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Narin Charoenphun 2009: Formulation and Shelf-life Studies of Spreads from Coconut Protein.
Master of Science (Food Science), Major Field: Food Science, Department of Food Science and

Technology. Thesis Advisor: Associate Professor Sukoncheun Sringam, Ph.D. 108 pages.

The objective of this research was to develop spread products from virgin coconut oil (VCO) by-
products; protein and fiber meal. The rheological properties of eleven formulas of semi solid emulsion (SSE)
composed of water, coconut oil and coconut protein were studied by using Mixture Design experiment. The
content ranges of water, oil and protein were 40-50%, 15-25% and 25-45%, respectively. It was found that
surface oil increased with increasing oil content, while hardness decreased and water separation increased
with increasing water content. Fully hydrogenated palm oil (FHPO) was added to the SSE with the most
surface oil at 0-20% to observe the effect of hard fat in preventing oil separation. FHPO at 20% could
eliminate surface oil, but the product was too hard, that FHPO was thus not recommended. Emulsifying salts;
disodium phosphate, trisodium citrate and sodium tripoly phosphate were then tried at 0-0.6%. The results
showed that disodium phosphate at 0.2% was the most efficient in surface oil decreasing. To solve water
separation, 0-1.2% guar gum and xanthan gum were added to SSE with the most water separation. The
results showed that xanthan gum at 0.8% was the most efficient. Disodium phosphate at 0.1-0.2% with
xanthan gum at 0.4-0.8% were tried again in the potential formula of SSE. It was found that the SSE with
0.1% disodium phosphate and 0.6% xanthan gum had a smooth, spreadable texture without oil and water
separation, suitable for using as a base ingredient in spread product. Three kinds of cocoa flavored spread
products were developed. The salted spread product contained 1% salt, sweetened spread product contained
0.5% salt and 15% sugar, while the high fiber spread product was the sweetened one with 5% fiber meal. The
high fiber spread product had coarse texture and hard spreadable than the other two. Sensory evaluation by 24
untrained panel with 9 point hedonic test showed that salted and sweetened spread products received non
significantly different (p<0.05) scores in spreadability likeness (7.3 and 7.3) and overall likeness (7.3 and 7.0)
and higher than the high fiber one (6.0 and 6.4). The spread products were kept at 4 °C for 16 weeks. The
chemical-physical, microbiological and sensory qualities were followed. The results showed that the salted
spread product had the highest TBA value change, sweetened spread product had the highest color change and
high fiber spread product had the highest microbial contents change and received lowest score in overall
likeness. Predicted shelf-life by using the overall likeness score of salted, sweetened, and high fiber spread

product was 77, 49 and 42 days, respectively.

Student’s signature Thesis Advisor’s signature
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Formulation and Shelf-life Studies of Spreads from Coconut Protein
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n3zaeaI0g ludaeiiie 1weassUDBITad NI I (macroemulsion) 11 difasuriaily
Y Y Y
o w o o [ % v
1!1111!11!1“ (W/O/W) ﬂi%ﬂ@ﬂﬁ?ﬂ@uﬂ1ﬂﬂlﬂﬂu1ﬂ]u1ﬂmﬂ”] Wa1891§ﬂ1ﬂﬂ§$ﬁ]18@]3@§1ﬂ181u
g‘ o Ao ] 1 £ @ ' c;y A g ' 1 A a v W a dy
@Hﬂ”lﬂu”muﬂﬂﬂlu”lﬂiﬁﬂgﬂ'ﬂ G]Nﬂ”liﬂi3ﬂ18@3@g1uu1ﬂlﬂuﬁ3u@]ﬂlu@ﬂ DUATUTUAU
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Will”l%ﬁﬁ(ﬁllﬂ1§ﬂ3ﬂﬂuﬂ1§ﬂaﬂﬂaﬂﬂﬂauiﬁ W?@L'Wllﬂﬂﬂiﬂ”lmu”mum@ﬂﬂﬂ@]ﬂmcﬂ@T]fﬂi

szinndiasuUI9sHa
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42 MITAVINNUAINIVDIDNATU lUDI11IT

Aa o 7 [ o Aav o A Aav o & < &
Waﬁﬂmm@1ﬁ15ﬁ’3u1ﬁiy@gﬁluzﬂf)lJa“lful‘ﬁa'JWifJfJNﬁGISUﬂ\‘]LLGINﬂ\‘]LWﬁ’J Iﬂfl
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o w v o
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qadufimswsznahiuih TlsAunsaessiadmihivanlumssnmianunasiives
A A < o a o J ~ 3 Aav o a 3’
wulsgumuTds@uinusy veudialuiiu - waasuaisnazinn T udlusiasusianii
3’ o = o A == Y v o o ' ) Y A
Tuihiiu fanuasduiiosnnnanves luiumedsuiusumih ldnnuriaveala
1 A A 4 3’ A A @ v o 9 a o ¢ R Aw o
AR UNNAY IUHEAI AR UNINFUNUIALIINAINUBENN  NAAdueITluBTadY
a g’ o 2’ ! a A o & o J o { g
giariuiulni afldsauluTedvSaarsvegnanalasnde Imdeunaslsa whidu
= [ 3’ Y] [ % a = a A o
Tuanafauiumsswavesneniniy saudumsnanavedlisauluTedusaaslu
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a Aauv A 4 . { o a 3 Aav o 1
M3ANa501ad o3 (emulsifier) Tuvazihldinailusiaturzsroanns
KX a o [ A o Y a 3 Aav o Y d?’ =\ o
asiveurlansznednaziaaeriios i lmnadudiaduldhedy uazlinnunds
Aav A J { 09)1 @ 1 4
a1soad Wwesiluasisznouiaunsaazasldnalumlansznedazildnoriio
A 14 o 9/031’ :‘ g’ % ~ 1 aay A
iesmneninsaazate 1a uaznszaredd Idnaluiwaziuin Goni Tuwanaweuiladn

