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Abstract

Project Code: RDG5850063

Project Title: The extraction and fractionation of waxes and nutraceuticals
from filter press mud obtained during sugar refining process

Principal Investigator: Dr.Kittiwut Kasemwong

Project Period: 12 Months (From June 1%, 2015 to May 31%, 2016)

Title of Sub Project 1: The extraction and fractionation of sugarcane wax from
filter press mud using supercritical fluid carbon dioxide
extraction in pilot scale

The filter cake obtained from Ban Rai Sugar Industry Company Limited,

Uthaithani province, was dried until the moisture content was about 14-16%. The

sugarcane wax was then extracted from dried filter cake with three different types of

solvent i.e. hexane, ethanol and isopropanol. It was found that hexane was the most
effective extracting solvent resulting in 6.99% vyield of wax, followed by ethanol

(5.79%) and isopropanol (4.67%) respectively. Ethanol was chose as a co-solvent for

the extraction of the sugar cane wax by the super critical fluid carbon dioxide (sc-

CO,) technique due to its environmentally friendly solvent compared to hexane and

isopropanol. In a 50-liter sc-CO, extractor, three parameters were studied: pressure,

temperature and extraction time. It was found that under pressure of 200 bar,
temperature of 70 °C and the extraction time of 60 minutes, the highest yield of
sugarcane wax was obtained in 137.43 ¢/10 kg of dried filter cake. The factors that
affecting the yield of the extraction were as follows: extraction time, pressure and
temperature, respectively. The resulting wax extracted by sc-CO, was analyzed by
means of the acid value of 31.10 + 0.80 mg KOH/g sample, the saponification value
of 5590 + 7.86 mg KOH/g sample and the iodine value of 30.02 + 1.88 ¢ I,/100 ¢
sample. The melting point of the sample was 72.0 + 1.0 °C. There are no different in
standard organic fertilizer protocol testing on the filter cake samples before/after
extracting with sc-CO,. In fact, the total potassium content (K,O) did not pass organic
fertilizer standards and the germination index was found to be less than 80%. Thus,
this filter cake can only be used as soil amendment instead of organic fertilizer. In

this research project, we could extract the sugarcane wax in 5.148 kilograms with
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moisture content of 14.22% and a 29.88% of policosanol content. There are 2 cases
on the cost analysis of sugar cane extraction process using the sc-CO, with semi-pilot

scale.

In case of purchasing the extractor machine, it was found that with the
payback period of 3 years, 5 years and 7 years, the sugarcane wax sale price
evaluation at breakeven point was 26.49, 21.65 and 19.59 baht per gram of sugarcane
wax respectively. The return on investment (ROI) from the payback period of 3 years,
5 years and 7 years was 72.77%, 59.47% and 53.81%, respectively, and the return on
investment from the payback period of 3 years, 5 years and 7 years was equal to
2.8% per annum, 2.6% per annum and 0.5% per annum, respectively. These are
lower than the minimum investment return of 10%. Therefore, this project is not
proper to be invested. In case of machinery rental projects, the sugar cane sales
price was 11.74 baht/gram of sugarcane wax so that the price can be set to compete

with the market price. Thus, the latter project could be feasibly invested.

Title of Sub Project 2: Development of Policosanol Product for Food and
Pharmaceuticals Industry by Nano-Controlled Release

Technology

This research investigated the process of extracting policosanol from
sugarcane wax and performed the additional purification processes to increase its
purity by using chemical treatments. It was found that the cleaning process of
sugarcane wax with hot solvent can remove most of other additives for instance,
phytosterols. Ethyl acetate was a solvent of choice for sugarcane purification
confirmed by GC-MS analysis which gave the highest content of policosanol. In
addition, saponification can remove the fatty aldehyde impurities which were
confirmed by the absence of the peaks of the substance on GC-MS analysis.
Policosanol extraction yield was 20.18% (w/w) with a chemical purity of 78.29%
(w/w). The policosanol extract contained Tetracosanol (Cy), Hexacosanol (Cy),
Heptacosanol (Cy7), Octacosanol (Cyg) and Triacosanol (Csp) with the majority of
Octacosanol (Cys) up to 61.28% (w/w). The controlled release formulation was
successfully developed from the mixture of HI-CAP® 100 modified starch with
maltodextrin at 50/50 by emulsion solution that showed good physical stability at

room temperature. After spray drying process, dried powder particles had a moisture
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content of 5.35% and showed good flow properties with Carr's compressibility index
and Hausner ratio of 15.63 and 1.19, respectively. The particle size of the emulsion

(median size; Dv50) was 3.10 microns and the zeta potential was -27.47 mV.
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Octacosanol-C28 (31.208 u1¥) wag Triacosanol-C30 (33.164 11#)

15 GC-MS lasanlninsuiuuvengdiuyesansuinsgiu policosanol W10 Pl42
Uszny be A Eicosanol-C20 (24.685 w19 ), Heneicosanol-C21
(25.579 u1#), Docosanol-C22 (26.433 w1#), Tricosanol-C23 (27.265
Y19), Tetracosanol-C24 (28.103 u1¥), Pentacosanol-C25 (28.862
Y19), Hexacosanol-C26 (29.633 141), Heptacosanol-C27 (30.323
14191), Octacosanol-C28 (31.208 u19) wag Triacosanol-C30 (33.164
W7)

16 Wem3 mass spectrum UBIA1TUIATFI1U policosanol W 10 ¥im : P46
(15a)Eicosanol-C20 (24.685 w19 ), (15b)Heneicosanol-C21 (25.579
419 ), (15c)Docosanol-C22 (26.433 w19 ), (15d)Tricosanol-C23
(27.265 %), (15e)Tetracosanol-C24 (28.103 w1
), (15fPentacosanol-C25 (28.862 U1 ), (15¢) Hexacosanol-C26
(29.633
UIN), (15h)Heptacosanol-C27 (30.323 1419), (15))Octacosanol-C28
(31.208 u) wa (15))Triacosanol-C30(33.164 1)
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17

18

19

20

21

22

#1508N N (i9)

GC-MS Tasunlnunsuasanaludesa1nninuilansouigsunuaIs
U1 331U policosanol 1713\‘1 10 UszLan LawA Eicosanol-Cy (24.685
119), Heneicosanol-C,; (25.579 1419), Docosanol-Cy; (26.433 U19),
Tricosanol-Cy; (27.265 U 191 ), Tetracosanol-Cp (28.103 w191 ),
Pentacosanol-Cps (28.862 U191 ), Hexacosanol-Cys (29.633 w1 ),
Heptacosanol-Cy; (30.323 1191), Octacosanol-Cps (31.208 U1¥1) Wag
Triacosanol-Cso (33.164 111)

GC-MS TasunIviATULUUTEYEIUYR9ENTa R lude8a1nN NN T
Jiufuansunnsgiu policosanol 71 10 Useiam Tdu Eicosanol-Cy
(24.685 W 17 ), Heneicosanol-C (25.579 419 ), Docosanol-Cy,
(26.433 U19), Tricosanol-Cys (27.265 U19), Tetracosanol-Cyg (28.103
Y19 ), Pentacosanol-Cps (28.862 1419 ), Hexacosanol-Cys (29.633
119), Heptacosanol-Cz; (30.323 w1#), Octacosanol-Cas (31.208 W1)
waz Triacosanol-Csg (33.164 w1)

N3 IMNINTFIUVBIAITALAIUNINTFIU Tetracosanol-C24 Tun15mn
U3u1as policosanol luansafnludesainninuniensesfiaingae
supercritical fluid CO2

N3 IMUINTFIUVBIATALA18UINTFIU Hexacosanol-C26 Tun1snn
U3u1as policosanol luansafnludesainninuniensesfiaingae
supercritical fluid CO2

N3INUINTFIUVDIA1T8LA 18NN TF U Octacosanol-C28 Tun1snn
U3u1as policosanol luansafnludesainninunionsesfiaingae
supercritical fluid CO2

N31MUINIFIUTDIATALANBUINTFIU Triacosanol-C30 Tun1smiusunn
policosanol luansafnludesainninniiensesfiadndie supercritical
fluid CO2
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AWl vl

23 wWadidud yield 189813 policosanol fvnilegluludesiiatnldlan  PL58
lRABINMsARAINTianse IS

24 dnwazludesitluooninannieies (24a) wasdnunylvdesiifneeguuds P59

anmnsalNnty co-solvent Luifisans (24b)

25  @15anabueegdnsuNMSNRIUNINANN eI Ned LAY Iuea PI-59

26  @15a0A DRYNAINNNABUTILNINUA PI-60

27 GC-MS lasunlnunsuvesansanaluosssiudianneme supercritical fluid  Pl-61
cO2

28 GC-MS Tasunlnunsuvesansaialudesfiatnine supercritical fluid P62
CO;, (a) aza1s policosanol dunuu commercial (b)

29 GC-MS Tasunlnunsuvesansanaludasfiaindaeg supercritical fluid P66
CO2 (29a) wagludpen1anisn (29b)

30 nsvuIunsRAmmallseuinia PI-76
31 CO; Pressure-Temperature phase diagram PI-83
32 eS8 Supercritical CO2 Extraction U TH22-50x2 @uAuAL PI-84
33 1A%ed Supercritical CO2 Extraction drugunsaiuanilasuniuou PI-84
36 wnedsvedludesutwesnisaasdii 1 i 12 PI-91

35 dminledesdiataldseninuiionses 100 Alansy neldaudy 150 P92
U5 wazgaumail 50 esrwaldya WolUSsuifisunainisadin 30 und
wag 60 WM

36 dhniinludesiiatnlddeninusionses 100 Alansu neldgungfi 70 P93
surwaded wazan1sana 60 wif Weldsudisuanusuludade
150 U5 wag 200 U1S
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37

38

39
40
41
a2

43

aq

a5

a6

#1508N N (i9)

ihniinladesiiaaldneninudionses 100 Alansu n1eldgungd 50
sarnwadua wavainisaia 30 Wil Wessusuausuludade
100 U5 wag 150 U1s

dminladesiiatnlasoninuiionses 100 Alandy Aeldmaanudu 200
U5 uazaImsain 60 unit WelSsulfiugamail 50 way 70 Bemn
CRIGHG)

wuniinislvar-ldaresne (Cash flow diagram) Aigadamu 3 3
uunfinislvad-ldaresne (Cash flow diagram) a5
wruniinistarldanesng (Cash flow diagram) ﬁﬁ;mﬁmnu 7
sagledes o gadunu dvludesiadnneld faiuiu 200 v13

QaUUNN 70 BIFLTALTYE 1Ia1 60 U
AMNFNNUSTENINNTIAIvIeludel A IARNYU AUTEEELIRIALYY
neldANfy 200 U5 wazaINisaia 60 urdl ewIsuiiiey
QAUNNN 50 UaY 70 DIFTALTYE

AN USTENINNTIAIvIeludRl A IARNYU AUTEEELIAALYY
aeldigamndl 70 ssmwaldauarszezia 60 Wil elIouiiiey
AU 150 Wag 200 N3

AMNFNNUSTENINNTIAIvIeludRl A IARNYU AUTEEELIAALYY
aeldgamgll 70 ssmwalsaLaza iy 200 Urfideuiuan 30
Wl

wnuinistradilddnennge 9INN1548 A3 0(Cash flow diagram) o
AL Wi muaszar ALY 12 1oy
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PI-103

PI-104
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AN} R

1.1 LNUNINITANA wax Wagn1siLen microcrystalline wax 1nnInLe  PI-7
ﬂiaqawaqmawwasaunwamamﬁwmwa

12 2lassafremaniilagialuves policosanol Fuduusaneseadlinana  PI-13
TngAflassasadudunss

13 nalnnisyiauveaeules] HMG CoA Reductase luni1swasu HMG-  PI-13
CoA \Ju Mevalonate

14 nalnn1svineruaes policosanol lun1sdudaeulesl HVMG Coa PI-14
Reductase

1.5 lassasrmiauaiivesenlungy Statin (“Statins and Their Types ~ Pll-14
Latest Info to SIP with Tea” 2014)

16  nalnnsdudueules HMG-CoA Reductase Tng pitavastatin 28013 PI-15
Wuluusm active site vosoulwl

1.7 degreumadmsuidesingia PI-16
18 anwuzlassairweslalulsustnnegnlalussuuiies PII-17
1.9 nalnmsvieruansddgsigmaian1siwiakuunuley PII-19

3.1 Thin layer chromatography ¥83a131103§1uU (fatty acid, policosanol  Pll-31
uay phytosterol) ludoeiiusu wagludesiinumsatanisiliuigns
TngnsaNnILLeTianTan

32 GC-MS tasunlnunsuves a) ludesisudu wazladeefiniunisadauen  PI-32
wazhliuTanideiofinosdiom b) 3 asa o) 5 adt wag d) 7 ads

33 GC-MS TasunInunsuresledosna (A1UUW) LagnadkIu (A1Unal)  Pl-35
nsvinaUauliiladu (saponification)

34  GC-MS lasunlnunsuaed (a) @sana policosanol anlades way (b)  PI-37
commercial policosanol

35 @19 policosanol fiafialdainlades PI-38

3.6 dnwarUnnguedansazanedliatuued policosanol 3nludas PII-39
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3.7

3.8

3.9

3.10

3.11
3.12
3.13

3.14
3.15

#1508N N (i9)

FnuarUsnguosmseyn1aings policosanol Awisalagldiznsyin
wiskuusaidonuds (418) wazn1siuisluuviuoy (117
Fnwaugn1aduguing1veseyniaiings policosanol MnIeslaely
BshuwrsuulBonuds (@) wagmsvhuiwuunudes (121)
dnunigysdaguine1vedeyniaings policosanol Ak1UN1TYIUAS
wuuniulesdunIeulaeld H-CAP® 100 $aufvusalnandn3ud
99151@UA199 a) H100/MO b) H75/M25 ¢) H50/M50 b) H25/M75 wae
d) H100/MO

AME1891NNEe Y SEM 11899878 3000 11 Y830y 1ALIES
policosanol i un1siuiwuunukesdunIaulagld HI-CAP® 100
Uy wall material

N13N32A18IUA (particle size distribution) ﬂladaﬁa%’uﬁlﬁf\]’mawmﬂ
11184 policosanol

Us¥UuiieynIa (zeta potential) vosdsatuilldaineynininds
policosanol

ﬁhmi@mmm%u (hygroscopicity) vesnsann1Atgs policosanol gm3
$IN9€)

X-ray diffraction pattern 98396135 policosanol lag wall materials
X-ray diffraction pattern v@sniaynIAtEs policosanol
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Pll-41

Pll-42

PIl-43

Pll-44

Pll-47

PII-50

PIl-52
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A15URYA1319

A9l i

1 Wassemsinssvinaaeulnsguledunidnunueininsgiuileo P13
nstunedeu

2 wamsiessinasguldunidannandenseaudu Weutunds P15

Pafnsnefriazales

3 SevazUiunalludestiadnldmesiinazaredunisuiacngg aannin P18
wilansausfinasing

4 SevavUSumesninuiionseswmdsanniiadndiedvinazaredunid P19
Y1nEN9e)
N159AN1TNAABILUY factorial in CRD PI-24
nan1sanausuiuledey Wosidud wazproximate total lipid) #ag  PI-25
supercritical carbondioxide ﬁqquﬁ AUAY LAZLIATHIN 9 1ag
Suguimihnnudionseaut 10 kg FvinaraysIULeNIUDEe 5 AT

7 dnade % lafufiadaldeinninuiiensesdae supercritical P29
carbondioxide ﬁﬁ;mwgﬁ AR LAZLIATANN 9 Tnedusutwiinnn
nBNTOIWNY 10 kg AINaLA18IINBNIUDA 5 AT INTOYAFU
A3 6

8 nan1safnseud 2 Wsualudes wasiledidud) #ae supercritical  PI-33
carbondioxide flgaumgil AN wazawg 9

9 HAN1TIATIERUINNETT policosanol vasansainlugpyannIAne  PI-52
nso4 fiafinde supercritical fluid CO2 ldannsvinsimseiiiey
fiu calibration curve Tu GC-MS

10 uana %Total PC Taviadeil annizsing o 9ndoyalunisned 9 PI-56

11 wiavesasfinuluiednaludesdiatnléain sc-co2 PI-62

12 wamsiwswRuIaaes policosanol vesansafialudosianunain P63
nanndionses fafadie supercritical fluid CO, 1éa1nn15%1019
AATeiisuny calibration curve Tu GC-MS
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A5197
13

14
15
16
17
18

19

20
1.1
1.2

13
1.4

2.1
2.2

3.1

#13508yM1579 (ia)

NANISIAIIEVIAN acid value, saponification value, iodine value Lag
Angavasuval (m.p) vesludesiiadaldanmadafisudivludesi
1AuN91AN19n15AN

Tayasne1msene lunnulianseaniuazin
A19819N159AN1T9Aa8 9L UU Two-level factorial Tuusiazn1snaass
¥gh 3 a%e
nan1snaassazUsutaiminludesiiadaldneninniionses 10
Alansy

AUNAFIUNITIATIZAATUNITRY
NanRULNLAINNTAaMmuUAAulFaInaAraldvesludesfiadnniels
AUAY 200 U15 gaungil 70 serwal@eanazluiign 60 unfidmsy
Tnsansfiasmuioirdosaraios

Wiguliisusnaivievedludes w qadunu Weodszduidns
wamauLmuwhﬁué’mmaﬂﬁaﬁuﬁuazé’mwmamammumiamu%w‘i"}
ﬁm%’u’lmamiﬁamu%&Lﬂ%@qaﬁmaﬂ
nszuaiudagtunnnsiedesiigaduyuanelu 12 eu
ssrdsznoumaaiivesludosiildannnuiionses
Wisuiieulvdeafiafnsediiiazatsway Supercritical CO,
extraction

USunuwes policosanol Tulaies

F10613 wall material wazan1zildlunisiuisuunudes dmsu
nsfnuasanAestinme)

drulszneuildluniswieuddaduves policosanol

AuURNIs AT UAT Carr’s compressibility index Way Hausner
ratio

Usunadludee (%yields) wasiun1sasmeivinazanavingig
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i)
Pl-65

PI-75

PI-87

PI-89

PI-96

PI-107

PI-108

PI-110
PII-9
PII-11

Pll-12
PII-18

PII-25
Pll-27

PIl-29



#13508yM1579 (ia)

A9l Wi
32 U3un policosanol Mangildanludesiiimunisivliuianisaesa  PI-30
Mazarevilngnge
33 U3wa policosanol Aiasewldanludesdiiiunisvinliusandse  PI-33
LoVaDLYAmN
34 USinaumavedrusenauvesans policosanol fiafals PII-35

35 YUIA WAYN1SNILIBUUINBYATA (Span) vosdiiatuillianoynia  Pil-d6
11184 policosanol

3.6 U'%mmwn'm%usuaamagmﬂﬁ']aﬁ policosanol @nsei149) PI-49

3.7 A1 Carr’s compressibility index wag Hausner ratio ¥adnsaynatiads  Pll-51
policosanol Tin3ealagldiSnsviusauuriusles

23 | RDG5850063



FguatuauyIal

TAs9INT5IeEeN 1

NSNAILINSZUIUNSENA ldBgINNINUdansasneatsuaulnaanlanwile
IngaluszauneanamnIsy
The extraction and fractionation of sugarcane wax from filter press

mud using supercritical fluid carbon dioxide extraction in pilot scale

AngdIve  asgivte atalana
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lassnsideillavinisfinundsnisadaledesainninudonses adunindanmaeis
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asafgelndlagiuea WieldduasesngrslundniusiaiuonmsanlamanosoasnLin

[y

a =2 1 [ 1 [y v 1 = d' [
MATeidwdseanidu 2 duvdn lawn () nsfnyman ez auvenszuIunsane
legagannminudenseddilauTunaunaziinnuusgnsgemuuinigiuineeusu ngldinaie

nsanasea1suaulaeanlydniiodingfluseduisgaainnssy Naunsassytads dauus

Y o w ! a
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a =

Ao finsdeniiudieganinuliansesazauauauniningiuiiasiunldadaludasain

9

15997%11018 TNTLUIUNITILAT TRAIAINUTUYDIAIDEINNINNIDNTDI AATIERUlany

niinluidou Funeauarnay anwuzN18uan JUMAUMMDE1Y WAEINLT TN15ATIAaUNIN
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v 1

NPoNTBIIININNINTFIUYeBuNTININaULasNaInITaia Jnsieesalsenauasaialey

4

gogludsnaunimiamaiin GC-MS Welddudulssuifisuiunisataninuiionsosuieig

Y

Aviazaneeney leniusakazlelglusniuea lagld Soxhlet extraction IN15AIVANAT

'
I 1 |

wUsp19 9 lunszuaunIsiInuafIzdsnanenun mveslvdesiazanala doanuuuns

q

naaosUdsundasiuuslaun gumgll mnufu a1 uazdndruvesiivhazaisswdiden
e 1emuea Tunszuaumsarinlvdes (1) msafalydosnunsiasuulasiulsiidivua
Wuazaisanduiudvoswinuusluguiuy response surface filfoSuieviovhunsnanisanin
lydesanmnniensesanmsiudsuulawosiudsmua Iifuwuunszuumsainludes
nmmsfenses lusgdulssnudiuuuy Afimsseydiinduddym duusi uazdomsseTs
Tunszurumsadalvdes duamdununsataludeslusefufagnamnssy wazdseu
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Jaznanweniduun laguiazunusznaunlg unil I3n15MAasILasNanIsNaasnd 113

pAUTUHAKATATUNANITNAGDY kATLENATENNBY MIUFIRY

1.

nQUszaA

[loRnnuman1iziminzanvesnszvIunsadalagosainninnsenseslile
Uinaagiinuuianiganunnsgiu tneldinadansatndeeiveulaeenled
wiloingAlusyiufsgramnssy anunsnszyledouaziuusnneg uazdodidalunns
afnludos fdmatunisivdsuulasnuninvesndndueifiagndnld saufedsnis
Anninunmyesansarialudosils

dieunmsesuisanduiudseriniadouasiuuslunsatnuagnsvinlviuianives
lydeslusziuisgramnssludsaunisadamaniiidlaldie aunsomaamie
vhunennsasuulasiaznansznuyeslasunlasnaunisiudsdsnanled
og1susug Usglowilifiednludszyndldlaaseluidegnamnssunisudnlu
gaamnssuueivglld waznwidununisaanludesiiataliainnmnuionseslae
p1fsuuUIasansruIunsainledosiiairetudmivlivssfiuanuduainig

LASUANANS
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uni 1

ANSANYINIENIILNAUZ FNVDINTTUIUNSENA D BEANNINNS BNTBI IR LAUS U ALl
s
ADNNUTENTE

[

1.1 NumazAUEIAgY
geaunssudesuaziinanseilugaamnssuiiianudidgysaiasugivvesssine

ny mﬂ%}a;ﬂaméfﬂm United States Department of Agriculture (USDAM sgyi1a3ny

%
a =

dosnsuilaathaarlaniuualinfintuisn s 2.5-3.0 Wedidudinnd Taglud
2556-2557 Uspindlneidudssmagudnthmanselnglasanunsondntimaldidugod
5 vadlanlnerdmimalduszanm 11.39 Sudusied sesinUsumausda duie @
glsU uazdu fifdsnsnan 37.8, 27.1, 16.1 uay 14.3 dudiused mudiu fddyuszine
Inewensnmslduaznisuslaanelulsanauddanusadsoonihnaldidusiud 2 ves

Tan InefiuSunaunisaieanundauseanal 8 ausumed

L‘fluﬁmmﬁ’uﬁiﬂsmuﬁwmauaﬂmﬂ%rxamﬁwmamwmﬁuwawﬁmLLé’ﬁé’aﬁwawaaa
lé}LLﬁﬁsU@ﬂL%EJQ']ﬂﬂ‘i%U’JUﬂ’ﬁNamﬁ’WﬁaMa’]S‘Uﬁﬂ 279 N1AUIRNA fﬁﬂéjaﬂ ﬂ’]ﬂﬁﬁ@ﬂi@ﬂ 11
~ | 3 H 1% S A & 1 o aa i Y |
513 amﬂ,iﬂmmmﬂmmau,azmﬂaaﬂuuaamuwawaaﬂmLLameawm%aﬂﬂum LEINTA
NN T89 (sugarcane filter press mud, sugarcane press mud, sugarcane filter cake mud,
. a § = av Y o & °
sugarcane filtercake 3@ sugarcane filter mud) Fudungnouitlanasanntuneunisvinla
11908099 T3 UBLIUTUI UG TI9INNITNERUINaTINTIUSZIMAUSZUNM 2 audusal
Tuefalianuisoadayadniiuduedliuenainaziluiluleniearsusulauldlulsdes

waznauyemsdnd ninuiensesdadaluvendevedlssnuidyaain wiainn1sfinw

a a 1

Yoyaauiseafluineuaraanuin ludesfiadaldanninnifonseaduansiifyan s
iswgenaniiiuogiann iesnndesdusznoumnaaiiduaisdaman fatty ester, fatty
alcohol, free fatty acids wag phytosterols {udu asiadisenaniinisurlulduseloviidu
dunanddlunisndnnaniuslussiugnavnssuvaneUseiayn 01y 1edesdio1s o

WALNANAUNLAS U5 E
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AnAyAl inwded wavauy (2557) @ lavins@nundeanuauamaasegaansves
nsafalranninufensedaiutanumdendulsnundathmanseaindos femada sc
O, MNMsAnwIMUIn leifiumnufuazgaumgidmaliniuaiunsalunisazaioves
ihifuAdu Fehldnmsataity Taglunuited Yiinaludesfiansnsoadaldgeaniiuies
ag 4.7 fannzanui 200 Un3 gamadl 80°C Tuszeziian 60 unit Tnsaunmaeslvdosd
TaawdlAn acid value WU 22.24 mg KOH/g @1 saponification value iy 43 mg KOH/g
A1 iodine value YU 41 g 12/100g WagA1AnavunaInglugae 70-74°C CRERCRRD
wanfloglunmriinsgiumanisindidmualy wesdovhmsienednuantfvaedide
Usunamaslodesdianalademaiaios Thin Layer Chromatography/Flame lonization
Detection (TLC/FID) wuinludeeiiadaldtiulsenaudae Wax ester (42.8%) Fatty aldehyde
(8.8%) Free Fatty acid (25.5%) Fatty alcohol (15.4%) uay Sterol (1.9%) agnslsAniunuin
ludeeiildannisatnagiaidouagnduiizunss FaainnmsAnwimuinduesduszneuues
aaslsilad gnatmesnuvuiulvdeaileldansazarsiomusaifussilunszuiunsadin

<

n1stuleuvesarsdieivionaslsilas denateduglassregrauinsaenisiilusslyly
Uselovidanavdiduagnaun Ingnnizlundndaaiesed1919 UananNtunIsAnw1Ive
v} 1 I~ = a v o 1% a wa d! 1 2 1 o a =

Aanad 1un1snwidelussauiesufufinis Fersudrseindanisiilulssidiviisnny

ANATTUNITAIUVBIFUTENOUNT MABATUAILANAININATYTAIARTLIUNTAIY

9888 (Sugarcane wax) \uansildazansifvraula diuninledesazlaannnig
afaninudianses lulagluiiszlevdluninisunenluldluduarsasiulugaamnssuen
waztludrunanlunsasdions uenanidsaunsathunlduny Carmauba wax AflsiAILNG

1 a

Tun1snanASeId19719 919115 waznandugienlaldusged @ nrsadalussgainninutiansas

]
1

farutevilrnnutiensesivdsauisain lididulendssaatslsunTumsizidunisan

9

[

Yunalvneuiiagldilulevinlinsgesaanslusssuan@indulannin® diudsenauiidifey
nilaglulvdesivaeyiauazivsunaliuiueuniife nau Fatty acid Alau ueadled Lo
¢ s 5 ' . . . . . .
NP LLaaﬂaaaaﬂmaummaﬂqu Policosanol (a mixture of long chain primary aliphatic
alcohols) kagNauueIa1sNIN Phytosterols™ 91n51891UN15338@15 policosanol kay
phytosterols figauandfivivannasisanesealudenliiuagned (cholesterol-lowering
products)” ' lusgnitansruiunmsnaniinianndestiu mlvdeslagunnazgnyinliazaie
wasly crude juice WAIYANTOINEIIINNTNN defecation Uag clarification ldveuniede

nnudenses 3ee1v3veenulavedluguvaaningl (vinasse) /n1snsainlydeasainnin
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i

wlansesmuiivatenguidelaiinisfinwuiuailaunisldnisainaieisuazivinazalevile

719912 drumsianegilvessainnindiladnisAnwlaenmuzideres Nuissier

waluladildlunsatnludesannmnmiensedlaevluludagiuiidesddidunsarin
sefvhazats Tnedvhazatefildasidusviasasdunidvatseiin wu laraslsiimu
(Dichloromethane; CH,CL,) A1SuUBuLARS¥Aaalsa arbon tetrachloride (CCly) LonLau
(hexane; CgH,q) wazlolalnsiaueanased (Isopropyl alcohol; C;Hg0) tusiu UoNANT

ganuninsiilavinazateunnnin 1 vlarauiudnae

A15ANYIUDY Partha wag Sivasubramanian™ lanaassanaludegainninniiansos
A8FYINazane 3 YA Ao Benzene Toluene kay Hexane kazwuln Hexane @1u150@n0m

ludasaanannInnsiansadldunnINni1sld Benzene wazToluene Wusvinazans

auU® eI Taun wazane® lavinnsfnwiwasmuinsyuiunsanalugessainnin
nianses lnworduwmalla accelerated solvent extraction (ASE) aisleniuea LUsauLfieu
funsanalaenalia reflux extraction A8 hexane wuin nsanalag ASE Tidsunalagse
TudSina 12.49% Tuvaiziinisaialaonszuaunis reflux se hexane TiuSunailusosiiies
9.03% lnofinadnvuyvesssdlsznavvesladesildaininaila ASE fegloniuoa i

duUsznauves wax ester Uay fatty alcohol geninlugesiilainnisainmewaia reflux

Tudagduwmelulagnldlunisadalvgesagldmatiafeliuiunmsaialale (Lipid) log

v o d‘ I {

T¥iviazaroduanisiniindnlunisada dvinazarendeuldne favinazarelaufidalann

4

[

Hexane Mllguldlugnamnssuainansaniniuiivstiasng 9 lunsalivdaninnmsainaida
MaralsnalrdzyinlinnvasasfiviazateUsuiauinwazenknni1suinauu byl
wmalulagnisadalaelalddavinazatsaiuisaritlalagnisadalasvesluainiiadngs
(supercritical fluid extraction) AeAdeutanldduveslua fe Aaarsusulasenlas B

¢ ¢ & a 1« A o MY & o = =t
msuaulaeenleniviieIngmazeglunieduunlulainiduniansevesad Inaniziull
a1u3aesuelianuNuAININIATeIALULAT oA (pressure-temperature phase

diagram) fauandlugun 10
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Phase Diagram- Carbon Dioxide

1,000 10,000

100

10

Critical Point

Pressure (atm)

iple Point
Vapor
| | i

ey
-60 -40 -20 0 20 40 60

0.1

-100 -|80
Temperature (Degrees Celsius)

Image by Mavish Mahomed- University of California, Davis

A9 1 uansununmuesiigasuaulaeenlenluaniizae q leunvesuwds vesval Anw

wazvadlvamileings

& 1 a v Y A <, a I3
PINUNUAINALAUIITLEY 3 LAUNLUIAT5ITU 3 UTUANA0IUSUDILTY VDILUAD
wazfine Inefiidunisseiiia (sublimation line) agsewineuiianiansegluaniuzveudaiv
i duniswaenmial (melting line) 9zegseninanuzvasdeiuroumal uazdunuau

Lo (vapour pressure line) 885¥7319@0 UL A9 UTDUNAT LaZIANDEYTENINTG 3 d01uY

'
a

13891 triple point Inefewanunsaildeuaarugiduveanails 2 WAe nsiiuAmUAUKSE

IS v 4

angauuniiieannasuval uigaumgianiige 9 vils luanavefinwsdndanuaad

wn wilimusuuinlsilianunsavilifsinnisaavsiudurenails guugligaand

Y Y

fagdeanunsaruwiuduvesiaild Send1 eaumgiiings (critical temperature) wazAI

€

wgailizendn auRuIngm (critical pressure) 9agaumaiviniugMNIINgm wazAIL

9 9

[y [ [y

AuiniuANRUINgaienI1 a3nga (critical point) Tunsdlvasfinwasueulaeanlys n1s

anduvetlamiloingaldazdodiamalininnit 31.1 °C uaziianuduuinndy 73 atm

(%
v A Y o W

nsanalagldvadlnanizuiodngauuuiiasdlivedinluls0909ANANTAVOIR)
Mazateites AsudainsldiyinazatssIumsefiiannin co-solvent %30 modifier 4in

f19 o Wi lurauiadunsifiuauaunsavesiiiazasvesvedivannsmiledngs
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ilinisazaneansainiifen1shty e ninusafiagaudsssznineluanaves co-
solvent Auluianavedans wunsiuenueaiiduivinazaeiilivaiietisazatevsoain
Ao Y 1 vt Y A 1 o a =
ansniviludedalifvu defavdisannarlunisainasavanysuavewedvannuvile
a o v 1% 1 < a dy o Y a a
Angaiildaseie ag13lsfiniunisifia co-solvent dazvinlvAnn1siUasuwlasveia
lpazunsu Aeliunisiuenginssuvesiainazaredndululien wasdewinnisfinwinn

ATaNINNsiUasuLUag (1e17

wdlpezunsuvesansuignstuauisauanslanegun 1 saduwuu 2 46 whdledinns
Wiuduusasluidu feen1sldseuu co-solvent ssuuaziluvesnauaaaviia (binary
mixtures) N1393UIYNITUTENYARIVBUNAVDIVBIHANTUILADIDT U AU WNUNINAIULF

AIAIBENITUN 2 LEUNISIIEAYEIATUSENBU 2 YllnRe @15 a wae b ALegfszuIuLsazaAY

Y
[

a13U3gVssigningaanizvadisavans Tuvihuesfediuniesrusenaunisiuaziiynings
nziuiy Inggaingauedvasmad a fu b Nesrusenaule 9 AeLieunaangningnues

#15U3gv5 a wag b’

Critical locus
<4
b=
o
ot
o
[
‘J
100 0
;
75 o
H
Composition 50 /
(% b)
25 H
0% b
[100% a)
(B) Temperalure

AT 2 Lanwneg 1R L NELADYLATUVB IV DINEY

Lucas wagany " lavinnis@nwdenisusudseanmsadaiielvluseiiniuuigns
Wy lnevinsfnwinisaninludasuigns saewmatia supercritical CO, a3uin ludaudla

3INI8NTaRAIE supercritical CO, extraction fiAuuTansgenitlufiainsigfviazaty
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< a 1 =) . = & o
LaTAINITALAULNYT mi‘dizﬂaﬂuﬂqu wax alcohol %38 policosanol Faiduanslavuinda

a

Psu Ul undn Sueasuennns 9anun ko luUSuIUNUINNINENA1e

Lutermann wazamug?? Anwin1sana Polycyclic aromatic hydrocarbon Taald
Asusulaeenledmilaingnsiniu co-solvent waraIHALYEY co-solvent IMNKANITANW
1 a [ 9/35 a o aa [ 1 . @ = o v [
wuhansadalaiuiidunsiseriulaseng (Matrix) lueunings Tneidunisdadumeiusy

a v :’I v Y s 13 o a ] ! a :.JI = 1 (% Y
il Aatiu Msademeasuetlaeenledwitieingaiiistegauneriudaldainsoadalas n1s
LAY co-solvent Azglunisvinatedunsujisesenitsarsndesnisadanulasngly
BUNIA IINN1TNAFBINUTY N15LY co-solvent LUUTTI LY LUEIWOA WAKARANIINITIY
asueulaeanlydugvdiiesetnufien uonantludmuiinisiunsnesdssnifissanieslu

W51Uea (Binary modifiers) azaansadiglinisannaaule

Clark wazamy @ s1garumsanwinisataudnsasiluiildainnsadanisiioand
(wheat straw) lngldasuaulaeanladival (liquid CO,) wazmsusulaoenlenmilaings
(supercritical CO,) flaansaidendrutszneuganevesnaniaminuaudeInITeens
WasuuUasgaumpiinagarudy uenanidsmeauiinisld modifier (co-solvent) wlUg

nstaluilianunsamuauaunINanEale
1.2 FNIMAABILASHANITNAGDY

Y 1 v

1.2.1 MsiAuAagenINulansaanlsenu

nsiiuiegsninuliansesainlssnuiinialagldsurueynsiziiedinin
donseanngulssnuiinialnegases lssugaamnssudiniatiuls wrasiunain
Jamingyivsll ndRinnslaivdesgisoungadinieu 2558 laglasudiaganinude
nsoulen yausn Tuduin 22 Suneu 2558 Surudszana 100 Alandu 1dimnuiaedvi
Irlamiagninuidanseauriauseana 30 Alansy divinisueagideaiieunluldviinis
afamemviarateenay tenuea wazlelalusniuea ielilateyaldlunisiuseuiiey
AunisannisnIesainasueulaeentenviioingalussduisgaainnssy Nilusesves

13 = a o Y a Y a . Y A o vy

aeRUsENoUMALATiveIHan e ludaenla Usuia yield vadlvdesnaials waznnnInves

NNVIBNTDININDULAZNAIANNNITANARINA
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a

lasuauayAsIEdieg 19N nvdonTeawisanlsau gai 2 Tuiun 21 unsiay

=
1

2559 F1urudsyana 400 Alandu Wrdsluilssnuanin o audimuinssuIunsnanndy

=

fauruazvayulng o.annwén 28503 Wawssuanundeulunisadalugaadnuuin 50 das

AN 3 AuridannaudunlumaluladuisniBideusuaudimunssuIunnanndysioe
wazayulnsniiesosaninmisuaulneanladmiloingauuin 50 s $auAUIMmINTINLTINU

4 LA
UWG]W@IVIEJEQLTEN

MWA 4 fregennrlonsosieilasuaueynTIERINlswLenamnsIuLInatuls
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I a

MNN 5 feg19n1nmlenTotilasuaLouAsIERInNlswuenavnssudinatuls

Aoslinseuwiaiiudnlugouausou

1.2.2 M5AATIERMNNIns gl vasfiaganInuliaon T 9o uLaTnaeINNIg

o/

GG

1.2.2.1 M1AIANNTU (moisture content) U1618819NINULBNTDILAIYALIA

[y

wriaAaua leawiniu 16.39% mnuwantufilandunal 2 ) fedraninudensedye
2

N Ay Yo [ a1 [ [y o [ 1 & '
N ‘I/IVL@TU‘LI"I (‘Vm\‘i‘\]']ﬂﬁﬂﬂLL@@EL‘U‘WIGQ‘&]’]ﬂVI’NIﬁN’]ULU‘L!L'Ja’] 1 9U) UIHUINAIAIUIUNUIN

(%
v A & 1

sfieuduinndn 25% iesinninudionsesfiavihuninisafanisdesiiniudutios
diedudsRanssunsden/minuesqBundd fufulsdinsevaufeuiufuienioouauion
awhlildenmuduanaundeiiiu 16.40% deuflazgninladnde dvhazans (amdl
6) sogsmniiensesiiiusiunuliinliesmzsidosiuiioasanasgudesu Tnevh

NFIATIINAFOUAINILNINTFINTEBUNTENNTIENITNANINTIIFRU UaANIFINIT1N 1
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A151991 1 LAR9TI8N1TIATIENNAAUNINTFIUYEBUNT TN NNINTFIUNONTTY

nzLlou

a1fu FINITIATIE/NATDY NAUTINIATFIU
1| wwnde L3ty 12,5 x 12.5 Taduns
2 | Gnamadunezasdisangld lahviiu 30% Tnetimiin
3| Y3ued 9 ngIm N9 waalugnn 5 ané‘mm

TaiAu 2% Taeimin
4 | wanafin uia Yaadien waglavedun fodliny
5 | ArAadunsa-Ang (pH) 55-8.5
6 | Arnsilvih (EQ) laiAu 10 wAFWu/AUAS
7| A1duviseing (OM) laitiosn 20% laetiuiin
8 | lulasiourisn (total N) lLitfoundn 1.0% Tagvmin
9 | veawlnimun (total P,0x) laitfesndn 0.5% Tagtinin
10 | TnunaiBeasiasmmn (total K,0) aifosnin 0.5% Tagtimidn
dn3dIuIDIEINASUBUsEsA bulasal (C/N
11 | Ratio) TaliAiy 20:1
12 | m3gevaaedianysal (GI) 1NN 80%
13 | YSunaunde (Na) Tahviin 19% Tnenimtn
14 | @y (As) TaitAu 50 me/kg
15 | upswdlew (Cd) ailAu 5 me/kg
16 | mz (Pb) 1aitAn 500 mg/kg
17 | Imsflen (Cr) TaitAu 300 mg/kg
18 | noauns (Cu) TaitAn 500 mg/kg
19 | Usen (Hg) ity 2 me/kg
U: http://www.ratchakitcha.soc.go.th/DATA/PDF/2548/00172707.PDF
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a o o A o ) | a a Y & Adv
AINN 6 ﬂ@‘Ualﬁau LW'ETV]']ﬂ'ﬁa‘Uﬁn@EJ'NLWﬂJmeimﬂﬂqusﬁuwm@Qﬂqi

1NAINTIATIEYIRANLTUR19190 2 198 uNnsgudeBunsd (519l 1)

=

WUl Megraninudensewiantaanlssnuuisll Waiunsassynselirdenuinduley

9

| A

a Ay A a = & | Y 1
dumnsd e 1llaaanusunusinemsinunadeuianun (K,0) liduuinsgiufedidesnin

0.5 % waAIN1goaaeNauysaliiA1dasndn 80 % BN 1NMleNTo9NLTeUTuiI9Y

[d Hoa = 6 o

nldduledunidandudodinsminuaziiufusinemsinunadeuliniouniaziluly

9

Judedunidaeluly WWessiunnainisiesziaunsaseyindiivlddutaniiousulsedu

IHiniy wazanuanIsnaaewmdanIndivhnsatadeswhazatsvdndieg I wenw e
uea lelgluswiuea waznisadameaisueulasenlaamiaings ldlevinlansiasizi
wansnsanmavdensesieitdanlsanudoty eddifoszdd Wowsnmsatnledos
Pnmnusiensesieivinaranedangn ddmieilvininvdensesivdeanunsotiluly
Hulefigosameldfanntumsziiunsanimsiluteuiiasddiduls silvimsdesaaslu
sssumRdetuldRnI® fadu msatmeorladesuazarsddyeananninmiionseiiines
deFsmsatadeiviazaterdenisldvedvaisingaarfueulasenled linsenufunisii
mnvsfonsesiimdeluliiiutaguivlgsiuluuvaslsdosvoununsng Tumanduiunisadn

mananaunsaassyariivannslivselevilvdesuazansdrdgyiatineanuilidusgned
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M13199 2 HANTIATIETNIRsEIUNleBuvsEaINNINvdanseasuAY Weuiundanaiamesi

MALaNnIg 9

19NISNATIER | #9819 | NA9RINENA | MA9RINENA | WA9RINENA | adRInanAaaY

NAFOU ysionso9 faoanwu | aeeniuea | aaelelelu | supercritical
Suduy SWIURA co,
ArAdunse- 8.50 8.00 8.30 8.30 8.10
19 (pH)
ArnsE e 0.89 dS/m 1.40 dS/m 0.56 dS/m 1.29 dS/m 0.67 dS/m
(EQ)
Organic Carbon | 25.70 % 28.20 % 29.60 % 30.20 % 24.50 %
W (TOC)
ABUNIEIng 44.30 % 48.60 % 51.00 % 52.00 % 42.20 %
(OMm)
Tulnsiausiovan 1.40 1.60 1.60 1.50 1.20

(Total N), (%)

T

NagWANanLn 2.60 3.10 3.10 3.00 2.30
(P,0s), (%)
Tnunawgey 0.40 0.43 0.39 0.39 0.40

Wavian (K,0),
(%)

mstesaansdi 54.24 % 56.36 % 51.82 % 53.33 % 54.54 %

auysal (G

(C/N Ratio) 18.36 : 1 1762 :1 18.50:1 20.13:1 2042 : 1

yonanlanasurUsunalanenind aduusuiuaisetdunse Alulatinandsann

nsannelgfviazaedunsd Az udedunidasiuedivAmninlaindiegig

nnudensesuiasuAuyinty Jsldlavinisinadanladnisiauslilulasenis ualavinnig
Aneivsasssuredlansuinuandey (Cd) laA1dosndt 1 ppm waznzna (Pb) laen

= ¢ al

weunin 20 ppm FelilaAumnsgiuledunidnladnisseyly
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1.2.3 ANSENANINNLONITDILAIALAINIALANLLTNLTU LBNT1UBa wazlalalusna

U9a AI835N15aNAKUU Soxhlet

nsadaninusianseduina (10 n3u) vwym  Soxhlet AIgdwhazay 3 yilnAe

ey teniuea wazlolaluswiusaiduiian 6 talue dan1ni 7

o % =
N3N IDILLVINDUNIAIU

water-cooled
condenser

Fauunnuonsed..g
Yauu.flask... G

wllanaaeshavans
WUU Soxhlet extraction

- Hexane AT,
Jiogntd
X
- Ethanol a2
- Isopropanol sample

thimble

upper
reservoir

lower
reservoir

2@ 7 leezunsunsyuiunsanamesiyinasany
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51882198AI3N1TaNAA83D Soxhlet extraction

1.2.3.1 mnudensesluoumaruidy Sufinua

1.2.3.2 Fabwiinninudenseureiildatn 2.3.1 Y5 10 ndu S1uam 3 4

1.2.3.3 Guafpsneyanisain Soxhlet iunan 6 $2lus Taglddmhazae loun
- Hexane V31105 300 ml figaumdl 72 °C
- Isopropanol U3u1a3 300 ml ‘ﬁqm‘wqﬁ 86 °C
- Ethanol U395 300 ml figaimndl 82 °C

1.2.3.4 thansshegdildlussmeiandiiazageenseinias rotary

evaporator

1.2.3.5 Yuitniminansiegne (udew) fils ilemusnadesasiminveslei

anmlduarUsnnasevazveaninuiiensemdsnnnisaialdnanisned 3 uaz

AN 4
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€90058550Y | 81-1d

A19199 3 SewazUSunalvossfanalanieiiinaraledunsduilnmnige 9INNINdeNToILAIALIAIAI99)

1/11/2558 | 10.0900 10.0700 10.0800 6.05 | 0.6500 0.3800 0.4600 6.44 3.77 4.56
18/1/2559 | 10.0033 10.0063 10.0013 6.04 | 0.7078 0.6111 0.4290 7.08 6.11 4.29
25/1/2559 | 10.0058 10.0069 10.0006 6.00 | 0.6928 0.5312 0.4089 6.92 531 4.09
28/1/2559 | 10.0007 10.0014 10.0009 6.00 | 0.7687 0.6543 0.5662 7.69 6.54 5.66
29/1/2559 | 10.0021 10.0009 10.0013 6.00 | 0.6442 0.6055 0.4218 6.44 6.05 4.22
2/1/2559 | 10.0001 10.0027 10.0006 6.07 | 0.7155 0.6624 0.5889 7.15 6.62 5.89
2/4/2559 | 10.0001 10.0017 10.0001 6.03 | 0.7238 0.6133 0.3965 7.24 6.13 3.96




€9005855aY | 61-1d

A1919% 4 SowazUIUURININUNDNIRIRIINTANAMEFIVINazaleBunIdvilaniee)

1/11/2558 | 10.0900 10.0700 10.0800 6.05 7.796 8.3103 7.7414 77.26 82.53 76.80
18/1/2559 | 10.0033 10.0063 10.0013 6.04 7.512 8.0196 7.5965 75.09 80.15 75.96
25/1/2559 | 10.0058 10.0069 10.0006 6.00 7.886 8.1224 8.2079 78.81 81.17 82.07
28/1/2559 | 10.0007 10.0014 10.0009 6.00 7.894 8.2092 8.5477 78.93 82.08 85.47
29/1/2559 | 10.0021 10.0009 10.0013 6.00 8.25 8.3585 8.2086 82.48 83.58 82.08
2/1/2559 | 10.0001 10.0027 10.0006 6.07 8.102 8.0899 8.1031 81.02 80.88 81.03
2/4/2559 | 10.0001 10.0017 10.0001 6.03 8.24 8.4312 8.6042 82.39 84.30 86.04




INNANINAaRINTATAlYgasaINNINTTensas (ANNFUFIRENUTEIN 14-16%)
Y o o a A = =
mudhazate 3 wiefe tenwy lenuea wazlolelusniuea lumsen 3 uasmsei 4
wuindvhagaeenwuausaanialyeanuliUsunaunfianadede 6.99% 583a3A 1
Muea (5.79%) wazlalglusnuea (4.67%) AuaIau kaginden nydensamasaInmsann
mefvazataua Ao 68.15% 82.10% uay 81.35% mua1su Wethlliisunanisaninle
degiiladnmaiilusisnuvesaudinasane® nmnvdensesvedsanuinigidey Jamin
Funll wuirdidtesnitreutannlavaudivavaue lavinnisafdauuy Soxhlet Extraction
mefvhazataenay wuea wavlolalusmuea Tuasid 1 waz 2 laansadaveiuiade
18.49% 16.91% waw 20.13% muadu drulumsainasan 3 (fegraninvdansesauazyn
v J o ] s & & 9 A vy | ) g A g A
fiu AT 1 uay 2) nulesi@udvesansadaveunladesniinisannluasan 1 uasassi 2
wazdidnvazvesasaiadladudildendy Sulleunandnvazvesasimegisimhuiaialy
ASaT 3 1y fdaadnvaziunnaeandmegsiiiulaluasiusn dudslunsiiuiieg1enssi 1

