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Formulating of Fruit Coating Wax by Using Fat from Palm Oil

Industrial Wastewater as Raw Materials
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ABSTRACT

Grease in palm oil industry’s wastewater was collected using grease trap. Fat was separated from grease
in watsewater by mixing acetic acid 5% (3:1), 3,000 rpm, 15 minutes centrifugation. Three layers were formed:
fat, liquid and sludge. Fat was collected and cleaned by centrifugation with pure water at 3,000 rpm speed, 15
minutes, 3 times. Metalic contaminants in wastewater, crude fat and cleaned fat were tested. The reults showed
that Fe, Mn and Zn were decreased after centrifugation, while Cu and Al were increased. After cleaning processes
Fe, Mn, Cu and Zn were greatly decreased. Al in cleaned fat was considered as nontoxic metal. Cleaned fat was
used as raw materials of fruit coating wax (TH-ENV wax). Product of this study is TH-ENV wax, a bilayer
composite wax. Ingredients were fat, Siam weed extracts, Tacca’s starch in water (3:1), chitosan and water (30, 5,
10, 5, 50 % v/v respectively). Triton X-100 was emulsifier. Wax efficiencies were tested on banana. Gas
chromotography was investigated to study on CO, and C,H, released from banana fruit per hour at day 1, day 3
and day 5. The results showed that no significantly difference in releasing of CO, and C,H, from TH-ENV wax
coated, commercial wax coated and unwaxed banana (O = 0.01). At day 5 of storage deteroriation, change in peel
color, change in peel texture, an increase in pulp softness were found in the TH-ENV coated bananas while no
deterioration, change in peel color, peel texture, and pulp firmness were observed in commercial wax coated

bananas. Unwaxed bananas (control) began deteriorating at day 3 of storage.

Key words: palm, wastewater, fat, coating wax, TH-ENV wax
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= Yy 9 1 A
A£01A VAWV NI UAAAIDHINUIN (A15199 1

A =~ Y 9
AT NN 2 LLAZNINN 2) mmmmumaﬂamuaz

QU

o 1 g o 1 o
Tangminniudleoululviunmanyazerauds
= 1T Aa 1 % =)
3Jﬂ'llliJ!ﬂuﬂ'l?J'Wﬁﬁ'luﬂ'J'l?Jﬂaﬂﬂﬂﬂiuﬂ’liﬂiiﬂﬂ
(the dietary reference intakes: DRIs) N 0111 U A 1%
1@ ® National Academy of Sciences (2014) qaIu

a o 3 ci’ { [ a x 1
pgutiondailuTanzdudloud idluivaea
PTWI (Provisional Tolerable Weekly Intake) N30
Awasgiuanuilasansvoans lasuegiiioy

a 1 [ I'd U TAa a aa [
VITQﬂTiﬂu@l@ﬁﬂﬂTﬁ ﬁm'lumu 7.0 UADANTND 1
a [ %} o o 1 [ 4 I a
ﬂIaﬂiﬂJuTHUﬂﬁ'Jﬁ@ﬁﬂﬂ'lﬂ ﬂ'ﬂllll]uW‘}:l"U@Q

a A g L% =) ad
’E]Qllli!ﬂll‘llu@gﬂﬂ‘ﬂill"lm LY UaTITNIT

Yo Yo Aa A =} 3 Y Y 1
Ulﬂi‘]J ﬂ'li"l,ﬂill@Q?JLu&l?JlWENLﬁﬂu@EJL"]Hq51Qﬂ'IU
9
Iﬂﬂﬂ"lﬂlﬂu@”lﬁ”liﬂzgﬂﬂlﬂ@@ﬂﬂﬂﬁuﬂﬂWﬂQﬁ]ﬁni%

wazila@nz0819399159 (FAO/WHO, 1989)
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Y f E = v A o
M3an 1 anududuyeamstudloulavzuay Tavewinlwivdes lviiunuenld wag lviiunsianw

72010147 (INALAAAS)

