaﬂﬂ‘ﬂi=ﬂﬂaﬂﬂuainaiﬂﬁquaﬂ

nsAnwmanvuziany Wgationanuyalvedasndoin1sinsiey (Analyte) Nilogluans

ar

al 1 - A v =3 ﬂ’: = ] 2
A20819 Larn1ImUTuunwiaTwesdsuu) lun1sinseianssiedsazlanassnsnilniig

s

oA - - 1 e ' = ada fa = @ " a o
Unvationiolil Yuagivladevatvesie nsidenisiasviiilunisluty davaianldluns

=Y = o=y IJA v e 1 ]
Ansvviivanrumatdanteuly Aoy

39050l uaganiz [22) ldinseiesAdsznouvasinalagiueadeinias GC fu
GC-17G wapsnsaninwila FID devinafuiaiaalsyanana CBM-102 Tngldnodu ZebronzZb-5 (5 %
phenyl-95 % Diethylpolysiloxane) vuaidurigudnalaniely 0.25 fiadiuns 812 30 WA Fapn
guMQiivesdulanned (Injector port) warduLAIaInsa9in (Detector) WAy 360 perivaLTya

drumiau (Oven) AsAgamail 150 a3 gadod Wagaily 10 Ui wazRsIEUANUTAVE VDY

= &

alrgueaitadaldainlesrdnludesude TLC mﬂuumamﬂuaummmamﬁ 28 HPLC Toald

1 e

padutl phenogel fidarfuiniasnsivinuiin ELSD warldinniandeui e 0.25 % ninerdanlulng

fu om3nnslva 1 dadd@nsdoui aamall 25-30 ssrwaiiod Nauau 2 U3 laedasegalngle
a4 w v a a ' € ey v | -

gupananaliazalenislngdu Uinms 20 lulasdns wuin weaneseanlaaindiunazarglulely

ganmMuLardIURNAYNBUIlMINUTENS 98.01 % way 94.54 %

1.3 luila (Beeswax)

¥
=) = v ot

ﬂ!} Ll : ::' d’ = n ; ol at ﬂJ
ol vieniinmludnddedu fignalsiienid lale dnwuzuanadiagl 1.6 W1z Juansnil

U

= 1

Auautiniaaiiduly (Wax) ndaainsesly (Wax glands) @ileg 4 geauagnisluldesivifueis

& & v o8 w o f o ad o o a o« o o a &
UVBIHIITUY HIITURTLRA L ﬁ]311ﬂaui’ﬂu%]'ﬁfuﬂmq@LNaua’]t‘lU‘igﬂ']m 2 9vngy Iﬂﬂmﬂu’ﬂgwamlmwﬂ

13
= o

panuluguvaandnuia dv1n uiavsmileuduiuy fesmildindaluiaiflunisadne deuuey warta
Hvaansae lngaglduavnanneindaly wagdsinludnguidanzdoundalugninuvesia Heny

Mnsnadenazanuaandalalunisadiassi I?JNGUiﬂW% nAuAAI8UNNY WUl anvazsau

n =

fa ushy vilevaeumanay navilpuauy guduliaduiiionaniswn ndliaiutesusiaann

yailviseaiiansaug W inaswsenedauaziniadevusmehliduaza mmunutuwansieiuly

(29]
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Unnermansdnwinudn lwilstiduansnduasizvunannuimalussuunaiue misuaasaig

[
=T S

ar ,:f' ! w o = q‘t’ 1Y ar 1 g 7 ar v
41U LLﬁSE‘T"I‘Iﬁ‘iUN\‘lLLﬂEI%N‘VH]:?NEWII‘UNGa@ﬂll’ﬂ.ﬂ‘b‘l‘ur} 1 w1 dmidntu dulzaesnuiiiatnly 6.66-

' H @ a v & & 0 ad a wad o =’l" o vy 1
8.80 ¥uUIBUINUN 1NAUATIVOU L‘lﬁ‘L!lﬂ'l']ﬂ‘i‘ill’JGU{]‘UGl‘ﬂﬂULaEJ\‘]N\‘]HWLIWiﬂﬂﬂﬂNNWUﬂS’]ﬁ'}Q

muluneuniensausis uaziireutuildgudgidn vasnmsainiiseanaingis .WUIBUHUR
o I o a o a4 as ar s I S W s w 1
nilduioiunandniidannts inseuszndandsnunietiidsiuassedddlunisadiessdml

(30]

U 1.4 1ol
el = =¥
- Asn1snulaia

4‘ 4 v v | L 4 1 3 - g a o dl -
L. lvilsnvaeuudidesionuienatadin ssyswin ymdn uaziu ieu U indn

]
i

IJ g = v l‘: v 2 ] . dv
2. anuiiulors AU unnivios lnevieaudesazein wis ainmaaiemladzainiazlai

]

v I as s as =%
fosliduiaiy waeeriindlnens
X
1.3.1 N4

Haduuuasdepuaiionis fegivazaniimiuainaenlduivuduiiie wWelueivis

& v o4 a al - 1 a a & o |
mslulawmsauaziiuinasnnmentiiiielduemnsiusiu indeus uaviniiu Tuusseisiismueglu

w
[

LU | e ot = :’{ 4:? 4: & [ s‘!’ aia o = =l =t L=
UaqUudlegeeiu 4 Ussiam fe Havads deiiu delwse Wuiendiiuindeegluede wasiaiug 1

bl
& oo ow | o =1 £y
dendrnanansUssmakouglsy awEna Wumu

. o ¥
aneuznluvaINg

ar

awvestaudseantiiiiu 3 dau Aediui dauen wavdiuvies udnaiagy 1.7
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wrands

5U 1.5 meinianieusn uazneluvasis [29]
- d7uiin

wun [ueiriuanuidn uardudalaoniznisaunduunuayn

a1 Heindszneulng 1 ¢ Yasliuewdiulaluszezlng waviduuiiauniig

annsaneaiunenlddnneg laluszerlna

Urn vesdaduwuuingn Uszneusigaisazdng vatediu Ao Uinuuiing

& Vv v g & o v o -
WAILTe 1 ¢ AU U AFINANTUNWINUINGAUINIIY
- d9uan

11 81 3 ¢ vivdaetezivay dmsuiuinassenit azniuAuinas Hedag wasis
wiangyThifioteazil insizlineseenlumenms

I I I

Un il 2 g Ausnlwgnitgudadnties Ungusn uazandseatudieniveidny

U

Seanuduuansenia a'uiﬂ,a (Hamulai)

- #7UN9

1
=

918911919 agudpsgavinegluilsnu wazilaunang) visduveseieizinslias

U

o

sanlantumanlu danvausluduuvay
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u
'

[ = s & ] 1 = e 1 |a' | =i J
yels Wugasudidiuenuasyies iivisnun 10 ¢ 3 gusnegiidiuen 8n 7 ¢

U

W
i LY

vl = =) Wl 1 1 = ' !
agidwias gelanzlaidanaennar msziumsladieonnisgnaiil gmelassindeiuvioay

A:':" =l ] 1 o as 1 at Ae}' = a v-:'{ = = -
waznaan Hallgeaslvgiunegnieludsin Prewesiivnzinetu ilisanansaduis wazduldlng

o

YunuaIi vesisilduausnn WWusuasden ddudszamivauidn wazdy

]
ar oo =

= ot o J ar |1 :J as = o LY
AU VUNAANUBDNLASNDITDIN ?1"]1]'1iﬂﬁUﬂ'}']NEHﬂLﬂﬂ?ﬂULLiQﬂQE}ﬂ‘U@QIﬁﬂ mlnauisavenay

asnlaluvazniu 'uaﬂmﬂuuﬂumwamanmﬂaaulmmammg WazIUdNHER VNS Ao LNAT uay

"
[]

UNNINUINNY

&

latinsAunuiadndneiantsfinurmiaisam s wulwsd Taeuls! Jaiu uisw
nsnezillu milulawmin wareesluu Fwhaudszauiulunisiaduguounty faundndusiainis
= = ar o a ' e = o ' = LY |
Twmngnazdaliluemsussian emsdnialin agrauysaliuuiign 3wiunsiigadsudud
gonfuLuutuiug U dillsdildndnsusinniafiesedadondlaiuns Aunuilinuusylevdan
a va a o s = I & | v ] & & a
wanyudyd Seilndnduaiduy Snnateedrannis wu inaseenlsfainiis luils usils wseweda
2 oo & & "= ¢ 0w 4 & o =i ¢ |
wsinsgvaieile Anudiinaudseloviiguiu dalusamilnadsslowdnnlumamsinunslaetienss
4 o g wva ow vt o a & 4 & o oa o o - v
gty vl idedl i duuiamamnasfionaundu warmsideisd aduendniansoiusels
v [ 4 -1 & Y oa  w . & o ' a v
Wiuinwasnsgidosiisnisiidandsadugaamnssuldndnsusiania i guamiaasvgialau

U inasila wieneda seda wwad luis Wuis wazigouainis Faflnudnnnine wazamnsntian

W ad a ' a -
LLU‘EEUlﬂ‘VIﬂ']ﬂMa"IEJLWEJLWMHaﬂ’INaNaWﬂ’mm [34]
¢ 1
1.3.2 paAUsznauvasluis

& v oA Y @ - ¢ v w ¢ o o =
luilaillassaromaeiimiloudulaialy Ao oamesvesnsaluiufuieaneseduiindus 7

1= = el o ) =i ar I & o = s
Lilndwweseanilvuinlmanalug fareeun fidnvaniuvewdigamgiivies uansiegy 1.8

o
H C—(CH )—CH—O—-C—(CH )—CH
3 2n 2 2m 3

U 1.6 Tassadeialuvesly

v
0O =« 0 =3

H99UABINULIRIaNT BN uuNnds 8 Alansy wewdslvilalamdies 1 Alandy loile

o
I | o

Jeilosdvsznevres luanavessiamanidudeaiuiiie Ae msueu lolasiau uazeeandiau Teaed

dndr1ueIasUsEnaUingaI99 Aam1s1e 1.2
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A5 1.2 dndauvesarsusznauviinnneg Tulvia [31]

29AUsEnau USunn (%)
lalasArsuau (Hydrocarbons) 14
luluteawmad (Monoesters) 35
laleanes (Diesters) 14
Inswoawmes (Triesters) 3
lanson@luluieamad (Hydroxy Monoesters) 4
lansendIndleaas (Hydroxy Polyesters) 8
nInLeawes (Acid Esters) 1
nsnlnaleawes (Acid Polyesters) 2
ninddass (Free Acid) 12
weanegeaasdsy (Free Alcohols) 1
ansiidslainsiueiia (Unidentified) 6

" d é’
1.3.3 wasiunvasloie

s w3e Tia (Beeswax) Wunanfmaiildainivesils Wueamesiinainnialesiu
Sasvansenfuneanssedanse 1du e fagu 1.7 Jusegaumsvetluiiniulusssuwd
I¥un lussaundiiem (Myricyl palmitate) anululaifadueamesiiinainluireausanseed
(Myricol alcohol) wagnsaunddin (Palmitic acid) 1Uunu

O O
I I
CH(CH) C—OH + OH(CH) CH —— CH(CH) C-O(CH) CH + HO
3 214 229 3 APt 4 2297 3 2

[

= e - [ cll" o o o
nsAUNANRAN luSmoaunanoaed loislysgaurativem 11

U 1.7 aunnsnisastsluialysdauldimm

luilsdulnglanannisidsstlsgnaimnssunselanug (Apis mellifera) lne53u59u31n

v
=5

594H4LA1 (Old comb) 529@7uMiY (Burr comb) waraindauilaunannnisuingiauiig (Capping

1 a ar d: at ov c’!} c‘l" ni v | el ' L | I c‘f’ at l:f
wax) nouthludiasesadnuiis luisnlsanunasmnaeiuiinadonunimuedlui 6l [32]
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1 ° =
1.3.3.1 v H\‘imﬁ'i]"lﬂﬂ'l‘iu'l‘ﬂ\iN\‘lLﬂ']ll'l‘WﬁiJll

v a5 R T 1 & W ) ° -
UNHARAT WS1EHAU0UULIN YU TURS LNATHY wazATIusnLasadullunend

I v oW v E’!’ = Elib ] ‘-—a" A n'—'lﬂl. = i 1
nou ﬂ?@l@\iﬂ’]ﬁﬂ?ﬂlﬂﬂ'ﬂﬂ?%ﬂﬂu Ttlan AATINFIUUITIADNVIER N FRFAVE G R 1@LLHZ‘1’]'§W]H?}’]

Ts7upes wazlaladu

1.3.3.2 luilsitldannsaedauiu

[ w
o v ]

A o a =3 ‘Jﬂ a - ; 1 1 =N
Lﬂawqﬂqi‘gﬂﬂqﬂqjuazaqﬁﬂauﬂﬂﬂﬂﬂﬂqaﬂaiqﬂiqx‘laQULﬂu WIIUATINTNATULNU
=3 = e i W et o a -1 = & d¥ quv e a ol
Fusnseusuniitesinluds dsniiafuszesdesils (Bee space) vide 3/8 11 MRdlHTuMaAuIe
a 1w | X v w i a du a o | df W & a &
NIIRNAABAUTEWINNAITIUAILNULDS 33@?1:]“Lﬂuu1]ﬂl.ﬂ@?]u1u‘lnﬂL’Ja']VlNQ?\&UUNU?S‘?HﬂﬁM']ﬂ'U'ULWiWB

wsnglaan wazuvasemslusssumfgauduysel

& a 1
1.3.3.3 lilsitldainnsune viseldaunsaninia

i o ° 1 w < v 5 & v ow Y X a & da
ﬂau‘ﬂ‘ﬂxﬂqﬂauu’lNQlﬂL?J']Lﬂiﬂ\ﬂﬂﬁ@ﬂjﬂﬁ‘lﬂﬁﬁwblﬂﬂjﬂﬂjﬁﬂ'}ﬂi'}QUWNQLUU‘L‘UNQWN

= e‘l" = -;u L] E a = = wt o =
aunangs luisudaddnldinaiosdenmiondnsaueinilnunings
wn i
1.3.4 aausuUfivasluile

1.3.4.1 ANWULNINIBATN

- nf bLlcdqi ] =1

lufiausgysaglifianiomiududlag TWswas luilsazaneldaludniu Tneanie

1

] v
L o 1ol e [

unluau wiliavarslud dnilvisiudsludulug Teilsgwasuazanvasedeyiinni (31]

1.3.4.2 YANaDULNA"

luilsligavaeuinainded 63-65 ssangaidoa d1ldfuainudouginiige
vaouwad sziaadlnviedalv anlwlinilounia suludunsie daduniswaeslubl asldainy

Fouvnleumsailelutirdeu [30]