=t v 1 I gy - [ = -y o |
wae 2 FensimegesslianwasludiinailunsesBeawasiiivinun ludivesans
v 1 P v & g o 1 = [ @ aa & I3 =2 v o 4
fegeiltluainessil 3 duansdegndnuanvusluddewastuneuionildunl
azduAMmEIAIRIUAaEdANauUNIYININTain  ilrasuinaunLazuaiveiieg1
o Y a v o« ) a 1 A vy g 1 o § va

nnudensewiasuiuinatunmsUsinalvdesanalmdusg1aunn wugdiviinisnsvaey
9199z1dun3v soxhlet extraction frefvinazatelenwu wsevin proximate total lipid

fouN15YINNsannRIesEul sc-Co, NATutanNuAuYLlun1sania

1.2.4 N1529UNUNITNAABINISANYIEN 1INz dNda RS UNIsanaludasan
AMNULBNTa9R8 Supercritical Fluid Carbon Dioxide (SFC)
nsAnwIaNMEMIMNIEaNa M UNTaTRlede8INNINNLDNTBIRIY Supercritical

Fluid Carbon Dioxide (SFC) tA3asfifugimuInTzuIunsHannduiusuazayulng (Super

Critical Extraction Model TH 22 50Lx2) @iagA1anuIn §115UnszuIunIsuLAIaLiie
nsann

lnedagednu Aie gauungiinisain AuaY waziian InellingUuszasdivevnantiei

'
P

a1un30lvinale (Extraction Yield) a3 an1iemagaunuaAndauasugaIans wasan1isd

Y
=

a11150@an9 Policosanol laUSunuiiaas

Y 9
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1.2.4.1 nszUIUMIERAlngvadlnadIngndwIn

nszurunsanalaevedluaingndseanlneiiliudsinagyiuuu batch
sssumuazldmsveulasenludingriseafusvihazarsanamd 8 Wunsyuaunsuuy
batch cycle Favasudsvioarsazargvesnaniifosnsazgnlainluluniesadnansingm
Baean (1-01) ndufiwansusulaoonladagnifudlulu receiver vessel (v-02) Lilosan
Anmsgyidsfimaiveulaoanledainnisataasinou miufwaiiveulnoenlsdazgn
BudlUY heat exchanger-3 way pump (P-01) dieriumudunazanudou niufiig
avfunulaeonledazgnliniuouauisguuniingnlae exchangerd 11ndufiie
msueulaeenludazgmindluataanslu T-01 Inemlugumginazanuduililunisarda
agfluae 32-48 °C uaw 1,070 psi (73 atm) - 3,500 psi (238 atm) Aua16U w&aRInTiviing
afinsufesudifanivoulnoandazgnuenseniindignazanslnenissiu valve 91ntu
azgnyilidulng heat exchanger-1 Fsdrunanazgnuenlu separator (V-01) Fandsaindi
afnasaifevies winhvewdwieveanmooniiniaieatnfoniasseuladluly
.adesadaluiifioninisadasrely enszuaunisuuy batch datunsadsulndy
nszaunsuuusaiasldlaeifuadosadadly Fmhefifudluddostedentuuy

LY o = aa o 1 = dy o ] 19»?[711 n‘L YR 4 [221
YUNUNUILUUDIIBNTIVLUUABDLUBIUIL NI LTLIATLUNITANAUBY AN

V-01 Gas Liquid Separator

T-01 Supercritical Fluid

Extractor
He=at Exchangsr-2

<\Vapors
<Suparcrilicak> Haat Excharngar-1
Extract
V-02 Receiver
Heat Exchanger-4
P-01 High Prassure Pump
=Liguid:=
Heal Exchanger-3
Cﬂzbﬂmb

AT 8 NTEUIUNTANAENTINgRENEInlaevialy 2
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1.2.4.3 fudsilianswasenisana 24
1. auneynIA (Particle Size) vunauniadfivuwinanazyiliiuiialunis
SEWINIBENTUINTY wazITEENIIvRNIgnavatefiodngluveLlwzduavilifgnazany

o

LNInszEeengsvhazanelisatu

! ¥ i
v o I = U (Y

2. fivinazaiy (Solvent) fvinaza1eNnAIsiINNIzauAuAIanazane

Y

£ o o

wazfinnuniadn ielsinnslnaiouid lngmildaglddyiazaieuigns fviazans
Uigndarldiidgnazatsegias seninenisatannududuvesiignazatsazifudy
unspsraianuduturessignazaelusharansuazdegsiianatnidanas sih
Wainignazanslatosa

Y o d'

3. gunilvesRIvinaLany L@JaQquﬁqaﬁﬁu%ﬁﬂﬁé’mﬁmiaﬁmqqsﬁu
dHosnidlegumnfiaatudusyavinisunsnazats (Diffusivity) Seufiutu

4. nanlumsafn fldnarlunsafntesasiidesnisatinazgnarianesnin
tioy driuagdeddnatlunsatafiovnnsanilelilduimuasatanniigs

5. nsnauresvesiva Wudfiddyuininsizazdiedindnsinisade
dosmnianmsunsluanngdutuilisasinisuniaatu mstiemuiaansani wduda
voseynAluSiaananisuenitu minuashlieunieaesfmaniuldd wasnisassi

YutlaziinayilrnunRIFU AT I daz YR AN INNTY NTANARUY

1.2.4.4 Uadslunisidanivinazane 24

saenttdvinazatslunisanaNanAugNsssuYIRINNNY HUVeNABY

1. ANUAIUNTD I UNTALA18ETNABINNSANS

2. mudasnde nanfadivinazatvazaedliiduiy wazluiidudunsiy wiu
Tadalwdne wazliszdnde

3. fviazatenlgllmsisaunaiuly wazesiundniueinaiunsond e
Ialulszmne

4. auazaInuazauUaendslunisulsuvesmaunaiala laeniluves

d' [ = 4 a 1 o 2 1 o VY % v dy o v v [

wauiannanigazaosnisuusunouth iy wu silvdianudutugay viliuiaduns

Falunszuiuniswanideslannuseou satuamsidansivinazantefausavinuwisledne
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N1598NLUUBAZLHUNITALLUIIY

I9N15NAARILUY factorial in CRD ¢191 1WuASA1599nLUUNSNAaRINTtUTEANS AN

avan Tunsdinddade aaws 2 Jadeduld laenn treatment combination vaeade

o

nnmnAnwaganinsanlunions du o

9 Y

[

noUsTaAnanAe  ANYINANTENUTIY

¥
a o [

1 [ . . =1 < ol [l 1
5e%319tady  (interactions)  TuwaAdeldmdunsaiNAnwInansesnusINsewIng 3
Uade laun J9ds A Ao Anwudu, Yade B fie aaumnll uaslade C Ao ssoziailunis
alp NANTENUMAATUAILNTOTMUNLA 3 USTLAn AD Wansenuvan (main effect)
NANSENUTINTENIN 2 Uadb (two-factor interaction) wazwansznusid 3 Uady
(three-factor interaction) M1sERNRUUMMILNTaNNgAlLIIWITEUAD full factorial
design wuu 2° factorial design wszilviieadadeinedne AUAUNLAIANINATS

U = A & 1% [ gj aa 1
wazdesnsvegeunn o nadenilululdvestdadenvueninansvauewio %

yield fauanslumnisnen 5
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A151991 5 N13IANISNAABILUY factorial in CRD

Treatment Combination
1 by
2 ab,cy
3 a5y
4 a1b1Cy
5 a,b,C,
6 a,b3C,
7 abicy
8 a,b,Cy
9 a,bscy
10 ahiCy
11 a,,C
12 asbsC,
FauUsfidnen

- AuAY (Pressure, bar, factor b) 911U 3 A1 Aa 100 (a,) 150 (ay)
Az 200 bar (as)
- aunndl (Temperature, °C, factor a) §1uU 2 @1 A 50 °C (by) Uag
70°C (b,)
- szazaluNsana (Time, factor ¢) 31W3U 2 A1 A9 30 (¢;) kag 60(cy)
U9
Tnglgivinazatasiufaianiuea 50%, 5L (volume of commercial ethanol/dried
filter cake weight) %139 t8¥1UDa 10% (volume of commercial ethanol/volume of vessel)
fudsvia 3 azfinanouaues (response) #o % yield Al S1uugnMsmanoad oy
fisuau 12 nMmaaes Ingusasmsnnassasyiinsadasuan 3 aSe (3 replications) fauans

Tumnsei 6
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A13199 6 HansanauSualuses WesiGus wagproximate total lipid) #18 supercritical
carbon dioxide M1gaunail ALY UaELIA1WN 9 TeiSusuivinninniiensasuna 10 kg

AVINATAYTIUDNIUBA 5 aRS

AR RRIRA nan
100 150 200 50 70 30 60
S (bar) | (bar) | (bar) | (°Q) [ (°Q) [ (min) [ (min)

1 | 11/3/2559 | 100 50 20 10.89 0.11 -
2 | 18/4/2559 100 49.6 30 64.38 0.64 -
3 | 19/3/2559 | 100 49.6 30 79.75 0.80 1.17
4 | 25/3/2559 | 100 51.2 30 190.17 1.90 2.19
5 | 11/3/2559 100 52 60 3252 0.33 2.16
6 | 19/3/2559 | 100 50.4 60 112.01 112 1.95
T | 31/3/2559 100 47.2 60 204.14 2.04 -

8 | 18/3/2559 | 100 75.2 30 471 0.47 1.47
9 1/4/2559 100 71.2 30 40.65 0.41 1.34
10 | 1/4/2559 100 73.6 30 20.77 0.21 2.29
11 | 18/3/2559 | 100 72.8 60 36.83 0.37 0.83
12 | 25/3/2559 100 73 60 38.51 0.39 0
13 | 31/3/2559 | 100 72.8 60 40.12 0.40 1.44
14 | 24/3/2559 150 51.2 30 83.71 0.84 -
15 | 31/3/2559 150 50.2 30 79.87 0.80 1.73
16 | 31/3/2559 150 46.4 30 75.05 0.75 0.67
17 | 11/3/2559 150 48 15 77.83 0.78 0.5
18 | 11/3/2559 150 51.4 60 203.09 2.03 -
19 | 24/3/2559 150 4r.2 60 37.64 0.38 0
20 | 1/4/2559 150 46.4 60 63.28 0.63 2.27
21 | 1/4/2559 150 73.6 30 38.74 0.39 23
22 | 1/4/2559 150 71.2 30 33.37 0.33 1.21
23 | 20/3/2559 150 70.5 30 64.74 0.65 0
24 | 18/3/2559 150 67.2 60 108.16 1.08 2.28
25 | 20/3/2559 150 72 60 106.12 1.06 2.19
26 | 25/3/2559 150 68 60 156.23 1.56 2.85,1.42
27 | 19/3/2559 200 50.4 30 101.85 1.02 0
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A19199 6 (fe) man1sana (USuulvdes 1Wosidud wayproximate total lipid) Aae
supercritical carbon dioxide 91 AUAY wazLIA1A9 9 Ingisuaulmvtnninude

NIDILAS 10 kg AIVNAZANYTINENIUDA 5 BR3

AUGY gauungll nan
100 150 200 50 70 30 60
(bar) | (bar) [ (bar) | Q) | (°Q) | (min) | (min)
Fu
28 | 24/3/2559 200 52 30 43.37 0.43 1.39
29 | 2/4/2559 200 | 49.6 30 37.63 0.38 0
30 | 19/3/2559 200 a8 60 18.69 0.19 134
31 | 24/3/2559 200 | 512 60 98.06 0.98 0
32 | 2/4/2559 200 | 47.2 60 | 109.54 1.10 1.09
33 | 18/4/2559 200 75 30 41.97 0.42 1.79
34 | 25/3/2559 200 726 | 30 237.4 2.37 1.44
35 | 2/4/2559 200 728 | 30 36.12 0.36 2.14
36 | 3/3/2559 200 65 60 | 115.07 115
37 | 17/3/2559 200 82 60 | 12301 1.23 1.47
38 | 17/3/2559 200 68 60 174.2 174 1.29
T 3,182.58

1ndeyalunsnsdl 6 wanamanisaiafoiAies sc-Co, mudtlddinnsanaunylin
anmesng 9 59Ul 1 Wlenenenumanuduiusvesiuuslunisiigssyaniitagsilnle
% yield Tunsatanuii % yield fildlunsazansfiawnisnnlag % ludesfiadnlaluns
3 4iien reproducibility i1 iflesnandeiesadailifitedosluFesvesnisigung il
§gaumgiififesnts Usznoufudeseseninedsadin Aufaeniidrninsiion sildnisfu
fhogaiitiym Bnisssumiedladesfio Wuvesdeigungiivies vilvimaifusognases
finslmnudeuiignumieduinuieiliiAndgmnsudeingasuvedludosveviedily
SEUU MINNMTRaBsTaNn a1unsnsauTanledesld Usinn 3.183 Alantuusis anaeilli %
yield gegafie 71 AU 200 bar gaumadl 70 ssmwaiea wagldinan 30 wifilunisadin ¢
ludeawiniu 2.37% dauanzilvidade % yield gean THuAf Aaufu 200 bar gaumai
70 sarnwaled wazldinan 60 wiiilunisaria lalvdeswiniu 1.374%

a v =

WonNHan1NAaslalinuAaIanaauas N197iu3dedelarinn1snsiaaeundy

[ ~

1A8N153kATIEN Proximate total lipid 3nninudenseandsanniivogluseeiiviesdlu

Y

PI-26 | RDG5850063



fregrannuiensesinaenadesfunanisadailiviold wuinddlined (auufsiude
nasanUSunaludesiataldemaiia sc-Co, Tuusazaniiziu Proximate total lipid 970
mnvsfensesvdsadn asiiansd aladnils) silvannsaszylddn Ussdnsamnisada
wazanudeiolunmsmanduiusiudeyansatayniliives
Nneamsadafliiuieszsinafelusunsy Minitab® lagl#3snmsiinsesiuuy

2 level factorial design wagn1elaAIANULTRIUVINAY 95% Tslin1snadeuLUU Two-sided

test (OL = 0.025)
Tnefauufgrumsadncail
AUURZ VAN (Ho) : %yield 7l > %yield wasiild
lgRNMTANAULAFINAINAT P-value VBINAUFIMUT ANUAY Qaunnll uae
szaznalumsann meldmmndeiuyiniu 95% el¥33nmamaaeuunuy two-sided test (O
= 0.025) Tnefinnsaundudsdndalaian P-value 1nnndn 0.025 wansiuUstuiinadenis
NARBIIN EUNRFIUNGNYNYBUTY wahauRgumdniiaaliiiuese uwidduusladen p-
value tosnd1 0025 ausfigrundnazgnufias Ae sudsiuldegluneldmamudesiui

95% l9dayavnmsnen 6 uwhueladmatiaang

Regression Analysis: % yield versus Pressure, Temperature, Time

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value

Regression 7 3.4954 0.499344 1.68 0.154
Pressure 1 0.1160 0.116043 0.39 0.537
Temperature 1 0.1605 0.160463 0.54 0.468
Time 1 0.0068 0.006792 0.02 0.881
Pressure*Temperature 1 0.1036 0.103579 0.35 0.559
Pressure*Time 1 0.0115 0.011530 0.04 0.845
Temperature*Time 1 0.0101 0.010124 0.03 0.855
Pressure*Temperature*Time 1 0.0284 0.028446 0.10 0.759

Error 28 8.3023 0.296510
Lack-of-Fit 26 8.2890 0.318809 48.12 0.021
Pure Error 2 0.0133 0.006625

Total 35 11.7977

Model Summary

S R-sg R-sg(adj) R-sqg(pred)

0.544528 29.63% 12.03% 0.00%

Coefficients

Term Coef SE Coef T-Value P-Value VIF

Constant 4.97 5.89 0.84 0.405
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Pressure -0.0237 0.0379 -0.63 0.537 290.04
Temperature -0.0690 0.0938 -0.74 0.468 144.33
Time 0.019 0.123 0.15 0.881 412.55
Pressure*Temperature 0.000356 0.000603 0.59 0.559 418.24
Pressure*Time -0.000155 0.000784 -0.20 0.845 657.72
Temperature*Time -0.00036 0.00197 -0.18 0.855 507.70
Pressure*Temperature*Time 0.000004 0.000013 0.31 0.759 731.69

Regression Equation

% yield = 4.97 - 0.0237 Pressure - 0.0690 Temperature + 0.019 Time
+ 0.000356 Pressure*Temperature - 0.000155 Pressure*Time
- 0.00036 Temperature*Time + 0.000004 Pressure*Temperature*Time

Fits and Diagnostics for Unusual Observations

Std
Obs % yield Fit Resid Resid
32 2.370 0.929 1.441 3.08 R

R Large residual

INHATAUNUINA RZ LA 29.63% TelailndtAea 100% wananAflaannnanis
NAADAIANULANANAUAITIVIIUIEFBALNISABUTINN bADg19lsARAT P-value UBIufaY
waufleunnndi 0.025 Astiudedinisusulaunsiaedna response 1uen %yield Lade

Y aa v v & \ aa =~ °
warauANmLUTgumaiinauAtlasnlviilumagmi 50 way 70 ssmwal@ed vin15an

AN5199 7 ONANISYN U8R IU19874
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A15199 7 ALede % ladudanalanainninudensednae supercritical carbon dioxide 7

QNN AUAY WazhIa1wing q laelsuduiininninvdensena 10 kg Avinazatesiy

BN 5 §nT 3NTeUARY M54 6

AN | AU | 1Ban
nMInaaes | s
1 100 50 30 1.114 0.069
2 100 50 60 1.162 0.086
3 100 70 30 0.362 0.014
4 100 70 60 0.385 0.002
5 150 50 30 0.795 0.005
6 150 50 60 1.013 0.089
7 150 70 30 0.456 0.017
8 150 70 60 1.235 0.028
9 200 50 30 0.610 0.036
10 200 50 60 0.754 0.049
11 200 70 30 1.052 0.114
12 200 70 60 1.374 0.032
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Regression Analysis: avg. % yield versus P, Temp, Time

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
Regression 7 1.20435 0.172050 5.24 0.064
P 1 0.05119 0.051195 1.56 0.280
Temp 1 0.07793 0.077934 2.37 0.198
Time 1 0.00014 0.000141 0.00 0.951
P*Temp 1 0.04910 0.049104 1.50 0.288
P*Time 1 0.00229 0.002288 0.07 0.805
Temp*Time 1 0.00023 0.000229 0.01 0.937
P*Temp*Time 1 0.00515 0.005151 0.16 0.712
Error 4 0.13126 0.032816
Total 11 1.33561
Model Summary
S R-sq R-sg(adj) R-sqg(pred)
0.181152 90.17% 72.97% 0.00%
Coefficients
Term Coef SE Coef T-Value P-Value VIF
Constant 6.46 3.83 1.69 0.167
P -0.0308 0.0246 -1.25 0.280 370.00
Temp -0.0970 0.0630 -1.54 0.198 145.00
Time 0.0053 0.0808 0.07 0.951 536.50
P*Temp 0.000495 0.000405 1.22 0.288 505.00
P*Time -0.000137 0.000519 -0.26 0.805 869.50
Temp*Time -0.00011 0.00133 -0.08 0.937 667.00
P*Temp*Time 0.000003 0.000009 0.40 0.712 991.00

Regression Equation

Avg. % yield = 6.46 - 0.0308 P - 0.0970 Temp + 0.0053 Time + 0.000495 P*Temp
- 0.000137 P*Time - 0.00011 Temp*Time + 0.000003 P*Temp*Time

PNNANTAATIZATNAUNUIIAT R? AT 90.17% HA1lndiAss 100% lauen P-value
1 a1 1 (Y] 5 av oo Y @ % a
YAFNANIUTAWINNTY  0.025  Asduaumsniaagldduimunilunismeasvauufgiu
wagltuaunisnagRansananudAyvesladeninen % yield
MNIINAFOUAUULUEIVBIANNITLLDUNUAIENNTVINUIBAIVBY % yield AYANNTT
19879

Avg. % yield = 6.46 - 0.0308 P - 0.0970 Temp + 0.0053 Time + 0.000495 P*Temp
- 0.000137 P*Time - 0.00011 Temp*Time + 0.000003 P*Temp*Time
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A

lngenedemanisveassiilien % yield waginniantufenisainludesmenisuoy
lpeenleawilodngueinganiglianiizanuduil 200 V15 gl 70 esr A
538ELaINNTENA 60 WW F9lviAn % yield WwRUWINAU 1.374 % FagiUSuuiisy % yield 7

1Aa1nNNSYIUNEMIEANNITAIN

% yield = 6.46 - 0.0308 (200) - 0.0970 (70) + 0.0053 (60)
+ 0.000495 (200)*(70)
- 0.000137 (200)*(60) - 0.00011 (70)*(60)

+ 0.000003 (200)*(70)*(60)

= 1.172 %

NA1 % yield NAIINAITUNUAELNTAMNUYIIUBANINAY 1.172% laeilsSouas
AULANANAUNANITNARBIANENATIER (1.374%) WinAu 14.70% WaziloRansanainal
Pvalue  @dldimsgvimnuuansavestoyainuandvegrslideddgnsadaviell  lay

#315019nA1 P-value Yaenatvadfiuls mnuiu gaumgil wazsveziatlunisaia wuii P-

'
14 U A

value  vasfmUvdndAwnnd1  0.025  wansInauNAgIunEanIAIlignususukasiile

Y

WIBULEUAT P-value URRILUTHANAINGTT  WUINEINITOLTENEIAUAIUEIAYIBILFAY

Uadeniinasior % yield 3nunlumdey ol szeznainisadn anuiy uazgungd
MNAIY
WotUayaluni13199 7 1UsuUnTINMKUYITWAININT 9 WA1sauna1nTadausn

44' v A o A o o o Y a A
1399995 rzalUNTENaN 30 Lag 60 WY Lmaﬂmum‘ﬂﬁ]%Liaam’mmuuazqmmmmw

giiuidleiiussezianlunsaninain 30 Wu 60 undlaglausuna % yield vpdludoeiiia

mn%uiunmmi (1->2, 3->8, 5-56, 7->8, 9->10, 11->12) Y238 2 AoiSewosausy o
nsAnenavesnusuludataiidsen % vield vesladay wuirladesdiadnainnin
vifonsesseaniueulnoenludteein meldonmginazszoznailunisadavintu el
auduluszuvasiinarinli % yield vasludosfiatalfziutulunsdildguugiiaed 70
ssrnwaldsalunisatauazatlunsarmdululaite 30 uag 60 Wit (Msvnaesit 3,4 Wieu
fu 7,8 Wisudu 11,12) ag1alsinunaves % yield Yesnsatnaranaiieiiiuanuduly
szwﬁaﬁﬂé’wqmmﬁﬁ 50 peAaLTYE (NMINAaBd 1.2 Weuiu 5.6 Weuiu 9.10) wag
- g

Uaduanvineda gumnnl i % yield wisvaanandnludeeiannlassduuilduiiuyy

kY

[y

W9vinNsanaNAuAUEY (200 UNS) HAZSEELNATIUNITANAT 60 UT TUIaRA1TU17N

Y

wuAlHuvinlnnsyinunedadeiiinasani1sannlugesannnINuensadn 8 ke seNannainnin

PanIaIneAIsUsUlneanleRdieIn donrandtuaNNITHIUIENISANAT199U WRdlvaAS
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[
o A I =2 1

seianenansanaiiszynTuedivadeisesvesgungiinoudeley 9193uinaNdlAT0d

q Y

afinteainlilanunsomuaamaiiled vlvinisussinamaaiaaiouly

0.250 1

0.200 H

0.150

0.100

(ATanFu)sianinuiansas 10
Alaniu(n.n.)

dan

0.050

av'la

0.000 1

inidna

-0.050 -

AINA I

Ml 9 Wesidud yield vesnsanaludeslnawdsluanniznisaasdsns 4 (@umgll Anw

AU wagszeznatlunisain) lugduuuwsugiiuialeglideyaainansen 7

o A I ~ A < [} ’o’ Y] 1 a

nan1sanaNan1za1s o Tuseun 2 15199 8) lnslunsanagiainding Ly
wudraunsaaialydeslainaindy lnslungamgiinisanagauagianlunisaiauiuiu
yananddainisanndndlegraumulaeliinisa1ee1n1NnianI9999NUILALLIRLLENIUDE
A a v A A Y . Y] el' A aw Yo I3 v el'
WiLAnme Wenaglila % yiled veanisaiauiniiga Auddelavinisiiusiusiuledesd
anmlAUSUIUIIUNMILA AB 1.965 Alansu 91NN1SNAARINITANANY 2 58U WwUsualvday
71919 5.148 Alansy (AS99 1 annludessiunanuale 3.183 Alansu AN 2 annludey

unamuala 1.965 Alansu)
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A15199 8 nan1sannsaudl 2 (Usualvdes wagiUesidud) Aae supercritical carbon

A a

dioxide N19aUNHH AMUAL UALIAAN 9

R BLNThH 1980
N309/US00
Jufivhns | EtOH 100 | 150 | 200 | 50 | 70 30
anm (bar) | (bar) | (bar) | (°C) | (°Q) | (min)

39 27/4/2559 15ke/5L 150 48.8 45 21.75 0.15

40 27/4/2559 15kg/5L 75 60.8 45 22.53 0.15
41 (1) 16/6/2559 15ke/5L 200 70.2 a5 174.09 1.16
41 (2) 16/6/2559 /5L saU# 2 200 70.2 45 37.30 0.25
42 (1) 22/6/2559 13.5kg/5L 150 46.5 30 84.37 0.65
42 (2) 22/6/2559 /5L S9U# 2 150 46.5 30 109.97 0.85
42 (3) 22/6/2559 /5L saU# 3 150 50 30 83.66 0.64
43 (1) 22/6/2559 8.5ke/5L 200 65.6 30 95.59 1.12
43 (2) 22/6/2559 /5L saU# 2 200 65.6 30 119.73 1.41
a4 (1) 22/6/2559 15ke/5L 200 62 30 115.20 0.77
a4 (2) 22/6/2559 /5L SaUu# 2 200 72 30 112.43 0.75
44 (3) 22/6/2559 /5L SoU# 3 200 72.2 30 48.93 0.33

45 16/6/2559 15ke/5L 150 48.4 a5 195.16 1.30
46 (1) 23/6/2559 15kg/5L 150 48.8 30 77.69 0.52
46 (2) 23/6/2559 /5L SoU# 2 150 48.8 30 31.53 0.21
47 (1) 23/6/2559 15kg/5L 150 48.8 30 49.71 0.33
47 (2) 23/6/2559 /5L SoU# 2 150 48.8 30 59.58 0.40
43 (1) 23/6/2559 8keg/5L 200 75.2 30 118.22 1.48
438 (2) 23/6/2559 /5L saUu# 2 200 72.8 30 89.97 1.12
49 (1) 24/6/2559 15ke/5L 150 47.2 30 87.96 0.59
49 (2) 24/6/2559 /5L saU# 2 150 47.8 30 35.00 0.23

50 17/6/2559 194.48

et 1,964.84
Fa993IR 5,147.42
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1.25 n1s53tasazidsunas Policosanol ludnsanaludesinaiia gas

chromatography-mass spectrometer (GC-MS)

MS

anzaaralUil

1.2.5.1 ssiadl aunsal uaziadadile

Chloroform 91nU3¥W CARLO ERBA Reagents UszinarlSaea

@1311%3371U Policosanol (Eicosanol-Cyy, Heneicosanol-Cy;, Docosanol-
Cyy, Tricosanol-Cys, Tetracosanol-Cy, Pentacosanol-C,s, Hexacosanol-
Cos, Heptacosanol-C,;, Octacosanol-Cps, Triacosanol-Csy) 21NUTEN
Sigma-Aldrich Usginadenlus

Nylon membrane (pore size 0.45 lunsou)

Syringe YW1AA1NY 1 Hadidns HEnsae Nipro

GC vial (amber glass) U1AANT 2 JA0aNT

\ATRIAIENTarany (Micropipette) ¥89U3¥M Gilson Useimeanigoisng
\pestsRanea nadloy 4 fums (Electronic balance) Ju AB204-S ¥eq
UTH Mettler-Toledo 9110 UszlnAeiaigoslaun

i3eAalasuninsnsf-uuaawalnsiwes (Gas chromatography-Mass

spectrometer; GC-MS) ':;:u 7890A-5975C, Agilent Technologies

1.2.5.2 N15ANE199AUSLNOUVD9E1S Policosanol Nanalaniemaiin GC-

Pransanaludesarnninudensesunmesndsenaulagldimain GC-MS Tu

GC-MS: 7890A-5975C, Agilent Technologies

ABAL: J&W Scientific, DB-5MS column, A3118173 30 RS x 0.25 Naauns

x 0.25 lulasiuns

- whadw (Carrier gas) : WAaSLAEN (99.9999%)
- gl : duaALmas (Injector port) 300 BIALYALTEE

- 1A399M5799A (Detector) 300 DIALTALYE
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14018 (Oven) wuuan1zlusunsugungil (Temperature program)
oaumaiiFudu 50 esmwalTya Wingu WWuaan 5 undl Mé’amﬂﬁ?uqmmmﬁwﬁu 10 9417
walluarnouil autsgamgi 300 ssrnwaldeaduian 15 widl

- GSinasansiegnaidadily: 5 Tulasans split ratio 50:1

- Acquisition mode:scan

1.2.53 N1SNSTENEITA0E19NENITIATILATIAMNW (Qualitative analysis)

waztBesUIu (Quantitative analysis)

N15LMTEUAITAEA18UINTFIY policosanol we 10 ¥dn 18 A Eicosanol-Cy,
Heneicosanol-C,;, Docosanol-C,,, Tricosanol-Cys, Tetracosanol-Cy,, Pentacosanol-Cys,
Hexacosanol-Cys, Heptacosanol-Cy7, Octacosanol-Cyg Lete Triacosanol-Csg Tnens99ans
Policosanol unmsgr1udssuieas 1-10 mg wazyvinagatenly chloroform 1 mL (stock
solution) mﬂﬁ?uﬁwmi dilute‘ﬁ' 1/2, 1/5, 1/10, 1/20, 1/50, 1/100, 1/200, 1/500, 1/1000
augeu dregafildainnsatalaedsang 4 undeiminuszana 10-30 mg Wi
aza1u8ae chloroform 2 mL 1aisavaefilénsassinu syringe filtter nylon membrane

un 0.45 luasau nndurluaauu GC-MS Assay 5 ul

1.2.5.4 wan1snaaasnsiasiziesralsznauluaisanalaudes

PnRanIshnTziesdusznevluasataludesiiatngae supercritical fluid CO, lag
ANwIHATDIANAY @auuiluazsrevIatlunisaia aae Thin layer chromatography s¥UU
ANSWAILINITUENUY silica gel plate A Hexane/Diethyl ether/acetic acid (85/15/2; v/v/v)
Tdogeiadnludosainninsionseafianiagsing q (crude wax) wuin faegearnynante
Usznaumiuasusenau wax ester, aldehyde, fatty acid, fatty alcohol wag phytosterol
Tneifuansimudauandy GC-MS Tasunlvunsy awil 13 Tasansiimuduanslungy fatty
acid, aldehyde, policosanol wag phytosterol asamIuAUNaYas TLC 7§ dru wax ester 7
nulunssimsigise TLC ldanansadmseilane GC-MS wsiziiansuandidu fatty
acid iU fatty alcohol yenaniilawSsudiou GC chromatogram ¥84an17EN1TANARAIN 9)

Mansans 30 w1f nuIhudeuwnnE1eiuy
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Hex : O;ah3| tAcehC Qlaty )b
sulin ]2 (viviv) piog

Wax ester

-
| - -5
4 Aldehyde @
Fatty acid
Fatty alcohol (Policosanol) '
. ! - e - .—.—. = /
Phytosterol -

-

1

o\ we
o
o

JjodEd
lﬁnnl‘c
G Ll s

e Rl L
(A3

S
#°0G L&
b7 L4
sLlrLe
quCld &

, -
s 03| -
\

) Tbl Lol
VHT LG e
wuodos pomes
oM 2P0
xom 33400 o
FORES
:\056’3
o7xiu @

29 10 Thin layer chromatography vetlugeafiannlaain sc-CO,u09a1569%

1 = P100-T50-20min 2 = P100-T49.6-30min 3 = P100-T51.2-30min
4 = P100-T52-60min 5 = P100-T50.4-60min 6 = P100-T47.2-60min
7 = P100-T75.2-30min 8 = P100-T71.2-30min 9 = P100-T73.6-30min
10 = P100-T72.8-60min 11 = P100-T73-60min 12 = P100-T72.8-60min

41 = P15 MPa-T48.8-45min 42 = P7.5 MPa-T60.8-45min
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r————.—-ﬁ-— 3 Hex " Dietny - Acshi %[3% It
' ; %l 19 ]2 lvivivy P1s0
Wa: - =
| — e =
' Aldehyde - - - e o o . .
Fatty acid
alcohol (Policosanol .
- i -
Phytosterol
2 s ¢ 3 ¥ B - - N - . - R
= 3 @ 9 ;é_JL,’J'gggmgnnbgr_? 248 F
R T R T I £ 8
22 20 24 21 22 25 23 17 13 14 45(3)16 18 45(2) 45(1)15" 19

A9 11 Thin layer chromatography vetludesiiainlaan sc-CO,u09a15691

13 = P150-T51.2-30min 14 = P150-T50.2-30min 15 = P150-T46.4-30min
16 = P150-T48-15min 17 = P150-T51.4-60min 18 = P150-T47.2-60min
19 = P150-T46.4-60min 20 = P150-T73.6-30min 21 = P150-T71.2-30min
22 = P150-T70.5-30min 23 = P150-T67.2-60min 24 = P150-T72-60min

25 = P150-T68-60min 45(1) = P150-T46.5-30min 45(2) = P150-T46.5-30min

45(3) = P150-T50-30min
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Hex © Digthyl : Acetic xl;uh Jve

35119 o WivIv) P200 ;

|
fldehyde g O T A e =
|

%

¥

\‘\.
| Fatty acid :
1i—. Fatty alcohol (Policosa ._.

= = 4 Mr-—.— —
Phytosterol

| . s
' § T i v E YT LYY YT Y ¥ ¢ =
| > 2 ¢ 32 233 %25F8& 558 %55 5 L
i & A T S, :j: pas Rl £ L e

A9 12 Thin layer chromatography vetludesiiainlaain sc-CO,u09a15691

26 = P200-T50.4-30min 27 = P200-T52-30min 28 = P200-T49.6-30min
29 = P200-T48-60min 30 = P200-T51.2-60min 31 = P200-T47.2-60min
32 = P200-T75-30min 33 = P200-T72.6-30min 34 = P200-T72.8-30min
35 = P200-T65-60min 36 = P200-T82-60min 37 = P200-T68-60min

44(1) = P200-T70.2-45min 44(2) = P200-T70.2-45min 46(2) = P200-T65.6-30min
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1.2.5.5 nswlSgurisuasnusenauniaaiivasludssianalananinuau (100, 150

wag 200 bar) auugil (50 wag 70 asAngades) lagldiaaini 30 w1l

= ™ = o v P ' ° Y]
AN 13 LLamﬂﬂ'ﬁL‘UﬁﬁJ‘ULVIEJUﬂ'ﬁaﬂ@IGU@@EJVlaﬂ']'JSWWQ IWEJﬂ'TVTUWL'Qa'ﬂUﬂ'ﬁaﬂﬂ

AN 30 W wuIesAUTENEUTRIESINUTLEASlU GC chromatogram HanuwazAAuARY

fiu Usgneaulumeanswan fatty acid, fatty aldehyde, fatty alcohol (policosanol) way

phytosterols Gaannasiunailaainnisyin TLC

Abundance]

4500000

4000000

3500000

3000000

2500000

2000000

1500000

1000000

500000

0

P100 T49.6 30min

ZbobE7
29576

23508 25 (7R

17
1136

32422

33514
a2

Time->

sho

10000

1500

20000 =0 00

P100 T71.2 30min

300 anlo

&bundance]
5000000

4500000

4000000

3500000

3000000

2500000

2000000

1600000

1000000

500000

31138

21553 29572

2|.856
29901 28.0783.11

32386

33496
1.90 3437138

Time->

Abundance]

8000000

7000000

6000000

5000000

4000000

3000000

2000000

1000000

a

1000

1500

16.153
i

200 2510 00

P150 T51.2 30min

30!

21572
18.808 gl %ﬁﬁﬂﬁﬁm
n i i

500 a0

1181

3247

Tirng-->

T
10,00

T
15.00

T T
20.00 25.00 30.00

T T
35.00 40.00
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P150 T70.5 30min

4bundance] 30EE

E000000
5500000
5000000
4500000
4000000
3500000
3000000
2500000
2000000
1800000

21.556
1000000

s
500000 A 2@%0
. " | Al L

0
Time-> 500 1000 1500 200 5m 0 =00 a0

P200 T50.4 30min

“bundance] 30§1346

E000000
5000000
4000000

3000000

32 405

2000000

1000000

Time- 500 1000 15,00 20,00 =00 3000 300 0o

P200_T72.8_30min

Sbundance] 30Ng37
5000000

4500000
4000000
3500000
3000000
2500000
2000000 2408
1500000

1000000

BO0000

" dd, )

0
Time- sho 1000 1500 2000 2500 EX Ee 4070

AN 13 GC-MS Tasunlninsuvesansanaluessannaie supercritical fluid CO, Nan1g

o ! U d' = dl
ATANALLANANNU VL3811 30 UIVIAIN
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1.2.5.6 nsAnwa9AUsZNaUVBdEaTs Policosanol Tuasanalusas

uamslaseianslungy policosanol Taethanisuifieufuasinasg favan
10 ¥fa  lown Eicosanol-C,,, Heneicosanol-Cy;, Docosanol-Cy,,  Tricosanol-Cys,
Tetracosanol-C,4, Pentacosanol-C,s, Hexacosanol-C,s, Heptacosanol-C,;, Octacosanol-
Cyg % Triacosanol-Csg ?(j!QWUﬁﬂ‘ﬁ 24.685, 25.579, 26.433, 27.265, 28.103, 28.862, 29.633,
30.323, 31.208 Way 33.164 Uil AUAITU (N1 14) uasuans GC-MS TASHINLATULUY

mawadamaqmimmgm policosanol FIAINA 15

bundance TIC: Std_C20_0_Fmg.DADATA MS
TIC: St C21_0_Bma.DhDATA M
1.15e+07 TIC, Std_C3Z 0% DADATA MS

S [*) 78.862
[}

TIC: Std_C23 0_7mo DADATA MS [%)
1
1
1

TIC: St_C24_ 10 DADAT A MS
11e+07

TIC: St _C2E_ 10w DADAT A MS
1.05e+07 TIC: Std_C27_10: DADATA S

TIC: Std_C30_5u.DWDATAMS 7]
1e+07
9500000

2103

9000000 23184

9500000 24 626579
8000000 27285
F500000 .708
F000000
ES00000
26.433
E000000
5500000
5000000
4500000
4000000
3500000
3000000
2500000

2000000

1500000
1000000
500000 L

rrrrrr 5.00 10'00 15100 2000 2500 3000 35'00

ANd 14 GC-MS T lvunsuveaa1suInss1u policosanol 119 10 Useian Leud
Eicosanol-Cyq (24.685 W1#), Heneicosanol-Cy, (25.579 uii), Docosanol-Cy, (26.433 1),
Tricosanol-Cys (27.265 U19), Tetracosanol-C,q (28.103 w19), Pentacosanol-Cys (28.862
11191), Hexacosanol-Cyg (29.633 1171), Heptacosanol-C,; (30.323 14111), Octacosanol-Cyg

(31.208 W) W@y Triacosanol-Csg (33.164 U19)
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bundance TIC: S5td_C20_0_7mg. D4DATA M‘S
1.15e+07] TIC: Std_| C22_0xD\DATA. MS [x]
TIC: Sid_| 324 S B DT A 1S (%]
1.1e+07 4

TIC: St CZE_ 10w DADAT A MS 4]
1.05ew07 TIC: Std_C27_ 10w DADATA MS [

TIC: Std_C30_5w.DADATAMS (5]
1e+07

3500000
28,103
3000000 .
8500000 —4pgs  25.579

5000000 272685
7500000 31208
7000000

29.633 30.323
5500000

26.433
5000000
55000004
5000000
45000004
4000000
FE00000 ]
3000000

2500000

2000000

1500000

10000004

500000
L ] L " =

o
ime-> 2250 2400 2600 2200 2000 3200 3400 3600

Al 15 GC-MS 1ATUNINENTURUUVEIEEAIUVBIAITUINTFIU policosanol W 10 Uszam
oA Eicosanol-C,, (24.685 u1il), Heneicosanol-Cy; (25.579 w1#), Docosanol-C,, (26.433
w1#), Tricosanol-C,; (27.265 W191), Tetracosanol-Cy, (28.103 u1#), Pentacosanol-Cys
(28.862 U1 9), Hexacosanol-Cys (29.633 W1 91), Heptacosanol-Cp; (30.323 u19),

Octacosanol-Cog (31.208 U1) Wag Triacosanol-Csg (33.164 U19)

FaluwsiaziAvesa1suInsg1u policosanol Livu1lUTLAT18YA8 mass
spectrometry Wa7 WUINHANBUEAITUANAIVU MS (fragmentation pattern) Aa8AU WA

fnanunIuIuasuauluanels wazil molecular mass Twaanay aslunni 16
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(16a) Eicosanol-C,, (24.685 w1#)

{hundance

500000

450000

400000

350000

300000

250000

200000

150000

100000

50000

i

5.0 g3.0

iz

50

g

i}

97.0

1

1251

1331

1682 1522

252,
280.4
L7632 12 2163 249 s

247 4
T

3561 4291
T

| ‘ 1631
JI JL \W
150

100

3
| zesa )
2l 280

(16b) Heneicosanol-C,, (25.579 u#)

{bundance]

400000

350000

300000:

250000

200000

150000

100000,

50000

nd

Iz

kNl

=]

Ean

&40 971

111

1251

1291

AT )

3

383 503

350

83 2944
1 13

(16¢) Docosanol-C,, (26.433 u17)

[

140

L, : :
160 180 200

73”2-2 1962 2103 2243
1 i pl 1
1

74 240

750 2B \ '

{bundance]

300000

260000

200000

150000

100000

50000

a1

570 eqp

Imdz--x

e

40

E

&40

a0

570

1

1251

1331

531
] ‘Ei? 1822 1962
I 1

§2 %2 793 243 203 2

3648 4051

1
Il
W kD

w10 Ao 2o o ko

2803 3054
| [
3

3o W

260

T )
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(16d) Tricosanol-C,; (27.265 w17)
“odieg o 50
300000 57.0
250000
ma

200000

150000

1251
100000

50000 1331

11 1831
167.2 2944 124
1822
oLl ol T TP se2 20a 2243 2ms o3 meagms | an |/ @ed\aes 4051
T T T T T T T T

mizs 2 P & @0 w0 0 o 0 200 2dn 20 2Ro 280 a0 30 W w0 20 4

(16€) Tetracosanol-C,, (28.103 W1#)

Abundance 830 9o
550000

S00000 570

450000 60
400000
30000 T
300000
250000
200000 51

150000

100000 1391

50000] 514 ‘

LT

1531
167.2 308.4 3364
QA R e 23 e epa gss g | e | (a6 0604244
T T T T T
15 200 20 3l @ alo

mez--> 50 100

(16f) Pentacosanol-C,s (28.862 w17)

Abundance 820 9A0
BODD00
550000 570
500000 £30
450000 430
400000

ma
350000

300000
250000
200000 1251
160000

100000 1291

31 167.1
||‘| I||\

15
0 | . \HI y ‘ ul p

50000 31 3224 3504
1B 1952 o022 253 o2 deaI TEs mseeaga | w3 | (360 43 4091
iz Y 100 190 200 20 300 # N_/ alo
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(16¢g) Hexacosanol-Cy (29.633 u1i)

shundance] 830 570

57.0
350000

300000
250000
200000
150000 700

1251
100000

1391
50000

a0 \h . H

A
i mI213.222%_223%325932511.327:332924 WBAZZ4 | L[Epales aus e a
W 50 100

2o o 3o d N\ o 4

o

1531

| |‘57‘15121952
L I,

180

(16h) Heptacosanol-C,; (30.323 11#)

ibundance gz0 9q0
57.0
360000
300000
250000
A

200000

150000
1251

100000

0000 =

1831
1671
1812 1352 04 378.5/_\
oL |l ..‘\ ‘ .\||\ I, i Agere e s sue s e | a6 aq s arsd
150 200

iz 50 100 20 30 30 NE 450

(161) Octacosanol-Cyg (31.208 U9

Abundance 570 970
180000
160000
140000
120000
100000 82{0

80000
41

50000 1281

40000

20000

1531
181.2195 a4 BBZ'H
o m| Il | \Ht .I‘l ||. T T Ml Gl e B A B L[am344dte  sme 4731 s028 sang
I b 5 "

iz i 100 2ho 250 3t 0 h 450 500
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(16j) Triacosanol-Cs, (33.164 117)

Abundancey a1
830
500000 570

450000

400000;

350000 421
i

300000

260000

200000
1l 1281

150000

100000

1331

s B2 420
1952008 2222 2236, 3250, 4 m
ol 3l I.| . \H\ Il ‘I|h b T A Tl L N | . X8 - :

miz-» 50 100 180 200 250 300 350 400 50 500

AT 16 uadns mass spectrum UBIE1IUINTFIU policosanol W 10 wle - (15a)Eicosanol-
Co (24.685 19), (15b)Heneicosanol-C,; (25.579 w17, (15c)Docosanol-C,, (26.433 wi),
(15d)Tricosanol-C,3  (27.265 U), (15e)Tetracosanol-C,;  (28.103 U),
(15f)Pentacosanol-Cps  (28.862  w1¥1), (159) Hexacosanol-Cps  (29.633 1),
(15h)Heptacosanol-C,;  (30.323  w1#), (15i)Octacosanol-Cpg  (31.208  W1¥)  wag
(15))Triacosanol-Csq (33.164 u1i)

NANNTIATITDIAUTENOUBIET policosanol Tuansainluvpeainnninviienses
TagunluiSeufisuiuasuinsgiu policosanol wuinluaisadnludesil policosanol
Nandn 4Usglan Ae Tetracosanol-C,, Hexacosanol-C,s Octacosanol-Cs tha e

Triacosanol-Cy A9 WA 17 hagzuand GC-MS 1ASUlnLATULUUTENYEIUY A9 18
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Bundance C: P200_TE5_GOmin_1 DWDATA MS

Ti x
TIC, Std_C200 10 o DADaTA MS 1] 28,062
1150407 TIC: St Emg. DADATA MS (7]
TIc, 08 DADATA MS (7]
TIC: S g DADATA MS [
1107 i [
T W]
1.05e407 e ]
TIC: (]
o7 TIC S G005 DADATA MS 4]
9500000
103
an00000 P
sE00000 0 cBE579 30649
HO00000. 7,268
\BEC]
7500000 i ko
7000000
EY-reE S
s500000
26.433
s000000
ss00000
5000000
4500000
4000000
3500000
az.43
s000000
2500000
2000000
1500000 20E0
5 46 34,803
1000000 i Ery
; : 3800
so0000 i28: Jf‘é lz‘ gqa - - .
o T 7 T T T T T T
[ 500 1000 15100 200 2510 anon 3500 an'on

ANl 17 GC-MS Tasunlnunsuansataludosainninudonseaiisufuaisuinsgiu
policosanol ‘1713\‘1 10 Useian LauA Eicosanol-Cyp (24.685 U171, Heneicosanol-Cy, (25.579
119), Docosanol-Cy, (26.433 W1¥), Tricosanol-Cys (27.265 W1¥), Tetracosanol-Cy, (28.103
179), Pentacosanol-C,s (28.862 U11), Hexacosanol-Cypg (29.633 117), Heptacosanol-Cyy

(30.323 W1¥1), Octacosanol-Cog (31.208 U1) Wag Triacosanol-Csg (33.164 u171)
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EGrasnes

11507

ERIt

tee07
asa0000

26703
a000000 J——

8060000
7500000
7000000
28 £3F0.22
s500000

nnnnnnn

so00000
500000
000000
3500000

3000000

2000000

-
e [T "N v

0

2o EEX zao 26’00 zalon aa’on azlon 3400 36'00 38'00 anho azho

Al 18 GC-MS Tasanlnunsuuuuveneanvesansarinludesanninuiionsesfisuiuans
1171351U policosanol ‘17?& 10 Uszian euA Eicosanol-C,, (24.685 w1¥1), Heneicosanol-C,;
(25.579 U19), Docosanol-C,, (26.433 u19), Tricosanol-Cys (27.265 1419), Tetracosanol-
Cpq (28.103 U19), Pentacosanol-Cps (28.862 419), Hexacosanol-Cog (29.633 u1),
Heptacosanol-C,; (30.323 u11), Octacosanol-Cpg (31.208 U191) thag Triacosanol-Cs

(33.164 W)

Fnsasginiu3ina policosanol Tuansafialudesanninudensesiiaingie
supercritical fluid CO, 1AgN3ALINAINNTINLINTFIUVBIETALAIBLINIFIU policosanol
‘17?\‘1 4 UYsgian Ae Tetracosanol-Cyy, Hexacosanol-Cos, Octacosanol-Cyg haw Triacosanol-
Cyo (N7 1922 a1ud6u) IneU3unas policosanol Arusaldannuasiuvesusun
Tetracosanol-Cy,, Hexacosanol-Cys, Octacosanol-Cyg he¥ e Triacosanol-Csg Famanas
Ans1eU3una policosanol vesansafnludosannninuiiensesitafiadae supercritical

fluid CO, TuusazanIIE LaAIRINITIN 9
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800000000

700000000 y = 357,017,065.2958x + 4,387,149.8929 4
2 —

600000000 R? = 0.9992

500000000
® 400000000 i
< -

300000000

200000000 .’,u

100000000 R

"
0 @
0 0.5 1 1.5 2 25

[Tetracosanol], mg/mL

AN 19 NFINUIATFIUVDIANTALAI8UINTFIU Tetracosanol-Cye bun1571UTU 0

policosanol Tuansarinalugesainninndensesiiainnieg supercritical fluid CO,
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300000000
y = 292,030,074.0814x - 7,207,626.2025
R? = 0.9979 .

