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1. NMINAFDUANNAFULALINUAIANULUTUTILVBIUTEYINTNAULAY D
(Chi-Square Test)

2. mswWssuiieuanuulsusiuvesussynsaasnay (t-test)
3. NM5ALATIZRAMULUTUSIUMLAE? (One-Way ANOVA)

4. MsaasizauLUsUsIudaIne (Two-Way ANOVA)
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UN 1 asauydgiu unisnsanyfgiunsada Jsusznounie
auuAguran (Null hypothesis ) (H,) uagaunfgiuses( Alternative
hypothesis )( H,)

uN 2 Auuassauteaay Fadunisivueainutnazduinity

Y

D

zgaulinnuaataedaulssani 1 (00 NASUGasauuRgIu

9

wanMduass Tun1sITem1enIsAnENeNn vueN o = .01 uay

o = (5



sadAensiiditnsenaseuaNsfinuamside leasnnudrudummeseuh &

Ej 1 @ g \L = I 6 oas A .r:: & @ = i;j dn:l.r:lw w oo [,
ulsdsusiaasdnanll Aanuuaney duiuniiu viaiNetaaiumia i natansidnulsdiaeandnay
[ 1 [ .s:l\l!aﬂ oo 1 L .|== a )’l!-fl = \Lﬂ i oo
Wmavasaumn My leanmaisuuanesaIniaa ifivua nauwise 1w 13enaray
Fd I w = oo - = = d'.rﬂl w = P 1 o I
S9N Jedwasfmnlalona 90% lummesasfiamudniidaiedufonanduau 100 au wuh
1oiwa 87 % emuda dayafiidmiaiuaiomie i fdidasildslumemenanda 1in 100 au
[ =l I [ 1 'l:‘ 2 a =l 1 o = [ ﬁ ]
Hwesngashaths ndulaldannipafiesleh manavauasdatefuraslszmnadinivuade

87%

MEATUATIANIEDG WUN NseaUANNTeiw  (level of confidence) 95% dATAS
aeLAUDIFaTATuALRE TN 79.3%-92.6% Fefiense damia 87% lehaain 90% fiszeu
AMNNTDIU 95% VisaNILeU p = 0.05

@ e = [ P | F=] P I [ = &

Quiitelor ﬂmmemmaﬁmmLﬂuﬂﬁﬂmqmﬂamﬂm&mmmamﬂmaaﬁmgi@@nmwaﬂm

LY .rdl|I n.lt pl [ n.lt L] LY nd: !1: S-f.n':: A A e | |
susuaNNTaTunimue laevhlasfvuesssuenu@asinlii 95 % Wiadinmunwh m p <=
d’ i -E;. = = i = & = i
0.05 FMHNLANNI ﬂamﬁmgﬁgﬂwamwmm 5% waﬂmLﬂﬂm‘hﬂ*ﬁmﬁwqﬂuﬂmmw LGILaN

mhazfullmssse@guiidsliviali nossBoafsiunsigaiausiyuaznaidall
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dui 3 denadanldlunsmaseuanufgiu lunisaaeusiaie
aaanldlumsveaeuil Z - test t - test uAy MTIATIERAIL
LUsUTIU (ANOVA) @9 Z — test uag t - test ldwadeunsdling
fhognmilavFedenay @ mTUNITIATIERANMUTUTIL (ANOVA)
Tnnaeunsdififingusegnannindesnguiuld

Ui 4 NMRUAVDULYRINGH

Tufl 5 AudAEen

W 6 ayudndula
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e TUsunsu SPSS for Window @4lun1suanInaniIsitasIeiazsinig

=

ANUIUAT P-value 1lnTeAT P-value [WuA1A ULt duazLin

AranRNaaeunA1Mlanele H, lagan P-value Tuan5199guans
lupBauNvaY Sig(2-tailed) 151@1115011AN Sig(2-tailed) WNANTAUN
[WoUfiasvisaspuivauufigiuvan (H) lauiu
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1. nsdivoya 2 nguluiludasyaeiu ( Paired Sample T-test)