(amphiphilic) (Stephen et al., 2006)
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4.3 1998NUHNAADANVAIAIVDIDNATU
43.1 Talsau

I { 1 1
TlsaudluasiiiTuanavuialvg wenvnegInquamesuda
a o Y Aawv Aa 4 @ 1 { I~ Aawv Aa 4
vartaansoiinntlusias lweesats  dredreensni Tlsauiludiiag ooy Ao
Y [ 1
Wy (Petrowski, 1976) Tulsaushldoiadunaniunsdaldiiiosainvasi Tuana Tlsiu
= ] ] 1 1 a 3’ o c;y o Y A 19 Y &
Fudoanmanea1NMIgneaduegszrmveniuiuazii hwmihnnavalylidae
Y
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Y
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= 1 A Y 2’ % S Y 9y dy a < % A A Y
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Y q

g U g‘ 4 A QY Aauv A ! ' {a
dedlunlavenihld  TUsAuniiguantaidudioslessnadesnaronaenlddenin

' S e o A d A v v ~ £ Vo Yy 9

FAIUTSVTINUIUUNUUN ms‘nTﬂmuﬂmamam“lﬂumuamwaﬂmuagﬂummmmumm
A AaA dy Aa < &Y A 2 o o Aa 1 1 3‘ v @

Tﬂmu‘wuagaluiwu wuwmmmmw‘lmuu iZEJ%L’Ja11’1Iﬂi@luﬁllNﬁﬂW’Ji’JNi%‘H?NHWH‘HﬂU

g’ 9 [ = 1 v Aa 1 1 c’o‘ v W oy

w1 LLﬁ%Iﬂi\‘lﬁﬁNi%ﬂ‘UIlllﬁf].ﬁsllﬂxﬂﬂiﬂ1!ﬂfJ“L!ﬂﬁﬂﬂ“ﬁ‘ﬂ‘ﬂN’Ji’)lli%ﬁ?NHHJ‘Hﬂ‘UHW

(Stephen et al., 2006)

Aav A Sl <3
432 aiodas Ivwesnivuia Tuanaan

aAav A

s <} 1 aa = s
a13ouad oo nvuia Twanadn wu adnu Tuluuaz landeelsa

Ja o o 1

o 9 a o 1 A =2 A < &Y 1

gﬂumﬂﬂuwaﬁnmmauawmuﬁlwm} Lwaammmmmmmﬂ"lﬂmualuizmw
a 4 Y A o av A S <3 [ A a I Aav o

mﬂaim“lucv Wuﬂ’]ﬁﬁﬂGU’EN’E)llﬁ“]fU]fV\lL@@iﬂuﬂluWﬂINLaf}aLﬁﬂﬂWﬂﬁa\‘]‘mﬂ‘ﬂmﬂlﬂu@Na“ﬁu
o MINIVANNIZFUT AU (polymorphisms) veuavesluiiu  msflesiumaiia
= a o 4 o Y 3 v A Y
ijﬂilﬂiﬂ (retrograde) mamﬂﬂuwa@mmmmumu Lm%ﬂTiV]”ITWLlIﬂ"lslliJuLﬂﬂﬂ15§’nJ@]'J

' ' @ T a o
‘].I”I\Tﬁ?]u(lu3$°Vi’JNi’]ﬂi’]”lﬂ1mm$u‘]ﬂlsllxﬂuﬂ'§$TJ'Jl!ﬂ”I':TVI”I]l@ﬁﬂ%ll (Stephen et al., 2006)

" v W o/

av A J 1 dyd 3 X = o Aa ' 2’
msauacﬁ"l,vhaasmmummmanmwuwumJTﬂmuiumign@%ummsamzmnumu

v v
@ a

Y
i1 i ldanurnuiuesTlsaunmswanas dszansmmaesldsaulumadudda

Aa 1 =2
VINNAITIVINAAAN



16

Aa d o
433 WoauwnA1 15

T liudmedaudnanlsd liliquautiailudiad lvioes 1ioaninlidl

9
o v o 1

] { @ ila 1 1 3’ a A
WQH@UIWQT;&W&QW@ﬁ%S@ﬂ%UﬁWjﬁ?ﬂi%ﬂ’ﬂﬁ“’]ﬂﬂﬂﬂﬂ”l LL@]W@aLL%ﬂﬂTulﬁﬁlﬁ13J15ﬂLWll
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A o

% Aav W Y A A Y oy 2 1 A
ﬂ??ﬂﬂﬂ@?ﬂl@ﬂigﬂﬂﬂﬂaﬂfﬂqﬂiﬂflﬂ"liLWllﬂ’ﬂllﬁuﬂ WﬁﬂmWiﬁlWﬁﬂl@ﬁuT“]ﬁlﬂulWﬁ@i’JLLlf‘N
A 3| dyl A A [ < o a s a
waswduea ﬂﬁllﬂuslﬂﬂﬁﬂﬂ15Lﬂaﬂuﬂlmgﬂ"lislfuﬂum@\ilﬂﬂ"hlﬂu W’ﬂau"b’ﬂﬂ"lnliﬂ‘]ﬂﬁ&lﬂ!ﬂ

o Aaaa o = A ] 3 = Aa a J
fﬂlﬂﬁﬂ‘Vﬂ‘ﬂQﬂiEJ"Iﬂ‘]JI‘]_I'i@]ullﬁSL‘WﬂJﬂ’NﬂJﬂuTLLuHﬂJﬂQGD'UﬂWU’JNVIN’JiTHJ Wﬂml"]fﬂﬂ”lulﬁﬂ