250000000

200000000

150000000

Area

100000000

50000000 -

0 0.2 0.4 0.6 0.8 1

[Hexacosanol], mg/mL

AINA 20 N31MUINTFIUVDIATALANBUIATFIU Hexacosanol-Cye Tun1511U3 10

policosanol Tuansaialudesanninudensesiianngie supercritical fluid CO,

1.8E+09

1.6E+09 y = 309,011,187.3537x + 4,676,143.58&6-"‘
1.4E+09 R? = 0.9987 .
1.2E+09

1E+09

800000000

600000000

400000000

200000000
0 &~

0 1 2 3 4 5 6

Area

.

[Octacosanol], mg/mL

AN 21 N51UNINTFIUVRIANTALANWUINTFIU Octacosanol-Cog buN1511UT U0

policosanol Tuansanaludpsainninudensesiianneie supercritical fluid CO,
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1E+09

.
y = 451,560,930.3946x - 1,193,745.8000 .-
800000000
Rz = 0.9994
600000000
o
[
by [ ]
< 400000000
200000000 .
0 ¢
0 0.5 1 15 2 2.5

[Triacosanol], mg/mL

AINN 22 NF19UINTFIUVEIANTALA18UIATFIU Triacosanol-Cso bun15n1UTu 0

policosanol Tuansarinalugesainninudensesiiainnieg supercritical fluid CO,
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A157197 9 Wan15IATIERUTUNMENS policosanol YesansannladesaInnInudenses Ndnn

A2 supercritical fluid CO, lainn1syinisitesiziifisuiu calibration curve Tu GC-MS

Condition Filter cake Crude %Yield | Total Policosanol | %Total PC
Sudu (kg) extract (PC)
(9 (mg/g)

P100-T49.6-30 min 10 79.75 0.80 128.72+1.10 12.87+0.11
P100-T51.2-30 min 10 190.17 1.90 120.63+0.22 12.06+0.02
P100-T52-60 min 10 32.52 0.33 127.34+0.09 12.73+0.01
P100-T50.4-60 min 10 112.01 1.12 123.13+3.03 12.31+0.30
P100-T47.2-60 min 10 204.14 2.04 115.47+7.00 11.55+0.70
P100-T75.2-30 min 10 a7.1 0.47 105.95+2.03 10.60+0.20
P100-T71.2-30 min 10 40.65 0.41 132.94+6.19 13.29+0.62
P100-T73.6-30 min 10 20.77 0.21 91.37+2.01 9.14+0.20
P100-T72.8-60 min 10 36.83 0.37 136.80+1.08 13.68+0.11
P100-T73-60 min 10 38.51 0.39 94.61+5.43 9.46+0.54
P100-T72.8-60 min 10 40.12 0.40 71.06+£1.93 7.11+£0.19
P150-T51.2-30 min 10 83.71 0.84 146.33+1.62 14.63+0.16
P150-T50.2-30 min 10 79.87 0.80 148.30+3.40 14.83+0.34
P150-T46.4-30 min 10 75.05 0.75 70.18+7.06 7.02+0.71
P150-T48-15 min 10 77.83 0.78 254.51+19.36 25.45+1.94
P150-T51.4-60 min 10 203.09 2.03 267.00+14.43 26.70+1.44
P150-T47.2-60 min 10 37.64 0.38 213.03+1.94 21.30+0.19
P150-T46.4-60 min 10 63.28 0.63 143.40+12.42 14.34+1.24
P150-T73.6-30 min 10 38.74 0.39 227.46+9.49 22.75+0.95
P150-T71.2-30 min 10 33.37 0.33 188.18+2.68 18.82+0.27
P150-T70.5-30 min 10 64.74 0.65 257.52+3.74 25.75+0.37
P150-T67.2-60 min 10 108.16 1.08 320.12+2.61 32.01+0.26
P150-T72-60 min 10 106.12 1.06 201.06+4.23 20.11+£0.42
P150-T68-60 min 10 156.23 1.56 205.01+3.84 20.50+0.38

NUBLAE: P = Pressure, T = Temperature

Total PC = wa531uU3u1ad policosanol U89 Cpg, Cos, Cog W Cso

Joyaiuandlumseee Alafediudgauunnnsg
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A157197 9 (Me)NaNTITILATIERUINMENT policosanol Yesansainludeyainninudenses 7

anmeny supercritical fluid CO, laarnnsvinisiasgiifisunu calibration curve Tu GC-

MS
Condition Filter Crude extract %Yield Total %Total PC
cake () Policosanol
(kg) (PC)
(mg/g)
P200-T50.4-30 min 10 101.85 1.02 289.59+14.14 28.96+1.41
P200-T52-30 min 10 43.37 0.43 226.25+14.99 22.63+£1.50
P200-T49.6-30 min 10 37.63 0.38 206.09+13.89 20.61+1.39
P200-T48-60 min 10 18.69 0.19 232.33+25.96 23.23+2.60
P200-T51.2-60 min 10 98.06 0.98 210.66+18.50 21.07+1.85
P200-T47.2-60 min 10 109.54 1.10 231.98+5.14 23.20+0.51
P200-T75-30 min 10 41.97 0.42 220.53+3.20 22.05+0.32
P200-T72.6-30 min 10 237.4 2.37 217.76+31.39 21.78+3.14
P200-T72.8-30 min 10 36.12 0.36 237.44+3.50 23.74+0.35
P200-T65-60 min 10 115.07 1.15 187.31+4.21 18.73+£0.42
P200-T82-60 min 10 123.01 1.23 219.65+1.80 21.97+0.18
P200-T68-60 min 10 174.2 1.74 176.95+8.40 17.70+0.84
P200-T70.2-45 min_44 (1) 174.09 1.16 245.24+72.18 24.52+7.22
15 211.39 1.41

P200-T70.2-45 min_44 (2) 37.30 0.25 245.18+2.62 24.52+0.26
P150-T46.5-30 min_45(1) 84.37 0.62 209.40+3.57 20.94+0.36
P150-T46.5-30 min_45(2) 135 109.97 278 0.81 | 2.06 147.06+8.22 14.71+0.82
P150-T50-30 min_45(3) 83.66 0.62 258.26+49.49 25.83+4.95

WUNLAE: P = Pressure, T = Temperature

Total PC = wasuuU3unad policosanol U8d Cpg, Cog, Cog W Cag

Toyanuanslumsneeie Alafududgnuunnnsg
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A157197 9 (Me)NaNTITILATIERUINNMENT policosanol Yesansainludesainninudenses 7

anmey supercritical fluid CO, laarnnsvinisilasgiifisunu calibration curve Tu GC-

MS
Condition Filter Crude extract %Yield Total %Total PC
cake () Policosanol
(kg) (PQ)
(mg/g)

P200-T65.6-30 min_46(1) 95.59 1.12 195.09+12.39 19.51+1.24

8.5 215.32 2.53
P200-T65.6-30 min_46(2) 119.73 1.41 161.22+24.66 16.12+2.47
P200-T62-30 min_47(1) 115.20 0.77 236.48+49.44 | 23.65+4.94
P200-T72-30 min_47(2) 15 112.43 | 276.56 | 0.75 | 1.84 | 191.92+31.06 19.19+3.11
P200-T72.8-30 min_47(3) 48.93 0.33 167.68+7.33 16.77+0.73
P150-T48.4-45 min (48) 15 195.16 1.30 183.28+2.16 18.33+0.22
P150-T48.8-30 min_49(1) 77.69 0.52 239.89+22.34 | 23.99+2.23

15 109.22 0.73
P150-T48.8-30 min_49(2) 31.53 0.21 155.74+3.64 15.57+0.36
P150-T48.8-30 min_50(1) 49.71 0.33 230.71+6.28 23.07+0.63

15 109.29 0.73
P150-T48.8-30 min_50(2) 59.58 0.40 150.78+30.23 15.08+3.02
P200-T71.2-30 min_51(1) 1.45 163.19+3.69 16.32+0.37

115.97

8 324.16 4.05
P200-T75.2-30 min_51(2) 118.22 1.48 110.19+5.16 11.02+0.52
P200-T72.8-30 min_51(3) 89.97 1.12 201.63+21.23 20.16+2.12
P150-T47.2-30 min_52(1) 87.96 0.59 154.39+8.74 15.44+0.87

15 122.96 0.82
P150-T47.8-30 min_52(2) 35.00 0.23 147.47+1.75 14.75+0.17

NULAR: P = Pressure, T = Temperature

Total PC = wasiuuU3unal policosanol ¥ee C24, C26, C28 wag C30

Joyaiuandlumsneee Alafediudgauunnnsg

91AMITNN 9 LANINANITILATIZRUTUAUENT policosanol sasansannlydpeainnin

wionsesiaiaeme supercritical fluid CO, leanAsviinsiisuAv calibration curve Tu GC-

MS Ll luviunenaysunn policosanol Miafinldlagdadesing o laun audu gaumgil wag
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seevIalunsainntoyalum sy 9 1ANAY 100 150 wag 200 AMVILARAIFIKUTAIS 9

WULALINU NMSUIENNTTUIEY % yield nsaianeunt laAn regression analysis fiadl

Regression Analysis: %Total PC versus Pressure, Temperature, Time

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
Regression 7 693.89 99.127 4.07 0.004
Pressure 1 18.21 18.212 0.75 0.395
Temperature 1 15.26 15.263 0.63 0.436
Time 1 17.48 17.480 0.72 0.404
Pressure*Temperature 1 5.89 5.886 0.24 0.627
Pressure*Time 1 7.69 7.693 0.32 0.579
Temperature*Time 1 12.74 12.739 0.52 0.476
Pressure*Temperature*Time 1 4.72 4.717 0.19 0.663
Error 26 632.65 24.333
Lack-of-Fit 25 611.07 24.443 1.13 0.644
Pure Error 1 21.58 21.582
Total 33 1326.54
Model Summary
S R-sqg R-sg(adj) R-sg(pred)
4.93282 52.31% 39.47% 25.28%
Coefficients
Term Coef SE Coef T-Value P-Value VIF
Constant -59.7 68.2 -0.88 0.389
Pressure 0.359 0.415 0.87 0.395 387.28
Temperature 0.82 1.03 0.79 0.436 200.79
Time 1.12 1.32 0.85 0.404 545.58
Pressure*Temperature -0.00311 0.00633 -0.49 0.627 502.34
Pressure*Time -0.00455 0.00810 -0.56 0.579 775.27
Temperature*Time -0.0147 0.0203 -0.72 0.476 604.28
Pressure*Temperature*Time 0.000055 0.000126 0.44 0.663 801.35
Regression Equation
$Total PC = -59.7 + 0.359 Pressure + 0.82 Temperature + 1.12 Time
- 0.00311 Pressure*Temperature - 0.00455 Pressure*Time

- 0.0147 Temperature*Time + 0.000055 Pressure*Temperature*Time

Fits and Diagnostics for Unusual Observations

sStd
Obs %Total PC Fit Resid Resid
20 32.01 17.97 14.04 2.96 R

R Large residual
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INNATIIAUNY
NPABILAMULANANAUANIYITUIEMISFUNITADUTIININ WADeNlsARA1 P-value VoILAAY
PIULAILINAIT 0.025 FaLju

Wiy wavmuauiwUsaamgiinieauauldenlinlueinma 50 uas 70 esrwaidea vins

317

1NH15197 10 TaNan15yinunefItneans

M13197 10 Uang %Total PC lngladen an1izea 9 ndeyalumsnei 9

R? §iAn 52.31% delilndAes 100% wansinAnlaannuanis

nsUsulssaunslaednm response WA % Total PC

Test Pressure Temperature Time ave.% Total PC A1 S.D.
1 100 50 30 12.06 0.00
2 100 50 60 12.20 0.60
3 100 70 30 11.01 2.11
4 100 70 60 10.08 3.33
5 150 50 30 12.16 4.45
6 150 50 60 20.78 6.20
7 150 70 30 22.44 3.48
8 150 70 60 24.21 6.76
9 200 50 30 24.07 4.36
10 200 50 60 22.50 1.24
11 200 70 30 22.52 1.06
12 200 70 60 19.47 2.23
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Regression Analysis: avg.% Total PC versus Pressure, Temperature, Time

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
Regression 7 247.863 35.4090 1.27 0.433
Pressure 1 1.041 1.0409 0.04 0.856
Temperature 1 0.695 0.6955 0.02 0.882
Time 1 0.700 0.7003 0.03 0.882
Pressure*Temperature 1 0.000 0.0002 0.00 0.998
Pressure*Time 1 0.005 0.0055 0.00 0.990
Temperature*Time 1 0.322 0.3221 0.01 0.920
Pressure*Temperature*Time 1 0.023 0.0228 0.00 0.979
Error 4 111.846 27.9615
Total 11 359.709
Model Summary
S R-sqg R-sg(adj) R-sg(pred)
5.28786 68.91% 14.49% 0.00%
Coefficients
Term Coef SE Coef T-Value P-Value VIF
Constant -21 112 -0.19 0.858
Pressure 0.139 0.719 0.19 0.856 370.00
Temperature 0.29 1.84 0.16 0.882 145.00
Time 0.37 2.36 0.16 0.882 536.50
Pressure*Temperature -0.0000 0.0118 -0.00 0.998 505.00
Pressure*Time -0.0002 0.0152 -0.01 0.990 869.50
Temperature*Time -0.0042 0.0388 -0.11 0.920 667.00
Pressure*Temperature*Time -0.000007 0.000249 -0.03 0.979 991.00
Regression Equation
avg.% Total PC = -21 + 0.139 Pressure + 0.29 Temperature + 0.37 Time
- 0.0000 Pressure*Temperature - 0.0002 Pressure*Time

- 0.0042 Temperature*Time
- 0.000007 Pressure*Temperature*Time

IINNANITAATIENTNAUNUIIAT R? ATUIINLANLAZIAWINAY 68.91% tage P-
value vosuAnnNatiiA1111n31 0.025 detduaunisitauragldiludunulunismagsy
anudg el luaunsisfiansananuddgyuesadeniidedr % Total PC

YNANSNAZDUAINULUUGIVDIAUNTLUDLNUAIEUNITNNUIEAIUDY % Total PC Tag

'
| [

9198INAN1TNARBINLAAT % Total PC Ladguinfigatuponisaialydesnigasuaule
§ A a a ¥ o A I3 a =

sanlgimilainguetnganielian1izannudui 150 u1s aamall 70 esrealua szevlia

n3anm 60 w7 Gl % yield Lasvinnu 24.21% FeaziUSeuiiisu % Total PC Ailaann

ANSYUNEAIBFUNITAIH
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avg.% Total PC = -21 + 0.139 Pressure + 0.29 Temperature + 0.37 Time
- 0.0000 Pressure*Temperature - 0.0002 Pressure*Time
- 0.0042 Temperature*Time

- 0.000007 Pressure*Temperature*Time

= 18.5%

21N % Total PC fildanmsunusiaunssunuviuneawiniu 18.5% Tneiifes
agAILANGIRURANTVIAABIANEARTIgR (24.219%) Winfu 23.59% uaziilefiarsanain
M P-value AdldAlnneinnuuanssesteyainunnisetnsiidoddgmeadavielsl Tng
#315019nA1 P-value Y8InaNvaiawls Amnuiy gaumgil wayszeziianlunisanin wudi P-
value  vawUsudnilanunndl - 0.025 LLamflauua@wé’ﬂﬁéfaﬁgﬂsau%’uLLazLﬁa
Wisuifleud P-value vosuusvdndingnn nuimniladedifinasie % Total PC fiarin
wag AL

PN 23 uanalefidud vield vasans policosanol ﬁgmmﬁag”lulsué’aaﬁaﬁmlﬁ
Tnewndgnnnisadaninusiensesuis ssfiuinnsainiielvléuiuna @13 policosanol 1n
Tunsdlitldannizanuduiigs (>150 113) wagiioamgiigs (>70 ssrniwaiToa) (MInAae

7-12)

35.00 ~

30.00 A

24121 24|07

25.00 A 22|44 22.50 22.52

20.00 A

15.00

112.06 12.20
10.00 A

avg.% Total PC

5.00 A

0.00 -

Test

il 23 WA yield vesa1s policosanol Misvunfiegluludestiatalilaedeainnis

ANANINNLBNTDILIAT
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(242) (24b)
A 24 dnwaizludeeiilueanunainiates (24a) uazanvugludesiAseguudsanansili

19 co-solvent lsivileans (24b)

ansafnlodesdlivivuauueendugesdin  fe  duusndmsuiluldlulasinis
“MsimurandaginedlagueaivellugnavnssuemkazeemAtaNITAIUANNS

JanUapysyauunlu” Usuia 1.5 Alansy (A 25)

AN 25 @15anA 98NS UNISHAIUINAN AU NEA LAY UL
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dwdudwiaes ansaialvdeeynanneividenaue  thuvaeuasareliluile
= ) v ia ¢ 2oy & o o Y % ) % ) & '
Weart  udunadduidiinn  ialiudedingamgivies  azldansadnludesdnuasluwi
AVBUUMUANWULHURUN QN9 26) WansannludssuasizviassUsenavansaiemaie

GC-MS flansinusauandly GC-MS Tasunlnunsy awd 27

a o 1 o a ]
AINN 26 ﬁqﬁﬁﬂﬂ‘lm@aﬂ‘waqf\nﬂmﬂa@lli']ll‘mﬁ‘wll@
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Sbundance| 053

2500000
2000000
1500000
1000000

& 23524
500000 2th
sl
[ .

Time--» 5 EIEI 1EIIEIEI 15‘[I[I 20 IEIEI ZE‘DD a0 hﬂ SEIDD 40 I[IEI

AN 27 GC-MS Tasanlnunsuvesansanaludpesiuianaeme supercritical fluid CO,

Filuusarfirvesansatnludos Wewlulnszvisie mass spectrometry uda Wudn
HdnwzA1TLANAIUU MS (fragmentation pattern) fiwans mass spectrum yoafindi 21.566,
21.848, 23.281, 23.491, 23.546, 23.786, 28.043, 29.072, 29.524, 30.581, 31.089, 31.825,
32.317, 32.425, 32.753, 32.941, 33.402, 34.638, 35.064 Wag 37.954 AUAIHU AIuandly

NuIn N.11

971 molecular mass wagn1sLANAY (fragmentation pattern) vinlv¥neflazanise

seyvtinuesasianall
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A15199 11 vilavesansinulusiegielugssanalaain sc-CO,

fiedl (i) Molecular mass | gasluiang oiadl
21.566 256 Ci6H3,0, Hexadecanoic acid
21.848 284 CigH360, Hexadecanoic ethyl ester
23.786 312 CyoHa005 Octadecanoic ethyl ester
28.043 354 CyqHqe-OH 1-Tetracosanol
29.072 380 CyeH5,0 1-Hexacosanal
29.524 382 CyH55-OH 1-Hexacosanol
30.581 408 CygHsO 1-Octacosanal
31.089 410 CygHs7-OH 1-Octacosanol
31.825 452 C3oHe002 Triacosanoic ethyl ester
32.317 438 C3pHg1-OH Triacosanol
32.425 400 CygHasO Campesterol
32.753 412 CyoHagO Stigmasterol
33.402 414 CyoHs500 Beta-sitosterol

1a15annludpguIATEIIANNTULaYUSINM policosanol wuinansannlugessl
ANUTUREN 14 Waslaud uaziiuSuia policosanol iy 29.88 n3u Aauminiag 19U

100 A4 Fam15197 12
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A15199 12 Han193AT1ERUTUIa1T policosanol Ve 1sainludouNanunaINNINNITe

N384 Aanneae supercritical fluid CO, laa1nAsviNITIATIEATEURU calibration curve

Tu GC-MS
Sample % Moisture Total Policosanol % Total PC
(PC)
(mg/g of dry
weight)

asanmaluoes 14.22 298.82+13.88 29.88+1.39
a5analuepydInSUNITHAILA 12.42 345.44+5.48 34.54+0.55
NAR A NEA LAY YDA

Total PC = Ha531U3u1ad policosanol U89 Cpg, Cos, Cog b Cag

Toyaiuanslumsneee Alafyrdudgnuunnnsgy

PNANANTIATIEUSIIETS policosanol Nanualuansanaluees Welisunvais

policosanol Tuguwuu commercial (COA MAxUIN N.) WU HosAUsznauves policosanol

InalAeariu lnedldnaiuvesans octacosanol 1 niign sawandlunni 28
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(28a)

Sbundance] 30 pEd

2500000
2000000

1500000

32317

1000000

P 25524

iR
[ N

Time- sdo 1000 15.00 2000 2500 000 =00 40’0

500000

(28b)

Abundance] iRk}

EO00000
5000000
4000000
3000000

2000000 33032

29,563

1000000 457
0 245

Il A bl i

Time-> sfn 1000 15100 20000 2500 00 300 400

AN 28 GC-MS lasunlnunsuvesaisainlugdesfiannniy supercritical fluid CO, (a) wag

a3 policosanol MTuwuy commercial (b)

dlovlusesiiatalemomain sc-CO, uNIATIEA1 acid value, saponification
value, iodine value uarA1YAnaRIWAY (M.p.) (97971 13) wudnen saponification value
valudeeiildarnnisanadie sc-CO, fimpnnindn saponification value ildanladosnis
M98 mneaud ludesdildannnisadagie sc-Co, fuuildufiaziviua fatty acid %i3e
wax ester a1elges (§1uauauen) Lnniludesnianisén Tunmi 28 Wunan1s3nsiz
GC-MS afinnududusintufie 10me/mL nuindlaSeuiieuainualasuilawnsy GC-MS
ludesanmsaade sc-CO, Tuuliiuflazuianduazidnduuimna policosanol 11N

Iadinsuwloutesnindeisunulugesainnienisan (AwA 29)
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A15199 13 HAN1SILASIEYAN acid value, saponification value, iodine value LLaxﬂ'ﬁﬁm

wasuwan (m.p.) vasludssiaialdanmealiadisuiuludesnlaunainnianism

2PN MTIATIENR
Acid value Saponification lodine value Melting
(mg KOH/g value (g12/100 ¢ point
sample) (mg KOH/g sample) (°O)
sample)
ludagannsanna sc- 31.10 £ 0.80 55.90 £ 7.86 30.02 + 1.88 720+ 1.0
o,
lygagainnienism 29.37 £ 0.05 91.59 £ 8.74 26.20 £ 1.75 69.0 £ 1.0
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(29a)

Abundance
2900000
2800000
2700000
2600000
2500000
2400000
2300000
2200000
2100000
2000000
1300000
1800000
1700000
1600000
1500000
1400000
1300000
1200000
1100000,
1000000
900000
800000
700000
£00000 2180362
500000
400000
300000

200000

099,590
20089 2O
32

31153

32.379

33,508

33.049
328 34.717
31,8853 53¢
35.158
u 3 '417 L 33,%133‘ 38.070
" . A, A

et ™

ITime--> 20,00 22‘DD 2400

(29b)

3200 34100 360 3800

2900000
2800000
2700000
2600000
2500000
2400000
2300000
2200000
2100000
2000000
1300000
1800000
1700000
1600000
1500000
1400000
1300000
1200000
1100000
1000000
800000
800000
700000
500000
500000
00000
300000 21.544
200000 s

26473 27201
3

28,062

38,035

[Time-> 22500 2400

AT 29 GC-MS Tasunlnunsuvesarsannlusesiadnaey supercritical fluid CO, (29a)

wazludaen1eni1sAn (29b)
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1.3 d@3Unanisnaasg

mAdeiidnvinsaaludosanninuiiensesdsmaianisveulaosnledinga
Bannszduiises wazAnwiuiunas policosanol anludesiiarinle lnglisunnueyasie
fegrsninudensesanngulsaruiinalneiauies lsanugaamnssuimatiule
unaafisnandmingiivsiiuaslfiedesadnafveulaeenlednieingauuin 50 dnsann
AUgRAILINTEUIUNSHARN YA auazayulng PasnIaiumIne1dy amdnaseys 9N
mseeimaNTunaensomdsanyiuaud i Usvann 14-16% Yinisvageu
Anmeinnspuledunidvesninuionsewineunaznds wuiininusonsesiisuanilen
USunusnomsinunatianun (K,0) lkinusnasgiuleduvisdeditosndt 0.5 % wagAins

Y & +

gogaaneiauysaliietioundt 80 % Tannuliansesnnlssutuiiszinanldduledunsd

]

Pdusedinsndnuaziiuiusineimsinunalindounasiluldluledunidasluld ain

[
Y <~ o QVLSJIQ./

AnsiasisiansassyI iUl duianiieusuugedulduindu wazainuanisveass
nasnvnsanaagiiazatesiinene 9 Wlaviliainisiseiuanasainninnde
nsaurlanlssnudesiu sgnditvevdrdey Wesmnsannlugssainninudensessie
) 9 ! a | o § v o P o Yo 4 oA va
Avharaefing1 Jaudievilininudensesimaeainsalvldiludendevaaslas/
winduwnsiziunisantsunaluneunagldidule vinlinisdesaarslusssuvidinvula
AN
o v P a s sa a v o I3
anensaninlugesmeamaiianiveulaeenleningngeinnieliniudu 200 U3
gauuil 70 asrwadeauarnigluaiada 60 wiil hiwinlvdes ainunisadugeian

WU 137.43 nsulvoasraninvilansed 10 Alansy @unisiaualulasinisiaiaiansu

AnuaRgyUeslladenianen % yield vasansannludy fdeaun1stnsaisil

Avg. % yield = 6.46 - 0.0308 P - 0.0970 Temp + 0.0053 Time + 0.000495 P*Temp
- 0.000137 P*Time - 0.00011 Temp*Time + 0.000003 P*Temp*Time

A1 % vield vatlvdeaianalanUsiunuaidinusanglunisanalagpgainnin
wionsesnemaiaasvoulaeenleningndiein NUIEILITOSEIEIAUAIUEIAYUDILA

avUadenilnasiodn % yield :nannlumvey ladsll szeznainisann ANy waygumqll

AUAIAU
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Tusnwaziden Ao szeznatlunisana 9 30 way 60 U7 WamuualadersaenINy

Aukazaumnia ssiudnlleiiuszesaatlunisainon 30 Wu 60 uiiagldusunm %
yield vodlvdosiinuinduluynnsdl aaudu WevnisAinwnavesanuduludiainndse

A1 % yield vasluesy nunlvdesnannanninniensesneaiiusulaeonlandsen neld

a

) Y A a ) a ° v .
ﬂﬁﬁﬂllLLa%i%EJSL'Ja']IUﬂ'ﬁaﬂWL'V]']ﬂu LN@L‘W&IF’TJ']QJ@I‘UI‘Uﬁ%U‘UQ%ﬁJNﬁVﬂIV % y|eld GU@QIGU

Y

=0

Y A

deanainlnaziiudulunsainldaamgiigelt 70 ssmiwadualunisadauazianlunisanie
Jululania 30 way 60 unil egrelsiniunaves % yield vsnsaninazanasiloiiuninuay
Tussuunainigaumnin 50 sarmwalded way_ sl 38U % yield 1RAuUDIHANAR
9 Y - 9
legaenadalivsiivuilduiiuduioniinisaiainudugs (200 u13) wazsveziialluns
o a A= A a Y o v ° o aAa i 1Y) v

anndl 60 W9l FafleNansaunanuullduiilvnisviuiedadeniinasenisaialuessainnin
nilensesneladesfainainninudensesmeasvoulaeenlendenn donnaesiuaunis
Muensanad1anu

HAN1TALATIERMIUSIA policosanol Tuansanalugssainninudensesiainnae
supercritical fluid CO, Inewatin GC-MS lngmusunaniteuiunswalsasaruuinggIunig
4 Usg1an Ao Tetracosanol-Cyy, Hexacosanol-Cy, Octacosanol-Cog Waig Triacosanol-Cs,
N ) v = ] o aAa ' @ Y a '
Anvluasanalvdes nn1sAnwinud Jadeiilinanenisannledsedinalaensine
U3u1as yield 909a15 policosanol visnuaniaglulvdesarialalaeaisainnisainninnie
N304 azLunsanaielilagusunm @1s policosanol snagtinlunsainldaniizausiu
g9 (>150 U1%) uaziigaumniias (>70 esmwadea) (Dudfty

Usunalvdeeiiadalaainlasenisidell lasiy 5.148 Alansu lawdlnnudu 14.22%
wazdUTunal policosanol Meuum 29.88% waziipinlvdesiiainlanigimnaia sc-CO, 1
ALAS1EYAT acid value, saponification value, iodine value LALANANADULNATY (M.p.)
WUI1A1 saponification value vosludaefilagainnisananie sc-CO, HA1HININAT
saponification value #laa1nlagdaen19n15A1 w1eAudn ledesiilaannnisaiannay sc-
CO, Auuiltunazdusun fatty acid %38 wax ester @elgy1i (F1uuAISUBL) 1AL
POUNIIAITAT LAZAIANANITILATIEI GC-MS NAANAMUDUTULINAUAD 10meg/mL WU
WallSguiisuainualasunlannsy GC-MS luepeannni1sananieg sc-CO, Huuiluufay

a ¢ No 1 a . I A A 4 v A A Y] Y

Usgnsuasiidnaiuuiuna policosanol wnnimselinsvudeutesninfieiivuivludes

INNNITAT
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4. msvhnsafnigamaiiganin 75 to 80 °C Fadugamasumaivedly Jeazaeli
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5. fesesainiivensslunisvirgungilvlaniundeants Tdaaiuulunisyin
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Al Wumsnnaeneudsuudeudeyurn Wudu sdslsimulutuneunisaniaylfues
Byanmsnandiuniadoninninsionses

nnusionsod (Filter Press Cake) Aoninazneufingnainingesluduneunisvi
¥rdoulila (CLariﬁcation)I@amiﬂiaﬂNﬁu%ﬁaﬂsaﬂqmwﬁﬂﬂﬂ (Vacuum rotary filter)

Usunaunlaagiivsunuuanaieiuliuegiussuun1swadn 1seuiianaildseuy Sulphitation

Y
v 1

LANNNLBNTBIUTEUINU 3-5% VBIUNMUND0Y 1599MULIANaNLYSEUU carbonation agdl
n1nndensesuszuna 7-9% vesimindsy lnsunfininudenseuluiagmdsiisain

N58UIUNISHARTULSI9IULIA8 kaznistauselavdainninuianseadslunuuindn

=

wenmfleaninunsnsuidnaziininudensedluldilule unugdmsuaunuinsig

]

Woanasa (Hn15197 14) nIain1surnnutensasluldlunisuaniiednnin nsazaunin

¥

wilansaanwiaunnanagnilulliiesdissnnanudounazan venanuuluninudensesil

LY

s

[y

nanundnylunsanaludesuazvarsinalagiuea (Policosanol) anluvssladnaie

q

M19197 14 Yayas1ne1msineg luninudenseaunuaglvg

TNUALDYATINDIMNTHAN ) Fregnedl 1 (w.f.2518)| o8l 2 (w.el. 2519)
wWosiudlulasiausiu (N) 2.53 2.63
wWasidudneawnnsiy (P,0s) 8.82 8.79
Wesidusneamaiidudsslov (P,0s) 8.64 8.53
Wasidudluunasiy (K,0) 0.32 0.49
WosduiuundiFeusiu (MeO) 1.22 1.19
Wosdudumaidausiy (Cao) 19.02 17.16
Wosudfuzdusau (S) 0.00 0.00
Wesidusmnuty 8.94 67.36
Ay nsm - As (pH) 7.40 8.30

1 desgiidenaanunsiall nsudvINTsinyag 7

daudigeeiiiunisitlaudiaggnidngyandeny (Multiple Evaporator) Lo

seivgleNduveneanlaglIriIn 65-75% lagudesduiisanu1andenuangnvingas

gnisend Weu (Syrup) nasanduudeuilaainnisauazgniidivieingiszuy
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anstnalamueadudiunauveaednifinueanegediusyeny (C20-C36 Arsuew) 7
wuldlulundndagiainsssuwigu g9 lowdendes sfuma wisledadudy
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frglumswnanguaranUsunadasiulamameseasiaes (LDL-Cholesterol) Tneadsls
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1. n1snaulaalalaii (Steam distillation) 1WAy usg1sunInae
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aqﬂwamﬂmﬁLﬂﬁ’lzﬁé”;&lm%"aﬂ HPLC (high Performance Liquid Chromatography) wag
GC (Gas Chromatography) wui1eefUsznovlusidivesineduazusenausaedity
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60%, 40% n1ua1au Tudadiuveslviitinnuaslalelniniusa 1:3 uay 1:5 wagvinlu
UfRseneamestadududu ainnanisinvnsnieslasdnuiansdulasiniiiug
feenanlasiindeanslelelnsnueadsdnludeddlolelnsnmeatinnududy 100%
wardndanlusrdnavdelelalnamiueamsedil 1:5 Taevinsdne 2 afs udriiasesdlus
1AUAIY High Pressure Size Exclusion Chromatography Feududu 3000 ppm Hagju
wuildfiansdumeunluluiriniwieon druluujisoneamesiaduld NaOH 1.7% waz
KOH 2.6 % (usisalfisomsnueamestinduigumgivieslneiAaujAzenauysainielu
10 Wi wdsanduthunnsesenluosnainnsaluduefiadnesudrdeiioieniuea
Apsreludnfugie HPSEC fiamududu 3000 ppm wuihiflansduaeuululesidnad
WSUUUAY 1NNISANYINUINBIAUTENBUVBILYSIU1398UTENBUAIY Cap-Cyp DLRBULAY
nsalusfulefiaeamedazusznaulusensaluuiifinuelugie Co e -Cp oznon drua
AnuviiavesnsalusiudaiiAngefia 18.95 uay 19.79 ¢St Fegeninumsgiunin 1esannais
Uudeulvsrinlunsalusiuefiaeames sufuamsausuldsazareduiimnsaudue
niuviselolalnsniueanaunuls neulnanuannsalusiuediaeanes nslalelglnswiuea
Tumsafnihifueananluiidildheuasdugaselusuususmssalosidni uiulels
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2.2.1 @il

2.2.1.1AMLIAINTTUFERNS NIAIVIIAINTIUAL UMINY1AUSIIUANERNS

gUNoAABIMAN JaninUyusil

UWINYIAY DLNDLNIABY JIWIA @TTUS

2.3 gunsal

2.2.1.2 nnsafnayulng nuiideiumalulad audidugunainsal

=

9

nsannanslagldiasesainansmeisvesinaluanngingedeenn (il 31) Ju

wallansainansidiavareduasveulaeenledvazegluanuenidogaingn iy

01Uzl CO, AAMUNULUUAAIBVDINAT warUrLaLarduUsEaNsn1wWns (Diffusion

Coefficient) agluanmsadiefing vili CO, Inthiluiiiazane (lesan CO, Wil

Iy liflsa ndu lidaliwazsmign wavaaingagnusuwsislalaedis n1susuly Co, aglu

anemilegnIngedazanunsavilalaenisusuanuiulazaumgives CO, NoumMaintu

31.06 perwalsauarinusuUsyan 7.382 MPa vise 73.82 usauly

Pressure (atm)

73.0

S

Supercritical
fluid

Solid

-78.5 -56.4 311
Temperature (°C) ———>

A 31 CO, Pressure-Temperature phase diagram (Modified from!!¢))
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gunsaiflilunsarmludes Ledes Supercritical CO, Extraction Ju TH22-50x2 KR
TneU3EM Wenzhou Chengdong Medicine Machine Co., Ltd. dnuaizfidnfayvesszuy
wosatauUUTesMaTIngaBseani Ausugeanlunsazdosdsatingnesnuuul i 35
MPa %38 350 U135 Yunnslunsiaziavewisainuiniu 50 805 911U 2 69 guuniivass
afinusuldfugnmnivesaus 75 asmusadea Sasmisluaes CO, soeiuldviiu 10

9 630 Anssadalus Adslui 130 Alatad 380 Thavt 50 B3

AW 33 1AT8Y Supercritical CO, Extraction d@ugunsaluaniasuninuseu
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2.3.1 Mé’ﬂﬂﬁﬁ%ﬂu%a\uﬂ%m Supercritical CO, Extraction i‘:u TH22-50x2

2.3.1.1 LﬁaL‘%'uﬁmmwémﬂﬁ'maﬁswLmé’uéf@qgﬂ%

2.3.1.2 la¥ngaudluludsarioita 2 SauasUnddlignses

2.3.1.3 1§ CO, Mnmeusniswesdiafiu CO, vaardos

23.1.4 Ua1a JO1 J03 JO5 Fararuds CO, nmeousn wazdannds Jo6 wiela
pINAganINSAiU CO, LﬁaLﬁu’jwmmﬂgﬂlé@@ﬂﬂwmué’ﬁﬂmwﬁa

23.1.5 fafiu CO, 988U CO, Mnneusnaulisanuiludaiu COo, Rt

Uszanes 5 9 8 MPa ka339Ua1a3 JO1 antuiy CO, lamnireanainsyuu

'
v

2.3.1.6 Wpnda J7 J08 109 J13 1itelsf CO, Ivatingsaringl 1 1Wannda 16 Lield
o1mAniaing 1 ausiniagnlaeanuuadsinings J16

23.1.7 Wana J17 J24 1% CO, hdaueninedai 1

2.3.1.8 Wpnda J26 islaernmanindauenfnesaf 1uddsinistinng

23.1.9 Uanda J27 1% CO, Whdmeniesil 2 uddalninds J30 wisldeinie
ponaINtusdonnda J30

2.3.1.10 a1 J31 Wieli CO, WdsSuanin (Buffer Tank)

2.3.1.11 {0anda J34 J02 eelidansoudioldennaeen 9ntudiannd J02 mevd
NMshaeINAESa

2.3.1.12 Ufuenudulussuuiidesnsvesdmnlulagssuunouinmed anududes
laigafiundt 35 MPa.

2.3.1.13 mafiuanudu Wegnmgiivesdeatnueniedll 1uas 2 uazinieswiany
Sudulumussauiidsld Wdamudy co, Wuemnusulidadn mnausuvesdaiu Co,
fiandinin ampPa Tlanar 101 W Co, gﬂdmmﬁmmmﬁﬂﬁﬁmﬁu CO, D95¥AUAMPa
niudsTamnda J01 uay J34 ifernuduludeatngstufessfunnuduiiadly ssuundan
SoluRasdalst CO, nauinddauenined 1 uasfausnfieg 7 2, denuduludeined 2 gaty
Seszauiiasliszuundausalusazdali Co, Inadgiianauau CO, (Buffer Tank) e
wlvarnunzunsensesuazitngszuundusi nszuiumsadasme Co, FaFuvhau ssuund
muaulaglifiazyiuusiuresiaain dauenfed 1 uasil 2 sgrednlufilaniunusuy
T dulunufigealy Wessuunsvhanumpuidsuduhediuiufuainishauesssuy
fineufninesuazidefsssoznaniiimuaudn  eeufiumedazdsdyaranfounisiieudy

M3ALgANIIUYBIsTUY ( dessziinszTinasnainisvhauin CO, ludaiu CO, dosll
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uwseruliitdesndt 4 MPa maeavian ) LiiUna1aa J26 uag J30 ladsueniine yn 20 s 30 Wi
uéUn Weszuneansgnadaeenin

2.3.1.14 mavhauvesdsadad 2 (nsdifiussyingavasludsadamil 2 fe)

2.3.1.15 Yadr J13 J24 W 120 ieszune CO, ndsarindi 1 wWnludsdaadng 2

2.3.1.16 Wloussiuannalvitnngs 117 1Wanda J18 J35 19 €O, ludsarail 1 lnaly
JaeUTuanusany

23.1.17 Yadn J35 Dannda 136 J15 ieszune CO, senandsaind 1 Ikualy
safeiulilangds J14 way J24 Jawedesly CO, wazihnsatasely dludsaind 1
Sognerusuanasauegluanimund  Widehaseusnuuenssnseszuuliifiuaznsia
tusedianuduluded 1 eglussduamufuussenmaudainbu andudeingivesnan
dearing 1

2.3.2 fudsiinnnsnen

vhnsAnulasuSuilAsutiseumgl anudumiegaingauaziaiiivsizay Tng
paNLUUNIMAABIRY Two-level factorial (151971 15) uaznansiausinldannsyuiunis

anasiuasuaulaeenlenanizingndseinfeludesdulunandnainnszuiunisaina

f9nan7 Inen1smruasiILUskazan1ILluNIINAanIn il

qm‘mg" (Temperature,°C, Factor X) WJu 50 °C (X,) wag 70 °C (X,)
AUGT (Pressure, Bar, Factor ) vJu 100 (Y,), 150 (Y,) wag 200 (Ys)

nan (Time, Minute, Factor Z) vJu 30 (Z,) wag 60 (Z,)

fvhazane (Solvent, Factor C) Wu CO, (C) wag fvhazaiesiu denld Commercial

Ethanol 95% (C,)
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AN5199 15 FR9819N1INNITNAABILUU Two-level factorial Tulmazn1snnasdvingn 3 A5

M3NAAB T AR QAN 1A
1 AR 100 U5 9aunQll 50 A @aidua 13an 30 W
2 AR 100 U5 @aunQll 50 dA@aidyd 13an 60 W
3 AR 100 UNS Qaunail 70 A waldya 13an 30 U
4 AN 100 V15 9l 70 DeAgaLTYE L3an 60 W19
5 AR 150 U5 gaunqdl 50 esAwaldya 13an 30 w1
6 AR 150 U5 aunail 50 asAwaldya 13an 60 U
7 AYHAY 150 V15 9eunQil 70 B9 gaLTYE Laan 30 W19l
8 AR 150 U5 aunqil 70 aaAwaldya 13an 60 U
9 AW 200 V15 9Nl 50 B9 gaLTYE Laan 30 W19l
10 AW 200 V15 9N 50 BeAYaLTYE L3an 60 W19
11 AU 200 U5 @RIl 70 BemYaLTYE L3an 30 W19
12 AU 200 V15 9Nl 70 DIAYALTYE L3an 60 W19

2.3.3 Sunauiiviinmsfing

yhmsfnwnszuiunsuazdunounsadialedesainninuiensesdadues
Fonnszuiumsmailadeslulssemuhmalaglfinadaniveulneenlesdingideean
(Supercritical CO, Extraction) $aufufiazatsieniueadedinnundufinssedindends
milpdgluviemainuaziisnnign

1. TaeBusuanmawdsuninvsionsesiildanlsanuimaveanduuisnine
0501 FeazUszneudeyiunumiutusaanuaielesar 65 Mntuhnmnudensesiia
ardulyhliuislneiniesouuriauuuanioufignmnd 105°C wiemsTdigmnuis iflelly

o A Y A« & dw ::4'
ﬂ']ﬂﬁ/ill@ﬂi@fﬁ/lLLW\‘]Wi@ﬂJﬁ'ﬂqﬂJﬂuwuaﬂmq@
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2. PintuBudunsruIunsataluainmnusionsesusis TnpayldUsinaminnin
wiloudswsounSuna 10 Alanfalnenistaimiin ldadudsatnudvinisainguiusa
vhazane (Co-Solvent) levusatiana 5 ansfinnsly dendlansnmass ﬁwms&?&ﬁwqm%qﬁ
warAnusuieIosatnasiusunanfivsvhmsainledes Tnefmuanuanznsmaassd
ganuuuly (as1edl 15)

304svuu PLC (programmable logic controller) warmoufinmeslunisdanis
yhaumuauieiesdnslussninmsduiiunismeasinsadiaas 3esazdeu €O, neld
anmrguupiuazanuduiigndeld  drlulussuuiditevmihiluiiasans @
avanpdamariidtaglunnimnlusenandsadinldinety

4. wdnmsatadugeadlusiarsey vhmsmafusedisledesildannis
aflagnsilandfidae niaesdaasndldsatafiovhnmsfusegisludesdildan
nsafaanLar i mn

5. ihludesfiatmlaluiusgs Tnsnssemeenueauazanuiueaniitelnlaly
wiaflesegnaieuagyinisdaimin AnwvhnsnuiuuaInnszuIunMsnanlukaznshy

nasuntgluwsayiu
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2.4 Nan1538ukazanUsIuNa

HaN1SAaBIuBINITainludasannInulanseslagIsasusulaeanleningnisean

$ruauan1ae 12 an1y Tasududsumiuds fu gamgdl (50 way 70°C) Audu (100, 150

way 200 bar) wazIatlun1sana (30 kag 60 W1H) (15199 16) FILAALANIILALYINNIT

71MA8997 3 A9 AIUUTIUIUNITNAGDIVGVUA 36 NITNAABI

2.4.1 HAN1IINAADY

o a - o Y A o vy v a )
MA1919N 16 NafﬂimﬁaaqLLﬁgﬂillqmuqﬁUﬂlsﬂaaﬁlmaﬂﬂlﬂ(ﬂ@ﬂqﬂﬁll@ﬂi@\‘i 10 ﬂiaﬂill

T e R uutadely
a1 | dwidn | dmdn | dwiln | damdn L
5 | AW ., . p , DDUWIAID
Asa | avgdl | 5 | swle | lades | ludew | whgly | AN )
Test | _ | #u o l. . . ., . . nnuile
7 0 ann | opallen | Wi WA 29ule | S.D.
(bar) . n584 100
(min) | (n.n.) (nsw) | (n.A) (n.n.)
n.n.
1 100 49.6 30 1.83 64.38 0.064
1 2 100 49.6 30 1.78 79.75 0.080 0.111 0.069 1.11
3 100 51.2 30 5.77 190.17 | 0.190
4 100 52 60 0.85 32.52 0.033
2 5 100 50.4 60 2.54 112.01 | 0.112 0.116 | 0.086 1.16
6 100 47.2 60 4.32 204.14 | 0.204
7 100 75.2 30 1.69 a7.1 0.047
3 8 100 71.2 30 2.62 40.65 0.041 0.036 0.014 0.36
9 100 73.6 30 1.19 20.77 0.021
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AN5199 16 (619) Han1IAaRdkasUSunaiminlusssfanalasaninudiansas 10 Alansy

i . uutadely
nan | sale | dwtn | dwdn m:/mﬂ , DOBUUIAIFD
Test AN ms | deulen | luee | ladew iaaa"L? " AL
afa| du |ommgdl | afn | (n) | uke | uiis SRR 5D e 100
i | (ban | O | (min) o3 | ooy | n..
10 | 100 72.8 60 1.02 36.83 0.037
4 11 100 73 60 0.88 38.51 0.039 0.039 0.002 0.39
12 | 100 72.8 60 1.11 40.12 0.040
13 150 51.2 30 1.83 83.71 0.084
5 14 | 150 50.2 30 1.20 79.87 0.080 0.080 0.005 0.80
15 150 46.4 30 0.85 75.05 0.075
16 | 150 514 60 2.11 203.09 | 0.203
6 17 150 47.2 60 3.83 37.64 0.038 0.101 0.089 1.01
18 | 150 46.4 60 1.91 63.28 0.063
19| 150 | 736 | 30 | 0 | 3874 | 0.039
7 120|150 | 712 | 30 169 | 3337 | 0033 | 0046 | 0017 0.46
21 150 70.5 30 1.25 64.74 0.065
22 | 150 67.2 60 2.45 108.16 | 0.108
8 23 150 72 60 3.29 106.12 | 0.106 0.123 0.028 1.23
24 | 150 68 60 1.94 156.23 | 0.156
25 | 200 50.4 30 2.40 101.85 | 0.102
9 26 | 200 52 30 1.03 43.37 0.043 0.061 0.036 0.61
27 | 200 49.6 30 2.11 37.63 0.038
28 | 200 48 60 1.59 18.69 0.019
10 29 | 200 51.2 60 1.32 98.06 0.098 0.076 0.049 0.76
30 | 200 47.2 60 3.18 109.54 | 0.110
31 200 75 30 1.47 41.97 0.042
11 32 | 200 72.6 30 1.66 237.4 0.237 0.105 0.114 1.05
33 | 200 72.8 30 3.24 36.12 0.036
34 | 200 65 60 0.00 115.07 | 0.115
12 35 | 200 82 60 0.75 123.01 0.123 0.137 0.032 1.37
36 | 200 68 60 1.56 174.2 0.174
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WaRa15UN TN luliiaad g suNleann1sYinnsNAaetuLAaLEN1IEEN 3 AT
laginsAnwinavesiiwlsnaaadlaun an1izaudu guviikaziiailoaniuualfe
Two level factorial (b@A9TUMNITIIN 34) FENUINLLBYININISANANINALDNTBIN Y
msuaulneenlendeiniinnudiu 200 U1s eaumall 70 ssrwalluaLavainnigluiia 60