T 41 a‘a ' oo Qs 1
MveNy fnymavesnmunisaiiosnneimadeuiiinadogamginamelnu Sanmng Tu 2 $ae0e

10 06.00 4. (REST)uaz 13.00 1. (STRESS) Tasld Inuumaans 10 a2'ldnadail

Tnuudn 1

2 3

4 5

6 7

8 9 10

REST 38.8 38.9 38.9 38.9 38.8 38.8 38.8 38.9 38.9 39.1
STRESS 39.0 39.4 39.9 40.2 40.1 40.0 39.2 39.5 40.0 40.3
aahimsInnzih eimadeudinaililaunilgamginamouandiai
HaN13 NI IZH
Palted Samples Test
Paired Differences
95% Confidence
Interval of the
Sid. Error Difference
Mean Std. Deviallon Mean Lower Upper 1 dr _Slig. (2-1alled)
Pair1  ResLT-Sless.T | -8800 4131 1306 | 11756 | -5845 | -6.736 000

msusHa

Ho: gaingilsame Inuunaednuazinghiuanmafueiaiitsdmaymaada

o’

P | gi ] 9 1 ] 1 J o ' oA W o
Ho: angmnn1ahuumnmmamummmm'humnmanuamauuumamyna

a1l Mawamsinsiziaglih emadendinhalusiinail#lamualasilgamgiisane

1 1 b4 1 s
HANANIINYIIUY IO

o

on

HAAYEINMIADA (p-value = 0.000 Fafimiiosndi 0.01)

ra




2. n3tiveya 2 nguilludaszaei (Independent-Sample T-test)
20619 vimsmaaesoms 2 gas (T1=gasnaugy, T2=194n Tnavadhidnmaw) Anaaesgy Tarih
naaeanguaz 10 # dledugamsmaaesldimindaduflangudei
T1:165 150 170 185 170 165 180 155 160 175
T2: 155 160 170 160 155 165 150 150 165 155

V.. Q). -0

4' o ' : o : o i
N3ZAVUEEIAY 0.05 JnaTeuNIMIgATH 1 hlilanaaesihminganhemsgasiives

= d
ri
HAamMINA31ZH Independent Samples Test
Levene's Tesl for
Equality of Variances I-tesl for Equality of Means
95% Confidence
Interval of the
Mean Std. Emror Difference
F Blg._ 1 df Slg. (2-1ailed) | Difference | Difference Lower Upper
vowiant 52:3::::,“’"“9 1.841 192 2.231 8 039 9.000 4035 524 | 17.478
,f;‘;' :;‘s'ﬂ',ﬁ':;es f 2231 | 14.963 f 041 9.000 4035 399 | 17.601
I v » ) & i d' n:; i
1 1Y U s ~ " oo ] °
ﬂ'ﬁl!ﬂﬁﬂﬂ 1: l.intN{g]ﬂ m'dmn‘qwagamnsuummmuma"lu maamnqmﬁl‘nmmm T-test

¥ A
AN TUNTDIN HANSNATIVIAIUIL WU ﬂﬁﬁﬂiﬂ@ﬂ%ﬂgﬂﬁﬂ’l F = 0.832 uaz p-Value

(sig.=0.192) > 0.05 F9wou5Y Ho: G,= G,” Asudsemwaluuna Equal Variance Assumed

1 H o ~ ~ 1 (J' ’o‘ o o
2. waminaaey T-test wu osgash 1 Ml laniyduTalisundoiming
ganmsldemisgas 2 egninivdfgn1eata (p-value (sig.2 tails)= 0.039/2=0.0195 Fadian

#oend 0.05)




N15LASIENANULUSUSIULUU ANOVA

sunuugao ANOVA

» asias1zvienundsusrudusuiladn
16z (one-way ANOVA)

Tddmsuiirsinviziayanlaannununisvaaas
uuuaunaaa (CRD)

» Asas1zviaundsudsrudusuilatusdgas
119 (two-way ANOVA)

Tddmsuiesinriiayanlaannununisnaaas
uuuuaansu (RBD)



