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ABSTRACT

This research aims to study the efficiency of palm oil mill wastewater
pretreatment for ethanol production. The pretreatment with sulfuric acid (1% and 2%), sodium
hydroxide (NaOH) (1% and 2%) and boiling (95°C) were conducted at incubation time 30, 60 and
90 minutes. It was found that for acid pretreatment, the highest values of total sugar and reducing
sugar obtained were 61.56 and 7.99 g/L (at 90 minute and 1% H,SO,). For the results of sodium
hydroxide pretreatment, the highest values of total sugar and reducing sugar obtained were 32.86
and 6.58 g/L (at 60 minute and 2 % NaOH) whereas the pretreatment by boiling was low
efficiency. Thereafter, the pretreatment with the combination of 1% H,SO, at 90 minute and
boiling for 30 minute was conducted. The result showed that it was more effective than use only
acid or boiling alone. The total sugar was increased but the reducing sugar decreased which may
cause by the sugar degradation by heat. For the combination of 2 % NaOH at 60 minute and
boiling for 30 minutes, it yielded lower efficiency than that of acid combined with heat
pretreatment. After that the pretreated wastewater samples were hydrolyzed by cellulase but it
resulted the lower total sugar and reducing sugar than that the initiation. The pretreated samples
then were used as the substrate for ethanol production by Saccharomyces cerevisiae incubated at
30°C for 48 hr under the agitation condition at 100 rpm. The ethanols obtained were 0.55 (Yp/s =
0.30 g ethanol/g sugar) and 0.71 g/L (Yp/s = 0.30 g ethanol/g sugar) for acid combined with heat
and alkali combined with heat pretreatment respectively. These results could mention that there is
less possible for practice anyway. It need more study to enhance the pretreatment process or may

use palm oil mill wastewater as co-substrate.

Key words: Ethanol, Palm oil mill, enzyme cellulase, Saccharomyces cerevisiae
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Color Dark Brown Brown Brown-Blackish Brown
pH 4.05-4.62 4.84-5.35 4.61-4.89
BOD 54,750-60,000 22,800-41,985 21,000-45,375
COD 80,523-115,934 45,360-80,146 38,246-67,567

Volatile acid

Alkalinity

Grease

Total solids (TS)

Suspended solids (SS)

Nitrogen

-ammonia

-organic

3,128-5,870
68-200
16-2,449
49,063-88,508

18,500-52,000

27-61

551-1,172

998-7,125
37-1,576
20-1,165

26,367-76,733

2,600-6,100

7.0-66.3

22-1,287

1,838-2,273
86-480
4
25,634-47,242

2,900-20,300

22-23
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Mixed effluent Sterilizer condensate
Composition Dry wt basis Wet wt basis Dry wt basis Wet wt basis
(ppm) (%) (ppm) (%)
Total solids - 4.6 - 6.0
Crude protein 10.9 0.5 8.8 0.5
(Nx6.25)
Ether extract 25.6 1.2 34.6 2.1
Ash 11.4 0.5 14.2 0.9
Crude fibre 9.7 0.5 33 0.2
Nitrogen-free extract 42.4 1.9 39.1 2.3

11 : Hwang tazaae (1987)
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Mixed effluent Sterilizer condensate

Mineral Dry wt basis Wet wt basis Dry wt basis Wet wt basis
(ppm) (%) (ppm) (%)
N 689 1.73 944 1.83
160 0.31 152 0.36
K 1645 3.19 1300 3.09
Na 31 0.06 22 0.05
Mg 970 1.88 1020 242
Ca 110 0.21 140 0.33
Fe 50 0.10 18 0.04
Zn 13 0.025 15 0.035

111 : Hwang tazaae (1987)



M Y 2 Y
[ o A v o w d
Gﬂ‘ﬂx‘iﬁ 14 ﬂmaﬂymzﬂlmumamﬂiiwmaﬂﬂumuﬂmu

Parameters Concentrations
Total solids 44.6 g/l
Total suspended solids 14.1 g/l
Total dissolved solids 19.8 g/l
Total carbohydrates 9.0 g/l
Reducing sugars 3.0 g/l
Total Phosphate 203 mg/l
Mg 212 mg/l
Ca 185 mg/l
Na 14.5 mg/1
Zn 12.0 mg/1
K 3475 mg/l
Fe 27.4 mg/l

W : Mustar LazAE (2001)
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Peptone 5.0 NSUADANT
Yeast extract 10.0 NSUADANT
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1ae3B dichromate closed reflux method (APHA, AWWA and WEF, 1998)
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2. YoV VIUADY (Suspended Solid: SS)

Taeds gravimetric method (APHA, AWWA and WEF, 1998)

A A ¢
mmwmm:qﬂmm
. A £ =) a A Ia v
1. Glass filler disks (whatman GF/C ¥13® gelman type A ) %thllllﬁﬁﬂuﬂiﬂﬁﬂﬂg
A A [ [
2. IATONDFINITUNTON
2.1 fillter older 19 gooch crucible adapter 130 menbrane fillter funnel
2.2 §20n599AWY 25 Uadans §1M3TV Glass Fillter Y1 2.2 1UANAT
3. U399 A (suction flask) AU 500 Haaans
4. 1NT0IQATYINIA

5401

ad a d
IBNITIUANIITH

a =

A a A Yy 9 A I
1.fJ‘Uﬂigﬂ']‘lelﬂi@ﬂﬂ??\iiuﬂg@lﬂll‘!ﬂmwﬁ@ﬂﬁlﬁLlﬁﬂﬂ@mﬁﬂﬂ 103-105 'E)Qﬁ'll"lfﬁl“]fﬂﬁlﬂu