1.3.4.3 AndsUauiiadu

AazUautiliadu unede 9ruudaaniuves KOH nlglunislalasladlasiunse

W
ar el

undfuagsanugal 9w 1 sy “Lﬁl,ﬂua‘t.uiuamﬁmaﬁaa FamrazUautiaduladumdvsuinees

luiana luisilAagUoutifaduiviniu 80-105 [29]
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1.3.4.4 alelafu

| =t “ o at P ‘J o ] at ar o ' Aﬂl
Alelodu Aedwauniuveslelefuiinujizerdunsnlusiu o asueudiumied

e w w &4 5w o o o g woe o ) 4 8w o oa ¢ a2
Laiduiiveslusiuviauniu 91uau 100 ndu Fadudviueiinlusiunieuniutuliesrlsznouiiu
W e w ' Yo el ' @ W aM e w | P
naalusiulidusuinle dildlelefuasuansinuszneumensalusiuili Budige nsmiailelefium
1Y [ el 1 aca .. ey o =
Timlenaneds wu 3593 (Wil method) 145ietuaiiiluaisazaneleledululunaslsnluaisazans
NauveInsALhduLazA1TUBUIMRTEAaBlsR 388711d (Hanus method) T4lelefuluslusuvulelofu

Tulumaslsaluisvesia [29]

1.3.5 nrsululeusylaed

ﬂ‘{ oS a :{ o= o L =) ar 1 q’; n’j =i
lufisusansansssuiaginlilandnduaise anluiuiaunmninienin uaz

=i | a w  fdy v =1 & o o a v w8 w e o
viafigandwdnduainlainluiien luisuanandrluinisulawardalgvinaiasdrens
o W - o YIS as o = [ o i v
nsEUIUM S @urdn ulane Iduarsiudl arstan arsvaeiu Faauisaudsdunguq o

&5BH

o - o 1 1 = 1 o g L 1
1. livhiasesdrens Uszunadovay 35-40 WWudiunauvoinsumiee Tadu unsluuswg wag

avamn
2. Taluanundunssy Usvunusesay 25-30
3. lvindeuly Ussunmsesas 20 wisulvanisduilalufanssunieeiaun

4. lgvindus Yszuiusesay 10-20 1wy geamnssuuiie lngldlunisndaunuiaiioy e

Usgndananlunisasiasaesaliunie vialmaAvunialaundu

1.4 aUn

dUaluansTaliananiusznausiesigariveu lalasiau uageandiau uenaniiens

Usznaumuesinlulasiaunazoanesd [33] aUaduarsussneudssinmiedvesveiwoanagediy

=1

nsmlagiu (Fatty acid) dlassasrmaaiinuainvany wadlassasnlagmluinmilouiune szidiu

@ ] L2 q’ ] 4 lﬂﬂl; = s ey ' -]
goalassainiiulolasaisueu (CH) Fududaunlaifiva (Non-polar) famauialiveui

(Hydrophobic) dslsiazarsuusazanslaluinvinazanedunss aUaunviinoralsznaumediuiiiin

(Polan) flgauandufiwauin (Hydrophillic) vinlaUauantiilaaaud@niveun uagliveuuiegly

5

= LYY é)l = & . . = [ H] o y oA
luiana Wenauautiuuuild wesllved (Amphiphiles) (Junwninudain gouvae) alawmaiiay

U
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v aa

o L a‘ @t d. ] = ey A g at g i Aty = &
vmiiduinansiliatafindeaansanszarediegluile aUnniaaaudfiduwenillng

Toun vealwnawelsn (Phosphoglycerides) uazaalndtn (Sphingolipids)
1.4.1 WUANNENBIZYRINTHANTT [34]

- a0 Y [ [Y) v I s .
1. a¥anvimthiduuvasazaundsanu loun nsalusiu (Fatty acid) lo (Waxes) wag a3

Wwdandlwesea (Triacylglycerol)

= i = e L2 cJ i/ a 1 Y- . =l
2. atanvimihndulaseassvesuuiusy loun vealwadla (Phospholipids) ndlwals

Woalnadn (Glycerophospholipids) awmesesn (Steroids)

ey a o v oo [} s 2 oas [~ g ql
3. Uadvimihiisuq 1y Oudalidygi (Signal) 1Wulauramed (Cofactor) uazansd

(Pigments)
1.4.2. wusnulassadraniaail [34)

1. aUnotied1e (Simple lipid) Wuleamasvasnsaluiudunoansseasiindneg ulsdes

Tondu 2 wila oA lusiuwazungiu (Fat and oil) fuly (Waxes)

2. aUavUszneu (Compound lipid) 1udrsuseneuiiinainieawasveansaluduiu

wpanegednaziasuseneuduy sauedeie dlanguillaun vealnale ailalndln wazlnaledln

3. pyusvesaUn (Derived lipid) WueyiusviinainnisaaienivesdUnsssund wazd
Unvszneu edansamauiinmndudtaeg loud nsnluiu ndwesea ualundwwelse landiwalsn

FIWVNLBaNoTaTLA1Y)

aa . R am ey 1w v e [
4. aUadamin (Miscellaneous lipid) tJualanldidmanlunguiis 3 ldud dwmesess

WAy masiu
1.4.3 nsaluilu (Fatty acid)

ar & n‘ - = = e el
nsnlagiu (Fatty acid) tlunsamnalusssuginainnislelasadalasnawwelse (Ju
EY-1-1 2 s -1 e o 7 -::I a'.* = o L3 | ':i'
Ujisendeunduresufiseneameimadu) nanludunwulaemilagiisauvesasveuuae 9
WULIN AB 16 %38 18 avmay wavavsenuduaissnliAsswuuaniatiuaien wazaadulla nam

gt wiseenlu 2 Uszanlvajs Ae [40)

1. ninlydudud (Saturated fatty acids) wyjusafavziiudiussiied wu nsnluiadn

naaUNEsAN nsmawissn fagy 1.8 \usiy
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O
7N NP N N N N
HO

35U 1.8 lassainmasnsaUdiian

2. naaluifulafausia (Unsaturated fatty acids) vijuoafasziiuszaogens Wy nsaUadil

lawadn ninleadn nsndluiadn degy 1.9 Wudu

AN
HO
35U 1.9 lassasavasnsalowman

duvfvasnsaluiu [35]

ar | =l o i =y =J=t o v 1
1. nsalatiudiuundiuiu C aznausening Ci-Cig BUANNIIUIU C B¥MBUUDENTT 12

iuA nsadamludn CH,.COOH Ainuluiue
2. nawlusiulalazaenii
3. nsnluiuaziiyaisen LLasqwaamL'vtmqaﬁummﬁwmum%uauasmauﬁﬁuﬁu
4. nsnluiudushilyaiiongeaninnsalutuliBud Aaluanalndifesiy

1.4.4 lydlunazuingu

ledunaziiiu (Fat and oil) Ao @a158uN3IdUseLnnatavlanis duddeidumilouioa

u

a/ L3

£ o w o@ LY = o 1 o 4 [~ v oar
w3 Jaluasussinieamesviantsilluanavuinivg wunsluivuazdnd Wuansliwdanu
fio lusiunsouniu 1 nfu limdauusyana 9 uraed lulfuwazdisiu azasiegluguasuszney

e é d [l I = [ A i ar
UsminieawmeasvilaniiifilaanavuinlugGonitlasndiwalse (Triglyceride) [35) flagu 1.10

T
HC—Q0O—C—R

| i
HE—OR—¢ =R

e (O) = — L
2

U 1.10 Tassadonluveslusiunaziisiu [35]

w
s

ar o ea ﬂlﬂ 1 l':J o I = at =3 = Q‘A
1‘U§JULL63U’]MU \AnvInueanegaanil -OH 3 Y MILIUNINALYR90a33HNU NIRDUNIEY

= | ar v nl = I = . ar
Gendnsalediu agldansiiiondn lnsda nilwesea (Triacyl glycerol) agU 1,11
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9 O
I
H C—OH HO—C—R ' H C—0—C—R
2I 0 catalyst 2 0O
I
HC—OH + HO—C—R === pC—0—(—R + 3HO
| Q |9 2
HZC—OH HO—C—R" HC—O0—C—R"
2
Glycerol Free fatty acid  Triglyceride water

[0

sU 1.11 nsduaTelaiunazisiu [35]
ast 4 at al e at cul ot I wr Iﬂ. ar ]
Tusiuduraadandnwuludmivsznaumensalasiudusa uinninselusiuldduss wu o
W | Sty .= o w o W @ a w ' v oa w
77 Tvane druhduduveavaifsinnuluivusznauaiensslasiuliduduinniinsalasiudusi

13

1 ‘o’ at AH} alt =i = I ‘DJ as 1 g I Vel at o 1 -] 1
wiu diluznen Jaluduiiyaiiongeniniiiu liagareun wiavareladludvitazatelafivuy wu

s =l

wudy wazluiuuazdiiudewinndumduiiu Jaieniussglunsaludy wsausTuitladusiay
- & at 1

gneendladlaseeendiauluainia wiearainnislalasladaduin lneiigdunidduiusaujisen

° v s 2 « e A @ e
ilnlansaluduluanadnfssme eiinduimiiuiy
1.4.5 1y (Wax)

= e A z . al (3 ] ’e) - a

1y (Wax) Wudlaiinuvisiy wardnd Wuresudawazliazatou wuduansndouduny
yuun uagvudndsneg ldiidnvusitue wasietasiunisgyde ludaduainy fdendndy

SJ s = d‘ e'fv =) d'u ] at e s l!l
(Ear Wax) watesriunisnsznunsuiiieuvaadey uenvnduiilenduesnandeuluiulafmiaiie
Uasiunisseimevear vinlilamlsilnnuguivegiane uiivlinwuiluaisindeviiveslulll uas

& v W H I o s a o
wWaenldiedsaiumsagideds esdusznevvesluluremanvoseameiniinainnialudu uas
weanegoanilldyny diumnainnsaluiuezdduivezaeumsveuwduiavey sening 14-36 ozaeu
) ar 1 A el 0 L3 1 L} ar 1 ol L}
dmfudiuiiunainueanesediiinuineznauniueu WUAVEYURI 51319 16-30 arnou Mg
a a 4} - 13 1 = = o . =} .;‘

vasluAnvulusssueis loun lusdauraiiinn (Myricyl Palmitate) Fawululeils (Beeswax) uiea
wesiinanluiasaueanogea (Myricol Alcohol) uazniauraildn (Palmitic Acid) lefiaurdiinn
(Cetyl Palmitate) #awululuarw dewansdsy 1.12 laeiduieamesiiinainwiiaweanosed

(Cetyl Alcohol) frunsaunaiiAnusy

O
CH (CH) CH )I\OCH (CH ) CH
3 213 2 2 214 3

U 1.12 lpssainsveaaiiaU diime
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maudsdszinnvedluiumnuunuesdusznauniaaiiazgasnunniiieanindiuy

] LY 4&) i =) =J ] = =l ] v wt a  F
Ingjuandumswauidudou lneundly (Wax) invegausssuni azil 3 aghsseriu fe lvandad
=4 1 at ql: = =i s | [ s:i [ 2
Tanity uazlonnussn Auiuddimsdaudasainnuedlanuunasiinn sendu 3 Ussin uazls

wansdnuuealvetluanie 91ndnd uazlis g fim1s1e 1.3

M1919 1.3 anwaieynluvasloanniia 9anded WAZUTET

= " A at
viialy anaaumal (°C) d TV ER T anuoz

n) lwanniy

Tu57917 40-70 ma $19717 W iy
ludee 76-82 P afusey wilerfauda
lumsyun 82-85 Wiaed Undumiyun wia whe
Tausviile 79-67 vena Unaueln Wi

) lwandnd

Lokl 60-67 WA Bl witleaUule
lvaaun@i 42-46 U7 Uanw 8oUYY
Tuluiladuiya 80-83 Re TGN wianan

A) loussg

W51 65-70 9417 Tosidsy Wuedn
1OUYIY 60-76 WAD4 ARIAY w4 Wy
FuLyols 68-70 WEB 4 Ulosiaey llasesadalay

1. lwandnd

L

vilafidArylaniluils (Beeswax) lukisariidnuarlassairaluanafuduns,

a

Lififsfuane wasduiussineviaun uenaniiaiiludueg iy lvaweun@d (Spermaceti Wax)
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Wulananeanlvanesweslarnd lulydaduiga (Chinese Insect Wax) wuluwnasiay g ey

o - =i [l a 2 ] o . o a
u’]lﬂ“aml}mﬂuuwuﬂxﬂ'] aQUIﬂﬂﬁﬂﬂiﬂﬁlqﬂ?JULLﬂg ﬂaaﬂuau (Lanolin) Wuny

2. lwannne

& | o = oo w a | P e v

Juwnasddgveslugdldiduingivlugaaimnssusineg desnnluielviaiy
s ] o W [ & o g o W [ [ 1 < l: =3 H
fuamgs wu T dadunanasslainnisiididiudng ludesludimmiensainnsuidnuinia
w518 lvarndand lethe lvurdy wazdalen Wudu uenanddiilaied nnateatanwuluiiy
| ] 3 o o 2/ 1 EY & L4 = o
AreUsving 1 lvarsyul (Carauba) Beadalsvindiuluvesdudiduaiiyur daduluidiye

wapumadge asrUsznaunanvaslunisyu Asluidadlsem luiadausanesed diaueanased uax

= e
NINBEYAN

3. lvanussiauseanslalasaiiuau (Mineral or Hydrocarbon Wax)

auffulTusULAnInTINHEEINdR TuTUULaza Uiy Wiy lawisiiu &
[ & o & [ 3 Pe a v o g ar [
Ysznaumedarslalasasusunudunse a1slalasansuaunumnianiu wasiilulawiu dnazley
o 8 w Vo a - w = O w a § i
vinhdunaedu auain arsdaln wazansdainig uenainuudailvrtindus wu soulvu (Montan)

wagduwels (Syncero) Wudu
1.4.6 Ug)n3u1vesiin

1.4.6.1 Ugjiselolasada
Uinselelasadavesduiunaguiufalavdluannznsauasiva Weviinslalas
agaluduniadiulagldnsalumisainsonsslandiveseauaznialedu 3 luana lunisdes
o= e 1 =) ot

ansmnluiuiasiinufisenlelasada wuherdulasldieuluilaa (Lipase) Wususaugisen

aun1svaluvesnislelasddaluiunionniulasldnsavionieeulwiiludnsufiien uanadagy

1.13 [36]
O 0
H C—0—-C—R H C—=0OH HO-C—R
2 Q catalyst 2, O
HC—O—C—R"“+ 3iH @ =————=mFC=0H “+ HO—C—R'
Q 2 O
Hz(:—O—C—R" HQC_OH HO—C —R"
Lipid water Glycerol  Free fatty acid

sU 1.13 Ujisenlelasladaluiulagldnsanieveloulediluiiseuize
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1.4.6.2 Ujjisenaamaiiiatu
HY) o w & a =& o ! s .
uiuvielusuduasusznaudunidimineameslunguludusssun (Simple
lipid) 9nmsudalassainamaaiiniuisues Bloor laaiinanufisewiamjioames (Esterification)
vawEsTmInueanased lasnsaiaiussieamedisuiueanesediunsnluliunssiumimgans
= Vv oa w & d v ) 5 = aaa o w v e e s '
venda Windsdnrilueamesvensaladuiazi Wudfiseadundulsisiofiiunnuazaannise