ANMVNYY (mg/1)

mniines vemsiaeumlag
vuas  wiui sfuiiheo Viae - Vstuiinenld - Tusfudin
uen o aze1aua Vstuiinen’ld ANNETOIANA?
Wiﬁﬂ (Fe) 25.33 22.42 7.77 -11.49 -65.34
UM e (Mn) 12.21 4.28 1.37 -64.95 -67.99
NoAULA (Cu) 0.62 0.76 0.23 +36.42 -69.73
danzd (Zn) 2.11 0.78 0.58 -63.03 -25.64
agiitiion (Al) 0.70 1.87 n.d.* +267.00 n.d.*

] { o ] [ ] Id a
nnag: *Al Tuluiunkhanuazeraud liims Jamsiz hitiaauniuiy (Stahl ez al., 2011)

Y g % % o 4 % a
19N 2 anudutuvesmsduiloulavzuas Tanzwinlulviunhanuazerauduie 14 iluingaulu

q

NM3Han KU-ENV wax

mniines Yasfuiiiinnn  Dietaryreference intakes Banadudin s
av01a1aA(mg/l) (DRIs)(mg/day)” INANY(ml/day)”
Man (Fe) 7.77 0.007-0.008* 0.90 toxic
1M (Mn) 1.37 0.012-0.019* 8.76 toxic
oAl (Cu) 0.23 0.340-0.700%* 1,479.29 toxic
9Nz (Zn) 0.58 0.003-0.008* 5.17 toxic
ﬂgﬁlﬁﬂll (AD) nd” - - non-toxic

NUYLe: " National Academy of Sciences (2014)

' Stahl et al. (2011)

J

3)(1 11 1) d‘ o 9 A a A ] 1 q'dt:
U “llll“L!‘Vl‘Vl'lﬂ313Jﬁ$@1ﬁllﬁ?ulﬂﬁlﬂi1$ﬁﬂallL‘Lllel LW§1$13J61°]51@W$1/111WB

U

v
A o

4) o Y 9 Y Y A o 1
ﬂTL!’J‘ELl%1ﬂﬂ’J”Ill!,"ll11"1]1!511fNI’m/i311'!“1"1]“1!1/]Vl”lﬂ’J”IiJﬁﬁfﬂﬂLLﬁ’JmEl‘]Jﬂ‘iJﬂ”I DRIs

Metallic contaminants
mg/l 30

25
20
=m

u"n Wwastewater

1l fa

~ cleaned fat

1s

10

(Fe) (Mn) (cu) (zn) (an

4' a = = 9 Y :ﬂy @
HNNH 2 uwuquuammiuJ5fmmEnmammjwuwummiﬂugﬂ@uiawzuaﬂawzwuﬂ

Y v I
Tuinde Tvsiunuen1d vaz luiunmanuazeiaudn
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U A Y
3. MyaNgaslundeunalil (TH-ENV wax)
o v A o P A
i lviuniianuazeiauds M 3a)

[ a

v A g a A Y R
nldedluinganlumsndalundounald &
4 1 % I .
19%991 TH-ENV wax @31 edible wax 1/521an
bilayer = composites fruit coating wax
v Y v
(lipid/polysaccharides) FaldIUNaUAIN Tuiun
v ¥ a o
nen'lae1n grease lusinde 30% a1sanaly
A 9 1 K @ 1
aude 5% uilineeleuazarssinludnsiaiu
Y =
3:110% 1A Ta%1u 5% 11 50% agiAy Triton X-
100 311U 10 Ho ADEIUNTY 200 aaaas uile
) ' 3 a )
fneevoutaz laTawduIndusani lsdnyi
Y A g ' @ = A
nihidlumsnennunuaa uils Tauaurialy
~ 2 A I o
mstlanumsuanlasumaluszaviunais an

@ J ' 2
95115118190 UF AR UAVLINUAITINH U

I =< A .
AULUYY NITIALNTIE UAZAINUNUA (Morillon et
al., 2002; Robertson, 2009; Gill and Gill, 2005) llﬂ

v
Tas1uddscansainavinlunisduaanis

a ad A

uanildou 0, uag CO, AMUAUNTE tinANUTY
AWE Y ANWININ 1AZN1TAINIEZ (Peniston
and Johnson, 1980; Pol et al., 2002) @15 @ N A 1u

