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Abstract

There are 2 parts in this project; 1) study on create a value to Maphrao Kathi by focus on
utilization of liquid endosperm for possibility to be a part of cosmetic formula and 2) study on
possibility to create value for by-product (coconut husk) by focus on tannin extraction and
utilization of extracted tannin. The study of first activity took 4 years and the second activity just
2 years. The details of them as follows:

The first year project (Oct.2016- Sep.2017) study on properties of liquid endosperm since
it was focus to utilize as a part of cosmetic product. The harvested Maphrao Kathi nuts from
Khanthulee coconut plantation was opened and taken out the liquid and solid endosperm. The
sweetness of liquid endosperm was determined by using Hand reflextometer. Then the samples
were carried to Chumphon Horticultural Research Center (CHRC) from initial preparation. The
liquid endosperm were examined and grouped into 3 groups; normal, turbid and jelly endosperm.
Those 3 sample types were sent to analyzed sugar content at Central Laboratory (Thailand) Co.
ltd., Bangkok. While the soft coconut meat of each nut were analysed for fat content at CHRC
laboratory. The result showed that jelly endosperm of Maphrao Kathi may not suit for cosmetic
products due to sugar content and sweetness of itself.

The second to forth year project (Oct.2017- Sep.2019) study on cosmetic formula with
many trial of set up ratio of cosmetic product that added liquid endosperm of Maphrao Kathi
from hybrid variety. at 5, 10,15 and 20 % in formula of 4 products such as lotion, bath gel,
shampoo and facial gel. The experiments were set up at Faculty of Pharmacy, Silpakorn University,
Nakhon Prathom province. There were 4 steps of experiment; 1) study on basic formula 2)
develop formula of 4 products (shampoo, bath gel, lotion and facial gel) to compare physical and
such as pH and viscosity in each formula 3) select the best formula which gave the cosmetic
products in good physical appearance, optimum viscosity, pH before and after storage for long
term study for one year. In this step (during the third year), the 3 of 4 products were developed
and passed all physical and microbial evaluations except the facial gel needed to be studied
more for the improvement and it was succeed in the last year of project. 4) the product’s
formula was continued study on the optimum of liquid endosperm to be in formula. The result
showed that the maximum of 20%w/w in the formula was accepted. . For the shelf-life in term
of microbial contamination of each product was determined by Challenge test (antimicrobial
activities for a preservative with Standard of USP41 chapter51; Antimicrobial Effectiveness testing)

at faculty of Pharmacy, Mahidol University. The result of the challenge test showed that all



cosmetic formula had a shelf life of 2 years. The product samples were taken to Horticulture
Research Institute for sensory evaluation. The results of the sensory test were shown to be
satisfied.

While the first activity goes on, the second activity was approved and added in this project
in the 3" year of project. In second activity composed of 3 experiments. In 1 experiment focus
on extraction of tannins in the coconut husk in which this is an alternative way to utilize the
young coconut husk as a by-product from the young coconut cutting process for export. The
study aims to find out the optimum conditions for tannin extraction of young coconut husk. Then
in following year, study on utilization the extracted tannin focusing on coconut pest control and
waste water treatment.

The tannin extraction was studied, coconut samples was included green husk (exocarp)
and white soft husk (mesocarp) of young coconut nut (approximately 7 months) which samples
size approximately 1-2 cm. and less than 6 percent of moisture. The extraction was carried out
for 24 hours at room temperature by using 10, 25, 50, 75, 95 % (v/v) ethanol as an extraction
solvent. Ratio of the material to ethanol was 1 : 6 ¢/ml. The filtered solution was boiled for 6
hours at 60 degrees Celsius for removing ethanol. The determination of total tannin by using
reaction with Folin — Denis reagent and the absorbance was measured at 760 nm by UV - Vis
spectrophotometer. The results showed that the extraction yields of tannin from green husk of
young coconut husk achieved was 84.9 — 209.0 mg/ke and white soft husk of young coconut husk
achieved was 40.9 - 104.0 mg/kg. The highest concentration of tannins compounds was found in
the extraction by using 75% (v/v) ethanol, it showed 207.6 mg/kg in green husk of young coconut
husk and 104.0 me/kg in white soft husk of young coconut husk.

The extraction of tannin from coconut husk was studied the efficacy to inhibit the growth
of 2 coconut insect pests, which are black headed caterpillar; Opisina arenosella and coconut
leaf beetle; Brontispa longissima in comparison with the tannin extracts from cassava. The effects
of tannin extracts were also studied on the natural enemies of coconut insect pests; Goniosus
nephantidis and Asecodes hispinarum. The tests were conducted at the Entomology and Zoology
Laboratory, Plant Protection Research and Development Office, from October 2018 to September
2019. The tannin extraction from coconut husk used in this experiment contained the active
ingredient content of 248.89 ¢/1 ke. of coconut husk in 95% ethyl alcohol solvent. Before testing,
the extracts were adjusted the concentration according to each treatment and the treatments
were tested by spraying method on Opisina arenosell and Brontispa longissima and dry film

method on Goniosus nephantidis and Asecodes hispinarum. The results of growth of all 4 insect



species were checked every day until the insects die or being adult. The results showed that
tannin extracts had no effects on Opisina arenosella and Brontispa longissima growing and
developing into adults as normal and these extracts also had no effect on Goniosus nephantidis
and Asecodes hispinarum. Therefore. Using tannin extract for controlling 2 insect pests of coconut
may be necessary to increase the amount of active ingredients. However, this research had not
been received the results for controlling coconut insect pests but had been known as a
preliminary data for further development of research on plant extract development especially
the tannin extract from coconut for the future.

Study on the efficiency of a tannin extracts from coconut husk for wastewater treatment
is an alternative way to utilize and value added for the young coconut husk as a by-product from
the young coconut cutting process. The study was determined at Horticulture Research Institute,
Department of Agriculture, from January to September, 2019. The tannin extracted solutions
results from dry coconut husk which it was carried out for 24 hours at room temperature by using
75% (v/v) ethanol as an extraction solvent (ratio of the material to ethanol was 1 : 6 ¢/ml) and
the filtered solution was boiled for 6 hours at 60 degrees Celsius for removing ethanol.
Continually, the experiments of efficiency of wastewater treatment were observed in 2 sources
of wastewater which collected from coconut processing factory and household. The experiments
arrangement was a completely randomized design (CRD) with 5 treatments as follow: (1) without
application of tannin extracts (control), (2) application of tannin extracts to wastewater at the
ratio of 1:1000, (3) application of tannin extracts to wastewater at the ratio of 1:100, (4) application
of tannin extracts to wastewater at the ratio of 1:50, and (5) application of tannin extracts to
wastewater at the ratio of 1:20. The results of efficiency of tannin extracts in wastewater from
coconut processing factory showed that the tannin extracts is able to treat pH and turbidity of
water at 4 hours after treatment which significantly different from without application of tannin
extracts. Further, the results showed at 6 hours after treatment which the application of tannin
extracts is causing substance in wastewater to be deposited then the wastewater is getting clearly.
The application of tannin extracts to wastewater at the ratio of 1:100 had the high efficiency to
be able treat wastewater. This treatment shows (1) the lowest of the turbidity of 215 NTU
significantly compare with the control treatment (273 NTU) (2) the highest of DO of 3.30 mg./L.
while the control treatment was 3.30 mg./L (3) the lowest of BOD of 1,245 mg./\. while the control
treatment was 2,150 mg./Ll. and the efficiency of BOD at after treatment were 40 percent.
Furthermore, the results of efficiency of tannin extracts at 6 hours after treatment in wastewater

from household showed that pH has no significant difference. The application of tannin extracts
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to wastewater at the ratio of 1:100 had the high efficiency to be able treat wastewater. This
treatment shows (1) the lowest of the turbidity of 75 NTU compare with the control treatment
(92 NTU) (2) the highest of DO of 6.05 mg./\. while the control treatment was 2.80 mg./l (3) the
lowest of BOD of 57.2 mg./L. while the control treatment was 104 mg./l. and the efficiency of BOD

at after treatment were 41 percent.
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Abstract

The harvested Maphrao Kathi nuts from Khanthulee coconut plantation was opened and
taken out the liquid and solid endosperm. The sweetness of liquid endosperm was determined
by using Hand reflextometer. Then the samples were carried to Chumphon Horticultural Research
Center (CHRC) from initial preparation. The liquid endosperm were examined and grouped into
3 groups; normal, turbid and jelly endosperm. Those 3 sample types were sent to analyzed sugar
content at Central Laboratory (Thailand) Co. ltd., Bangkok. While the soft coconut meat of each
nut were analysed for fat content at CHRC laboratory. The result showed that jelly endosperm
of Maphrao Kathi may not suit for direct utilization as ingredient of cosmetic products due to

sugar content and sweetness of itself.
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thuzndngiwuuld Asait 1 ASait 2 \de
6/7/59
pH 5.9 6.2 6.1
AUWITU (°Brix) 4.8 4.6 4.7
Invert sugar (g/100g)’ 3.02 2.74 -
Reducing sugar (g/100g) * 1.36 Not detected -
Total sugar [HPLC] (g/100g) 3.55 2.79 3.2
Glucose 1.61 1.25 -
Sucrose 1.21 1.54 -
Fructose 0.73 <0.05 -
Maltose Not detected Not detected -
Lactose Not detected Not detected -
Usnaunsadilownseld (9) 0.033 - -
131nzﬁl,wuszjumm ASsii 1 Al 2 \ade
6/7/59
pH 6.1 6.5 6.3
AUWITU (°Brix) 5.0 5.3 5.2
Invert sugar (g/100g)* 4.13 3.73 -
Reducing sugar (g/100g)’ Not detected Not detected -
Total sugar [HPLC] (g/100g)° 3.57 3.23 3.4
Glucose 1.37 1.33 -
Sucrose 2.20 1.90 -
Fructose Not detected Not detected -
Maltose Not detected Not detected -
Lactose Not detected Not detected -

Usunaunsanlamsale (%)

0.054

* 3Bveaau compendium of methods for food analysis (2003) p.2-84 to 2-86

“ FBneaeu compendium of methods for food analysis (2003) p.2-84 to 2-86

> 35aeu In-house method based on compendium of method for food analysis (2003) p 2-80 to p 2-81
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ihngiwuudunia ASai 1 ASait 2 \de
6/7/59
pH 6.4 6.6 6.5
AU (°Brix) 7.0 6.6 6.8
Invert sugar (g/100g)* 4.33 10.41 -
Reducing sugar (g/100g)’ 1.63 Not detected -
Total sugar [HPLC] (¢/100g)® 4.76 2.33 3.5
Glucose 1.57 0.80 -
Sucrose 2.59 1.53 -
Fructose 0.60 Not detected -
Maltose Not detected Not detected -
Lactose Not detected Not detected -

Usunaunselatmsele (%)

0.033
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A15NAABIN 1.2 NISHAIUINANNUINLATDIEIDNINNAIUNANIINULNI1INST

Study on Cosmetic Formula included liquid endosperm of Maphrao Kathi
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Abstract