Ugisenlandulutmilalaenisivanuieunniszuu Toun ndwesea (Glycerol) waznsndun3s

Useunnnsm busiu wanaagy 1.14

O
I

H C—OH H.C—0—C—R

R ﬁ 2 O
I

HC=OH + B3R—C-OH —==> HC—O—(%—R + 3 H20
I

HZC—OH HZC—O—C—R

Glycerol  Free fatty acid Triglyceride water

U 1.14 Ujiseneaveiinduvaniiuiy

1.4.6.3 Ui msudieaimaiindu
aaa v as W = aa o e o
Ujiisemsudieamesliatu wineds nsvviumsvesujisenaininisunuing
weanegadluleameifiguoanageddnyianils Ufisems udieamesiadududaiuljazen
gouq la 3 Ujjisensil
Alcoholysis Wunisuaniasunsaluiusgnindlnindwelsdiuueanased wang

AsgyU 1.15

H C—OCOR' ROCOR!' H C—0OH
2 2
| catalyst * |
HC—OCOR"  + 3 ROH ROCOR" +  HC—OH
4
HZC—OCOR"' ROCOR" HZC“OH
Triclyceride Alcohol Free fatty acid Glycerol

U 1.15 Yjiemsudieameiiatuiuy Alcoholysis
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Acidolysis 1{utfAsenisuaniasunseluiusgninlasnaiwelsdiunsaluiiu

odsy uanensgy 1.16

2 ’
H C-0-C—R HC-0-C—R
9 i 8 i
| I
HC-O-C—R  + R —C-OH HC-O-C—R  + R—C-OH
|9 ‘ 0 1
HzC—O—C—R HzC“O—C—R
Triglyceride Free fatty acid Triglyceride Free fatty acid

U 1.16 Yfjisemaudieaweifiatuuuy Acidolysis

= o

. e . =
Ester-ester interchange (Interesterification) \UuUfjfseinisuaniagunsa

luduszminalesndwelsanulasndwelsn [36] uansasgy 1.17

CH OCOR CH OCOR CH OCOR CH OCOR

| 2 1 | 2 2 2 2 | 2 1

CHOCOR1 T CHOCOR2 C|HOCOR1 + CHOCOR2

CH OCOR CH OCOR CH OCOR CH OCOR
2 1 2 2 2 2 2 1

Triglyceride Triglyceride Triglyceride Triglyceride

U 1.17 Yfsemaudioameifiiaduluy Ester-ester interchange

1.4.6.4 Uﬁﬁ?mawauﬁﬂm{fu

Ufjfsenazdauilifiadu (Sponification) iuujisenlelasavaluiu waziusie

o = an at

wa dulizerineanluiuwaniiiuhuiiterduladeilensenledldindeludenveansalui

fundlwessea (RCOO" Na*) @sfifie ay fundiwesea fgu 1.18 [37]

(1? o)
1]
HC—0—C—R H C—OH *NaO—C—R
2| 5 2! N
I
HT—O—O-wR' + 3NaOH ———=  HC—OH + *NaO—C—R
O
1] | I
H C—0—C—R" H C—OH *NaO—C—R"
e
Triglyceride Sodium Hydroxyl glycerol  Sodium carboxylate

U 1.18 UjjisenasUpuiiliatu (Sponification)
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1.5 lulastan (Microwave)

. o ' . < = '
lulasianl (Microwave) Wumauusimaniiln (Electromagnetic spectrum) ilaa1ue1induey
| ad a . = = | | ar
5¥1I9AaUINY (Radio wave) nuauwiwin (Infrared) 1A730 521319 300-30,000 MHz aisgu 1.19
a | 1 = s | 1 | a = .
38] Wnglalasinduaduusimaniiiy wWudeduuasadng Taseglurisvesniuingainuiias (High
. e o & o P o
frequency radio wave) Liia$4diAudgeTU ANBNIAAUITARRT AAUNIIAINAZININ AL
dI =t n‘; as ::r =k| = c&’d vdi | =|I‘ ] ﬁ‘ 5 Y
AAUASEUNIN Aty Aaurtndislateinlulasian Gawlaiiraudunin Sedduns e (Infrared) was
ar . a & e‘ | 1 = at | r_‘:
ganslilatan (Ultraviolet) waz3sdiond (X-ray) iUunduwimanindduioanu udianiueiaau
duninlulasian [39]

Electromagnetic Spectrum

Wavelength (Meters)
10° 107 104 0.5x10° 10 10" 10"

About IHGW\/\/\/\/VUVW
hl o HOE @

Bulldings People Ant  Pinpoint Bacterla Molecules Atoms ‘ltltonlllf
ucle:

104 10° 10" 10" 10% 10" 10%
Frequency (Hz)

U 1.19 awnaiuusivmanini

1.5.1 anwmuzaaululasiaw

ot dJ o as 1]
anwgpaululasnianvuseu 3 Usenis

[ . = < W =
n1sdziiaundu (Reflection) maululastaviilolunsenuiunivugiiidulanswieil
| = ' ' @ ' [ g ) a
daunanvetlavg adululasinldannsanggiiunivuzdinanle sagiioundunun degu 1.20

o 3 st ) A 2 as i
aanuingilalunwusiidulansharbildsunnuiou

3U 1.20 msagviaunavvesraululasiav
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n5dsEu (Transmission) AaululAsINaNsaVEARUAYULIIEIBUAY NTYATY

1 wsiinuagwana@nle inszniguzdnanlifidunauvedlany danuansgu 1.21

I 1 A
U 1.21 madsehuvespiululasia

- oeoad a') i g c; -t
nsaadu (Absorption) Uniiinglaeviag 1U avdsgnaumeluianaveni@azgndy
i w ° Vs v ' a o 4 H P o
aaululasian figu 1.22 Vil ingSoustagiads wazdndoniludieluanaveanigaduaaululasiam

udazaaedaluviui azauluing

v =
U 1.22 nagaduvasnaululasim

1.5.2 ¥aANNI5 WAL 0U

= a a & ] ol Yo @ o -
Tualulasiiigunsaididnnselingd 3en31 uunilnseu (Magnetron) lddmiuninaau
= d a Ha = - i < ' = @
Tulasian aaululasniinaneenuiiianud 2,450 MHz @e9zUdasaanunndesinan1gluin19iings
A v | = o d A IJ [
Julave adulilasiavazasviouluuiegnislunn waggngandulpsemisvisiaiasauiiaildtnly

= QJ I l; o L4 o ] - i dy
nsganaudldainaueasyiiudiunisiagaiou (Hot spots) i [39]

] voas =Y i 2 ﬂ' | :‘ a g -
wlulasawitliingiinanuieulasadululasian flanudgs vildluanaveaiie

o = ] [ = o ad " ar (4 [
nsduaziiou wazyuluanasud seluauiadundnuaal wagnduvatsznarsan iy

wasnuamieu sgu 1.25 Inhliingseusdumindiuaziiiniinisiianuieunessuudue [38]
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#Ry

st

< Water inolecule

3y 1.23 luanavenhiuasuiimaduluanedesings audienisvesauraliiyi e

AUTOU [38]

v 7] Y as YY) a = -
mstunasanuanuseulasldaaululasiandunislvndsuainudeunuuuni agiinaln
w w P s v oa [ o a w |
ASANTauUnAanY Taen1siunasauaiiusauainaaululasian %mﬁmmsawmma‘luq

o was = s d g o X ot LT Y P = )
Meuan Ylwingiaauiouiiiiadediu dmsunslinasauanudeunuuund azdunismany

founinmeuendee 1Wgn1eluing fsgu 1.24

88385
?.Nﬂr
#8139

L abosl

T AT T

Conventional Heating

(n)

| woars!

Tome =80 Surfae g st (1)

88381;
Quarz

< T T I S 200

Microwave Heating

()

5U 1.24 nalnmslindanuausou (n) wauANsauUNG (1) WasuALsau

-
neaululasi
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1.6 91UWNNLIVDY

Irmark wazane (2006) [6] AnwiwaviuTouiisuliunavesindlagueanannainlans aag
wardand daduwvasinulnalreuea lnsavldienaulunisann wazlalaslageis 1 M NaOH Tu
wuea Uy 30 Wil wudidiuagndnandiilnalaiueasiugan 628 me/kg 1INUIAE 164

< a -J ;r’ g at = a |
mg/kg wazludondes 270 me/kg luvmeilafsd@iiniaamnsadanalnalagiueals 20 uaz 45 i

vosuaynd1and wazludendeumuasiu

3030l uavaz (2551) (22 analndlasiuea ednngiesdusznevresluiitnvesing
wuinUsznaudae difufesay 55.91 windleawes evar 40.67 lushuweaneseddaszansen fou
av 2.56 uazduq Sevar 1.86 laeladrdnuadameujiienazUsudiindulasly KOH luiem
usalunisatn wagsirliuignimelngdu wavlelveoninu uasihinalawiueauinszi
paRUsENBURIE GC wardins1iauuianssme HPLC wuinlwalaeusausznauseuaanasadiil
aue10gludaa 16-36 aznay lagasdusznaundniiazaislulngdu lelweaninu uazdau
anaznauantelueanmuldun lufukeanesedaniinanmen €26 (Fesas 21.4) C24 (Fovay 29.5)
waz C30 (Gavar 33.1) inmuiansuinninfesas 94 laglusidnvesneaisnadialnalagiuea

ldusunugvsiosas 26.56

Aui wavauz (2550) [40] liAnwimsadalwalagueasinleiidnn lnenisisaljisen ay
Uailfliadusiag (16.0n51) 1.43 N KOH Tu 80 % tevuea Sndndlugitguugil 70 ssmivaldud
ynduiamiliuiavdlaenisaiaseiviazarenan lelesanmu 1h uaseniuea wuirlwalae,
ueatiaialdanleidn Usznaude lesfuueaneseditiininuenanfusudeud 22-36 azney uazin

a‘lﬂﬁmuaawanmummmqwﬁ 97.88 %

Sumit Nandi (2014) wagamug [41] afia Triacontanol uduanlusrtnlasldnisissfisen
snelulasnimastudy 1300 96 Aaus1edng 230 Thad wazanud 50 Hz laeilonsiaiuveluiia

a6 % (wv) Inuvadenlansenled 1 : 2 laeviinsissujisenlalaslawdu wavuiu 35 ui

=4

pasNnNstaleasladuas nuanaunsaanalwalaeiuealausuna triacontanol 42.95 % wUnNdn T

5

AIIERE HPLC

Dunford wagagly (2010) [42] ﬁnmﬂﬁm‘uaaéf’gﬁwazmmasqquﬁﬁﬁﬁawawﬁm wazyUsuia

peAUsznauvadlnalariuea 9ndIUA199 Ye3Uad 1 Wie 51 wazayndn Indnnanaee

a
o

Ulnsideudmed aaalsness lenwu wazlen ueaigumniln1g Aue 80-125 asAngaidoa wuin
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./ cid' L2 = e = = o = s 1 | [ l:J )
A NVNIFANANAAIBLDNIUB A msmmiwaiﬁ‘muaaqmqmuamamua’mma‘] W94 1@

=1 ar e o oa ql!’ mnl G:I - 3 = ' ot : 1
Anw wazanalduTuniuTumugumniiniuiy esusznaulndlagiueasvuandenuiuegiu

winvaaiivinazaly wavdiurestnaaily Inevadiandil Octacosanol 79an

, ) @ v W £ W a
Lopez-Mesas (2003) [43] lousudgenmsanalanlaainvudnimelulasian ununisanaiuy
4:J LT o o s ql; o a ] ar  f ot at
Soxhlet system ielvlaUsialamnniaaluardudu lnsdmedalvainaudad 1.25 ndu Tud
Mazawezdlaunazoniau (1 : 1 (vv) 10 iadans vinnsanalaglulasiwiduszozinan 8 uiil 14
ar a0 = v | e 1o = o 2 as |
a9 magnetron Maswaanuime 90% (675 W) nelaeulumardlidndunasdesldiiedsly
= : 34 s at at ] ot fé‘d =Y 1 = ar =
s wagnsanalasldlulasindmiviedrdlaanvudaitiivssansamduidenfussuuisns

anawuu Soxhlet

. e w8 & a4 o w -
Terigar wavAny (2011) [44] ladnwinisanainiuainaamasanazsiinlagldlulasian e
aniattunisana dnsunisanauiduanutadundosassidnineldienivealusvirazate Tu
s ] ar at a A LY - ar e)
ons1du 3 : 1 lunsadalagldlulasviazgnuivlimngauielilduszansamlunisainiiaegn

=l L =3 =l as =
ﬂa‘l’nqquu 73 23A@aEd F88LIRINITANAUIY 21 UMW

Boukhchina uagamy (2009) [45] lednwinisanalndlagiuaaaindnlne awaieiug fe
GH2547 Fawuirillndlawiueagnin Wugviesiu uaz Astro vinnsadalasirdalwalusulutdiiien
P o o= & v o y P P ° « o

5 W ndULANweanaaed wariluluwisadual 15 uidl waziluseiweusanagedeani

= =l = ¥ a = = = | i a & e
ANl 60 93A ALY H Lfluna’l 90 UM LLa']LF]iJ‘UI@'ﬁLaEJlJ@LWE]? LWBYIBNITANR ‘-a’muuuﬂ.ﬂ

q v

a :II =) "

] v a a o i .
ssmgluanng N, wuitesAusznauvesindlagueaiddgyiifloglud1alne As Dotriacomtanol

(C32-0OH), Triacontanol (C34-OH), Tetracosanol (C24-OH) LLazLU%E\H“I‘J"I’JIW@ﬁIﬂﬁIﬂ‘UWaaEIE‘J:

72.7-110.9 meg/ke

Jackson wag Eller (2006) [18] Anwiniswenaiuazanifnuaanagsadaiseiannluiely
wuledlawadudinisfizeumiuladaluirgasveulaeenledinilnudugs Inevinnislelaslad
luilanieansazate KOH (1 : 2 wiv w89l waz 6 % KOH) wadndlulasian (1300 a¢ 230 Thas

- £ W :: P 2 a - 14 v oa v v W H
50 LE591%) RONUADULAULERSNOBNWUUNLUUALAY Usyan 35 Ui 99n1use iy waia196281n
. x ﬂ' o at "’I £ |:J =y :I'J L] =Y oy A ey, n‘:’ o y :‘I
TOUNA1YY ATY LR OH Muniiunawarayiiinvusznitainujnsen antduduntumwis
wenadrunidunzneuvewteanesedalssd (wdleeiusa) warurlueuwis nuiiueanageadise’
4 o & W o« . . = =1 Low . . ar =
Ity Ananileiug Apis mellifera Fagnidsslu Peoria 3§ Ilinois UssimAanigewini Usynay

lUmae Tetracosanol (C24-OH) 9.0%, Hexacosanol (C26-OH) 13.9 %, Octacosanol (C28-OH) 18.3
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%, Triacontanol (C30-OH) 36.9 %, Dotriacontanol (C32-OH) 20.8 % wag Tetratriacontanol (C34-
OH) 1.0 %