A A o @ a d‘d Q{ o g’/
’(:TT]JLﬁf]1Jfﬂiﬁ'lﬂiy,ﬁﬂ'lﬂﬂfuﬂ‘ﬂhi]ﬂﬁsluﬂ'liﬂ’uEN

a

a Jd . I
9aUNT Y (Venkata et al., 2012) Triton X-100 11 1

a

v v
A o 1 S

. @ &
emulsifier W51 Tu TuranalnsduMiuviso

9 1
a2 v A

v ' A 1 ¥
11 (hydrophilic part) tazaui lufivan liveuii
. Y o A v
(hydrophobic part) Nedulluarsneesaatslaie
AUTITNBIA (biodegradable) uaz TaTa1udly

WY (Abu-Ghunmi et al., 2014)

1 a o J g * { 1
M 3 WanAUN TH-ENV wax WT80e1n1 Commercial wax; a: "lmuu‘ﬁuﬂﬂuazmmmazmﬂ

4 < Y a a
e ldiuingaulumsnaa TH-ENV wax, b : TH-ENV wax 1usuuag ¢ : commercial wax

a A A v
4. msnaaevlszansmmvedlunaeunalil
d d
D YSunataaisveulasenlsa (co,) naz
Masteau (C,H,) Nnaeanilaessenin
o [ a 9
#1150 33937adSu e A
14 4 = 24 A
asuou'lasenlyd (o) uazdsuanimenau
(C,H,) Wilamilaseeonunlu 1 $2Tue daemaiin GC
(Gas Chromography) 1103 0% A0 UA 28 luind e
9 a [ 9 = A
wa 13l TH-ENV wax 10/3 o0 sufunded una o

Y A 9 Y .
aae'lunaeuna 13l lun099a1a (commercial wax)

uazndlredalyldinasunilaon (unwaxed)
[ v g o
NANSNAADY WU TUszezMIdaND 1 uag 3 U
Y A A Y ~ '
naleNNaeUAI8 TH-ENV wax ¥n15dantlane
@ P < ° ' Y
maasvenlaeenluq (CO,) panudInIInaly
A A v . o ' y A
NAAa UMY Commercial wax LAZAINIINAIYN
[l ] v I
111 a0 1 wax (Control) ta luszaznsiafy 5
(4 Y A A Y =
TU NN VAIY TH-ENV wax U N3
[ [ I'4 4 1
Yaatassnsnisuoulasenladeonuiganii

@

NA28NATDUA2Y Commercial wax UATIAINI
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ndren'luldindon wax (Control) (115197 3 uag
H 1 =Y [} a H 1
AMNN 4) BrmfSunamasenaunndlelaatlase
g’; 1 o [ o $
20U WU Tuszezmssany 1 34 nden
A 9 = 1 [
MavUAIY TH-ENV wax ¥n15dandaoenis
Aaa [ 9 d' A Y
1NAY (C,H,) 09NWIGINIINABNIAADUAIY

. ' Y Ay Y A
Commercial wax ttazgin31nalef lalanden

1 @ < o
wax (Control) 1A 1UTL8LNITIANY 3 11AT 5 U
Yy A A v ~ '
nAleNNaeUAIY TH-ENV wax Un1sdanilaee
[ as ° J 9 A = v
Mt NaU (C,H,) 99nUIAINIINAWNAADUAIY
. ° ' Y Ay 1Y A
Commercial wax t1az@a1n21na20m 1u'ldmasy

A A
wax (Control) (119N 3 1AL NINN 5)

m319h 3 51w Co, uag C,H, mashnaledleitstantassesnuiluna 1 1u

Day1l

Day3 Day$s

Sample CoO, C,H,

co, C,H, co, C,H,

% S.D. ppm/ S.D.

% S.D. ppm/ S.D. % S.D. ppm/ S.D.