The study was done during October 2017- September 2019 with aim of utilizing coconut
water of Makapuno as one ingredient in cosmetic formula. Value addition and increasing
Makapuno utilization would be one of supporting community base production. In this research,
Makapuno hybrid was collected from Khanthulee coconut seed garden, Surat Thani province for
basic study such as nut component and total soluble solid of coconut water. Then the cosmetic
fomular trial were set up at Faculty of Pharmacy, Silpakorn University, Nakhon Prathom province
with many trial of set up ratio of cosmetic product that added liquid endosperm of Maphrao Kathi
from hybrid variety at 5, 10,15 and 20 % in formula of 4 products such as lotion, bath gel, shampoo
and facial gel. There were 4 steps of experiment; 1) study on basic formula 2) develop formula
of 4 products (shampoo, bath gel, lotion and facial gel) to compare physical and such as pH and
viscosity in each formula 3) select the best formula which gave the cosmetic products in good
physical appearance, optimum viscosity, pH before and after storage for long term study for one
year. In this step (during the third year), the 3 of 4 products were developed and passed all
physical and microbial evaluations except the facial gel needed to be studied more for the
improvement and it was succeed in the last year of project. 4) the product’s formula was
continued study on the optimum of liquid endosperm to be in formula. The result showed that
the maximum of 20%w/w in the formula was accepted. . For the shelf-life in term of microbial
contamination of each product was determined by Challenge test (antimicrobial activities for a
preservative with Standard of USP41 chapter51; Antimicrobial Effectiveness testing) at faculty of
Pharmacy, Mahidol University. The result of the challenge test showed that all cosmetic formula
had a shelf life of 2 years. The product samples were taken to Horticulture Research Institute for

sensory evaluation. The results of the sensory test were shown to be satisfied.
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= a 1 L9 1 @ ] % 4‘ a a a6 :’1
peALTaded 1381 5 Wl wazwusdiegrniuinwliiionsiausuiuqdunidvianun (Total plate
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3. gLy gaunall Ussua 4 - 7 eseniwalded (8o SHARP Ju 3J - D58L-GY u. n3elnenis
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5. 1A3edinAudunsn - A1e (B%e scotth U3EM leweufila ngamn Usznelne)
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Wansremaiouls nsfinyiauINIsveINaneni Ny tnfianauens1IINAuLEnsIINgn 100%
(waurnnualuszning?) Inedudnumyaisas 2 wa daudeny 5-11 ou ﬁwmmfﬂlﬁa WAEWAILINTG
vouiousnnngd lnewu iougndnasiunasynntiadeud 10-11
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wWaen tmiinide thwiind wiinszidiaeteyassiusenouromansninnedidelusunsuadi wa
sl ineann udsdl

1) A uYeueni Se¥adaetados Hand reflextometer lugu¥osazaasuiunuasuds
flavangldvianun (Total Soluble Solids) wud1 Armmulnsladsvesue i gnrautmeunyd (Hu
5.0% liuandnnsadffuiugneiignuaudn 4 Wug lown vuedaneil nanevsiunsi uangdindensii

wazIAgALAINET Bellmnuuveaieniuagy 5.6, 6.3, 5.8 Uay 5.7 n3U AuEWY

'
aad Y

2) winnauniiiuaen Ingladevssuzningnuaungiidanuuand1eiunieadainsegauaing

1 [

Watlu 95% laeiSeaddutivin (nn.faka) wasseauauLanAlaldu nandwsiunyd 2.57a Wiarda

q
1%

el 2.34ab Wvieungdi 2.07c uagdvidens? 2.14bc Uaviagduningd 1.78d auanu dauimiin
YpanaUanUian (dehusked nut) Yugnsna wauznsni wazaunny LUiANUwANA19 UN19aD f
dusuiegnaugndnnnuindnuiluged

3) uniinveanavaniien (dehusked nut) Inedsvesuzningnuaniineunsd {u 1.30

[YERRY)

a o ' 1 | aa 3 a a v 6 v ! ' =3 a v a v a =
ﬂiaﬂill(ﬂ@&la INLLGIﬂG]WQVIWQﬁOG]ﬂU ‘Llﬁqﬂ%i/l@ﬂ&lﬁll@ﬂ 4 WU VL@LLﬂ NAAARNZN VEANDNINUNEN mm&yja

AUAIAU

4) i (coconut water) lngladsesugninagnuaniiveunsd 1w 109 nfusena Ll

wAnNAInsanRfuRugneignuandn 4 wug lawn ueianzd Lanonsiunsi vargdidensi was
wangAunangyt Failiiwinvesdiuening iady 300, 220, 310 uag 190 NS AUANU LA

[
Y

5) dniiniile (coconut meat) lnatadevasusningnuauiieunsd 1Uu 222.5 nfusena Ll

wanAInsanRfuRugnesignuandn 4 Wug lauwn uedanzd anonsdunsi uargdvdensi was

wangaunenegdt Jalldmdnillensniiiede 687.1, 563.5, 647.5 uar 441.5 nfusiona AuE1AU wagld

Basgvimusinaluiu Tutlengninnedt wudr uendngnuandweunsi dUsinalufiunde fovax

s 1 < a a =

43.9 diuugninnefignuaniug undansd nandnsiunsy uargdmdens uazuaigduninsy &

9 9 U
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[

Usunalvduade Seuay 38.9, 44.3, 45.7, uay 42.9 audau Naddsldlainsisinanisana
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1. m3AnwnuantRvesIngRvzninsiingsluiinseinauszindy u.Aauins
msdanadnuaigillvesgninngd wuin fdnvazneuenmilounzwiniily difeanely
vosnafiuanasaInueniniusau fe fidoseu fu yadefauenga \efaunuivssnm 2-3
uRles wdudauun-souveszniudargn Ssavifivanutu taelunaiivosuasiidnumsdu
witlen Fvila visaiidguen fidetu q vudntes
sgwdngd 1 wa danadsveniwiiniofinnyan uazdniini Andufesas 89.1 uaz 10.9 de
thwiinea (113797 1) Sarandunse-ane waveglutng 6.47 uasisnaumia 15008.81 cps (11319

i 2)

A5197 1 UATNHALATUNINZNS 1IN

. uznsIngiviana ihntiniidefinnzan dwtfniaendngd
o (n5u) N3y Souay N3y Souay
1 757.36 694.14 91.65 63.22 8.35

2 1,253.70 1,084.71 86.52 168.98 13.48
3 928.70 838.03 90.24 90.67 9.76
4 1,093.60 94594 86.50 147.63 13.50
5 982.12 884.43 90.05 97.69 9.95
6 995.03 882.55 88.69 112.48 11.30
7 995.10 896.10 90.05 99.00 9.95
/e 1000.80 889.41 89.10 111.38 10.90

A15199 2 Aadeaudunse-ane (pH) wazauniinresihugninngiusasiieeng

Freeafi manudunsa-Ae  ARLNTA (cps)
1 6.50 36,056.00
2 6.69 8,871.67
3 6.54 23,870.67
q 6.46 11,322.33
5 6.49 7,542.67
6 6.38 8,043.34
7 6.25 9,355.00
\nde 6.47 15,008.81

A " .
*cps AB centipoise
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2. Msnagasiniu
o o X v ~ o a ~ o v A | ) °
nMnegeugnsiTuiugu IalUSeuiieuansanussisiuararsiniilussuiiuandieiulunisyin
4 wandouet Ao wn latu ayviad Wwasewmi lanadadl

o o

1. dnfunvay limeaeardsuumumlngldasiaduazansanussdsiaiunniisiy wazSouiiie
USimstnueninngfiluindudesas 5, 10, 15 uag 20 wui LL%;JWUGTW%’Uﬁ 3 "Lﬁmﬁmﬁmszﬁﬁﬁﬁqm war5ey
azvoshuendnefinld 19l88esay 20 linunisiwdsuudade q Tnefivasenandunse-s wae 8.2
(M5197 3 uaz 4)

2. f¥uladu leveasandeladulngldansaiiiunnseiu wasSeudisudsuasimznd
nefilusn¥udosas 5, 10, 15 waw 20 wud Tadush3udl 1 1ikansariiafan uazdosasinueninngiid
14 MledeSosay 20 linunswasundas Tnefidrsanudunsa-ang 1wae 6.6 (1597 5 waz 6)

3. ffuayimaa limeaousisuayuadlagldarsaifiuandieiu wasIouiiouyiuu
ugninedlus3viosas 5, 10, 15 wag 20 wud1 aywmawinful 1 ldndnsusifiaiian uazdosasin
wzndngAifld 19ladedosas 15 ldnuniswdsundas Tnefldrsmnudunsa-amduniouaiaeds
5.8 WuMsAnIANAN Wuan 45 Su fiaanudunsa-ssanas wie 3.85 (151971 7 waz 8)

4. dr¥ueadnat livaasuniouiisunadimilagldaisaiifiunnsneiu Ao carbopol,
poloxamer way sodium chloride 1Wuansnetaa wazldhuzndnngifosay 5 lussu wuin Wwada
wii3ufl 3 A4 sodium chloride Wuansnowaa lenansaeiaa Inefivrsanudunsa-aamsanioy
\@59 1wAe 5.8 dunsdnwiauaid Wunan 45 Su daanudunsa-sauads 3.85 (115797 9 was

10)

3. MIAALEINAITUNA IINNTFUNATNYULNINIEAN wazUTeilugn e Funimun

L= o

3.1 N1SANLABNAISUNR 1NNITNABDINAUINARDUNTNY 4 NANHUN WU LORAASTUNNA

a [

U 3 HANSUI A wyuy laty wazayvan duimsulradamtnsdedinisiauisell lnenanis
naaswhuRngavesuam Tadu uazaymad Ao gnsdl 3, 3 waz 3 Mud iy wagldiiinans mineral
oil asllussulatuitelidelatudouvitu (st 11)

3.2 nsnaassvifesazfimunzanlunisldiiusnialui Suilddndenuiuds Taonsin
ARSI 4 f3uavien Tngldhusndnngitesas 50, 70, 80, 90 uay 100 InenagouRLENET
wuutu wazuula Sesiunsnaeeslsdunuds wui IiiSuiidvemansasisiuu 3 vda fo wva
Tadu uazaywan drueadanihliiudguasielaa

3.2.1 drfuduy 1nn1InaaesladndendiSukeungns 3 1% WU Sevazaes
Usinahusndnliiinasesdn$u dnvasmanenmudsinumsmageuanuasialiasuulasnnid 1

Aaudunsa-araaay 8.10 (M15197 12-16)
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3.2.2 f3uladu Mnmameasdlddadendiuladugns 1 uvhen wuih Yenazuos

Usinahusndnliiinasesnu dnvasmamenmvdsinumsmageuanuasialliasuulasnnidn 1
Aanufunsa-maade 6.96 (M5197 17-21)
3.2.3 fFuayman annsmaaedlddadondifuaymanges 1 uwhen lnsvaaesiosaznislddn
uzn§ned vedeunuuty wazuutla nut thugwiniianugu la vienrumialuvihiulifinase
13U dnwaEnenenmudumsageuauAs liuasuudasnnth Smanudunse-anaede
5.00 (51971 22 way 23)

o 1%

3.2.4 A15URAANNNLN INHANISNAABLATEURISURaa1teeld HEC Wuaisneowaa

o e

wazltiuendngiludisun 20 wWeosidud wuln lendadunigm lagivreanudunsn-ananaansau

a0

I ] = W | = I3 Y] &, ! | @ A
L@ AURAYNINY 6.5 NIUNITANYIANAY LUUNEAN 45 71U UANANULUUNTA — A9 "meﬂmmua&mu

'
1 a

Weddny danadeegluyie pH wiiu 6

= = = Y v ] ' = = = !
ﬂ'ﬁLUﬁElULVIEJUﬂ'NNVU@‘SU@QLQ@@WQVUWI@?J 1. NMINAFDULUUANTILLTI WU LadSauLneuan