F19819 One-way ANOVA

aiuﬁ'm%ﬂum 30 AU wauvgaantiu 3 ngu LLﬁiazﬂﬁiulﬁ%'uﬁmﬂwﬂaaﬂﬁiwﬁ’u 6

2DINITNAEDI NAIU

g 1 4 6 8 6 7 8 10 8 6 11
naw 2 | 14 13 10 14 7 10 13 16 10 18
g 3 7 8 10 7 8 10 11 12 14 15
HANT AN Y]
Descriptives

SCOre

959 Confidence Interval for

Mean

7.4000
12.5000
10.2000
10.0333

Std. Deviation

2.06559
3.27448
2.82056
3.40874

65320
1.03548
.89194
62235

Lower Bound

5.9224
10.1576
8.1823
8.7605

Upper Bound

8.8776
14.8424
12.2177
11.3062

Minimum

Maximum




Test of Homogeneity of Variances

SCOre

ANOVA
score
Sum of Squares Mean Square

Between Groups 130.467

Within Groups 206.500

Total 336.967

A3UNaN13ATIEN

TAUNINEDH

ee
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fnedgdnseudIuilegey 1 ngu Muans1eiueg1elitee



Multiple Comparisons
Dependent Variable: score

Scheffe

Mean Difference 959 Confidence Interval

(J) group (I-1) Std. Error ig. Lower Bound Upper Bound

-5.10000 1.23678

-2.80000 1.23678

5.10000 1.23678

2.30000 1.23678

2.80000 1.23678

-2.30000 1.23678

*. The mean difference is significant at the 0.05 level.



score

Scheffe”

Subset for alpha = 0.05

1 2
1.00 10 7.4000
3.00 10 10.2000 10.2000
2.00 10 12.5000
Sig. .096 197

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 10.000.

nameNzieNuLlsUNuLUUMAEmUNIng e F-test enunula 8.529 &
Hgd AN NG .001 Z9UaeNT) .01 UEAINNI 3 NANNALRABUANANAURENNTETATY
NMNEIANTEAU .01 JYhMsTeuisunaumeIsnl nadsng naun 1 uazngun 2

UANGNAUBENNTBE AN NEDA lasnaun 2 HazuuumdsganiIngun 1



WT_INC -t
5 mzwugﬂwammﬁﬂumuu Means
Duncan®™
Subsel : 4
| L_SUGAR N 1 2 AuNae
0% 6 1.1750
5% 6 1.3500 » 0% 1.175a
10% 6 1.4117
Slg. 1.000 226
Means for groups In homogeneous subsets are displayed. 5% 1.350b
Based on Type Il Sum of Squares
The error term Is Mean Square(Error) = .007, »
a. Uses Harmonic Mean Sample Size = 6.000. 10% 1.417b

ayuuamsnfieuien Treatment Means

o %’ é o by = =\ A ' ' Y = ' Qq ’o’
sEALmMain 5% uaz 10% i lvigngnsnigau Tamae Linand iy uazdnains lildihaa



s ] 9 o oa oW o o . " G o
A8 14 ﬂ'liﬂﬂﬁﬂﬂﬂ'lﬂ'lﬁ‘\luiﬂlﬂl 1IN 3 usuwanﬂuuwuq Holsteinfresian niniuuaa 4

w o A v a 3 - R ¢
A7 llh«ll')ﬂ'l 30U 1ﬁ'wawaﬁmumnau NN./IU AU

9IW1IUIEN
=§1?; A B C
i 16.5 19.0 225
$12 15.5 18.5 18.5
$13 17.0 20.0 23.0
%14 18.0 19.5 19.0

U o

N3zAUNET ALY 0.05



FEED =
mﬂm‘gﬂwamsnﬁwmﬁu Means
Homogeneous Subsets -
Feed AN
WEIGHT
Duncan"b A 1675 a
Subset /
FEED N 1 2
A 4 186.750 B 1 9.25b
B 4 19.250
c 4 20.750
Sig. 1.000 196 C 20.75b
Means for groups in homogeneous subsels are displayed.