10 10 10

ml ml ml
TH-ENV 0.134 0.078 0.113 0.113 0.109 0.270 0.120 0.028 0.171 0.089 0.168 0.154
waxcoated banana
Commercial 0.136  0.038 0.070 0.011 0.126 0.057 0.243 0.160 0.118 0.043 0.256 0.234

waxcoated banana

Unwaxed (Control)  0.188 0.130 0.094 0.021

0.144 0.071 0.163 0.118 0.278 0.225 0.200 0.162

smnaimaaisuaulaaanlaus (Co2) Hia'le

% 03

0.25

02

w—=TH-ENV wax
coated

/ banana

0.15
e Commercial
wax coated

0.1

0.05

banana

Unwaxed
(Control)

Day

,ni 4 15 co,nsvialdluszezing 1 11 Tuanndled1endlsiindousls TH-ENV wax (TR1)

2 v o ' Y A A Y . 1A
1WSeumeunuaI0819nAleNIAaB A8 Commercial wax (TR2) uaz linasl wax (Control)
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SunaiAmaindu (C2Ha) ale

ppm/10 ml 0.300

0.250

0.200

—TH-ENV wax
coated banana

Commercial
wax coated

0.100

banana
Unwaxed
(Control)

¢

0.050

0.000

Day

~ A o 3 o Yy A A )
2w 5 J5um o, H, fnsaedaldluszezinm 1 911w 1indiedendrefiindeudis TH-ENV wax (TR1)

nfSeunsuiuaieg19ndIeNiAd0 A28 Commercial wax (TR2) tag 11inae1 wax (Control)

10ATIZHANINUANAIUDIAUNT Y
=y 9 4 4 =y
Pnamasmrsueulaeenlad (co,) uazalFuu
%) an A o ] 9 1
Masteiau (C,H,) Nawg1endetanilassesnun
11 1 2119 A28A1EDA Independent T-test WU
' § a 1 o 4
aundsdsamanisveu lasenlyd (co,) lu
[ < @ a [}
sreznalvany 17w Syt naw
o s Y A A )
amsvoulasonluanndreninaeudls TH-ENV
1 ] 1 9 d' A
wax YJanilasseonin luuanasanndleninaey

9 . ' ' Y A ]
@78 Commercial wax taz Tiuana19919na 207 1)

]
aaa

1IN0 wax (Control) 08195 1od 1Ay N19ADAN
AU 0.01 (Sig. = 0.916 1A 0.306 AINAI1AY)
@ < @ a [+
lussozmmaivany 37w Y5y Ay
P A Y A A )
amsuou'lanonlaanndlreninaoudie TH-ENV
' ' ' Yy A A
wax anilassaonui liuanaaainndlennasy
9 . 1 1 9 d' 1
@28 Commercial wax Hag MiuANA1991NNA87 13
A 1 A w ] 3 QQd'
1nA0U wax (Control) 819N Wad 1Ay N1sadAN
52A1 0.01 (Sig. = 0.490 11a 0.237 MUMAIAY) LA
@ < @ a [+
lussozmmaivany 57w Y5y naw
P s Y A A Y]
asuoulaneon laanndlreninasuaie TH-ENV
' ' ' Yy A A
wax anaosaoniu liuana1aainndlenmaoy
Y . [ 1 [ ~ [
@78 Commercial wax 118 1UHANAIIANAEN 1]

aa

A 1 A o 9 (3 A
19891 wax (Control) DYNWUUITIAYNNTDAN

52A1 0.01 (Sig. = 0.13518¢ 0.088 AWAIAD) 11319

]
I o

Usmamsarsuoulasonlsanialdainnis

anlaosuoindreninaoudl1s TH-ENV wax 92
A ;, z:' [ 9 1 k) d’
liadge nagnialdaninmsdanlasevesndaoh

A <3

A 13
T3itp@91 wax (Control) zuAIgIganauaniu

@ a

1A l 1 ' A o o a A
ﬂTVILlll!L@lﬂG]N@fJNllufJﬁWﬂﬂJ‘VINﬁﬂ@l (M5 19N 4)

2 o P s o Y Yt
namszlsnamasaisueulaeen losanialay
1 9 [ o 4 Y
ANToeuIn N1EA1sUoU laoon lsauas Ny
a 1 = ] "9 Sld'
ponFudunil iaunsounsidioonIdiiegn
A Y a A I A o
wasudleAlaen umwsizasmdouvauig
Yy [ A % a 1
msgoulimaunsriu niogadugitlaaieg vu
=) 9 A =\ 1 1 [+
nlaenwalil veeasnfo LIHARDMTUNIT VDINY
1 A " Yy 1 A
uannuruvesasnaey lilalinanenuanla
o g’; 1 (9 1 dy ~
Tumsdudanmsunsveamesars Tuvaznng
1 301 3 LY
unsuedlorinnziuegiuanuuIveIaIsnao
UINANFUAVDIATIADDY (Mannheim and Soffer,