[

ANNTLATEIINNTOUNS 6 TounallinuLana s UeEHTydAYNISERR HIm151991 27 (A1 p-value

1110771 0.05) 2. N5 NauunnTivied wuln wWawUSaulfsua1Auuniae 8 dUavwad tufiainy

9 Y

[y 1 )=

1 v o w ) a ] ' ' = ] ) '
LANAINNUDENUULEIALY AINITIN 29 (AT p —value 11ANI1 0.05) uazA pH lafanuunnaneiuegig

ISR LY (%

NilpdAny Aem15199 30 (A1 p-value 1NNIT 0.05)

lﬂl o -&J
f19719N 3 dATNTTULINNNUI Y

N
WYHUNFNTN 1
Uy

aAneasiy Fhegadl 1 Fegail 2 Fhegei 3 Fhegail 4
s 5 10 15 20
SLES N 28 50 50 50 50
Cocomine ME 5 5 5 5
Preservative 2.4 2.4 24 24
Glycerine 2 2 2 2
H,O gs to 100 100 100 100

pH 8.2 8.2 8.2 8.2
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WYLNENSN 2

GIEINM) Fegnafl 1 Fegnait 2 fegnafl 3 fegnail 4
dhaznd 5 10 15 20
Texapon AE-3ST 50 50 50 50
Cocomine ME 5 5 5 5
Preservative 2.4 24 24 24
Glycerine 2 2 2 2
H,O gs to 100 100 100 100
pH 7.4 7.4 7.6 7.6

o
LYHUNFATN 3
RURT)

qmé?qéfu Fregnadl 1 Freeafl 2 Fregafl 3 Freenil 4
thugni 5 10 15 20
Sodium Lauryl Sulphate 50 50 50 50
SLES N 28 25 25 25 25
Cocomine ME 3 3 3 3
NaCl 2.4 2.4 2.4 2.4
Cetiol HE 3 3 3 3
Bronidox L 0.2 0.2 0.2 0.2
H,O gs to 100 100 100 100
pH 8.2 8.2 8.2 8.2
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é’ﬂwmzﬁmauﬁumauaﬂ

0819 pH — -
GNCEREHIGER 45 1
Younardv gy dnsadntes  arsazatouen 3 Hu
o firwveallougninvuianios  duanenaznou
fogen 1 8.2 py .
Funasladivdesosu
g 1 Y
TUUUT UL U Y
YouvaidvItu Ineadntes  ansavateuen 3 U
u firwvesdouzninuuantey  dudrmnaznou
fegn 2 8.2 p . Do L
Funantladindesgauuinni feg1en 1
& & Ly
TUUUU UL WY
Younardvnyu dneadntey  arsazatunen 3 Gu
firwvestouzninluantey  duanwnnaznau
fRgNn 3 8.2 Funasladmdesgauunnii fed1ad 1,
FAI9EN991 2
g < Y
TUUUTULH LY
Younadvgu Ineadndes  ansazateuen 3 U
o firwveallongninuuianios  Juannnaznou
fegn 4 8.2

YUNANEFLNRDIBIUNINNTT AIDEN9N 1,

Y 1 r.:l' Y 1 PN & & (3
FAIDYNN 2, AIBY1IN 3 “IIUU‘L!LU‘ULLNU'Q‘U

*fegradenduiull 45 Yy
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é’ﬂwmzﬁmauﬁumauaﬂ

0819 pH — -
NRWATLUAT 45 Ju
u yoavadld dneudntosy ansavaluuen 3 U TuaNRNAZNDU
fegn 1 T4 p s L
Funatdba TuuuduuEuiy
o 4 Youmardunaqu fneadntdes  veunadla lufiwes dwdesseuninni
Mo 2 7.4 o
fag1a7 1
YoUVaIFYIYUNINNT Fege  vauunadla ldiines Awdesdouninnin
fegefl 3 7.4 91, fegnedl 2 dweudniey  F1eegaR 1, fiegnan 2
YoUMAIFUIYUNINNT Fege  vanunadla ldiines Awdesdouninnin
f0gN 4 7.4 N 1WANUBYNIN $298199 2, Feg1an 1, HI08197 2, AI88197 3
fegi 3 dvlesdntes
WYLYENSN 3
RURT)
e anuyaElowiuneuen
PLERN pH — - pH
VRWATEUAT 45 Ju
Mgl 1 82  wewvadld dnsadntes vouvaila Lidivles 8.0
fegnil 2 82  wewmadld dvlevdndes vaamadla laivies 8.0
Mgl 3 82  wewviadla dvnu dvlendniey  veunadla liufivies 8.0
Mgl ¢ 8.2  wewvadld vy dvlendniey  veswadla lulives 8.0

ﬂ. o U U ‘i’{j
13191 5 qmmsu‘[awwugm

latugnsi 1

GIENECT)

o 1 A
FIDYN 1

f98197 2

f7087197 3 fnee199 4

s 5 10 15 20
Sepigel 305 2 2 2 2
Paraben cone 2 2 2 2
H,0O gs to 100 100 100 100
pH 6.6 6.6 6.6 6.6




ladugnsn 2

36

GENECT)

@ = @ =
FIDENN 1 FIDENNN 2

f708199 3

F08199 4

dhaznd
Multicare Am.50 KC
Paraben cone

H,O gs to

pH

5 10
2 2
2 2
91 86
6.6 6.6

15
2
2

81

6.6

20
2
2

76

6.6

ladugnsn 3

GELNECT)

@ = @ =
FIDENN 1 FIDENN 2

f708199 3

F08199 4

dhaznd 5 10 15 20
Sepiplus S 2 2 2 2
Paraben cone 2 2 2 2
H,O gs to 100 100 100 100
pH 6.6 6.6 6.6 6.6

A3 6 aNBUENINIEN VBRI FULATUNUE Y

latuansi 1

é’ﬂwmzﬁuauﬁumsuaﬂ

9819 pH — — pH
NABATYULETD 45 Ju
o \eomsuiaaa 119U nila \ersuiaa Y1y
fedn 1 6.6 .. . e 6.6
Inadniley nilalvalaiantasdliuieu
o 4 \emsuiaaa 919U nila \ersuAaa 319U
mednil 2 66 . . 6.6
Tyilwa ANUnllnanandntiay
X a4 1 - L o |
y WeATunwaa ¥ 1Yu viln \eATunuaa 31y
£ 1 9 9
Medil 3 6.6 . e e 6.5
Inadntiay ANUnllnaudntey
X a4 1 - L o |
o 4 WeAsunuaa ¥1Yu viln \eATunuaa 319y
fedn 4 6.6 6.6

lailva

ANuninanadantioy
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é’ﬂwmzﬁmauﬁumauaﬂ

819 pH — -
VGNEREHIERS 45 Ju

o 4 WeATuwIa ¥ 1YU viln \eATunuaa ¥y

fegenl 1 6.6 . 1
Inaidnilosy Aanas dlliuaeu

o 4 WeaATuwIa ¥1YU viln \eATunuaa Y1y

Mo 2 6.6 . e a s
Tailva Auminanas Tdmdeudnies

o 4 \eAsuAwIa ¥ 1Yu niln \eAsunwa Y1y

fegui 3 6.6 .. . e a s
lyaianiee Auminanas Tdmdeudnies

o 4 \eAsunwIa ¥ 1Yu viln \eAsunwa Y1y

Meg1en 4 6.6

lailva

ANMUNTAARNAY LAMNRDININAIN EXL,2,3

*fegrdenaniuly 45 Ju

SNWULNND Lﬁ‘Nﬂ’] guDn

0819 pH — -
NAUNTHULAT 45 Ju
2 & < & = v
o ansavatwenn Wullowaunn  Wuilslaaazidun Junila
Mmegan 1l 6.6 | |
11A33 viilaan
2 & < & = Y A4 oo =
o o4 ansavatwenn Wullowaunn  Wuilslaaaziden Junila Feanwiaes
Mg 2 66 . . ..
1A3U nHRUIN antey
o asazarwen Wullewawnn  Wuillowaszdun dunie dies3u @
fegNn 3 66 . . o e
1A3U nHRUIN Wagu Tdmdenantes
o asazarwen Wulewawnn  Wuillowaszidun Tunie Hies3ud
ALY 4 6.6

913U MUALIN

Wasy Naa Dy

*fegradenduiuly 45 Ju
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AN Fegnafl 1 Fegnail 2 feghad 3
thugndng 5 10 15
Sodium lauryl ether sulfate N 28 50 50 50
Comperlan KD a4 4 4
Dimethicone 1 1 1
Cetiol HE 3 3 3
Glycerine 0.5 1 1.5
Sodium chloride 0.5 0.5 0.5
Citric acid 0.5 0.5 0.5
MP:PP (10:1) 0.2 0.2 0.2
H,O gs to 100 100 100
pH 5.8 5.8 5.8

M15199 8 dNwaENINIEANYBIINTUAYIMAINUEIY

é’ﬂwmzﬁmauﬁumauaﬂ

TPRIAN pH — - pH
VRUATLUATT a5 Ju
o 4 arsavarpdvgwandes dan  arsazanedungudntdes day
fegenl 58 L Y v s 3.94
nilaiantey nilaiantey
= 1 =3 2/ IS a 1 < 2/ a
o asavangdungudnies ey ansaratgdvIYuanley 1A
Mg 2 58 L, i v 3.69
nilaiantey nilaiantey
= 1 =3 2/ IS a 1 < 2/ IS
o asazangdungudnies Ay ansarangdvnuianies day
Med 3 6.6 3.93

A ® v
NUALANUDY

] ® v
NUALNUDY
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39

gn37ily carbopol tWuansnewaa

U ! dl
FIDENN 1

f708199 2

f798199 3

f708799 4

dhaznd

Ammonium lauryl ether sulfate
Carbopol 940
Triethanolamine
Cocamido propyl betain
Cocamide

Propylene

Glycerine

MP:PP (10:1)

H,O gs to

pH

5
30
1

2
2
100%
6.5

5
35
1

2
2
100%
6.5

5
30
2

100%
6.5

5
35
2

100%
6.5

e v & !
gn571lY poloxamer \Juansrielaa

o 1
FIDYN 1

f7087197 2

f7087197 3

f708197 4

thugni

Ammonium lauryl ether sulfate
Poloxamer

Cocamido propyl betain
Cocamide ME

Propylene

Glycerine

MP:PP (10:1)

H,O gs to

pH

5
30
2

as
100%
55

5
35
2

as
100%
55

5
30
4

gs
100%
55

5
35
a4

as
100%
55




gna7ild NaCl \uansnewaa RLERN

thaznd 20
Ammonium lauryl ether sulfate 30
NaCL 2
Cocamido propyl betain 3
Cocamide ME 1
Propylene 2
Glycerine 2
MP:PP (10:1) 0.2
H,O gs to 100%