AV Y a H o = Py ) ° v o Y o
Wil leuSunaiminedeasanvesludesnasainnisiuisde 137.43 niuseninviionses
10 Alansu viseAnunaldvasludasvindu 1.374% vainnuiiansad 100 Alansy waziile
] [ ¥ el' [ 6 a a (%
NATENANINUUBDATEINAIIUAY 150 U3 EUNHU 70 asAwaLRsdaLarananeluan 60
Y7 anmlainminludeiedssesasunfe 123.50 nSusanInuilansad 10 Alansy 91nN1SKa
nsnaaeanudInglaan1izauiu 200 V13 uargugil 70 ssmiwadaLazainniely

van 60 unil azlirmalaveslvdesdeniniuisasiian
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2.4.2 AATITANANIINARDS

2.4.2.1 navesszezaINsannsisisa1suaulneanlemingAseianiddon

waldl (yield) vedludoy

0.12 ~

0.101

0.08
0.08 -

(ATan5u)sanin

10 Atan¥u(n.n.)

0.06 A & 500C, 150 bar

aafl

>

0.04 A

‘Lo
“iansav

0.02 1

v,

o

dninaay

30 Ui 60 U1

nattunsadea (i)

awdt 35 dniinludesiiatnldneninuiionses 100 Alansu aeldanudu 150 Uns wae
gaumgdl 50 eariwaldua WenSeuliisunansarda 30 Ui uag 60 uni
FovhmsAnwinavesszezsnanadndiilrnaldvedlaudes wuinlvdesdiatnain
mnvsfensosneaiueulaeenludteein meldmnudunazeumgiifeniu mafiunaada
21 30 Wiy 60 unit vilildansanaledossntuluyn 1 nadl sndegnadu fnnudy
150 113 gaungdl 50 erwalda (Fanmit 35) msiiinanainain 30 widy 1 Hlusey
Idraldvadludosiadeifindu 26.25% asnifiuszeznanlunisduiassyinamaniion

s s = o Y ad& o o =9y . oA a X
iax‘iLLﬁsﬂﬁU@ﬂﬂ@@ﬂl%%ﬂﬂ’sﬂ FINNUNUUAINaE A f\]\'ilﬂll']“l]@\'i erLd NEWUVU
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2.4.2.2 navesnnuauludsainaigisansueulneenledingfgeiniiineen

als (yield) vaslvdon

(Alansu)saniniiia

dae

Asav 10 Atansu(n.n.)

iinaavla

U

¥

0.14

0.135

0.13

0.125

0.12

0.115

0.123

150 bar

ANURU

0.137

H 70 oC, 60 1A

200 bar

i 36 Umiinlvdeeiiadaladeninulionses 100 Alandu Mmeldaamgil 70 ssriealdea

LAZLIANTTANS 60 WH WaSeuisuaNusulugaana 150 U135 wag 200 U135

WiavinnsEnwnavesanusuludsadianiisaninatavadludey wuinludesi

afnanninudensesdisarsueulaeanlendein aeldgungiivazsvesviiailunisana

vy Waiiuanusulussuuazinadiili % yield vedlvdeenadaliasiinvuiloldgamgll

a1 70 esradealunisadauaziaatlunsadmdululans 30 waz 60 Wil (Mmeaed

3,4 \flguiu 7,8 Wisuiu 11,12) fegiagiu mstfinanuiuan 150 vas i 200 U3 Nige

03 70 esrwaldea Wuan 60 Wit wldrralaludesafiointu 11.38 % (Hanni 36)
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ANMNAU

i 37 dwitinlvdeenadnlaseninuiionses 100 Alansu Mmeldonmail 50 asmgaLgya
wazaINITanea 30 Wi Weollssuiisuanuauludania 100 u1s way 150 13
pgslsimudieyinisAnwinavsesanusuludsainninennalaveslusoy
wuinludeenainainninudensesiienisueulneanladaein neldanmglinagssesiin
Tun1sadaindu nawes % yield vesnisadnazanaslotiuanuduluszuunannnag

AUNNAAINIT 70 29ALwaLTed AN 50 a9ALaLTYd (N1SNAABIN 1,2 Wigunu 5,6 Wigu

9 U

[y

fu 9,10) Tnefgaumadl 50 asrwa@yatazaitun1sana 30 Ui (RanIma 37) N5y

ANUFUAIN 10 100 U5 Wi 150 U3 azlsanalavadludasiadsanas 27.93%
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2.4.2.3 navesgaumgiludsaiamelsaiveulaeenleningideeiniiflsnen

als (yield) vaslvdon

0.16 -
c
c 0.137
€ ~ 014 -
‘e
€ <

« . 7
ge 012 0.105
C 3 |
ug c 0.1
c @
T© 008 -
@ o
q | _,
a » 006 ® 200 bar, 60UV
s Q@
ac
8 5 0.04
P!
= |
T = 002
S

0 -
50 0C 70 0C
AL unil

AN 38 U ntnledeenanalasaninuseansad 100 Alansy Aneldnluau 200 U1S way

naMsane 60 w1l WiesluSeuiieugungil 50 Lay 70 BarlvaLTYE

= ° P Y} o o aa | v ¥ ' v a
WarinsAnwinavesnnusuludsanaidinernalavesluoey wulInlvosed
anmannInusansasmeasuaulaeanlandeln aaldausunazszezianlunisana
Winfiu indad 200 vishagseezlaatlun1sana 60 wfl (Aenmd 38) lasliigamgiain

50 LU 70 aerwaldva azldanalavesludsiinau 30.48%

21NN1IMAABITBDNLUUAIY Two level factorial $1UIU 12 4A19T usaz
anmerinInaaesdn 3 ass nudtannlunmsadaludesannnuiionsesieaisveule
oonluddeean neldanudu 200 Un§ graumndl 70 esrwaduanazlunan 60 wiit 1y
anmzfimnzaufigamsglidnaldvedludesgsiign wiidu 137.43 n¥u vesludesurisio

AMNuLENTaY 10 Alansy wse 1.374 Alansuvedlvessiiaialasaninuiiansas 100 Alansy
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2.4.3 AATIENHANULATEFANENT

Tunswdndudvenisuinisiudialddnevdedunuuosnisudn nsnseiids
iAsugmanitusndudesidiavvesdunuuagaldaenianlunimanufinnsaie
Wisuifisunisasuiinnzauiian dnaviidudunulunisudaduduluguiainnis
Uszanaundsldunannunasnnannlssnuirendavionismaasnniasenisingosuaszen
L@vAnaINAN9TIveININARTs lumsAnwinisadaludesseimaiiaaisueulsenlas
Ingudsganluszivihseslioduauugiunaasvgmansilagn1sinTeiiungiuen
anzafnfimnzauiianneldanudu 200 V15 gamall 70 ssmiwaldoanazluia 60

U9

A151991 17 auuAgIuNITIHAIIERAIUNITRY

51813 Y | Yae iveld

1 | MAMsuangage 60 lan3u/du
nsasulunindaulssianiu

2 | GuamuAedosdnsadaans SFE (7 10,000,000 UM

3 | Ruaueneasng 1,500,000 UM

4 | Fiau Aduilulsenw) 0 UM

5 | o1giTesdng e 15 U

6 ﬁuﬁﬁmms 80% ﬁuaﬂlﬁuaaﬂquﬁy’mm 9,200,000 U

7 | Andeusien 15 Y

8 | smsmenidey SME bank 09 6.88% Sovaznal
sumsawuluninddulssnnnu 11,500,000 UM
AUNUNSALTNOULEaENITUITSN Y

9 | A1%9 Technician (15,000U1%/A) 1 15,000 UI/ifou

10 | AnEReYne (8,000 Uw/Aw) 2 16,000 UIN/LABU

11 | g3msdy®  (9,000um/Aw) 119,000 UW/\fiau

12 | asrsayulam wudse 1,000 U/ LU

13 | Alwda*= 79,536 VIW/foU

PI-96 | RDG5850063




A58 17 (9i9) aUURFIUNITIATIERAIUNITRY

51813 U | Yae ivel]
A5 NBUY
14 | (Uszhu unduvdedu wazgunsaldw)® 5,167 UIN/LABU

FIAUYUNTARTUNURAENS

U1395nw 125,704 VIN/Adiau

AUNUATINgAULaTaIsLALl

15 | Admgau (Filter cake)* 170 UIN/Au

16 | ArImgdu (Filter cake) 265 VW/Apeu

17 | A1 CO2 (Batch aweia 27 nn.)* 75,816 UIN/AhDU

18 | A1 tenuea (Batch a 5 &n9)* 39,000 UIm/shou
FAUUAIngAULAZETAL 115,081 Un/inou

19 | Yield ladoy / nandanses 1.374 n.1/100 n.0n

ANADNTIAY = 20% VBI51ANQUNTA]

20 | Sugy 20 34,448 U/ LU

BN NADUANNVBILATBIINT

21 | (@uns 4.2) 6.67 Savarmal

(*) Yeyailaanmsnmeasdagnisauinansadmigluremaindagiu
() Faganmslalnihalaannistuiindrlnihildluwdas Tuvedlsanulagmuiuaindnsen

Inlfvesnsinidugiinig Useiand 3 Aan1svuianais TOU Tariff

(%) GuuFUAMNYINaus U = 52 a0V
o U ‘:‘I o a & 7
Fuuiunyauly 1 919ind = 67U
uaTuRvinulu 1 9 = 312U
FURBUNYINIUlL 1 T = 12 5oy
FIUIUTOUNTANARDIU = 658U
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Tasnsmyar1daqgu (Net Present Value, NPV) iilonmasinsszminsyanily
Hagtuvesneldannisneludesiiduansnasnenguadlasinstuiuamuisunm a a9
NaRaULNLTIFBINTVTod Uy aiuamuYetlaTinng lasanunsaduium NPV léan
aunsit (1) fil

G (1)
=1 (147)i

NPV = —Cy4 XD

P
il
Co = RUamUBSUAY (VM)

C = yaarlagturesnszuaiuiagiuluifoun 1 f (iFeuanvine) vedlasinis (heu

(U )
r = Aednsmeniderel (neideannenilelugil 6.88% setl, SME Bank *” w38
0.56% fAaLnaL)

. a
i = szeziian (hau)
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2.4.3.1 unuginislvaenldnesiag Ngaaumu 3 U

a9

0 1 2 3 4T 5 6T 36| Hau

v

A 39 uruginisivaeldangsineg (Cash flow diagram) Mgadumu 3 U

9

[~ =l ‘qyé( = % 1 =
LAUUBDULUUTEEZLIAN (LADU) @Jﬂm%uwmamawlm (U msaLiau) Tuvuy

ANATTAMLNLEN AUNUYTETIETNEY (UINsaLFBY)

Avualy
A = FunuAesinsuazAfoadna = 9,200,000 UM
® = seldainnsueludes (Lnseikiow)
= e (Umdenlanii) x Uhinniludesiiainld (Rlandudeifow)
o = AUNUAANTUNITHAENITUTISIANTT = 125,704 UmsiBLABU
O = AunuingAvLazasAll = 115,081 vmsafiou
(E) = ANdONTIAN = 34,448 VIMRBLHOU

‘Ysunaladeeiiadn aeldan1izainudu 200 U5 gauugil 70 ssrwaldatazluan 60

Y171 winnu 0.81 AlansulvosusaTu
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2.4.3.2 unuginslvaenldesiag Ngaaumu 5 U

a9

__________ (B - e e e

° J ______ ZT 4 “T 5T 4 6oT o
A O O A A

A7 40 unugiinisiviadilddnesingeg (Cash flow diagram) Myndxny 5 U

¥ v

[~ & = = % 1 = dy
NUUBULIUTEEZIan (VDU) @Jﬂmmwmamiwlm (UMeLADU) I‘Ll“UszﬂﬁiGU

aInUNER AUVUNTETIEAY (UIsLFaw)

Avualy
A = funuirieadnsuayAfeans = 9,200,000 UM
® = seldainnisueludes (Lnsdeikiow)
= e (Umdedlanii) x Usinailudesiiainld (Rlandudeifow)
o = AUNUAANTUNITHATNITUTISIANTT = 125,704 UWsiBLABY
O = AunuingAvLazasAll = 115,081 Umsafiou
(E) = ANdoNTIAN = 34,448 VIMFBLHEU

‘Ysunaldeeiiadn aneldan1izainudu 200 U5 gauugil 70 ssrwaldatazluan 60

Y171 winnu 0.81 AlansulvdsusaTu
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2.4.3.3 unugiinistvaeildanesineg Mgnfumu 7 U

LT
S L O A R

A7 41 unugiinisivadnlddnesingeg (Cash flow diagram) Mynduny 7 U

=

< ~ 2 ~ v DA &
NUUBULIUTEEZIa (VD) @Jﬂmmwmamiwlm (U MMeLADU) Tu%mzqﬂmm

aaUneie AuUVUNTTIEAY (UIsaLsau)

Avualy
A = funuirieadnsuayAioans = 9,200,000 UM
® = seldainnsueludes (Lnsdeisiou)
= MY (Umseilanii) x Uinalvdesiiadald (Rlansusioiion)”
o = AUNUAANTUNITHAENITUTISIANTT = 125,704 UmsiBLABU
O = AunuingAvLazasAll = 115,081 vmsafiou

(E) ANdONTIAN = 34,448 VIMRBLHOU

‘Ysualwdeeniain agldan1izaiudu 200 U5 gauunil 70 ssrwalduatazluan 60

Y171 winnu 0.81 AlansulvosusaTu

Weownsiavgledesiigissiaiindiauineglugag 35 fis 35,500 umee

= o

Alan3y 2V mﬁmmﬁuagjﬁumunumsaﬁ@LLazmwm%qwémaahé’aa iAo wsndy
s1anlwdes w gadunulaelddinalivesludesgeiian n1eldaniiznisadndie
asuaulaeonleddaginiinanusiu 200 U15 gamgll 70 ssAwalTea 1ian 60 Uil Tag
AvuaszazLIaAunufl (Payback Period) 3 ¥ 5 U waz 7 ¥ uansAduuseseitoldnn
$1A118 U IAANNY Feuaugiinszuaiuan And 39-41 (wadnsnsAuInnansly

ANANUIN N.)
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s & 3000000 26400 21,652.00

- G e 19,592.00

8 € 20,000.00

s =

= 2

e = 10,000.00

€ = vevNaNA q

< % 0.00 sveghanAuu (V)
@ 35 59 79

a

Al 42 s1vneledey w geAuvu Jaludasliadinnielsd Nadudu 200 U3 gungll 70

Y

DIALYALTYE 1387 60 WU

2.4.3.4 nsfunaAdousIan 910 Straight Line Method

C5—S
Dn = (2)
N
il
D, = 8nsndeuan1maIesdnslutiieenisidanu

Co = RUAMUATBIINILTUAY
S = Agnedualen1slEnuy

N = 91gn15MduveAIesdng = 15 Y

L _66m%
Useful life 15 °

AMRUAANYIN VAU 20% VDIANLATBIINTLSUAY

Y 4' A o
LUDDRINLARUFNINLATIDIING =

Waknualuaunis (4.2) azle

(8,000,000—8,000,000x0.2)
0.067
= 426,666 U 7T UIBWNAU 34,448 UMABDLADY

ANYINVDIATDIING =
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2.4.4 navasauniiludeaiadlsdsarsusulasenlaningigeinnildasinivuig
ludos o 9aduyu

B 50 osmwaidos B 0 ornwaies
20000 45657
=. 37315
= 40000
=4 33766
(e —~
= F 30000 26493
(@3
= = 20000
= 5
<_ SN~—
=
< 10000
el a =)
svaghianauy )
0
31 53 79

% L

A9 43 Auduiusseninsimvgludes s AN AusTEEIaIAuY Aeldaul

9 9

a

200 V1% uazkIaIN1saia 60 w1l WelUTeuliieugamgil 50 wag 70 asrnaaTya
A o P a Y] o Ao 9 ') |
Wevhnmsfnwinavesgamaiiludaiafiidesiamvieledes u aduny wua
lvdpenainanninutionsesmsasuaulneanlendaenn neldmnusuwasseeiantuns
anawi1iu finuiu 200 uiskazsrezallunsana 60 U1y (Fsnwd 43) lnewiagamgil

971 50 10U 70 esrwalded azlasirvesludes a AuULTRNAY 29.63%
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2.4.5 navasanuaulufsdinnleisarsvaulneenlaningfseinifisasinivie
ludos a1 9aduu

B 150 008 B 00w

=
s
e 30769

- = 27842
g ag 30000 26493
8 21652
& S 19592
& & 20000
2 D
c ~—
=
&
~ 10000

. seeIaAuny @)
31 59 7Y

Al 44 Anuduiusserinsagludes a eAuu AusseznaAuu Aeldaumngl

Y

70 DIALTALTOALALIZEZIIA 60 W WalUSEUWIBUAINNAY 150 way 200 U1S

WievinsAinwinavesanuduludaiaifidesiavigludes o anfAuu WUl
ledesadinanninuilensesseaisueulasenledsein ngldgumgiuazsseziailunis
afawiiu Mgl 70 semwalfgauarszeiial 60 Uil (RIn1mil 44) lagiiiundnuey

910 150 Uiy 200 113 ldmavedludey w gadunUana 41.79%
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2.4.6 NavdITTEzIAnluNTsanafl83sA1suaulneanleningfgsennniifesnan
veluday a1 gadunu

B 30 wnil B 60 ui

< 40000
z- 34060
2
g ~—
& 30000 26493 27838 25190

<
o G 21652
NCEES 19592
S = 20000
= D
(o ~—
e
€ 10000

0 srelIaAuny (@)
3% 539 73

v LY a

AN 45 anuduiiusseninsiaveludes i AU dussezatAune neldaungl

q q Y
a

70 peAwayaLazANAU 200 U1SilousuIan 30 Uil

Wevnsfinwinavesssuzaaaianidesinivieledes s ANy wuinly
degiainanninuilonsasmeasueulasenledtsein aelannudulasumniivieiu 7
ALY 150 U135 gaundl 50 esAeaided (Aan i 45) nsiiiuanainain 30 wiidu 1

Hluaglasimuieludes o ALY anal 41.79%
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2.4.7 M3UsLIUANUANAMNIUATEFAENT

TunsussliuauAuAImMILATEgAIansTetlasINITasuaialudosanninude
nseemeAsUaulneanlengen sUTeuliusenitaadlasinisfe (1) 1asenisnawmuie

K L ! d' L o & o [ £ a v
LASIDIANALDY LAy (2) 1ASINISENLAT DN muumLﬂumaamwmqLﬂwgmamﬂums

= = v = =t
Wisuisuauauatunsiienamululasainisialasinismils

2.4.7.1 HANBULNUIINNITAINUY (Return on investment, ROI)

AUTEAIANITILATIEVAUNUVDINITA UL NN UT 8 UL TIBUAIYRY
nausgleyinlaanmsamuivaldinelunisiiansanilasinmisiulianuduaiiinisamu
wiali dndudeserdainadinisdndulaiionisau Tnesuideilaldinusinisia
HANBUWNUNITAIUIINNITadaludeeiafnuiUIsuiisulasUseiliusesuiagaanls

1 ' @ 1 19 ! = a < ¢ < 3 o a

913418 lngagdnd1vedlasinislusudnnduddaduesifudvemaniilsgnsainnis
AU AFLaY %ROI HuanlimsIudn warlsansainnisaswuileuiulduasususu n1sld
ROI aglaiduduszneulunsdndulaliosanniteuazazainlun1sAuau @1u1sauenaIy
a & v v a < P | . L ] e 9]
deaeeiuld lnelasanisiduyuiiiasiianinages (liquidity) @eninlasenisnaunud

NARBUWNUIINNTTAIU (Return on investment, ROI) a11150AIlaN @unis (3)

(A-B)

%»ROI = x 100 (3)

A = selaNRuamu (Gain from investment) (U1v)

Ruaanuisusiu (nitial investment) (U1w)
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A15199 18 wanauwnuINNITAuUNA1IUldInAnalavedlvdeeainnieliaiunuy

200 U135 gl 70 ssrwaldeakazluna 60 windmiulaTINMTNamUTeLAToENALDS

JEETIAIAUY ROI (Wesidusised)
3% 7277
53 59.47
79 53.81

a

TnsanmsUsziluAnanouununsamugiian anszazaunuil 3 Twinfu 72.77%
2.4.7.2 dasmanauununigly (Internal Rate of Return, IRR)
2819k AMUNTRITU NN INNTTANANBULNUIINNTTAIULTEIDENS
Aendsdtosialuszernanenisldunfmausslon dmunsifiuiusmosandunms
flanuaummausainnit wszldfansauinandvesiulunsasdnasnenglassnisunly
& wandefuAenariagtu Tasfiansanandasmansuunusiiaaiiiaulalunisamu
(Minimurn Attractive Rate of Return, MARR) 1¥1u 10% 1dushsmnansuwnuiininiiaz

195u Wielinisamulasanig Tegldamiungrglunsdnduladenmadeniunisamu lngag

v a dl'

mau%amuﬁﬁiaLmaé’mmammmumﬂu (Internal Rate of Return, IRR) 41tNN31138
WINAUAT MARR

gnsInanauknunelu (Internal Rate of Return, IRR) ANUNTOATUIUAY

quns (4)
NPV =0 = —Co+ YL, —— @
(1+r=)t

o

C = Fuasmuizusu (U1n)

C = yaA1agiuvesnszuaiuiegiuludoud 1 dq (feu
gavin)

v0slAsans (Weudl n) (Ln)
r* = dnsmanauLnunielu (% per month)

. &
[ = SzezlIan (LADY)
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M13199 19 WWSeuiiisunaievesludey o aAuYY EoUssdlungnsmanauLnuwingu

gnsmenieRuniardnsHanaukuNITauTE dmsulasinisiamudeinsedannies

T IRR (6.88 %¢io V) MARR (10% sio T) . K
ludoe w Wasuuas
AN | vm/Alansu | uvw/nsu | vw/Alansy | vin/nsu

FLYLLIAN 26,493 26.5 27,050 27.05 +3.63
Aunu 3 Y

FLYLLIAN 21,652 21.6 22,230 22.23 +2.83
AunU 5 Y

I8HLLIAN 19,592 19.6 20,200 22.20 +11.7
AU 7 Y

“dlomiailIsuiieusiavevedludes o AunU WeUsEliungnsmanauwuiiu

ansInaNUeRulfguiusIAIg 8 AN LiTBUTHIUTINTIHANDULNUNITAIY LU

dloruasiavgludesinfusailutiosmainie 6,000 um seRlansy U
Feludosfiorslusaiesnainiliszyiinisataudeanuuiand awsoduaumsns
wanouununely () Tnegldaunsi (4.0) Tneimunszoznauyusinetu 39 5 U uag 77
TRHASNEAT ™ WU 2.8% foT, 2.6% ol waz 0.5% fod AINEIRU F9toeNI1ENI
namaUWILIINMIasuiuiiEe 100% daulvdesfiatadeisasueulasonlsdtenn i
annsndasangludesléi 6,000 v dedlaniuld uwidelfiuieuvedludeniianadaeis
afuoulnsenledBsniauuiguigs dalunsmemisuazenld

MnwansFTmeludes o eduny dmsulasinisiiamuienies

afines Uszneurium ROI uay IRR ziwiuladnldinamu
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Nuidedinauednniadenuilsdslasinisigasesannludosnie
msueulneanlefgsenn lngaziiansanmaavisledes o AN WaNMUATEELLIA

= | w = o a a' ° =
QUVJUL'V]']WU 12 199U (@\1LLﬁ@\‘lﬂigLLaNuaﬂﬁLuﬂWWﬂ 46 LLa%Naﬂ']ﬁﬂ']u’)ml,l,aﬂﬂiumqﬁ'm'ﬂ 20

Wau

S N U S

AR 46 unuiinisivaeildanenieg Ann1snaTes(Cash flow diagram) gl ANV Ll

AMUATEEELIAAUNUYINAY 12 o

[~ & Adydy = % 1 A
LAUUBDULUUTEEZLIAN (LADU) @Jﬂm%wmaaﬁwlm (U msaiau) Tuvuy

ANATTAMLNLEN AUNUYTETI8TE (UINsLsBY)

MRua LA
A = ALA3BY (U seLiow)
B = s1elaannisueludes (U mAslfow)
C = AunuingAuLazaIAll [UInsawiou)
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= a 9 | 4 A =
7191991 20 ﬂi%LLﬁLﬂuﬂ%ﬂUu%WﬂﬂWiL’lﬁLﬂi@ﬂ%ﬁ!ﬂﬂm%u.ﬂ’miu 12 U

9 9

Foud AUNUATUULTIY seldanugludey ﬂ'l{jj]’i;UusUEN
) | Gasduriulagdy, vn) | lasduaiiulagiu, uin) S
(un)
1 -233,387 233,388 0.25
2 -220,288 220,288 0.48
3 -207,924 207,925 0.70
4 -196,255 196,255 0.90
5 -185,240 185,240 1.10
6 -174,843 174,843 1.28
7 -165,030 165,030 1.45
8 -155,767 155,767 1.62
9 -147,025 147,025 1.77
10 -138,773 138,773 1.92
11 -130,984 130,984 2.06
12 -123,633 123,633 2.19

Tunsdllufinsamuanasesdnsuiduniswiaioawnuy Wevinsauiuazle

imvgledey w AANYY WA 11.74 umdensy e MuATEeIaAUNUWINGY 12

Wwou WawSsusuiunmugludesluviesmanaiidienamnitunneglugig 0.35 81 35.5

vnsansul Yusdiuainuusans Jaiiu

Y 9

1Ad1lATIN1919 AT 0aRnUIaY Y LBIRIN
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2.5 d5Unan15IvY

o o (%

agunansilaseidunudmsunsanaludemenalinaisuaulaeanledings

q

QI U o ! = o ! dﬁl
gegnseauiinges nwmellil

1. anznisadaludesfemaianiveulaeenledingadseinnieldanuiy 200
1§ gungd 70 s neasauaznilunatada 60 uni Iiimdnledesgefiaainu
137.43 n3ulvdessioninudenses 10 Alansy

2. Analaveslydeswlsiunurdiwlsannglunisaialugasanninudensesnie
mﬂﬁﬂm%mulmaaﬂlsuﬁ%ﬂqm?jamm loun eaumgdl, Anudukassvuznatlunsann waziile
dusvognalunisatainasonsfisturesdnaldludossnniign Tuvneiiileuiu guvnd
Tunsate fuadeifiuduvesimaldludostiosiian

3. namsAnw TR uLLAEANIANA I aATYgenand dwiulasinsasmuie
insesdnsiedlumsainledesannmnusiensessemeaianifueulaeenledingnisenn e
Avuaszoziandunu 9 3 U 5 U wag 7 U mansuszifiunanneludes u andunu iy
26.49, 21.65 uay 19.59 vmseniuludesmuaidu uaslananauununITawuaINTELLLIA
Aunudl 395 U way 7 U windu 72.77%, 59.47% wag 53.81% MINAIRU wardngn
wanauununeluanszeziatduyu 9 3 U 5 U uaz 7 Uldiidu 2.8% del, 2.6% sodl
uaz 0.5% fatinudu Seldmnidmsmanauunuannsasudusinde 100 Selihammu
Tulrssnsteyniadosarinies

0. dwulassnsasuieyaadaies Maiwe Tudos w aduny wstumuaduls
annzlunisataladesanninudensesiismainafuoulaoanledingndaein liun
gaungfl, Anuduuarsvoziailumsalin waedleiunnudulunisadainadenisfivtues
s luden o yeduuinniige Tuvaedimadstugamgiivazssenailunisada fua
soifiuturesmenue Tudos w iy IndiAesiu

5. NANSANYTIATIZAR U LLAT AN LANAIMAATYEAEanS dvulasamsidiiedes
afanuInTIAvIBniy 11.74 vmdeny Feiramululasinsdiaiosdng sizamnse

A9s1ANe ALYITUAUSIARANA LA
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1. 999aNANINNLDINTDILN U @N1A1sanaLAY nasuiaiunalavasludaese

nnvidenses
2. MITORNKUUTEUUYD Wil Tar ol IgnuLazanAILe 1Y aeiaLNaanu s uANAT oY

Tuszuu

a

3. pasvinnsadnfiaamafianda 75 to 80 °C Fudugarasuwiaivedly Jsavyaeln

)

£
[y

lonaainNfvw
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TAsINT15IAeeaeN 2

nswaRandusiwedlaueaine ldlugnamnssuamsuazeiIEmALANITAIUAN

n1sUanUaaszauuilu

uni

a15919) yJammwﬂlmmﬂlmaa&Jﬂa fatty alcohol Tungu policosanol (policosanol)

a v

Fadudoan Q719198909813 aNVY long chain aliphatic primary alcohols (UIUASUDY
PLMBNBYTENIN 20-36 ASUBUDLMBY) tnendiulsynaunanvesasiautazUsenaunie
docasanol (C,,) tetracosanol (Cy,) hexacosanol (Cy) octacosanol (Cyg) Wag triacontanol

(Csp) Yaquiulgdisnaaruunuimaes policosanol lunisunesuazvrdalsaala wandlviiiu

1 [

ansaaansdviidufeunnazneu annisgnyiatsveadeyuazannisiin foam cell
L.Lazé’aﬁmiﬁﬂmﬂizﬁw%masuaapoUcosanoﬂumiLﬁumiamiﬁuﬁu (lipid-lowering agent) Tu
NAuAI0E19:199 AUAINN1INARRlUTEAY in vivo UONINTUHANITVIAABUIN in Vivo Wae
in vitro §awandliliiudn @15 policosanol Wiilufivaaisadsianie viowaddunug wazly
n135ANw1TEU clinical luszeze1y Buduin policosanol daudasadugs danali o
1299 policosanol fimsdminedsmdudiuegrsunsnangluuszimaanigeninn deiin

aglusUndndueiaiuemisnlasuniseusnlag US-FDA

1%
[

lasan1533e iRl inguszasAlunsimuinssudslunisuenans policosanol a1nly
Souvid sugar cane waxes fusnadnldanninudonsesdaduanviensinlssruiiaa
Tﬂﬂﬁﬁw%mmL,Lazmmu’%qwéﬁgqagﬂummwgmﬁmmmﬂwlﬂi{ﬂumﬁmﬁmsﬁﬁ“uﬂaﬂ'waﬂlm
3

LaranansavensUsinaunisuanlsiluldlaase saiunisanwiselulasenisisadaduiiaz

¥

[

M1N13An¥IN15aiin policosanol 31NAINNLBNTBILAENITINTAIIUUTENT ﬁumaiw
winngAun1silulglusduuunandugionmsiasy maamum'ﬁammmamm@Lwamuam

AMAIN bagyINITUTELIUAUNUYDINITNER policosanol Litaldlundndusianisiasy

vYa v v

uaﬂmﬂuumma]EJsNaJmmaulﬂumﬁﬂmﬁqmqLﬁaﬂiuﬂwia%ﬁqyjaﬁ%ﬁmmn%mm

Y

policosanol Aen15Usegnalgulunalulagdimsuaivaunisvanlassveqdans
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policosanol Feazneliinnisuusguiiioimundundnduauinnssuiaunsondalaluds

WD

UszaAvaslATINITITEN 2

a v

1. WeWauINszUIUNISainaIs policosanol anlugesdsuenlaainninviile laefnwnidy

nsareludeslagnslidimaiianisatasefeasueulasenlesiiannamiloingn sauiah
MsiRINTIIAENsfiuALUIavEuesans policosanol lulvdesliiidndrunas Usunmugs
wnfusienszuannTaed

2. ieWauHARSusiF LU policosanol lugUuasnandusiomisiasy Tasvnistugy

o aAaw o a

policosanol Tuguvasgnsimsuniifandiniviinaiuaunisuanddes elvinisUanldes

. v aa U a = X & a [ 4
@13 policosanol sansnlusAuniinanandyine sauluenisveaeutuguidundnsio

policosanol wfiaudinlusziuignainnssy
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1.1 anuduanuazanuddgyvaaios

nildluarsniiyadfuenlaainledesde fatty alcohol lungy policosanol

Y

(policosanol) Fadudoan U@ﬁﬁﬂﬂ@ﬂﬁﬂaﬂimau%aﬂ long chain aliphatic primary alcohols
(FruauAnfusuDRBLRgsEIINg 20-36 ASusuarnay) Tnsfidrulsznoundnvosansuaul
9gUsenaunie docasanol (Cy,) tetracosanol (Cyg) hexacosanol (Cre) octacosanol (Cyg)
ke triacontanol (Csp) ﬂmﬁ’ulﬁﬁswmuwmmaa policosanol Tun1sundesuastiitn
Tsaala wandlifiuianusaannisdusnfufeunnaznou anmsgniansveadoyuazan
n3iAn foam cell wagdsiinsAnwruseansnavespolicosanollumsiduansanlusiu (lipid-
lowering agent) lungufiae136199 Auann1snaaeslusedy in vivo UoNINTUNANIS
NAABUIN in vivo uaz in vitro Sauansliifiuin @15 policosanol liilufiusoisadsnane
vsolgaddunug uazlun1sfinuisedu clinical Tusgareny Bududn policosanol A1
Uaonsioge dwald s J930u policosanol din1s3muneideaniglvdiuegraunsvanelu

Usemranigewsni Jaineglusundndueiatuemsilasuniseuqynlag US-FDA

1%
[

1A5IN15I981UT 9

[y

6% (% aal .
noUsrasAlun1siauINgsuIslunisuenans policosanol 3nly

]
=

d08¥38 sugar cane waxes Tuenafinliainninuiensesdaluianmieainlssulinig

'
< A

InlavsUSinamarauusgvsngeegluninsgrunanunsadr luldlundn sousindyadigala

wazaunsavengUsansndalniluldlaase dedunisfinenidelulasnsid wjaduiag

[

N1sANvINTSARe policosanol AnnnuiiansesuaznsvinliiiaiuuIansgduiineln
winngAunsilulglusduuundndugionmsiasy nasnaun1sinintenimuaiieaiuay
ANAIN kazyin1sUTEIiuAuUYeInIsHEn policosanol Liteldlundndmaianisiasy

va o v a

wonandunugITedidanuaulalunisfinwdmiadenlunisadiayadiiuaniuves

policosanol Aen15Usegnalgulunalulagdimsuaivaunisvanlaassveqdans
. = 1 Y a A [ < a (Y] & @ PN a a

policosanol &sagnalviinnisudssuiiionmundundndamuinnssuniaiusonanlaluids

RG]
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1.2 NUNIUITIUNTIY

Tnevlundn Usslevdlponssvesossda n1suwanlundsmdudiniansie daiieia

[ a

A a @ H a v g a & ©
NI1HNNANLUILUU UIRN1aNTIYAU (I%L‘Uu?mmﬂulummamL‘du‘tmma‘VlS’]EJ?JW? LSV

9

o
£ v &

U3avt) dhmransenn LLEi%‘Ij”]GI']ﬁV]i’]EJ“U’]’JU%E‘;W]ﬁ ventufiarihmanseuns dnansan
thmalu (eanannuendm) MnnssuInnsantinaiesinanaeslfintusnnune W
nndes (didudowmadunsudni particle board Wewluunesines Wudemady
mswannszualaii) mathena (dudn g1 10es 757 woanesed) ninwsionses (filter cake)
Tinaniedanm wardagdudsfinsihdesumaniudominieldidundsnunauny
(ethanol) wenand Searursatwanaesldlundndundnsueiduadnuin nolugiu

A998 1

NILUIUNITNEAUINNENTI8INT08VRAlsWNI LU Usenaudsedunau 5 Tunay
uan Ao N1swseudey Nsivaia n1sviilauides mssuAgIInalannNan n1stuuen
Wenakagyiliuis ansluning 1.1) lnganunsneduienedialfie nseuiun1skaniinia
I5U31NN55UDRENLTU Instadmingeslaguidnaedea nnsINesauTIvn Wew
dogoanudd devvzgnaldedluniuaieniudes iluiuyaluinfiudesdazdindeedu

| =3 Y o v v = - | 1 = 1 v & A &
Viowdne uaruluderaunudserseinsodtosdes (shredder) Fsazdoadoaluyuiang

elvimunziunsiivdeeagyilvianunsaainiigeslauniign nuduwiluidgagniiu @9

[ '
(%

9199¢ddausl 4 83 6 Ya WeliaNnsain1desaINNINdRelauINNgalusEnINeNITAVIAE

n1snsudrfeuadly Malidesnivauusunaniildnsudie d1desildainyagniiuseni

U

1h$p89231 (mixed juice) Fsazdiauanysngsiidaditu wagien pH Ussanm 5.5 Tadaq
thldshunszurunsyinla (clarification) Sednasilatidessiilondanimanseiu Aoy
siwugi%gumaumimﬂmzﬂaué’wmqﬁﬁaﬂiﬂ defecation process Wilathlunnasnauuaznsos
agldnnnzneu (fitter cake %30 press mud) uazidesla ideelailddosnilufunely
aneanINIA wiolarheenlilamindondifinududuuszana 60 Brix (Aaummudu
%’aaazﬁuawmLL%aﬁasmaasﬂufwé’aa) Tntuhlugufendelinnndnduimanse n1s
anwantinansiedudeddnisdendn (seeding loidswansuldvunintinianiy
Formuaudanhluiiy (centrifugation) avldthmansiewaznntiimasentn mansied
Fafinnutu Safenilusuuisie Mntuilvussydomnesutilulnduimadeuussy

Uy
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lutunauveenseuIunIslu (grinding process) d1uves wax AzUuagluingasdazgnuen
panlulnenisnseslutunsunisyinlla Phukan way Boruah (1999) laausisnisann
wax 31NNINNLBNTOIVBIRAFINTTUUINGAIEITNITUENAIEAWINaEa18BUNTE LazHaN

12
Va v A

nsAnwmuansILenUSInG hard wax ¢¥epay 3.5 - 4.1 uenanduaneditedels
LEUBLUINITNTETR wax Snesfiiazatedunisiiven fe a1u1saannisldnsannds
AoliAnuan1zls Turasfinisfneives Martinez wazames (2002) Yaued3sn15@ne
29AUILNDUVDININULBNTBIAILTBNITNINATANT LU NTANAAIFAIYIIaLa18BUNIE NS

gouaanuna8as (saponification) tHuAw

! SUGAR CANE
1

AIR DRIED PRESS MUD WASTE I)IGI{.".H{I)_'

WITH ORGANIC SOLVENT

! FILTERED

' t

FILTRATE CONTAINING WAX MINTURES DEWAXED RESIDUES FOR
AND RESINS AGRICULTURAL FERTILIZERS

‘ SOLVENT RECOVERED l

|

‘ SOLID MASS + ORGANIC SOLVENT
DIGESTED HOT FILTERED

L i
FILTRATE CONTAINIG MIXTURES OF E RESIDUES OF STICKY RESINS
WAXES COOLED TO ROOM TEMPERATURE —
[ i e
LUMPS OF MICROCRYSTALLINE WAX
AMD S0OFT WAX, FILTERED

L I
FILTRATE I RESIDUES OF HARD
_______ L MICROCRYSTALLINE WAX

SOLVENT RECOVERED

(-
[ soLID SOFT LUMPS ]

AN 1.1 LHUKINITEAN wax WagnIThen microcrystalline wax 31ANINNIBATOI9N
RAANMNTIUNITNERUIAS
#iu1: Phukan and Boruah (1999)

lngUnAudmsgeamnssudeswaziimalulssmalngaziininudensesnlaluly
Uszlewiilule annnisdnwilessiulaeninsfnwesdusznauludesarnninaznaunie
nsomudn ludesilasAusenaunes fatty alcohol Neglunauues policosanol Usesnausee

az 10 lnsumtinvesleiuenls WeUssidiuuSunawes policosanol Alailaiunlgdusylyas
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velaiAnnsadieyadiia dnsgadeuiunuminnit 10,000 fused lutlagliu (2557)
37A1%U84 policosanol Iummmiaﬂaeﬂjﬁ' 2,000-4,000 un@snlansy LLazLﬁ'asﬁugmﬂu
wanfugidadiofuilaaudiazisiaiussana 3-10 vindonilsmissuilaa 20 mg veq
policosanol wiaUszanas 150,000-500,000 vmseAlansuvespolicosanol waziiieUsziiu
yar1veen1sgadslaedrdefiedneninvesnisinlulduselowd wudn Tundasdlu
gramnssuiimavesseinaiinedlavueadinslulaglailfiuldsslonids 10 &

Alansu Andudnennlunisadagarifs 1.5-5 Suduum

nlAsINMIAnyIALAuAININATYgAansvasludesiasedulunountil wuiile

[
o v

doganninazneundonses urazluurasingAunsiudmsunisadauenladeswazaisi

¥ '
=< IS

\Juesdusznevaiiasieg ethunimundundn dueiiyadigedu esanlados i
AnavTRTlnLABaRUlvve sUdNAFYUT (carnauba wax) fifimsthluldUsslevinainvane
Tugnavnssusneg Tuguuuusdndasiieldlunisdae indevinfnguietan nszay
Asuau & ndsuiiinsedesussgemnsiludiu (Phukan and Boruah, 1999) asduszneud
wululadosdifinsinlundandnSusifidnissanuie fe fatty alcohol, fatty acids waw
phytosterols Inegnin Ul dudrunauvesndnduiiaiuonms lnedassnauaiuisoan
Usinnwesnastaainesealuldenld wazdsldlugnamnssuniosdionsuazendndae
(Martinez et al., 2002) ndeyanisiseuazesdnuilundesdusznoumanivesivdesi
r1usn wu Tulvdesasiidiuvesansusznouiifiyadidunsugmansogansuiameiuds

1 IS

Aa o & a o ¢a A ¢ Yy A .
miﬂizﬂauwmgam@LLazaJmi‘WﬁumLﬂuwammwmﬂ/\mm%umﬂa poUcosanol

Y

weluladildlunsadalaluiaeguil dddirhazarsluaneivdnlunisada
gnamnssuaialydos Ansduiunuegd andulssauiitieinnmsienses (filter cake)
Aldndmnnssviunmailaddosulfiduingiu Phukan wag Boruah (1999) 1414 carbon
tetrachloride (CCla) Wusvhavaneifieldatnludauainninnsionses (M99 1.1) Ssnwui
n1514 carbon tetrachloride (suggested method) aglusz@nsarnnisadanniinisia
toluene (conventional method) N15ANYIY®Y Partha way Sivasubramanian (2006) &
NARBIANA LD BENNINMIIDATBIMIERAINarany 3 viln Ae benzene toluene ay hexane
WALNUIN hexane @1115087AlU90890NANNANNLRATRILANINATIINITLIY benzene way

toluene Lusvinazane
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A157199 1.1 parUsznaumaaiivesludeelaannninuiensed

Sl No. Composition (%) Conventional Suggested
method method
1 Wax esters 80-83 80-85
2 Ceryl mellissate (MP: 86-87°C) 27.00 25.00
3 Myricyl melissate Trace Trace
a4 Phytosterol esters of dihydroxiplamitic 2.00-4.00 1.50
acid (MP: 55°C)
5 Stigma sterol esters of plamitic acid 5.00-7.00 1.5
6 Glycerides Trace Trace
7 Free fatty acid and wax acids 10.00 3.00-6.00
8 Palmitic acid 12.00 1.00-3.00
9 Hypogacic acid (MP: 21°C) Trace Trace
10 Alcohol 2.00-3.00 1.00-1.50
11 Aliphatic (Free) Trace Trace
12 Cyclic and derivatives
(i) Bassiasterol 0.50 0.10
(i) Sacchrosterol 2.00 1.00
(i)  b-saccharoserol 0.50-1.00 0.10-0.20
13 Hydrocarbons 2.00-3.00 1.00-1.50
14 Hetriacontane (MP: 68°C) Trace Trace
15 Pentatriacontane (MP: 75°C) 1.00-1.50 0.50-1.00
16 Mineral matters 0.20-0.50 0.10-0.25

fiun: Phukan wag Boruah, 1999

auUR harAuy (2555) TAVININISANYILATWAININTEUIUNITANA LU BYAINNINNALD
N394 lneoRuwALlA accelerated solvent extraction (ASE) m18tan1uea wSguwieunu
MsanalaenAlle reflux extraction A28 hexane wuln NMsanatag ASE Tvusunailvsaslu

USunal 12.49% TuaneNn1sanalaenssuiuns reflux e hexane TUsunailudaeLie
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9.03% lasAuanuuzvatosAlsznouvesludesilaaininaiin ASE dgloniuea i

duUsenauTes wax ester Way fatty alcohol ganinlugesiilaainnisadnmewaia reflux

[

fansiumedanisadaludasfie ASE azilumaiaiaiuisaiiunldadalusesain

dd‘vdd o

nmnudenseslad winduwisnddidadndnegdmsunisimuiluszdugaainnssy Lieeein

Y
£%

wiadia ASE LlHumaluladivmurdunnlddmiunisimsnziluseaunesufifnig was

[y [

aunsavinaulmduluunsivintu mndeanisiaunluszsuanarnssusndudaeiiniswmun

)

\ATesllesesiudnunn usnnudmuinlvdesnanaladilauuiansves wax i1 (audd

ILaYAY, 2555)

(%
[

Mnwmmaiing auziidelulasinsifeadsd Fajutiuiauinelulanisatngae
supercritical carbon dioxide fluid liiamiminzauiunsaialudosiioldiduingavlu
nsannpolicosanol laatanig supercritical carbon dioxide fluid Lﬁuamiﬁagﬂuamwﬁﬁ
auUATINAUTENINORUAILAZ AT JANUNUILUUAIEVDMaT FallanuaINTaluns

azanea1Iiee) lsmnsllanuntdamuaziiautinisivanaiefing Jeviliasnsadudiuans

=) a

#1399 107 supercritical fluid tAnainnstiaiuseunnineioumgiivilogaings (critical

9

a a

point) n3aLinainn1sdavesnailagldnudumilesndngs aumgil s aaingm (critical

q

temperature) Y8313 s gauninansiuaniugvesvadldaunsanegliuazausiuleves

asigaumail . 993ngmil 138nI1 MUY 4 IAINGA (critical pressure)

dmiunisinmalulagyuiesasinoanisuaulaeanlenunussyndldiunisainens

136n1 SFE (supercritical fluid extraction) fie wefian1sarinansiaeldyilesasifanadn i
9f Ao 1WuIsnsnldalusaudtaziuszansnntulfelfunIsaiaflefivinazane

1 )

dun3y dnlugfenhunldainasuszinnleduazidusie Tnsaniznisadauisiure

a 9 [ a

szgazlandulnafeanuinaauduniie 1508199193389 1uuLInAt wmeatial unane

q

(%
o w

uniluneuszmeainayulng egelsinu gaumglivazanuduinldlunisadnosunnsneiu

[ '
v a

uiulssnnusevlinvasingAuduniinnazasdAynnens

o

Attard et al. (2015) Anwimsaninlvainiangudendunisuussusdes lawn lu wWaen
wazeuses lagldinaila supercritical CO, wuin lafiainanideniidiulssneunanidu

n-policosanols kag long-chain fatty aldehydes (83%) luvaugiilafiadnainluusenaudie
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d15 triterpenoids (169 mg/s vasly) nsalasiudus nsalusiuldduds uay phytosterols

dulanannanvedeetuiiaisussnoudinin wax esters [Wudiulug)

Lucas et al. (2006) lavinn1sfinwfsnisusuuanisanaielnludesiininuuians

X o = Y . v v a o =
1% Tawvinn1sAnenisadea policosanol anludeuseinaila supercritical CO, Faua
nsvaasslandlunsed 1.2 luoseilaainisnsanneig supercritical CO, extraction i
ANUUTENSgenIlunadnfedvinazale wazaiuisaiiuie s a15Usenau alcohol 1a

1NNNINDNAIE

A15199 1.2 1Wisuisuludesiiannmsmyinazaisuas Supercritical CO, extraction

@mauﬁa Organic solvent Supercritical CO,
extraction extraction

Melting point (°C) 64-68 81-82
Color Green White
Extraction yield (%, w/w) 7.80 2.43
n-alcohol concentration in extraction (%, 22.00 78.32
w/w)

n-alcohol recovered (¢/100 g crude wax) 1.70 1.92

17';31'1: Lucas et al. (2006)

=3 Ul = 1 12 X I (%) a a o [y Y a .

fawilvannivegeludey wavtiasduingaumirauladmsulduda policosanol
lnenaluluainiivusenaunie aliphatic hydrocarbon wareuiusuedansUsENBUMAINAIL
fimuevesaEelgagsyning 20-40 A1SUBUREAOY TUNTHIYeY ester 9193iANENT 60
ASueaUeLmal duUseneunanazidu primary alcohol, secondary alcohol, ketone, fatty
acid tag aldehydes (Koch and Ensikat, 2008) visillvaniiwnaewiinagdl policosanol tdu