1996, Hagenmaier and Baker, 1993) U51891U N5

o A=

a U 9}& ] Y A a =)
Fenanuinu waldaweluldndeurlaen
(unwaxed) HazHa 1 unasulaondleans
a 1 < @ 1
INABUAI (coated fruit) A19NNDRITINTUanase
1% o s A v
Maas ey laoen lyaanad eszezn1sIaML
Y . 4 X . .
wa'lyd (storage period) tWNYU (Davila-Avina et al.,
1 < [P Av A=K 1
2014) 9619 15 NAUNFITNUITENANHINUYI T3
A Sld'd 1 [ aa s
napUNa lINNaIUNaNTEHIaNALas TN
14 9 A I o ?x‘/ [
alsa awsaldivedudinuviamsuns iy

o X ¥y A A Yy 9
‘U'E]\iﬂ"l‘ﬁﬂ!,ﬂgﬂ'ﬂll%uhlﬂ LUDIWUAITUV NV UUBD
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4 1
Tnausanlsd sy laTasiu azinalimsniels
. . 9 [ =) %’ o
(repiration) anas lUnSouq numsgudeoriimin
(weight loss) A21NUUUAD (firmness) AL TV
A 9
wasnwa 'l (Perez-Gago et al., 2002; Hernandez-
Munoz et al., 2008)
1 1 ci =Y Y as
drunundsdimamaenau (C,H,) lu
v I o = 2 A A Y =
52211910 1 71 USuanmaenavunnalen
A Y 1 v
INADUA2Y TH-ENV wax anailaoseanuily

HANAIIINNABNIADDUAIY Commercial wax

AY 1A

[ 1 9y
uaz hiuana1991Ana28% 11iinaed wax (Control)

aad

PN AYNIADANITZAD 0.01 (Sig. = 0.259

o w @ ] o
iHag 0.627 91ua1AY) Tuszazinalvamny 3 7

Yy A

a [ a H
Suamasenaunndloninaouals TH-ENV

' ' ' Yy A A
wax ﬂaﬂﬂaﬂEJE]E]ﬂ‘Jﬂl’l‘JJLLGmGINinﬂﬂa’JEJ‘VILﬂaﬂ‘u

k4 . 1 ' Y = [l
@78 Commercial wax (a2 1UHANAIINNAT 1)

'
aaa

N0 wax (Control) 0819 ad 1Ay NINADAN
32A1 0.01 (Sig. = 0.057 t1ag 0.300 MUAIAY) LA
v I @ =y [ a H
luszeznavany 5 JulSamaenaunndie
A A v ' '
MABVAIY TH-ENV wax 1lanilassoanuilal

HANAIIINNA8NIATDUAIY Commercial wax

Il A

ez hiuana1991nna28% 1iinae1 wax (Control)

P NUTIAAYNIADANITZAD 0.01 (Sig. = 0.068

=1

o w Y 1 a (42 an
iHag 0.383014a191) ugnMUsnamasenay

o v Yy = A A v
'Jﬁllﬂi]'lﬂﬂﬁ'JfJ“]f\Hﬂa@‘]JLl]'ﬁ@ﬂﬂ'JU TH-ENV wax

] ]
o A

A a o o and Ao Y
%%NﬂW@'l”qu@ meﬂ'immmmmmmnamnm"lﬂ

=

3nnalede limaounaen (unwaxed) 91
1 < 13 & VoA ] @ [ (=1
mgeganawuaniduaifiuanalanuogie il
Hed AN ana (15199 5) Tagnszuiumsgn
1 ¥y 9 o aaa = a
unvesra ldinedosnulgnseualivaziuaiuod
{ a 2 . a
Fuinevunoluraldniuaunaldinanis
= A A o A
wasuudasmanil wiveasinisviele uns
o o a $
Funsiziitonan wasuuilaslassadaveaIna
s o q ¥ & yd X a A
uwan lsani ldidena ldtivay msgyiden

nang vesdnma'lil Ao panmuazlSumves

' ) 3 A =
anuaaluranamaanmsmnunedldaudans
a & Y < o dy A Aa
U3 1an wowa ldgninuw dagiiviiensindounn