L v o = L3 =Y ﬂJ at o £ 5
4031 uag Ay (2551) [46] levinnsdnwiesddseneureddnalagusanadnainlysign

| = R v n’eJq L3 ]
a3lng wmﬂwaiﬂmuaa’Lul*us1=zr1waalmﬂiznaummmaﬂaaaammmmqammiuauaq’luﬂm
22-36 pyAoil Laedl triacontanol, (C30-OH) mnﬁqmﬁmﬂu%’aﬂax 24.5 99999AUSENBUVDY

WOANDBDANINLA

. I o v E‘ a' '
Vali uazany (2003) [47] wuitlesidnniddaievuegiiganasumad 75-79 8am-wwaldud
Q‘ d o at -] v 1 v ¥ o al 15
Tnodudovundraglulusidrdiuninaziiuenslsl (resinous) wagaruisnfidnesnlalagly
N . o qJ = . s
sodiumborohydride Tu isopropanol tuasa1ngeildrunauwes alipatic aldehydes, fatty alcohol,

. o W e = a{ = 1 = = ar
fatty acid Tuwaziilysrdniinuuians 99 % fgevaeumanegin 80-83 ssmiwaidud lnguie

Wyhnsanainsiusivaviielusanainty #2635 soxhlet Insldenwuidusivinazats antdusianig

o at . = f cJ ] =l e’:' al
mandudavulagn1savdndaioeniou Mgamnil 65 ssrigaidoauiy 30 uii nuuidndasle

-

= = V- o v w
Telwsnuea Ngaumnil 80 ssmwaldsa uii 30 w1 uardainislelnsladlusidisiie 30% KOH

U

Tu lelelwswiuea Ngamail 100 aswngadod Ui 4 Falus



2.1 Jangunsal wazansindl

2.1.1 @154A3

M1579 2.1 d15LAdl

= s

o d as
unm 2 qﬂnsmuamsmmam
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“l
Yoa5LAdl

gnsiail UIEguEn Uszind
Acetic acid CH;COOH Lab Scan Thailand
Acetonitrile CH4CN Thermo Fisher Scientific U.S.A
Chloroform CHCl4 Lab Scan Thailand
Ethanol C,HsOH 99ANN545) Nsuasswarlla  Thailand
Ethyl acetate CH3COOC,Hs Lab Scan Thailand
Heptanes CiHig Lab Scan Thailand
Hexane CH4(CH,)4CHs Lab Scan Thailand
lodine resublimed QReC New Zealand
Isooctane (CH3)sCCH,CH(CH;)  Lab Scan Thailand
Methanol CHsOH Lab Scan Thailand
Isopropanol (CH3),CHOH Lab Scan Thailand
Potassium hydroxide KOH Lab Scan Thailand
Silica gel SiO, Lab Scan Thailand
Sodium hydroxide NaOH Lab Scan Thailand
Sodium sulfate (Anhydrous) Na,SOq Lab scan Thailand
Toluene CeHsCH5 Merck Germany
lvifsdn - AElAM (F117e) Germany
luilsdmdes - Usegin o.uing Uszindle

RCIRILVY

tsfusidnms - Chrfuuslaalng e Uszinalne
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Yoansiail gasiail UTHNEHER Uszine
1-Docosanol CooHesO SIGMA-ALDRICH Germany
Dotriacontane CsoHes SIGMA-ALDRICH Switzerland
1-Eicosanol CyoHs0 SIGMA-ALDRICH India
1-Hexacosanol Cy6HssO SIGMA-ALDRICH Switzerland
Hexadecane CygHaq Fluka Switzerland
Lignoceryl alconol CaaHs0O SIGMA-ALDRICH US.A
1-Octadecanol CigH350 SIGMA-ALDRICH Japan
1-Octacosanol CyHs0 SIGMA-ALDRICH U.S.A
Palmitic acid CH4(CH,),4COOH Merck Malaysia
Stearic acid CH4(CH,);4COOH Fluka Switzerland
Stearyl alcohol CygH360; SIGMA-ALDRICH Japan
1-Triacontanol CspHg20 SIGMA-ALDRICH U.S.A
2.1.2 w3esilouazgunanl

M54 2.3 Lﬂ%a&ﬁauaxqﬂn‘mj
\n304ilo UTENEHAALATTY Uszine
Analytical balance Mettler Toledo U ML204 Switzerland
Hot plate and stirrer Fisher scientific US.A.
Hot air oven GALLENKAMP :}'u A050714 Germany
Gas chromatography Agilent Technologies ‘:‘iu 7890A U.S.A
Microwave oven Samsung 34 ME711K Malaysia

Rotary Evaporator Tokyo Rikakikai Japan
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2.2 35015MAa0Y
%’ &
2.2.1 nM1sunAududluil

q'.d :‘I‘J W ] v = a o = v
Faludls 0.30XX n¥u ldadludrwagiivien drldeufigumall 45 ssrneaifva nsui

al EJ 5 o l'—“.’ o ar n-—:IJ
UINA nULTIMIasigudaudy leen13euIn fatl

) y  dwinneusu (g) - Uwninudseu (g)
IDHUAYAINYUY = — x 100
Uminnauau (g)

2.2.2 MamgauaauvaIvasluils
Uﬁqlmﬁyaaﬂwaammﬂaﬁ'l,ﬁqaﬂ'ﬁxmm 0.5-1.0 wuiuns 3nUatenaaaualiand waz
pnanfumesluiives lneuaenszsiliznasaualanfiaveiulatonsziunz voaneslufimes deu
woilufiweiidriugnaesn wazdadniuuaausi imidumisfluaslutnines uazduuate
wiaslufimeiasluinines Wawdeusdraing dune uazduiindrguuni delvilslunasauaiiaad

Juvasy WA FUNTEVINADULAAINUA

3 =
2.2.3 mMsmesausznavvadluiiedlslasuninnsifuuudauig (TLC)
WlvismeaeuesAlszneuiivatsuinsgiude lelasaisueu thiusidn eywusiia

WAMBIVBIU U waznIalusiudasy fae TLC

nTRTBNRYWUSINTaRAasYeIius1917

oW
o =

F9UIUI1917 0.50 nFu lalunassvieanslinisivuin 10 dadans \inlngdu 2 fiaddns

way 1% sodium methoxide (NaOCH5) lutuvnuea 2 fiaddns Yarwndenvudu werlmdnu

nduaatedwndeasen Urlulalulesianiididslni 1000 Jad Wuian 10 Juad senel3ldy
Y] . == o aaa I v - O I ' ] Y a
NNUUANNTARETAN WengaUjisen dreiiedindu 2-3 afe gadruvulivly i Na,So,
o -
(@anhydrous) tWagau
ASN15ATBUEY TLC

Fadanuaa 45 n3u azanedaeriiiunms 130 fadans sntumasuuwsiunsyan nasl
Bou Wesmnmsindeudaniaatu fesainaue lhiinsesunnuuiianinfiany 13edanaiiude
USheuvesuiunszanoen fisliflgamgivessunindanieaus

neaogsluisiiaransluenisu diusin lelasansuey uarOUWUSILaLANSYY
whifusnd11 wagnsaluiiy Adeansveaeuasuusiu TLC fal3Tiua wiIgauey TLC asluansazane

walrdounadsuszneulunie anwu : Lofiaasden - napsdan (90 - 9 - 1) TneuSuins Meliau
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- St a o | & e %] =] a4 da w oo = =
Eﬁ'ﬁaaﬂmaLﬂaauwmwauﬁﬂumwu TLC '-3'1ﬂuumlﬂaqmaﬂla‘[amuwaum %QUE’]H{]LLOUH??L@&@MW

YIAITUUMAY TLC

o al =} l:i =] J
2.2.4 n1smanatasnawelsamIavululuils

= e e

o g a s =l ad (-:ui = =l
laptlutls 40 3 LAseniew 280 Hadans Sdndngamail 65 semgaldoa uiu 30

U

o
ot

= n:l; 9 2 e Y - o 5 o =¥ :J dI o s
U NTe9lUie wataemauEenwuseu 140 Tadans 31U 2-3 A5 ntul ledsnlaluauiienida

Y

1Y o = at g o e A e =l
ALY LLa"JU’liJ']‘iwaﬂ‘ﬁsﬁ’lﬁ']EJlE]I?iIW‘Eﬂ?UE!a 140 uaaans NP 80 DaANgaLgsd WU 30 U

U
d!l Q ﬂ; o al :j‘ ‘¥ ‘J 1 o al =l L7
nsealare U lusuianidnlalalnsniuea ntdunsiadeulvtefiniun1sidalasnatwaslsaeie

W o PP [ a a aa
TLC Taeldansazareapdaungausznauluse aneu : LoNaosdinn : N5nezdan (90 :9: 1) lay

=Y -1 = l-—j i o 1
Usunsg lmﬁ&ﬂimmﬂlmnaLﬂ@liﬁ‘mlmgﬂuﬂﬂiﬂumwmaaamam

r-9 at o =% =] CJ v
2.2.5 nMsAnwvlinvesnIiazatedunsd lun1swmisuansazatsiud KOH fianududu
1 =I at ] Y=Y = 3
si1a9 welddudassufnsenlunisannlnalagueaainlubis

] =
- IM38UANSATaNY KOH fiaaududu 0.5, 1.0, 2.0 M fiazarslueniuea

49 KOH 1.40 n§u azatslu 80 % Lenuea Uiluniumie Magnetic Stirrer USu

Usunslile 50 Haddns ledrsarany KOH 1udu 0.5M

3
ol

%39 KOH 2.80 n3u azaelu 80 % teviuea uiluniunie Magnetic Stirrer U5u
Ysunsile 50 faddng leansavals KOH 1Wudu 1.0 M

'
@

%39 KOH 5.61 n3u azaelu 80 % toniuea urluniunie Magnetic Stirrer Usu
naslile 50 fladdns laansavany KOH wWudu 2.0 M
- VmsseaEnsazaty KOH finudududananisn 4 ga laglddvihazate ngdu e

-, = La a’; - st a d‘ .J -] =l
ey aaslsnesy Ulnsidey Bives anduidendiviiazatemuuizauineulluldlunisinsey

dl & & 1 A ] L% @t 1 £ e a - l'-'?
ansazatea KOH fiansdudusneg wedillddudnswiiselunsaiainalagueasinluils

= = ﬂ?
2.2.6 N1SMTBNLUALA lUNITWEN WA lAYIuaI N LUl
2.2.6.1 NM5wWseuaTsazans 2.0 M Etanolic KOH

T4 KOH 11.22 n§4 azarslu 80 % Laniuea uiluniusie magnetic stirrer Usu
Ysunslile 100 fadans avlaansazaie KOH Wudy 2.0 M

2.2.6.2 NM3BUATAZA18LUE 2.0 M Etanolic NaOH
%9 NaOH 8.00 n5u azaelu 80 % Lenuea thluniunle magnetic stirrer USu

Usumslile 100 fadans avlearsazars NaOH WUty 2.0 M
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2.2.7 nmmniwaiﬂfmuaamn‘lﬁﬁqﬁquuﬁﬁ%ﬂﬂiﬂiﬂslaLw%’uIﬂUmﬂﬁﬂqw%'auiﬂumq
2.2.7.1 msuenlwalpgusanivasazaly 2.0 M Etanolic KOH
- dylaifadnnn 20 n¥u vhaniy 2.0 M KOH lazarslu 80 % teniuea U3uiag
100 fladans tranddndiduian 3 92las naude magnetic stirer wianiuliamFouiigumgil
80-85 aaAgaLdua antutiluisiidiunislelaslad umaaeuniwanysaives fizundae TLC

TAuialAADUNAD LINWU : LDNaRLTMe : NIABETRAN (90 : 9 : 1)
o [ =l ar v 1y 1 EJ c‘f) =l =l
YIANSNNADATIULABITUT AU WelUAsusn L luReE L vaes

2.2.7.2 nsueniwalagiusanisaisazaty 2.0 M Etanolic NaOH
_dilaiadunn 20 n¥u thudiy 2.0 M NaOH fiazanelu 80 % Levnuea Usuns

=

a aa o @ f o w i : v ) W <
100 fiaddns Wasnindnd (uwan 3 42lus e magnetic stirrer wiaudulmuiounigumgil

= & o & & ¢ ¢ aaa %
80-85 ayALgaLYed ‘il"lﬂuuu’]l'ﬂﬁalﬂﬂN']Uﬂ']ilﬂiﬂ'ﬂa‘ﬂ ll"W]ﬂaaUﬁT’liJﬁiJl&im‘UaQUgﬂiﬂqﬂ?EJ TLC

A Ad - =Y - e
Tnoiwawmaauinae onwy : Wwhaesdan : Nnazdin (90 : 9 : 1)
o I = at 14 1 I :J c‘; = =l
viarsvaasauLdefutesu witlasuunlaluiedivans

2.2.8 NMaAnE a1 Anuuduves wazidsluinlunislalasladluilaileainlwalag-
uea Tnensissufjisenlalaslawwdu (Hydrolyzation) daewassuainlaulasiau
2.2.8.1 m3lalasladluitadeansazaiy KOH Tu 80% wanuea finanandudu 0.5, 1.0
waz 2.0 M #renadseuaintulasian fidiasluia 300 Jad fnaidiey
inlvisiusmnlasnawelss uliandeusuleimvasuazas diy KOH
fiazanely 80% Lovusa U3uIng 12.5 Hadans ﬁmwmﬁu%’usﬁaq 3oy fe 0.5, 1.0 way 2.0 M
withauvihnslelastad neldndssuanlulasin Asadsinia 300 S0d Wuan 60, 90 uay 120

il IInUUYiNIsVaaeuALaNysaivesujienie TLC

d ) =S ot
2.2.8.2 anududuvasuafimunzanlunisissdjisenlolaslawdudaslulasion
e w [ = oA W a &
Afaglnin 100 dnd 5 wrdl waanalwalagiuaavinlui

nsanainalagiueaannlaiemisaisazans KOH Tu 80 % Loniuea

QL' l—%’ = = ot -] - CJ as =Y

Faloredindos 0.300 NS UuLAY 0.5 M KOH fiazaslusiteniusa Usuing
100 fiadans thunigisenlelaslad saenstindanuanudouninlulasinnddsivii 100 Tnd
w5 wiit anduilaiefidiunislelaslad smedeuauanugaivesuisensie TLC lagld

arsararuanasungeusenoulume aaslswedy : @AY : nsaasdan (70 : 30 : 0.1)
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AsaNeLNalArIueanlIsatsazaty KOH Nnuudy 1.0 waz 2.0 M 18anainu

v v v d & ow & |
Wuduleengaiansalalaslagluiialsauusalnldludunousely
vinmsanalnalaguealasldlutiadunduingiumiloutunoudieiu

5 d wt E=%
2.2.8.3 mslalaslagluiaiaanalwalawiusanisansazats KOH Wudu 0.5 M Tu
E‘ o ar

80 % tanuaa arelulasianiiniadlwia 100 Tad 5 wlil

a n:!{ =l =l :‘ I o at q. i w v g o -

Unluie@inaeaniiunisnisidnasdevu unlvanuseusuletisvasuazany Uiy

- = = A £y v v o v ar

KOH Tu 80 % ten1uea USuins 100 Hadans nanudutu 0.5 M uartwilalasladlaeldnasany
AuspuINlulAsMTAEIWI 100 Tad uiu 5 Wit BndwinisvedeuauanysalvesUAGen