Q U
3 Y

o 2 Y3 a J = Y o o o
nan 142 Tus falheuluedamaosdszna 30 wi vdrramimnin
A a 3’ Y] 1 A Y a I 19y 1 A Aa o 1A
2. denfsmaniidieden lalsuaveswdavivase litfesndt 1.5 Taansudedns
3.2MNTEAENTOIUUNTIBNABNLIATOIGATYY IO INA
Y ' ] ]
4 hnaudanszannseslditlen udailaniosgagaaneime e linszaiunses
AANUNTIY
o 1A Y o oAy o = A
5.n3eedIvg e naudnuALd) Tage dons e INATIgADIMA
a A g A Y o 1 a A v a
6.damioegagyrenia 1dauAunszaunses udnildezglitionvlsessuay

J o Y A a I 3 o
viniuh Tdeouudangaiigil 103-105 esrwaBod et 1 42T

' 9
a R

L g9 a ” A Y oo g o 4
7. 09lgu e daawesUssuna 30 11N 13K INLYY

MIAUIN

Suspended Solid (mg/1) = [(A-B)x1000] /ml sample

Y

o o 1 a d A A o
HIURUNNTTAIYNIDINOUNITUATIEH (WAANTY)
9

B = 1 MINNIZAMBATOINEININATIEY (Taaniy)

Taen A



92

3. YDINVINIHNA (Total Solid: TS)

1ae3% Gravimetric method (APHA, AWWA and WEF, 1998)

A A ¢
in309iaNazgnInl

Y 491 Y v 4 A Aaa
1.028n5211Ie9 durgudnana 90 Jaaans

2.High Silica glass

a =

3.0 NYUNH 550 DIFUTAITHA

U

4401

5.1A5039AGYYINA

ad a d
IBNITIUAIITH

Yy 9
a = v A

Y A & ) Y yq ¥ <
1.LN']ﬂ'JEJ'§$LﬁEJ1/IQﬂ!Wﬂ3J 550 DAL ALY L‘]JHL'JEﬂ 1 GD"JT?N ummm”h“lmﬂuuaz

< Y A
nu 3 lunTesgagaime
@ ' A a 1 4 Y ' gj ) A
2.mmasm‘vmimﬂﬁmmuu@uaﬂuma ismaﬁmgmwumﬂam uazm"lﬂauw
dovuquuinil 103-105 ornwarFea

1 Y3 A o
3. )aveliiEuluniesgaganeaz s

MIAIUIN

Total Solid (mg/1) = [(A-B)x1000] /ml sample
Tash A = 1Iminueediee+ileszive (aansy)

o [} 9 A Aa o
B HUINUNVDINWYTSLNEY (WaANTY)

4. MIIATIZFIIMTa MIATI9Y (Total Kjeldahl Nitrogen: TKN)

1a838 macro kjeldahl method (APHA, AWWA and EF, 2005)

A A ¢
m‘smummzqﬂnsm
A A ' Y A A J &
1. 1n5eale lumsgseaaie ﬂi$ﬂ@ﬂﬂﬁﬂlﬂﬁﬂﬂﬂﬂ@1ﬂ1ﬁlwﬂ@ﬂulfJHW?)@ﬂﬂ\?

d‘ O'J =) % =
2. ITodnau Glgﬂ!ﬂEJ’Jﬂ‘]Jﬂﬁ‘l’ﬂllﬂllillluﬂ”lujﬂ‘iﬁ]u
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=
ARIGEY
1. ?1502aed M UNTE00 (digestion solution) tA3oN Tasazate InunaiFeugame
Y v A
(K,SO,) 134 niuuaz 73 03y CusO, wanfuluihnaulszuna 800 Nadans mimiuaw
Aa Aaa 9 o 1% Qy Y3 A a Yy 09: =2 o
134 Ja@an3 Y94 conc. H,S0, A18ANUIzNATE I nazNaliidungumgiivies :1niudalsy

a 1

a | a @ a3 { 4 @
Ysinasiilu 1 fas waulidiiu inu 1Angumvgligendi 14 esrwaided etloatunsan

=1
Han

= J = o = o
2. msazate ladon laason loa- Tandon 15 Todawla w5ouTasazais NaoH 500 niu
v v

uaz Tmdon 15 Tedamamuag lawnsa (Na,S,0,5H,0) $1uam 25 03 Tuhnauudilsulsnas

I~ a
adlu 1 ans

an a d
IBMIIATIZH
A a 2 o ) 2 o 2 L 4 -
1.1aensuesveatidieda vz ay anduwaninaundsianuey Tuiisau
a I A Aaa
15110552030 300 Haaans
2. e sazatedvisumsgesaatead il 50 Haaaas
9 a 9 a =) a2q Y = R quJ Qy
3. auaeulassazarela Reaedn 20-30 R ldvnuaa uluadrula anmiung
< [ a :’ o I a Aaa
Igundsusunasdreimaulimilu 300 aaans
o I 1 4 @ a aa
4.0 1%ilua dreasazansladenleasen laoa—ladaenls lodama 50 Haaans
:/l o q'/ 9 Aa a Qy a a a aa I~ v o ~ 9
i lndu Tasldasazasdudnasusiaeda 50 Hadans Wudiduuen Tudisau la
a oa.ll I~ a aa
Isassaunavualu 250 Haaans
Y Y

09: o 1 { o A aa v A < o @
Smﬂuummuﬁﬂau"l@gf 250 waaang GN'V]\‘]‘ITET}L?JU 1!']3J11‘VIL‘VI5G]ﬂlIﬁ'I§ﬂ$ﬂ'IEJﬂ5ﬂ