=

Y 1 1 1
Tunquilldun lalasneaassaniidszyay FeaunsamaiusedaloooudyTusauiil

=

. ) . o
dszquan lunsain Tdsaudidszqan dremnsiilesouniidszguinuinnimil Gudies
d' a U a % = d’a 1 J 3’ o/ v 091
wonaziaus2F lovounvlszyavvesTsaunmswsennuhiuiuih wazilszgay
o g’ Av o KX A v A 42‘ [ ~ A F)
vo1lglasneaasen luavenil dadudslinnuasduinin aslunsaimsdoudy
. . J = v W = = a o 4
(cross-linking) szruAl WG nutums LU TasuaaiBon leooulundadmaiuy

(Dalgleish and Morris, 1988)
434 aamzilFlumanlsgiuazmadunm

UgasosynieTilsauduTlsdu Tusduduarsaiodessvna@n

= o a g saAa 1 1 g’ v g‘ %
Ll,azTﬂ’iﬂuﬂ‘uwaa!,LfilfﬂmulﬁWlmiamzwanumuﬂum ﬂ'”liJWﬁﬂﬂ'J‘]JﬂiJulﬂIﬂﬂﬂTS
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a A a

ndsunilasgungil ey silanazanududuvedloosu aasaruaNuALIBUATO
a 4 o 2 Aav A sa I
Telud luwes i ldauauiamanaiimenmveslysdu asoiaslvoesnilvuiaan
a s | ] o Y A a 2 [
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4.3.5 M3lsugasems
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qTUNT ﬂ'liulﬂﬁ N15UUT AVTUAINUADNITUBUUULASNITASATIUULUS uazﬂmﬁuumm

Ay Aa =

Y AA A [ a o [ Il ~ [
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J da' J Y A = JY a ' Y
ummaima"lﬂmqmﬂmﬁmLmumaaimm&mma"lmma‘lmiwaﬂemﬂm WU fﬂﬁﬁlfﬁ

a
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luTeuTaaignadatiosas uamsl¥las Indveaniaaiuuazmsmlfuuanesgni

a

0 [T tﬂy [T U] Y Y 2 [ A A
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4 a I . a
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Tasavy (Barbut et al., 1996; 115093, 2549)

(Y] d
5. wannanailsa

a o 4

[ 2 S Ao 1 ] Ya A
nannuanalsa L‘]J‘L!GU’ENWﬁNﬂQLLﬂJQﬂMﬁﬂHﬂ!%@’OHHM ?ﬂiﬂiﬂ‘ﬂ?fﬂmlflﬂ unauso
Y
@ o @ a o Jd a U o @
Lm%ﬁﬂ‘ﬂﬂ‘!&ﬁﬂﬁuNﬁLﬂW"I%ﬂJ’ENNﬁ@Iﬂﬂ!W]LMﬁ%“Huﬂ (Ockerman, 1991) ﬂwuu'lﬁ’ﬁmswmm
a o 4 a v a
Wﬁ@lﬂﬂ!WﬁﬂﬂﬁﬂﬂﬂﬂiJ"IﬁﬁWﬂﬁﬁ']fJ?j‘l]LL‘UU 91N LY (jam) sHIDIAT (peanut butter) LA

InsisaFaeaiilsa (processed cheese spread) Audu
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5.1 1y
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q

(imitation peanut butter) (Weiss, 1983)
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53 Insrasaanlsa

A o o = = 2 a o 3 Ao A
HANAUN INIF AT N80 vedInaad s uenvInthlsjinso
a o < o 3 ] 1 Y] o wvAa
panduahnmendalsl Taelidmlszneuuanasiueenly sldliguauiia
1 [ 1 9 1 A = ) = d! a A
HANANNUILNEON 1A 3 NG AD TWTIHEATE (processed cheese) HWNTeArTI¥TANTO
e o 4 A A o A ¥ v ’
11N NNY nuatazRauINnTERalwile@eny Imsldanuseurielumsvasy
A auvu A I'd V) I a [ A [
nazlimaandiad Ivoes  InsaGeaiia(processed cheese food) IHunanfmumniianyme
9 ) ~ = =~ A A =& A ' = A Y A
AN INTIYATA FIUDNNUMIAUFANLINT WA NULIFUAIZADIN ATz noU
] Y
voauuNaINIoaen 19 lumsnandal cream, milk, nonfat milk, buttermilk, cheese whey,
. =) . . a6V Y Y
anhydrous milk fat, dehydrate cream ¥19® skim milk cheese Insisada ‘V.}I,@@E]\‘iﬂﬁ ¢NUNIY
\ a Yy S o a o ¢ ) ~ &
AIUNTVYRIFAREINTBYT oAy 51 YpuhMtnNAAAUNgANY was Inssayed anlsa 11y
A o A o = S A ' = A 9 9 1 o
NAANUNNINNNFANTINToUNAMUIIFUAINUANAY 1¥anuTourlslunsrasusIuny
1 Y] =\ A = o da' ~ v o I~ Aav o
drulszneunanved Inswadaamalsane Tusau luiu tazanudu Nsudnuiludiasy
% < a :’ % g’ [ a
AU (semi-solid emulsion) ¥l AznsTUMSOIIITIHAZOVIAHTTOIUTMN
Y
smualdimadudad v 1d lumudesas 3 USuaanuiuegszrinedosas 44 81 60
a 1 1 < o 3’ a [ 4 1 % a " Aa
imseuaruraungglumanusaumih lusdadas @ 1 ma1au tay a1sauuy Tunuy
9 oy o a Y] o Y A 9 9 I~ 1 9
Fowaz 0.8 vouhwinvewrdansusiganie eunsoden lsas Iianunmuiludiumeaula
' H [ S A 9 A Yo A o o A
W ena 9n Insa uealaa uaziiuFoudnd Ine uaze1vau walil f6n 1iedad ¥o
1 tﬂ‘ u = u =) =
AIUNANDUY (Anonymous, 2004) TlagtiudmsiannszuIumsnan Insadalugduny
1 A ' Y Y a A ) Aa =2 o Yt
A9 1NDABVANDIADANVADINITVDIRYS InauaziNoanauNUMIINANal 399 11x
a o d = = d? a =) = .. .
NaRNUN INsIsaFaadsanvarnvaiety o1n Inssavaeiilsaion (imitation processed
cheese spread) Tnssavamalsa ludiud (reduceced-fat processed cheese spread) e Ins e