A159991 10 SNYAENNNIENTNVDIITULRIAA WU UFIY

wasantgasi 1

ﬁﬂwmzﬁmamﬁumauaﬂ

TPRIAN pH — - pH
PRNATOULESD 45 Yy
waduwandes niadndes  wadmdssseuyuiantey
Mg 1 65  lvalalilewdes niadnties Tualadlaldes 7.47
& a & 9
Wonasuiduin
a 1 < v = < v a & 1 1 I3 v
wadutwantes niadnies admdessUYULANTRY
Mg 2 65  lvalalilewdes niadnties lualailades 5.36
X a & 9
Wotaasuduin
= a a ] < v
waavladneseimawnsn wadugwanios la
Mg 3 65 fanundeunn lulvadisdes Ip991NFAkNIA AANUntaLIn - 5.79

Tulvalades Wosmada

= a a ] < v
LWwaFvIlalNeIDINAWNSTA WwadvuLantey la
o8 4 6.5 Hanundeunn hilvadieldes INe901INIALNSA ANuUntauIn - 5.25

Tulvadlades Wosrada




Wadmtgnsi 2
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é’ﬂwmzﬁmauﬁumauaﬂ

0819 pH — - pH
VONCEEHIGED 45 fu
Megi 1 55  wadunla livdae lualadedes  wadvla lunde waladiedss  6.07
Megen 2 55  wadunla hindae lualddedes  wadvdla ivle lnalsledss 536
= AN o’ v v = N o’ v v
o wadvla niladnies ualddle  wadvnla wiladntdey Tnals
fregeit 3 55 . 5.79
1989 ERIGEN
= - v = N’ v 9
o wadunla wiladnios Inalidle  wadvila niadntes luale
Mg 4 55 i 5.25
BRK SRIGEN
Wadantgnsi 3
o anvaurINewAUNIEUN
Mg pH — _ pH
VONCEEHIGED 45 fu
o wadvla niladnies ualddle  wadvnla wiladndes Tnals
Megil 1 6.0 6.0

L8

FRIGER

M990 11 gusisundndueinlasunisdndon

1. L.L‘SZJZLI‘V‘\IJ

duusznau Sovay
thuznd 20
Sodium lauryl sulphate 5
SLES N 28 25
Cocomine ME 3
NaCl 2.4
Cetiol HE 3
Bronidox L 0.2
H,O gs to 100
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2. aywian
drulsznau Sovay
thuzndn 20
Sodium lauryl ether sulphate N 28 5
Comperlan KD a
Dimethicone 1
Cetiol HE 3
Glycerine 0.5
Sodium chloride 0.5
Citric acid 0.5
MP:PP (10:1) 0.2
H,O gs to 100
3. Tadiu
drudsznau Sovay
thuznd 20
Sepigel 305 3
Paraben cone 10:2 2
Mineral oil 10
H,O gs to 100
4. LAAANNLN

drudsznau Sovay
Coconut juice 20
Ammonium lauryl ether sulphate 30
NaCl 2
Cocamido propyl betain 3
Cocamide ME 1
Propylene 2
Glycerine 2
MP:PP (1:10) 0.2
H,O gs to 100




M19197 12 NMsnadeuiosazuasUsunsuIneniIneiluiSunsuy

a3

ﬁwmw%ﬁ’nju 100 90/10 80/20 70/30 50/50
thagng 20 20 20 20 20
Sodium lauryl sulphate 5 5 5 5 5
SLES N 28 25 25 25 25 25
Cocomine ME 3 3 3 3 3
NaCl 2.4 2.4 2.4 2.4 2.4
Cetiol HE 3 3 3 3 3
Bronidox L 0.2 0.2 0.2 0.2 0.2
H,O gs to 100 100 100 100 100
‘IE’]ZJ%W%TJI& 100 90/10 80/20 70/30 50/50
s 20 20 20 20 20
Sodium lauryl sulphate 5 5 5 5 5
SLES N 28 25 25 25 25 25
Cocomine ME 3 3 3 3 3
NaCl 2.4 2.4 2.4 2.4 2.4
Cetiol HE 3 3 3 3 3
Bronidox L 0.2 0.2 0.2 0.2 0.2
H,O gs to 100 100 100 100 100

M3 13 Aanaviinvesiuusunldihugniniidosaseing 4
100% 90% 80% 70% 50%
$78N13
pel w82 | el ee2 | eel w82 | Al fe2 | ael fe.2
RPM 3 3 3 3 3.5 3 3 3 3 3
Torque (ALM) 10 13 11 26 10 16 30 13 11 20
ATINRLA 1795 2347 | 2054 4626 | 1598 2796 | 5247 2261 | 1985 3556

M19197 14 Arpuviiavasisulnnldiiueninngisosay 20 Tusiu Ndnsdtusie 9

SN 100(1)  100(2)  90/10  80/20 70/30 50/50
RPM 3 3 3 3 3 3
Torque (ALM) 12 12 16 26 29 24
ATinnila 4427 2106 2865 4926 5478 4315




o

M13199 15 Snvaignenigninvesindulvuyildiiueniangiluisungnsidiusg q

a4

dqns

Anwaznguanidaunale

NaARToULATY

45 Ju

100 (1)
100 (2)
90/10
80/20
70/30
50/50

vouadla Ineudntes

IS 8 v
vouwiadla Ineudniey
vouvaala dvgu Ivlendniley
youadla dv1agu dvlesdntes
vouvaala dvgu Ivlendniley

vounadla dvu Ivlendniley

vpanadla lifinesduvn
vounadla lufinesiuvin
vounadla lufinesiuvin
vpanadla lifinesduvn
vounadla lufinesiuvin

Yaavadtd lufinesnuuin

100 (1)
90%
80%
70%
50%

IS @ 2/
vouvaila dneudntey

s @ v
vouwiadla Ineudniey

=] 1 I <@ L4
Youwadla du1gu dvleadntey
youadla du1agu dvleadntey

=] 1 a <@ L4
voanaild dUYU UneaNURY

= & @ ¥ = = < v
Yo AARIANToy TANunTtaEntis
YoauanAWasuaAnNtoy TaNunialantios
YA uantoy TaNuntalantios
Yanaldvasuantes Janunialdntios

=] I [ 4 I = <@ 4
VAU IALUGADILANUDY UAMUNUALANUDY

100 (2)
90%
80%
70%
50%

a [ t%4
voswadla Inendntoy

a [ t%4
voswadla Inendntoy

=] 1 I <@ L4
Youwadla du1gu dvleadntey
youadld dv1agu dvlesdntes

youadld dv1agu dvlesdntes

Yasnaldvasuantes Janunialdntios
Yanaldvasauantes danunialdntios
YouanAWEanuaAnNTey TANunitalantios
Yanaldvasauantes danunialdntios

Yaanaldvasauantes Januniadntios




A13197 16 ArAadunsa-ssve s sulunildihugndneAlui Sundnsdimg 1

gns VRARTEUATT a5 u
100 (1) 8.0 8.11
100 (2) 8.0 8.27
90/10 8.0 8.27
80/20 8.0 8.16
70/30 8.0 8.41
50/50 8.0 8.34
100 (1) 8.0 8.08

90% 7.98 8.01

80% 8.0 8.01

70% 8.0 8.00

50% 7.9 7.96
100 (2) 7.98 8.05

90% 7.88 7.97

80% 8.00 8.00

70% 8.00 8.00

50% 7.88 7.99

\nae 7.98 8.10




'
[

M13199 17 emsvegeunewiFuwsunildhugninneiniosaznia o

a6

. L Usums .
Wy 0wl 5 Ui s Anwaznuan
Wil
o 1 dl
F08199 1
100% a5 40 10 No9azlden UASIUNDLNEAARIUVDUNTZUDNAY
90% a5 41 16 No9aLdun TASIUNDWNILRANILYDUNTEUDNAI
80% 46 40 15 No9azlden UASIUNDLNEAARIUVDUNTZUDNAY
70% 47 39 14 No9azlden UASIUNDLNEAARIUVDUNTZUDNAY
50% 53 a5 20 No9aLdun TASIUNDWNILRANILYDUNTEUDNAI
o 1 dl
F08199 2
100% 60 50 25 No9azdun TASIUNDINILAANILYDUNTEUDNAI
90% 65 57 32 No9azdun TASIUNDINIERANILYDUNTEUDNAI
80% 60 57 32 No3azlden UASTUNBILNIZRAANILVBUNTLUDNAI
70% 55 48 23 No9aLdun TASIUNDINIERANILYDUNTEUDNAI
50% 51 48 23 Np9azdun TASIUNDINIETRANILYDUNTEUDNAI
f798197 3
100% (1) 60 51 56 No9aLdun TASIUNDINIERANILYDUNTEUDNAI
100% (2) 62 43 18 No9aLLdun NASTUNDINITAARILVIUNTEUDNA
90/10 52 48 23 No9azlden UASIUNDUNESRAARIUVDUNTZUDNAY
80/20 55 45 20 No9azdun TASIUNDINITRANILYDUNTEUDNAI
70/30 45 40 15 No9azdun TASIUNDINIETRANILYDUNTEUDNAI
50/50 57 50 25 No3azlden AASTUNDILNIZRAANILVBUNTLUDNAG

A5199 18 NSVAFBUSAYaTYRsNNENIMINERluiSUlaTy

Tadu foens 1.2
duusznay 1 2
dhaznd 20 20
Sepigel 305 2 3
Paraben cone 2 2
Mineral oil 10 10
H,O gs to 100 100




ladu fegg 1.3

a7

drulsznau 100(1) 100(2) 90/10 80/20 70/30 50/50
thugndng 20 20 20 20 20 20
Sepigel 305 3 3 3 3 3 3
Paraben 10:2 2 2 2 2 2 2
Mineral oil 10 10 10 10 10 10
H,O gs to 100 100 100 100 100 100

ladu deg19 1.4
dulsznau 100(1) 90% 80% 70% 50%
thugndng 20 20 20 20 20
Sepigel 305 3 3 3 3 3
Paraben 10:2 2 2 2 2 2
Mineral oil 10 10 10 10 10
H,O gs to 100 100 100 100 100
ladu @983 1.5
dnsznau 100(2) 90% 80% 70% 50%
thugndng 20 20 20 20 20
Sepigel 305 3 3 3 3 3
Paraben 10:2 2 2 2 2 2
Mineral oil 10 10 10 10 10
H,O gs to 100 100 100 100 100
msedl 19 aenamilaveshiuladuiildhugniineifisovazes o
100% 90% 80% 70% 50%
S19A3
nel w2 | egl ee2 | el ee2 | oeel eg2 | el ee2
FOUsOU 1 1 1 1 1 1 1 1 1 1
w359UR (ALM) 21 10 20 15 22 10 28 12 33 14
ATInnin 11,109 5,437 | 10,501 7,500 | 1,005 5,333 | 14,602 6,265 | 16,500 7,506




A1919% 20 Aaunilauessinsulatuildiueninngisovas 20 Tussu NensidILnIg o

a8

37803 100(1) 100(2) 90% 80% 70% 50%
SOURDUT 1 1 1 1 1 1
w39UA (ALM) 33 24 28 24 26 22
ATINUTA 17560 12630 14730 12805 13039 11650

=] ! [ 1 [ o A9 v o I a o v aw ! 1 [ !
715199 21 ArAUdunsa-aneesnsuladunltinugni1ngiluasunensd@Iuag s](amﬂmwum

Wgnngiluuunegnsnneivuula)

NAURSHUES] a5 T

100 (1) 6.85 7.1
100 (2) 7.05 7.02
90/10 6.83 6.78
80/20 6.85 7.15
70/30 6.81 6.75
50/50 6.85 7.02
100 (1) 6.82 7.09
90% 6.84 7.02
80% 6.80 6.78
70% 6.84 7.15
50% 6.80 6.76
100 (2) 6.80 7.09
90% 6.84 7.02
80% 6.80 6.78
70% 6.82 7.15
50% 6.83 6.76
\de 6.83 6.96