Y I A 1A
paliidumadonIninzervuzdyivesns
Snnanwueana 1l Mgz 0z andnIIns
a a R d‘ o Y a [ 4 as
MaauoasuNM linan1saunsIgienau
Me¥I0¥zanAINgNUAYDINA 1] N15AIUAN

a S o Y A a A
gungilunmanusnewald msndeudnlaen
v
voana lif eusadudisnsinisrielanaznis
@ ' an o Y A 3 o
dunsiziienan M lvannsasaeigmsnuiny

9 Y .
wa'lilla (Yonemoto at al., 2002; Herianus et al.,
2003; Verma, 2010)

AMTNHANITIATIZHAIVUANA 1IN

aa 1 [} I'4 4

aoavean1sdantassmasarsueulaoenleya

9] an 1 9 A A

(CO,) tagMxtoNau (C,H,) s2HINnawindow
v Yy A A v .

A8 TH-ENV wax Nagninaoua 18 Commercial

wax 1azna2189 110n a1 wax (Control) W31 13

HANANNUOINUNITIAYNINTDANIZAY 0.01

wifwanisian1dSuim co,uaz CH, luis

a I~ 1 v {
USuuazmiuAMULANAINAUNA Y (@]’li’l\i‘ﬁ 3

2

A A Z/ ci’ a 24
DINN 4182 NINN 5) NI s1zlSuane

F) 1 a9 A a o aa
naledandasssoniniuoaiensIziNNann

@

= 1 a3 ' A o Y
%thlll‘ﬁuﬂ’ﬂlllmﬂ@ﬂ\i‘l/]alfﬂlfﬂuﬁ”e]ﬂﬂﬁ@\i

b =

NUATBVD Mishra ez al. (2009) a3 auia

©

9% [

M5e01 19 A1¥HIUYD edible coating 3z 8o 14
o a 7 Pl FI )
Maeandau a1 ueu laoen leauas Toriwiumn
Y Y Y [ Y A 9
000 a1 TasuanATHAINITIAAD UM 1]
- 4 ‘a4
szimalumsyzaomsnasunlainiedssimen

< ' A =
WUHaINNITENUN HI0ANITEH 1919

A A 9 R a 3};
a3 5mevednalyl Fudluwauianmstanunis
A o A o Y o

wanlasunsniiliensinisvieleanas
(Valero et al., 2013; Fagundes, 2015) Tﬂadau"lwaj
a 3/ = ) 9 A a =
mstlanumsuanasumMasalensinaouRIvL L
NABEINNINADNITADUTUDININETIINGIVD

Y
wa'lil egrelsAmruauiialunistdanunis
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= 5] (= 1

A v
LlaﬂL‘]JﬁEJUﬂWGHGUE)QﬁWELﬂaE)‘]JNﬁlllJUlZJLWEJ\‘]LWI

Y
v

Y
YUoGNUAIUNANYDIAITIATO LA 69T UDEND

U

[ <
ﬁﬂmzmmmiﬂgmmzmﬁﬂmu (Valencia-
A4 9 Ao
Chamorro et al., 2008) JuNUna28M111715NAa04

Y v a g =31 ' o &
lagnanulugumngitesndouas ligndudinis

a

d’ =) a a a
uJaﬂuuﬂm°vmﬁﬁmaﬂﬂﬂemwammqmwﬂu

u
Y @

g uams liinannuuanaedsiiediny
Y

o

]
an a

3 o A d
NanaNueInl unanI NS VN
F) F) 1 a [} 2’, l-ﬂ' v A
laannaleuaaznall luuinweneg M iam
a I~ 1 % 1 [
YSmarziiunnuuana19iuegng 9w
Y = A a 9 =1 [
nAeNAAURINIY TH-ENV wax Un15ianilase

9 4 4 =y Y A
maasveu lasenledoeniunlutlsualndifes

[

Y A A Y . VA
UNAWNIAADUAIY Commercial wax Lmﬂiiﬂm
:: ' v d' ] A [} o
#1n71nd289 11na01 wax (Control) E19FALDY
o ~ [ 1 (%) as g’/ <3
AININN 4 drumstandassmaenaniuaziiu