Based on Type lll Sum of Squares
The error lerm Is Mean Square(Error) = 2.306.

asUwamsifseuney Treatment Means

a oo o s/ ay ol g ~ 1 ' s aa
91M15INUIEN B ey C 'Ylﬂﬂiﬂ‘l«m Holstein NN']’NIJL’QE\U1ULMﬂ?lNﬂ‘l”l"NfTﬂﬂ Ligl

o o/

> " o ~ g \ ~ o ' = w
DIMITNINMIADIVUIEY B llaz C ﬁwa‘l?ﬁﬂuuwammuuqanﬂ DIMITUITEN A DUNUUIANTY

N9anA



#9819 Two-way ANOVA

o 9/ a @ o w o ¢ :
MeE19 N3NAaBteMITTU Inuy 910 3 USHMAY Inuuiug Holsteinfresian visamiudas 4

v o = 1 a 3 = s o :f
717 uJun’m 3 10U lﬁwawammuumau NN./AU AU

DIMITUIEN
4t A B (o>
$11 16.5 19.0 22.5
$19 15.5 18.5 18.5
$13 17.0 20.0 23.0
& 18.0 19.5 19.0
45 18.8
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ANOVA

WEIGHT

Between Groups 18
Within Groups
Tolal

14819 6.228 olg
2319

o W

@ ! A c; 1 b4 1 1 L7 1 - o ~a
gaNsuUNUA NN Treatment Means aen9uHad 1 QumnmNnuamauuﬂmmymmm
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Post Hoc Tests

Homogeneous Subsets

e msagUnamsifsoumey Means
Duncan?®
Subset for alpha = .05 -
FEED N 1 2 Feed Aunae
7 4| 16.750 q
2 4 18,250
3 5 21380 A 16.75 a
Sig. 1.000 317
B 19.25b
9 20.36b

gswama3suney Treatment Means

a o o 3 ... o3 -4 - ' 1 s an '
21159 NS B taz C v ld Tauw Holstein Hiuumas luanaanun1eana unoimis

y 4 4 " o 1 w o ~ ey
1INIADIU3HN B uay C na i Tauukdaiinmugandl 01m515Hn A ednihivd gy neaa



e o A‘ ' '
daeeg lumsnageunssudsv ey 1dun Control (T1) Mmsdu (T2) msldeauzazne (T3) ms
1 = J J 1 o/ ' &’ z g
Tdeu'lanithnlu (T4) Milnaderiiogniannunie bi Anaassldiilognadmaaounivua 4 ¥ Tawile
1 (- { ' o e ° o as w L, 0 1 =4
gnsnaaza@Izutiuiiu 4 aunlanuaiuaue i uIAZNINGNIAARLINY VINUUINMIFUNTAIUA
9 o .&l 1 d'l 3 ' Ay 9 KX o a 1 o &'
laq inuiiegns luuaazye WeIIBENTHIUNITHAT 109 HADINTAAILTIAARIULILS (Shear Force

¥
Braztler) "lﬁ’ﬂ?ﬂy,ﬁﬂeﬁ

BLOCKS
I I 1l vV
T1 7.6 8.4 9.2 8.5
5 6.5 6.6 8.4 6.9
L) 5.3 5.8 6.2 5.4
T4 5.5 4.8 6.6 5.6
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Tests of Between-Subjects Effects

Type lll Sum

_Source Eﬂ:ﬁs df Mean Square £ Sig,
Corrected Model 25.909" 6 4318 31.325 .000
Intercept 719.581 1 719.581 5.220E3 .000
BLOCKS 4.542 3 1.514 10.983 .002
TRT 21.367 3 7122 51.668 .000
Error 1.241 9 138
Total 746.730 16
Corrected Total 27.149 156

a. R Squared = .954 (Adjusted R Squared = .924)

d

asdnamsiniz
3 1

Treatments: 1 F = 51,668 uag p-value = 0.000 JIA10EAI1 0.05 WEBNTUHa: NAURAY
! Y ! ! as L Y aan
Treatment 9819108 1 HUANANNUDYNIUUAIAYNNANA
Blocks: A1 F = 10.983 1ag p-value = 0.002 3ifA1110un31 0.05 BaUSUHa: NIIAURAY Block 8814