A519% 22 HAVDIANUNLANAINITNAFDUANIIZLIIVIANSULATU

nsnaaeuanIzislat Neamgil 45 ssmgallied aau el 4 ssrwaiduann 48 v,

soUT Aunila (cps.) w359UR (Torque) (%) pH

1 2 3 @Ay | 1 2 3 1 2 3 |paw

0 4049 3925 3324 3766 | 39.1 379 321 | 697 700 698 698
1 3480 3739 3539 3586 | 33.6 36.1 341 | 697 696 697 6.96
2 4422 4474 3946 4281 | 427 432 381 | 696 701 7.00 6.99
3 3894 3790 3583 3756 | 37.6 36.6 346 | 701 700 700 7.00
4 3413 3927 3374 3571 - - - 698 699 699 698
5 2320 2755 3573 2883 | 224 266 345 | 701 702 7.00 7.01
6 4412 4318 3801 4177 | 426 417 367 | 700 700 703 7.01

*cps = centipoise

MINAHIULUUENTIENMSAUNEID39 Naaumglivies

v

AUNLR (CP.) w3309 (Torque) (%) pH

59U y -
1 2 3 Y 1 2 3 1 2 3 RAY

0 3801 3573 3262 3545 | 36.7 345 315 | 697 696 697 696
1 4370 3200 4391 3987 | 422 309 424 | 700 7.00 698 6.99
2 3210 3687 3500 3466 | 31.0 356 338 | 697 700 699 698
3 3692 3478 3216 3462 - - - 698 699 697 698
4 3562 3480 3293 3445 | 344 336 318 | 696 698 698 6.97
8 2775 3449 3562 3262 | 268 333 344 | 696 696 698  6.96
12 2465 3335 3210 3003 | 238 32.2 31 695 694 699 696




M19197 23 MsNAdeUINENIINEANIMUUYY wazwuulaluisuaymvan

50

aywman fegedl 1.1 100 (1) 100 (2)
thuzndn 20 20
Sodium lauryl ether sulfate N 28 50 50
Comperlan KD a4 a4
Dimenthicone 1 1
Cetiol HE 3 3
Glycerine 0.5 0.5
Sodium chloride 0.5 0.5
Citric acid 0.5 0.5
MP:PP (10:1) 0.2 0.2
H20 gs to 100 100
pH 5.8 55
pH #AINIUNITNAEDY 5.0 4.99
M51afl 24 wanseadunsa-rslusiuayman

ans NAUATLULES] a5 Y
Fregnedl 1 100(1) 5.8 5
feeneil 2 100(2) 5.5 4.99
\ady 5.65 5.00




51

gnslRaa Mt AINAL eV SANYIATILALT

thaznd 20
Ammonium lauryl ether sulfate 30
SLES N 28 10
HEC 1.5
Cocamido propyl betain 2
Cocamide DEA 2
Propylene 2
Glycerine 2
MP:PP (1:10) + phenoxyethanol 2
pH 6.5

A1319% 25 AENWUENNNIEAINVBIIITUREA NN THIUNTNAFBUAIIUAIRILUUANIILLS

PN Y] = I = o °
IAINUTDU 45 DIALYAYd AULEU 4 aﬂﬂquﬁaLﬂﬁlaVJﬂ 48 SUFJIQJQ 7UIU 6 FBU

p AUl (cps) ws30a (Torque) (%) pH
FOUN — —
1 2 3 Auaay | 1 2 3 1 2 3 ALady
0 440.5 3958 437.5 424.60 - - - 6.15 6.15  6.09 6.13

1 4373 364.2 374 39183 | 76.00 76.00 76.00| 6.10 6.12 6.15 6.12
344.6 4931 5224 45337 | 599 599 857 | 6.10 6.12 6.10 6.11
352.1 395.8 3524 366.77 | 61.2 688 612 | 6.05 6.1 6.12 6.09
303.8 3228 297.2 30793 | 528 56.1 47.1 | 6.08 6.07 6.05 6.07
289.4 371.7 356.1 339.07 | 503 646 619 | 6.04 6.00 6.00 6.01
6 3343 326.8 317.6 32623 | 58.1 56.8 552 | 6.04 6.04 6.01 6.03

o B~ W N

VB T49in CP 51 speed 90 rpm

*cps = centipoise

A5199 26 NSLUSBUTBUANUNTAVDIIAANNUNLASNITNAFDURUUANIIELTS

ANOVA
Source of Variation SS df MS F P-value F crit
Between Groups 2502.251 2 1251.1257 0.2928 0.7496 3.5546
Within Groups 76910.21 18 4272.78952

Total 79412.46 20




Statistical Cart for the Viscosity from temperature cycling
600

500

400

300

200

100

0

AN 1 NVLTIEDALANIAINUFUNUSTEUINNANRAYVDIANUALANUINUIUTDUVBINISAN Y

M13199 27 AUENWUENNNIEAINVDIA TURAA NN TN TNAFBUAIUAIFILUUANIILLT

Ngaumgiivieaduian 8 dUann

52

AUnLla (cps) ws30a (Torque) (%) pH
Ui L D
r 1 2 3 ALRAY 1 2 3 1 2 3 ALaRY
Wl
0 440.5 395.8 4375 424.60 - - - 6.05 6.09 6.06 6.07

1 2543 336.6 4419 34427 | 442 585 768 | 6.12 6.12 6.13 6.12
2 507.4 4977 3412 448.77 | 88.2 865 593 | 6.1 6 6.1 6.07
3 398.1 364.1 3589 37370 | 69.2 633 623 | 605 6.1 6.12 6.09
4 3458 4252 4206 397.20 | 60.1 733 731 | 6.09 6.07 6.05 6.07
8 340 3389 371.1 350.00 | 59.1 589 645 | 6.04 6.02 6.01 6.02

*cps = centipoise

a ™ a P Y ] S va a v
135199 28 NSLUSHUNEUANMUNUAYDILAAAINUN Wﬂa@UI@UﬂqiﬁvarJﬂqmﬂﬂuﬁaﬂ

U

ANOVA

Source of Variation SS df MS F P-value F crit
Between Groups 701.18 2.00 350.59 0.08 0.93 3.68
Within Groups 67162.12 15.00 aa77.47

Total 67863.3 17




Statiscal Chart of viscosity at room temp

600
500
400 _
300
200
100

0

1

AN 2 ALTIADPLANIANUFUNUS TEUINANRAYVDIANUALANUTLYLLIANVBINTTAN®N

Migauniivies

4' ~ = ] v ] S v va A v
A19579N 29 ANNSLIUTBULNYUAN pH VBILAIFANUAUN VlﬂﬁaUIﬂﬁJmsml’mquﬂuMaﬂ

Y

ANOVA

Source of Variation SS df MS F P-value F crit
Between Groups 701.18 2.00 350.59 0.08 0.93 3.68
Within Groups 67162.12 15.00 44rv.47
Total 67863.3 17

6
5
4
u
Q.
3
2
1
0
0 1 2 3 4 8

number of week

29 3 A1 pH VBIAISULRAANMEN FuAdUAYT 1 - 8

53



M19197 30 AauaNUANINIENNYRAIAE TN AN

54

Lk}
Y

pH

[ = <
NAUANIYAULEI

(29 u.A. 62)

EX1

6.15

= &
BRIGERGRN

@ 1%
LNUBY

niadnies luals

A a
LHBLBYUN

EX2

6.15

BRIGARIGRE

@ v
LNUBY

= < v v
pilavaniiay lale

FRIGER

EX3

6.09

BRIGARIGRE

@ 1%
NUBY

niadnies luals

A a
LUBLBYN

sUNN
Y

45 3y

(18 n.w. 62)

pH

SUNN
U

BRIGERARR
< v
Waniag
ANUNLAANAY
Antes luale
PR —— Y |
WIBLD8e AUANS
YINNLANINNTN

ANUUU

6.05

BRIGGRIGRE

< v

Waniae
ANUNLAANAY
\Endies vals
WIBLDYe AUANS
InLALINNIN

ANUUU

6.05

BRIGGRIGRE

< v

Laniag
ANUNLAanaY
Andies vals
WIBLdee AUaNa
YINNUALINNIN

ANUUU

6.05




M19197 31 AauanUAnInNIenImYeaaa T AN

gns | pH NGRS GER) U 45 3y pH U
(29 u.A. 62) (26 3.0, 62)
EX1 | 6.15 | Laaladudag BRIGERARR 6.05
=3 ¥ < v
Wantae Waniae
niadnies luals ANUNTAANAY
A < v ')
WioLde waniay tvale
WIBLD8e AUANS
YINNUALINNIN
ANUUU
EX2 | 6.15 | 19at@dinaod BRIGGRIGRE 6.05
I v @ v
Wantay Waniae
niadntes luale ANUNTnanad
A o & v v
WioLde wdnuay tuale
WIBLDYe AUANS
InLALINNIN
ANUUU
EX3 | 6.09 | 19al@dinaos BRIGGRIGRE 6.05
=3 v < v
WAntae Waniay
niaantes luale ANUNTLAANAT
A < v v
WioLde wdnuay tuale
WIBLdee AUANa
YINNUALINNIN
ANUUU

5. NMINAFRUAIUAINEINITaYRsEsiuYATudTuNldTuNISARLEeN
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A1319% 32 WAN15ANW challenge test YBIRTULINN

WS
P 14 Yu 28 U
\Wanagou — —
ARAY Logio ARG Logo
(CFU/mL) Reduction (CFU/mL) Reduction
Escherichia coli
ATCC 8739 <10 >2 <10 >2
1.0 x 107
Pseudomonas aeruginosa
ATCC 9027 <10 >2 <10 >2
9.5 x 10°
Staphylococcus aureus
ATCC 6538 <10 >2 <10 >2
5.5 x 10°
Aspersgillus brasiliensis
ATCC 16404 <10 >2 <10 >2

2.0x10°
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ayou
P 14 Yu 28 U
L YOVNAEDU — —
ARAY Logio ARG Logo
(CFU/MV) Reduction (CFU/MV) Reduction
Escherichia coli
ATCC 8739 <10 >2 <10 >2
1.0 x 107
Pseudomonas aeruginosa
ATCC 9027 <10 >2 <10 >2
9.5 x 10°
Staphylococcus aureus
ATCC 6538 <10 >2 <10 >2
5.5 x 10°
Aspersgillus brasiliensis
ATCC 16404 <10 >2 <10 >2

2.0x10°
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LA
P 14 Yu 28 U
L YOVNAEDU — —
ARAY Logio ARG Logo
(CFU/MV) Reduction (CFU/mL) Reduction
Escherichia coli
ATCC 8739 <10 >2 <10 >2
1.0 x 107
Pseudomonas aeruginosa
ATCC 9027 <10 >2 <10 >2
9.5 x 10°
Staphylococcus aureus
ATCC 6538 <10 >2 <10 >2
5.5 x 10°
Aspersgillus brasiliensis
ATCC 16404 <10 >2 <10 >2

2.0x10°
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A15199 35 Wan13An® challenge test vowinsulatu