saalsadsien lugiu (fat-free processed cheese spread) A udu

Swenson et al. (2000) fAny1dnTNavesdIulsznouaenmaNTAFIHIIN
= 7 = = [ = a
vosInssaraalsadswn lvsilSsuisusu Inssadamlsasssua Tasnasaan
wva a ¥ A < ' ~Aq Y

auiaFantn anuuds anunlslumsthen  tazanuansalunsviasy

1 = @ Y . . 9 g’
drulsznovved Insadailsieen luiuilsznoudae hard skim-milk cheese §08@% 59.8 11
$ovaz 26.8 dried sweet whey $ovaz 5.3 nonfat dry milk $ovaz 4.1 1ndns00ay 1

wazindediad Ivwes (lasTmfeudasn uaz'lals@ounomua) Jovaz 3 drulnssada



20

Y
a5a555uA5N0 VAT hard skim-milk cheese $08a% 59.8 1115088 26.8 dried sweet
whey $08ag 5.3 full fat dry milk 000z 4.1 indp3ooaz 1 uaz lalwAsuomia qlolaasn
1 v Y
(disodium phosphate duohydrate) 088z 3 33N INAAGTNIINMTTUHANAIUNANURINIHA
o A & < a a 2 , Yy 4 _ o 4
saduluaseailuway Wunar 1 1 fewdniil aurautazlinNudoun 75 s 1u
= Y 9 1 I =1 [ 1 A
na18 i ngalianuiou uazmurauaodunal 5 Ui HaIMINAgeU WU 1Ndo
TasTaReudinin vazinde la Isdeudaala ¥ 17 Insadaalsadsiaan luduiiay
< ' Aq Y ' = A = a °
u39 wagamaui1Flumsthemganh Inswadaanlsasssua indelas Indsusiasni
Tanuansalumsnaougandn Tuvaginae laTmdsurloalaldnueaunsalums

Ao 1 a
naound N Insayaalsasssuan

mswan Insadaanlsafoueni Tl sauduuumundugadullsauly

Ll a

g‘ 1 = d'd = = = = =)
W Taensd 1 ndumilogratesila 011 IsRsuaBiuNn uAaTouATIUN

S = a A = [ Y = J dy Y1 3 v = 1
suntiFeuadun tazegiiouadun Wudu Tsaumartiuinllueyiusveundu s

[} 1 1 gl . . . . dy

liteduaindsenevveatimu (nondairy ingredient) (Zwiercam et al., 1985) UDNIINUDIY
unuaFunale Tdsaunaiis lawy TsAudunas (Cipollo ef al., 1985) TUsAUIAA
(Santos et al., 1989) TisAudnn (28059, 2540) Tlsaus1d (ai%e waz Tgnsul, 2549)

o a I 1 A 4
Pagtiumswan InsaFaalsafoniu ldodrsnevnaz linun Tduiuanniu

A = = Y 2 Y =
L“L!’E'N(ﬂTﬂ‘JJSWﬂ'lgﬂllﬁzilﬂﬂlﬂ'lwﬁlﬂmﬂENﬂ‘UIWiL“ﬁﬁ“D’ﬁﬁ‘l]iﬂ (Lee et al., 2004)

o A [ 3
6. tadeninananaumnvesnandunlnsisaramilsa

Y

6.1 1

S A ¢
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% I tﬂy = [ d? oyd A )
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Source of Variance Sum of Squares df Mean Square F-value p-value
qmsmaaﬁﬁa%uﬁau%q 10.422 10 1.042 112.890 0.000°
Error 0.102 11 0.009
Corrected Total 10.524 21

d' a 4 aa A 3 Aav o K 2 Ax a o 4
AMINNHUINN IS NITUATIEUNNADA LTI mmmwmauawﬂmmmmimullmuuﬂmu

a < g’ o/
¥HAUIIT 088 05 10 15 LAy 20 YBITUNZWI 1D

Source of Variance Sum of Squares df Mean Square F-value p-value
Ysinarluiuhdw 313,572.971 4 78393.243  7.839E9  0.000
Error 0.000 5 0.000
Corrected Total 313,572.971 9

d’ a 4 aa A ' ~Aq Y Av o & 3 Aa
ATTNNUINN 36 NITAUATIEUNNTDA LT ﬂ?ﬂ?uﬂi‘]ﬁiuﬂ”ﬁﬂ1mﬂ1"ﬂ@ﬂ@ ATVUNIULUINUNIT
Y

a % a < o w
mm%uuﬂwﬁmumwﬁeaaz 051015 uas 20 GUB\‘]H”I?JLQJ%N%)TJ

Source of Variance Sum of Squares df Mean Square F-value p-value
Ysinarlusiuhdn 913,737.821 4 228434455 2284E10  0.000
Error 0.000 5 0.000
Corrected Total 913,737.821 9
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3