A8 TLC

o L4 Gd ot = l:l{ = ar o l':: v L
vimslalasladiveainindlaguoalagldlailsdunduingiumileutuneudiasiu

(<] =1 =Y :{
2.2.9 mavililnwdlagueauigns
2.2.9.1 mavinlilwalagueauignslaenisldininazaredunsd
o :"l 4 1 at as 12 ars -] = 1
Ulaianeunisialaslad 20 nSu wadnesdviazarsnaulasUsuing sering
Ingdu : U1 : tevuea (60 : 30 : 10) U3ums 200 fladans anntuthluindndidunamitalus log
I ] (] v v :1 =3 =1 v at
LLUqL'ﬁuam'tm T,maﬁaaLLinlwﬂ11uiaququm 80-90 9ANLYALYHE WIDUAUNITNIUAADALIAT 30

- o 4 - o = & - v o &
UIN AINUUYIIN 2 VEANTINIULAZAN Y IUNNUAIN 60-70 A ugaLrad LUUIaT 30 W19 ANUUAINY

w
o

Blienduazifuiulngdusvinsaindsn 2 a¥ fodviazanonauszwing Tngdu : 1h : 10
muea (60 : 30 : 10) U3uns 100 fladidns dhluiwand sndunentulngduseninuasiluszme
IngdusendmeiLAies rotary evaporator Wiuivhavatonay sewing lelveannu : 11 : evuea
(60 : 30 : 10) IWdndiuFEITUATILIN VInduseiald Weansaransusnifiuassduunds Whiuawz
fulelgoonmunisialiduRuitelfiinnisanazneursiteanssedaissn vingnauluoulyuss

PMNUULRLNOUNINTIVEDUATE TLC
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o f

3 3 at o o
2.2.9.1 n15iua1uuigusvesindlagiusalasnislddavinazarsdunid

$2UAUNITANKAN

dhlaiafiunislelaslad 15 nfu wnadasmeaisarareesdlon Usumg 250
a aa o a w ed a o s VA |
fiadans thlinandiguunil 40-65 ssmwadod w3 4alus lagniunaeaiaa Mniulug
& A ogw o v oo v a a L a
Wuitelfansanazneu winsemenauils tasnsudildsiuauuiavsvesindlagiuea lnons
i s & = = - ﬂJ = el q‘j
Sdngsvasavatswny Usung 250 fladans Neamgil 80-85 asAnwaltud ndumasazaiy

adlunsrowenals Wuu1seu 150 fadans vinniswwen wWeanalinsaluiudasyazarelutinsou uan

[
ot

FanalInsensaIsazatsusntuanIty 3nTULITUENYIY 3NENAT18N 2 ATY IABLRNLITEUASIAY
Y- o (-1 5 2 o 5 1 «J = =
150 fladdns eansazareweniluasstundiinamztutennuldudidunguvgil 4 samwaliod
o w I & 4 o v o w - o
Weleanegaannnznau tidiusznaunlalunsasnalrtinluauwne wWisliaisazaigannuszsineg
oanld Anuladann 351050) wazamy (2008) [22] way Gamble wazamy (2003) [17]
. ¥ ¥ . , r i g
Wduhluasaaeunsalatuaisenanazinznounla lUnsavdaunuuIgnsvedlnala
w W & ot W - aa
grueanie TLC Inoldarsazaromaindaundalsznauluae aaalswasy : @nwy : nsnazd@n (70 ;
- wooal A e a & - v = o a 5
30 : 0.1) Inau3uns uagldiaies HPLC edudumuuiansvedinalaeiuea uardniluimsem

papUsenaumeuialasuilnng il (GC)

=l ot = E{ =
2.2.10 nMsduduauuignsvasinalagiuealaslasininnslveumalausinuzge
dimeduagnaulndlagueainviilyiuians svinnistuduainuuigrsvesindlagiuea
o = o i & o = LY =
Tnsihaznaulnalagueaviinisavanediglalelnswiuea 1Nwinn1siAsIgviaae HPLC 1AM

o el W w
g17A84 291 nm lA8aN 1L ELARIRIN11 2.4

A1579 2.4 ansialunisitasieasrusenauadlnalaeiueanie HPLC

) ¢
WIFNULRBDI GELeH

ADRNY : Column Hypersil ODS C-18 aua 5 lulasiuns
4.0x250 {iadlung

TnnAAEau : Acetonitrile : Methanol (4 : 1)

W W . = e
AANTIVIN : UV-Vis detector na11817AaUu 291 nm
USinansnamdnly - 20 Tulagans

aMNIINT A 0.7 fiadansaoui
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2.2.11 nsinszresausznauvasinalagiusanlennaiasunlnns i (GC)
-] ar 1 =% EJ o e - ﬂ‘; o =Y L3 o 1
thmednznaulnalpgueaiviliuians vinsiwgimesalsznay lnaidiu
sasmzneulnalagusarinisazasaisloldlnsmiuea anuvinnsinseise GC Tasaneild

WARININITIE 2.5

A1519 2.5 dan1enilalunisiasieiesrsenavrealndlagiusaniy GC

W155LR05 dnne

ABAL - HP-5 (5 % Phenyl-95 % methypolysiloxane) 1610 5291n
wuuwanlesalulgdu

WAAAINT - whalulnsiau

AYIUAULNT - whdlulnsiau 75 psi, uidlalasiau 60 psi, wiasandiau 5 psi

QaUNil . BULIAWa3 (Injector port) 280 BaALTALTY

. \A30399152977 (Detector) 280 parFaLTyd

: 1019 (Oven) LLuuam'n;T‘lJ'iLLﬂmqmmuﬁL%:Jﬁu 150 29A1
waldud U 3 Uit uasiitusesns 15 ssrwaldua/uni
Uil 280 ssrwaViud wavasiily 10 uiil

USinasansiiandly 1.0 lulasans Split less

o =y = -J al 3 d [ o =Y ﬁf
2.2.12 nsAuInui Sesaznananvasindlagnueananaldannlubianidiunisvinliuigns
(%yield)
o -_.1" qJ I [] LY =1 L3 =1 s 9 v
Pl ainunisidalasnaelss laun1ssvdndeaianiau waraiualelolalngmn
:; ) & a s ]
wea nuuiulelaslagsie 0.5 M KOH Tu 80 % temiuea laslandsruaintulasian wasuiu
sz sIiUSans Tnenmsanadaviazaielngdu : Ui : lemuea 3 A3 wazariasonelelyeon
¥ & O oo vy e P v oa -
WY 11 tevnuea Wutulalgeanmu TudansliduAuielminnisnnaznauvsslndlagiuea
ntuhnzneulinges wazdillaumegouaniounaumail 60 ssrgaled aulminai uaa

PuAUIUUT %Yield voalndlagiusa IneAIUIRINANNTT Hall

v

UIMMUNAZNDUNAIN1TNAAD (9)
%Yield = 3———5—— x 100
uminlaudanas purified beeswax (g)
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P a w a a
UNN 3 NaN1378 Ltax'ﬁﬂ‘iﬁiwaﬂﬁ?%ﬂ

Tumsidoafadldmnisfinwinisuen uaziuanuusavivesinalasueasinleisdvniliann
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3.1 N15KWIANNTUVD LU
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E‘Idﬁ
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A1519 3.1 Sevavauduvedluils 2v17 wazdnwaos

Y Umunnau Uminuateu (g) p
Tuklq . . AUYY (%)
auLaay (g) 1 2 3 128y
iisdn 0.3069 0.3068  0.3065 0.3061 0.3065 0.2606+0.0807
1‘2}5&&1&58\3 0.3017 0.2674 0.2670 0.2669 0.2671 0.4972+0.0857

1 & o 2 J v
1NMI579 3.1 WU WEedvniianutiusesay 0.2606+0.0807 wazlviedvansdianurusosay

[
=t L =

1 v J q" D.IJ’ ) :
0.4972+0.0857 lnwArisvasanuuvedluislneialuazegil 0.5% [35] HaA¥esazautuasians
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3.2 nwﬁnmqwaaumm
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& o 4 = o a Sda
inlvilsiigavasuivadiade 63-65 ssmnealdoa [30] Bes1sanTndlagiusaiiuignsniidag
= - =l o =l = (=) = L3 M .
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« ar = L o v o= T 1 = al =
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X a
3.3 n1suiUsenauveslvieglelasuninnsMuuuRuige (TLC)

MATeEldTnshmatia TLC inlilunisnmsasussduszneuvatluilsdaie windioawmes Tay
fiansumsgiulelasariueu (HO) lasndiwelsdainthifusding (T6) eyiudwiaeamesvenisiug
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WNELaY 3 fiw a15119IFIUNTAAGETN (FFA)

= 1

=] 3 & =i
wneiay 4 Ae larsniiunislelasladeae 0.5 M KOH Tu 80 % weniuea Wunan 5 uii
- & &0 v P
wueae 5 Ae trsndiunslalasladeaie 1.0 M KOH Tu 80 % teviuea 1Wukian 5 uii
& =% &0 'Sy -
wineay 6 fe lukanetunislalasladine 2.0 M KOH Tu 80 % tonuea 1Wutian 5 ulil

d‘ d L3 e e ar ]
Wapaaun Ao AaBlsWeTY : LBNWY : NIABLTFN OMIIdIU 70 : 30 : 1

:'; @ g L3 A = o aa al wt al o 1 3
luradueyiusioames Waiinudisenlolaslawdu wasrludaiuszeamaivedluvinlv
londadueiduneansgedatgend wagnsaluiudaszagy1d 1NHANITNAAEUAINANUFAIVDY
ooy ar L ] L ) ﬂl’ A ) L
Uiisenlelaslawdusawmeaia TLC digu 3.8 wuinlatsiiiiunislelasladene 0.5 M KOH Tu 80
% Lovuea (munetavn 4) luianriunistalasladaie 1.0 M KOH Tu 80 % tevnusa (Munslavil 5)
warlvilsniniunislelaslawdusie 2.0 M KOH Tu 80 % taviuea (Munelavil 6) a1mnsaiinnis

lalnsladlaogranysallagldlulasviluunadindanuaiuseunidslwin 100 106 w5 uiil
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Inglinwveyiusieawmeianiuesrusynounanuedly udasiamunguuesieanssedanseniuaznse
lusiudasy Buduldlaeiiouivanseyiusiuiia-toamesveniitusidnn (munoiae 1) asnsgiu
Fatty alcohol (Mun81aY 2) Wara5u15§IUNTAAAESN (MUNBLaY 3) ﬁaﬁ"ummﬁuﬁuﬁﬁwﬁqmaq
a1sazateiud KOH 0.5 M 1u 80 %  wemuea Jsgnldiduanududulunisiss §izenlelaslawdy

vaslais Prenasanuanlulasinseld

3.7.3 mslalasladlailaileadalnadlaguaadaeansazate KOH iutu 0.5 M Tu 80 %
tovuea saslulasianiiindsinily 100 Sad 5 wnil

vhmsanalwalasuaaanleils Inessufizelslaslawdu fearsazats KOH T 80 %

levuea Arndudu 0.5 M sanisvaaeunuaNugivesufAzelalnslawiurasluisansuiia

shewaiia TLC wannsgU 3.9

(n) (%)

FAME

Alcohol

FFA

U 3.9 fuaweslasulnnsiiinislelasladluilafolulasniiddsinii 100 Sad 5 uadi ¢
asazanelud KOH avundudiu 0.5 M Tu 80 % tevuea (n) leiadun (v) luilednans

UGG

wniay 1 A syiusiuiialoamesvesdiiusidn (FAME)

VUNBLAY 2 fD @15819557U8 FATTY ALCOHOL (C18-OH)

WG 3 AB @130 IUNIAALGESA (FFA)

mneway 4 Ao luisiiiiunislelasladiae 0.5 M KOH Tu 80 % levuea e 5 wil

d d ) ar )
WeLARDUN Ao AaBlsWBTY : LBNIWY - NSARETRN 8Rs1dU 70 - 30 - 1



54

at

Mnuan1sadaunmdnuzal fagu 3.9 wudilvisitiunslalasladsae 0.5 M KOH Tu 80 %
enuea (mnetavil 4) Tagldmdsnuanuouninlulasinidmdslih 100 3ad (Hunan 5wl
aunsadanislalasladliodeanysal Tnelasaisvesuandieamesluleds gnlelasladlaiiiu nsn
luiuBaszassnuazusanesedansen Feanunsaduduldfuavasnassuuuey TLC vanoias

2 fin @15315§7u FATTY ALCOHOL (C18-OH) wagvinenaw 3 fle ansunnsgiunsaaiiedn (FFA)

1
] =f

=¥ A 1] 1 o o s - - al
Tusddenduan daulugsindnisadalndlagiuealaeisnisindndidudiuun @

el = o & o -1 | Y ] P =l e e 1 ] =
M IINANIIUUWATAIENI5NITAUIY 289teY 30 YN PANFIBE LYY STUITBVDY Irmak way
Aty [16] Nlavinnislalaslad Wastralwe WN117 waz3191 A28 1 M NaOH Tumnuea  Taenns

andilunan 30 Ui waznuiteves 35705af wazany [22] 1l wilelasladars KOH 30

-

at =3 - e e o =) as r=J =i
n3u T4 90% Lovuea Ysuns 250 Sadans mmﬁwanwamuqu 80-85 peAgaldiad (Uulnan 2

i TR

3.8 mavilvilwalagueauigns

o ! bl ‘{ st o =
3.8.1 mavinlvlualagruaauignslaenisldiavinazaredunsd

£ A

mavibilwdlasueauians Aensmdansaluiudaszavenivuagivinalagueald
ndunaulalaslad Favasrludaussieamasvosluvirllananiueiduweanssedalsetunse

a =Y o at ar - -] (-] ﬂu AI & @t ar o
ludiudassansenn nisidansalusiudaseyilasurlvientiunislelaslad siasaelsfviazane

HaulaeUsuIng s¥1rIng Wgdu : W1« temnuea (60 : 30 : 10) YSu1ms 200 Haddns fens SWand

[ a'/ 5 A’n as W = =
Wunan 1 92l Tuduseuiliinnisuweniveansaluiudaszeonannindlagiuea Inslndlagiuea

e

Fuiuweanssedasynazaiveylulgdu daunseluiudaszazarsluh thaulngduumhmsar

AN 2 AIBAIYIATANENALTEWIN Ingdu : 11 : tevuea (60 : 30 : 10) USuns 100 fadans vrly

1
=

nedndg Lwnﬁguiwqé’uuwﬁ'ﬂm'saﬁ’mmanﬂ’udwL{‘Jumiaﬁ'mﬁw‘[wgﬁuﬂ%ﬁ 3 usndulvgdunazinly
sume ntuhRuivihasatonan seuing leleoonmu : 1 - lenuea (60 : 30 : 10) W lUIW
and 193l iiuamezduloleeenmusnseis idwAuiteliannsanasneuveweanssedarse
lutuleleeannu nseafunzneu Twalasusanasavanelelesanmu Faduisnisidauwvan
910 35050l uazamy Tutll 2551 [22) uasnedeuamuiavsvelwalagueamewmain TLC uwang

sagu 3.10
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3V 3.10 viuaweilanninnafvesmsviliindlagiueauiavs (n) lubsdunn (a) luisdivdos