Tadu
P 14 Y 28 U
L YOVNAEDU — —
ARAY Logio ARG Logo
(CFU/mL) Reduction (CFU/mL) Reduction
Escherichia coli
ATCC 8739 <10 >2 <10 >2
1.0 x 107
Pseudomonas aeruginosa
ATCC 9027 <10 >2 <10 >2
9.5 x 10°
Staphylococcus aureus
ATCC 6538 <10 >2 <10 >2
5.5 x 10°
Aspersgillus brasiliensis
ATCC 16404 <10 >2 <10 >2

2.0x10°
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nanssuil 2 nMsakaaduTndyasiuanEanaseldannsulszUNEN 1
N15NARLN 2.1 Anwinisainansunuiiu anndenuzningau

Study on Extraction of Tannin from Young Coconut Husk
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Parichart Potchanasin Wilaiwan Twishsri Komate Satayawut
fne lnsnes” neniing gan3e?
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Keyword: tannins, coconut husk
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Abstract

The extraction of tannins in the coconut husk is an alternative way to utilize the young
coconut husk as a by-product from the young coconut cutting process for export. The study aims
to find out the optimum conditions for tannin extraction of young coconut husk. Coconut samples
was included green husk (exocarp) and white soft husk (mesocarp) of young coconut nut
(approximately 7 months) which samples size approximately 1-2 cm. and less than 6 percent of
moisture. The extraction was carried out for 24 hours at room temperature by using 10, 25, 50,
75, 95 % (v/v) ethanol as an extraction solvent. Ratio of the material to ethanol was 1 : 6 ¢/ml.
The filtered solution was boiled for 6 hours at 60 degrees Celsius for removing ethanol. The
determination of total tannin by using reaction with Folin — Denis reagent and the absorbance
was measured at 760 nm by UV - Vis spectrophotometer. The results showed that the extraction
yields of tannin from green husk of young coconut husk achieved was 84.9 — 209.0 mg/kg and
white soft husk of young coconut husk achieved was 40.9 - 104.0 meg/ke. The highest
concentration of tannins compounds was found in the extraction by using 75% (v/v) ethanol, it
showed 207.6 mg/kg in green husk of young coconut husk and 104.0 mg/kg in white soft husk of

young coconut husk.
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Abstract

The extraction of tannin from coconut husk was studied the efficacy to inhibit the growth
of 2 coconut insect pests, which are black headed caterpillar; Opisina arenosella and coconut
leaf beetle; Brontispa longissima in comparison with the tannin extracts from cassava. The effects
of tannin extracts were also studied on the natural enemies of coconut insect pests; Goniosus
nephantidis and Asecodes hispinarum. The tests were conducted at the Entomology and Zoology
Laboratory, Plant Protection Research and Development Office, from October 2018 to September
2019. The tannin extraction from coconut husk used in this experiment contained the active
ingredient content of 248.89 ¢/1 ke. of coconut husk in 95% ethyl alcohol solvent. Before testing,
the extracts were adjusted the concentration according to each treatment and the treatments
were tested by spraying method on Opisina arenosell and Brontispa longissima and dry film
method on Goniosus nephantidis and Asecodes hispinarum. The results of growth of all 4 insect
species were checked every day until the insects die or being adult. The results showed that
tannin extracts had no effects on Opisina arenosella and Brontispa longissima growing and
developing into adults as normal and these extracts also had no effect on Goniosus nephantidis
and Asecodes hispinarum. Therefore. Using tannin extract for controlling 2 insect pests of coconut
may be necessary to increase the amount of active ingredients. However, this research had not
been received the results for controlling coconut insect pests but had been known as a
preliminary data for further development of research on plant extract development especially

the tannin extract from coconut for the future.
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Abstract

Study on the efficiency of a tannin extracts from coconut husk for wastewater treatment
is an alternative way to utilize and value added for the young coconut husk as a by-product from
the young coconut cutting process. The study was determined at Horticulture Research Institute,
Department of Agriculture, from January to September, 2019. The tannin extracted solutions
results from dry coconut husk which it was carried out for 24 hours at room temperature by using
75% (v/v) ethanol as an extraction solvent (ratio of the material to ethanol was 1 : 6 ¢/ml) and
the filtered solution was boiled for 6 hours at 60 degrees Celsius for removing ethanol.
Continually, the experiments of efficiency of wastewater treatment were observed in 2 sources
of wastewater which collected from coconut processing factory and household. The experiments
arrangement was a completely randomized design (CRD) with 5 treatments as follow: (1) without
application of tannin extracts (control), (2) application of tannin extracts to wastewater at the
ratio of 1:1000, (3) application of tannin extracts to wastewater at the ratio of 1:100, (4) application
of tannin extracts to wastewater at the ratio of 1:50, and (5) application of tannin extracts to
wastewater at the ratio of 1:20. The results of efficiency of tannin extracts in wastewater from
coconut processing factory showed that the tannin extracts is able to treat pH and turbidity of
water at 4 hours after treatment which significantly different from without application of tannin
extracts. Further, the results showed at 6 hours after treatment which the application of tannin
extracts is causing substance in wastewater to be deposited then the wastewater is getting clearly.
The application of tannin extracts to wastewater at the ratio of 1:100 had the high efficiency to
be able treat wastewater. This treatment shows (1) the lowest of the turbidity of 215 NTU
significantly compare with the control treatment (273 NTU) (2) the highest of DO of 3.30 mg./L.
while the control treatment was 3.30 mg./L (3) the lowest of BOD of 1,245 mg./L. while the control
treatment was 2,150 mg./l. and the efficiency of BOD at after treatment were 40 percent.
Furthermore, the results of efficiency of tannin extracts at 6 hours after treatment in wastewater
from household showed that pH has no significant difference. The application of tannin extracts
to wastewater at the ratio of 1:100 had the high efficiency to be able treat wastewater. This
treatment shows (1) the lowest of the turbidity of 75 NTU compare with the control treatment
(92 NTU) (2) the highest of DO of 6.05 mg./l. while the control treatment was 2.80 mg./l (3) the
lowest of BOD of 57.2 mg./L. while the control treatment was 104 mg./l. and the efficiency of BOD

at after treatment were 41 percent.
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vanews Aadsfinumsnusiilousuluanusifiortu liflanuunnsssediafisysuiod ey 0.05

1ne3S DMRT

A15199N 2 miuJﬁauLuJaﬂmﬁLawaaﬁ’lﬁﬂmﬂ@ﬁm%L’meﬁﬂamﬁ’u‘ié’ﬂﬁmmu ASUABINITN YRS
PaIN15UIUAR8EAITENALNUTUINNURDNUENI 100U PUDASIAIUVDIANSANALNIUAD UV WY

STYLIAMULANASAY

ORI nan (Falag)
0 1 2 4 6
/AUAY 8.05 7.01 7.20 7.09 6.47
1:1000 8.27 6.86 6.49 7.22 6.30
1:100 7.80 7.05 6.47 6.57 6.13
1:50 8.10 6.74 6.86 6.64 6.62
1:20 8.30 7.56 6.79 6.83 6.09
F-test ns ns ns ns ns
CV. (%) 7.5 14.6 13.6 9.4 18.0

v v [

newe Aadennudisnusiwiisuiuluanudiiieniu liianuuendmieadiinssautudfgy 0.05
1pg78 DMRT



96

A1AUY (Turbidity)

Han1Inaadlun siitarANguesNIntsnukUsguuenie wudi Tunnnssuisneu

AsUnURTlAwINAU 299 — 316 NTU wagiilalasunisinasanawnuiuainldsnuznsiioay A1nIny
Yuitsreriiariitna 1 Salusdulimanuguiniinady wagliinfaniiasiszeziainisiidai 2 89 6

aaaa o

Flaa (0l 5) WarBsuifleuAiadsvesrnururesinis wud lunssdsfdinsiidaihiseans
uwnudly Aszeznani1tn 4 $lus fermnuguagsening 215 - 269 NTU Faladiininnssuisdlalesu
nsvdageansuuiiuegnsfinnuuandisegafiteddey (13197 3) Feanssudsndsnsdiuansade
uwnufiusierhiis 83 1:100 axiisAvsnmmstinenuguiiAfianlaeifesas msadawindu 31.0
dunanismeassnstidasauguuesninfisnaisnauiansuATe fivany wut Ty

NNNIsUIBRsuMsUIdalANAY 126 - 132 NTU ielasunisiiuaisanaunuiivainidenuening

(= R %

29U ANANUYULAILBYAY 1A8TLUNULARAIRINTLe2aINSUNUAT 2 D9 6 a9 (AT 6) 1D

3

aaada °

Wiguisuaefsvesa1nuguaiing wui lunssudsiiinnsindauinemeasunuiiy issesian

'
o '

Unln 2 Talas IAanuguegsendng 75 - 152 NTU gadladiniinssudsnldlasunisiidameansuny

Huograliaruwanaediited1Ay (119999 4) Fanssudsnionsidruarsanaunuilusioulng 6ne

Aaa

1:100 edlUszaviamnmsUinanauinanaalaneisesaznisiidawindu 42.8

AaugufegTivanlssuUsguNend1 o.47 .U

340 —@— T1 control

320 T2 1:1000
T3 1:1

200 e ——_\ —@— T3 1:100

T4 1:50
280 4
—>¢—T5 1:20

260 4

ALY (NTU)

240 4

220 4

200 T T T T 1

2 .
Lan (@)

AN 5 ArAuguveatfisiiiufegneanlssuedsguuendg .43 9. guns ndsnisuidacie
a15anaLNUtUINNUADNUZ 519U TUsRIIEIUYRIANSANANUTUIINADNULNIIBOUAD UL

LAYTTYLIAT NANANAY
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165 -
155
145

§135 .
2125
15
S
£105
=
295
g
<85
75
65 -

Arnuufmegfivangiusnasunhan Tuide e

—@— 71 control
T2 1:1000

—@— 13 1:100
T4 1:50

—5¢=T51:20

55

V@ (ala)

AN 6 AIAUgUTDNNTIRANURIBE199 AN USnamuniaa tuidefivaiu waenisunUasiae

a15anawnuduaNMUABNUEN5 180U TUERIIELYeETaNAWNUTUINNUADNUEN51I8aUMABUNAI88

LAYTTULLIAN NLANANAY

M1519% 3 MsUAsULUaIAIANNYUVBNNTINTTRLLUTTUNENEY 2. 9ums waansiidnslgansann

wNURUINNUABNUENE1I80U TudRT1dLYBIaNTanALNUTUIINUENUENF1I90UADUAIDE1Y LAY

STYLLIATILANANAY

dnTEIU nan (3l

0 1 2 4 6
AAuau 304.7 307.7 297.9 2828 a 2725 a
1:1000 299.7 329.0 284.0 243.0 c 226.9 bc
1:100 311.5 319.5 288.0 246.0 bc 2149 c
1:50 305.9 325.8 293.5 268.8 ab 238.3 bc
1:20 315.7 331.9 286.3 253.8 bc 246.8 ab
F-test ns ns ns * *
CV. (%) 7.9 5.6 6.0 59 7.2

neme AladenuiIsnysnwileuiuluaauiifedty ldinnuwnnd1meainng

1ne35 DMRT

v o o

yauted1Agy 0.05
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A1519% 4 N1sAgULUARIAITUYRNTININATUS AT TUITENYEIU NTHIVINITINYATUAS
15U UAM8ENTENABLNURUIINUABNULNSIB0U TUDRIIAIUVBIANTANALNURUINUABNUENS1I8U