d’ a 4 aa A g} o Aa 9 a o 2 2 Ax
MINNNUINN 37 DITUATIEUNNADA 1393 NITUINUINUNNINUIVDIDNATUNILUINUNIT
Y

a % a < %
mu%uuﬂﬁm%umwﬁaaaz 0510 15 @ 20 maaumumw%’n

Source of Variance Sum of Squares df Mean Square F-value p-value
Ysinarlusiuhdw 3352 4 0.838 8381E4  0.000
Error 0.000 5 0.000
Corrected Total 3.352 9

d’ a 4 aa A 3 A o & 2 Ax a A
ATTNNUINN I8 NITAUATIEUNWADA LTDN ANULUIVDIDNATUNIULUINUNITIONLNAD

2i7a% lioes Nizduanudududosas 00.050.10 0.20 0.40 LAz 0.60

Source of Variance Sum of Squares df Mean Square F-value p-value
sEAUANUITNIY 1,373,469.477 15 91,564.632  1.008E7  0.000
Error 0.145 16 0.009
Corrected Total 1,373,469.622 31

d’ a 4 aa A ' ~Aq Y Av o & 3 Aa
ATTNNUINN 39 NITAUATIEUNADA LT ﬂ”Nm‘i/lthclUﬂTiﬂwwWm@ua%uﬂmm‘n‘umi

@ 9y

a A aAav A s A Yy 9
mmﬂaﬂaua%"lvhaas NIgAVANUINVUIDYAE 0 0.050.10 0.20 0.40 L1ae

0.60
Source of Variance Sum of Squares df Mean Square F-value p-value
sEAUANUTNY 5,822,142.109 15 388,142.807  2.621E7  0.000
Error 0.237 16 0.015
Corrected Total 5,822,142.346 31
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o w aa [
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d’ a 4 aa A g} Aa 9 Ao o & I Ax
ATTNNUINN 910 NITAUATIEUNWADA LTD3 NITUIDHUINUNHINUIVDIDNATUNILUINUNIT

Y 9y

a A aAav Aa s A Yy 9
!@llll,ﬂaﬂ’f]lla‘:]f"l%l!ﬂﬂﬁ NITAVANUANVUIDYIAL 0 0.05 0.10 0.20 0.40 Lg

0.60
Source of Variance Sum of Squares df Mean Square F-value p-value
sEAUANUTNTY 0.178 15 0.012 3.806E7 000
Error 0.000 16 0.000
Corrected Total 0.178 31

q' a 4 aa A = Av o & 2 Aa a A
ATTNNUINN 911 NITAUATIEUNWADA LT03 WD BUDIDUAFUNILUINUNITANINAD

2i7a% ioes Nizduanudutuosaz 00.050.10 0.20 0.40 1Az 0.60

Source of Variance Sum of Squares df Mean Square F-value p-value
sEAUANUTNY 1.510 15 0.101 3221E4  0.000
Error 0.000 16 0.000
Corrected Total 1.510 31

d’ a 4 aa A 1 = Av o & 2 Aa
ATNNUINN 912 NITAUATIEUNNADA LTDI ANULANANUDIT (AE) VDIDUATUNILUINY

N A Aawv A s A o Y 9 ¥
msmmﬂaaam%llwmm NnigauANUUNINIDIAS 00.050.10 0.20 0.40

uag 0.60
Source of Variance Sum of Squares df Mean Square F-value p-value
sEAUANUTNY 123.667 15 8.244 2.638E6  0.000°
Error 0.000 16 0.000
Corrected Total 123.667 31
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a a J aa A < Av o & < Aa a
AITNNUINN 913 NITUATIEUNWADA 1593 ANTULUNUDIDNAFUNULUINUNITIAY

s A o Yy 9 ¥
]’lajﬂiﬂﬂﬂaﬂﬂﬂ NITAUANUVNIUIDYIAS 00.4 0.8 LAy 1.2

Source of Variance Sum of Squares df Mean Square F-value p-value
sEAUANUTNTY 18,975.958 6 3,162.660  1.080E4  0.000°
Error 2.049 7 0.293
Corrected Total 18,978.007 13

d‘ a J aa A J Aq Y Ao o & & Ao
AITNANUINN 914 NITAATICHNNTDA L1599 ﬂNWu‘l’ﬂ“IfGluﬂTi“ﬂWEl“VIﬁJfJ\‘]fJ?JﬁGD'Hﬂ\‘]LHNVIN

a s A o Y 9 Y
ﬂ”ISMEJll%ITﬂiﬂ’f)ﬂaﬂEJﬂ NnIzaUANUUNIUIDIAS 00.4 0.8 LAy 1.2

Source of Variance Sum of Squares df Mean Square F-value p-value
FEAUANMTUTY 79,274.468 6 13,212.411 9.274E4 0.000"
Error 0.997 7 0.142
Corrected Total 79,275.465 13

~ a J aa A <3 Au o & g Ao a =
AITNNHUINN 915 NITAUATIEUNWADA LTD3 ANULUIVDIDUATUNUUINUNITIAULNAD

TaTsm@eunoama (A) Foaz 0.100.15 uag 0.20 TAFULFUUNUTY (B)

o0z 0.40 0.60 1Az 0.80 TINNIHNA 9 AT

Source of Variance Sum of Squares df Mean Square F-value p-value
A 52129.531 2 26064.765 5.865E10 0.000"
B 88499.111 2 44249.556 9.956E10 0.000"
AB 111816.134 4 27954.034 6.290E10 0.000°
Error 4.000E-6 9 4.444E-7
Corrected Total 1695667.123 18
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d’ a 4 aa A ' ~Aq Y Av o & 2 Ax
MIWUINN 916 NMIAATIZHNNADA (309 A1un 1Flumstheniveviasunawdantms
wunae la Ta@euroama (A) Fosaz 0.10 0.15 1az 0.20 39U