H,S0, 0.02 N aunaneiiludiaeeou

MIAIUIN
NH, - N +Org -N (mg/L) = [(A - B) x 280]/ ml. sample
Taefl NH, N+ Org N — uewTunileTuTasiou + dunsdluTasin
A - fladdnsansazmeinnsgIunsa H,80,0.02 N ilFlums lamsndaeda

a A

B = anansansazalennsgiunsa H,80,0.02 N 1l4luns lamsn Blank
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5. 119 waz luaiu (Oil and Grease)

1@ 35 soxhlet extraction method (APHA, AWWA and WEF, 1998)

A A d
!ﬂﬁﬂﬂn@!!agi’;ﬂﬂﬁm

1. gaanagondan

2. m?m@,ﬂqmﬂunmﬂ
3. 1309841

4. UINANA (extraction flask)

5. ATEALNTOULBT 40

6. ATUNIAFURITIA (extraction thimble paper)

7. fndadudmilunsnaudurmugudnas 11 wudues
8. Glass beads

9. Electric heating mante
=
a13tny

1. conc. HCI

2. Ariazany
2.1 1anL¥y (n-Hexane) i]‘ﬂ!,ﬁﬂﬂ 49 DIANBALTOE
2.2 methyl-tert-butyl ether (MTBE) i]‘ﬂ!&dmﬂ 55-56 DA UYAITE
3. diatomaceous-silica filter acid suspension , 10 0%’ miaﬁmmmﬁymé’u

. 23 o 73 o
4. solvent mixture, 80 11/051¥1A n-Hexane / 20 11lo515Ua MTBE (v/v)

ada d
AIFINTILH
Y
I @ [ ° a Aa 1 Y] [
Linudieenain 1 ans miedsuatiesnin udlsu pH 1¥ilesnin2 @18 conc..
Y
HCl Tuoasidszana 5 Taaansaeiidieds 1 aas
= ' o oy o Y o a A Y o 9 J
2. 913 gAY 039G T TAg AT A UUUNNT B9 1A NUAIY NILATHNIOULOT
4 v A o
40 °luﬂmﬂumum 118739 diatomaceous-silica filter acid suspension 10 ATW/AAT 31UIU 100
A aa 9 2 g’ Yy 9 Y 3’ o a 3,
Naaaasas il 1nTosgaguamagaihosnudlrdisdisinaulszm 1 das gaiiwonau

¥
(N

o
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v v Y Y
3.n599d08 1AM sNINTD | MUUUNTEAIENTeIRaTUTinueg (Yo 2 ) gain
DONIULI

4 15auAunszarunies W1 1 ldlunudalddaguenisu 15alviunaadie

aQ
a 9

9 Y Y o o A 1 a
Yo Invua udnihdalalunuiade

a =

o A a 1 I T3
s.ainua leu i udanemvnil 103 sersaded 1Wunar 30 w1n ladiauda1d

Q Y

3 a a
Bunuiya

O¢

IS % a

s d o 499 o 2 yve gy W = v 4
6. niminviai dena deladlduiameiimminai (euuiangurgil 103 o
=
IFI )
o A a 1 o [ Y | v o Y @
7. hudialdlugesonan imsanalagly wnmuiludiiiazaisniednsl 20 o1
VW o3| o
apd Tug 1Wunan 4 92T
o [ A [ :j A a ~ 9
8. nauanyUINVIAanaluATe09 1o Ngungil 80 osrmiwalFod  DONIULNA
ensnnenundyll1es1don)

o @ PR a J = Y o v 3’ o a 1w o
9.U'l"ll’lﬂ’(?fﬂﬂslﬁLﬂuiulﬂﬁﬂlﬂm@i 30 U umm"lﬂmumuﬂamgﬁmmu B N3y

MIAUIN

Oil and Grease (mg/L) = [(B - A) x10°)x280]/ ml. sample

6. M3NATIZY Dl (Biochemical Oxygen Demand : BOD)

1a833 5-Day BOD Test (APHA, AWWA and WEF, 1998)

A A ¢
ins09Nauazglnyal
1. Incubation Bottle Y119 250-300 Aadans wiougniladain
9
2. 11U50U1A 50 Haaans uazvIaalnse

3. NIZUBNANIUIA 1 aAT

a a

4. dnlavuia 10 Hadans

5.gnunuguniin 20 esruraIFod
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=
GARGEY
S 4 da
LANAUNUAUNINGS
@ 4 = Y] v
2.msazaeroamalivives wisnTasazais KH,PO, 8.5 niu Na,HPO,7H,0 334 N3
[ 9 091 M Aa aa [ a I~ a
K,HPO, 21.75 NS uaz NH,CI 1.7 n¥u lwinau 500 iadans udnsul5unasilu 1 das
Y v
3.msazaeuuniliFoudaa msoulasazats MgS0,.7 H,0 22.5 n5u Tushinauudn
o a I a
Usuilsuesilu 1aas
=\ 4 =) Y] g’ M
4. mMsazmeunaIFounac 159 1n50u 1agazaiy anhydrous CaCl, 27.5 3y Tuihinau
% a [~ a
Usvdsunesiddu 1 ans
) Jd A @ gl o [ 2
s.ansazmomles sanae 15a 103 ouTagazate FeCL.6 H0 025 n3u TwhnaulSulsinas
I~ a
Ay 1 ans
1 d o d' [
6.q15aza19nIALAZAN 1 Uosia no1l5y pH
= [ ' d @ o 2’ ) 4
7.815aza19 Twdeuda 1 0.025 uosia aza1e Na,SO, 1.575 niu luthnau uda
[ a 3 a dysl = v Aa d qa}/
Usudsuasdu 1 aas ensacareiidounsonludundnsizimiiu
= g’ o o Y A
8.mM3M3eNd MV 1Ha0019
v ' v v
1.1 enahasuldnnnindSnasnegly 1 das lalumvushazera
a % 4 @ 4 4
1.2 wumsazaeealaiivivies uuaiiFeudams unaounanlsa wles
Y
a 4 A 1 =) Aa aa 1 o o [ a
Sanaelsa laa@uansuaazsia 1 Jaaans aorhdmsul4ions 1 ans
[ v Y [
1.3 @wiuomeniomiuvlSunaeenmauluiiiediaies 1 931u4
= [ ] d' a 4
9.7154A3 JNAIDENNVLAATIZH
] I 1
1.4 doedsy pH Wiy 6.5-7.5 drensanTens
Y o w =~ = o 1
1.5 Ap4A19ANADTUNTB langniinneu
as o A
10.35M5%1199914
A I 4 g; Y] [ ) A ~ 1 Y 1
101 @enlesiFuaindiedraniinmesanaaiieg 1via1 BOD, od
[ { o S 3 S 1 (; 1
Tugneidmua udadenulesidudngenitezAini (M3MARLIN U-1)
Y
10.2 ApEq SWINEMSVII014 700-800 Tadans aslunszuenalevuia 1
a3 weneued liulesema