MOUAIDLE1Y LATTTYLIAT NWANFISIU

SnTEIU nan ({la)

0 1 2 4 6
3%‘?1’J°Uﬂu 129.0 a 1239 a 126.7 ¢ 100.8 a 91.9 ab
1:1000 1255 a 126.4 a 132.1 bc 99.3 a 80.3 b
1:100 131.8 a 136.1 a 143.3 ab 1212 b 753 b
1:50 126.3 a 153.8 a 146.7 ab 108.2 a 104.4 a
1:20 1285 a 144.0 a 151.7 a 1269 b 1019 a
F-test ns ns * ¥ *

CV. (%) 4.9 16.9 7.5 15.4 12.8

wnewms Aladeinuisnysiwilieuiuluaauiifeany ldinnuwendimeadinssdutiedde 0.05
19835 DMRT

Ardsunaingeandauazaigluun (Dissolved oxygen, DO)

Nan1sNAasInaInIsuITnuRaeltansadaunuiuanUaaNUENE1189U WU A1 DO Ye9Un

€

< Y 1

IMAUFBDEN19UIIN 2 @01UN 1A DO Kaan15UIUALANANTULINAININBUTIUA 18AINNISIASILH

=)

v v
' 1% a1

A1 DO ¥83UMeAINlTenuRUsIUNeEnsd e DO neutdawiniy 1.42 TadnSusdednsuasnaenis

U1l §1d1 DO ogsening 2.82 — 3.30 Hadnusieding lnenssuisnildnsdiuvesmsanaunuiluseiiing

I a

AI9E19 M1 1:100 AA1 DO WnTige Wiy 3.30 Hadniusiedns (m13199 5) d@3uen DO Yaeti1ieinu

MnausHUmMuthanuideivau Ia1 DO neutdn wiriu 2.8 Tadnusedns uagndainsurdn

a aadda o |

1A1 DO 9g3ening 5.27 - 6.05 HaanFusieding laenssuisnilsnsndiuvesarsanaunuiiuseuina

Mae1e 8m51 1:100 A DO wnWan Wiy 6.05 TadnTusiedns (AN519% 6)

AMNNABINTTUSUIUAYENTLAUNITININVBIUWHEIUT (Biochemical oxygen demand,
BOD)

v v
o a

NANISNAABINAINISUIUAUN A aelda1sanmwnuUduaNNUaanNuEns1290U WUlIN A1 BOD 989

i & o 1 a1 o w_a 1 4

YIN9NAUR9E1901970 2 @01uU? JA1 BOD Baesn1suivndaA1anatiosninnauuius taeainnis

[
a

AATIENUININLTIULUTFUNENS 18T BOD naudtdawinhu 2,150 Hadnsusieding wagnainis

a o I a

Udn dA1 BOD ag5enine 1,247 - 1,785 fiadnSusedng lnenssuisnidnsdivesasadaunuiluse

=

W790819 8m31 1:100 T BOD Weedian Wiy 1,247 fadn3usiedns (1151991 7) Andulszavanin

Y v Y

n13Udaen BOD ndeaniidanadign windusesazn1siida 40 diud1 BOD veeiniiaiiuiainaun
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1 1 |

USNUAUALIEANUUITNYEIU A1 BOD #1a39n15UNUR LANDE5ENING 57.2 — 86.3 Aaansumoans 1ag

Y

'
v 1 4 = a % A

N55UASNLONT1E@IUVDIATANALNUTY 8751 1:100 TA1 BOD UaegNan innu 57.2 JaansSumeans

q

(M54 8) WaAntdulszansnmnistidnal BOD nasanniidananaavindusesaznisinda 41.3

q

MnmnageulsEAnBnmessasataunuiuaniuienuznimseulumsthinifsanlssy
wUsgtuzndnuazihiisarngumu nensmadeuauaIntimnanenmkagniaail Wisuifisudou
wagvdansvisadeasatnunuiiu lusasdndunmatu nui iamsveaesitldanduidTananin
ihilsfimsaenadesiu Taeidofiansanlassaddluanavesansataunuiu (qvipsmi, 2551) fiduansild

Tauariivglansanda (OH) Usznevegiluduiuun WeiuadUluasazats Fainnswandadeazsin
-3 I

lilateosulalasiaudasyiruiuiudy Jlinuantivesnisianmanudunsageu wWieldluluiiineg

ansunuiiudinisunnds vinlvidleunindasvveslalasiaulossuniuguluiiasiiessugaiuly 39

a

Aan1ssiumiulessudaszussarsuiuaseduluiiie iaduluananfivualugdu Faianis

' 1%
1 = a = IS

AnpnouatdnualtnIuwsslduadsvestan inldaniwanudunsaanas A1 pH Jafiudu fins

=< =

ANAENBUNINTY Fadanalviansanawnuiulinainliauguuesiinanas feaenadeeiunansAne

= &

arsainanlunanudauz suazansadawdauzgudaduasadaniivsiudunisldasduwazyuani

[ 1% o w ! o a v va a 1a
anunsoviduansadangneulunisminauguluiiiainlssuinnianeddad (wef, 2556, J99i,
2556) ANAANTUTIANaY daalinainisuidanunInudafie A1 DO LiinTu wazA1 BOD fianasluyn
n33usNInsUdRmsasaiaunuiiuie dwaunsaesuigladnasadaunuiiuiinariilinuguvasun
< s 2 & o § v | = Sy vaX ] A v
Manad Uiisinsanazneaunntu ynlikasuaeaunsadesasiusluinlafau nmsaewmwaniUisuing
20NTLIU TENINIUALRINIAALNTAARTUIAR dawaliuSununisazaefvesingoendiauluting

FRLNINTUMULUAE DnTLlDlaIkAnd1N5dRID LN AT NN SEwASIEAkaII NN A8l Ane

IS U (24

PONTLIULTY Bnviedalinsazanefvesieeendiauluinmy vlidddinluhiifiveongiauiiudy

v = o § v i a1 e DY v o € = o
MINANFBINITIINEVINLIAY BOD Hir1sinas aennaediu gissnil (2551) senunan1sfinyansadia
wudunlududlenaadivsednsamlunisnistdaindelusesnnugu Anisinliddy a1 DO uag

A1 BOD agn9luse@ns e

[ 2N |
ad v o a 4

FAIINsANYIUATIHAGU DY TR AN NN laudansUTameansananuiuannlien

q

UgNINgau AMLAGIFINTNNUALINTFIULINGIINATUTOU waslTIuenaITNITUAINYTENA

NsENTITINIFIEns walulad wazduindsy (2539) agralsinunaveslszansninnistitnen BOD

LY ‘:l'

wasanU1den NRvgaiiuTesarnsuidn 40 Fedeegluinamivesssuuiidalutunsuvesssuutidn
YUY (primary treatment) Fudutunsuifoinisuenoynmuesaisiliaunsaazalsiilavienzneou

LYIUADYDDNAIINUNAY LAYNITANIAAITOUNIIUNNAIUDDNAINNUFYAIYN 1TANAIUALHNTI N15NNLIA

= o ¥ = 6

annenaulusu TnsdndeNuiussuuvidnduauiiinmueiludiurasal BOD 31 ndiandidnal BOD

v v LS

anassevay 25-40 (Wua LATIYIRIU, 2539)
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A13197 5 MsiasunlasUSunaitgeendinuiiazatgluin (DO) v NN TEULUTIUNENII?

3. guns wdansiidameaisaiawnuiiuainildenueninigeu ludnsidiuvesarsaiaunuilugin

WABNULNS1IBOUADUIAIDYN WALILELLIAT NLANANGAY

nEIU a1 ()
0 1 6
BAIUAY 1.42 - -
1:1000 1.42 2.20 3.05
1:100 1.42 2.35 3.30
1:50 1.42 2.10 2.95
1:20 1.42 1.95 2.82

=

MN1IIN

6 n1sdvunUasUSinuitgesndiaunazatgluin (DO) voUIeaINAUIUTIINAIUNTN

An1UUITUNVEIU aIN15UNUAA8ENTANABLNURUINNLUADNULNS12I80U TUIATIAIUVDIATANS

WNURUIINUABNUTNS1IDDUADUIAIDEN LAYIZYLLIATWANAIIAU

mEIU na1 ()
0 1 6
/AUAY 2.80 - -
1:1000 2.80 3.42 5.52
1:100 2.80 3.45 6.05
1:50 2.80 3.30 5.80
1:20 2.80 3.27 5.27

A15197 7 N15URBULUAIAIAIUNABINIT IR BNTAUNIITININ (BOD) vee1fisanlsssuudssy

UgNiNT 2.YuUNT ndn1sirdasearsataunuiiuainildenusninieeu ludnsidiuvesarsana

WNURUIINUABNULNI1IOUADUIAIDYENT WATILELLIAT NLANANGIL

IMIEIU nan (§3laa)
0 1 6
W/AUAY 2150 - -
1:1000 2150 1935 1320
1:100 2150 1828 1247
1:50 2150 1742 1630
1:20 2150 1806 1785
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A1519% 8 N15LUAYULUALAIANNABINISANDBNTLAUNNTININ (BOD) Ua3ti1MeanatuLIseumiin

An1UUITYNVEIU aIN15UNUANYENTANABLNURUINNUADNULNS12I80U TUIASIAIUVDIATANS

WNURUIINUABNUZNS1IDOUADUIAIDYEN WAZIEELLIAT NLANANGAY

nEIU nan ({la)
0 1 6
WAL 104 - -
1:1000 104 91.5 79.0
1:100 104 76.9 57.2
1:50 104 88.4 73.8
1:20 104 87.4 86.3
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ayUnanIsIdeuazdaLauaIUL

A3UNAN13IY
NsNAaeUUsEaNS A MUBIaNsanALnuUtuaIndanueni1saulunsinUntnNeantssnuwls

sUnEN31 TngMsnaaauamANITamIenIEnkaznLAll lWIsuiigunaulagnden1sunameans

' v
A v ado

ananuiu Tudns@unLana19iy 1neNeutdinnunInuInaIn1suITnNnsee cUnUn 6 21U9 Nans

9

v v
0 a o 1 IS

NARBIAIUNIEATIN WU Fvesiiladu waziinduilanas drfisdiegalinsanmgneuy TeAuu og

! o v v a

3811919 215 — 269 NTU @adiasinninnssudsnldlasunisindnmeansenuiuagaininuwnnanaaenedl

v o w 1 =B a

WednAny drunieenuadl wudn pH vaefsluynnssuds 161 6.6 - 6.92 1A pH MiingeWunIneu

<

a0

U1dn fanmanadunans a1 DO egsewing 2.82 - 3.30 dadnsusieding fif1 BOD agsening 1,247 -
1,785 fiadnsusiodns Aanduuszansainn1suiidnal BOD ndsa1ndidn ﬁﬁﬁqm WwihiuSagazn15UnUn
40 waziilofiansanusyansamnisiiUatinfiands wuin snsidiusyninansasaunuduainden
ugwingeusethilegng mzanuagiiussaninmnistimindisléifian fo Snandwasataunu

FUABUING WNAU 1 88 100

JoLaUDUL

Anwanudululalunisreseamslauseloviliaunsaldluszdugaamnssule
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unasuuazdaiauanug