L3 (7 d' 3 dyo . 3 U a

p3AUsENoUAAnl UM% 1.3 9ld1uIUTe8 policosanol HuUTHUAINITAVDY

ImgAuwazisnisaia wiliesainnisdnwilesiunudl nmnazneundonsesiiluianwi o

anenisinensaingaamnssuliaialidnaniniisswaunldiluingiudesulunisade

q

(%
[

policosanol fANANANTRATEFA1ENT 1T TTaduluinisfnwinssuiunisania

wazldUsylewt policosanol Mlsaneeailunan
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A15199 1.3 Usuauves policosanol Tuluiie

Compositions Content (%)

Rice bran®  Sorghum® Maize® Purple rice®
Docosanol (Cyy) 1.2 1.1 10.4 6.8
Tetracasanol (Cy) 14.6 2.7 Not detected 1.8
Hexacosanol (Cy) 18.7 14.6 7.5 8.7
Octacosanol (Cyg) 17.0 45.6 12.4 10.6
Triacasanol (Cs) 24.5 27.3 Not detected 27.1

fiun: Irmak et al. (2006): Irmak et al. (2008): Dunford et al. (2010)

policosanol LHudeaniyfd1989dea1suanaes long chain aliphatic primary
alcohols (SrurumISUBUDERONBETENIN 20-36 ASusuasmay) Jaluanslunguues fatty
alcohol dulsenaundnvesansnauiiazsznaudie docasanol (C,) tetracosanol (Cyq)
hexacosanol (C,s) octacosanol (Cyg) Hhae triacontanol (Csy) ﬂﬁ]ﬁ;ﬂ’uiéjﬁﬂm’mummwum
Policosanol Tun1suntesuazindalsaiala wags189uUnaves Cyup ﬁLﬂumaﬁaiaqmmw
(Taylor, Rapport, and Lockwood 2003) wansliiiuitanunsaannisduiaiduteunnnznou
ann1sgnyinatsvetieyuazannisiia foam cell uazdafinisAnurusedninaves
policosanol tuasanludiu (lipid-lowering agent) lunguiaagenegiuag19ninewang
(Castano et al., 1999; Castano et al., 1998; Cubeddu et al., 2006; Lahl, 2005; Y. Wang
et al., 2005; Canetti et al.,, 1997; Noa and Mas, 2005; Noa et al., 1998; Noa et al., 2001)

MnmsAne3TElaEIRuI policosanol ansadudinsdamssinisdininves
cholesterol uaztnaaasa LDL decatabolism §uds lipid peroxidation kagyI8ELE3UNT
Undlaswes lipoprotein lunsinunisiina lipid peroxidation wlulusunazlusfiudnionis
(Menéndez et al., 2000) lsifimsnageupnuiluivguisudoundu a1sneuzise uazansne
nsnaneug vee policosanol lunylaeiilvvylasuluysuia 50-500 me/ke-day L1UuLian
12 ifeu wWisuifleufunguiililésuarsdangnn (Aleman et al, 1994) efldlunsnaaauits
in vivo wa in vitro Iiuandidiuinlifufivie wadiame vie wadduiug vonand Tu
nsAnwITERU Clinical Tusguzenivesanspolicosanol iamﬁamamﬁé”aéﬁummﬂaaﬂﬁa

78IN192199879 ewansliiuindiainuaaiinazlasnde (Castario et al., 1998; Castano
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et al,, 1999; Canetti et al., 1997; Fernandez et al., 1998; Castafio et al., 2001) a4 UJaqUu
policosanol Fn1sddemndied Tulssmaanszeuiniléuniseyaialay US-FDA Tildly
sUnvundndasiiaiueinisilidndudosdludsunnd (non-presciption dietary

supplement)

OH
n

ad 1.2 Tassadramaniilaevaluves policosanol Fuluneansseadluianalug Nl

Tassasadudunss

Lﬁaamﬂﬂssmumia%ﬂﬂLaamaiaa‘luéwmamaqﬁmiLgaaQﬂﬁasmmst!%'umﬂmi
Auaent Acetyl-Coa Whanfulassadefiluatu uasdimafumyiladdy audulassas
vaslataainesea wislueuladd1dyisiiufe 3-hydroxy-3-methyl-glutaryl-CoA
reductase (HMGCR) Ssvimiiiiuden HMG-CoA Tlu Mevalonate Galuansieduitddy
TunszuIunsdaaszilaaanesea wasivitestussruvedlutulusaurinaumuiuiy
#1 (Low Density Lipoprotein, LDL) Tunszuaidon dsU3ua LDL waslriaamesealuidon
svnUsiunssiuanudssmsiialsalanaynasnidon (Wissler and Vesselinovitch, 1983;
Frohlich and Al-Sarraf, 2013)

(.:iif' CH;
™ HMG-CoA Reductase N
e ol CouH
o NADPH CH
SCoA

AR 1.3 nalnnsvinaruveaeulesl HMG CoA Reductase TunsiUasu HMG-CoA 1y

Mevalonate

17'im: Oliaro-Bosso et al. (2009)

Tutlagiu endmsuauaussaulamawmeseanazladuludonnlasusngnlildas
Jneglunguen Statin Fssuluiveniidaudadiasiadelagld Statin Luniugiu (Evans et al,

2004; Ridker, 2014) ifipsanilgnslunisanlaaanoseauazaiuny LDL Mviunaladaay

PIl-13 | RDG5850063



nalnnsviuvesslungull Aeszdiludnvinanmsviauvedeulsd HMG-CoA Reductase

Fulweulwddrglunszuinduaseilaeanesoarosdniiesgnaiieuy
Acetyl CoA

HMGCR inhibitors HMG CoA
* Lovastatin
« Simvastatin ﬂ:>

* Atorvastatin

* Pravastatin

Policosanol

Mevalonate

@ Meva!tnate

pyrophosphate

Isoprenoid cascade
Rho GTPase cdc42

Isopentenyl ranylat
pyrophosphale\.'\ > 4 G:'am:i::d —
| GGPP
Geranyl ¥ GSK3-f}
pyrophosphate | Farnesylated
|

|

|

i

proteins ]

{ / Phospho-Tau ||

Famesyl < v===ceccenccccnreccncencnneneas mmmmm et
[— pyrophosphate

Trans-prenyl- * Squalene Cis-prenyl

transferase synthetase transferase

Squalene

\
¥ ¥ ¥ PKA/C

it Cholesterol Dolichol

A 1.4 nalnnsvingiuaes policosanol Tunsgiugaieulesl HMG CoA Reductase

fizn: Oliaro-Bosso et al. (2009)

waeg9lsia nansAnwiiafunadindesveselungy Statin dnuin Ts1891u
1% = ¥ o 9 Y a vl =
Had1aAsatndnlAAnlsaluImIukaraIn1snsssvuYsranluauldniinnisvasdy

(Demantia) (Aiman et al., 2014; Raley and Hutchison, 2014; Raley and Hutchison, 2014)

R,

R“
(o]
Lovastatin (Mevacor ™) Hac/\l/u\ o CH,

o]
Simvastatin (Zocor ™)
HiC o O
HaC 'CH

Compactin (mevastatin)

Base structure of statins

TM)

Pravastatin (Pravachol OH

CHs

Al 1.5 lassairamaniivosenlungy Statin (“Statins and Their Types ~ Latest Info to

SIP with Tea” 2014)
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Hydrophilic

areas
g ' s Cyclopropyl
‘ : : - o group
Lipophilic
areas

Pitavastatin

i 1.6 nalnnisdudaeulesd HMG-CoA Reductase In pitavastatin faenisidnduly
U310 active site Vool
#iun: Saito (2009)

[
= 1

Tuflagtuinuitnalnniseanguives policosanol lunisansedulalaainesen
WANE99INEINGY Statin Ao policosanol lallamdnluueaduusian active site 299 HMGCR
wazvhliAnnsdudinisiinuveseuled HMGCR Tnemse wi policosanol azaasannis
Maruntunalnuesioulesl AMP Kinase (Banerjee, Ghoshal, and Porter 2011; McCarty
2002; Singh, Li, and Porter 2006) viltigaiuisaannisduasizilaaainesoatusanigls
TogUTANHadI9LALe $189UNTANYINGNTENUUIN1TLY policosanol Ansadulusyes
wauuandliliiudn policosanol Imnulasnsiegs (Ferandez et al., 1998; Aleman et
al,, 1994) wagddnonmilazinmndundnfusiaduemnsidgvslunsauausesuleiuly

Banla

walulagn1svieiuszauunlu (nanoencapsulation) lagniunldegsunsnangly
vanea1 lnslannglugnanvnIsuinuns 81s wazsunIsuImdLazansIsaig Liesann
walulafifdnonmlunisaogasddyuasmuauuimumsanUdes uenanidildly
nsuanuAgausIYansadiivivihiiduansemsvielaiinuns Faazanunsatiediy

ANUAT iINUTEANSAMNINTEEM Lavn1saaduvesansddgluivuasdad nallanld
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TunsinivansluwaugalutagiuiivaredBigu n1svindiadu (emulsion) (Souguir, 2013)

nsiinlaesiwelitu (coacervation) (Kruif, 2004) NsUszandldauuilumalulaglussuu

o ]

ds azasauaqunAlulagviatnvatganvn Ninsusleunavinmieg meaukdugly

sEAuuIlY N1sAIUANANYEIUTIE wagiuRiveteunanldiids iWesaneynAulull

a a a v a

a S a d @ o a ¢ a6 a v a & Y
NANNNAYYUA INTUANUUIEABUNSTE DUUNTY LLa%Nﬂ'ﬁﬂﬂLsUﬂ@]'}LﬂﬂL‘U‘Lﬂﬂiﬂﬂﬁqﬂ

q

£ '
=< (% wva a

wanansiulavatsuuy slaveseyniaiidanldasduiunisussendldauwaznuandin
£4 [ ) ! =) o v < o o d’lj a

Aean1s l19du Msmvaun1sanldes n1sinengvetasdify N1sBnduiuiuil
Whningegedimne vsewdusnisinogveseynimdaadluangldnudunuaiuiou

BN

. N A p
o
g > -
g 3 o o
o Ny
P 2 61 DS
] j AL
Yy Taanst
v ¢ SE0S

Gold nanoshell Nancemuision Dendrimer Quantum dot

02 7.9
| , @7 W
00 ©C o
o (o)
Colloidal gold Liposome Nanocrystal Polymers

A 1.7 fegrouniadmsuiidaiinmie

fian: http://www.medscape.com/viewarticle/574912

va v

ANLRITULATINATANEILLINIINSILUSEANS AT N deInenae policosanol

kY

v Y & (Y o ! °o w IS [ gan

aren1stdiluTanidideansdrdgnia¥anin lusduuuves syniruiluaniniesada
(Nanostructured Lipid Carriers; NLC) vieldidudruusynevdiagdinSunanduailu
RAAIMINTIURIMNSHALE IneiiuAuaInsalunsnsEefuasdiemuaunisUanldey

Y99a15d1A7y policosanol

'
a

Inevaluudinsiiunisnszatemvesansddgeiinudunieluluseduanamnssy

b4 4

zfivuldimatianisvinddatu (emulsion) FaliniugenesuazldinIesionlidudou

v A A

aunsnvensUsiunnanladiny Teiduveteyninviindiiadumeiiiinaunaiini Jeesly

v

SAUNUNALULATNTAS1ITUNI DN URIL N DN AINUAIF N LA UN AN DD AT UL AINUAIH

3

Tuan1iznnslaay
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ouniaviialaluley 1ueyniaiifiesduszneundnifulusiuyia phospholipid
dlewnautimuiidavedlatueieiivivannsasadssuindudondluiuaediu (lipid
bilayers) vioviuansddnylinelu waziilosanlufusdia phospholipid iussdusznaundn
voudevuimad yiliiagirdsiidnuuziiugaluuiuunnidn (liposome) Fsaunsasamsiaii

fuldfunigadliedned wavaunsathdwsafydngwadlaegrdivsydnsam

Ad 1.8 dnwaurlassasnsvedlalulsueiiasnegnlalusyuuihas

fian: Safinya and Ewert (2012)

'
v a

Solid Lipid Nanoparticle #38 SLN fipayniafivnzdmsuldindsansdfyazaie

o

wnsnegluluvieluduuds wazanunsamuaunisuandassansdrfglioanunegvainaue

a a '

& o Y] v su a1 a 2 = Y
UBNIINU SLN ﬂqaqu’]iﬂﬂ@LLUa\ﬂﬂWUN'ﬁu ll‘mﬂﬂsﬂumsﬁ'JULWllﬂ’]iagaqﬂﬁﬁaﬂqiaﬂsﬁm‘lﬂ

Y

wiuAenulalulow

[
= ] L4

TulAsan1939sll Yadunisiauindaduginuseneaulddlrsssuuiidediniy
policosanol MM sUTuUsaudRlumsazaeinlngedu wunsiingseuunseualaiin uay
nsmivaunsUanlasy Fudenldszuvihdsia SIN Inefilassadaduunuduluduuds
nuusaiuiangluiugtianealnlaln Aussgansdrfy policosanol Felanudayag9919

a Y wvvwo vy 1% = o 1 A a s
wazdlaudniulatusenmelds waslassaiiwealdenauninindaiudusweanediues

Fanmilindnsaantanuawiigs lneiidwanenagiusleunianivaunisuandaessiy

wiafiaiiuwisuuunudealidununisnanniuazaiunsaveneiidnisnandusedu
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’qma’mﬂiiﬂéj (Choi et al., 2010; Cristhiane Caroline Ferrari 2013; Liu et al. 2013; Beirao-
da-Costa et al. 2013; Rassu et al. 2014; Nedovic et al. 2011)

FBnsviwisuunudsgniulgiumuiiu food emulsion fawsd 1950 Wusiu
11 1ae feed solution %Qﬂamia‘ﬂ\i’mﬁ"; atomizer Tidu droplet TuLp309 spray dryer e
sg d' I3 I3 a v o d' I [ 1 <@ 1 %
sewgtnMiussrusynauludiatu ¥99ma298Uasuluraatkdiag195ImS UMUK e Ae
1 d‘ a 2

ausou leynanswianfivuiadnuazldszozanlunisiuiadesninisdus wandund

'
[

[ Qlld a U 5 ] aa
ANYULTNNIEAINAR Laza1u1sa load astaluusunaninlunnazass lngarsdAyid
(% < LY = 901 % 1 Y Y . a ¥ G| al

anwaziuluiiunsetiduazgniierume wall material NUsznaumeans wis nielushu
Ferretosiuansdrdglilinisiiin oxidation 9nduandeulasseu FanmanUAvoINILALT
lpannsvi g TBUTUAY atomizer gunnH AIAVINIVBINTTUABINA WAZNNTOBNKUY
chamber (Hudu usnanil @snsadenly wall material Tunsindeulavanesiln Tngwdn
299 wall material wazangRldlun1sviwiiwuunudsedmsunisiniivasdryvin

A9 uanslum1sen 1.4

'
I U 1

A13199 1.4 #9819 wall material waganeMldlunsiuisuuniueles dwmsunisinifiu

ansdA a1
Iy Qi qaumall
g13ngnnntAu Wall material References
v YU (°C)  v1wen (°0)
vfudmdes Sodium 180 95 Hogan et al (2001a)
caseinate/carbohydrates Hogan et al. (2001b)
vsfudan Starch derivatives 170 70 Drusch et al. (2006)
/glucose syrup
Short chain Maltodextrin/gum arabic 180 90 Teixeira et al. (2004)
fatty acid
Ut Gum arabic/maltodextrin 180 130 Barbosa et al. (2005)
/sucrose
d-Limonene  Gum arabic/maltodextrin 200 100-120  Soottitantawat et al.
/modified starch (2005)
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Spraying Raising Solidifying Granulate

< //‘4”" . \?.,
. . AN
. ; Vi \‘3\\
’ Core,
Emulsion characteristic i
Layer build-up Encapsulated

active ingredient

AR 1.9 nalnmsvieviuansdrfgymemnaiansyiuiwuuiusley

fian: http://www.ipc-dresden.de

nsAnwndnSusiwazmaluladfiiAertoanudn 1ans3Unsfiisadestunisade
poLicosanoLﬁ]mi%ﬁ%ﬁw?%&hqG] (Empie et al., 2004; Runhua, 2007; Zhang et al., 2014;
Wang et al., 2014) usdslifinsdoavslunssuiunmsusuusauamiilidauuiandaadu
Fadmnuddaduegnannlunssuiunisudndanniee uananidalianstnsiieatunis
policosanol wldlugundndaeiaiueomis Inenauduansifuiundndasiasuemsyin
5u wunsalutusudu Innfiu M%a?ﬁi@@ﬂﬂ%éguﬁﬁﬁﬂﬂﬁﬂﬁiimsﬁﬂﬁ (Villeponteau, 2007;
Berlin, 2006; Aleardo and Ashraf, 2013; Seo et al., 2013; Forest et al., 2005; Patel, 2012;
Javor, 2011; Lahl, 2005; Empie et al. 2004) uaﬂmﬂﬁfﬁqa‘jaw‘%ﬁm?umqms‘fﬁu policosanol
fiflnnsldszuuiids Wielinansueifidauaiusalunsazaie wazdlAumeiage (Patel,
2012; Fang and Tongyi, 2005; Raghavan, 2013; Xu et al., 2008; Madhavi and Kagan, 2011;
Kim et al, 2011) ag9l5A7 1ilsandesinaes policosanol luidandvmansfouanain
axdidnisazanetluseduiiniugs policosanol Sefimnuialunszidonst is1eiinas
#a18/18819570157 (Banerjee et al,, 2011; Roberto Menéndez et al., 2005) vinlwliny
mmLLGmGiNinNqué‘Vl’NLﬂﬁ%mam%mm policosanol 20 mg AU 40 mg (Castafio et al.,
2001) FetfunsWaunanfuriasioms policosanol ﬁﬁﬂﬁzmumimu@umiﬂamﬂa'aa
Wislsiiusanapolicosanol Tusnameluseduifnamandvenanssanunsavaelingnfosi

o

~ I a & a o ¢ w Ao a a ¢
Nﬂ']qiﬂ,%il LNALUUNERAN UNUIRNNTTUN ﬂEJﬂ']WIULSU\TW']usﬁfJ

'
v ad 1

NN TITeRTLInauansaasuladn policosanol Tuladesyiadnlaainnin

wilansee dfnan nNaswaundundnd g niiuanilnda1nnInaznaunsonsa i usuI

Y
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i |

policosanol Miiigeweiiazauduarlunaasygaans Faduudwsndunisasisyaaiiiy

q

(% '
= I

lnunnuiienses AslunuIdelifmeguiagyinisfinyiwasUsulunssuiunsana vl
AURLNEEUNRU policosanol 1nTu et lvdesiilaannseurunsanawagn1siunle
& & v 9 . o v 9qvd o . A
Wuasasaulunisainas policosanoldmsuldiluasinvunds (nutraceutical) MiiAaa
UIandas uarviin1sAnwiimuInszuIunisana policosanol 31nnnvgiansesiginaila

Supercritical CO2 uagvinliu3gvislaanszuaunis fractionation wouundn undnduel

o F% |

Anea Mg vdnasayaniuanTanmaenaingnavnisuesiayiinia

(%
av aAa

NMUATeillmMNUAeAATBITENTNOUALDIYNEANERSNTHMUUTENANTUUNUTRIN
LASEgNINATEIRNLIIYIR Imenisiliuyad1vesTanmdeiinanisinens Wunsdiueaiy
Wuwdeliduanaimnssunisinuns Wnegdadunisadisyarliduaiseengnsdifey

policosanol IagyiN1sHAILIATUARUAILANTTUIUNITANR NSkenkasUTuUTIRun LA

9 9

a [

U3gn5 N19979U MU specification Tidundndusidunans wazn1siaundundnsdue
aavhelagUszendldszuuihdwilianauaunisUanuaesiiioiin Jundnduandnuaudd

9 9 9

] £
=

PUNFUANERSNATU wazaiunsatnluNanludanndsdlaasa
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uni 2
52 08UITN157Y

o a

2.1 ingAunazasall

- lwdesnnisatinnnmiiensesaindeirdesatnaiuenlneanledinieings

~an5usauds H-CAP® 100 91nU3EW luduuua annde woud wiia (auaus)
in Ussindlne

- upalnAngyn3u (maltodextrin) DE 10.7 31nu3ey Uulde 1wy 91 Useine
e

- mvinazane (solvents) laun ozdlau (acetone) lolglnsniusa (Isopropanol) I‘WQ
91U (toluene) maslsnosu (chloroform) t@yuea (ethanol) Leniwu (hexane) uag Lofiaosd
v (ethyl acetate) 971nUSHN CARLO ERBA Reagents Uszaneirl Saeia

-@1701%337U policosanol (Eicosanol-C,g, Heneicosanol-C,;, Docosanol-Cy,,,
Tricosanol-C, 3, Tetracosanol-C,4, Pentacosanol-C,5, Hexacosanol-C,4, Heptacosanol-
C?", Octacosanol-Cyg, Triacosanol-Csy) 31AUIEN Sigma-Aldrich Usginadenlus

-lwdgupaslsa (sodium chloride) 91nUSEN LobaChemie Usginedulie

-laieulaasonlas (sodium hydroxide) 91nUT9% CARLO ERBA Reagents Usziyf
NG

- 1Us1aannlessu (deionized water) HARANLATBY TKA Useneeastu
2.2 \n3asliauazaunsal

~wsesufalasunlnsns fl-wuaaialnsdimes (Gas chromatography-Mass
spectrometer; GC-MS) 'u;'u 7890A-5975C ¥93UTYYN Agilent Technologies Usgine
anigelsn

Ssesiutanuunuret (spray dryer) 4 GEA Niro 989U3%¥N GEA Process
Engineering UselnAlauuNgn

- 1aessinusieuuuutiBonuds (Freeze Dryer) §u GAMMA 2-16 LSC yaau3®m
SciQuip Useinedangy

- NABIPANIIAUBIANATOULUUABINTIA (Scanning electron microscope; SEM) Ju

Hitachi S-3400N 4@3U3% Hitachi High-Technologies UszinAdiu
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- 1A309TiAsnsiAsuuYesiediand (Xray diffractometer; XRD) fu D8
ADVANCE ¥89U38% Bruker Corporation Usgineileasiiu

- 1AdesinvuIneynALasANGTA (Zetasizer) Ju Zetasizer Nano ZS 184U3%M
Malvern Instruments Useinegangy

- 1A3091ArUIABYNIA (Mastersizer) Su LA950 ¥9auUTE HORIBA Instruments
UseimnAansgonsn

- Lﬂéaaﬂumauaﬁé"g&Jmmﬁaqa (High-speed homogenizer) iq'u T-25 ULTRA-
TURRAX Digital Useineileasiu

- Lﬂ%‘aawguLw"”iSJQﬂaﬂuL%’Jia‘uqa (High speed centrifuge) 34 7780 ¥84UTEN KUBOTA
Usginadu

- fiauau3au (Hot air oven) 8o BINDER ¥83U3%W BINDER GmbH Ussieigasiiu

- 1A399LYE1A1T (Vortex mixer) Ju Vortex-Genie 2 ¥83U3%% Scientific Industries
UseimnAanigowsn

- 1AT83RABETAEANE (Micropipette) ¥IUTE¥M Gilson UsemeansgeLusn,

e

- A3estfinea netloy ¢ fumis (Electronic balance) §u GR-200 ¥osuieh A&D
Usginadu

- 1A30sdeRinea nAdlen 2 dunis (Electronic balance) §u FX-3000i ¥83U34m
A&D Uszimadiy

- in3eaniuansvilawsimanndesuulainuieu (Magnetic stirer) §u RCT BASIC
Safety Control U3& IKA Uszinaleasiu

- S1smuANgUVYRITTiszUUAALAINAGS (Ultrasonic bath) §u Elmasonic P U3#
Flma Schmidbauer GmbH Usgimnegasiu

- Lﬂ‘%@ﬁﬂé’mzmamifmm’lmﬂ (Rotary evaporator) ﬁu RV 10 CONTROL V u3®W
IKA Useimaleasiy

- Nylon membrane w11¢ pore size 0.45 lupsou

- N3EAI¥NTBY Whatman No. 1

- NSEUBNANEN (Syringe) IUINANINTY 1 Hadans ninsauat Nipro

- GC vial (Amber glass) YWIMANINY 2 Tadans

- N3EA1YNTBY Whatman® (Filter paper)

- MARAIUASHIN (Centrifuge tube)

- fusing1s (Spatula)
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- 1A504M (Glassware)
2.3 J/N13NAAIIY
2.3.1 N15uends policosanol anludaeuaznisinliusgns (Purification)
o a n‘ v v o o
- MIIUIgNSludeadieiavinazans

ishegndludasdiatalianninuiansesiagldiniesadnarsveulaeanladnile
Ingruazarsludviazarefiuansiedy e 1 lelalnsniuea weviuea wiiaesdian ey
o Ingdu wavienivy Tnelinudouiigumgliginitgaviaeuivaivesludes wisutuniy
waaliluiodieatu nsemenduiovussnsnansavansvasdou anduihurilvibuas
Tugrsiudaasduniswisieiemyumisnnuiisevgaiiousndihazatseen uéi
‘ﬁﬂ;ﬂizmaéhﬁqazmaaaﬂ%ﬂﬂ%gq‘[,ug’fauau%au aavuiinimn yield #ild uazihsednedily
UAAs1esiU3ana policosanol femafia GC-MS Rnturhnisingidoyaiodens

inazaeagn
- Msviavaulliiatu (saponification)

ihegtlvgesuvihujisenalsutindumelsnsulansonlas 10% (w/v Tuum
wea) NunaNigumgd 100 ssrneadea Wuian 2 alus Ndlilidundniunnseauen
| < v | 2 A vy s A & o w 1 v
duudsanainaisavany avdudeilamedinunannleseu Mnuuisegelieuly

wirawa lUImszviasnUsenaumemaia GC-MS
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- Msanawengns policosanol

thineghsludesiiunsiliuianisefvinazarsuarnmsausudiiaduyiuna
1 ¢ wa@fasae chloroform 100 ml1usseziian 15 wadt Tu utrasonic bath TagldAnud
37 kHz muemgamgdil 50 esmiwadea Iniunsosusndilauardiunnoudionszay
N394 Whatman No. 1 1hansafia policosanol 11 chloroform #ildlusswmeavhazateaen
ﬁwm%aaﬂé"uszmamsngzyﬂmﬂ Ulunnudneie hexane (20 ml) ‘ﬁ’qﬁwqﬁ 0-5 B
\waldua n38alenans policosanol fildidtiluszimedviazarseenlugevanieu an

Juiinumin yield le wagihdegrsiilaliiiaszsinusunu policosanol Mmemailn GC-
MS

2.3.2 MsANE189AUTZNBUVBIETS policosanol fidnalanlemalin GC-MS

thansafafodslusesinmesdusznaulngldineia GC-MS luanmedwelui
GC-MS: 7890A-5975C, Agilent Technologies
AdU: J&W Scientific, DB-5MS column, A211812 30 1UAT x 0.25 Hadiuns x 0.25
lulasiums
- uiadaw (Carrier gas) : WAadLaen (99.9999%)
- PNyl : BuLaALReT (Injector port) 300 BeALYALTYA
13RI T193R (Detector) 300 asrwaIdya

L%

1 4M19U (Oven) wuuan1Iglusunsugungil (Temperature program) qmwgﬁﬁmu 50
paLealea sty WWunan 5wl vdsindugumglifistu 10 essisadeatounil aufla
aumndl 300 esrwaidea Juan 15 undl

- UBinasansiegnafiadily: 5 lalasang split ratio 50:1

- Acquisition mode: scan

N1SLATENEITAIDEINNDNITIATILATIAUAIN (Qualitative analysis) wazida

Usu1au(Quantitative analysis)

a . \5 a 2 1 .
NITLATYUAITALAN8UINTTIU policosanol N9 10 YUA lawn Eicosanol-Cy,
Heneicosanol-C,;, Docosanol-C,,, Tricosanol-Cys, Tetracosanol-Cy,, Pentacosanol-Cys,
Hexacosanol-Cy, Heptacosanol-C,7, Octacosanol-Cpg aw Triacosanol-Csy 1a8n150981s

Policosanol u1msg1uyUssues 1-10 mg wazyvinagatemly chloroform 1 mL (stock
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solution) aMn1usinng dilute  1/2, 1/5, 1/10, 1/20, 1/50, 1/100, 1/200, 1/500, 1/1000
Aua1du thdmegafildainnisatalaeddaie q undaimiinussanas 10-30 me Wi
aza1u$78 chloroform 2 mL aisazarefildnsasiny syringe filter nylon membrane

w19 0.45 lupsow ntudlu@aun GC-MS aiay 5 ul
2.3.3 nsnseaayn1nigds policosanol slianlruaun1sUanUday

N5 m38uaRN1ALNES policosanol wilaAuANNIsUanUaeeyinlalaeiians
policosanol fiafinlaainludesunlinuseuaudsuanuzanveswdaduveanar antu

ABY 9 Na15azany wall materials Ne1un15lRAINSouLasYunanliiluilofendy

(@15a¥ane wall materials Usgnausag H-CAP® 100 (H) uag maltodextrin (M) Adadqu

=

A199 Aeuandlun1sen 2.1) JunauansvianunnieLa3ed high speed homogenizer #

v

AMAL57 10000 FaUFaUT 1Wuan 10 uil WiednilmAndifatuniusuiaeands 10 %
(w/w) antutdatunlelUa1unszuiunIsviawie 2 35 Aa NSV UULTLE DN LD
AeliAAY 0.1 mbar gl -80 Brwa@ed waznsvinuiawuuuley lagldgamall

99aUSDUV I WINNAU 130 D9FLTAUE WaLENSINISNUNBEWINAY 30 NadanIHauN

v

A19199 2.1 drudsznounlalunisnisuddatiuves policosanol

policosanol (% y Wall materials (% H/M weight
ans 11 (% w/w)

w/w) w/w) ratio
1 1.67 90 8.33 100/0
2 1.67 90 8.33 75/25
3 1.67 90 8.33 50/50
4 1.67 90 8.33 25/75
5 1.67 90 8.33 0/100
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2.3.4 nsfnwandaniLaiinazauiininien nuaneyn1aligs policosanol

- MIAATINVUIABYNTA UAzUITERUURIBYNA (zeta potential) YasBlatuy

v o
o A

Fafeensfegneoynatids policosanol 4 fadndu naufuihiiusaanlooy
U310 20 fiaddns nmunaulvdsadunseanefiieoedemauansazats (vortex mixer) 10y
a1 1 Wi mﬂﬁ?uﬁﬂﬂi’mm@mémmaa%ﬁaﬁﬁ’uﬁLﬁmﬁﬁué’wm?aq mastersizer WarUseq
UURIBUAA (zeta potential) §1eA384 zeta-nanosizer Inefnunliian refractive Index

(R) voshdudusmnanainiu 1.33 vnsiasizifigangll 25 asrnwalded

- MIfnwIanYMENedugIuINg)

MTIVABUANWUENNFUFININY1VBINBYN1AUNES policosanol Mendasganssel
BANATOULUUFDINTIA m%uﬁ’m&hﬂmamﬂsamLLﬁaawuLwﬂmaﬂﬁuauﬁamgﬁuLwiu
0 (stub) ntuluipdeulinfegsdaenes eliAnni sl ATUANANIITNT

79A9NAIDAITINITHIVBIANUANAENTINANA 20 Alallas (kV)

- msuszdiuant@nisiua (Pilcer et al,, 2009)

AnwrandfAnislnavesnsayniatids policosanol laen153tAs18%nIAY Carr’s
compressibility index Leig Hausner ratio thshegnefinsrutmdniudueu (mass, m) 4"
ussatlunszuenmae (1uia 10 m) Tnefesdossefain1sdautuesdiagng aintdugiue
USunmsvaenszuanad neuSunnsvesneiegneiisnuld de bulk volume (V.) ¥iandanana
TUArua1A1 bulk density (Ppuy) 139 Snsarusenisiminseusunsve s Adslal

NIUNISHAEAI DV LD ALk LY

Pouk = M/ V,
IN19EAIENTEUBNAIY 1000 ASY INUUDIUUSUINTVDIAI081971Le wau LY

ALIUNIAN tapped density (Prapped) ¥39805187UTENINMTNADUSUIATVBINITIHY

NSIALVTOYIIITALLLLAY AUENTATUATS

Pouk = M/ V¢

WA Pk WAE Prapped ANUIUMAT Carr’s compressibility index Wag Hausner

ratio MNaUN1SH kUL
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Carr’s Compressibility Index = 100x [(Prapped-Pou) Prapped]

Hausner ratio = Ppped/ Pout

A19199 2.2 guUinisiiavesnseiual Carr’s compressibility index tag Hausner ratio

Carr’s compressibility index Flow character Hausner ratio

<10 Excellent 1.00-1.11
11-15 Good 1.12-1.18
16-20 Fair 1.19-1.25
21-25 Passable 1.26-1.34
26-31 Poor 1.35-1.45
32-37 Very poor 1.46-1.59
>38 Very, very poor >1.60

- msiAesiviinaanudu (moisture content) #AKUAIRIN AOAC (2007)
wazBotrel et al. (2014)

Fasheeramseynairda policosanol Tdasluniwuzegiiilonegiiifln (moisture
can) finsruimiinfiuvueu antufimiminiaeiadudu mﬂﬁ?uﬁﬂﬂauﬁqmmﬁ 105
psmgaLdoa WWunan 24 Falas theenangevailfibuaddaeiulilulagaaiuiy
(desiccator) figaungiisios Farhwiindedamdseuuaransuiinimiinfiudeuutas ¥iins

augnUnsENIRUIInAaen dinanleluaunuinusunanINuTueall

HasnaesviinfmegwneusuLarndaeu (n3u)

USuaunnuau (%) = X 100

dhanindheeasudu (n$u)

- nflﬁl,ﬂsqzﬁmmi@ﬂﬂ'sw??u (hygroscopicity)
'3mﬁwﬁmmsg}mmm%uﬁaashqmaumﬂﬁwdﬂ policosanol TaaAnuUasannisusy

Busch et al. (2017) Ingiiregnsasauneinas policosanol Ainsiuthwidnfiutueusnldly
petri dish udainluiAulilulaganuiu (desiccaton) fidiuansussgarsazansduiaves
Twieunaelsslutii (75% RH) Wuwian 1 §Uanst vhnsenduiindminiiiaeuudas o
LIIIANANE LLé’aﬁﬂmmﬁmﬁﬂmmmmLUa%LG‘?ﬁuﬁﬂﬁ@jmmm%}u 1AATUINAINANNITVDS

£
v a

Sulieman wazauy (2014) Al
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Hygroscopicity (g/100g) = (W - W) X 100) / (W; X (100 — moisture / 100)

Iy W Ao dmtindisgsgaving way W, Ae Umtinsieg195usu

- MIATRERUANWMLIASIESINEN

Anwdnualassaiawdnineldia3os X-Ray diffractometer fifinosuns (Cukq) Hu
uwasrilindsdiend Avmeneduvesisdiondlivintu 1.5006 Ssamson nevinsiaum 2-
theta w14 3 19 30 BaFN 2-Theta MBdRTUS? 1 8IFAN 2-Theta AU MILITVDI Kim et
al. (2015)
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UNA 3
NALAZITUNANITNAAD

3.1 M3afauenais policosanol anludasuazn1svinliu3gms (purification)

[
v

NuAeilavinsAnenisaniauenals policosanol eananlussuagn1svinlians
policosanol #iafladianuuiansas Inglutuusninnisdrsludosdedvinazanesiaag
wiourisliiausouiiguuniiviiegavasumaivedludosiioddnarsidovudug 29nns
naasmuin Uiinalludesiimde (%yields) wasnndunsésiesniazaninsie o
w29 0.72 - 79.31 %(w/w) vosminludeadudu (3197t 3.1) ot ledoefiniunisans
mgfvinavatriinge TUamsgrimanslungu policosanol fewmatin GC-MS T
LU%EJ‘ULﬁ&luﬁ’umimmg’mﬁwm 10 99a lawn Eicosanol (Cyg), Heneicosanol (Cyy),
Docosanol (C,,), Tricosanol (C,3), Tetracosanol (C,,), Pentacosanol (C,s), Hexacosanol
(C,g), Heptacosanol (C,7), Octacosanol (Cyg) Wag Triacosanol (Cso) Wui1 faednsladey
AounarndIn15&1ededvazrateiosdUsznauves policosanol anun 4 via fe
Tetracosanol (C,4), Hexacosanol (C,s), Octacosanol (C,g) Wag Triacosanol (Csp) taed

[

Ad1LYe9a5 Octacosanol (Cye) WNTIEA Aanandlunnsen 3.2

A1319% 3.1 Usuadludey (yields) wasunun1sdnmesiainazansvsiingngg

vhavanefild Yields (%6w/w)
ih 79.31
Tolglnsniuea 46.74
LOVUBA 47.00
pzalau 22.54
LOVIADLTAN 21.88
Ingdu 0.72
ERItAY 28.63
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a '3 a . ) PR LY 1 1 1% a Y A a
PMNNTUATIERMIUTIUET policosanol Mamuandiludrog1enuIn ludeutsuaudusuieu
policosanol Nsnuawindy 5.24 %(w/w) tetnluniunisdsmigiasaisviingee) ieanin
wena1s policosanol kaEMIAAITIIBUUDUY WU MDY NTHIUNNTANMBLOTIaDETLAN B
Flau Telglnsniueail policosanol snungaudu 23.61, 18.34 uaz 12.38 %(w/w)

o W [ d' 1 U o d' I %’ = 1
MNATU Aauanslun1s1en 3.2 daudiiazatenidull wniuea ngdu uwazieniagu wuii
nsaAlEiYinazateninatalidgieyinlians policosanol fusunandinuindu (lailauans
[ 4" a" Yy ¥ Va o = & a a I~ LY o Ql'
Tayaluni319) FnHanIseaestad1eiu giTedudentefiaesdinniludvinazaied
winnzaulun1syiuiavsludes 1esainnisdnsmneefiaesdmmniinlisiegeiilaiusuin
policosanol asageigaLilainguiuimviazaeuindus

¥

M15199 3.2 Ysuas policosanol TAszilaainladasfiiiunsiiliusansaesivi

azanevilngnge
fvinazane USu1ad policosanol (mg/g U846719819) Usuau
il : policosanol
Tetracosanol Hexacosanol  Octacosanol  Triacosanol s
VLA (%w/w)
(C) (Ca) (Cze) (Cs0)
TogenSudu 1.58 0.69 40.24 9.94 5.24
Laazdan 5.59 3.58 165.78 61.17 23.61
¥Rlpu 356 0.86 151.49 27.47 18.34
Tolalnsnuea 4.50 1.66 108.51 9.12 12.38

feghaludesiFusiu (crude wax) ludosiiinunsiliuians (refined wax) wagsn
azaneiildlunsdne (efiaes@en) laevnisnsiaaausemaia TLC wandluaind 3.1
Wisuleuasdusynouvesansinululudes wuin nisdnsnelefiaesdiamaunsafidnans
phytosterol sananludesls Tnsdunaldainnisfiuauvesans phytosterol nielulu
Fegdludasiitnunisdrsieieiiaesdinn waziiuauvesans phytosterol U51nfeeedniau
Tugiuvesiivarateilyats uenaNGHIny Lavves fatty acid ag fatty aldehyde

Usingagdneiey
Y

PII-30 | RDG5850063



Aldehyde —— ‘ ‘w

I
4
|
t:;
"

PIS XN
pioe Ay
Jouesodo4 *
1012350M4Yd ¥
XeM 3pni) i
Xem pauyay
WINOS '

ATWA 3.1 Thin layer chromatography YoId17U10931U (fatty acid, policosanol e
phytosterol) ludeaisusu wagludaetunisadanisinliusgnslaenisdnsnelefiaasd

LN

PNMINTIIEUEmATa GC-MS wui fregsludesBudulsenauseassanan
fatty acid, fatty aldehyde, fatty alcohol #3® policosanol wag phytosterol @iudaggly
Sourunsaeioiefiassdiandinaneq ads wuin Sanedifiavesanssanan aldehyde
Usngegituin luvazfifinvesanssinan fatty acd meluuisdan (nmil 3.2) Ssuaills

#OAARDINUNITNAIATIZUMEWATA Thin layer chromatography

Herinisiiasieiniusuna policosanol Taewiisufy calibration curve o3
d138ra181Im3§14 policosanol waavwlinlu GC-MS wui1 NM3ameflefiaesdnn 7 %
Freviliieeafildiu3una policosanol stemmmiinduain 22.84 %w/w) Wu 41.29 %
(w/w) TnediuSunad Octacosanol (Cyg) Qﬂ%umﬂﬁué’u 174.14 mg/g \Ju 325.12 mg/g uay
H1USuu Triacosanol (Csp) qﬁumm?mﬁu 25.45 me/g vlu 63.83 me/g luvazil
Tetracosanol (C,4) HUSuTuanatan 8.60 me/g ¥y 3.98 me/g druuSuruuns
Hexacosanol (C,) tallsiivasuntas (ms1eft 3.3) Feanwanisnaasssenauanslsifiuin
nMsdsheeiiassivnansaidaansiouudug iflusedludes Tnsanivet1eBaans

913N phytosterol Fadawalviiusuas policosanol g7y
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£90058590Y | Z¢-Ild

a

AN 3.2 GC-MS Tasunlnunsuwed (a) Wwosesudu wazlvoeeiuiunisanawenwasyinliusansegeiiaosdon (b) 3 A39 () 5 A59

9

waz (d) 7 As3

NUBLAA : Tetracosanol (RT=27.989 w1#), Hexacosanol (RT=29.487 u1#l), Octacosanol (RT=31.044 w1#l), Triacosanol (RT=32.880 w1#)



£9005855aY | ¢¢-Iid

M13197 3.3 USunal policosanol AT elanludesfiiunsviliusansmelefiaosdinm

. Y U311 policosanol (mg/g ¥asse19) UTuna
o W, AUATIVES
fyinavanenly . Tetracosanol (Cyy)  Hexacosanol (C,s)  Octacosanol (Cyg)  Triacosanol (Csy) policosanol
n15a714 Y
NIUUA (%w/w)
‘lsUéJ@EJL%Iw;]Iu - 8.60+0.24 20.17+0.05 174.14+3.37 25.45+3.54 22.84+0.29
3 6.65+0.07 21.80+0.57 244.85+6.23 40.13+3.54 31.34+0.98
LOVIARLTLAN 5 6.29+0.27 24.39+1.20 317.40+14.87 61.25+1.09 40.93+1.50
7 3.98+0.00 20.00+0.97 325.12+18.02 63.83+3.85 41.29+2.28

Toyalupiefe AladyxdlsnuunIgIu (n=2)

wungwg : segsladeaildlunismeassdudiegnanlasinmsgesd 1



I1nn1sveaesifegtlgesusalfizenlalaslada (hydrolysis) w3ealsullila
#u (saponification) fieaateuszioamesseasliléilu fatty alcohol (policosanol) fiu
ndsves  fatty acid a1nduiiunnsesendrunisennainansaratsuazdrenaeiind
Usanleseu thiegauidildludnssimesiussneumaniimemaiin GC-MS wuin
Liusingiiauesansdnnan long-chain fatty aldehyde Tu GC-MS Tasunlvinsuuedfiing
lygenatniun1syinaUaudiiiaty undsnsnuiinuesans fatty acid wag phytosterols
Usingeg uenniddanslédn esduszneuvaaans policosanol liifinisudeuutas T
fIIANU Tetracosanol (Cyg), Hexacosanol (Cye), Octacosanol (Cyg) wag Triacosanol (Csp)

AILAAILUNINT 3.3
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AouUaUaulATY

E

Triacosanol

L b

U

sdo

=
1000 1sho 2000 2500 X
Al Aanals NOT fooded

MagynaupsuiNLAYyY

§

1000000

etracosanol

500000

o0

d

L

Time—> sdo
Al sl NOT kaadd

il

AT 3.3 GC-MS Tasanlnunsuvesludesnon (§1uuw)

who 1550 20bo

aUsulilaty (saponification)

LAUAIHNIY (ATUNAT) NIV

W8 : Tetracosanol (RT=28.074 119), Hexacosanol (RT=29.576 w1#), Octacosanol

(RT=31.136 w17), Triacosanol (RT=33.045 11%); Phytosterol (RT=33.449 u1#)
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dlelrnudeunnledasluasazasiiduvanisldannsvesnmsvialeudfady
a13Us2nev aldehyde 2 luiana aunsaifnUfATermuntuiu Fasendn U§Azenis
AIULUULUULBan®a (Aldol condensation) lanansiuaiidu unsaturated aldehyde
(Lamberton, 1965) wiso1aianisaanssdiosnainnistiamnudeudunaiuiy Fuilill

WUNAVDY long-chain fatty aldehyde Tu GC-MS lasunlnunsu

VA v = [ (%

NHANTNARRIN AR §ITeTvihnsansludesimeiefiaasdmmiowienidn

o U Y = o o 1 QI % o aaa aa U dl o U
@135979n phytosterol aannau waldeufegslauviufAsenavsutiiliatuiieniin
long-chain fatty aldehyde 8nvisdavinliludaugnanineenuiegluguves fatty alcohol uag
\ndpveInIalusiu nUuINin1sanaLenals policosanol aanainludees FInuin @15a@nin
policosanol lafiuSinanalavesansania (yield) iy 20.18% (w/w) UagdaauuIans

78.29%(w/w) TngUTunalaz03AUsENaUTesans policosanol annalalanssanisnei 3.4

A15199 3.4 USunaulaze9AUsenauTesans policosanol fannale

p9AUsENOU Wosidus %ew/w)
USunamalavesansania (yield) 20.18+0.36
Usundans policosanol Viann 78.29 +4.08
Tetracosanol (Cyg) 0.18+0.04
Hexacosanol (Cy) 3.11+0.22
Heptacosanol (Cy7) 1.78+0.03
Octacosanol (Cyg) 61.28+2.80
Triacosanol (Csp) 11.94+1.07

AN 3.4 wang GC-MS Tasanlnunsuuesans policosanol Aafnlaainlugeslunis

[ 7
v

Fuasedl TnoiUSeuifisuiu commercial policosanol Fenudn fesdusznouvesans
policosanol laiuana13iu Tagmsaawy Tetracosanol (Cyq), Hexacosanol (Cyg),
Heptacosanol (C,;), Octacosanol (Cyg) Wag Triacosanol (Csp) Felunseives Heptacosanol
(Cr) Hudanelddn lausngRavesansdanailusiesrsludesiiniunisiliuianiuas

Uffseraveuiliindu ilillesnarsasnanddadiudeudisiosuaziinagludumian

TndLABsiu long-chain fatty aldehyde (Octacosanal; C,g) Fevinlsilaianunsansiany
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ADUNOance
2.4c+07

2.3e+07

2.20407

2.12+07

Octacosanol
—
g)
=

2e+07

1.9e+07

1.8e+07

Triacosanol

1.7e+07

1.6e+07

15e+07

1.4e+07

1.3e+07

1.2e+07

1.12:07-

1e+07

2000000

Hexacosanol

2000004

70000004

6000000

50000004

Heptacosanol

40000004

3000000

1000000+

=
{4
<
2
5]
2noc00o4 bl
=
(7]
s
A

LC;:
s

Time-> 5o 100 1500 2000 2500 3000 aslon 20’00
2eadv

2.Be+074
2.5e+074

2.4e+07

QOctacosanol

2.3e+07 3

2.2e+074

Hexacosanol
Triacosanol

2.18+074

Ze+7
1.9e+07
1.8e+v
1.7e+0i7q
1.Be+017
150407
1.40+07
1.36+07
1207
11e+07

le+07

Heptacosanol

90020004
000000 ]
7000000
60nn0nD
| 5000000

40000nn |

2000007

2000000

1000000

B

Time--> B 100 1500 20000 2503 3000 35000 a000
Rearks

E Tetracosanol
I

AWd 3.4 GC-MS Tasunlnunsuves (a) arsada policosanol a1nlades way (b)
commercial policosanol
WUBLUA : Tetracosanol (RT=27.86 Y19), Hexacosanol (RT=29.39 1), Heptacosanol

(RT=30.08 w171), Octacosanol (RT=30.84 wil), Triacosanol (RT=32.65 11)
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a

AT 3.5 @15 policosanol Miadnlaanludes

AINA 3.5 LansanwazUs1N)V03d15 policosanol Mafauenlaainludes 1ae

[

NAR SN anwazluNsdvnazfun linau Fesnadnesananazaninunlglunisane

Y
o ] v

n3gUIUN1TAIENaTs policosanol luguuuuvesgasifuniiagdiniviinaiununs

9

Yanddessold
3.2 MsAneaulinIaalivasnInenwuasayn1niiEasEns policosanol

31NNSANYINTFUIUNITIATENEATS policosanol Triegluszuuvesdiatu el

'
[

d1m¥un1s3usy policosanol Tugduuuvesgasisuniifandimviiamuaunisuanddey
Tagla HI-CAP® 100 %38 octenyl succinic anhydride starch (OSA-starch) saufiusealv
IANEVTUNENTIEILANGY WU asaraneddaduiwieulalidnuardvnigu daandunind