Y ] A A Y] ~
1891 ndreNindou@18 TH-ENV wax 1013
YanlassonausoninlulSunadinga ieiiiou
@ Yy A A Y . Yy A
AUNAIENIADBUAIY Commercial wax HagnaIeN

[ A 1 <3 9 A A
T3itn@o1 wax (Control) 9814 15Aeund18NIATDL
Y . o A 1 [2)
9128 Commercial wax NauNnIsanilasanisie
A = o A y 2 3
nauenuIgINga Adn1whn 5 Natlo1aluns

1 2 a 1 o
a1l asen 160 NaAUIINTIUNTUVYDIAD

Commercial wax 193 GTN $119910 TH-ENV wax Ny

U a g v
TIUHAUNTT TV UNAN

Y o P ¢ { ' & {
M9 4 nfeuienSinamamsveulasenlyd (o, Nlaatlassoanunlu 1 51 Tuann1ndaeh

A Y Y A A v . Y Ay Y A
AA9UANIY TH-ENV wax NA8NADUAIY Commercial wax uasﬂmw'lu'lmﬂa@n wax

(Control) Mematinana Independent T-test

Sample N Mean

S.D. df T -value Sig.

Dayl : TH-ENV wax coated X Commercial wax coated

TH-ENV wax coated 10 0.134 0.078 19 0.109 0.916
Commercial wax 10

0.136 0.038
coated
Dayl : TH-ENV wax coated x Unwaxed (Control)
TH-ENV wax coated 10 0.134 0.078 19 1.086 0.306
Unwaxed (Control) 10 0.188 0.130
Day3 : TH-ENV wax coated x Commercial wax coated
TH-ENV wax coated 10 0.109 0.270 19 0.720 0.490
Commercial wax 10

0.126 0.057
coated
Day3 : TH-ENV wax coated x Unwaxed (Control)
TH-ENV wax coated 10 0.109 0.270 19 1.267 0.237
Unwaxed(Control) 10 0.144 0.071
Day5 : TH-ENV wax coated X Commercial wax coated
TH-ENV wax coated 10 0.171 0.089 19 1.643 0.135
Commercial wax 10

0.118 0.043

coated
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M519N 4 (99)

Sample N Mean S.D. df T -value Sig.
Day5 : TH-ENV wax coated x Unwaxed (Control)
TH-ENV wax coated 10 0.171 0.089 19 1.912 0.088
Unwaxed (Control) 10 0.278 0.225

Y Y =Y § 1 @ {
M9 5 euioutSinamaenau (C,H,) Nlaatassesnunlu 1 Frlusnnndleinaousie

Yy A A Y . Y Ay Y A
TH-ENV wax N28NAa9UA8 Commercial wax uazﬂmﬂm”l.u"lﬂma@u wax (Control)

Mumatinana Independent T-test

Sample N Mean

S.D. df T -value Sig.

Dayl : TH-ENV wax coated X Commercial wax coated

TH-ENV wax coated 10 0.113 0.113 19 1.205 0.259
Commercial wax 10
0.070 0.011
coated
Dayl : TH-ENV wax coated x Unwaxed (Control)
TH-ENV wax coated 10 0.113 0.113 19 0.503 0.627
Unwaxed (Control) 10 0.094 0.021
Day3 : TH-ENV wax coated x Commercial wax coated
TH-ENV wax coated 10 0.120 0.028 19 2.185 0.057
Commercial wax 10
0.243 0.160
coated
Day3 : TH-ENV wax coated x Unwaxed (Control)
TH-ENV wax coated 10 0.120 0.028 19 1.099 0.300
Unwaxed (Control) 10 0.163 0.118
Day5 : TH-ENV wax coated x Commercial wax coated
TH-ENV wax coated 10 0.168 0.154 19 2.075 0.068
Commercial wax 10
0.256 0.234
coated
Day5 : TH-ENV wax coated x Unwaxed (Control)
TH-ENV wax coated 10 0.168 0.154 19 0916 0.383
Unwaxed (Control) 10 0.200 0.162
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coating agents

szaumsnlasunlag
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Dayl

TH-ENV wax 2 2 2
commercial wax 3 2 3
control 1 1 2
Day5

TH-ENV wax 3 3 2
commercial wax 2 2 3
control 1 1 1

P-value = 0.01
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