'
[ [ a

1A5aN153988d 2 AaNssu 5 Msveaes AInssud 1 Anvindndusiiyadniy lnedusnlasy

AnwmuanRveiugndned weduwunadunsdadensiinvenihusninnzidieunluwmundy

v ¢ a ¥ A

fnfuein3ad1e1s nuens 3 slla lewn vlealaund siedu wasvdatunda wudl dinendg

>

1%

Snwazdunialumunzazin Ui dunan susiiaseddiane 1WeeniiinianazanumIuLINngg

jmd)}

'
1 =

ngninund weliiinnsuwileurendunsdlaiiendt Feladenuiusninvdagu danvasnile

9

o A

wnnvtiatunialunaassindniaiasesdon Inadensininiswseuldgwendudou seauiingy

9

inwasnsviselaviagusuilundald 1wl 2 vinnismeaei 1.2 lngladnwinisiiuuiugnsiiein

1% '
a o =

wzngnuaungfiuven Fuduiugnlasunisiusesnnsuivinisinensuiauindnsiu 4 via

WU dndruresiiuzninanueninnzinaunsatluiludiunauvesgasiuiiiu gasuauy gasay

[

wad gnslaty way gnsiaadnant Ae Seuas 20 laeAun nvednduevanIualinaznign1n &l

[
6

ANUAIRY NANSUINNIE Fxiiongnisldauuiu 2 U Budulaenanisnaaey challenge test wadalifinas
indnsudlunegeununisundewseundamnaiuniedsniau 1iesannsideaunainingides

Tdauideroutnsgauazdosiunnenssumssessulunmeasluuyed

Ranssudl 2 LﬂumsﬁﬂmLﬁa%mmuﬁmﬂaﬁﬂﬁwé‘aﬂmw%ﬁaéauﬁmé‘amnmi@]’mmmﬂigﬂ
Tnenisvaansit 2.1 AnwinisatnaisunuiuaindenuzndnseunaUdenadiuuen (Exocarp) uaz
Waenlu (Mesocarp) Wu21 YSunaunuiiuainnisannarsunuiuanniudanugniinesu auin 1-2
wuRlng wazHunseusemeulRtinutuiosnit 6% axilUinauasunuiuaasludondiuuen
Y891gN317988U (green husk or exocarp) HA18gluyae 84.9 s 209.0 un./nn.uazidendiuluvas
ugn$1188u (white soft husk or mesocarp) datagludae 40.9 fia 104.0 un./nn.lagn1safinnie
g15aranglenIueallutusesay 75 aunsaanausunaansanaunuiuanniuaenuzniiseulrusunu
wnuduadsluuiunn 207.6 n3u/ nn. Twdendruuen was104.0 nfu/nn. luildendruluveszndn
pou Useoun ladhansanaunuiuainldenuens Wanwwuamiens dlvlddsslesd Tnedansana
fiusuauansoengusiniu 248.89 nduse nn.iUdenuendn Tusviasaneueanased 95% wuin vueu
WasuEndn uazmueuulasuuLEni Sinaluddiuseladulng detudessuiiuy3unnans
aaﬂqm?{,ﬁqﬁu mﬂﬁmmﬂ%ﬁﬁmLLumﬁ’mgmw%ﬁaﬁg@ 2 wilall dwiunsmagey ansataunuiiufu

wnleulniledauazunuloussdlona wuiliiinansenuiuuuasdngsssuvang 2 vlind dwuns

nageuUsEansn mvesansadaunuiunlunisidniifiainlssnuwdsgduenia wud dveniladu

ISP o !

wazdndunanas Urnediegralinisannznou IA1AIINYN BETENINN 215 - 269 NTU FailAsindn

Y [ 1

nssuAsnldlasunistdamsalsunuiusgalinmnuianaiseg19ltedAy @unisaiuail wuiai pH
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Yoefistunnssuds fien 6.6 - 6.92 fA1 pH Miiingaunitneutrvn Tanmwenudunans fien DO

a a

9Y3¥NI9 2.82 - 3.30 Un./AAT dA1 BOD agsening 1,247 - 1,785 un./ans Antduuszansainnis

Y1dnA1 BOD #a991nU1un Na7ds winnusagazn1sunun 40 waskilafa1sanuseansninnisuivnun

q

WA WU BASIAIUTEMINENTENALNUTUINNURDNUEWS 10D UABUNTIFI0819 Uz AUwAT L

vy Al a

Uszansnmmstdnunnslanngn fe dnsdiuansadaunuiuseuiiia wiriu 1 sie 100

21nN15398TUlASINNSH Adorauanuy fadl

1. asanwrenundululalunisiingndiingd sdanduirvunilaliundnainisniion

Id A

(functional food) 189NN TAUAINILATUING WA lLMLNEAENAMTULATEIE1874

q

2. AITdasuNIsvenenantsive ldinguiamfavsengdundfnenin welviinisnda

£ '
= )

HARSuYINYuTUIINT AT Wosnnsulszinaiidndn Tunisantiunisiasanisil lada

BUTULNEIATIAL Y

a a a o ¢ v A

= = v v v & a o a = | v val
3. AISHNSANWINAVRIUTEENTNIN mﬂ%mamm%ﬂumﬂuqmm LNDINWINT %QQ%GU']EJIWQTLGUN

53

Y
a

Anudulalundedue wasndndulalundndasiuingdy

4. msAnwinisadaunuiuandenueni lulgeeamnssy wae Anvinisiiuyanily
Wasnueni Wennniwdedluusunaniivauyny

5. pasAnwiiy lunsiharsadawnuiiulylduseleowdlunistestumdanuounseliuuasiu
= v v v a aed v o A a a o
\esandagtugusenaunisienisansdunidiieasinaitas0nlsey NHaanEn S

2DLNUNN
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UIFTUIUNTY

N3ul59UYAAMNTIN. 2561 . Tayan13nIaLseUNNaNYUN. Uaiun:

http://reg.diw.go.th/water/Report Record.asp?Date Audit=30/6/2557

nsueuUANLafiY. 2507, Usnnansznsaainenand aluladuazdawandey atuil 3 (W.A.2539) (aq
fuunAsIuAUANMTTEUNBi st LEaUssanlssugaamnssua Tau
QAGMINTTH. UVaTian:
https://www.ieat.go.th/handbook/Program_IEAT/pages/th/Department/MOST.html

s
v a

N3eednd gaNdulsau. 2539. mstrtadnde. dasusinisiiud, ngamm.

9wy wnugune Uien 1uls A3ns unznszlnn. 2558, nMsfnwansunuiiuaindausing o vasiivdiv.

NN TNUSUTYIAT, UM INENEEIIVALUATINYELN

& ¥ = 1

lygsnil duqu. 2555, anaunuilu. dud1usnds Matewdsudwuasdnny dralnesgeaulal

9 Y

a

4 $1.9.55. unastaya http://www.thairath.co.th/content/265512, 29 fquigu 2559

aiiges Thau. 2561, grdsnusyyadassuaraIsusenauiiuednvesuinuwazilouzilidiv. 11sansidy

a

1Y) ¢ v ¢ a s a v A v
LS NRIUN 'Jla@afmim IUW53U5N5']GQUQ§JJW ﬂ’]GU'TJVIEJ’]ﬁ’]ﬁ(ﬂiLLagLV]V"IIUI@EL U9 13 aUun 2. B

52 -63

fnus daraysny. 2549, wnansUsznaunisaau samannIskasmalian1sInTIzRAMAIN
(Principle and Techniques of Water Quality Analysis). Ing18udInaey,

NMW%WSW&SLHH@?W@G}%, AN

Useidey asoavosan. 2530. nMsanalenasnutduanildenlilnenig weldlunisennidsstanenyiv.

W tnusUI eI, InINeIauInYRIAERS

a a % LY L3 a & = 1'% ‘;I : Y 6
Wua Weudaun waydedal 1uNaYd. 2539. lEaA1TUINADN. 0. Lod. WIS b, AN

s
v a

W3fnd A5gunlsan. 2544, Wenliadenwasunuiiy. an1Uiddeinermansuasinalulaguisusswmelng

(), NTANN.

(] a v = v a [ o 4 a U a
VWEYNII  LIVINYVRS. 2556. TUSALAINULNGI. NAIVUNETVIN ANZLNFVAERS UnINeaeRaUns

UATUTL.

gipseil desaud. 2551, nsanawnuduanlududerduneirdnnuninidde. Inerdnusine)

ANARTUMUUDNR. @1V INYIFANEATAILINADN, AMTINYIANERNS, UNINYIDLLNWATAIERS.
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23304309A Fomszna. 2554. ATz UsinauuiulueIesnuluyUgsdnsanseunudieisaun
Wslledng. Ine1BnusIngmaEnsuUuan, @193 WANANYY, ANLINLIEIERS,

UNNINYIY TN

Fladss nivas uazany. 2554. AswTsuliisuasAadsznauvasnsaludiunaznsnaziluszndng
wzni1dmeuiuusniganaunsiuiveulusdazdrenisiaiuina. tenaisususeau

UNMYINITNEAT TIgYNITHLAY 13 AU,

A3asses wiauies galu Aude asml iw wag odw Weuaz. 2553, @rsunuiivanlududiUzngedn
niamadenvasnennsuandiudss AdausasAngneunuasiall wastivunananda 4 win.
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MTHUNT 1 AuAMUITsnlsanuwlsIUaens 0.a7 2.9uns nasnsuiUameansadaunuiiuaindenuegningeu ludnsidruvesansann

LNURUIINUADNUTNS 1B UR DU IDE1TILANA1IIUY

N1393397A
pH ALYY A1 DO A1 BOD

ondY (NTU) (mg/) (mg/)

nou N Sovaz nou a9 Sovaz nou a4 Sovaz nou a4 Sovay

U1Un Uida msdide Ul Uidn msdide Ul Uidn msdida Ul Ui n1sudn
Weouan  4.87 4.63 - 3047 2725 - 1.42 . . 2150 . .
1:1000 4.95 6.75 - 299.7 226.9 24.3 1.42 3.05 - 2150 1320 38.6
1:100 4.85 6.78 - 3115 214.9 31.0 1.42 3.30 - 2150 1247 42.0
1:50 a4.77 6.92 - 305.9 238.3 22.1 1.42 2.95 - 2150 1630 24.2
1:20 4.85 6.60 - 315.7 246.8 21.8 1.42 2.82 - 2150 1785 17.0
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M1TKUINT 2 AUAMUITRINAYT UTIMUnThanTuideiivaiu nsuivinsinens ndamsidameansanawnuiiuanidenueningeu lu

BNIIAIUYVDIETANALNUNUINNUADNULNS 19D UR DU IDE1TILANAINU

N15992930
pH ALYY A1 DO A1 BOD

Sns et (NTU) (mg/\) (mg/\)

nou Na4 Sovaz nou a9 Sovay nou a9 Sovay nou N&9 Sovaz

U1Un Uida msiide Uide Uida msdide Undn Uida msdide U1dn Uide nsue
Fhuaw 8.05 6.47 - 1290 1239 . 2.80 - . 104 - .
1:1000 8.24 6.30 - 125.5 126.4 36.1 2.80 5.52 - 104 79.0 31.7
1:100 7.80 6.13 - 131.8 136.1 42.8 2.80 6.05 - 104 57.2 41.3
1:50 8.10 6.62 - 126.3 153.8 17.3 2.80 5.80 - 104 73.8 27.9
1:20 8.3 6.09 - 128.5 144.0 20.7 2.80 5.27 - 104 86.3 26.9