3.6 lnelodanlinaunniivenduian 1 9u eUseiliuauAsdInianienInyaediat

9 Y

nuin gasddatunld HI-CAP® 100 srufunealmandnIundnsidiu H25/M75 uaz

HO/M100 inn1suendu visililosanuealmandnIutulifinuautilunsdudiadlvess

! '
= o =

(Carneiro et al, 2013) fetiuniloldluysunaiunniud winlssdaduilatnunsian 49
Tumanssfudunafisiun H-CAP® 100 Tugnstutieviliadoudumsazansdiadu
§ieTu w31z HI-CAP® 100 LHuan1sednuys (modified starch) fn3exldainuiasene
Ao3WATU (esterification) S¥®I9@AI5UAU anhydrous octenyl succinic acid a1al@

an1ara11udurng (alkaline condition) Feifunasifia hydrophobic side chain 1#un

v '
1 a

luanavesanisy Jwibiniglulassadisluanaiivieduidu hydrophilic wag lipophilic

saa

Aty HI-CAP® 100 Fefinauaudflunsidudiiadlnionsa lnaianzeg1sBluddaduyila
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Wduludn (oil in water emulsion) La331nlautanag1u13a adsorb 1a7 interface vetn
wagusu (Dokic et al., 2008; Xie et al., 2010b)

- 4 \\\\M i .l |

{

H100/MO mm'mm'uzvms'wmoo

A 3.6 dnwarUinguedansazansdliatuved policosanol anludes

nan1sNRaesTiliaenndeatuiuiteues Przybysz et al. (2016) fidnwinaveenisld
carrier materials 3 fia léud wealviandniu Aue1sdn wavanisvdauusvdia OSA 7
dasndudineg lunsieuuaugiaduiudualsiiusemadanisiusiauunudles Jamuii
ansildamivdinuusvia OSA ludadndigddiiansazanediatuiifirnunsnanndign Tnely
svuudatuduaniusnudseia OSA auiindu thick adsorptive layer Uy surface 484 oil
droplet uazinn15sdauva1s (cross-linking) Fuluavesi Sededesiunissmshves oil
droplet uananiiganuin nslduealnandniuludndufigaliddatuiiiauniach
HesnnuanuantAdiadliiofisdmaliinisnszarediveslipid components Wululd

g1n

(%
G

YaNNLGIdanAaaINUILITEVad Noello et al. (2016) NENWINTSMS8UDTATY

294 chia oil @1 munisvinuisnvunuroy Iaeldinatia electrostatic layer-by-layer

< v Al

deposition Fadunsivasneaudanilsiadludiatuitldanintuuaslusiy iesild
Sifaduiinnnuasiiunniy a1nmsivedenainuin sdatuileieulngld whey protein
concentrate (WPC) sauffusiealnandv3u (DE 10) inn1suenduiionatiull 24 Falus
ANENEINTEUIUNS homogenization Weiiesarnuealmandnsuliauisaduiu WpC
layer 16 tnsglaliAin interaction sewinaUseq luvaigiinasld WPC $auiu HI-CAP® 100 154

Y

Sifatunfianuasings Fudunanainauaniilunsiluasanuwssfiiaves H-CAP® 100
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dauidu lipophilic groups Fsanusailuduaynia oil droplets lalusswinanszuiuns

O

homogenization ylyaNsag18snwLan A WAt

AN 3.7 SnwagUingueanieun1Adids policosanol Mwsealagldiansviuiakuuny

Wanwd ($18) warnIsymakuUnueoy (371)

Wiethansavaneddatuves policosanol anludesusazgnsluriunszuIunIsyi
WU ayn1AdiEs policosanol Awslannssuiunisviuisuuudgenudedidnuae
o | Ay o Ao o % | o o 1 . Ao o
Duukuilaudvnd lurauenTsmsviuiawuunudeslveyniaiigs policosanol Ndanweay
[ = = = o = L oa XA o v I ada
ursdvn (nni 3.7) Fadnwaeiunndaiuinduieaninnisyiwisisaesisinalnlunis
szmeuneenanasazateftiuiioudu lnenisiuiwuunudesazilunisiiaisazany
daduluaiusdetuia atomizer 15194 droplet vunalan ensenudvausounielu

T aAg 3 av o & a [J Ca v Aa o
chamber tiluasdusznauludlatuisiinnisseiveeanil vlnlandedunilanvoue
Wursazideaun lagmluivuiaauniguenaisvesoyninegluyia 10-100 luasay
(Madene et al., 2006) dunaiiansivhuiwuuwddonudsiu WWunszsuunisviumenie
Inanizaumgiuazaiudusi (Morais et al,, 2016) lngluduusnazvinnisangunnias
udsgaionudasasiningadenuiaiiounluaisazarsiasuaniuzidundniiudsnou

& = Y A gy % o @& a a A a
NUuI@enNLFUaLielinanulafnnssefinUsuanuslulesanluaintmvuives
Y 1 a [ 1 1 = d? = . [l 1% 1% a [
fe819 adutesinamtesnuduniglulaedl solid network Fieneslasaasneld winsoum

ﬁlmzagslugﬂ amorphous solid (Uauauss, 2547; Madene et al., 2006; Farias et al., 2007)
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- MsAneanvarnedugIuIne)

AMENBAINNFDIRaNTIALLUUADINTIA (SEM) wandliiutisdnvaelassadiamia
dauguIneuanA19iureeaun1Aiids policosanol MIKIUNSYIUWASAIEITN VI
WUULUURLEoNLdasnsviwissuunudes 839101 3.8 dunaledn auaiaiilaann
nsvhuissuunuleglvioynianfidnwuznay fulinuuendeudIsey Tuvaeinsviui

[ < Ao < 1 = 1% v v ' ' ' = &
wuunggenudelanuaziluuEu (sheet) vipadeiuiasuiuan sUseliniveu Fudung
1131NN15UA (grinding) NMYUAINITYIUAY 1UARIAUNUITBYBY Chen et al. (2013) uag

Samakradhamrongthai et al. (2015)

AN 3.8 vl g IUINeIveteun1Atias policosanol Miwseulagldisnsvii

LUULYLEDNLTS (F18) Lazn1Syinuwirsuununes (277)

AW 3.9 uansdnvarsdugIIneveseynnthds policosanol ANIUANTYLS
wuunukesdunienlagld HI-CAP® 100 saufuuealmandnIufisnsidiusieg a1nan
Funalddn Uinuiuiafuuenvesoyniaildlifinssesitmiesesunnin Gednumy
Fananustliduismanssuasazaredifaduiiinuasstounmsiuiuuunuresuay
MsiuszAnsawlunszuIuNsAnAUTg (Xie et al, 2010a; Santana et al., 2014) HaN"3
nnassildaonndasfuauidoves Xie et al (2010b) ARnwIHATEINTIOULAUTLATY
(encapsulation) Am1TuLe fae3sn1svinuiaLuunuees Taeld HI-CAP® 100 LU wall

material Fanudn lulasuauya (microcapsules) Nldfidnvasdunsanauiiisesgusiiusian

'
a =

WU FaAnTuann1suaiives liquid droplets w5e wall material Tusgninsunaun1Ivin
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WS (drying) waznMsIEUIBAUSaU (cooling) MAnTusenesiasa dnvdauneitesiunisly

[

wall material #dnaiuvesaslulawmsalulsinuigdnie

$3400 20.0kV 10:5mm xvié%k SE |

50.0um $3400 200KV 104mm x1.00K SE 50.0um

$3400/20,0k¥:10:4mim x1.00k SE

AT 3.9 dnuaeN1edugIuINg1veseunIAtIds policosanol MNIUNTVIWASRUUNY

HosFaunionlagld HI-CAP® 100 Saufunealnandn3uiisnsndiusieg a) H100/MO b)
H75/M25 ¢) H50/M50 b) H25/M75 wag d) H100/MO
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wana1Nil Cameiro et al. (2013) $1891U31 MslduealmandnIusiuiu HI-CAP®
100 +Ju wall material Tun1siounalgatuiniuuiaunand (flaxseed oil) Faevirlieynia
RNl NISEY wasiinnsguditeenindewseuiisuiunslduealmandvsusiy

[

iU gum Arabic, whey protein concentrate tagansuanuyUs Capsul TA® uenanilgsdian

ho))}

encapsulation efficiency @3fign auandloiiiiudn wall material fanans Tuszdnsang

Tunisvenuuaziniy active material 13n1elu matrix

$3400 20.0kV 10.5mm x3.00k SE

AT 3.10 AME1EAINNEBY SEM ifndaeng 3000 i1 vesaunIAtids policosanol 4

EuASYuT LU e T anSeslagld HI-CAP® 100 11 wall material

NNANISANYIANwAElATIETIIM TN IUINe1ve9aUN1AIES policosanol €
Funalddnin nslddndruves H-CAP® 100 TutSunmiigs dsnalilassairsnisusnves
pumAnuITilFUIsdAnn s TN uasdeufindu (fusion) deuanslunind 3.10 vl
{94910 H-CAP® 100 gaaatuainusssnaldd vlvoumeadutudufounasgyde
JUnsaladne Liang et al. (2013) AnwinsinssursaunInuabalsiuuluddaty (beta-
carotene nanoemulsions) feAnsvuaLuUNUey Tagnuin eyaanusnIoald
91111518 OSA-modified starches ¥a HI-CAP 181 wall materials fidnwuzidunsinay
fufnlésu waedimsgududnden Weiiusnuliluannegidaeududuimsunnd ey
wazthlunsnaeudnvariufinneusnvyesmsyn1afendss SEM wuth nsayniaiudua

s v e g

T5fuuludifaduinnis rehydration waginigintundsainiiusnelin 52%RH WWuan

10 Ju wazgusndeaninndaainiuinwlin 75%RH Wulian 10 Fu Fauansliiiudn
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ANNFUFUINS N9 TilaTead1e matrix 1AANTS collapse wariidnwurAsudrunilyn

Y

1999 NA0E9AATUANLTUIINUTTEINALANINTY
- MIBATIEITUIALAsUIERUURNIBYNAYNBAYY

d‘ o ) ! . q" a vYad o 4 5 ada 0
WdiarseynAtas policosanol Mwieslagldismsviuisisaasisuinseasiily
119nA59a1 LlUANBITUIALAENITNTZAEVUNNVRIBTaTUTARTUAIEINALA Laser
diffraction Wu31 dvuneun1aveeddatu (median size; Dv50) agluyie 2.44 - 17.09
luasou wazdArAuninelunisnszateiivesaynia (Span) aglude 1.97 - 2.66 lngms
aunads policosanol 7wiseulaan3snsviwisnuunudoalidiatuifiuineoyniaian
MIoUS s UABUTUNISYIWA LU UL E DN LT 9a Iuanslun1s197 3.5 hasnInd 3.11 ety
o v 1 = 2 ada a o ! . J o
nsvhuissuunudlesIaduisimnganlunismssueauniadids policosanol 11n31n159

wisUULWdEanuda

11, E—’w
wg Freeze drying %0
é Spray drying =80
:
s g
S E [
§ 3 sr =50
"' 40 5
¢ ‘ :
/ %0
: ;‘
2-5 /} E-N
3 10
yaA :
; AN s \ é
= e e o e R R [ e . e e e e e R Y ]
0.010 0.100 1.000 10.00 100.0 1000 3000

a v o

AINA 3.11 115058 UUIN (particle size distribution) vesddatuilaainayniaids

policosanol

v

uanandanuin nmsiiiinas H-CAP® 100 Tugnsansazaediatuiiuunliuvinly
ns9n1ALde policosanol Anendanisviudedildfivuineyniadnas dslaesiluvuia
puMATasHILTieilFNnIEUIUM U LUK BT LT uRg fuaneilady wWu vunauay
FAuMUIUed spray nozzle dnsnslunistlouaisazans anududuresansaraty wavadu

4

o A ! = X va o a av o v a Y}
WUVIIGﬂUﬂ'ﬁWUNE]‘EJ %QIUﬂqimma@flua?‘ﬂUl@Lmiﬂlla']iaga'1EJ@@JaSUUﬂWEJIG]ﬁﬂW'JSL@EJ']ﬂU
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é’aﬁumumammﬁumﬂm"mﬁ’uiut,wiasqmﬁjmﬁm%uﬁmmﬂqmamﬂ’auazé’mwﬁwmmmi
wall material 14 lnsuaalnandvsudauautidu film forming agent @1unsavinlviia
avisnedadiauddalumsilniensedeuia azaneildduazdiauminm usedaslsh
o1y wealmandviutulifianantiluns duddadlmessuas fnivarsssaniiiy
volatile compounds létee (Madene et al, 2006) Fafisaldgauiu wall material ¥nadu
flanansavimuniiudtaglessluszuu fufudlousuna H-CAP® 100 Fuduasddadin
wasanas Fedwwalviouniadaduiilédfoualugiu fesan policosanol #ifiuans

LALNAN (core material) finaaniiAlelasluGn (hydrophobic) Sslsiaganeluii
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£9005859aY | 9v-Iid

M19197 3.5 WA UALNIINTEBVUINDUNIA (Span) vasddatuilaIneunIAiEs policosanol

INIEIU 5NN Dv10 (um) Dv50 (um) Dv90 (um) Mean diameter Span
H/M Median diameter (um)

Spray drying 1.37+0.01 2.44+0.03 7.61+£0.93 4.40+1.34 2.55+0.35
H100/MO

Freeze drying 2.04+0.15 4.56+0.66 11.04+0.83 6.93+1.42 1.99+0.14

Spray drying 1.60+0.01 3.01+0.11 8.44+0.83 6.83+2.93 2.27+0.19
H75/M25

Freeze drying 1.36+0.01 2.62+0.02 8.32+0.60 5.83+1.59 2.66+0.21

Spray drying 1.47+0.03 3.10+0.08 8.32+1.53 6.20+£2.17 2.21+£0.56
H50/M50

Freeze drying 3.17+0.11 9.68+0.53 26.68+5.24 12.88+1.68 2.41+0.42

Spray drying 1.53+0.03 2.80+0.21 7.23+0.68 4.65+0.50 2.03+0.13
H25/MT75

Freeze drying 2.16+0.13 7.46+0.70 21.48+1.40 11.58+1.69 2.60+0.08

Spray drying 2.13+0.05 6.96+0.19 15.85+0.24 10.30+2.57 1.97+0.09
HO/M100

Freeze drying 4.46+0.78 17.09+1.45 45.95+4.77 22.57+2.71 2.43+0.04

Poyalumsnede Alafu+dudnuuansgu (n=3)



MNMTIATIERUsTUURIyNA Tasnsind zeta potential (ZP) Sl
efndszminedndlnihuinaiuinoumefudndinilluduasarars efnwarunsh
yanenmvesdiaduiiintunevdinininseyniathds policosanol firuntsviuaun
nszedluthdneds lnediian zp Wuuinvideautos wiewhifurud uansidifatuduss
wansEvinveymatesdwmalviuuliufiianmanmegnguiulding fiafesniwnisnszaied
s slaenlumnszuudiatuiien zP eglutisiinnnnd +30 mv iietosninnd1 -30 mv
wansiszuufananiiaiosnim dsanmsmaassnuin Wethnaeyniaiids policosanol
uiazgnslunszanedilui ssuudifatuiiintufie zp Huau eglutneseming -35.39 fs -
24.60 (Al 3.12) TesmsiiiauSanamealmandviulugasiuuiliiilia zp Mduauunn
Ty

ZP (mV)

H100/MO H75/M25 H50/M50 H25/MT75 HO/M100

-10

-20

25

-30

-35

-40

[l Freeze drying [ Spray drying

¥

AW 3.12 Usequuiineynia (zeta potential) ¥e3ddaduilaaineyniniids

policosanol

1 [

Wafiasaunianaveunaian1sviuisnddes dnwazngnIn YuIaLagUIEUURD

G

auNABIaTureteUN1ALNEY policosanol 71ld wudn FBN1sVinwiswuunuNeelvikGEn ot
wiandiauaudinniidsnsviuisuuutidonuds lnefidnvasiUunsaziBoauazliounia

v v aa o
4

a I3 oA ~ a = Y} o o a
VDNBUAVUN GUU']WLaﬂﬂ'ﬂ'ﬂ&l@LTJifJULV]UUIu%‘;‘WiL@EJUﬂu u@ﬂﬁ]’]ﬂuaﬂmﬂq‘lJiSGQUUN'JQTéﬂ']ﬂ
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Huavung fedlidiuinfiafiosnmlunianssaredniendanis rehydration dadulide
etheynathds policosanol anmsvihuriauuuriudesluwsazgnsiinigld HI-CAP® 100
$aufvuealandniulusnndiudiunndrsfulusiinisiiasgiainisgaainuidy
(hygroscopicity) wagautd@nislua (flowability) Lﬁaﬁ’mLaangmﬁﬁ%’uﬁmmzaﬂummaﬂﬁu

sUudinsioly

- N1591AT1%USNIUNA2IUTY (moisture content) WAZAINITAAAIINTY

(hygroscopicity)

1NNTATIENUTIUAINTUYBIHIBLAIALNES policosanol Uraggasnud &

USinaanuduagluging 5.35 - 6.52 % (M15197 3.6) Balunszulrunsiuisuunussg iy

¥

gaunilausoun1idn (inlet air temperature) UazdnI1N15InaveLFIBE 1YY (feed flow
rate) Luiladeddnyifnadousinaauduremansusinuisdild Tnsnsiiiugangiiau
SouriiragiliiAnnsniemany seususeRuNTUAsuemgl (temperature gradient)
sewivavensiegufuoniafeuiiedeuiiogiuluiniennniy dwmalvinisssimeindty

wazlandndurigayineninnudusi daulunsdvesdnsinisivavesdiegrevnditu wui

LYY

gnsn1slvangaiuvilissesnatlunsduiaiussnineiniadounasiiegelesas Jsdma

a

Tnnsanemeanusauarn1ssemginiuseansninanas (Tonon et al,, 2008) b3

policosanol #laRuTunammTulnalAeeiu

v a v L3

& T oA & wad o =
AUTUUUODINTUAUENURNF ALY VOINGRNUNNG (powdered products) LUBI3N

o
I

Jusuawfsuszansnmlunsviui sauisaamginiinansenusesianisiiuine (shelf

(% 6 = i

life) wazn1sin1zfniuy (adhesiveness) YBINARN NN Lummﬁﬂmmaaﬁmﬁwﬁﬂu
plasticizing agent mﬂm%mﬁmsﬁ:ﬁmm%qu‘fﬂﬁﬁqmmﬁiumaLﬁmﬂmam’m%ifu (glass
transition temperature; T,) Aad 675&1@aﬁaiﬂw%mﬁméﬁmmiLLﬁmaiﬁU%mmmmsﬁuaq
Tuag 3-10% (Santana et al., 2014) Tonon et al. (2008) 51897431 aigmﬂmuﬁaﬁﬁﬂ%mm

ANUBUAALHAINITANAUTUGS 1HDIIINAULANANVBIUTUIUANNYUTENINHEN N

1
V=

fueINIATaUT WU v enunsagaduANuulanT
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A1519% 3.6 USU1uANNTUTDINIDUNIALIES policosanol anTrIeY

H/M weight ratio USINQUANTY (%)
100/0 5.87+0.06
75/25 5.56+0.10
50/50 5.35+0.13
25/75 5.62+0.20
0/100 6.52+0.46

dletwiaynimings policosanol TnIealdannisnisiurauuunudosluvinng
‘5meﬁ¢hmi@mmm§u (hygroscopicity) frauandlunmi 3.13 wuin nsifind3unamealn
wndvulugnsdfatuiiiiu feed solutions dmsummhuvanuuriudes funliutisand,
nsgaRNTuTDIAn UL eilidesnenantivosuealnandviuiidainisge
ANAUAN (Tonon et al,, 2008) Bnvadsflanunsadaedestunsinsidufou (anticaking
agent) Bnée Wiieuauideves Soottitantawat et al. (2004) Fanuin N4 Hicap®
100 sawfuealmandn3uu wall materials Tun1sviediu D-Limonene Tnaldinaiinnisvin
uwhakuusiudes anunsatisanngaautureseynianuiaildidodieutunsldians

Hicap® 100 Lg49E19LA8)
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14

12

10

.

ks

Hygroscopicity (%)

0 20 40 60 80 100 120 140 160 180
Time (hr)

-H100/M0  --H75/M25 H50/M50 H25/M75  «--HOM/100

A7 3.13 ANIRARIINTU (hygroscopicity) YasnsaunInigs policosanol gnssnge

¥
IS a !

wenanffaiinisidenudn Welduealviandniunien DE sineffu (10-25 DE) vJu
carrier agents IvasnalAMALTRIUNIAAANUTUYDINEAN TN IRAINNTEUIUN T

WAWUUNURBELANATTU TA8AIN1TANAIINTUVDINIWAIIELRUTUTRUIMTNTLLAN S

' 1% '
a 4a4a o Y o

(molecular weight) va3sealniandnIuanas WasnuealniandnIuniiumdnluanas

1 = o

Wuuszneumelulanaatedus wazlidiunveuun (hydrophilic gsroup) 81nn31 Jagadu

Y

AEuNUISEAAled1s (Cai and Corke, 2000; Phisut, 2012)

- msanyraulRnIsivia

[ 1 |

audanisiva (flowability) ¥edrsaynIAfieIndaudAyad1undonseuIunIs
naneaTenlugunuuveuds (solid dosage form) Lilesanniludadenilafidanananiiy
dilanevesigInsoasdAgylunITmINLAazniig 3nnsUTTIUaNTRNTInae Mg

o 1 . a ¢ 1 y el . .

8UN1AUIEY policosanol 1neALAI129A1 Carr’s compressibility index wag Hausner ratio
FauduAmanunsauenifenunuILUuIEIakazsUsIe WURY Audu wagnsdainieiu
YDINIBYNIALUNIDRY (W1IFALAEANMEY, 2557) 9INA15199 3.7 WUT1 H9BYNIALIES
policosanol usiaggnsilan Carr’s compressibility index wag Hausner ratio agluga9 15.63

- 25.40 % uag 1.19 - 1.34 aua1iu Bellaudfinislualuy Fair wae Passable lngganssinsu
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Adn151% Hicap® 100 squdunoalviangniulusnsidiu H50/M50 1A Carr’s

compreSS|b|L|ty index (15.63%) wag Hausner ratio (1.19) uawamuamwnuammiu

=4

aué“] ‘1/]\‘1‘14LZLI’EJ‘W%’]5&!’13’)1]ﬂUUSQJ’]ﬂM"l’J’]WU‘L!?J@QNQ@uﬂ’Wﬂ‘WU’J’] dn3 H50/M50 fU3uu
ﬂ’J’]@J“UUU@EJV]Ej@L“UUﬂu (W]i'N‘V] 3.6) LuaqmﬂmwmumﬂumaumﬂLLazam’Jszaauma

fonislua

M15199 3.7 A1 Car’s compressibility index ka¥ Hausner ratio ¥94N48YN1AUIES

policosanol Mmseulagldisnisyiuialuunura

909189 H/M  Carr’s compressibility index Flow character  Hausner ratio

(%)
H100/MO 25.32+0.45 Passable 1.34+0.01
H75/M25 23.61+£1.96 Passable 1.31+0.03
H50/M50 15.63+0.00 Fair 1.19+0.00
H25/MT75 17.86+0.00 Fair 1.22+0.00
HO/M100 25.40+0.57 Passable 1.34+0.01

Toyalumsnede Aladedudgauunnsgu (n=2)

maymﬂ‘ﬁ'ﬁm Carr’s compressibility index wag Hausner ratio #nn19gUiuan
femsinuantAnisivadifnii Tasdmseynagndauiuldiemenisiae wansindesnis
flow energy LfinunTu (Shah et al,, 2008) mmg.ﬂmﬁﬁauﬁ’amﬂmaﬁﬁmaﬁm Carr’s
compressibility index #1131 20-25% wazilAn Hausner ratio 1N 1.25 (Crouter and
Briens, 2014) mmwamiﬁﬂmauﬁ’amﬂwaLLazﬂ"]miafﬂmw%uﬁuaqmaymﬂﬁwﬁq
policosanol Liledmidengnsfifuinuizanlunisinlunenidianuin neeynintiads

& a

policosanol Tn3ealéarnnsld Hicap® 100 saufvuealmandniuludnsian H50/M50

P
a o

< o o o ‘:l' dl' = wa aa a1 &
Lﬂu%ﬂ@liﬁl’]i‘UWmM7$ﬂMW?j® LuaﬂﬁlqﬂM@mﬁﬂJUﬁlﬂW{LWaﬂVﬁj@LL@%J?]’]?YW@@WJ’]@J“UUV]G]’]
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a ¢ 14 =
- MsAAszRanuuelASIEs19HEN

PMNNSANISNYElATIESINANAIEIALlA X-ray diffractometry (XRD) Aduansly
AN 3.14 NU X-ray diffraction pattern 483 wall materials (HI-CAP® 100 wazuoaln
wndnu) f&nwuzidu broad peak wansliiiufslassadrafiduednugiu (amorphous)
Tuvuedl policosanol anludesuansdnuuziivlu sharp peak F1Usvondenisddnun
Tnssaendn (crystalline) waziilowSeuifisuiu policosanol wuu commercial Wuin X-
ray diffraction pattern léldunnsnefu Tnanan1siasizndnvaslasiadimdnves

policosanol #lsaanrdesiuauideves Kim et al. (2015)

—commercial policosanol
—Purified policosanol from sugarcane wax
—Hicap 100

Maltodextrin

; v

Intensity

5 10 15 20 0

2-Theta (deg.)

il 3.14 X-ray diffraction pattern ¥83a15 policosanol kag wall materials

A7 3.15 uang X-ray diffraction pattern ¥8en98RN1AUNES policosanol Mw3ey
1797101518 Hicap® 100 saufunealymangniuludnsidiu H50/M50 Taen1un1siIwig
wuunudes fedunnlain i sharp diffraction peak NkansiednwuzlaTI@F1INANYD

policosanol ey broad peaks ﬁLLamﬁﬂIﬂim%ﬁﬂaﬁm@u‘um wall materials
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—Spray dried policosanol powders

Intensity

15 20 25 30

2-Theta (deg.)

AWl 3.15 X-ray diffraction pattern veengaunAEe policosanol
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unil 4
ayunansIveLasdaLauauuy

4.1 §3UNan15Y

[
av

NuUATBilavinsAnwInIzuIuNITadaLeNaIs policosanol eananludeulaznis

a

yilsflenuuiavigatudonszuauniamaad Taswudn maddludosdeininazareiou
anunsaridnansidevudug 16 Tnsanze1adeassinan phytosterols wevhnsiasenh
USunauwesans policosanol fewmaiin GC-MS wuin wiiaezdwmdusiviavarefimunzay
Tumsviusavsludes esanlvidies s (refined wax) fifU3utaans policosanol gafian
yonMnLfImuT nsufisealouliiliaduaiansamdnaisinnan fatty aldehyde gl

Usngiinvesansanadlunisiwaeisiemnailn GC-MS

'3
a a

dlevinsafauenans policosanol senandasgaludesiiiiunisvinliuiansuas
nszurunsaveuifindunuin arsade policosanol AldTiuSinanaldvesaisadn (vield)
WU 20.18% (w/w) warfina1uu3ans windu 78.29%(w/w) Tnsilosdusznouvesans
policosanol 5 win 1A Tetracosanol (C,g) , Hexacosanol (Cyg), Heptacosanol (C,7),
Octacosanol (Cyg) Wy Triacosanol (Csp) Tneansatniilaiidnaiures Octacosanol (Cae) &

04 61.28 9%(w/w)

1NN1IWAUIgATAITUBUN1AYNEIENS policosanol NilTandn1vianIuANnIs
Uanddeenudn gasimsummunzaude nslduladauwds HI-CAP® 100 saufuealnandniuy
gy ! Ao o av yva o aal a v A o
Ndnsd 50/50 lagansazanedlatunlainiuasinianieniningamniivies wetld
HIUNTEUIUNITTIWASLUUNUNBENUTT aUAIANIWASTIlATUSINMAIINTY 5.35% WAzl
Aautfnisluanflasiial Carr’s compressibility index wag Hausner ratio Wiy 15.63

o
v v a [ ! IS

way 1.19 aruaau etunazarguiioiliinddadudnasinudn dvuineuniaves

adatu (median size; Dv50) Winfiu 3.10 luaseu wazilaUszaniniounia (zeta potential)

WINAU -27.47 mV
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4.2 YoLduBuY

o Y

lunsimSeugnsiisusyniaindsans policosanol Nl TagdIN1¥danIuANNIT

UanUans 819n151ANANT anticaking agent 89 tAiuasly 19U WAaLRINAISUDLUA

nunfidsuasuoiun wasuauiinea 1Wusu Wedisdaeignsiiusnuvesmseynimidile
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A1TIATIEN NANTTIATIEY COA LagAIBNITNIUIBAATEY supercritical fluid

extraction 37nlASINNSERET 1
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A9WNUIN N-1 éfuLLuummg'miﬁumﬂé’aesuaa Department of Health Therapeutic goods
Administration Usindeeaainside dalamuun Compositional guideline: Sugar cane wax

alcohols (SCWA)

Test Method reference Acceptance criteria
Description

Appearance Visual Off-white

Odour Organoleptic Odourless

Characteristics

Residue on ignition United States Pharmacopoeia | < 0.85%
(USP)
Loss on drying British Pharmacopoeia (BP) < 1.0%
Melting Point 78.0 - 82.0°C
Identification
GC profile Gas chromatography (GC) GC chromatogram shows

peaks for the individual
higher aliphatic primary

alcohols specified in the

assay
Assay

Total content of GC > 85.0%, but < 90.0% by
higher aliphatic primary weight

Test

1-tetracosanol (C,qHzoOH) GC 0.0-0.3%

1-hexacosanol (C,sHs;OH) GC 3.0-8.0%
1-heptacosanol (C,;H5s0H) GC 0.1-3.0%

1-octacosanol (CygHs;OH) GC 60.0 - 70.0%
1-nonacosanol (CygHssOH) GC 0.1-2.0%

1-triacontanol (C5oHg,OH) GC 10.0 - 15.0%
1-dotriacontanol (Cs,HgsOH) GC 5.0 - 10.0%
1-tetratriacontanol (Cs4HeOH) GC 0.1-5.0%

Ingredient specific requirements

117: https://www.tga.gov.au/compositional-guideline-sugar-cane-wax-alcohols-scwa
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ANSAUIN N-2 HanTIATIEseg e lutiulunndensemasInnsanaie supercritical

dl 1
C02 NANIEAN €
Pl 0339 91:101115807 (Animal Nutrition Laboratery)
MAINFAIVIA AUINYAT DI NNFBINYATIAAS

(Department of Animal Science, Kasetsart University)

Tel. 660-5791120, 662-9428357 Fax. 662-5791120, 662-9428357

FINUHANITATID WATIZH NATdL

o e P

uidaded 3 wogEMAY 2559

oy quduiTumalulabuisnd, 3w, 730809109768
sHa Foirag1 Fat - - Method

646 [19/3/59-P100-T49.6-30 min 117 AQAC.20120, AOAC Official Method 2003.05
647 [25/3/59-P100-T51.2-30 min 2.19

648 |11/3/59-P100-T52-60 min 2.16

649 |19/3/59-P100-T50.4-60 min 1.95

650 [18/3/59-P100-T75.2-30 min 1.47

651 [1/4/59-P100-T71.2-30 min 1.34

652 |1/4/59-P100-T73.6-30 min 2.2

653 |10/3/59-P100-T72.3-60 min 0.33

654 [25/3/59-P100-T73-60 min 0.00

655 |31/3/59-P100-T72.8-60 min 144

656 |31/3/59-P150-T50.2-30 min 173

657 |31/3/59-P150-T46.4-30 min 0.67

658 |11/3/59-P150-T48-15 min 0.50

659 [24/3/59-P150-T47.2-60 min 0.00

660 [1/4/59-P150-T46..4-60 min 2.27

661 [1/4/59-P150-T73.6-30 min 2.30

662 |1/3/59-P150-T71.2-30 min 1.21

663 |20/3/59-P150-T70.5-30 min 0.00

664 |18/3/59-P150-T67.2-60 min 2.28

665 |20/3/59-P150-T72-60 min 2.19

666 |25/3/59-P150-T68-60 min 2.85

667 |25/3/59-P150-T68-60 min 142

668 [24/3/59-P200-T52-30 min 1.39

vy swnuluaniniiinn

i laes wwn £ 1~

aamiimiad Tanzuus) @hasnuaiing Uszaumysn
Ani1 Ansned nadou iamieheie daway
23/5/2559 23 /5172559

w
=

NenviifvTewmanm: Tagdedniinaindaina asa Ian:i nagawiii
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ANSIAUIN N-2 HanTIATIEseg e lutulunndenTemasRInnsanae supercritical

CO, fidan1izeng o (#1o)

thenl {1370 51:18811M 30T (Animal Nutrition Laboratory)

MAMIMFAINA A=A N INNFBNYAIMans

(Department of Animal Science, Kasetsart University)

Tel. 660-5791120, 662-9428357 Fax. 662-5791120, 662-9428357

F1ENUHANIATI A=K ATl

?aé’ﬁa amdgrde aialanm Juiidaiedn 3 nouaiau 2559
fiog  gudinTumalulabuisnd Tns.oso-o100768
i Hadoua Fat Method
669 [2/4/59-P200-T49.6-30 min 0.00 AOAC.20120. AOAC Official Method 2003.05
670 |19/3/59-P200-T48-60 min 134
671 [24/3/59-P200-T51.2-60 min 0.00
672 |2/4/59-P200-T47.2-60 min 1.09
673 [13/4/59-P200-T75-30 min 1.79
674 |25/3/59-P200-T72.8-30 min 1.4
675 |2/4/59-P200-T72.8-30 min 2.14
676 |17/3/59-P200-T82-60 min 1.47
677 7/3/59-P200-T68-60 min 1.29
678 [mnwienisaLot1 233
679 |mnusloniaiLot2 2.09
680 |Mnuiloniad Lot3 2.22

wnema Swnuluanimiinn

Lot Tam: '9'34)

aariniad Taazuui)

{

3 = 3
AATID AAIITH NATDL

23/5/2559

N i~

uasInuaiing Uizaums)
P P
Wanidwhedde Anuay

23 /572559

NeNuilFuIaman Iz IR MATNEA I AT TR naa Y
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MTNKUIN N-3 TIBNURANTIATIERNASINleBunidvasieganinuionsesnaunis

annnleRYINaraie

1uFEn eulfiininan asznalng 41

ﬂ’\"'\ﬂ{dlvl“ﬁ 50 QU \IUEU WIHRIMEY .'Jﬂ’ii’ﬁ/ff NN 10900
\ Bangkok Branch ; 50 Phaholyothin Rd., Ladyao. Jatujak. Bangkok 10900 Thalland
Tel : (662) 561 4387-8, (662) 940 6881-3 Ext. 164, 218 Fax : (662) 579 4895, (662) 940 688 1-3 Ext. 209
hittp://www.centrallobthal. com

e e

o
@
o

g &
“atang) co V¥

Fuiieon : 18 fhunu 2559
[@Ui 510913 : TRBK59/09744

=
wh: 1/1
Tunanuwamsnaaey
Souaziioggnin dnincwiauinemaniuosmalulatduvanad
111 gendnnmandisznatng ouunvalodu dwanasewils Sunenasaman
Samdmlguil 12120
Neazideaiieta mnuiienses-Crude
a8 BK59/05183-004
anvuIRzIN NI Uszinndrotn : mandienses
¥
Myuzussy : vianmadn dinanadn, Suau 1 van, dhiminaliinas : 50 ni.
quugil : quugiines, anmedrnlnd
Suitfusaeda 09 ThunAy 2559
Suilnaweu 09 Thu1A 2559 - 18 Fuw 2559
HamInaaay
EMINATOY HamInAaoY i LOD Fnageudids
C/N 18.36:1 - - Calculate
Blectrical Conductivity 0.89 dS/m = Manual on Organic Fertilizer Analysis,
APSRDO, DOA:4/2551
Germination index 5424 % < Manual on Organic Fertilizer Analysis,
APSRDO, DOA:4/2551
Organic Matter 443 % - Manual on Organic Fertilizer Analysis,
APSRDO, DOA:4/2551
pH 85 - 2 Manual on Organic Fertilizer Analysis,
APSRDO, DOA:4/2551
Total Nitrogen (Total N) 14 % & In-house method TE-CH-211 based on
AOAC (2012) 993.13
Total Organic Carbon (TOC) 257 % - Manual on Organic Fertilizer Analysis,
APSRDO, DOA4/2551
Total Phosphorus (TP,0,) 26 % - In-house method TE-CH-183 based on
AOAC (2012) 958.01
Potassium (Total K,0) 040 % - In-house method TE-CH-191 based on
Official Method of Analysis of Fertilizers.
JAPAN (1987)

noanuaiiuiinammeiutaetafinmazeuniniu

- - 7

sainenlfiRms ondimaiiy

neaunamsnazeudeshignhdnamzitsansdau TadhildTuna
FM-QP-24-01-001-R02(21/08/51)P1/1
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MTNRUIN N-4 TPNURANTIATIRINNITINdedunTdvasitegenInvlionsomainis

ANAAIEFIVINATA8LENLYU

e

uFEn veulfimnmnat alsznalne s1im

AMNGINANT 50 QULNMATBTU LIAWETT UINIOINT NTINKT 10900
5, \ Bangkok Branch : 50 Phaholyothin Rd.. Ladyao. Jatujak. Bangkok 10900 Thailanc

Tel : (662) 561 4387-8, (662) 940 6881-3 Ext. 164, 218 Fax : (662) 579 4895, (662) 940 6881-3 Ext. 209

haiigng) Go- > http:/ fwww centrallabthai com
Fufioon : 18 Tuinw 2559
1av#i5 18414 : TRBK59/09741
L
wn: /1
lussanumansnaaeu
Youazfieggnin duinonnfanninnmanaiuazma Tulatuana

- ’, a o A
111 Qﬂﬂ1u?ﬂﬂ1ﬂ1ﬂ'¢l‘iﬂ!=lﬂﬂ1ﬂﬂ oauunnaluBu danneanila Suneannimaia

famimlyumil 12120

Twazduafioda

mnniensoa-Hexane

sHaeEa

BK59/05183-001

dnvazuazanIniiena

Uszinndnedis : mandienseq
MyuzuTIy  viawadan dmarddn, §1uau - 1 vam, diminaliues : 50 nfu.
gyl : guugiives, anmiedinlnd

Tuii¥udaedia 09 Jurpu 2559
Jufinamen 09 fuTAY 2559 - 18 Tuinu 2559
panrinaaay
TEMINAAEY HamInAaeY miw LOD SEnageudsda

CN 17621 - - Calculate

Bectrical Conductivity 140 dS/m - Manual on Organic Fertilizer Analysis,
APSRDO, DOA:4/2551

Germination index 56.36 % - Manual on Organic Fertilizer Analysis,
APSRDO, DOA:4/2551

Organic Matter 488 % - Manual on Organic Fertilizer Analysis,
APSRDO, DOA4/2551

pH 80 - - Manual on Organic Fertilizer Analysis,
APSRDO, DOA:4/2551

Total Nitrogen (Total N) 16 % - In-house method TE-CH-211 based on
AOAC (2012) 993.13

Total Organic Carbon (TOC) 282 % - |Manual on Organic Fertilizer Analysis,
APSRDO, DOA:4/2551

Total Phosphorus (TP,0,) 31 % - In-house method TE-CH-183 based on
AOAC (2012) 958.01

Potassium (Total K,0) 043 % < In-house method TE-CH-191 based on
Official Method of Analysis of Fertilizers.
JAP, 96

mmmm,u,@P,?qqnﬁmﬂﬁﬁﬁms
ViFtEl
AT AFANNA

unuatuifinammefuiehsihimageuniniu

nenunamsnareudeslsigniinnameisansdy Taohildfunmdugentaoinvalsnusentienlfifms enduinisady

FM-QP-24-01-001-R02(2 1 /08/51)P1/1
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MTNRUIN  A-5 FIGNUNANTIATIERNTFIUde B Evasiiag N nnlonsemains

ANPAILAIYNALA18LENIUDA

viEn vealfjisinienans alszmalvey s1ia

AMNUANT : 50 DULWMATETL WINIATAENY LUMIDENT NTILINY 10900
\ Bangkak Branch : 50 Phaholyothin Rd.. Ladygo. Jatujok. Bangkok 10900 Thailanc!
o Tel : (662) 561 A387-8, (662) P40 6881-3 Ext. 164, 218 Fax : (&62) 575 4895, (662) 940 688-3 Ext. 203
!h'b-“ﬂﬂul co v http:/fwww.centrallabthai com

abae]

@

-’

Fueen : 18 Huwnw 2559
1Quiin B : TRBKS9/09743

¥
Wi 1/1
luswanuwamanaaey
¥ouaziieggnin dninaiianninnmaaiiuozma TuTadudani
11 guerinemanilizmaine oununnalvfu dwanasanils Sunonasman
Sanwimbnumii 12120
TeaziBuAdileta manilonsoa-Ethanol
sHadieda BK59/05183-003
anvazIAzENINAIBE szinndaedna : mnmilensea
MFUSVITY : vIewaIaAn snaradn, $uau ;1 vaa, dmninalTues ;50 nfu.
Qumgil : gamgiiies, anmiednd
o s =
wiiufedia 09 Ay 2559
Suimaaey 09 ilunu 2559 - 18 ThuAu 2559
Haninaaay
TEMINaTey HanIMArel R LOD Finageudiaia
CIN 18.5:1 - - Calculate
Blectrical Conductivity 0.56 dS/m = Manual on Organic Fertilizer Analysis,
APSRDO, DOA:4/2551
Germination index 5182 % ) Manual on Organic Fertilizer Analysis,
APSRDO, DOA:4/2551
QOrganic Matter 510 % - Manual on Organic Fertilizer Analysis,
APSRDO, DOA4/2551
pH 83 - . Manual on Organic Fertilizer Analysis,
APSRDO, DOA:4/2551
Total Nitrogen (Total N) 16 % - In-house method TE-CH-211 based on
AOAC (2012) 993.13
Total Organic Carben (TOC) 296 % = Manual on Organic Fertilizer Analysis,
APSRDO, DOA:4/2551
Total Phosphorus (TP,0,) 31 % - In-house method TE-CH-183 based on
AQAC (2012) 958.01
Potassium (Total K,0) 039 % = In-house method TE-CH-191 based on
Official Method of Analysis of Fertilizers.
JAPAN (198

ey

(% 1791 )
asummufswosiionljims
" ramna

Senueiviiinaawnziudensimiwmageumiiy
nanuramsnaasufeslignidmnomzdonnsdiu TaelfdFurmdvoeuuasdndsnurondenl§iRars andurintaaiiu
FM-QP-24-01-001-R02(21L/08/51)P1/1
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MTNRUIN N-6  FILNUNANITIATIERUNIF U B UV Evaeiiag N Nlonsomains

anmmesvinazaglalelusniuea

it FeulfiRnienata alszmalngy $in

\ U L¥HAIAET WRIRENT NN 10900
A othin Rd., Ladyao. Jotujok, Bangkok 10900 Thailana
@\\__\ 6881-3 Ext. 164, 218 Fene | (662) 579 4895, (662) 540 6661-3 Ext, 209

e,
m,%m col® hitip:/ fanww. centratiabthai.com %

@ VB,
\@,\ﬂ

Tudleen : 18 fiuiay 2559
11189 : TRBK59/09742

luswenuwamsnaaey ™01

—
Yauazilaggnin dninanniannimnmansiazmnTuTaduvand

A 4
11 gneninemaaiilszmeine avunnalodu duanasani sunenaosman
fandatmusiil 12120

TioazBuadIoe mAuifonse-isopropanol
Ifadee BKS59/05183-002
anMazuRzaN INTIDEN Usziandedn : mandenies

9
Myuzviag: wawaadn  diwanadin, $1uu 1w, bminaltines - so nfy.
qungil : qunginos, anmdedinlnd

Tuiisudete 09 flurnw 2559
Fufinagoy 09 1A 2559 - 18 iluraw 2550
Haminaaay
TENINATEY Hamsnage HyE LoD FEnamoudiada

CIN 20.13:1 - - |Calculate

Blectrical Conductivity 129 dS/m - |Manual on Organic Fertilizer Analysis,
APSRDO, DOA4/2551

Germination index 5333 % - Manual on Organic Fertilizer Analysis,
APSRDO, DOA:4/2551

Organic Matter 520 % - Manual on Crganic Fertilizer Analysis,
APSRDO, DOA:4/2551

pH 83 - - Manual on Organic Fertilizer Analysis,
APSRDO, DOA:4/2551

Total Nitrogen (Total N) 15 % - In-house method TE-CH-211 based on
AOAC (2012) 993.13

Total Organic Carbon (TOC) 302 % - Manual on Organic Fertilizer Analysis,
APSRDO, DOA4/2551

Total Phosphorus (TP,0,) 30 % = In-house method TE-CH-183 based on
AQAC (2012) 958.01

Potassium (Total K,0) 0.39 % - In-house method TE-CH-191 based on
Official Method of Analysis of Fertilizers.
JAPAN (1987)

u 04)
b ° o - wa
aqmu}{p“u’ﬁaau‘jmwﬁ'eaﬂg‘unmf
R fhinmamma

yenuatuililnammziudasdefiinmareumnt
VenuremInagevdsshignidnnmmziaanday Tau'iu"l&’i’ummﬁuaomﬁumui’nun‘;é'numlm’c'udﬁﬁ‘inu unchaiantiy
FM-QP-24-01-001-R02(21/08/51)P1/1
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MTNRUIN  A-7  FIGNUNANTIATIERNNIFIUdeB U Evasiiag N nnlonsemains

animAaY supercritical carbondioxide

U3 vienfiimnignans alsznalngy siia

I :
5 ;
%‘, m11n-(mvm‘| 50 C\\J\IV\\M\[IE‘U LIHanmeT] l‘\l[’l"?vl'ﬁ”ﬁ I"ZJ\HW'I 10900 ,.
% \ Bangkok Branch : 50 Phaholyothin Rd., Ladyoo, Jatujak, Bangkok 10900 Thailand
%}?\- Tel : (662) 561 4387-8, (662) 940 6881-3 Ext, 164. 218 Fax : (862) 579 4895, (862) 940 6881-3 Exi, 209 18
’h;%m' co http:fiwww.centrallabthai com |
Jufieen : 18 TuAw 2559
1avila 18414 : TRBK59/09745
¥
HHI; 1/
lunesnuramnaaey
Seuazileggnin aninauiennineenaniuasmalulatur g
111 gnendnemaasUszoelne auunmalofu fananniia sunenaninae
Tandmlnumii 12120
Teaziduaiza A1NYIBN3084-CO2 Extraction
sHiadaeie BK59/05183-005
dnvazuazanndlatha rziandan61a : pinuiionses
.
MyuTUIIY  WIANAEAN dwaa@n, S 1 vom, thminalFuas : 60 ni.
gumgil : gungiiios, anmaedialnd
Fuitfudeda 09 fiuny 2559
Sufinaaey 09 1w 2559 - 18 Tunw 2559
Hanlinagay
FnIINATaY HansNAaaY Wil LOD Ginaaeudiads
CIN 2042:1 - - Calculate
Blectrical Conductivity 067 dS/m - Manual on Organic Fertilizer Analysis,
APSRDO, DOA4/2561
Germination index 5454 % - Manual on Organic Fertilizer Analysis,
APSRDO, DOA:4/2551
Organic Matter 422 % - Manual on Organic Fertilizer Analysis,
APSRDO, DOA4/2551
pH 8.1 : - |Manual on Organic Fertilizer Analysis,
APSRDO, DOA4/2551
Total Nitrogen (Total N) 12 % = In-house method TE-CH-211 based on
AOAC (2012) 993.13
Total Organic Carbon (TOC) 245 % = Manual on Organic Fertilizer Analysis,
APSRDO, DOA:4/2551
Total Phosphorus (TP,0,) 23 % u In-house method TE-CH-183 based on
AOAC (2012) 958,01
Potassium (Total K,0) 0.40 % = In-house method TE-CH-191 based on
Official Method of Analysis of Fertilizers.
JAPAN (1987)

aauuingenarmIieal fiidms
CERhi npammne

Py 4 H
Nenuntuiliinanmefudedafiimareumniu

X!

THEaNTS gnihdin fvanedan TadbildTunnuduesihimodnpadnuninfenlfifiny andnintaniiy

FM-QP-24-01-001-R02(21/08/51)P1/1

AANUIN-12 | RDG5850063



M191HNUIN N-8 Certificate of Analysis (COA) 89815 policosanol Fduuuy commercial luns

Neag
Bulk

Certificate of Analysis

Product Name: Policosanol 98%, Octacosanol 60%

CASH 557-61-9

Starting Matenal: Sugar Cane Wax

Country of Origin: China

Batch Number: 20130822

Manufacture Date: Aug. 22, 2013

Test Date: Oct. 07, 2013

Retest Data. OcL 06, 2015

Test Results Obtained by PureBulk
IPoncoeanol (GC G8.64%
Octacosanol (HPLC) 67.06%
Identification (ATR FT-IR) Confirmed
Aarobic Plate Count 1000 chulg Confonms
Yeast <100 cfu'g Nct Detected
Mold <100 clulg 10 cfwg
Colforms Report Ondy Not Detected
E. Coil Negatve ADsent
Salmonela. Nagatve Absant
Staph aureus Negatve Absent
Pseudo. Aeruginosa Negatve Absent

The followng infarmation is an indirect transiation of Infarmation provided from the Manufacturer's Cerlificate of
Analysis, and should not be uzad solely s an instrumant for strict guality control.