AN unY (B) $ouaz 0.40 0.60 1az 0.80 5IUNIHUA 9 AT

Source of Variance Sum of Squares df Mean Square F-value p-value
A 344277.852 2 172138.926  3.873El11 0.000°
B 346995.006 2 173497.503  3.904E11 0.000"
AB 366869.460 4 91717.365 2.064E11 0.000"
Error 4.000E-6 9 4.444E-7
Corrected Total 6535746.580 18

d' a 4 aa A =\ Av o £ 2 Aa a A
ASWHINT 917 NITAATITHNNEDA 1509 WOBVDIDNAFUNILVINUMITIANINGD
TaTs@eunoama (A) Foaz 0.100.15 uag 0.20 TAWFULFUUNUTY (B)

§o0az 0.40 0.60 1Az 0.80 TINNIHNA 9 AT

Source of Variance Sum of Squares df Mean Square F-value p-value
A 0.350 2 0.175 1.500E3 0.000"
B 0.109 2 0.055 467.476 0.000"
AB 0.430 4 0.107 920.619 0.000"
Error 0.001 9 0.000
Corrected Total 615.608 18
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$ a 4 aa 4 4 an J a [ 4 3 a
MINWHINN 418 MITAUATIEHNNTDA ﬁ@\i MBS LEAAIATDINAAN MANaILTANT 3 ¥UA ﬁ@

a I~ a a 4
FUAAN FUATT I uawuﬂ"lvhuasqq

Source of Variance Sum of Squares df Mean Square F-value p-value
qasHantusianlsa 0.000 2 0.000 62.111 004"
Error 0.000 3 0.000
Corrected Total 0.000 5

H a o Aaa A a Y] 4 c?/‘ a a <3
msnwmnﬁ 419 MFTAATICHNNTDA ﬁ@\? Novvoswandunalsans 3 wiia ﬁ@ FUALAY

a a 4
FiarNU tazyia iwesgs

Source of Variance Sum of Squares df Mean Square F-value p-value
gasnanfuaimlia 0.039 2 0.019 1.159E3 0.000°
Error 0.000 3 0.000
Corrected Total 0.039 5

H a 4 aa A <3 a @ 4 QsJ‘ a
msnwmnﬁ 920 MTAATICHN TN ﬁ@\? ANUUIIVINARNUNAY TANS 3 Fila ﬁf)

a < a a 4
FUAAY FUATT I uaz%uﬂ"lﬂmaﬁqﬂ

Source of Variance Sum of Squares df Mean Square F-value p-value
qmwﬁﬂﬁmﬁmﬂﬁﬂ 49,539.744 2 24,769.872 1.460E5 0.000"
Error 0.509 3 0.170
Corrected Total 49,540.253 5
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ns = (= 1 Y] L] A v o @ Aaa A [ A o 9
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d’ a 4 aa A ~ 9 a [ 4 u’j
ATNAUINT 21 NITUATICHNNTDA L1599 \‘]11!1/]1%11!ﬂ”|5ﬂ181/]16|]®\1Na@]ﬂm“ﬂﬁlﬂiﬂﬂﬁ 3

a = a 3 a a 4
FUA AD YUALAN FYUANITU uawuﬂ"lv!maiqﬂ

Source of Variance Sum of Squares df Mean Square F-value p-value
qasHantusianlsa 156,490.204 2 78,245.102  1.288ES5 0.000°
Error 1.822 3 0.607
Corrected Total 156,492.026 5

H a J aa A a o 4 u’j
MINWUIND 922 MIAATIZHNNEDA L%A’EN AZLUUANINTOUTINVOIHARN UN T TANT 3

a = a 3 a a 4
FUA AD YUALAN YUANITU uaz%u@"lﬂmaiqﬂ

Source of Variance Sum of Squares df Mean Square F-value p-value
qasHantusianlsa 0.908 2 0.454 2.723E4  0.000°
Error 0.000 3 0.000
Corrected Total 0.908 5

H a aa A v a o a I '
MINEHINN 23 ﬂ”li'JLﬂi"l%ﬁTlNﬁﬂ@] ﬁ’fN 1 TBA mamammcﬁmﬂi%uﬂmu TITHINNT

a

g A 0 2 1
LﬂUV]Qﬂl‘Wﬂll 4% Lﬂusxaxnmmm

U

Source of Variance Sum of Squares df Mean Square F-value p-value
T2HZNAMIAL 6.833 8 0.854 1.537E5 0.000"
Error 0.000 9 0.000
Corrected Total 6.833 17
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ns = (= 1 Y] L] A v o @ Aaa A [ A o 9
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MINUINN 24 NMITAATISHNADA 1509 A1 TBA VoINAAN AN a1 IAFHAnIIUTEHI

3 A a 0 I 1
NINUNYUN Y 4 o Lﬂui%ﬂ%ﬂﬂ%‘]”ﬁﬂ

Source of Variance Sum of Squares df Mean Square F-value p-value
52821 INTAY 2.274 8 0.284 506.520 0.000°
Error 0.005 9 0.001
Corrected Total 2.279 17

H a 4 aa A v a o 4 a 4
MINWHINN 925 MTUAATIEHNNTDA ﬁi’N 1 TBA GIJ’ENNaﬁﬂmcﬂﬁlﬂiﬂ‘BUQllWL‘]J@iq\i