UYL
WY 1 Ao aywuswiiawanesveaisiusidnn (FAME)
WINBLAY 2 AR @151715§1W FATTY ALCOHOL (C18-OH)
VLNBLAY 3 AB d@TUIATEIUNIAaFEsn (FFA)

el 4 fie Gulngdu annsainmelvgdunsad 1

a O = o W a4 &4
winBlaY 5 fis Gulvgdu 1nnisaindelngdunisi 2

a O a W w a & o
NUULAY 6 AD 'HUIVIQO'IJ il"lﬂﬂﬂiﬁﬂﬂﬂ?&li‘lﬂ@ﬂﬂﬂ'idﬂ 2)

i
at L

WBLEY 7 A Yuszneuw nnsanamelelgsanyu

winea 8 Ae Yulalgeanivu nmsadanlelelesaniny

s ]

1 23 456 7 8

d J - oy
WaLAADUN AB ﬂaE}I'iWﬂ'{JJ S EINLYU  NTIMNBLYAN BRT1EIU 70 1 30 : 1
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mwhlitvalasueaiildainnislalasladluisiinuuians fensidansaluiudaszaisen

91 vilgnisaindedviazaieieg 33U 3.10 udninismsavasuamuiavsues Inalagiuea

A a

st EE - 3 AJ o n‘: 1 ] o (" s e
Wievihnsanasmulvgdu asan 1-3 uiulngduinnsivaey nuildawisoidansalesiudaszane

o1lo Inodanguavveunsaluiudaszaiseney Tnsuansdamnoian 4-6

mﬂﬁuﬂvﬁ’uiwqﬁuﬁmﬂ'ﬁwﬁu,aanaaaéa'manazmaagj yanng1anasassalsazatsleleesn

v o Ay owd ¢ W
Wy selvinnngnau LﬁUﬂUﬂSﬂ@UWlﬁu HIVAADURILDANDEDAANUETY PNLAAY WHIELAY 7 WU
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woanegedaiy warlinunsalutiudaseanssnd wavihtulelgoaniny Y IMAAEULARINAR LAY
8 Usinguavvedieansgedaiseniaznsaluiudaseanssnn FeanusnduduiuuauasInggIuuy
uniy TLC Tumnelay 2 A @19119§1u FATTY ALCOHOL (C18-OH) waz wneias 3 Ae a1sainsgiy

nsaaLResn (FFA)

o
at

] c‘ £ 5 " [ L3 = =I. al ar
od14l3n1u MnaanIaaeuitld wandliiiiudi nguvesweanesadaissiiinsiisaudaiu
ANAENDUANT (VUN8Lae 7) u,axasmaﬂuag’iu%’waﬂdsﬂaaﬂmu (waneiae 8) mavulutuneusaly
=3 o - 4 - cJ s =Y =i
TihnsvageumINuIansvesindlagiusainnazneuaumemaia lasuilnnswiuuuvesivan

aussourgs (HPLO)

Y $ v @ a ' )

3.8.2 matiuAuUIgnsvedlnalaguealasnisldnitazarsdunidsaununisanadn
mavhilndlaguealiuigvsleensldmvhararedunidsiuiunsanadntu Guaindily

& f YWY a o ¢d (] W a a W fw a
Hamsiunslalasladudalindnduaiduneanssedatssnuarnialududaszanindndsoosalay
o ) = & o | @ o - | o
250 ml Vigaungil 40-45 asrwaided Mntuthluudiduiveliinalaguearosq anaznauadw 1

A s ﬂ: = l:.; “a =1 at £ L ;

avneunlaniinANUTavsvedindlagiuea Inanissvdndseiennu antdunaisazaeadly
= Y w - 1 v o oA v = i) ) -
n3IBken Hud1Tou 150 ml vinisiwe udassiiald dieansuonilu 2 4u wonduiewivuluudifui
gaungil 4 osrwaldua seuUnsenslndlagiueanosq anavnouadul naenynauudltinluauwis
A .‘: o ﬂl:‘ g s - o dl
ielasavateiennusziesenly nduihduihlunsivaeunsaluiudassuaviingnouil
Usrsniewmu lasadeuanuuigvsvesindlaguease TLC ( fsgy 3.11) Tasw3eudisuaay

- & w -::[ 1 = s 1 = =) 5 =
UIVENUATIN UM SINAN TR BT LauLNe T ULAL)
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alcohol

A

FFA

s W 1==2 % 4

£

7U 3.11 fiuaweslasninnsivedlwalasiuea Miuniaviliuiavs
(n) dlawusaiianaldainluisdndes () walawueaitadaldanlilsdun
LB
MY 1 D a15uInsgIuLeanasa (alcohol) (C18-OH)
NUBLAY 2 AD @13umIgIunIaUIAdan (FFA)
winelan 3 Ao duthitldannisare

s

= = a = & =
WUILAY 4 AD MenaulnalaviueantIunIsandndmsozdlau
s & W

=Y 4 ] o 15 g v
NUBLaY 5 Ae ArnaulnalaviueaiiiunsINandagEnmuLaza1seuIsou

o o oA 5 aa
Waraoun Ae raslsnasy : LNy : NSAaL@sn (70 : 30 - 0.1)

13U 3.11 wansbiiiuinluduneunisinliueanesedavenmielnalaviusaiiniy

W
=i ar <4

= 4 o s - - “: o ar =
vianstuiinannishewenninluliudasvesnainindlagiuea lnslutunsniinisataimeesdlau
| - Voo & o - £ =
wazuduieliiianisanaznauasn nntuegneuldasisdeunuuiavsvesindleeiuea lay
1 ar =3 ‘I:’ = d
mndinsaluiudasvavazaieglutuvesasazaivesilau ossnawlelasaisueululianaves
LY =l I L3 = e = 1 5 -J I
nanlviiudasziinnuenaeudiann wasiieswalagiusaviiuiinnazneuaun agelsfinig 910
nsnTRaeuiIneay 4 wuirlunsadamessdlaudiddannsawsnnsaluiudasseanainlnila-

Tueald MIUTINGUOUTBILBaNDRRAIBEINALN A lYTUBAsY

nnduIaiuauuTgslasnstngneulUindnddnaiisslenmunarausiiuni sd
Aaeuseu etndiuvestul (uieay 3) lnsieaeu wuwaurednsalududasy wazludiuves

o | P = o ' a
wwugnunluudiduiieliindlagueannaznou uaziluasiadey (manelay 5) wuitusingiies
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wnuveIwpanegedayenl lusinguavvesnsalududass tukensaingisasenmudaiuaisily
=1 :: I - LY (=3 . EJ st
197 (non-polar) wnnitesdlau awrsanennsalagdusenainlnalagiueals tlesainnsalasiv
i =1 ol 5 g Y ‘e’ £ W o Il =
arargluemnulauniu Usgnauiulutuneumsaranninieu nialuiudsegluguindeveanse
at : L4 :cp . = =4 1 | LY d" =y v L4
Tugfu aansaazareilauniu tegldusmnadanadionisiugnsaueie dwanisvaasaiilidonndod
at - ol = = o = = - r_": PN c%) L
AueuIdeved Gamble uazany 1wl 2003 [17] mililnalagiueadnuuiansiiudu Taonisld
dvihavaedne) Ao or@laudamuiiansavililwalagiueaiinimuians 50 % ntutsnadin
moewny fawuiamnsaviiiinalagueaiianuuiavsiinaudy 65-75 % anuudilnalae
Ay vl e e od oA o a =4 a Y =
ueanlailuiwaeiieduduniuuiansvesinalagiueadslasuilvnsnfvesmalaussourge

(HPLO)

=1 s =9 cs‘ =y =1
3.9 mstuduanuuignsvadinalaguealaglasuiinnsiveumnadaussousge

thnznauveslwalawueairiunsiliuigusuinisBudiuanuuians seomaialasuiin-
ns1iveumadaNssaurgs (HPLO) Wagidsnsiinsalusiudasyuusguiol Inothnznevlwalasiuea
naganesglelslnsmusaniuiinisiiigidae HPLC TnewSsuiisuiuarsunasgrunsaledy
dasy (C18 : 0) Tneldinga9in UV-Vis detector n111819AdU 291 nm Aedwtl Hypersil ODS C-

18 wuna 5 lulaswing 4.0x250 fiadwns Gaiiignaedouiiiiu 91dlalulesd : wvuea (@ : 1)

3.9.1 MIUATIREITUINTFIUNTALUIUDETY
s = :lln « v ar =3 d &
asumsgIunIaluiudasenivsizsig HPLC Aeasuinsgiunsalusiudaseifinsueu

18 azmoy (C18 : 0) Tmaiﬂ‘amiw,LnﬁaJLLamﬁagU 3.12

_ Nemm. |

n
1
2821

U 3.12 lasinlvunsuansuinsgrunsalusiudasy (C18:0)
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a a &
3.9.2 Mins1adauANUTENsvesinalaguealulunsdvn

-

- al at v qn'.r ] o v a‘ -]
ndlagueananalaainluileded wazniunszuIunsylvusans thuinsiadsuainy

5

Uigmd Inewdisuivansuasgiunsaluiudasy nan1snsivaeu uansagy 3.13

(n)

()

3V 3.13 lasunlnunsuves (n) avsunasgiunsaluiudasy (C18 : 0) (v) nsalufudaseituuaglulng

lagusandnalaannluieded

- 4 ol . e‘t’ =l d =l =i 1 v ar
Mnlasulnunsuvesindlagiueananalaainlonsden Wewssuiisuaiainssieiu

lasunlmunsuansunasgunsaluiudasy vibinuindafinsalufudasyuusglulwalasueadiadals

3.9.3 MinsvdauANUIVSvaslnalaguealulvisdmies

(=3 = ar é’ ) o v &
Wndlaueaiianaldanluisdivios uaziunszuaunismsiliuians dunasisaey

AUUSAYS Wnewisuiuansinsgunsalududass nan1smsiadeu udnasagy 3.14
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(n)

(v)

7U 3.14 Tasunlvunsuves (n) ansumsgrunsaluiudasy (C18 : 0) (v) namlusiudasyivuaglu

nalpgusaianalaainloisdvans

= Wy w & o a o = - 1 v oW
ﬂ'lﬂIﬂ'ﬁJ']I'VlLLﬂcjﬂJ‘UE]QIWatﬂ'ﬂ']uaawaﬂﬁlﬂﬂjﬂiﬂNQﬂLﬁaa\i LllElLﬂ‘iﬂULVIEIUﬂ’]L’Ja"Imﬂ‘NﬂU

laslnunsuasiesgunialuiudasy vilinuindsinsaluiudasyueglulndlagueaiiannle

- A E‘ kY -J - 4 =y o W - &
Iﬂﬂ"ﬂ"lﬂ‘ﬂEN"I"Uﬂ"I‘S’J?JEJ‘I.’ILﬂU?‘Uaﬂﬂﬁﬂ'ﬁ’lﬂ'J'lllU?E}Ylﬁ'llﬂﬂIWﬁIﬂ‘mUﬂa?ﬂﬂlﬂiﬂ‘Uﬂi VINNIEU

e

=] 1 A o J - v el ot
wazany LUl 2008 [22] wulnilensivasuauuiansveslnilagueanis HPLC wuinvadlusiy

4 o L) g o L o s =3 A

niinsalvsiudaszyuidoudndes lnelvsrdivedneanunsoadinlnalagiusanaiiy

woaNoFaa
a £ " v -l = I w a o w
UIgVsIINAINIeLaE 94 % aud] warame Tul 2550 [45] leAnwinsanalnalagiueasinlesitng

= 4 e v 1 L 4 ar el = 4
LayATIvdUANUIAVERINGLAY UBAMY HPLC wuinlwdlagueananaiinanuuians 97.88 %

1
YR

Feoglafmuilusmideiliannsnsyauviavdvestnalasueaiild illidonnnandediialy

druvearinsiate Mdlunisinse
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3.10 MmyasziesaUsznavvasinalawiueadlsnfalasuninnsii (GC)

= -:I ar v c'i’ v ] L) e{ a ! =
Indlagueanarinldainluis Wiriunszuumsviliuigns Tasthdauvesmsneulnalagiuea
o v o = & o a ¢ a a
viazardludharaeimzay ndwhnmsiensissdusznevrasinalaeuea femaia GO
wazAnnudaduTevaresrUsznouvedlnalagueadiainle laswTouiisuivansuinsgiulnala

ﬂJ 1
FIUDANAIINENIATUBUAY

3.10.1 M3RATIERETNINTFIVNEANDTRAEEEY
ATUINTFIURILATIEIR I GC ABAITNINTFIUNANVBILOANDBDAAILYII 4
JizgnaunigOctadecanol (C1 8-OH), Eicosanol (C20-OH), Docosanol (C22-OH), Tetraco -sanol
(C24-OH), Hexacosanol (C26-OH), Triacontanol (C30-OH), Dotriacotanol (C32-OH) Stasizsilaele
ABEuY HP-5 (5 % Phenyl-95 % methypolysiloxane) Wsunsugamaiilurag 150-280 asrivadea

lasulvunsuvesansuinsgiuweansged Wanenegy 3.15 UAAINIAIAIAIY UARININITIY 3.3

M § ] i 8
m. 1 73 ™
i ]
e
.k 5
0 § 8
o ®
250 IE
T T =0 ja I O“
= 8
- o gl st & oF
— AR E R 2 o o 2
150 (W) o | Y (@] i, 8
100 4
ol L | | RN
. L L .
1] T T T

T T
] ] 10 15 i) 25 min

U315 lasualnunsuasuinsgiuueanesad 3LAT191d28 (5 % Phenyl-95 %

methypolysiloxane) lutisgaumail 150-280 saanaaidea
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M54 3.3 A1IAIAIAN (Ty) VBIATUINTFIULBANDEDA

Peak Name Ta(min) Area (pA¥*s)
1 Toluene 1.505 879904.9
2 Octadecanol (C18-OH) 9.055 1758.5
3 Eicosanol (C20-OH) 10.265 677.0
a4 Docosanol (C22-OH) 11.369 1038.3
5 Tetracosanol (C24-OH) 12.455 1005.0
6 Hexacosanol (C26-OH) 13.845 818.0
7 Octacosanol (C28-OH) 15.818 976.2
8 Triacontanol (C30-OH) 17.089 4010.4
9 Dotriacotanol (C32-OH) 18.758 11237

31ntasualvauwnsy §U 3.15 LALAI51971 3.4 LAAIAT Retention time (Ty) A0
svgviIanfiansdioginadeuiininyaiiuduauiisianatauesdie fardu A T YBIAITHINTFIUYN
dhanldiileviunesiavesarsidesanarsuiionngg Fauandrsiuiiuegiu suin sUi1e Useg anuda
W32 (Specificity) n139adu (Adsorption) n15agae (Solubility) ilwluianavesansusagyile
\ndouitoenuanaedin Tunaiuandisiu uiasslafeiuiiaueudRmilouty aseenuien