Appearance \White 1o off white powder Canforms
1-Docosanal (C-22) GC 0.02%
1-Dotriacontanat (C-32} GC 1A1%
1-Hentnacontanol {C-31) GC 0.51%
1-Heptacosano! (C-27) GC 1.61%

1- Hexacosanol {C-26) GC 14.50%
1-Nonacosanol (C-22) GC 3.48%
1-Octacosanol {C-28) GC 62.40%
i-Tetracosanol (C-24) GC 0.19%
1-Tetratriacontanal (C-34) GC 0.15%
1-Tnacontanol (C-30) GC 18.23%
Total Alcchois GC 299% 99.5%
[Fatty Acd {mg KOHig) 15 519
|Loss an Drying <0.5% 0.37%
Melting Point 80-83°C 82.1°C
Particle Size 100% through 80 mesh Conforms
Residus on fgnition =0.1% 0.07%
Haavy Metais <10 ppm Caonforms
Arsenic (As) 1.5 ppm Conforms
Cadmium (Cd) <1 ppm Canforms
Lead (Pb} <0.5 ppm Conforms
Mercury (Hg) <1 ppm Conforms
lCancluslon: This products conforms to enterpnse standards

GMO Statsment Non-GMO

Storage Conditlons: Keep In sealed container under 25°C.

Keep away from strong light, heat and molsture.

Purebulk. e veriies 1hat the informalion covrainad harann is rue and correct fo the bes! of our Knowisdge.
Varihed By: Candsce Gitison /Brendy Bristow
{ Tres decument was produced efectroricaly and i valid withcat signature: )

Pursbok o, sidedlpuiubidh oom Ph 15316751500 « Tol Fres: 1.853.230.0050
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ANSI9AUIN N-9 HANITIATIZIAT iodine value A1 saponification value A1 acid value uay

vaRLLIERT (m.p.) Tesieg1slueefianalamumain sc-CO2 Wsuiulugasnisnisan

— e ]
gudaannudanTuiniad it i Ing donunanion

Center of Excellonce-Oil Palm Kosetsart University
sonuumwaludu i iniag vnoqdng nyammIuNa 10800

Tafwl o-awazrans, p-asoz-ssss o 2020TIMa 0-2862-8558 Ap 2120

w1/l
woil COESIADA1

Tunwanusamsinmeidlaaing

faothan - idnsueuinemandussmaluladidos

At : negwing Suru 2 Wed
Sugar cane wax

- anmludion x R x 526

] ABhaTr] . Sieaeinn Acid value mw3Buanaguves AGCS Official Method Cd 3463,

Amawsiwidh Saponification value mwFfanmsgiutas AOCS Official Method Cd 3-25,
AnTesintAn (odine value u3BimIgIuLEs ACCS Official Method Cd 1-25.
Fmsviuary Melting point

iy ey 1
Sugar cane wax anmluden x R x 52G
mg KOH/e sample 31.10 + 0.80 29.37 + 0.05
mg KOH/g sample 5590 + 7.86 91,59 + 874 T
¢ 15/100 ¢ sample 30,02 + 188 26.20 + 1.75
°c 720410 010 |

v

givsm

.

Gaes. anen Yugassny)
dennvnuguderuudaneivnsiundu

USRI YA AR

0 = ¢ & '
Whmsmaaeu/Ains iy uazswaunados higndmimwae
hamnudnuaionusninifonljiams
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ANS19WUIN A-10 Certificate of Analysis (COA) vasluday Mduwuy commerdial Tuns

NAasl

TECHHICAL INFORMATION

DEUREX"

THE WAX COMPANY

Chemical description: Sugor cone wax
IHCI-Harme: Soccharum officinorum cena
Benefils: - Hotural wax with a very ohracfive price pedormance rofio

- Mo seasonol fluciuofons in ovalabiity

- AIR CLASSIFICATION PROCESS with parficle sime < 150 um [DEUREX X 52 A)

Froperies Itz a wia with high hordness which i eoasy o emuldfy and grndable, it offers good reter-
fion and it is physiclogically harmiess.
Application
- Bio bosed plasfics
- Bio bosed paints and coafings
- Bio core produck
- Maoffing agent
- Gip
- Increased scrofch resishance
- Infemal and extermnal kebricant
Prinfing inks
- Improved scrofch resistance
- Higher colour outpad
-  Procesing aid
Technilcal Data: Colour: Light wellow
Drefivery forms: DEUREX X 52 =Haobs, < 15cm
DEUREX X 582 G = Gronules, 1-Smm
DEUREX X 582 &  =Fnest powder, < 150um
Minimuwm Blaximum Method
Drop point™ TEC az=c vz
[DGF b 3)
Acid walue: 20 mg/ECH/g A0 mg/KOH/g Cird EH B3 2114
Viscosity (140 °C): 40 mPas vz
[CiM EX EC3104)
Penetraticn: 1.0 mm™10- 3.0 mm ™10 Lv £
[DIM 5157%]
Drersity |23 2C): 050 gfemd Lva
[CiH B 152 1183]
* Pl of carilicale of ancinb
Sugar G wini o ol product. Pirakesl progpeie o sdiec o alghl verelion.
Approvals: FDvA Siafus/Regulation: GRAS - Generally recognized as sofe [USA).
INCI rame (intermaficnal Homendature Cosmefic Ingrediends):
Soccharum officinarum cerna.
UA- FDA 21 CFR §§ 174.5, 175105, 175300, 175320, 174,170, 177.1200, 177.1550
(Approvas wih regard 1o Embotions and migrason vaues in the final oppcation|
Satety: The product s no dangerous prepanation according to Direchive 1999/45/EC. I & nof sub-

ject o lobeling according to EC Direcfive §7/548/BNG and Regulafion [EC) 12722008,

T shesl s bl b Excnest o s summien | e scige oredd anpsdinie, [0 v of e s factor el ey ol proseming ard sppkelan, 1 dils bl
robrn s o Ihe sconsbly of ey oul el cwn bask orel epsirants, raiber i ihey Iy cry gy incih g csrance of carichs prapetes Ebing

hars s vy e il L\ etk i Wi s vl Pl c5ll vimnty dstaling ik
- gk i i by CELIRER

DEUREX, A T.-#49 (0] 02441 B 29 29 29 Page 1 of 1
Dr-Bargius-Strabe 5-12 F—+&% [0 0344148 20 29 25 Revision: Jarasary 2014
C-0472% Esteroue infoideursx com [ wanw deursx.com =]
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Aflan13vineu
YLAIRENRaNTINAYUINIUTONENNMIFITUYIAAIBVIMAI lUAN1ILINAEIEIN
Super Critical Extraction Model TH 22 50Lx2

Y9USEN Wenzhou Chengdong Medicine Machine Co., Ltd. UssinAdu

nsafnanslagliindesainansanayulnsviendndusisssusasisvounaily
anmzingedsedn Wumadanmsadaasidahazarefuniveulnoonledvazogluanius
wilegaings luanugdl O, finnunuuiuednevonnal wiammilaway Diffusion
Coefficient agluaniizadnefing vl CO, vnihidusshazae

flosan €O, Wufeitliduiiv lifisa ndu laifialn 910190 waraningrgnususs
Tned1e vhlst €O, gnidenliledBnisil msuiuld o, egluanmemieningniildlaenis
Usuausutaraamaiives CO, 393ngnues CO, oefigamail Useuas 31.06 °C innusiu
Uszunel 7.382 MPa

ANYALAIAYVBITEUY

1) Anudugean luudazdsvesansatingnesnuuulifl 35 MPa aufugeandildauls 32
MPa uazty CO, a¥smududl 40 MPa

2) wnuAavaeseain 50 ans (2 09)

3) gaunnilvesiiann Usulaseninsgamniiviesauiis 85 °C

4) gaumagiivesiauen USuldseninseumniiviesaudis 85 °C
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[y

5) §asnslwaves CO, 10-630 ans/a7lua

[

6) Aaalniin 130 Alatmé 380 Tast 50 1854

FauusznauvaaLAZas

Usgneumediuiifussuumuaudaluiflasaesfnesd uazdwiidunisaunm
Fhonsusudseiie dil
FTUUAUANLALADUNIADS

- gauaumeszuuliih

- SEUUAIUANQUN DAL

- SPUUATUANMITILYEITH
szuuAIUANMIUURIReile

- Wawes

- szuvgulvinusou

- fauhdou

- 4 CO,

- (9@

- fauening

- Puusatuganes co, Judsanaiad

- Twmesinensinsiua CO,

- fleansiadl

- szUUTAILEY

- MM

- MAIMUANLAZUTULTIAUY

- ala-Un lagszuuay

- VIBUTIIUGS

- InUARYUTIAU
STUUAIUAUGUNYII HuszuumunuuazUsuddlasneufines AYINNUABININUATEAY

v =2 [y

QUUNINABINTTNBY IWoguunlgnUTufeseAunaeInis MaImuAusnlulRazUavioay

'
a v v a

etanisdnifeudisyuy wivinaamgidilifeseaunfeins MnaimuauIziladeiTou

e )

Whaundnazivgumniindents lussuuiloamglignauaunasaian lvegluszduauiou
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fiR09N15 N1hANUSauTeIUNsauYnlalaersasinAusaulninnsalasouann Boiler
ANU15OLERN LA IIRINUS Ul ABE1IUTIS
STUUAIVANAMNAU Auduldlunisasisanewmilayndngnues CO, ludvadia dauen

e gnanuAulag N lningnlula

daulsznaudAyvaeTEuy

1) 9@nm 2 949

%ﬁﬁ] : OcrlgNig

YUA - 50 803 (MBE3)

ANNAUEAERA  : 35 MPa

gounil : gaunilviasiia 85 °C

9 Y
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2) fanentun 1 waglun 2

i

¥60) : OCrygNig

U . 18 An3 (siaf)
AR : 20 MPa

gaunil : 9EUnIeIDa 85 °C

3) dafiufine COo,

360 - OCrygNig

YU : 130 8n3

AUAY : 9 MPa

gaunil : 9EUNNIRIN 85 °C
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4) ldnsoq

YUIA -5 80
ANUGL -9 MPa

v @ LY} o
5) aaAvaIsaINMIazang

A1ANUIN-20 | RDG5850063



6) LAT9IYIAMULEUY

Model : PC-20 WC

ALY - 64.8 Alained (J5718 Kcal/h)

ARLINTAWRS : 17.64 Alading

T - 380 a1l

YUIN : 510 @3

u . 1.5 Aladng
Sasnsivavenindu :11.16 au../%4l.
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7) faun5ou

[y

&0 : OCrqgNig
YU 1 audl.
Al 1 90 AlaTnd AuANLNANEI
WaIAINLSoU - @Il vse Boiler
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8) nsgulviAusau Msguiana daening vis CO, wavdiaisou

E‘W] : OcrlgNig

ABYAAINTEU L dUrnAUgNane 23 W, 4 viedmiuvie CO,

1
4

LATYIoU1SoU éauﬁqmsaul,é’ushqua‘ﬂmﬂ 500 14. 8173 1000 U, agjﬁauﬁ’aﬁﬁauaam

wWasule

9) %msﬁugq co,

Model : SHP65/22-0.63/40
a9 - 11 Aladnd

Tl - 380 Tnat
dnslva : 630 8n3/T4.
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10) Yudsansevinazany

AMANUIN-24 | RDG5850063

ANAY
Tl
LSIAU

SLERING

- 11 Aladnd

- 380 Taan

. 40 MPa

: 630 AN/



11) vieviavun ﬁqﬁLﬂuviamUﬂuImsé“miuﬁaw%ﬂ%“uﬁwﬁa (DN10, DN15, DN20)

LY

’JE‘WJ : OcrlgNig

SULSIAU - 40 MPa

ANUTEVBUR CO, >99.99%

A5n15U5ULAT04
v 4' o <
1) N15USULATDINIANULEU

- Uaainglwdindn

1%
)=

- Wanawetduandsiniu lnedesditfuda

Y

- Wndudwauideu
- fagamnivoninfu
2) hegungiivasdeanauazdausnfing
- Uaszuuinioniaudeu Tngldlothdeuan Boiler wioipiasvinAusaului
athslnoganils

[ 1%

- Argaungivesineu Winseivangumgilagaeuiinevinau
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Y

- minldauseuain Boiler Wegamiilulununiaild aeuitunesazdinislitn

MAIUNSDUTN AL D A LUIIR

1% ¥
Y

- mnldenufeuninlih dosdanndrirfeuain Boiler Aasziuamdouiifoans

- poufiumerdimaiauvesuaan aufeud 3 ga ldiidslaihey 90 Alated
dlemnufoudisseiuiiimun reufnnesazdsmslinganislieuiou

- Madamsihauresaadalilit e19azdslivinanuiio 1 gn vie 2 yadld e

v a = o

gaumnivesisainuasfueniefisssaunmnuaivianulutusely

3) NFNTUYBITTUULIIIU LHIBLTHIUNENNFIVBITLUULTIAUARINTA

3.1 Tdingavu wuingaudnluludeaiansaes @eddsenlnilunisendeadn) uaz
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3.2 \fin CO, 3ndaneuanidgiauiu CO, vadnsas

- ®Wpnda J01, 103, J05 Ferauds CO, 9nmeuen

- WUannda Jo6 wielaomaeanaindaiu CO, Wiawuiteniagnlaesnau
NUALAIFIUAIET JO6
- dafiu CO, AgsU CO, 2NN CO, NAeuen ulaanusuludwiy CO,

dnTudu 5-8 MPa wdadannda Jo1

3.3 1in CO, wazldannAeanainssuy

~ 1 Jpnnda J07, 108, J09, J13 sl CO, lmavﬁﬁqjﬁaaﬁ’mﬁ 1 \Wa1aa J16
iieldenireonaindaingd 1 ausmagnldesnvunislnigs J16

- @Wp9d2 117, 124 1% CO, wWndaueninadail 1

- @anda J26 ieldenireenandawening fafl 1 udr3lnnda J26

- Wa1da 027 TH CO, Whdaweningsnd 2 wdnlanda 130 wislaeinia
99N MNTUITUndr 130

- Fpndr J31 Wieli CO, WhdsuSuan wine (Buffer tank)

- \WUa21a0 J34, J02 %qagiﬁﬁQﬂsaaLﬁ@ldmmﬂaaﬂ nTugeUanda J02
AMendanslaonaasandn

- USUAIANUIUNADINSIUSEUULAESEUUADLRILADS

3.4 N15A9ANUAUNTTUUADUNILADS

- YSunsszruanuduiiivesmeeanvasty Ineanusuidadesliaindn 35

MPa Usumnudvaansewalndnluanudsening 15-25 1854
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- JSumanmsiasdeanalaessuuliidn nsWeedsaianseyinlailoninuay

TudsaimduanusuussenIFvingy mnanusuluiaindegainudanlagseuulnih

3.5 ASLNNANAU
~ a [ [ & v a [ < Id
- Wogumgivediainnueninedi 1 uay 2 uazinsewiaugy 1uld
ausyAuniaaly (sewintiduiiduiesihnueguaznaedudy CO, dusane) Iidadu
Ju CO, WuaNusulitain
- YIAAMNIUYBIR LAY CO, AEINIT 4 MPa TUadq J34 1 Uanda Jo1
Wi CO, gnadsniinenuduliiudaiy CO, fasziu 4 MPa 91ntuT1UAd7 JO1 uazla

187 J34

4 1Y
< = (Y udu\ly
39

- Weanuduludsaingeuiassauaudunasly ssuundraudnludifiaz

]
= % =

Walit CO, Wadngdaueniingd 1 Weoainuduludefinggetuiaseduneaald ssuuand

] [ ]
2 = = = v A

snludAzalil CO, naihgiuwentien 2 Wemnuiuludauenfing? 2 geiufssauiia

Y

13 Mdrdnlud@aztnli CO, Inaihgismu CO, (Buffer CO, tank) ez laruAzLNTS
nIesMazLinszUUNAUM nIzUIuMsatadenssIey CO, FuFumevinny

- szuundmuailagliihazfuussiuvesdsadn donfed 1 uazi 2
oehadlutifomunuszuuliiulunudisely

- dlesruumavhaumsudsuduihediusuiinanmsiinuresszuuara
finoufiunediflofasveznanfidmuauds reufiamesazdndssdygyusiounisvhaundy

w@5a Jumsduananisinnuuesssuy
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- fR95ARTETINaBAN1SN19IUIN CO, Aaallusnulitdasnin 4 MPa

AABALIAN

3.6 Wan1svinauudEsa
WiUa 126 wag J30 ladaueniingnn 9 20-30 U1 (wWarUaloseunyans
gnafdneenun) WeySunuaisgnadalagnssuigesnauvundy Wlady CO, winnlald

TagAuhasarian 2 Limeliinnuselay

- Updn J13, J24 Uads J20 wieseune CO, 3nnasadna 1 lWdsdsanan

- Slousssuresdanai 1 wavd 2 augariu WUanad J17 1 Uaands J18, J35
dislsh O, Tudainit 1 lnaludsdausuanusasiu (Middle & Forage tank)

- 1nthdands J35 e J36, J15 titeszune CO, sanandsariai 1 19
vun luvasfonfildidangs J14 way 124 Daedesdy CO, wazvimsadasioly

- daludsanini 1 Weaudugnanasausgluaninanusuind TiUas

a

Aseuiuuuesnmeszuuliin nsWeilagdewidlainanuduludsadinn 1 egluszduaiy

a

AUUTIEINARIIVINTULSIT g IngAuTIgnaiaLaeanandaiaf 1 lnesyuuseneniy

9
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WHUAIN1IYINUTeLATosainasIInayulns s ond ad s ssuyAnsve wraluaniiy

Ingneenn
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HWAN N. 11 4AAY mass spectrum vasansafnludesdiatagae supercritical fluid (CO,) :
(26a)(21.566 W), (26b)(21.848 W7), (26c)(23.281 UM), (26d)(23.491 ud), (26e)(23.546
W), (261)(23.786 W), (269)(28.043 u¥), (26h)(29.072 uil), (26i)(29.524 W),
(26))(30.581 W), (26k)(31.089 w1i), (261)(31.825 W), (26m)(32.317 W7), (26n)(32.425
W9), (260)(32.753 u¥l), (26p)(32.941 u1il), (260)(33.402 W), (26r)(34.638 W),
(265)(35.064 WIT) uag (26t)(37.954 W)

(26a)(21.566 W)

Shundance] 431
30000

70
25000

20000

15000

10000 1291

830
132
7.0
‘ 115.0 LA PR B : w3
1431 ‘ 1992 2972
oL AT L A |‘|||w .|\|\I|\‘°?-L|u| bl .‘|.|‘ ! ‘ L2027 | o |

T T T
iy 4n Rl an 1nn 12n 140 1RN 1R0 2nn > 24n PRN

5000
]

(26b)(21.848 w1i)

bundance 24.0

E0000
50000

40000 1ma
430

30000

BE.0
20000
0.0

10000 151

ra
ac =
F b

| 1150 1431 wElW ez
1 N R , TR R —l I

nn 1 14n TR0 TR0 nn amn Hn R0 280

Lo \
T
an

o 31 L ‘J I|‘”
1 an il
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(26¢)(23.281 u1i)

&bundance| 10 5RO

000

5000

4000
1741
3000
2000
100
1381 1508 qg8q 2843 342
oy 2223
ol i ||\ l:l\“ll I“h\ L ‘I | 1931 I il 231 I |
mfr 4n TJH TR0 180 ?Hlﬂ ?ﬁ‘ﬂ ?Aﬂ ?l{ﬂ ?ﬂm ?hﬂ

(26d)(23.491 w1)

Abundance 410
4000 55.0
annn 67.0

7000

810

000

G000

4000

3000

1230

2000
185.2

2 284.3

b 2633
195.2 2202 ‘ - 082
A | 2071, " Tepn 2562 || i

g

1801
L
||.||‘|.|\

0

164.0

‘ 1770
P O P
0 180

iz 4b o 1 2 2 240 250 2 3ho

(26€)(23.546 ui)

Abundance 540

7000
6000
5000 a0

4000

3000

2000

1.0

1230
2222 2643

1000 180.2

137.0 15!
| 1931 2071 2352
oy 1 il h

311 31|D 4
L

51
1661

NN P T

W 4 th 14 180 180 2l ko 2ho 2k 2ho E
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(26f)(23.786 u1l)

Shundance]
12000

11000
10000
9000
8000,
7000
6000
5000
4000,
3000
2000
1000

Nz

(269)(28.043 w1il)

4bundance]

22000
20000
18000
16000
14000
12000
10000
2000,
E000.
4000
2000

o
nizy

Einl

£

430

1

(26h)(29.072 u1#)

shundance]

12000

10000:

8000

EO00

4000

2000

wzer 20

N

430

57.0

£3.0

840
Jmo
1571
51 2132 2633 3123
|‘ | 126 | [ R E | #7112 2831 ‘
I, Lll ul il b1 | | | h | | L ] L -
1l % 1 10 1 2 ho 240 20 2l 3l
710
&0
a1
o
T 1852 g0z g
) R o A ) O IO = SN I £ WP P 233
& 1o h o 16 10 b 2k 240 2 P 300 E
az0
%0
191
1241
we o
Al TR Y w0n v omo 22 a1 g ooz amed e s34 *
&0 1o o o 160 0 a0 20 om0 om0 zk0 a0 a0 0 380
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(26i)(29.524 i)

Abundancs] 440 570

35000
30000

25000
I T

20000

15000

ma
10000

1251
5000 311

1531
o 8T S0 4352 2102 2243 2362 2523 2612 o7R2 308.3 327.0:336.4
1)

‘H 1381
| |

! j e 140 180 180 2l 2 240 e 2k E B o

sl
f=a

o,

=

@

=

=

=

miz-s 2

(26j)(30.581 u1in)

Sbundance 431
160000

57.0

140000
82.0
120000
100000 )
80000
60000

40000

20000

1381

1241
LA 905
|‘u Wl . TR 1802 1842 2031 2223 2363 2503 2640 2704 2024 3064 3004 IM4 3um4 324 apsg |7 4085

iz L7 T T T P ™ " N A M " MY A W S

(26k)(31.089 u1#)

Sbundarice 430 A7

140000
120000
100000

80000

E0000

40000

20000 31 1291

1531
167.1
L, g (B 1987 2092 2220 2367 202 2643 2783 2923 3063 324 34 3504 44 392.4

a |I||\
mirs N an E T T e e P o e N Y T "
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(261)(31.825 w1i)

4bundance sdo

18000.

16000

14000 431 o

12000 5
10000
8000
6000 B30
157.0
4000

2000 1

1992 2131

143,
YED'IZBII ‘
od | |\|I\|| NN

1711 3633 034
155‘31 ] | Eraede 25;51 ZE? Toa30 237.3311.2 3252 340577 35|74 3954 | 4234

4525

Mz 0 oo 160 200 250 EIHI] 350 AEIEI

(26m)(32.317 u¥)

#bundance] 430 530
70000

EO000
50000
40000

30000

20000

10000 1241

1521
L 180 1802 1942 pa 2222 2363 2503 2643 270.3 2923 3064 3203 3344 3494 3623 374 3904
T T T T

1381
I

4éﬂ

436.6

1
iz 1Rn 20n 2RN AN ARN 40N

(26n)(32.425 w#i)

Abundancs 431
20000
18000
16000
14000
12000
10000 -

6000

g0 gip 1080

4000 130 1130 2132

2893 3153 4004

1732 06 1 1931 22 252 o3 367.4 3824

2000

ol %0 \| |\‘I .|I.|\ \|Iu| A, \I||w. 243-;" Iyl ||| 1i 30‘13 ‘\ 37733403 3"54-7 ‘I ‘I|\ |
miz—> a0 100 180 200 250 300 350 400

L
T
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(260)(32.753 u#)

Abundance] 550
18000

16000
14000
12000
10000 830

000

10 1331
5000 " 450 1591
2552

4000 rake)

213.2

2000 1730

n | L |‘I|‘ Ll

300.3

i

3613
‘ 363.3
I

| Tamps

4124

L ||| m I
mizs 5 200 2n

(26p)(32.941 u1)

Shundance
I 430 541

30000

830

25000 631 971

20000

15000

1

10000
1251

5000

3o 1291

1531
‘ TELT 1811 1951 ppgq 231
g LA Mol g i T

187.1 1931
3204 4 ‘ 2662 ‘ 4.2
PN TR Y
} 2t

2513 2644 2783 2924 3063 3204

350

3

400

4004 4205

mizs N 1 180 2hn 20

(269)(33.402 W)

Abundance 430
30000
25000
20000

571
15000

105.0

10000 E3.0

5000
e B,

A1l |.‘\ y

287.3

2

feliiche}

L 52

o

3293

| sz B4 gy |

abo

414.4

3914 3964

i3, ‘I‘ ||\
250

iz Al
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(26r)(34.638 u1)

ahundance
22000

20000

18000

16000

14000

12000

10000

5000

6000

4000

2000

od
miz-

301

ap ?

.0

82

9.0

109.1
1231
1381
152.1165.0 AEE
h“ Do J, Y01 1942 30812211 236,53 260 3 264.2 270.3 29,3 308 2 3201 3 334 3 348 4 32,5 376.3 390 4 4184 | 4645
1 T T T

{ T T
100 150 200 280 300 380 400 450

(265)(35.064 ui)

Abundancef

9000

000

7000

000

5000

4000

3000

2000

1000

0

31

430

BE.0

miz->

1241

(261)(37.954 u1i)

Abundance]

10000

9000

8000

7000

6000

5000

4000

3000

2000

Qi)

nd
iz

300

53.0

820

2292 2572
1591 72 me W3 24
s 2 252 —
< 162 | ‘ | 271 : 74 H 4242
| J|||H\I \TILH il |\|| wll oyl | I3 | 333 EEEﬂ || J 1
200 20 300 #o alo
%0
1
1240
‘ﬂ 137.0
1519 166.1 1802 194.0 4748
s L, 02 15T 02 5 Oz 0 sz 2202 2540 peps mes wTo s 485 ]
1o Ho 20 50 ) Eo 4 45
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AMARNUIN V.

Asesanenseiaiulagiunyafuyuadig 9 wagsenisauinaiii

294LASIN158087 1
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m1319nseiaRudagiunganunui 37 5 U waz 7

AANUIN U

U

msnuaninseatulagiunssezianuyu 3 9

Foud AUYUALTIUUTI seldanludes Arlagiuvestiusiy
(n) (wasBuadudagdu,um) (wanduadudagiu,um) (L)
1 -273,711 554,858 -8,918,854
2 -272,198 551,790 -8,639,262
3 -270,693 548,738 -8,361,216
4 -269,196 545,704 -8,084,708
5 -267,707 542,687 -1,809,728
6 -266,227 539,686 -7,536,269
7 -264,755 536,702 1,264,322
8 -263,291 533,734 -6,993,879
9 -261,835 530,783 -6,724,931
10 -260,388 527,848 -6,457,470
11 -258,948 524,930 -6,191,488
12 -257,516 522,027 -5,926,977
13 -256,092 519,141 -5,663,929
14 -254,676 516,270 -5,402,335
15 -253,268 513,415 -5,142,187
16 -251,867 510,577 -4,883,478
17 -250,475 507,753 -4,626,199
18 -249,090 504,946 -4,370,343
19 -247,712 502,154 -4,115,901
20 -246,343 499,377 -3,862,867
21 244,981 496,616 3,611,232
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msanensziatulagiunssesiafunu 3 U

Foud AUYUALTIUUTI seldanludes Arlagiuvestiusiy
(n) (wasfuadudagdu,um) (wanduadudagiu,um) (L)
22 -243,626 493,870 -3,360,988
23 -242,279 491,139 -3,112,127
24 -240,939 488,424 -2,864,643
25 -239,607 485,723 -2,618,527
26 -238,282 483,037 -2,373,7172
27 -236,965 480,366 -2,130,371
28 -235,654 477,710 -1,888,315
29 -234,351 475,069 -1,647,598
30 -233,056 472,442 -1,408,211
31 -231,7167 469,830 -1,170,148
32 -230,485 467,232 -933,402
33 -229,211 464,648 -697,965
34 -227,944 462,079 -463,829
35 -226,683 459,524 -230,989
36 -225,430 456,983 565
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msnuaninseatulagiunsseziaAuyu 5 Y

Foudl AU UAL LU selaanludey AdagiuveaiuTiy

(n) (wanduadudagdy, vm) (wanduadudagiu, vn) (v )

1 -273,711 453,470 -9,020,241
2 -272,198 450,962 -8,841,477
3 -270,693 448,469 -8,663,701
4 -269,196 445,989 -8,486,907
5 -267,707 443,523 -8,311,092
6 -266,227 441,071 -8,136,248
7 -264,755 438,632 -7,962,371
8 -263,291 436,206 -7,789,456
9 -261,835 433,795 -7,617,497
10 -260,388 431,396 -7,446,489
11 -258,948 429,011 -1,276,426
12 -257,516 426,638 -7,107,303
13 -256,092 424,279 -6,939,116
14 -254,676 421,933 -6,771,859
15 -253,268 419,600 -6,605,526
16 -251,867 417,280 -6,440,113
17 -250,475 414,973 -6,275,615
18 -249,090 412,678 -6,112,027
19 -247,712 410,397 -5,949,342
20 -246,343 408,127 -5,787,558
21 -244,981 405,871 -5,626,668
22 -243,626 403,626 -5,466,668
23 -242,279 401,395 -5,307,552
24 -240,939 399,175 -5,149,316
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msanensziatulagiunssesiafunu 5

Foudl AU UAL LU selaanludey RIRININ RN TtV
(n) (wanduadudagdy, vm) (wanduadudagiu, vn) (v )
25 -239,607 396,968 4,991,955
26 -238,282 394,773 -4,835,464
27 -236,965 392,590 -4,679,839
28 -235,654 390,419 -4,525,074
29 -234,351 388,261 -4,371,165
30 -233,056 386,114 -4,218,107
31 -231,7167 383,979 -4,065,895
32 -230,485 381,856 -3,914,524
33 -229,211 379,744 -3,763,991
34 -227,944 377,644 -3,614,290
35 -226,683 375,556 -3,465,417
36 -225,430 373,480 -3,317,367
37 -224,183 371,415 -3,170,136
38 -222,944 369,361 -3,023,718
39 -221,711 367,319 -2,878,111
40 -220,485 365,288 2,133,308
41 -219,266 363,268 -2,589,306
a2 -218,053 361,259 -2,446,101
43 -216,848 359,262 -2,303,687
aq -215,649 357,275 -2,162,060
45 -214,456 355,300 -2,021,217
46 -213,271 353,335 -1,881,153
ar -212,091 351,381 -1,741,863
48 -210,919 349,438 -1,603,343

AANUIN-42 | RDG5850063




msnuaninseatulagiunsseziaAuyu 5 Y

Foudl AU UAL LU selaanludey AdagiuveaiuTiy
(n) (wanduadudagdy, vm) (wanduadudagiu, vn) (v )
49 -209,752 347,506 -1,465,589
50 -208,593 345,585 -1,328,597
51 -207,439 343,674 -1,192,362
52 -206,292 341,774 -1,056,881
53 -205,151 339,884 -922,148
54 -204,017 338,004 -788,161
55 -202,889 336,135 -654,914
56 -201,767 334,277 -522,405
57 -200,652 332,429 -390,628
58 -199,542 330,590 -259,579
59 -198,439 328,762 -129,256
60 -197,341 326,945 347
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msnuananszwaiulagiuissezapunu 7 Y

Foud AUYUANTLNUT seldanludes Arlagiuvestiusiy
(n) (wanBuadudagdu, vm) (wanduadudagdu, vn) (L)
1 -273,711 410,326 -9,063,385
2 -272,198 408,057 -8,927,526
3 -270,693 405,801 -8,792,417
4 -269,196 403,557 -8,658,056
5 -267,707 401,326 -8,524,438
6 -266,227 399,107 -8,391,558
7 -264,755 396,900 -8,259,414
8 -263,291 394,705 -8,128,000
9 -261,835 392,523 -1,997,312
10 -260,388 390,352 1,867,347
11 -258,948 388,194 -1,738,101
12 -257,516 386,047 7,609,570
13 -256,092 383,913 -7,481,749
14 -254,676 381,790 -7,354,635
15 -253,268 379,679 1,228,224
16 -251,867 377,580 -7,102,511
17 -250,475 375,492 -6,977,494
18 -249,090 373,416 -6,853,169
19 -247,712 371,351 -6,729,530
20 -246,343 369,298 -6,606,575
21 -244.,981 367,256 -6,484,300
22 -243,626 365,225 -6,362,702
23 -242,279 363,205 -6,241,775
24 240,939 361,197 6,121,517
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msnuananseuatulagiuinssezianuu 79

Foud AUYUANTLNUT seldanludes Arlagiuvestiusiy
(n) wanBuadudagdu, vm) (wanduadudagdu, vn) (L)
25 -239,607 359,200 -6,001,925
26 -238,282 357,214 -5,882,993
27 -236,965 355,239 5,764,719
28 -235,654 353,274 -5,647,099
29 -234,351 351,321 -5,530,130
30 -233,056 349,378 -5,413,807
31 -231,767 347,447 -5,298,127
32 -230,485 345,525 -5,183,087
33 -229,211 343,615 -5,068,683
34 -227,944 341,715 -4,954,912
35 -226,683 339,825 -4,841,770
36 -225,430 337,946 -4,729,253
37 -224,183 336,078 -4,617,358
38 -222,944 334,219 -4,506,083
39 -221,711 332,371 -4,395,422
40 -220,485 330,534 -4,285,374
41 -219,266 328,706 -4,175,933
a2 -218,053 326,888 -4,067,098
43 -216,848 325,081 -3,958,865
a4 -215,649 323,283 -3,851,231
45 -214,456 321,496 -3,744,191
46 -213,271 319,718 -3,637,743
ar -212,091 317,950 -3,531,884
48 -210,919 316,192 -3,426,610
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msnuananszwaiulagiuissezapunu 7 Y

el AUNUANTUIIUTIY sweleannludey A1lagiuveaiuTiy

(n) (wanBuadudagdu, vm) (wanduadudagdu, vn) (L)

49 -209,752 314,444 -3,321,919
50 -208,593 312,705 -3,217,806
51 -207,439 310,976 -3,114,269
52 -206,292 309,257 -3,011,304
53 -205,151 307,547 -2,908,909
54 -204,017 305,846 -2,807,080
55 -202,889 304,155 -2,705,813
56 -201,767 302,473 -2,605,107
57 -200,652 300,801 -2,504,958
58 -199,542 299,138 -2,405,362
59 -198,439 297,484 -2,306,318
60 -197,341 295,839 -2,207,820
61 -196,250 294,203 -2,109,868
62 -195,165 292,576 -2,012,457
63 -194,086 290,958 -1,915,585
64 -193,013 289,350 -1,819,248
65 -191,946 287,750 -1,723,444
66 -190,884 286,159 -1,628,170
67 -189,829 284,576 -1,533,422
68 -188,779 283,003 -1,439,199
69 -187,735 281,438 -1,345,496
70 -186,697 279,882 -1,252,312
71 -185,665 278,334 -1,159,642
72 -184,638 276,795 -1,067,486
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msnuananseuatulagiuinssezianuu 79

Foud AUYUANTLNUT seldanludes Arlagiuvestiusiy
(n) wanBuadudagdu, vm) (wanduadudagdu, vn) (L)
73 -183,617 275,265 -975,838
74 -182,602 273,743 -884,698
75 -181,592 272,229 -794,061
76 -180,588 270,724 -703,926
I -179,590 269,227 -614,289
78 -178,597 267,738 -525,148
79 -177,609 266,258 -436,499
80 -176,627 264,785 -348,341
81 -175,651 263,321 -260,670
82 -174,679 261,865 -173,484
83 -173,713 260,417 -86,780
84 -172,753 258,977 -555
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318N5ATUIUAT LU
(1) nrsAruauarlnirvasnisiniiadaugiinin snsufinsy Jaminaseys

A1l ndmesviln MITSUBISHI/MX1-3R1TLLAE EDMI/GENIUS fiadu 21013
vieaei 12
Usziand 3.1 (Ransvuianans) $nsnutaaiaivesnsld (Time of Use Tariff : TOU
Tariff ) dvdunislalnliiiosznougsia guamnssu drusiwns driineu videntnea
dulnvesly esdnsUnAsesdILTiRIdY S5ianuAa aonuym anuiivhinisvesitenuunIs
AaUsene anuivhnsvetesrnIsseninaUsene visedu q naenauudnaiiieides Fad
audiosnwdsiiiliadelu 15 ufigsaelutianarlanamis daus 30 Alatad udlsifs
1,000 Ala¥as waziiuSunanisldnganulniiieds 3 inounounilaiiiu 250,000 naese

WU lngsarIueIaIn Wi AT LR

wsan Ul 2 (s9RU 22 - 33 kV)

ANNADINITNATLNHY29 On Peak 0.07 Aladngd
AMNADINITNAL WY Off Peak 0 Aladng
AMNFDINITNAIL WY Holiday 0 Aladng
Wasulningag On Peak (P) 519 et
wasulnideg Off Peak (OP) 0 aVeld
wasulnig9 Holiday (H) 0 AVeld
ANNADINTNATNASLoARN (KVAR) 2.17 Alanng

A1 F, 46.38 AR9A/NUNY
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dauil 1 Anlnihgiu

1.1 ANPNUABINITNAILNA On Peak

WSIAUAILE 69 KV FulU 74.14
LSIAY 22-33 kV 132.93
LSFUsNTIN 22 KV 210.00

= 0.07 x 13293 =9.04 v

1.2 Awdaaulniin On Peak

Lsesusad 69 kv uly 4.1283
LSIAY 22-33 kV 4.2097
LU 22 KV 4.3555

=519 x 4.2097 = 2,184.83 u

[

1.3 aunnesinawmes

FuUAlaNSNAARY 2.00

L w/Alaing)
w/Alaing)

Ww/Alaing)

(UIN/%UIY)
(U/%ae)

(UIN/91U38)

Alans

dns1A1AIUsENOUAIadlWHN (Power Factor Charge) 8ms1a1siaUsznaunaslnil 56.07

v/Alansaeifou dmsuilansdruiudlondiusenau maeluiininan 0.875 (Lagging)

=2x5607=112.14 umn

1.4 A1USANS = 312.24 U™

swAlniigny = 9.04 + 2,184.83 + 112.14 + 312.24 = 2,618.25 UMW

daudl 2 Alisieuus (Ft)

F1undIulnidi x A1 Ft = 519 x 46.38 = 240.71 U™

dauil 3 AnnByaALiu 7%

(AlifingIu + A1 F) x 7/100 = 200.13 U

sRuAlni = 2,618.25 + 240.71 + 200.13 = 3,059.09 U
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ANANUIN A

leNasTeYa U1MTFIUAIVANAMAIN uazngsuileuiiiielatesivans policosanol
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wuansdayanelfiuasAusznauvesasUsznauLeanagedanludos
Iods
waaneeeaaINlues) sugar cane wax alcohols, SCWA)

ANANAAIUVDIES

) v

a1sUsenauneanagadaintusesdldnvusiduninaniannainluses )Saccharum
officinarum L&<lAa1nA1nRLenI9989nILUIUNITNAALUIRA91N008 1Ay ( W1
nszurunsavauliiintunaznsadia a1snanalalsenaumeaneanagadnilasiasiaiuly

n3e Buuneluanalve) kagnsnesdnifn JefnuARINEYDIaNs WaAIRInIgIen 1
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ANTNUIN A-1 TOMUUARNIZVBIET

N1SVAEAY Rildlunsmasou nausiigany

AN

AnwazUsng Tngn1sdanm Fuwa Joff-white)

néu MINAAOUAL Taifingy,

Jarvunanie

AMNVSUHT USP < 0.85%

madedmiinidouts BP < 1.0%

JanaeIm 78.0-82.0 °C

nsAsIAEUENanyYal

GC profile GC-MS Tasunlawnsuuansfinusiazsiinves aliphatic
primary alcohols #iszyluignsiinses

N15ATIZIN

Total content of higher GC > 85% Tagthmiln

aliphatic primary alcohols

1-tetracosanol GC 0.0-0.3%
1-hexacosanol GC 3.0-8.0%
1-heptacosanol GC 0.1-4.0%
1-octacosanol GC 60.0-70.0%
1-nonacosanol GC 0.1-2.0%
1-triacontanol GC 10.0-15.0%
1-dotriacontanol GC 4.0-10.0%
1-tetratriacontanol GC 0.1-5.0%
dadnfnvasansulanuu
fvinazangnnang ICH topic Q3C* Wulunuderimun
Tamzwiln USP 23 < 10 ppm
leufien AAS < 0.01% (100 ppm)
Tnuvaidon AAS < 0.45% (4500 ppm(
Tndunsenianisinuas BP (Vol IV, Wulunuderimun
Appendix XI L.,

Pesticide residues;
Ph Eur method
2.8.13)
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Compositional guideline: Sugar cane wax alcohols In81uq8914 Therapeutic Goods

Administration )TGA( siAN3eN329815150EY Useineaadinsiae

Australian Government

Department of Health and Ageing
Therapeutic Goods Administration

Compositional Guideline for Sugar cane wax alcohols

Name of the ingredient
Sugar cane wax alcohols (SCWA) (AAN)

Definition of the ingredient

SCWA is the powdered crystalline extract obtained from the wax of the stem and leaves of the sugar cane
plant (Saccharum officinarum L.) by a saponification/extraction process. The material consists primarily
of high molecular weight straight-chain alcohols and aliphatic acids.

Table 1. Ingredient specific requirements
Test Method reference Acceptance criteria
Description
Appearance Visual Off-white
Odour Organoleptic Odourless
Characteristics
Residue on ignition Usp <0.85%
Loss on drying BP <1.0%
Melting Point 78.0 - 82.0°C
Identification
GC profile GC GC chromatogram shows
peaks for the individual
higher aliphatic primary
alcohols specified in the
assay
Compositional Guideline for Sugar cane wax alcohols Page 1 of 3

A1ANUIN-53 | RDG5850063



Test

Assay

Total content of higher aliphatic
primary alcohols

1-tetracosanol (CzsH490H)
1-hexacosanol (Cz2sHs30H)
1-heptacosanol (C27Hss0H)
1-octacosanol (CzsHs7OH)
1-nonacosanol (Cy9Hs90H)
1-triacontanol (CzoHs1OH)
1-dotriacontanol (CszHesOH)

1-tetratriacontanol (C3sHesOH)

Method reference

GC

GC

GC

GC

GC

GC

GC

GC

GC

Acceptance criteria

= 85.0%, but <90.0% by
weight

0.0-0.3%

3.0-8.0%

0.1-3.0%

60.0 - 70.0%

0.1-2.0%

10.0 - 15.0%
5.0-10.0%

0.1-5.0%

Table 2. Incidental constituents
Test Method reference Acceptance criteria
Solvent residues ICH topic Q3C* Complies
Incidental metals and non-metals
Total heavy metals USsPp 23 <10 ppm
Sodium content AAS or flame photometry <0.01% (100 ppm)
Potassium content AAS or flame photometry <0.45% (4500 ppm)

Pesticide residues and
environmental contaminants:
(including agricultural and veterinary
substances)

BP (Vol IV, Appendix XI L,
Pesticide residues; Ph Eur
method 2.8.13)

Complies

Microbiology

While substance manufacturers are encouraged to include limits for
objectionable microorganisms, it is the product into which the substance is
formulated that is subject to a legally binding set of criteria. The Therapeutic
Goods Order No. 77 ‘Microbiological Standards for Medicines’ mandates that any
finished product which contains the ingredient, alone or in combination, must
comply with the microbial acceptance criteria set by Clause 9 of the Order.

Notes

* International Conference on Harmonisation Topic Q3C- Impurities: Guidelines for residual solvents (1997)

Key to abbreviations: -
AAS = Atomic absorption spectrometry
BP = British Pharmacopoeia

GC = Gas chromatography

Compositional Guideline for Sugar cane wax

alcohols

Page 2 of 3
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Ph Eur = European Pharmacopoeia

USP = United States Pharmacopoeia

Compositional Guideline for Sugar cane wax alcohols Page 3 of 3
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a (=3 d. o . e
ATUAALKRULAYIAU sugar cane wax alcohols Y849 Complementary Medicines

Evaluation Committee (CMEC) Tusra91un1suszys CMEC psail 26 UszmAaaslnzLAe

H\S TGA

Healthand
Aped Care
Medicines
Evaluation
Committee
Extracted Ratified Minutes
Twenty Fifth Meeting
2 February 2001
(ratified at the 26 meeting of CMEC, 23 March 2001 )
Abbreviations:
ADEC Australian Drug Evaluation Committes
ADRAC Audwerse Drug Reactions Advisory Commitiee
ADRLU Avdverse Drug Reactions Unit {of TGA)
ANZFA Ausiralia New Zealand Food Authority
ARTG Australian Register of Therapeutic Goods
ASMI Australian Self Medication Industry
CHC Complementary Healthcare Council of Australia
CMEC Complementary Medicines Evaluation Commities
DSER Dirug Safiety and Evaluation Branch
ELF Electronic Lodgement Facility
JHTF Joint Herbal Task Force
MEC Medicines Evaluation Commitiee
NDPSC Mational Drogs and Poisons Schedule Commities
0OCM Office of Complementary Medicines
PHS Pharmaceutical Benefits Scheme
SUsSDP Standard for the Uniform Scheduling of Drugs and Poisons
TGA Therapeutic Goods Administration
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6.2  Sugar cane wax alcohols

A TGA officer introduced this item and explained that sugar cane wax alcohols (SCWA) are
produced following saponification of a waxy extract of Saccharum officinarum, L. The
substance does not fit the definition of a herbal substance under the Therapeutic Goods
Regulations.

Present discussion:

Discussion focussed on the similarity of SCWA to the related, more highly purified,
substance policosanol. Impurities present in SCWA are likely to also be present in
policosanol, albeit at a slightly lower level. Because of this compositional similarity,
members judged that the considerable body of published data available to support the safety
of policosanol is applicable to an assessment of the safety of SCWA.

In support of the suitability for use of SCWA in listable therapeutic goods, CMEC noted the
following:

. Clinical trials and continuing post-market vigilance of SCWA support its low risk
nature, even among older adults with pre-existing illness or disease risk factors who
are taking other medications. However clinical trials have been restricted to a daily

AMANUIN-57 | RDG5850063



dose of up to 12 mg SCWA. Safety of higher doses in humans has not been
established.

. The safety of the closely related substance policosanol has been demonstrated for up
to 3 — 5 years of usage.

. Animal studies have not identified any issues likely to be of concern for human use
of SCWA, other than the potential for placental transfer of components of SCWA.

. There is a documented history of use of SCWA as a food supplement in Cuba, and
of policosanol as a medicine in a range of South American and Eastern European
countries.

. There is some dietary consumption of long chain aliphatic alcohols although it is not

possible to quantify intake.

Members considered that SCWA is suitable for use as an active ingredient in listable
therapeutic goods, but considered that it would be prudent to place two restrictions on its use:

. a daily dose limit of 12 mg, in line with doses used in clinical trials. This would also
have the effect of limiting exposure to any impurities; and

. a label advisory statement that the substance is not suitable for use during pregnancy
and lactation, as there may be some placental transfer of the substance. However
members noted that a rat peri- and post-natal toxicity study of policosanol did not
identify any adverse outcomes for the offspring of mothers fed policosanol.

Members made the following recommendation to the TGA:

Recommendation 25.6

CMEC recommends to the TGA that ‘sugar cane wax alcohols’ is suitable for use as an
active ingredient in listable therapeutic goods, provided that the recommended daily
dose of the substance does not exceed 12 mg, and that goods containing the substance

carry the following label advisory statement:

“Not recommended for use by pregnant and lactating women” (or words to that
effect)
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JaualneNun15aUIn Lk LYa15 policosanol @ lunannmuaianisiasunIuUnds1ade
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THIS REPORT CONTAINS ASSESSMENTS OF COMMODITY AND TRADE ISSUES MADE BY
USDA STAFF AND NOT NECESSARILY STATEMENTS OF OFFICIAL U.S. GOVERNMENT
POLICY

Required Report - public distribution

Date: 12/29/2014

Food and Agricultural Import Regulations and Standards -
Narrative

FAIRS Country Report

Approved By:

Ron Verdonk (Minister-Counselor)

Prepared By:

Orestes Vasquez and Gilad Shachar

Report Highlights:

In the current report the following updates are reflected in the sections included:

e Section I. General Food Laws - The Government of Israel (GOI) approved measures to allow the opening up of the
food import market to parallel imports. The reform will enter into force on January, 2015 and includes dry goods
such as pasta, breakfast cereals, cookies, crackers, snacks, rice, and beans.

* Section V. Pesticides and Other Contaminants - Levels of polycyclic aromatic hydrocarbons (PAHs) in foods,
which will enter into force on 1/1/2015.

e Section VII. Other Specific Standards - In October, 2013 new draft regulations announced by Israel's Ministry of
Health concerns biotech foods "Public Health Regulations (Food) (Novel foods) 5773 - 2013" (G/TBT/N/ISR/710)
were notified to the WTO for comments by other members.

e Section IX. Import Procedure - New regulations limiting the advertising and marketing of alcoholic drinks.
e Section [X. Import Procedure - Revision of the Mandatory Standard SI 284 dealing with Cow's milk.
* Section IX. Import Procedure - Required documents for the shipment of milling wheat

e Section IX. Import Procedure - Revision of the Mandatory Standard SI 1208 to be replaced with SI 7301, Rice. This
draft standard revision adopts the International Standard ISO 7301 - Third edition and therefore is significantly
different from the old version

¢ Section IX. Import Procedure - In January, 2014 the Israeli Ministry of Health announced a law restricting the
advertisement and marketing of tobacco products.