Y v Y
103 1HUA9819MNIIUIUNADIMT LA A S URIN TR 9auld

151195 1 ans
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104 saulidnduudalaluvae Bop, Taynldurundnilidu131ug aauaw

'
Aaa

<3| [ Y o a ' A A A o 1
g 20 °C 2 va9 1unan 5 u uanihwlsua Do dauiimasdn 1 vaa Wl
Y =~
DO nun
11. MINNTUIHANDAIUIUA
A A oA 9 A L] 9 a Aa o " A 9 =~ a
AN UFDDD 9LADINA1 DO BE1MUDY 1 HaanTuADanT Lazaeaunsanllsuia DO

1 Y A Aa o 1A @ ' g} A o A = o Y1 9
ﬁ\ﬂﬂ@fﬂﬂﬂf’]ﬂ 2 Naaﬂiﬂ@ﬂa@im@qg}'J'E]EJNU"WWﬂﬂ'ﬁL’I]i’]i]"l\ﬁ]\ﬁ]g'ﬂ']Elﬁﬂ"l BOD; RNNIYNADN

M519MANUIN N.1 33391 BOD, #az35n13100919

¥33A1 BOD, Yoravvoniiaoes
20,000-70,000 0.01
10,000-35,000 0.02
4,000-14,000 0.05
2,000-7,000 0.1
1,000-3,500 0.2
400-1,400 0.5
200-700 1.0
100-350 2.0
40-140 5.0
20-70 10.0
10-35 20.0
4-14 50.0
0-7 100

7. MaAANzHUTInanihimanawinalagds Phenol sulfuric (Dubois ef al., 1956)

9
ad A

9 k4 Y
mamFinaihaanuadiedsiamsonsivialiuaniealalusie 1-100
o I a { < { A 4 a L4 { 1o
luTasnsunglad waziuitmsnsasinez ldanszvmlsnams lulawsan Tudume
[ gl 3 ] g’ aa d A g} aa 1
w1z sz ludnihnatuszedlugilihmaidrduiothaalusssumannueglugl

. . . ] a J a 9 At ) 9
mono-, tri-, oligo- L81% polysaccharide Aansadnserilsnaaiedsi 1a
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nanmamalgnsen

g} . . . o aaa v A 9 a Yy 9 A
UMD mono-, tri-, oligo- L0% polysaccharide 1/1wﬂg]ﬂisnﬂuwuaauazﬂm%ax\l,sﬂmmuﬂ

a ! Y a = 3 Aaa A = A
gangiige ama minamanasulaatlumsniduazamnsngananuaIgagannueINaL

1 Y

nerd 480-490 W luas dmsuna lnmainalgaseusenlunsaitheia oligo-  tag

. v = J ' Y v 9 9 @ 3 IS a
polysaccharide gRAANUTLDITOTIENIN TWanalnoonINAUAI8NITA NI ouAUITUAINA

aaan [ 3, = Ay o J J . . £ a

ﬂ;]ﬂisneummeaﬂ uazumnmuwmaagwuwmM@ﬁ}l”iaa (Furfural derivatives) UNANIT

v v A I A a a I a9 .
sadnuiluea nanailud laseSalimu ua1sdsenevddu (Triarylmethane dyes)

=
LA RIGEY
v
L.ansazaneilueadosay 5 (ihmiinaelsuas) wseu'ld lasazarenanvosiluoa 5.0
Y '
nsuluinay 100 Uaaans

2. nadaysnidudu

ad a d
EMINATIY
1 o 1 a A aa 9 5’ o 3
1.ldensdednailsmas 1 Jaaans aslurasanaass (lminawilu Blank)
2. Aumsazareiluea 1 Hadans aalumswaude 1
9 Y ]
v Aa 4 = Y ' Y Y o 9 A .
3. asnald 10 il ud g s wanldidhdudleniowauaisazate (Vortex  mixer)
Y] oy = os/’ Qy 9 =
seiansanauiivzaen asne Adszana 20 i
4ahmsiednaluuaazvaoalianimsganaunasinnuenaau 490 uilumas

9
euanudnduiunsmlaisazaieiin1au1nsgIu (Standard curve)

msmuadSnanihmanaine

a 31 :/l o 9 1 dy
1J53J1muwnamwmmmmmmm"lﬂmﬂﬁumma‘lﬂu

a :’ Qall [ 1T Aa A

Usmanihaaniviua (NTuneans) =(0D ,,,)x(N13L399149)
(ANWFUx1000)