'
= a

' < <3| 1
ITUITNMINUNYUNYU 4 0615 Lﬂmzﬂznmmm

Source of Variance Sum of Squares df

Mean Square F-value p-value
52821 INIAY 5.029 8 0.629 1.109E3 0.000°
Error 0.005 9 0.001
Corrected Total 5.034 17

H a J aa A a J q’j a o J a
ﬂ1§1QNH3ﬂﬁ 926 NTUATITHNNADE L%ii”N i]‘a‘lﬁ/]%ﬂﬂﬂﬁﬂﬂﬂlﬂﬂwa@]ﬂmcﬂﬁlﬂﬁﬂ%uﬂmll
~ PN

' < <3| 1
ITUITNMINUNYUNHU 4 0615 Lﬂmzﬂznmmm

Source of Variance Sum of Squares df Mean Square F-value p-value
52821IAINIIAY 5.771E7 8 7,213,801.500  1.298E8 0.000*
Error 0.500 9 0.056
Corrected Total 5.771E7 17
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ns = (= 1 Y] L] A v o @ Aaa A [ A o 9
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H a 4 aa A a fq’j a o 4 a
MINWHINN 927 MTAATICHNNTDA ﬁi’N i;auw%mwmmmwammmmﬂSﬂ%uﬂmm
' 3 a a 0 I 1
IEWINMTINUNYUNYN 4 K L']JU'J"&EJ&L’JQW]NG]

Source of Variance

Sum of Squares df Mean Square F-value p-value
T2ULNAIMIINY 3.347E8 8 4184E7  7.531E6  0.000°
Error 50.000 9 5.556
Corrected Total 3.347E8 17

H a 4 aa A a -4 q’j a o 4 a
MINWHINN 928 MITAATIEHNNTDA ﬁ’EN ﬁ;amﬁamwmmmwammmmﬂmwﬂ

4 v 1< { a I 1
Twesgeszninmanuigumgil 4 ‘o iuszeznainieg

Source of Variance Sum of Squares df

Mean Square F-value p-value
T2ULNAIMTINY 6.751E8 8 8.439E7 1.519E7  0.000°
Error 50.000 9 5.556
Corrected Total 6.751E8 17

H a aa A a o a ' I
ﬂ1§1QNH3ﬂﬁ 229 ﬂ13’3m5”|$ﬁ1/n\1ﬁﬂ@] L%ii”N ﬁtﬂ%ﬂlmNaﬁﬂmcﬁmﬂiﬂ%umﬂmzwsnmim‘u

(% A a 0 I 1
INHINQUNYN 4 < Lﬂusxammmm

Source of Variance Sum of Squares df

Mean Square F-value p-value
T2OZNMIMIIAY 1.448 8 0.181 3.259E4  0.000°
Error 0.000 9 0.000
Corrected Total 1.448 17
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ns = (= 1 Y] L] A v o @ Aaa A [ A o 9
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MFWUINT 930 MINATITHNNADA 1599 NOTUDINAAN AN AUTAFTANIU T21 NS

3 A a 0 I 1
INUNYUMHY 4 o Lﬂusxaxnmmm

Source of Variance Sum of Squares df Mean Square F-value p-value
J2ozMMINY 6.130 8 0.766 1.379E5 0.000"
Error 0.000 9 0.000
Corrected Total 6.130 17

d’ a 4 aa A’ =t a [ 4 a 4
AT NAUINT 931 NITUATIEUNNTDA L1599 wmwmwammmmﬂmﬂmﬂ"lmumqq

'
= a

' < <3| 1
ITUINMINUNYUNHU 4 0615 L']J‘Ll'i%fl%ﬂﬂ”l@]ﬁo]

Source of Variance Sum of Squares df Mean Square F-value p-value
T2OZNMIMIIAY 5.557 8 0.695 4465E3  0.000°
Error 0.001 9 0.000
Corrected Total 5.558 17

4 a aa A < a o a I 1
MINEHINN 132 ﬂTS'JLﬂi"I%ﬁTINﬁEW] ﬁ’fN mmmjwmNammcﬁmﬂm%uﬂmu TTHIN

3 A a 0 I 1
NINUNYUN Y 4 o Lﬂusxaxnmmm

Source of Variance Sum of Squares df Mean Square F-value p-value
52821IAINIIAY 2,052,329.432 8 256,541.179  4.618E12 0.000°
Error 0.000 9 0.000
Corrected Total 2,052,329.432 17
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ns = (= 1 Y] L] A v o @ Aaa A [ A o 9
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4 a aa A < a o a v
MINWHINN 333 ﬂTS'JLﬂi"I%ﬁTINﬁE]G] L%A’EN f"I'J"IllLLGU\‘]GIJ’ENNa@]ﬂﬂl"ﬁﬁlﬂiﬂ‘ﬂu@ﬁﬁ1u TENIN

a

3 A 0 2 '
msmumqmwm 4% Lﬂusxammmm

U

Source of Variance Sum of Squares df

Mean Square F-value p-value
52821 INIIAY 281,845.098 8 35,230.637 3.615E4 0.000°
Error 8.771 9 0.975
Corrected Total 281,853.868 17

d’ a 4 aa A < a o 4 a 4
AT NAUINT 34 NITUAATICHNNTDA L1593 mmumwamammmmﬂmﬂmﬂllwmaiqﬂ