¢ Section IX. Import Procedure - In September, 2014, Israel published new phytosanitary import requirements for
U.S. apples and pears.
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Ingredient name CAS number Status of request

Agmatine sulphate 2842-0-0 Denied

Alpha lipoic acid 600 mg/day 1200-22-2 Approved

Arabinogalactan 4500 mg/day 9036-66-2 Approved

Artemisia herba alba Still in discussion

Astaxanthin 5 mg/day 472-61-7 Approved

Baccharis genistelloides Cargueja Still in discussion

Betaine 1000 mg/day 107-43-7 Approved
7440-42-8; Approved

Boron Boric Acid 2 mg/day 10043-35-3

Bupleurum chinensis root Approved

Calcium phytate 3615-82-5 Still in discussion

Charcoal activated 7440-44-0 Approved

Chlorophyll and chlorophyllin copper 11006-34-1 Approved

complex 100 mg/day

Crataegus oxycantha Still in discussion

Cuscuta chinensis seeds Approved

EGCG Epigallocatechin gallate 60 989-51-5 Approved

mg/day

Genisteine Pure added to dietary 446-72-0 Denied

supplements

Glucan beta 1/3,1/6 - d - glucan 1200 912-72-0 Approved

GUAR GUM GLUCOMANNAN NATURAL Needs to add a remark: must

FIBER drink a \_ot of water when

consuming the product

Gynostemma pentaphyllum Denied

Hesperidin 50mg/day 520-26-3 Approved

Hoodia gordonii P57 Still in discussion

Hydroxycitric acid 2800 mg/day 6205-14-7 Approved

Ilex pubescens radix Still in discussion

Indole-3-carbinol 700-06-1 Denied

Inulin 9005-80-5 Approved

Lactofemin 151186-19-5 Approved

L-alpha-Glycerylphosphorylcholine 28319-77-9 Approved

hydrate (GPC) 600 mg/day

Leonurus heterophyllus above ground Approved

parts

Loranthus chinensis Approved
127-40-2; Approved

Lutein / Zeaxanthin 20 mg/day 144-68-3

Morinda cintrifolia Noni juice No more than 50 ml per day

MSM - Methyl sulfonyl methane 67-71-0 Approved

Myrica rubra fruit juice Approved

Piperine 5mg/day 94-62-2 Approved

Policosanol 40 mg/day 557-61-9 Approved

Polygala sibirica radix Still in discussion

Quercetin 250 mg/day 117-39-5 Approved

Resveratrol 10 mg/day 501-36-0 Approved

Rutin 10 mg/day 153-18-4 Approved

Silicone dioxide 1500 mg/day 7631-86-9 Approved

Soy isoflavones 50 mg/day Approved

Stannum Tin Denied

Succinic acid 400 mg/day 110-15-6 Approved

Teucrium chamaedrys Denied

Vanadium 7440-62-2 Denied

RUBLAG) iqu’sﬂu Section V. Pesticides and Other Contaminants - Levels of polycyclic

aromatic hydrocarbons (PAHSs) in foods
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FILE: = Policosanol
="Plant Sterols and Stanols
= Coronary Heart Disease

=Cholesterol

HC 040661-316
Date: November 15, 2006

RE: Plant Sterols and Stanols and Policosanol: Safety and Efficacy in Treatment of
Coronary Heart Disease

Chen JT, Wesley R, Shamburek RD, Pucino F, Csako G. Meta-analysis of natural therapies
for hyperlipidemia: plant sterols and stanols versus policosanol. Pharmacother. Feb 2005;
25(2):171-183.

Often called phytosterols, plant sterols and stanols are derivatives of cholesterol found in
vegetable oils and other natural sources. Policosanol is a mixture of aliphatic compounds
from sugarcane wax (Saccharum officinarum). Plant sterols, plant stanols, and policosanol
are used to reduce low density lipoprotein LDL ("bad") cholesterol and to improve
cardiovascular health. The United States National Cholesterol Education Program Adult
Treatment Panel IIT (NCEP ATP III) recommends a diet that includes 2 g/day of plant
sterols and stanols in order to reduce the risk of developing coronary heart disease (CHD).'
This systematic review and meta-analysis was designed to determine the efficacy and safety
of policosanol and plant sterols and stanols in reducing LDL cholesterol. A total of 52
clinical trials and 4,596 patients were included in the analysis. Randomized, double-blind,
placebo-controlled clinical trials on plant stanols and sterols and policosanol published
between January 1967 and June 2003 were pulled from the following databases: MEDLINE,
EMBASE, Web of Science, and the Cochrane Library. The trials were included in the
review if they reported LDL levels, had duration of 4 weeks or more, and included plant
stanol/sterol doses of at least 2 g/day or policosanol doses of at least 5 mg/day. A total of 23
plant sterol and stanol trials and 29 policosanol trials met the inclusion criteria.

For the plant stanol and sterol trials, the average daily dose was 3.4 g (range: 2-9 g/day), and
the average treatment duration was 8.6 weeks (range: 4-52 weeks). Preparations used in
these studies include regular margarine, rapeseed-oil margarine, salad dressing, chocolate,
butter, sausage, cold cut meats, ground beef, low-fat yogurt, reduced fat spreads, jam, and
beverages. The weighted percent LDL reduction was greater for the plant stanol and sterol
preparations (-11 %) than for the study placebos (-2-3 %) (Cumulative P<0.0001). Plant
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sterols and stanols increased high density lipoprotein (HDL) "good" cholesterol levels, but
not significantly, and had no effect on triglyceride levels. In addition, plant sterols and
stanols were better than placebo at reducing total cholesterol levels (P<0.0001) and LDL:
HDL ratios (P<0.0025). For the policosanol clinical trials, the average daily dose was 12
mg/day (range: 5-40 mg/day) and the average treatment duration was 29.6 weeks (range: 4-
104 weeks). All the policosanol trials involved tablet formulations. The weighted percent
LDL reductions were greater for the policosanol formulations (-23.7%), when compared
with placebos (-0.1%) (Cumulative P<0.0001). Policosanol was also better than placebo at
reducing total cholesterol levels (P<0.0001), reducing LDL: HDL ratios (P<0.0001), and
increasing HDL levels (P<0.0001). Policosanol caused a slight, non-significant effect on
triglycerides. By subtracting the change in lipid parameters for the placebo from the change
for the treatment groups, the net reduction was obtained. The net reduction in LDL levels,
total cholesterol levels, LDL: HDL ratio, and triglyceride levels was significantly higher for
the policosanol group, when compared with the plant stanol/sterol group (P<0.0006). The
net increase in HDL levels was greater for the policosanol group than for the plant
sterol/stanol group. However, the policosanol clinical trials generally included subjects with
higher lipid parameters at baseline.

Plant sterols and stanols and policosanol were well tolerated. For subjects in the plant sterols
and stanols trials, the dropout rate for subjects receiving plant sterols and stanols was 0%
and it was 0.15% for subjects receiving placebo. The combined relative risk of withdrawing
due to adverse effects was 0.84 (95% CI: 0.36-1.95, P=0.69). No statistically significant
effects on body weight, body mass index (BMI), blood pressure, aspartate aminotransferase
(associated with liver damage), or other laboratory parameters were observed in the plant
sterols and stanols group. However, a significant increase in average thyroid stimulating
hormone levels was reported in one study. Adverse effects associated with plant sterols and
stanols were generally mild and included gastrointestinal complaints: dyspepsia, diarrhea,
and constipation. Other adverse effects that may have been related to the dose of plant
sterols and stanols used are flatulence, acid reflux, appetite change, leg cramps, leucopenia,
and skin changes. Policosanol was well-tolerated with a drop out rate of 0.86% vs. 4.81%
for the placebo. The relative risk for withdrawing from policosanol treatment due to adverse
effects was 0.31 (95% CI: 0.20-0.48, P<0.0001). No adverse effects on body weight,
aspartate aminotransferase, BMI, blood pressure, or pulse were associated with policosanol
treatment. Mild and transient adverse effects that were associated with policosanol include
excessive sleepiness, nervousness, dizziness, insomnia, excessive thirst, overeating,
diarrhea, nausea, itchiness, joint pain, and high blood pressure. In addition, policosanol had
a negative effect on transaminase levels in patients with hepatic dysfunction.

This meta-analysis reveals that policosanol is more effective than plant sterols and stanols in
reducing LDL cholesterol levels (P<0.0001), and policosanol is more effective in reducing
LDL: HDL ratios, reducing triglyceride levels, and increasing HDL levels. Antilipidemic
therapy was effective in 97-100% of the policosanol studies and in 22-61% of the plant
stanols/sterols studies, resulting in a reduction in LDL levels of at least 10-15%. Policosanol
reduces LDL levels and increases HDL levels as much as most antilipidemic drug therapies,
and is mildly more effective than fibric acid derivatives and some low-dose statins. The
24% net cholesterol reduction achieved with policosanol is enough to reduce coronary heart
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disease risk. The literature reports additional benefits of policosanol therapy, including
antiplatelet effects, cytoprotective effects, reducing LDL oxidation susceptibility, and
improving left ventricular ejection fraction and maximum oxygen uptake in patients with
coronary heart disease. Plant sterols and stanols are also effective in treating mild to
moderate benign prostatic hyperplasia (BPH). Limitations of this meta-analysis include lack
of independence of authorship (the majority of the papers were written by a group from
Cuba, where policosanol originated), the use of plant stanol and sterol preparations that may
have lowered cholesterol on their own (like rapeseed oil margarine), and small sample sizes
in many of the studies.

The meta-analysis reveals that plant sterols, plant stanols, and policosanol are safe, with
only a few mild and transient adverse effects and low-drop-out rates in the clinical trials.
However, use of plant sterols/stanols and policosanol is not recommended for pregnant and
lactating women, due to lack of evidence regarding safety. Caution is recommended when
taking policosanol tablets along with antiplatelet and anticoagulant drugs, due to
policosanol's antiplatelet effect. Currently, two margarines containing phytosterols are
approved by the United States Food and Drug Administration to reduce cholesterol: Benecol
(McNeill Nutritionals, Fort Washington, Pennsylvania) and Take Control (Unilever/Lipton,
Englewood, New Jersey). The NCEP ATP III recommends including 2 g/day of plant sterol
and stanols to the diet, equivalent to about 2 tablespoons/day of these margarines. The
authors write that the efficacy of plant sterol and stanol dietary supplements is not proven
and eating a diet containing 2 g/day of plant sterols and stanols may be difficult for some
patients to follow over a long-term period. The authors write, "policosanol...may be an
attractive alternative to conventional cholesterol-lowering drugs." However, large,
randomized, placebo-controlled, long-term clinical trials are needed to confirm these results.
In addition, the mechanism of action for the antilipidemic activities of policosanol, plant
sterols, and plant stanols is yet to be determined.

The red yeast rice component of the cholesterol-lowering supplement Cholestin®
(Pharmanex, Inc.) was replaced with policosanol following a legal dispute with the
manufacturers of the drug lovastatin, a constituent of red yeast rice.

—Marissa Oppel, MS
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1.National Cholesterol Education Program (NCEP) Expert Panel on Detection, Evaluation, and Treatment of
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SCIENTIFIC OPINION

Scientific Opinion on the substantiation of health claims related to
policosanols from sugar cane wax and maintenance of normal blood
LDL-cholesterol concentrations (ID 1747, 1748, 1864, 1951, 1954, 4693) and
maintenance of normal blood HDL-cholesterol concentrations (1D 1747,
1748, 1864, 1951, 1954, 4693) pursuant to Article 13(1) of Regulation (EC)
No 1924/2006'

EFSA Panel on Dietetic Products, Nutrition and Allergies (NDA)Z‘ 3

European Food Safety Authority (EFSA), Parma, Italy

SUMMARY

Following a request from the European Commission, the Panel on Dietetic Products, Nutrition and
Allergies was asked to provide a scientific opinion on a list of health claims pursuant to Article 13 of
Regulation (EC) No 1924/2006. This opinion addresses the scientific substantiation of health claims
in relation to policosanols from sugar cane wax and maintenance of normal blood LDL-cholesterol
concentrations and maintenance of normal blood HDL-cholesterol concentrations. The scientific
substantiation is based on the information provided by the Member States in the consolidated list of
Article 13 health claims and references that EFSA has received from Member States or directly from
stakeholders.

The food constituent that is the subject of the health claims is policosanols from sugar cane wax. The
Panel considers that policosanols from sugar cane wax are sufficiently characterised.

Maintenance of normal blood LDL-cholesterol concentrations

LI

The claimed effects are “cholesterol”, “support for healthy blood lipid levels”, and “cardiovascular
system”. The target population is assumed to be the general population. In the context of the proposed
wordings, the Panel assumes that the claimed effects refer to the maintenance of normal blood

On request from the European Commission, Question No EFSA-Q-2008-2480, EFSA-Q-2008-2481, EFSA-Q-2008-2597,
EFSA-Q-2008-2684, EFSA-Q-2008-2687, EFSA-Q-2010-00646, adopted on 08 April 2011.

Panel members: Carlo Agostoni, Jean-Louis Bresson, Susan Fairweather-Tait, Albert Flynn, Ines Golly, Hannu Korhonen,
Pagona Lagiou, Martinus Levik, Rosangela Marchelli, Ambroise Martin, Bevan Moseley, Monika Neuhiuser-Berthold,
Hildegard Przyrembel, Seppo Salminen, Yolanda Sanz, Sean (J.J.) Strain, Stephan Strobel, Inge Tetens, Daniel Tome,
Hendrik van Loveren and Hans Verhagen. Correspondence: nda(@efsa.europa.eu

Acknowledgement: The Panel wishes to thank for the preparatory work on this scientific opinion: The members of the
Working Group on Claims: Carlo Agostoni, Jean-Louis Bresson, Susan Fairweather-Tait, Albert Flynn, Ines Golly, Marina
Heinonen, Hannu Korhonen, Martinus Levik, Ambroise Martin, Hildegard Przyrembel, Seppo Salminen, Yolanda Sanz,
Sean (J.].) Strain, Inge Tetens, Hendrik van Loveren and Hans Verhagen. The members of the Claims Sub-Working Group
on Cardiovascular Health/Oxidative Stress: Antti Aro, Marianne Geleijnse, Marina Heinonen, Ambroise Martin, Wilhelm
Stahl and Henk van den Berg.

&

w

Suggested citation: EFSA Panel on Dietetic Products, Nutrition and Allergies (NDA); Scientific Opinion on the
substantiation of health claims related to policosanols from sugar cane wax and maintenance of normal blood
LDL-cholesterol concentrations (ID 1747, 1748, 1864, 1951, 1954, 4693) and maintenance of normal blood
HDL-cholesterol concentrations (ID 1747, 1748, 1864, 1951, 1954, 4693) pursuant to Article 13(1) of Regulation (EC) No
1924/2006. EFSA  Journal  2011;9(6):2255. [19pp.].  doi:10.2903/j.efsa.2011.2255.  Available  online:

www.efsa.europa.ew/efsajournal

© European Food Safety Authority, 2011

AANUIN-64 | RDG5850063



~ efsam

European Faod Safety Autheriy Policosanols from sugar cane wax related health claims

LDL-cholesterol concentrations. The Panel considers that maintenance of normal blood
LDL-cholesterol concentrations is a beneficial physiological effect.

In weighing the evidence, the Panel took into account that the results from human intervention studies
which assessed the effects of policosanols from sugar cane wax on total and LDL-cholesterol
concentrations were inconsistent, and that no evidence for a mechanism by which policosanols from
sugar cane wax could exert the claimed effect has been provided.

On the basis of the data presented, the Panel concludes that a cause and effect relationship has not
been established between the consumption of policosanols from sugar cane wax and maintenance of
normal blood LDL-cholesterol concentrations.

Maintenance of normal blood HDL-cholesterol concentrations

The claimed effects are “cholesterol”, “support for healthy blood lipid levels”, and “cardiovascular
system”. The target population is assumed to be the general population. In the context of the proposed
wordings, the Panel assumes that the claimed effects refer to the maintenance of normal
HDL-cholesterol concentrations. The Panel considers that maintenance of normal HDL-cholesterol
concentrations (without increasing LDL-cholesterol concentrations) is a beneficial physiological
effect.

In weighing the evidence, the Panel took into account that the results from human intervention studies
which assessed the effects of policosanols from sugar cane wax on HDL-cholesterol concentrations
were inconsistent, and that no evidence for a mechanism by which policosanols from sugar cane wax
could exert the claimed effect has been provided.

On the basis of the data presented, the Panel concludes that a cause and effect relationship has not
been established between the consumption of policosanols from sugar cane wax and maintenance of
normal blood HDL-cholesterol concentrations.

KEY WORDS

Policosanols, sugar cane wax, LDL, HDL, cholesterol, health claims.
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INFORMATION AS PROVIDED IN THE CONSOLIDATED LIST

The consolidated list of health claims pursuant to Article 13 of Regulation (EC) No 1924/2006*
submitted by Member States contains main entry claims with corresponding conditions of use and
literature for similar health claims. EFSA has screened all health claims contained in the original
consolidated list of Article 13 health claims which was received by EFSA in 2008 using six criteria
established by the NDA Panel to identify claims for which EFSA considered sufficient information
had been provided for evaluation and those for which more information or clarification was needed
before evaluation could be carried out’. The clarifications which were received by EFSA through the
screening process have been included in the consolidated list. This additional information will serve
as clarification to the originally provided information. The information provided in the consolidated
list for the health claims which are the subject of this opinion is tabulated in Appendix C.

ASSESSMENT

1. Characterisation of the food/constituent

The food constituents that are the subject of the health claims are “policosanols”, “sugar cane extract”
and “policosanol/blend of aliphatic alcohols - consisting primarily of 1-Octacosanol, 1-Triacontanol,
1-Tetracosanol and 1-Hexacosanol - from sugar cane (Saccharum officinarum)”.

Commercial policosanol preparations are a mixture of long-chain primary alcohols derived from sugar
cane wax (Saccharum officinarum 1.) with chain lengths varying from 24 to 34 carbon atoms.
Policosanols can also be derived from a variety of other plant sources, including wheat germ oil, and
their composition depends on the source.

From the references provided, the Panel assumes that the food constituent which is the subject of the
health claims is policosanols from sugar cane wax.

Sugar cane-derived policosanols contain 66-67 % octacosanol (28-C), 12-14 % triacosanol (30-C),
7-8 % hexacosanol (26-C) and 11-15 % of other carbon alcohols, including tetracosanol (24-C),
heptacosanol (27-C), nonacosanol (29-C), dotriacontanol (32-C) and tetratriacontanol (34-C) (Natural
Medicines Comprehensive Database, 2006).

The Panel considers that the food constituent, policosanols from sugar cane wax, which is the subject
of the health claims, is sufficiently characterised.

2. Relevance of the claimed effect to human health

2.1. Maintenance of normal blood LDL-cholesterol concentrations (ID 1747, 1748, 1864,
1951, 1954, 4693)

The claimed effects are “cholesterol”, “support for healthy blood lipid levels”, and “cardiovascular

system”. The Panel assumes that the target population is the general population.

In the context of the proposed wordings, the Panel assumes that the claimed effects refer to the
maintenance of normal LDL-cholesterol concentrations.

4 Regulation (EC) No 1924/2006 of the European Parliament and of the Council of 20 December 2006 on nutrition and
health claims made on foods. OJ L 404, 30.12.2006, p. 9-25.

5 EFSA Panel on Dietetic Products, Nutrition and Allergies (NDA), 2011. General guidance for stakeholders on the
evaluation of Article 13.1, 13.5 and 14 health claims. EFSA Journal, 9(4):2135, 24 pp.
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Low-density lipoproteins (LDL) carry cholesterol from the liver to peripheral tissues, including the
arteries. Elevated LDL-cholesterol, by convention >160 mg/dL (>4.1 mmol/L), may compromise the
normal structure and function of the arteries.

The Panel considers that maintenance of normal blood LDL-cholesterol concentrations is a beneficial
physiological effect.

2.2. Maintenance of normal blood HDL-cholesterol concentrations (ID 1747, 1748, 1864,
1951, 1954, 4693)

The claimed effects are “cholesterol”, “support for healthy blood lipid levels”, and “cardiovascular
system”. The Panel assumes that the target population is the general population.

In the context of the proposed wordings, the Panel assumes that the claimed effects refer to the
maintenance of normal HDL-cholesterol concentrations.

High-density lipoproteins (HDL) act as cholesterol scavengers, and are involved in the reverse
transport of cholesterol in the body (from peripheral tissues back to the liver). Conversely,
low-density lipoproteins (LDL) carry cholesterol from the liver to peripheral tissues, including the
arteries.

The Panel considers that maintenance of normal HDL-cholesterol concentrations (without increasing
LDL-cholesterol concentrations) is a beneficial physiological effect.

3. Scientific substantiation of the claimed effect

3.1. Maintenance of normal blood LDL-cholesterol concentrations (ID 1747, 1748, 1864,
1951, 1954, 4693)

Some of the references provided for the scientific substantiation of the claim reported on health
outcomes (e.g. platelet aggregation, intermittent claudication, in vifro LDL oxidation) other than
changes in the blood lipid profile. Also, narrative reviews on the effects of policosanols on blood
lipids were provided. The Panel considers that no conclusions can be drawn from these references for
the scientific substantiation of the claim.

Fourteen references reported on 13 human intervention studies which investigated the effects of
policosanol consumption on blood lipids. Two references reported on the same study (Kassis and
Jones, 2006, 2008).

All of these studies except four (Berthold et al., 2006; Francini-Pesenti et al., 2008a; 2008b; Kassis
and Jones, 2006, 2008) were conducted in Cuba in Cuban subjects by a single research team using
policosanols from Cuban sugar cane wax produced by a single company. In these placebo-controlled,
double-blind, randomised controlled trials, the efficacy of policosanols on blood lipids was studied in
groups of hypercholesterolaemic subjects (non-insulin dependent diabetics, post-menopausal women,
elderly, subjects at high risk of coronary heart disease) (Batista et al., 1996; Canetti et al., 1997,
Castaio et al., 1995; Castano et al., 1999; 2001; 2005; Crespo et al., 1999; Pons et al., 1994), and in
one group of healthy subjects (Herndndez et al., 1992). Sample sizes varied between 22 and 244
subjects, doses between 5 and 20 mg policosanols per day, and treatment periods between four weeks
and 24 months. In one study using 10 mg/day policosanols, subjects (n=85) were followed up for five
years (open three-year follow up after participation in a two-year controlled intervention trial).
Efficacy was found to be maintained during this long-term follow up (Canetti et al., 1997). In these
studies the (statistically significant) reductions reported for total and LDL-cholesterol concentrations
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varied between 17-21 % and 21-29 %, respectively. Similar results were reported in a meta-analysis
of randomised controlled trials in which these studies were included (Chen et al., 2005).

A multicentre (lipid outpatient clinics and general practitioners in Germany), randomised,
double-blind, placebo-controlled, parallel group intervention trial was designed to corroborate the
reported lipid-lowering effects of policosanols from Cuban sugar cane wax. The policosanols used in
this study were provided by the same company as in the studies described above (Berthold et al.,
2006). A total of 143 subjects with hypercholesterolaemia or combined hyperlipidaemia
(LDL-cholesterol concentrations >3.88 mmol/L) and either no or one risk factor for cardiovascular
disease (CVD) other than known coronary heart disease (CHD), or baseline LDL-cholesterol
concentrations between 3.88 and 4.89 mmol/L and two or more risk factors for CVD, were
randomised to one of the five following groups after an open-label six-week placebo and diet run-in
phase: 10 mg/day (n=28), 20 mg/day (n=27), 40 mg/day (n=27), or 80 mg/day (n=32) of policosanols,
or placebo (n=29). The intervention phase lasted 12 weeks. Sample size was calculated based on the
percentage change of LDL-cholesterol concentrations from baseline, a level of significance of
p<0.025 (1-sided), and a power of 80 %. It was expected that the active treatment would result in an
LDL-cholesterol decrease of at least 10 % (with an SD of 11 %) compared with placebo. To achieve
the calculated power, 20 patients per intervention group were needed. Results were analysed on an
intention-to-treat basis. A total of 129 subjects completed the trial. In none of the five treatment
groups did LDL-cholesterol concentrations decrease more than 10 % from baseline. No statistically
significant differences between any of the policosanol groups and placebo were observed. There was
no significant dose-response relationship between policosanol intake and changes in LDL-cholesterol
concentrations. No statistically significant differences between any of the policosanol groups and
placebo were observed for any of the secondary outcome measures, i.e. total cholesterol,
HDL-cholesterol, VLDL-(very low density lipoprotein) cholesterol, triglycerides, lipoprotein(a), and
ratio of total or LDL- to HDL-cholesterol. The Panel notes that this study does not show an effect of
policosanols at doses from 10 to 80 mg/day on LDL-cholesterol concentrations.

In a double-blind, randomised, placebo-controlled study, 68 subjects with LDL-cholesterol
concentrations between 160 and 250 mg/dL followed a normocaloric diet according to the National
Cholesterol Education Program Adult Treatment Panel III for three months, and thereafter were
randomised to consume either two tablets of policosanols (each tablet containing 10 mg policosanols
from Cuban sugar cane wax) or placebo (calcium phosphate, calcium carbonate and magnesium
stearate) after dinner for eight weeks, while following their usual lifestyle and a normocaloric diet
(Francini-Pesenti et al., 2008a). It was estimated that to achieve 80 % power to detect a reduction in
serum LDL-cholesterol concentrations of 20 % at a 2-sided significance level of 5 %, 30 subjects per
group would be required. Thirty-one subjects (16 males, mean age 52+6 years) in the policosanol
group and 32 subjects (14 males, mean age 54+7 years) in the placebo group completed the study.
Reasons for withdrawal were reported and analyses were provided on completers only. No
statistically significant changes in total or LDL-cholesterol concentrations (-2.8 mg/dL vs. -2.0 mg/dL,
p=0.34; -0.9 mg/dL vs. -0.3 mg/dL, p=0.89, respectively) nor in HDL-cholesterol concentrations
(+1.9 mg/dL vs. +2.9 mg/dL, p=0.66) were observed between the policosanol and the placebo groups.
The Panel notes that this study does not show an effect of policosanol consumption at doses of
20 mg/day on blood LDL-cholesterol concentrations.

The same group conducted another double-blind, randomised, placebo-controlled study in which
70 subjects with LDL-cholesterol concentrations between 4.0 and 5.2 mmol/L who had reduced their
LDL-cholesterol concentrations more than 0.3 mmol/L by following a normocaloric diet according to
the National Cholesterol Education Program Adult Treatment Panel III were randomised to consume
one tablet daily containing either 10 mg of policosanols from Cuban sugar cane wax or placebo
(calcium phosphate, calcium carbonate and magnesium stearate) after dinner for eight weeks, while
following their usual lifestyle and a normocaloric diet (Francini-Pesenti et al., 2008b). Power
calculations were performed as described in the study by Francini-Pesenti et al. (2008a). Thirty-three
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subjects (11 males, mean age 48+5 years) in the policosanol group and 31 subjects (14 males, mean
age 53+6 years) in the placebo group completed the study. Reasons for withdrawal were reported and
analyses were provided on completers only. No statistically significant changes in total or
LDL-cholesterol concentrations (-0.01 mmol/L vs. -0.05 mmol/L, p=0.69; -0.01 mmol/L vs. +0.11
mmol/L, p=0.94 respectively), nor in HDL-cholesterol concentrations (+0.07 mmol/L vs.
+0.03 mmol/L, p=0.66) were observed between the policosanol and the placebo groups. The Panel
notes that this study does not show an effect of policosanol consumption at doses of 10 mg/day on
blood cholesterol concentrations.

In a double-blind, placebo-controlled, cross-over study by Kassis and Jones (2006, 2008) 22 subjects
with LDL-cholesterol concentrations between 3.0 and 5.0 mmol/L. were recruited to receive either
10 g margarine containing 10 mg policosanols derived from sugar cane wax or a placebo margarine
for 28 days each, with a 28-day wash-out period in between. A sample size of 21 was calculated to
provide an 80 % probability of detecting a difference of 20 % between groups in the parameters
measured, using a coefficient of variation of 15-20 %. Statistical significance was set at p<0.05.
Twenty-one subjects (12 males, mean age 57.842.1 years) completed the study. On day 25 of each
study period, subjects were administered 10 g of margarine providing 75 mg of stable isotope-labelled
cholesterol in order to assess cholesterol absorption. On day 28 of each study period, a dose of
deuterium oxide was given to subjects in order to determine the amounts of cholesterol biosynthesis
by measuring deuterium incorporation into red blood cell membrane free cholesterol over 24 hours.
No statistically significant changes were observed in total or LDL-cholesterol concentrations
(+1.8£3.0 % vs. -4.0+£3.0 %, p=0.18; +4.5+4.0 % vs. -1.6+4.0 %, p=0.28, respectively), nor in HDL-
cholesterol concentrations (-2.7+£3.0 % vs. -7.4+3.0 %, p=0.19) between the intervention and placebo
periods. No statistically significant differences in the area under the curve (AUC) for cholesterol
absorption or in the fractional rate of cholesterol synthesis were found between the intervention and
the control periods. The Panel notes that this study does not show an effect of policosanol
consumption at doses of 10 mg/day on blood cholesterol concentrations, on cholesterol absorption, or
on the rate of endogenous cholesterol synthesis.

The Panel notes that although the majority of the studies conducted in Cuban subjects reported
significant reductions in total and LDL-cholesterol concentrations between 17-21 % and 21-29 %
respectively following consumption of policosanols from sugar cane wax at doses between 5 and
20 mg/day, no effect on total or LDL-cholesterol concentrations was found in human intervention
studies conducted in other parts of the world at doses ranging from 10 to 80 mg/day.

The Panel also notes that no effect of policosanols from sugar cane wax on cholesterol absorption or
on the rate of endogenous cholesterol synthesis has been observed in vivo in humans (Kassis and
Jones, 2006, 2008), and that no evidence for a mechanism by which policosanols could exert the
claimed effect has been provided.

In weighing the evidence, the Panel took into account that the results from human intervention studies
which assessed the effects of policosanols from sugar cane wax on total and LDL-cholesterol
concentrations are inconsistent, and that no evidence for a mechanism by which policosanols from
sugar cane wax could exert the claimed effect has been provided.

The Panel concludes that a cause and effect relationship has not been established between the
consumption of policosanols from sugar cane wax and maintenance of normal blood LDL-cholesterol
concentrations.
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3.2, Maintenance of normal blood HDL-cholesterol concentrations (ID 1747, 1748, 1864,
1951, 1954, 4693)

The same human intervention studies described in section 3.1 also reported on the effects of
consumption of policosanol from sugar cane wax on HDL-cholesterol concentrations. Whereas the
nine human intervention studies conducted in Cuban subjects generally reported a statistically
significant increase in HDL-cholesterol concentrations which varied between 8 and 15 % (Batista et
al., 1996; Canetti et al., 1997; Castaiio et al., 1995; Castaiio et al., 1999; 2001; 2005; Crespo et al.,
1999; Hernandez et al., 1992; Pons et al., 1994), no significant effect was observed in the four studies
conducted in other parts of the world (Berthold et al., 2006; Francini-Pesenti et al., 2008a; 2008b;
Kassis and Jones, 2006, 2008), and no evidence for a mechanism by which policosanols from sugar
cane wax could exert the claimed effect has been provided.

In weighing the evidence, the Panel took into account that the results from human intervention studies
which assessed the effects of policosanols from sugar cane wax on HDL-cholesterol concentrations
are inconsistent, and that no evidence for a mechanism by which policosanols from sugar cane wax
could exert the claimed effect has been provided.

The Panel concludes that a cause and effect relationship has not been established between the
consumption of policosanols from sugar cane wax and maintenance of normal blood HDL-cholesterol
concentrations.

CONCLUSIONS

On the basis of the data presented, the Panel concludes that:

e The food constituent, policosanols from sugar cane wax, which is the subject of the health
claims, is sufficiently characterised.

Maintenance of normal blood LDL-cholesterol concentrations (ID 1747, 1748, 1864, 1951, 1954,
4693)

e The claimed effects are “cholesterol”, “support for healthy blood lipid levels”, and
“cardiovascular system”. The target population is assumed to be the general population. In the
context of the proposed wordings, it is assumed that the claimed effects refer to the
maintenance of normal LDL-cholesterol concentrations. Maintenance of normal blood
LDL-cholesterol concentrations is a beneficial physiological effect.

e A cause and effect relationship has not been established between the consumption of
policosanols from sugar cane wax and maintenance of normal blood LDL-cholesterol
concentrations.

Maintenance of normal blood HDL-cholesterol concentrations (ID 1747, 1748, 1864, 1951, 1954,
4693)

e The claimed effects are “cholesterol”, “support for healthy blood lipid levels”, and
“cardiovascular system”. The Panel assumes that the target population is the general
population. In the context of the proposed wordings, it is assumed that the claimed effects
refer to the maintenance of normal HDL-cholesterol concentrations. Maintenance of normal
HDL-cholesterol concentrations (without increasing LDL-cholesterol concentrations) is a
beneficial physiological effect.

EFSA Journal 2011:9(6):2255 9
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e A cause and effect relationship has not been established between the consumption of
policosanols from sugar cane wax and maintenance of normal blood HDL-cholesterol
concentrations.

DOCUMENTATION PROVIDED TO EFSA

Health claims pursuant to Article 13 of Regulation (EC) No 1924/2006 (No: EFSA-Q-2008-2480,
EFSA-Q-2008-2481, EFSA-Q-2008-2597, EFSA-Q-2008-2684, EFSA-Q-2008-2687, EFSA-Q-2010-
00646). The scientific substantiation is based on the information provided by the Member States in
the consolidated list of Article 13 health claims and references that EFSA has received from Member
States or directly from stakeholders.

The full list of supporting references as provided to EFSA is available on:
http://www.efsa.europa.eu/panels/nda/claims/article13.htm.
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APPENDICES
APPENDIX A

BACKGROUND AND TERMS OF REFERENCE AS PROVIDED BY THE EUROPEAN COMMISSION

The Regulation 1924/2006 on nutrition and health claims made on foods® (hereinafter "the
Regulation") entered into force on 19" January 2007.

Article 13 of the Regulation foresees that the Commission shall adopt a Community list of permitted
health claims other than those referring to the reduction of disease risk and to children's development
and health. This Community list shall be adopted through the Regulatory Committee procedure and
following consultation of the European Food Safety Authority (EFSA).

Health claims are defined as "any claim that states, suggests or implies that a relationship exists
between a food category, a food or one of its constituents and health".

In accordance with Article 13 (1) health claims other than those referring to the reduction of disease
risk and to children's development and health are health claims describing or referring to:

a) the role of a nutrient or other substance in growth, development and the functions of the
body; or

b) psychological and behavioural functions; or

¢) without prejudice to Directive 96/8/EC, slimming or weight-control or a reduction in the
sense of hunger or an increase in the sense of satiety or to the reduction of the available
energy from the diet.

To be included in the Community list of permitted health claims, the claims shall be:

(i) based on generally accepted scientific evidence; and
(11) well understood by the average consumer.

Member States provided the Commission with lists of claims as referred to in Article 13 (1) by 31
January 2008 accompanied by the conditions applying to them and by references to the relevant
scientific justification. These lists have been consolidated into the list which forms the basis for the
EFSA consultation in accordance with Article 13 (3).

ISSUES THAT NEED TO BE CONSIDERED

IMPORTANCE AND PERTINENCE OF THE FOOD’

Foods are commonly involved in many different functions® of the body, and for one single food many
health claims may therefore be scientifically true. Therefore, the relative importance of food e.g.
nutrients in relation to other nutrients for the expressed beneficial effect should be considered: for
functions affected by a large number of dietary factors it should be considered whether a reference to
a single food is scientifically pertinent.

¢ 0JLI12, 18/01/2007
7 The term 'food' when used in this Terms of Reference refers to a food constituent, the food or the food category.
# The term "function’ when used in this Terms of Reference refers to health claims in Article 13(1)(a), (b) and (c).
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It should also be considered if the information on the characteristics of the food contains aspects
pertinent to the beneficial effect.

SUBSTANTIATION OF CLAIMS BY GENERALLY ACCEPTABLE SCIENTIFIC EVIDENCE

Scientific substantiation is the main aspect to be taken into account to authorise health claims. Claims
should be scientifically substantiated by taking into account the totality of the available scientific
data, and by weighing the evidence, and shall demonstrate the extent to which:

(a)  the claimed effect of the food is beneficial for human health,

(b)  acause and effect relationship is established between consumption of the food and the
claimed effect in humans (such as: the strength, consistency, specificity,
dose-response, and biological plausibility of the relationship),

(c) the quantity of the food and pattern of consumption required to obtain the claimed
effect could reasonably be achieved as part of a balanced diet,

(d) the specific study group(s) in which the evidence was obtained is representative of the
target population for which the claim is intended.

EFSA has mentioned in its scientific and technical guidance for the preparation and presentation of
the application for authorisation of health claims consistent criteria for the potential sources of
scientific data. Such sources may not be available for all health claims. Nevertheless it will be
relevant and important that EFSA comments on the availability and quality of such data in order to
allow the regulator to judge and make a risk management decision about the acceptability of health
claims included in the submitted list.

The scientific evidence about the role of a food on a nutritional or physiological function is not
enough to justify the claim. The beneficial effect of the dietary intake has also to be demonstrated.
Moreover, the beneficial effect should be significant i.e. satisfactorily demonstrate to beneficially
affect identified functions in the body in a way which is relevant to health. Although an appreciation
of the beneficial effect in relation to the nutritional status of the European population may be of
interest, the presence or absence of the actual need for a nutrient or other substance with nutritional or
physiological effect for that population should not, however, condition such considerations.

Different types of effects can be claimed. Claims referring to the maintenance of a function may be
distinct from claims referring to the improvement of a function. EFSA may wish to comment whether
such different claims comply with the criteria laid down in the Regulation.

WORDING OF HEALTH CLAIMS

Scientific substantiation of health claims is the main aspect on which EFSA's opinion is requested.
However, the wording of health claims should also be commented by EFSA in its opinion.

There is potentially a plethora of expressions that may be used to convey the relationship between the
food and the function. This may be due to commercial practices, consumer perception and linguistic
or cultural differences across the EU. Nevertheless, the wording used to make health claims should be
truthful, clear, reliable and useful to the consumer in choosing a healthy diet.

In addition to fulfilling the general principles and conditions of the Regulation laid down in Article 3
and 5, Article 13(1)(a) stipulates that health claims shall describe or refer to "the role of a nutrient or
other substance in growth, development and the functions of the body". Therefore, the requirement to
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describe or refer to the 'role' of a nutrient or substance in growth, development and the functions of
the body should be carefully considered.

The specificity of the wording is very important. Health claims such as "Substance X supports the
function of the joints" may not sufficiently do so, whereas a claim such as "Substance X helps
maintain the flexibility of the joints" would. In the first example of a claim it is unclear which of the
various functions of the joints is described or referred to contrary to the latter example which
specifies this by using the word "flexibility".

The clarity of the wording is very important. The guiding principle should be that the description or
reference to the role of the nutrient or other substance shall be clear and unambiguous and therefore
be specified to the extent possible i.e. descriptive words/ terms which can have multiple meanings
should be avoided. To this end, wordings like "strengthens your natural defences" or "contain
antioxidants" should be considered as well as "may" or "might" as opposed to words like
"contributes", "aids" or "helps".

In addition, for functions affected by a large number of dietary factors it should be considered
whether wordings such as "indispensable", "necessary", "essential" and "important" reflects the
strength of the scientific evidence.

Similar alternative wordings as mentioned above are used for claims relating to different relationships
between the various foods and health. It is not the intention of the regulator to adopt a detailed and
rigid list of claims where all possible wordings for the different claims are approved. Therefore, it is
not required that EFSA comments on each individual wording for each claim unless the wording is
strictly pertinent to a specific claim. It would be appreciated though that EFSA may consider and
comment generally on such elements relating to wording to ensure the compliance with the criteria
laid down in the Regulation.

In doing so the explanation provided for in recital 16 of the Regulation on the notion of the average
consumer should be recalled. In addition, such assessment should take into account the particular
perspective and/or knowledge in the target group of the claim, if such is indicated or implied.

TERMS OF REFERENCE

HEALTH CLAIMS OTHER THAN THOSE REFERRING TO THE REDUCTION OF DISEASE RISK AND TO
CHILDREN'S DEVELOPMENT AND HEALTH

EFSA should in particular consider, and provide advice on the following aspects:

» Whether adequate information is provided on the characteristics of the food pertinent to the
beneficial effect.

» Whether the beneficial effect of the food on the function is substantiated by generally
accepted scientific evidence by taking into account the totality of the available scientific data,
and by weighing the evidence. In this context EFSA is invited to comment on the nature and
quality of the totality of the evidence provided according to consistent criteria.

» The specific importance of the food for the claimed effect. For functions affected by a large
number of dietary factors whether a reference to a single food is scientifically pertinent.

In addition, EFSA should consider the claimed effect on the function, and provide advice on the
extent to which:

% the claimed effect of the food in the identified function is beneficial.
» acause and effect relationship has been established between consumption of the food and the
claimed effect in humans and whether the magnitude of the effect is related to the quantity
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consumed.

» where appropriate, the effect on the function is significant in relation to the quantity of the
food proposed to be consumed and if this quantity could reasonably be consumed as part of a
balanced diet.

» the specific study group(s) in which the evidence was obtained is representative of the target
population for which the claim is intended.

» the wordings used to express the claimed effect reflect the scientific evidence and complies
with the criteria laid down in the Regulation.

When considering these elements EFSA should also provide advice, when appropriate:
» on the appropriate application of Article 10 (2) (c) and (d) in the Regulation, which provides

for additional labelling requirements addressed to persons who should avoid using the food;
and/or warnings for products that are likely to present a health risk if consumed to excess.
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APPENDIX B

EFSA DISCLAIMER

The present opinion does not constitute, and cannot be construed as, an authorisation to the marketing
of the food/food constituent, a positive assessment of its safety, nor a decision on whether the
food/food constituent is, or is not, classified as foodstuffs. It should be noted that such an assessment
is not foreseen in the framework of Regulation (EC) No 1924/2006.

1t should also be highlighted that the scope, the proposed wordings of the claims and the conditions of
use as proposed in the Consolidated List may be subject to changes, pending the outcome of the
authorisation procedure foreseen in Article 13(3) of Regulation (EC) No 1924/2006.
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APPENDIX C

Table 1. Main entry health claims related to policosanols, including conditions of use from similar
claims, as proposed in the Consolidated List.

1D Food or Food constituent Health Relationship Proposed wording
1747 | Policosanol / Blend of Cholesterol Policosanol helps to maintain healthy

aliphatic alcohols - cholesterol levels / contributes to
consisting primarily of 1- good LDL cholesterol level /
Octacosanol, 1- contributes to good HDL cholesterol
Triacontanol, 1- level
Tetracosanol and 1-
Hexacosanol - from sugar
cane (Saccharum
officinarum).
Conditions of use
- 5-40 mg/day

D Food or Food constituent Health Relationship Proposed wording

1748 | Policosanol [from sugarcane
wax (Saccarum

officinarum)]

Support for Healthy
Blood Lipid Levels

Support for Healthy Blood Lipid
Levels/ Natural Blood Lipid Support/
Policosanol supports healthy lipid
metabolism/ Policosanol may
promote LDL binding, uptake, and
degradation/ Policosanol may help
maintain healthy blood pressure
levels already within normal range

Conditions of use

- The recommended daily dosage: 5 to 20 mg/day

ID Food or Food constituent

Health Relationship

Proposed wording

1864 | Sugar cane extract Cardiovascular system Increases beneficial HDL
cholesterol./ Beneficial for the heart
and blood vessels.

Conditions of use
- Food supplement containing 10-20 mg of sugar cane extract with policosanol in the daily
dose.
No clarification provided by Member States
ID Food or Food constituent Health Relationship Proposed wording
1951 | Policosanols Cholesterol Helps to decrease cholesterol

biosynthesis, which is higher during
the night./ Helps to decrease hepatic
production of cholesterol, more
elevated at night./ Helps to control
blood levels of cholesterol./ Helps to
improve cholesterol profile.

Conditions of use

- Atleast 5 mg per day
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ID Food or Food constituent Health Relationship Proposed wording
1954 | Policosanols Cholesterol Helps to decrease cholesterol

biosynthesis, which is higher during
the night./ Helps to decrease hepatic
production of cholesterol, more
elevated at night. Helps to control
blood levels of cholesterol./ Helps to
improve cholesterol profile.

Conditions of use

- Atleast 5 mg per day

ID Food or Food constituent Health Relationship Proposed wording
4693 | POLICOSANOL Cardiovascular system Reducing cholesterol levels
benefit

Conditions of use

- Oral administration, capsules or tablets
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GLOSSARY AND ABBREVIATIONS

AUC

CVD

CHD

HDL

LDL

VLDL

Area under the curve
Cardiovascular disease
Coronary heart disease
High-density lipoproteins
Low-density lipoproteins

Very low-density lipoproteins
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Mixture of aliphatic alcohols derived from sugar cane - DESCRIPTION
’ Mixture of aliphatic alcohols derived from
wax shown to help promote healthy cholesterol levels \ sugar cane wax shown to help promote healthy

: z 3 T 3 holesterol levels without side effects. Al
without side effects. Also functions as an antioxidant. Fre o i o

functions as an antioxidant.
HOW SUPPLIED
60 Micro-tabs per bottle.
KEY FEATURES
- Contains over 50% Octacosanol, a derivative of a wax found DIRECTIONS
in the sugar cane plant, found to manage lipid accumulation in Tor 2 Micro-tabs daily, with or without meals
fatty tissue and oxidation in the blood stream
- Naturally contains eight other higher primary aliphatic acids

that assist in lowering cholesterol Supplement Facts

Servieg Size 1 Microtad  Servings Per Costainer 60

- Helps increase levels of beneficial HDL cholesterol — T oy vaon
- Sourced from the clinically-researched and documented Sugar Policasanal (from sugar cane) 23 mg

Cane material (not from Beeswax)

- Few known side effects or prescription-drug interactions

- New micro-tab technology provides complete dose in a highly
compact, easy to take Micro-tab

- Twice as potent as most available products - a full 23 mg of
Policosanol per Micro-tab

INDICATIONS

Policosanol is indicated for use to assist in the following:
- Promote healthy levels of Cholesterol
- Promote raising levels of High-Density Lipoprotein Cholesterol
- Inhibiting lipid oxidation

| ANasouic
UBORATORIES

POLICOSANOL
MICROTABS ==

=2 ANABOLIC ——

LABORATORIES

Pharmaceutical Made Nutritional Products Since 1924
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Accumulation of Low-Density Lipoprotein (LDL) cholesterol

in the arteries can decrease blood flow to crucial areas of the
body. This can lead to a variety of negative health issues. One
key aide in preventing LDL buildup is High Density Lipoprotein
Cholesterol (HDL-C) or “good” cholesterol. HDL-C not only
curbs LDL buildup, but also removes excess cholesterol from the
bloodstream. Inhibiting cholesterol oxidation in the blood stream
is also important in maintaining good cardiovascular health. Not
allowing cholesterol to harden in the arteries allows for greater
blood flow and more oxygen delivered to vital organs and muscle
tissue. Policosanol, a mixture of various aliphatic alcohols, has
been found to promote healthy cholesterol levels and slow down
cholesterol oxidation?.

POLICOSANOL MICROTABS o 7110800

Octacosanol, the main ingredient in Policosanol, works as a
powerful antioxidant to help maintain healthy arteries. This in tum
helps to support healthy cholesterol levels in the bloodstream.

New Micro-Tab manufacturing technology allows for a much
smaller tablet than usual, even with full 23 mg potency. These
miniature tablets can improve patient compliance.

WARNINGS:

Octacosanol may cause dizziness and increase nervous tension

in patients suffering from Parkinson’s disease, especially those
taking Levodopa. (4) Also use caution if taking in conjunction with
anticoagulant or anti-platelet medication >-¢
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in vitro copper-mediated lipid peroxidation: A random, double blind pilot study. Current Therapeutic Research Vol. 61, No, 9.
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6. Arruzazabala ML, Carbajal D: Effects of policosanol on platelet aggregation in rats. Thrombosis Res. 1993; 69(3):321-32

THe ANABOLIC DIFFERENCE

Anabolic Laboratories’ nutritional products are made in a rex
Our in-house lab

by the United States Food and Drug Administration

(FDA) and Drug Enforcement Administration (DEA). We also maintain a Good

licensed and
pharmaceutical facili
fadilities are routinely inspecte

manufacturing

Manufacturing tice (GMP) certification from the Natural Products Associati

As a pharmaceutical manufacturer, the standards used for raw materials, production

ceed FDA requirements fol ional products

industry. Our pharmaceutical requirements for manufacturing are the foundation for
the guaranteed quality of our nutritional products. Anabolic Laboratories sets the

tandard for label accura
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dic Y DA for pt

nt industry potency and purity as

tical and nutritional f ucts.

AnabolicLabs.com
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