Tagh ANNFU = AIAIWEU (Slope) VBINTIHLIATTIU

A 1 A % ] Aq Ya L4
NITRDIN = ﬂ1ﬂﬁl%ﬂiﬂ\1@]’J’é)EJNVﬂ%’JLﬂﬂZ‘H



0.4

0.3

1 490 M Tuns

AINIAANAUMAIN

0.2

A

°

0.1

y =0.0043x + 0.048

2
R =0.9934

0.0

10 20 30 40 50 60 70

Snanihmananua (nSuneans)

9 9
MANUIN 0.2 N3 asgIuIhmanaviua 1ae3s Phenol sulfuric

80

99

¢ M ¢
8. M3AszHmUSnanimasaig 1agds Somogyi-Nelson method (MAIB19aTIIN

a J a (Y] a d
AU INYIAITAT HHINYIAVAIVATHATUNT)

wanmsMalgnsen
1.2Cu™ + reducing sugars » Cu,0
2.Cu,0 + H,S0, » 2Cu”

3.2Cu”" +Mo0,” +50,”

=
a1y

v

2cu”’ molybdenum blue

1. Low-alkalinity reagent of Somogyi

1522819 A: 19583 1A% Rochelle salt (KNa tartrate) 12 A5Y A anhydrous Na,CO,

9 J 1
24 NTU azawaﬂuﬁmﬁ’uﬁéfmé’aﬂszmm 250 yanang

v Y v
a1gazas B: 19383 1084 Cu,S0,.5H,0 4.0 N3 azangadluiingu 50 Nadans

v Y v
a1302218 C: 191381 1A anhydrous Na, SO, 180 A5y aza1eadluiinausoo Jaaans

o o v A ' Y o quUd
i lddue laoimeesn udavir Iy

@uesazate B asludisazats A neuaulidiiu udiness i NaHCO, 16 5y

Y
adlaulazare i 1Uld 1y Volumetric flask vu1a 1 203 Wiaisazats C inag
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a

Aa g‘ M { 4 o a I a ) { I {
wuihnaunduudias lhiedsulSnasgaiedu 1 das ihensazanen a8 ldinu ANgumgi
I o L4 Aa 1 1<

37 oarnesarded Wunal 1 da wdrnsTudmassmn g laamny 3 luvadasn

2. Arsenomolybdate reagent of Nelson

v Y [

1592018 D: 19504 1A8FI ammonium molybdate 25 N34 azatvadluiinaudsuiag

450 iadans udaANNIATAY3N (96%) aeli 21 Haddas
[ Y [

a15aza18 E: 190381 1AgH9 Na,HAsO,.7 H,0 3.0 n5u azatgasluiingu 25 Jaaans

o a a o & v A 3 a

hasazate Emuasluaisazato D wuthnaulsulSunasgaiedu 1 das Tagld

. Qszl o dy 3 A = I o Y
Volumetric flask 1ntiuiihansazatenanii linun 37 esmwsaidod Wuna 24 $2Tue udd
3
w3 luviadn
- L 2 4, A .

3. asazaneng Inauas gu mson Taesaina (FaRunseuil 100 oIrsaITyd 2
o < § o RS <
2 Tuq waziny 13 luToganudu) 11 0.0200 05y azarelwinaudsulsuasgaiiedu 100

Y

iaaans 1asld Volumetric flask ¢ ldensazarerhaariudu 200 lulasnsudeiiaaans 19
1< 3 o . Qa: 1 [
131 stock solution 3111 stock solution MO NTH lan N ITUA U 0200 TuTaTnsUAD

@

= an dy
yaaans ANy

MINMNANUHIN N.3 ﬁ1§ﬁ$ﬁ1ﬂﬂgiﬂﬁlﬂﬂ§§1u

asazaenglaa v o
1 o 1nau msazaenglaaansgIy
viaead | (200 lalasnsusiodiadans) | _ __ oy
o (FHagans) (lulnsn3usiodiadans)
(Hadans)
1 0.00 1.00 0
2 0.25 0.75 50
3 0.50 0.50 100
4 0.75 0.25 150
5 1.00 0.0 200
aq a d
IBMIUATIA

g 1 d’d a ra U =
1.gaensazaealodenlisunang Inda luifu 200 lulasnsy vieasazaronglnd
Y
Wa3g 1 15103 1.0 Hadans aslurasayuia 20x150 uu. 2 6

210 low-alkalinity reagent of Somogyi adly 1.0 iadans
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) 1 oy < ) < 1 Y g’ <
3 Tdulusaideuduna 10 Wi ud i i Tesldadludauinis
A A aa 1 Y Y o A Y
4133 arsenmolybdate reagent of Nelson 8411 1.0 fiadaas we l¥idniuie 1% Cu,0
AzA1eHUA
a g’ M a I Aa Aaa [ [ Qs}l Qy ]
siamimavadlldsnasgaieiiu2s Tadaas welddinu denallednrion 15
= 1 1 =) =
W ua liadsiny 40 Wi
[ U A d' d’
6. JammsganauuaeinueInau 520 w1 Tuwas
o ! A Ay v = A
7ahmimsganaundsi ldvinaisazateng Induiasgiu lhideunsi iiven
v o J ' o ' I 4
anuduiutsgninanduduvesng Inanua1ob  Iddunsmluasg meomarmdudu

voang Ind luasazaiediedny

MIAIUIN

ANuITNTUYE NI (NFNABAAT) = (A1 OD,, ;nm) - (0.0282)