=

aodunflunnailndidssiu (18] Ine T, vealngduild1 1.505 uail uavansuInsgIuLEANBERANAN
firam812A S UBUAI19Y (Mix Std.) A1 T wanedsil fie Octadecanol (C18-OH) fifn 9.055 il
Eicosanol (C20-OH) iA1 10.265 w19 Docosanol (C22-OH) iA1 11.369 u1# Tetracosanol (C24-
OH) flfi1 12.455 Hexacosanol (C26-OH) #if1 13.845 w1¥i Octacosanol (C28-OH) §lfin 15.818 w1

Triacontanol (C30-OH) A1 17.089 w1l way Dotriacotanol (C32-OH) 1iA1 18.758 U

Tunsirsginienanin awnsalden T vinnegiianvesasialaeieuiisuivans

' =l

1195570 LUesaInasyiadieatiu geusla1 Ty wirtu dadunismesAusenauvedlndlagiueadie

wiatla GC Tuanansafgadlenastulszneumeansvilalasnisnislinn Tq

= = - w 3
3.10.2 N5 ATIzRAUsEnauvaslnalawueananalaanluradvuin

a o W Y & a - aaa w o o ow
walagueananalaainloledun Imlmammﬂgﬂ'ﬁmmwlﬂmnwwmaqlwﬁw 100

ar

md w5 Wit Ierunszuiunsiliuansiiuniwssimesddsznevveddndlariuea laenis
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141 Ty lunisiSeuiisuivaisuinsgiuueanesed U 3.16 wandlasunlnunsuaIsuinggIu

3 =l = at = -_-J as s ‘g =i 1 o
woanageallssusunulndlagiueananalaainludead@e1d Lazn1519 3.4 wanem T wasiouay

ar

dnd1UnIAUIZNOUVDILDANDEBA

M ¥ ¥
450 1 il
w0
a &
2
350 4
3004 g
®
(n) g o
250 &
5 8
w04 T | = - 4
P 51 3|83 Qe
e o~ | = In]
B N N N a1
ol vulul o [
100 4
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o ly__ i L_IL_..._I
- T
1} 5 10 !Iﬁ 2‘0 2‘5 min
SN ;
180
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o=
140 5| © 3 =
I T
] = @
120 o wJ % 2 §
I
(1') ] T Q - S !
5 3
i ] (=R T,
&~
oo ] Yoo ]
g 4
= 8
40 ﬁ T
2
20
' T v
i

)
o>
s
&
4
8
2
Ey

& = ) at LY q‘f’
gU 3.16 uanalpsuilnunsuansansgiukeansead (n) uarindlagueanaialdainluisdvnlay
' aaa W W oo w W da ¢
msissiisenlelaslawtudiolulasianididalni 100 a6 wiu 5 il (v) AAIEA

seaaaNy HP-5 Tugisgumanil 150-280 ssmiwalded

antasulvunsuvedinalagusaianaldanluifadunn (n) Wisuieutulasuain-
LNTUATIIATEILLEANEEBRA wazldevihin1slTeuiisuAiaiaing wuiilwalpgueaiadnainly
Hadv1aUsznauludae Eicosanol (C20-OH), Docosanol (C22-OH), Tetracosanol (C24-OH),
Hexacosanol (C26-OH), Octacosanol (C28-OH), Dotriacontanol (C32-OH) wag Tetratricontanol

(C34-OH)
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A1519 3.4 AA1AIRNY (Tp) wavspeavdndiusiaUsynauveILeanoged Nanmlnalnluiedy

1 o e LY a0 w & =l
Tnemsssjisenlelaslawdumelulasivnddsivi 100 Jad 5 uiil

Tq Area Alcohol ratio (%)
Peak Name
(min) (pA*s)  Experimental Reference [18]
1 Toluene 1.4470 13333845 - -
2 Octadecanol (C18-OH) - - - -
3 Eicosanol (C2Q—OH) 10.308 31.0 0.94
4  Docosanol (C'Z;Z-OH) 11.378 60.6 1.84 -
5  Tetracosanol (C24-OH) 12.448 650.5 19.76 9.0
6  Hexacosanol (C26-OH) 13.836 649.0 19.72 13.9
7 Octacosanol (C28-OH) 15.798 626.6 19.04 18.3
8  Triacontanol (C30-OH) - - - 36.9
9  Dotriacontanol (C32-OH)  18.731  883.4 26.84 20.8
10  Tetratricontanol (C34-OH) 23.185 390.3 11.86 1.1
Total 100 100
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Tetratricontanol (C34-OH) il 11.86 %
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Hexacosanol (C26-OH), Octacosanol (C28-OH), Dotriacontanol (C32-OH) way Tetratricontanol

(C34-0H)
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Tk Area Alcohol ratio (%)
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1 Toluene 1.4450 13061104 - -

2 Octadecanol (C18-OH) - - - -

3 Eicosanol (C20-OH) 10.306 43.2 0.47

4  Docosanol (C22-OH) 11.376 109.6 1.19 -

5 Tetracosanol (C24-OH) 12.548 1851.9 20.06 9.0

6 Hexacosanol (C26-OH) 13.854 1734.3 18.78 1.5
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8  Triacontanol (C30-OH) 36.9

9 Dotriacontanol (C32-OH)  18.796 2508.3 27.17 20.8

10  Tetratricontanol (C34-OH) 23.256 1229.7 13.31 1]
Total 100 100
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(C34-OH) 1 13.31 %
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Abstract:

Policosanol is a group of long chain aliphatic alcohols of 20-36 carbon atoms which
have beneficial uses in pharmaceutical and supplementary products. For this research, we had
successfully used microwave instrument for activating hydrolysis of the wax ester in beeswax
to policosanol in short time. The beeswax contained 0.2-0.5 % of moisture and melted at 58—
62 °C. The crude beeswax was purified by refluxing with hexane and isopropanol for
triglycerides elimination. The purified beeswax was completely hydrolyzed with 0.5 M KOH
in 80% ethanol in 5 minutes at 100 watts microwave irradiation activation. The wax ester was
hydrolyzed to long chain alcohols (policosanol) and long chain fatty acids, and thin layer
chromatographic technique (TLC) was used to analyze the products. The hydrolysis
technique via microwave energy was successfully used for policosanol extraction from

beeswax.

1. Introduction

Policosanol is defined as a mixture
of high molecular weight aliphatic primary
alcohols with chain lengths ranging from
20 to 36 carbon atoms and contains mainly
docosanol, tetracosanol, hexacosanol,
octacosanol and triacontanol.' Policosanol
is used for many conditions; it is
principally used to reduce plasma total
cholesterol and low-density lipoprotein
cholesterol levels, and increase high-
density lipoprotein cholesterol.” Moreover,
it has favorable effects on intermittent
claudication, possibly due to its effects on
platelet aggregation and endothelial
function, and aiding in the prevention of
cardiovascular disease.’

A common source of policosanol is
several, such as rice bran wax, wheat
germ, sugar cane, and beeswax.” The
isolation of policosanol was divided into
two main  steps:  extraction and
purification. However, materials used in
the extraction will affect the volume and
the composition of policosanol

Beeswax mainly consists of esters
of fatty acids and various long-chain
alcohols. The extraction of policosanol or
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long chain alcohols from the wax was
done by hydrolysis or saponification.
Common bases used in catalysis include
sodium hydroxide (NaOH) and potassium
hydroxide (KOH), which can react in an

organic solvent phase. The reported
organic solvents used for extraction are n-a
hexane, toluene, benzene, ethanol,

methanol and acetone.® There is a variety
of methods to purify policosanol. The most
popular method is extracting with various
solvents to separate policosanol out of free
fatty acids. Gamble and et al.” reported on
beeswax extraction by hydrolyzing with
KOH in acetone at 50-60 °C for 3—7 hours
following by cooling at 2 to -10°C for 18
hours to purify the policosanol. Miguel et
al. (2013)® had used KOH as catalyst in
policosanol extraction at 100 °C for 2
hours. However, the longtime of
policosanol extraction via hydrolysis is a
drawback in the extraction.

The main objective of this study is
to develop methods for policosanol
extraction from beeswax by microwave
radiation to complete hydrolysis of
policosanol in the short time. The

© The 2016 Pure and Applied Chemistry International Conference (PACCON 2016)
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completion of reaction was monitored by
thin layer chromatography (TLC).

2. Materials and Methods
2.1 Materials and reagents

The white and yellow beeswaxes
were obtained from Chamipan (Germany)
and Honey Pradid Farm (Maewang,
Chiang Mai), respectively. All solvents
were analytical grade which purchased
from  Labscan  (Thailand).  lodine
resublimed was acquired from QReC
(New Zealand). Stearic acid was supplied
from Fluka (Switzerland). Steryl alcohol
was purchased from Sigma Aldrich
(Japan). Rice bran oil, used as a
triglyceride standard, was food grade.
2.2 Humidity and melting point of
beeswax

The humidity of the beeswax was
determined by drying at 60 °C for 8 hours
until the weight was constant. The melting
point of beeswax was performed by
transferring the beeswax into the capillary
tube fixed with thermometer. The fixed
capillary tube and thermometer was
dropped into oil baths and the oil was
heated. The range of beeswax melting
temperature was recorded three times.
2.3 High purity beeswax preparation

The round bottom flask was
equipped with a reflux condenser.
Beeswax sample 20 g was mixed with 140
ml of hexane. In the first step, the
temperature for refluxing beeswax was 65
°C for 30 minutes followed by washing
with 70 ml of hot hexane twice. In the
second step, the beeswax from the first
step were repeated by refluxing with
isopropanol at 70 °C for 30 minutes. The
disappearance of impurities beeswax was
checked for purity by TLC plate, and the

bands were developed by iodine
resublimed.

2.4  Optimization of  potassium
hydroxide concentration in organic

solvent for catalysis
The potassium hydroxide solution
was used to catalyze the reaction. It was
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prepared in various concentrations at 0.5,
1.0 and 2.0 M in many type of solvents
such as 80% ethanol, toluene, hexane,
chloroform and petroleum ether.
2.5 Extraction of policosanol
beeswax by microwave energy

The high purity beeswax was
hydrolyzed with 0.5, 1.0 and 2.0 M KOH
in 80% ethanol at 100 watts of microwave
energy for 5 minutes as an activation
source. The completion of reaction was
tested by TLC.

from

3. Results & Discussion
3.1 Humidity and melting point of
beeswax

Physical properties of white and
yellow beeswax including humidity and
melting point are shown in Table 1. White
and yellow beeswaxes had 0.2606% and
0.4972% humidity, respectively. The low
humidity content indicated good quality of
beeswax resulting in a low level of rancid.
The melting point was found in the range
of 58-62 °C for both beeswaxes. The broad
range of the melting point is because major
components of beeswax are a mixture of
long chain primary aliphatic alcohols, long
chain fatty acids and other contaminations.
Although the honeys are the cause of the
color in yellow beeswax but it does not
affect the melting point.

Table 1. Humidity and Melting point of
beeswax.

Humidity Melting point
Sample (%) (°C)
White beeswax 0.2606+0.0808 58-62
Yellow beeswax  0.4972+0.0857 58-62

3.2 High purity beeswax preparation
The removal of triglycerides and
free fatty acids was done by refluxing with
hexane twice followed by refluxing with
isopropanol. Figure 1-3 showed the TLC
plates of the high purity white and yellow
beeswaxes. Triglycerides were not found

© The 2016 Pure and Applied Chemistry International Conference (PACCON 2016)
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FAME
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Figure 1. Thin layer chromatography of beeswax whose triglycerides were removed by
refluxing with hexane. (A) white beeswax (B) yellow beeswax, (1 = rice bran oil (TG); 2 =
standard fatty acid methyl ester (FAME); 3,5 = beeswax after refluxing with hexane in first
and second time; 4,6 = hexane solution used to reflux the beeswax).

Figure 2. Thin layer chromatography of beeswax whose triglycerides were removed by
refluxing with hexane when compared with isopropanol. (A) white beeswax (B) yellow
beeswax, (1 = rice bran oil (TG); 2 = standard fatty acid methyl ester (FAME); 3 = beeswax
refluxed with hexane in second time; 4 = hexane solution used to reflux the beeswax; 5
=beeswax refluxed with isopropanol in first time; 6, isopropanol solution used to reflux the

beeswax).

in TLC plates, so it was assumed that
elimination of triglyceride impurity was
complete. However, the remains of free
fatty acid in the purified beeswax were
eliminated again together with long chain
fatty acid which is by product from
hydrolysis reaction. The beeswax ester
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with high purity was used as the material
to extract policosanol.

3.3  Optimization of  potassium
hydroxide concentration in organic
solvent for catalysis

The data in Table 2 were

considered in selecting the types of solvent

© The 2016 Pure and Applied Chemistry International Conference (PACCON 2016)
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FAME
TG

1 2 3 4 5 6
Figure 3. Thin layer chromatography of the yellow beeswax whose triglycerides were
removed by refluxing with isopropanol. (1 = rice bran oil (TG); 2 = standard fatty acid
methyl ester (FAME); 3,5 = beeswax refluxed with isopropanol in first time and second time;
4,6 = isopropanol solution used to reflux the beeswax).

FAME FAME
Alcohol Alcohol
FFA
FFA
1 2 3 4 L 1 2 1N 5 6
A B

Figure 4. Thin layer chromatography of beeswax from hydrolyzation with 0.5 M 1.0 M and
1.0 M KOH solution in 80 % ethanol (A) white beeswax (B) yellow beeswax. (1 = fatty acid
methyl ester (FAME); 2 = standard fatty alcohol; 3 = stearic acid (FFA); 4 = hydrolysis
beeswax with 0.5 M KOH in 80 % ethanol; 5 = hydrolyze beeswax with 1.0 M KOH in 80 %
ethanol; 6 = hydrolyzed beeswax with 2.0 M KOH in 80 % ethanol).

suitable concentration of base to catalyze used as catalyst for beeswax hydrolysis of
the reaction for extraction of policosanol. policosanol in the next step.

The result showed that 80% ethanol was 3.4 Extraction of policosanol from
indeed the effective solvent for dissolving beeswax by microwave energy

KOH at all concentrations. The KOH The result of high purity beeswax
solution in 80% ethanol was prepared in hydrolysis was shown in Figure 4. The
0.5, 1.0 and 2.0 M of concentration to be hydrolysis was done by catalyzing with

0.5, 1.0, and 2.0 M KOH concentrations
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which were activated by 100 watts of

microwave energy for 5 minutes. From
TLC data in Figure 4, the wax ester band
was not found because the wax was
hydrolyzed to long chain aliphatic alcohol
and long chain fatty acid. Moreover, the
completion of hydrolysis was performed
under 0.5 M KOH catalysis in rapid time
of microwave energy.

Table 2. The dissolution of various KOH

concentrations (0.5, 1.0 and 2.0 M) in
many types of organic solvents.

Organic solvents/ concentration Dissolution

80% Ethanol

05 M et

1.0M ++++

20M ++++
Toluene

0.5M a0

1.0M i

20M +
Hexane

05M 4t

1.0M ++

20M +
chloroform

0.5 M +

1.0M +

2.0M +
Petroleum ether

0.5 M ++

1.0M +

20M +
The symbol (+) show efficiency of KOH
dissolution.