oo 1 guananuediiivdiynana



pamsifSeunsua e
1 s = P 1 - o ' 1 o aa o =
AundvuoanIaUAnoglu Subset By luunndnuneadd Tanihwavesmsnfiouiiion

b 4
T 1laluas a5 oumon fail

=1
ww zealsoll con — msnagiwamanfieuney Means
—— Aunde
Subsel
TRT N 1 2 3
T4 r 5025 T4 5.625a
T3 4| 5675 »
T2 4 7100 T3 5.675a
Lk 4 8.425
Sig. 853 1.000 1.000 T2 7.100b
Means for groups in homogeneous subsels are displayed.
Based on observed means.
The error term is Mean Square(Error) = .138. T1 8.425¢c

asiuaman)Seuney Treatment Means

o A, 1 t o z o J ' 1
Treatments T3 uaz T4 i liiioyu lisadunaznaass Treatments vhlviieyuannn

y 1 o A’ ' 1 1 o s _a
Treatments 819 a2y T2 M ldiloyuannna1 T1 egniidsdingnaaon



u A o/ - ) = | o
Mg MinaasalsoufoumsodTaund 4 ¥iia (A, B, C, D) Tagldual Tauuszosaundonny 4

s A g =y ' g o/
@1 uazldmisaun 4 au oau a9 05 auuma 4 siia Sauunnu Taasuma 4 #2 lddeyaSua

v
o

g ! =i =i
HITHUADUINAIU

Tauy (Column)

ALIA (Row) 1 2 3 4
I A 35 B 8.2 C 6.7 D 6.6
2 D 8.9 A19 B 5.8 C 45
3 C 9.6 D 3.7 A 29 B 3.7
4 B 10.5 C 102 D 4.6 A 3.7
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Tests of Between-Subjects Effects

Dependent Variable: MILK

Type Il Sum
Source of Squares df Mean Square F Sig.
Corrected Model 94 8832 9 10.543 3.306 .080
Intercept 597.803 1 597.803 187.448 .000
MAN 8.823 3 2.941 922 .485
COow 23.833 3 7.944 2.491 A567
MCHINE 62.228 3 20.743 6.504 .026
Error 19.135 6 3.189
Total 711.820 16
Corrected Total 114.018 15

a. R Squared = .832 (Adjusted R Squared = .580)

d
a3UHan13 NI

1 gl h g H 1 \ o ] o o/ = a
Man: 8euFUHO: MUY 4 auFaun lalSunaniumas liuanaenuedsihisdngneada

o 1w g/ o 9 %‘ .:i n 1 Y ' - & o w -
Cow: ®ouFUH0:9139M1 4 @S inanihiunge iiuananuediiisdngneana

i o 1 é = 1 9 a oo 9 g a:i 1 w ' S o Qs
Machine: souFUHa: AT 0alo0E10Y 2 FHasTAUN IdTinaniumasuanaenuedaiivdnymni
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MCHINE
msnagUnamsnfSouiney Means
Homogeneous Subsets
AUNAY
MILK
Duncan **® #
e A 2.95a
MCHINE N 1 2
A 4 2.9500
D 4 5.9500 5.9500 5.95ab
C 4 7.7500
B 4 7.8000
Sig. 055 206 C 7.75b
Means for groups in homogeneous subsels are displayed.
Based on Type lll Sum of Squares
B 7.80b

’dﬁﬂwnmsuﬁﬂmﬁﬂu Treatment Means

~ g C; ' ' o =y 3
Machine A uaz D 5aun e umas luuana9anun1ada Machine D C was BSauy
4 d ' 1 @ aa ' . ‘ 4 : '
815 maniuman liuana1anuneana ua Machine B uax C Sauy ladSmaniuumasuinnn

Machine A agaitisddgynana
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ﬂ‘]iﬂﬂﬂﬂ‘ﬁﬂﬂuL"L]ﬂ'élﬂﬂﬂ?ﬂﬁuﬂﬂﬂLWﬂﬁqiﬂJLLuﬂﬂﬂ?lLLElﬂﬁ]’lﬂ‘{ﬂ'JLL'FN
Pigment Production on Saba Banana Peel by Monascus sp. Isolated From Red