(0.0042)
0.35
0.3 .
pd y =0.0014x
E
= 025 2_
= R =0.9859
=
>
@ 02 .
“us
E
= 015 4
-
€ .
&2
e 0.1
e
-&
0.05 -
0 L3
0 50 100 150 200 250

a H a ¢, v a
USnarhma3ng (nSuneans)

Y
o Aa A .
MANUIN N.4 ﬂ‘iW‘liJWl’i;@uqum‘iﬂ’w Tae7%s Somogyi-Nelson method
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a d |1a I3 4 [ d
9.  msuanzvlSuaueanssedlaslfinsesiausanaasea (Ebulliometer) MNITUDI
Zoecklein ttaznoe (1995)
o 4 i a S 9 >t
Ebulliometer 1Hutn5osiionldvlSunaueanssea lasmsmyadeaud wllaiiouny
1 ) o 1 1 a s 3 4 4
uruana Ndmiveunguuginazinlosiduduoanoeed (DUTARDINSALLERON  scale)
1309015z noudIaTanznIanIzuen 2 41U AD AU A LAz B AU NIINTTUDNAIU A 92
2 A Ay a s Ay o 1
Hunussgasazaenaeansilinaeansdoa lasussgasazatsnaoimsinadluyes
s o a oA 9 o [ 1 1 a 1 2} o o T 3 ] osj
C wazideumes ludimosta 1l dmivewmguugil laihdmiunasduasluges D 91niiu
1 ] [ I { o v A 1 [
AINABNTINTLVDA A LAz B 339049 E au F iifunlddmsuilaoreansazarsesn uazve

I o [ o = ~
G udmmisgmsusuladr anazines uaaaluaini n. 3

ad a d
IENMIUAINSH
v '
1. MINIYALABAYENIINAY
a 2’ o a a Aaa ] = 4 a oI 9
N, wuinaudsuag 30 daaans aslugoq C uazmﬂumaﬂmmaiﬂﬂ%
a g/ 1T a3 Il qu’ 1 '
V. wuiivaoduadluges D 1INTHAINABNIINTSUDN A 1AL B ASI¥09 E
= Y Y
fl. iﬂ]ﬂﬁglﬂﬂﬂlmﬂ’ﬂﬂ‘l@]‘iﬂ@G

d' 2’ A 9 1 1 ad’ d' a =
3. WBUUADALAIDIUATYUHIUNANN (ﬂi$3ﬂm 15-30 2UIN)

U

o 1 aa [ 4 @ 1
1. hawesguuginld lddsuana Taeliaagudvesanarcuenaseiuai

U

v '
gungiyaoaveninay

A v 1

2. MIYIYAADAVDINIDYIN

a @ ] a a aa ] o a J
wuEsaza1eal10819U5u1as 50 Jaaans aeluwes C uazi@ouines luinos

Y

a 9 z o g = o 3 19 = 1 1 a AR
‘]_]ﬂub mﬂuum'lﬂmiwﬁwumﬂaﬂuma 1 faua 10 U. 99 4. MsoumUsTuueansdoao 1

a =

A1INANANUBNNATINUAIgUHYTIAAOAVDIAITAz18A208197 1A nieveslTuIw

a

sy Y A s3I |a ' I~
Hoanvdoan la no esiFud Usuasaelsung
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MANUIN .5 uAnEnad MU wgungluazilesidudueancsed
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10. MAANZHUINaeMUeanIn504 Gas chromatography
I a 5 { ]
Wumsusnasonvianiialasliarsidesnsuennszeliunsering 2 phase Ao

. &L o . g A <
Mobile phase FUVUM e Stationaly phase MIuvoURAINT0UD AU

d' a d
annznFlumsInnz

Lﬂémﬁ’ﬂ‘ﬂﬂﬁ 351 : HP 6850 Gas chromatography with flame ionized detector
Column : HP-Innowax

Column description : Length 30 m, 250 pm I.D, 0.25 um film thickness

Oven temperature : 50 °C hold 6 minutes

Inlet temperature :200 °C

Detector temperature 1200 °C

Carier gas, flow rate : Helium

ad a d
IEMIUATIEH
= = Y 9 I
1. T8NUT1502018 Absolute ethyl alcohol (99.8%) Taon3suanudutuiu 1.0-5.0
nIu/ang
a2 W 1 a 9 A (24 A v KR dy A
2.9ad0019 1 luTasans Wasendlasu Tasns il Suiiniiunns
o 1 dy Aq ¥ =~ ~ o A Yy 9
3.mmwuﬂlﬂﬂiwhmmmuamﬂﬁ&mmEmmJﬂiwdmﬁ3§1umammmzmmumm
PNIUDA

v =

a d 1a X a Ad 1A a a
11. ﬂ153!ﬂ51$ﬂﬂ3ﬂ1m!“ﬂﬁl@ﬂuﬂiﬂ (ﬂh@ﬂgﬂ ﬂ'lii]ﬁ“])”J”JVIEJ1QG]ﬁ’IWﬂT§3J)

Q

w

d
Jaaailnsas
Counting chamber (Haemacytometer)

Microscope

aa a d
IBMIUAINTH

o =) Y v = -4 9}2‘ o A dy
L.NMNTIRADINAITACAYNIDYNN IUDY 10 Taglinaundsieainde

[ Jd o .
2. 1¥nszmudaaudinnuazeln Haemacytometer i1 Coverslip
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Y
3191 ez uTnuve VR Haemacytometer ia Coverslip NAUDVVYDI Coverslip
[~}
UV U Newton’s ring
1 o [ ~ A -4 9 I 4 ] ol