4. Conclusion

This work was successful in using
of microwave energy activating the
hydrolysis  reaction for policosanol
extraction from in shorter time consuming
than refluxing technique.
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Policosanol is a mixture of long chain aliphatic alcohol of 20-36 carbon atoms. It has
been use in pharmaceutical composition and dietary supplements. Beeswax is a rich
sources of Policosanols. In this research, we focus on extracted and purified
policosanols from Thai beeswax. The compositions of beeswax were checked by TLC
and it contains wax ester, free fatty acids and triglycerides. The impurity such as
triglycerides and free fatty acid were removed via refluxing with hexane. The get rid of
triglycerides beeswax was saponified with 2.0 molar NaOH in 80% ethanolic on 3
hours. The saponified beeswax was great purified by the mixture of toluene : water :
ethanol (70 : 20 : 10 v/v) in first step and use of isooctane : water : ethanol (70 : 20 : 10
v/v) in the second step. The isooctane extracted mostly contains policosanols without
free fatty acids. The policosanols compositions were identified by gas chromatography
and the range of carbon chain in fatty alcohol were C g to Cso. Thereby Tetracosanol
(Ca4) was predominant fatty alcohol in range 34.80 - 46.54 % proportion of total

alcohols.

© 2015 AENSI Publisher All rights reserved.

To Cite This Article: Anakhaorn Srisaipet and Policosanols Content and Composition of Thailand Beeswax. Aust. J. Basic & Appl. Sci.,

9(8): 42-47, 2015

INTRODUCTION

Policosanols (PC) are a mixture of long chain
aliphatic primary alcohol (20-36 carbon) that have
been reported to have low-density lipoprotein and
increasing high-density lipoprotein (Castano ef al.,
2001, Mas et al., 1999, Menendez et al., 1999 and
Nurhan et al., 2010). Policosanols has also beneficial
effects on smooth muscle cell proliferation, reducing
plated aggregation and LDL peroxidation (Fraga et
al., 1997, Kato et al., 1995 Gouni-Berthold and
Berthold, 2002, Irmak and Dunford, 2005, Valdes et
al, 1996). Currently, a number of dietary
supplements containing policosanols are
commercially available in the world market. The
majority of these products are prepared from sugar
cane and beeswax extracts (Irmak et al., 2006).

Beeswax is a rich source of policosanols. It is a
complex mixture of long-chain alkanes, alkenes,
monoester, diesters, hydroxymonoester and fatty acid
as well as several minor components. Much of ester
in beeswax are contain palmitic, oleic and
tetracosanoic acid ester of alcohols ranging in length
from 12 to 36 carbons, Monoester of Cyy to Ciy
alcohols are about 40% of the composition of
beeswax (Jackson, and, 2006). The compositions and
content of substance in beeswax are various with

origins (European bees Apos mellifera, African bees
Apis mellifera adansonii and Asiatic bees Apis
dorsata, Apis florea e Apis indica) (Ilaria and Maria,
2004). Beeswax from difference provinces of Spain
are compost of various of long chain aliphatic
alcohol from 16 to 34 carbon (Jimenez et al., 2004)
whereas, beeswax from Portuguese shown in carbon
18 to 34 atoms (Miguel and Fernando, 2013).
Thereby, the analyzation of beeswax from USA
indicated aliphatic alcohol from C 20 to 30 and the
main component of policosanols more than 40% is
triacontanol (C30-OH) (Irmak et al., 2006).

The aim of this work was to establish the
policosanols composition of beeswax from northern
area of Thailand due to it is a main location of bee
farms in the Country. The isolation and purification
of alcohols was done after bees wax saponified
follow by the characterization of long chain alcohol
by GC-MS and GC-FID.

Experimental.
Materials:

Beeswax was obtained from Supa bee Farm in
local area at Chiang Mai, Thailand. All solvents were
analytical grade (Lab scan, Thailand). Sodium
hydroxide, potassium hydroxide steric acid and steryl
alcohol (C18-OH) were supplied by Sigma Aldrich,
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Thailand. Rice bran oil, used as a triglyceride
standard was food grade.

Moisture content and compositions of beeswax:

The moisture content of the beeswax was
determined by drying at 105°C until the weight
constant.

The compositions of beeswax were done by
spotting of beeswax, rice bran oil (as triglyceride;
TG), standard steric acid (as free fatty acid; FFA)
and steric acid methyl ester (as fatty acid methyl
ester; FAME) on TLC plate. The developing solvent
was a mixture of hexane, ethyl acetate and acetic
acid (90: 10: 2, v/v/v) and developed bands by iodine
resublimed.

Samples preparation:

Beeswax were prepared dissolving in hexane (10
g wax/10 ml) and it was repeated 3 times refluxing in
water bath for 30 minutes with continuous stirring
and following by washing with hot hexane. Then, the
mixture was dried at 55°C for 24 hours to eliminate
hexane. The get rid of impurity in wax was spotted
on TLC plated and developing as previous
experimental method.

Extraction and purification of Plicosanols from
beeswax:

Five grams of high purity wax ester was
hydrolyzed by refluxing with 100 ml of 0.5, 1.0 and
2.0 M of NaOH or KOH in 80% ethanol for 3 hours.
The sample mixtures of hydrolyzed wax were check
by TLC every 1 hour. The developing solvent was a
mixture of chloroform, hexane and acetic acid (70:
30: 0.1, v/v/v) and developed bands by iodine
resublimed.

The saponified wax ester was purified by
refluxing with 200 ml of toluene, water and ethanol
(70: 20: 10 wv/v/v). The two steps of refluxing
condition were heat at 80-90 °C with continuous
stirring for 30 minutes in the first step following by
decreasing temperature to 60-70 °C for 30 minutes
without stirring in the second step. The toluene
extracted was collected for repeating purification by
washing and overnight soaking with isooctane, water
and ethanol (70: 20: 10 v/v/v). The mud cake was
discard and the mixture of solvents were separated
from the cake. After the mud cake was dried at 60 °C
resulting in policosanols. The policosanols purity
was checked by TLC.

Compositional analysis of Policosanols by GC-MS
and GC-FID:

Sample solutions were prepared by accurately
weighting the proper amount the policosanols
samples obtained as described under extraction of
policosanols from beeswax and it were mixed with
isooctane as solvent.

GC-MS:

A Hewlett-Packard 6890  series  gas
chromatograph (GC) system was directly coupled to
a Hewlett-Packard 5973 mass spectrometer. A fused
silica  capillary HP-5 (5%  phenyl-95%
diethylpolysiloxane, 30 mx 0.25 mm, 0.25 pm film
thickness) from Hewlett-Packard used for the
analysis. The GC oven temperature was kept at 50 °C
for 1 minute and programed at 5 °C/min to 320 °C
and maintained at this temperature for 15 minutes.
Initial flow rate of the carried gas (helium) was 1.0
ml/min. The inlet temperature was 300°C. The MS-
temperatures were as follow: ion source: 230°C,
quadrupole: 150°C. The ionization energy was 70 eV
and a mass range of 50-600 U (2 scans/s). The
sample were injected with 1:10 split ratio. Data
analysis was carried out by using HP Chemstation
software. The policosanols compositions of the
samples were identified by direct comparison of their
chromatographic retention times and mass spectra
with those of authentic compounds. The peaks were
also confirmed with NIST/EPA/NIH Mass spectra

library.

GC-FID:

GC (Agilent Technologies 7890A series)
separations were performed using a HP-5 capillary
column. The oven temperature was programed as
follow: the initial temperature was set at 150°C for 3
minutes, raise to 280 °C at 15°C/min and held at
280°C for 10 minutes. The carried gas was nitrogen
with a flow rate 1 ml/min and the detector
temperature was 280 °C. The Pressures of hydrogen
and air were 60 and 5 KPa, respectively. The
injection volume was 1.3 ul and the split ratio 1:30.

RESULTS AND DISCUSSION

Moisture content and compositions of beeswax:

The moisture content of beeswax show in range
0.5266+0.03%. The compositions of beeswax
material are show in Fig. 1. It is compost of wax
ester, free fatty acid and triglyceride which is similar
to previous report (Gemble and William, 2003). The
get rid of impurity in wax such as triglycerides and
free fatty acids is necessary step to prevent soap
forming via hydrolyzation with strong base
(saponification).

The elimination of triglycerides and free fatty
acids were done by dissloving beeswax in hexane
and repeated 3 times refluxing for 30 minutes with
continuous stirring following by washing with hot
hexane. TLC plate of the elimination show in Fig. 2.
Triglycerides can be removed in the third refluxing
time and washing with hexane. However, the remains
of free fatty acid will be eliminated together with
long chain fatty acid which is by product from
saponification  reaction or the policosanols
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purification step. The high purity of wax ester will be
used as material to extract policosanols.

Extraction and purification of Policosanols from
beeswax:

The TLC had been present to hydrolyzation of
the high purity wax ester by saponification reaction
with 0.5, 1.0 and 2.0 M of NaOH in Fig. 3 and Fig. 4
for KOH in 80% ethanol for 3 hours. From the data,
both of the strong base show high efficiency in
catalyzation the saponification in only 1 hour at the

FAME

el

i

| % ; g ‘E
2

1

lowest concentration. The wax ester did not appear
on the TLC plate due to hydrolyzation the wax to
long chain fatty acids and long chain aliphatic
alcohols. The base NaOH 0.5 M were chosen for
catalysis in saponification due to the reason to
protection the possible emulsion formation from
KOH catalysis. Moreover, a shorter reaction times
have benefited to keep away from the formation of a
brown precipitate thus highlighting a partial sample
degradation (Ilaria and Maria, 2004).

<+—— Waxester

————— FFA

3 4

Fig. 1: Thin layer chromatography of beeswax sample materials. (1, rice bran oil (TG); 2, standard fatty acid
methyl ester (FAME); 3, beeswax sample and 4, standard free fatty acid (FFA)).

FAME

TG

i

Wax ester

FFA

5 6

Fig. 2: Thin layer chromatography o1 the get ria or impurity rrom beeswax sample materials. (1, rice bran oil
(TG); 2, standard fatty acid methyl ester (FAME); 3, first reflux beeswax; 4, second reflux beeswax; 5,
third reflux beeswax and 6, standard free fatty acid (FFA))

The composition of long chain fatty acids and
long chain aliphatic alcohols (Policosanols; PC) from
saponified wax ester were purified by 2 step of
temperature refluxing with the mixture of toluene,

water and ethanol (70: 20: 10 v/v/v). The high
temperature in first step at 80-90°C involves in non-
policosanols elimination (Nurhan et al., 2010). The
policosanols dissolved in toluene whereas sodium
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salt dissolved water in the fact that the emulsion
forming of long chain hydrocarbon in fatty acid
dissolving in non-polar toluene is a problem in
purification. This problem can solved by ethanol
addition into the solvent mixture, thereby clear of the
layer separation. The policosanols extracted were
repeated extraction via washing and soaking with
isooctane water and ethanol (70: 20: 10 v/v/v). The
non-polar isooctane which more than toluene had

1 2 3 4 5 6 1 2

(B) 1.0 M NaOH

4/7 EoNIp6

affect to increasing of policosanols purity due to
decreasing the free fatty acid solution in this phase.
The supernatant was collected to check by TLC
which the indirectly way used to check policosanols
purity (Fig. 5) and policosanols recovery got from
this fraction by isooctane evaporation. The
precipitate was dried at 60 °C resulting in white —
yellow powder of policosanols for GC analyzation.

(C) 2.0 M NaOH

. Sterly
" alcohol

FFA

18283 4==56

Figu. 3: Thin layer chromatography of saponified beeswax catalyzed by (A) 0.5, (B) 1.0 and (C) 2.0 M of
NaOH in 80% ethanol. (1, rice bran oil; 2, steryl alcohol; 3, standard free fatty acid (FFA); 4, 1 hr. of
hydrolyzation; 5, 2 hr. of hydrolyzation and 6, 3 hr. of hydrolyzation).

(A) 0.5 M KOH

3 o

(B) 1.0 M KOH

(C) 2.0 M KOH

e

‘ — TG

Sterly
alcohol

1 2 3/ 4.5 |6 1 23 4 5 6

Fig. 4: Thin layer chromatography of saponified beeswax catalyzed by (A) 0.5, (B) 1.0 and (C) 2.0 M of KOH
in 80% ethanol. (1, rice bran oil (TG); 2, steryl alcohol; 3, standard free fatty acid (FFA); 4, 1 hr. of
hydrolyzation; 5, 2 hr. of hydrolyzation and 6, 3 hr. of hydrolyzation)

Compositional analysis of Policosanols by GC-MS
and GC-FID:

Sample solutions were prepared by mixed the
policosanols extracted with isooctane. GC-MS
analysis of this mixture showed identifiable as five

alcohols in Fig. 6 and the policosanols composition
and content repeated analysis by GC-FID. A typical
chromatogram of policosanols in beeswax sample is
shown in Fig.7. Identification of the components and
content are shown in tablel. Beeswax from northern
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area of Thailand is compost of various of long chain various policosanols composition depend on the
aliphatic alcohol from 18 to 30 carbon and the main origins of beeswax such as America, European or
component of policosanols more than 40% is African Jimenez et al., 2004, Miguel and Fernando,

Tetracosanol (C24-OH) (Irmak etr al., 2006). The 2013, Ilaria and Maria, 2004 and Irmak et al., 2006).

FAME

Sterly
alcohol

FFA

1 2 3@/UEV¥h 6

Fig. 5: Thin layer chromatography of the purify policosanols extracted (1, standard fatty acid methyl ester
(FAME); 2, steryl alcohol; 3, standard free fatty acid (FFA); 4, saponified beeswax with 0.5 M NaOH 1
hr.; 5, isooctane fraction and 6, water and ethanol fraction)
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Fig. 6: Total ion chromatogram of fraction of policosanols product from beeswax.
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Fig. 7: Chromatograms of GC-FID of long chain aliphatic alcohol (A; steryl alcohol, B; supernatant fraction and
C; precipitate fraction).
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Table 1: Policosanols compositions of from beeswax.

Peak No. Long chain alcohol Long chain alcohal
(% portion)
1 Octadecanol (C18-OH) 4.54
2 Eicosanol (C20-OH) 5.465
3 Docosanol (C22-OH) 10.54
4 [ Tetracosanol (C24-OH) 40.67
3 hexacosanol (C26-OH) 16.135
6 octacosanol (C28-OH) 9515
- 7 Triacontanol (C30-OH) 13.135
Total 100
Conclusions: Journal of Agricultural and Food Chemistry, 53:

In this work, a successful extraction, purification
and determination of the chemical profile of
policosanols from Thai beeswax was performed.
Tetracosanol (C24-OH) have highest quantities of
the long chain alcohols compared to the composition
of beeswax. The different chemical compositions of
policosanols in beeswax were relation to natural
beeswaxes and source-dependent. This study exhibit
a preliminary data of policosanols from beeswax in
Asia for developing to pharmaceutical industries.
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