= a

' < <3| 1
ITUINMILNUNYUNHU 4 0615 Lﬂmzﬂznmmm

Source of Variance Sum of Squares df Mean Square F-value

p-value
52821915 288,724.701 8 36,090.588 1.044E5 0.000°
Error 3.112 9 346
Corrected Total 288,727.813 17

d’ a 4 aa d'i U d' 9 a [ 4
ATNAUINT 35 NITAUATICHNNTDA L1599 ﬂmuwiﬂumsﬂwmmmwammmmﬂsﬂ

a <3 J 3 A a 0 I '
TUA AN TSUINNTLNUNYUNHU 4 o Lﬂmz&znmmm

Source of Variance Sum of Squares df

Mean Square F-value p-value
J2EAIMIINY 1.440E7 8 1,799,673.074  3.239E13 0.000°
Error 0.000 9 0.000
Corrected Total 1.440E7 17
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d’ a 4 aa d'i U d' 9 a [ 4
AT NAUINT 936 NITUATICHNINTDA L1593 ﬂmuwiﬂumsﬂwmmmwammmmﬂm

a 1 1< { a I 1
FUANIU sxmnmsmuﬁqmwgm 4 0“]5 L']JL!S%EJ%L’J@W]NG]

Source of Variance Sum of Squares df

Mean Square F-value p-value
52821 INIIAY 1,131,353.330 8 141,419.166 6.417E5 0.000°
Error 1.983 9 0.220
Corrected Total 1,131,355.314 17

d’ a 4 aa d'i U d' EY a [ 4
AT NAUINT 937 NITUATICHNNTDA L1593 ﬂmuwiﬂumsﬂwmmmwammmmﬂm

a 4 v 3 A a 0 I 1
Glfuﬂ]l'V\ILUBSEIQ IEHINMINUNYUNYN 4 K Lﬂmzaznmmm

Source of Variance Sum of Squares df

Mean Square F-value p-value
52821915 253,575.898 8 31,696.987 2.233ES 0.000°
Error 1.277 9 0.142
Corrected Total 253,577.175 17

d’ a 4 aa A 1 = a [ 4
AT NAUINT 938 NITUATICHNINTDA LTI ANUUANANUDIT (AE) vonannuaalsa

a I v 3 A a 0 I '
TUALAY TSHINNINUNYUN Y 4 o Lﬂmz&znmmm

Source of Variance Sum of Squares df

Mean Square F-value p-value
< 5
FLYLIAINTNY 74.182 8 9.273 1.669E6 0.000
Error 0.000 9 0.000
Corrected Total 74.182 17
* = =\ 1 o 1 A v o W aa A [ A o 9
‘i"i%ﬂﬁl!‘i"iﬁ] TN 3Jﬂﬂmmﬂ@nﬂﬂu@ﬂNNuﬂﬁTﬂiIJ‘VINﬁEW] NITAVUANUIYDOUUIBDIAL 95
ns =< = 1 o 1 A v o w aa A
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d’ a 4 aa A 1 = a [ 4
AT NAUINT 939 NITUATICHNINTDA LTI ANUUANANUDIT (AE) vonannuaalsa

a 1 1< { a I 1
FUANIU ﬁ%‘Vi'JNﬂTﬁLﬂ‘UﬁQiHWQEJ 4 0“]5 L']J‘Lli%fl%ﬂﬂ"l@ﬂﬂo]

Source of Variance Sum of Squares df Mean Square F-value p-value
52821 INIIAY 810.354 8 101.294 1.823E7 0.000°
Error 0.000 9 0.000
Corrected Total 810.354 17

d’ a 4 aa A 1 = a [ 4
AT NAUINT 340 NITAUATICHNINTDA LTI ANUUANANUDIT (AE) vonannuaalsa

a 4 v I A a 0 I 1
%uﬂ"lmumqq FEWINMINUNYUNYN 4 K Lﬂmzaznmmm

Source of Variance Sum of Squares df Mean Square F-value p-value
T2HZNAMIIAL 789.205 8 98.651 1.776E7  0.000
Error 0.000 9 0.000
Corrected Total 789.205 17

4 a d aa A 2’ o {a a o 4
MINNWUIND 941 NISAATIZHNNEDA L%l’EN msuaﬂumuﬁmwﬁfwmwammmmﬂm

o sznamsifiuiiouvigh 4 o Huszesnaidie
Source of Variance Sum of Squares df Mean Square F-value p-value
sTez IR 0.006 8 0.001 1.242E4 0.000°
Error 0.000 9 0.000
Corrected Total 0.006 17
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4 a 4 aa A g} o {a a o 4
MINEUINT 942 MTAUATIEHN TR L?’EN mmaﬂumuﬁmwﬁ'wmwammmmﬂm

v
=

a 1 1< a I 1
FUAK U FEUINMTINUNYUNIN 4 0“]5 L']J‘Lli%fl%ﬂﬂ"l@ﬂﬂo]

Source of Variance Sum of Squares df Mean Square F-value p-value
52HZIA1NIIN 0.001 8 0.000 2.104E3 000
Error 0.000 9 0.000
Corrected Total 0.001 17

4 a 4 aa A 2’ o {a a o 4
MINWHINN 443 NMTAATICHNNTDA L%l’EN msuaﬂumuﬁmwﬁfwmwammmmﬂm

a 4 ' 3 A a 0 I 1
“ﬂuﬂ"lv\llﬂﬂif;f\i FEWINMINUNYUNYN 4 K Lﬂu5$8$L'Ja1ﬁNﬂ

Source of Variance Sum of Squares df Mean Square F-value p-value
T2OZNMIMIIAY 0.002 8 0.000 5.589E3  0.000"
Error 0.000 9 0.000
Corrected Total 0.002 17

MINUINT 944 NI AATISHNADA 1509 ASLUUANUFOUIIWVDINAAA N a11l5@

a I v == a 0 I '
TFUALAN TSHINNINUNYUNHY 4 Lﬂmz&znmmm

Source of Variance Sum of Squares df Mean Square F-value p-value
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Source of Variance Sum of Squares df

Mean Square F-value p-value
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