419811809 1502197 0819 NANIWIBN 107 1Hiwaadaanszaeed el aue

Tael4 Vortex mixer
9 . - & s dq Y .
5.1% Pasteur pipette Tlﬂi”lﬁinﬂlslf@@,m“]faaﬂﬁﬁliu"llﬂ 4 unzilaty Pasteur pipette @
a ' ' ' @ . ' <3 ' ' [
UVTNIUFDIINTEHIN Haemacytometer N Coverslip ‘]JaﬂﬂﬂjﬂﬂL‘I’iﬁi!"ﬁﬂﬂiﬁjmu%’ﬂﬂﬂﬁxﬂ
1 Yy
a8 lvau
o k4 v P . . o w ) I E) 4 1

6.u11ﬂ@ﬂjﬂﬂaﬂﬂﬂaﬂiiﬁu% Objective  N1ANVYTIY 40x UHUITUIUEAAYTAVINY D
A = ] 0’.1’ 1 9 a dy 1 Y o A 1 qgj dy A o
ﬁmaﬂu“lwmumwm 5 9e9 (MFuauFerulurIn 1IN 8919AB) NATNOAUNIT
@ ~ a d%l @ gl A A @ =3 Yo 1 1 o 7 A 1 1 9
Fuaunaznavulumsiusivoaniy i]ﬂ‘wmwummuau’szummaawmamguumu

Y Y ) 1 ° ' = s

RWILATUUULALATUE1HUDIT D (@mwﬂizﬂau (a)-(c)) mmmmﬂunaﬂmmmaawmgiu

1 d' d‘ ] 1
youdvineulvia) 1 ¥4

MIAMUIN

VUIAANVANVOY Haemacytometer = 0.1 mm

mumﬁruﬁ 1 Gﬁ’e)ﬂ‘l/ii‘y:‘ll@\i Haemacytometer= 02x0.2 mm

Usuag 1 Gﬁﬂﬂﬂﬂjﬂlﬂﬂ Haemacytometer = 0.2mmx02mmx 0.1 mm
= 0.02 mm x0.02mm x 0.0lmm
= 0.000004 cm’
= 0.000004 mL
= 4%10° mL

a A

g a o ¢ A Ao Y ' 1 6 . .
waaaelaaans = uaueaamasiiuldlu 1 $o9lua) () x 10°x (1/4) x Dilution

— Y x 10° x (1/4) x Dilution

Cover glass

_/

( - Ll"‘l_l e
b

Chamber halding
(a) bacteria

L
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LSnamanani lanea13AInu (Yp/s)

Ypis = dSuaueniuea (nsuaeans)

a g} aa 4 [ T A
Usunaihmnasans (NTUeDANT)

2.1lszansmumsnanemuea

1 9
Useansmuwmsnaaomuoea = 1Jsmmwawamﬁ”lﬁ’mmiﬁqéfu* 100

YszANTMUMIHIAIENUDAN NGBS (0.50)

3. YSinaemuea (nSuneans)

suaenvoa (nSuAaNS) = suanenuea (viv) * (10) * (0.79)

4. manfSeuisvySnasemueaii Tao1nn3ea Ebulliometer 4oy 1A309 Gas Chromatography
o [ a o dy Y o [ a 9 d’
dmsuluauideiilatinisTalsuiaeniusadlonies Ebulliometer

2 g A A Aq Yo A oy ~ % A @ 1 Ao
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a Y4
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a 1
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Anemueai Id nuNMIasriadienios GC ldnnemueannniiminiianiunios
Ebulliometer ¥99%n#10819 tazilon/souiisudadiunua19521i19msns19indoinTos
GC AUNIAT197AAI01A509 Ebulliometer  NUNTHANMUANANAUS DAL 0.19 =  0.03
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MANUIN A
Vo3aneaa

v 9 9 9
MIIMANUINT f.1 ﬂﬁﬁﬂ%ﬂwaﬂl@fiigEJ$L’Ja”Iﬂ1§‘]JNG]ﬂ‘]JﬁiﬂmﬁWﬂaﬁﬁﬂﬂJﬂil"lﬂﬁﬂ?Tﬂ

a 4

a 3’ o S A = @ [ a Yy 9
Ii\i\'i"luwaﬂlﬂuuﬂ'lﬁll‘ﬂPH‘L!ﬂTiW]iﬂﬂﬁﬂﬂﬂﬂﬂﬁﬂﬂﬁﬂ%ﬁt\!iﬂ (stO4) AITUIVUUU

Q

a =

I3 o a oA
1 esyua laedsuas UUNYUNHU 45 DIFLHUF YT

u

ANOVA
Total Sugar
Sum of Squares df Mean Square F Sig.
Between Groups 5229.132 3 1743.044 6015.257 .000
Within Groups 8.114 28 290
Total 5237.246 31

Multiple Comparisons

Dependent Variable: Total Sugar

D @) Mean Difference Std. ' 95% Confidence
time time (1)) Error Sie Interval

Upper Lower

Bound Bound

LSD 30min 60 min -2.50875(*) 26915 .000 -3.0601 -1.9574
90 min -28.90375(*) 26915 .000 -29.4551 -28.3524

control 3.23250(*) 26915 .000 2.6812 3.7838

60 min 30 min 2.50875(*) 26915 .000 1.9574 3.0601
90 min -26.39500(*) 26915 .000 -26.9463 -25.8437

control 5.74125(*) 26915 .000 5.1899 6.2926

90 min 30 min 28.90375(*) 26915 .000 28.3524 29.4551
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D @) Mean Difference Std. ' 95% Confidence
time time (1)) Error Sie Interval
Upper Lower
Bound Bound
60 min 26.39500(*) 26915 .000 25.8437 26.9463
control 32.13625(*) 26915 .000 31.5849 32.6876
control 30 min -3.23250(*) 26915 .000 -3.7838 -2.6812
60 min -5.74125(%) 26915 .000 -6.2926 -5.1899
90 min -32.13625(*) 26915 .000 -32.6876 -31.5849

* The mean difference is significant at the .05 level.