Yeast Rice

= 1% o w 2 = 1 a 2 2 ar W ar 3
gadl La’l“ﬂqa Hiﬁu ATLLAT ‘i’\l’ltmxﬁ gIlLA FUA& T'IIﬁ F0TUT AAT ANYLEU '5ﬂ?.|wu'|§

Yasmi Louhasakulﬁ, Nureesan Salaehz, Ea_),dm_ah_m_d_a_ez, Hindol Wadoz, Rohana Latehz,
Lakkhana Rakkhaphan3

¥ - 1 -3 3 1 -
ATNTl 2 Vanwansd AfanTseulaivagnd wnzAfietuenaeiguaulion Monascus splaluaaine vuRanndaeii

1ol ERTELE ddu Auma nanssuauleiwagaa
BLTLEE
(OD unit/eds) (OD unit/eds) (OD unit/eds) (Unit/gds)
79U 10 7u 73U 10 3u 77U 10 u 7 10 Ju

Monascus sp. YRUOL  4.31:037" 287+90.2° 205:004" 1274014  158:0.01° 1.13:001° 875:651° 101:0.01"
Monascus sp. YRUO2  4.09:0.66° 4.09:005 205:0.14" 123:0.14°  151:001° 1.12:009° 141:0.11° 106:0.01"
Monascus sp. YRUO3  2.65:0.23° 3.26:026° 1582003 157+029°  107:0.07 126+0.10° 108:02°  124+0.01"
Monascus sp. YRUDA  252+¢023° 286+005 116+0.15° 135005 106£007° 101x0.01° 112+004° 1.13+0.14°
Monascus sp. YRUDS ~ 2.23:0.42° 208+0.16° 099:0.17° 108+004° 0932007 085:0.02° 120+0.13° 0.68+0.44"

e e . ar . . L . 2 = o =
AIINWINTHE NGl ULAazADRUULARIAUWANAT DA LaAT BRI TsA AgMEnR (p<0.05)



Enhancing Lipid Production from Crude Glycerol by Newly
Isolated Oleaginous Yeasts: Strain Selection, Process
Optimization, and Fed-Batch Strategy

Suleeporn Kitcha - Benjamas Cheirsilp

Parameter Biomass (g/L) Lipid production (g/L) Lipid content (%)

Nitrogen source”

Yeast extract+peptone 17.05+0.11 a 7.40+£0.14 a 434+l 4 a
Yeast extract 16.21+0.40 a 7.10£0.10 b 44.0+0.7 ¢
Peptone 10.92+0.30 b 540+£0.11 ¢ 499402 b
Urea 4.11+0.10d 1.404+0.12 ¢ J.1+05¢
(NH4)-S50, 9.43+0.11 ¢ 3.60+0.114d 379+0.7d

NH,NO, 0.70+0.00 e ND ND



Enhancing Lipid Production from Crude Glycerol by Newly
Isolated Oleaginous Yeasts: Strain Selection, Process
Optimization, and Fed-Batch Strategy

Suleeporn Kitcha - Benjamas Cheirsilp

Parameter Biomass (g/L) Lipid production (g/L) Lipid content (%)

Concentration of crude glycerol (%)"

5 71.55+0.28 ¢ 288+004b 38.1+1.0a
10 10.05+0.07 a 4.13£025 a 40.642.1 a
15 9.55+035 b 2254004 ¢ 26.5+0.6 b

20 9.28+0.88 b 2.25+£0.14 d 243408 b




Enhancing Lipid Production from Crude Glycerol by Newly
Isolated Oleaginous Yeasts: Strain Selection, Process
Optimization, and Fed-Batch Strategy

Suleeporn Kitcha - Benjamas Cheirsilp

Parameter Biomass (g/L) Lipid production (g/L) Lipid content (%)

Concentration of (NH,),SO, (%)

0 207£025 ¢ 0.90+0.10d 44.8+3.6 a
0.5 10.05£0.07 a 4.13£0.25 a 40.6+2.1 b
1.0 943+0.11 b 3.60+0.10b 37.9+£0.7b

2.0 10.05+0.26 a 2.83+0.04 ¢ 28.1%£0.1 ¢