M Y Y Y
MS19MANKINT .2 ﬂ'liﬁﬂH'IWZ‘FUENSZ83!’JfﬂﬂWi‘Ull@]ﬂﬂim1mﬁ1ﬁ1ﬁﬁx‘lﬁhﬂﬂ1ﬂﬁ1!ﬁ8

a 4

a g’ % S A = Y @ a Y 9
Tssnupaaiiduilaunmiumsiwseningavalensadanin (H,S0,) ANUANYU

Q

I J a oA a =~
2 nlosidua laeil3inas tunguvgil 45 eermaiien

ANOVA
Total Sugar

Sum of
df Mean Square F Sig.

Squares
Between Groups 2086.613 3 695.538 3679.633 .000

Within Groups 5.293 28 .189
Total 2091.906 31

Multiple Comparisons

Dependent Variable: Total Sugar

Mean Difference 95% Confidence
(D time (J) time Std. Error Sig.
I-D Interval
Upper Lower
Bound Bound
LSD 30min 60 min 1.61000(%*) 21738 .000 1.1647 2.0553

90 min -18.89375(*) 21738 .000 -19.3390 -18.4485
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Mean Difference 95% Confidence
(D time (J) time Std. Error Sig.
{I-J) Interval
Upper Lower
Bound Bound
control -6.81750(*) 21738 .000 -7.2628 -6.3722
60 min 30 min -1.61000(*) 21738 .000 -2.0553 -1.1647
90 min -20.50375(*) 21738 .000 -20.9490 -20.0585
control -8.42750(*) 21738 .000 -8.8728 -7.9822
90 min 30 min 18.89375(*) 21738 .000 18.4485 19.3390
60 min 20.50375(*) 21738 .000 20.0585 20.9490
control 12.07625(*) 21738 .000 11.6310 12.5215
control 30 min 6.81750(*) 21738 .000 6.3722 7.2628
60 min 8.42750(*) 21738 .000 7.9822 8.8728
90 min -12.07625(*) 21738 .000 -12.5215 -11.6310

* The mean difference is significant at the .05 level.

Y

v Y 4
Yy 9 o a 1 a o (% o
ﬁnﬁl‘ifﬂﬂﬂu]ﬂﬁ .3 ﬂ'liﬁﬂ'kl'lNﬁﬂ'ﬂlll,ellll"llu611'0\1ﬂﬁ@Gﬁﬁ‘t‘!iﬂ@]i’]ﬂiﬂ'lmu'l@'lﬁﬂﬂﬂﬂﬂinﬂu'l

= a :1 % J A = @ a 9 9 a Yy 9
maiimuwa@umuﬂmwwmﬂmmﬂmmﬂumaﬂm«umjm (H,SO,) ANMAUNTYY 1 uag

Q

J 3 o a oA a ~ A ~
2 Lﬂ@ﬁl%uﬂiﬂﬁlﬂim1@i VUNYUNHY 45 93 uYALIE NTEULLIAT 30 60 Lag 90 UIN

ANOVA
Total Sugar
Sum of Squares df Mean Square F Sig.
Between Groups 8796.507 5 1759.301 5891.804 .000
Within Groups 12.541 42 299

Total 8809.048 47
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Multiple Comparisons

Dependent Variable: Total Sugar

Mean
95% Confidence
(D) time (J) time Difference  Std. Error  Sig.
Interval
(I-))

Upper Lower

Bound Bound

LSD 1%30min 1% 60 min  -2.50875(*) 27322 .000  -3.0601 -1.9574
1% 90 min  -28.90375(*)  .27322 000 -29.4551 -28.3524
2% 30 min  10.05000(*) 27322 .000 9.4986 10.6014
2% 60 min ~ 11.66000(*) 27322 .000 11.1086 12.2114
2% 90 min  -8.84375(*) 27322 .000  -9.3951 -8.2924
1% 60 min 1% 30min  2.50875(*) 27322 .000 1.9574 3.0601
1% 90 min  -26.39500(*)  .27322 000 -26.9464 -25.8436
2% 30 min  12.55875(*) 27322 .000  12.0074 13.1101
2% 60 min  14.16875(*) 27322 .000 13.6174 14.7201
2% 90 min  -6.33500(*) 27322 .000 -6.8864  -5.7836
1%90min 1% 30 min  28.90375(*) 27322 .000  28.3524  29.4551
1% 60 min  26.39500(*) 27322 .000 25.8436 26.9464
2% 30 min  38.95375(*) 27322 .000  38.4024 39.5051
2% 60 min  40.56375(*) 27322 .000 40.0124 41.1151
2% 90 min  20.06000(*) 27322 .000 19.5086  20.6114
2% 30min 1% 30min -10.05000(*)  .27322 .000 -10.6014  -9.4986
1% 60 min ~ -12.55875(*)  .27322 .000 -13.1101 -12.0074
1% 90 min  -38.95375(*)  .27322 .000 -39.5051 -38.4024
2% 60 min  1.61000(*) 27322 .000 1.0586 2.1614
2% 90 min  -18.89375(*)  .27322 .000 -19.4451 -18.3424
2% 60min 1% 30min -11.66000(*)  .27322 .000 -12.2114 -11.1086

1% 60 min  -14.16875(*)  .27322 .000 -14.7201 -13.6174
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Mean
(D) time (J) time Difference  Std. Error  Sig.
(I-J)

1% 90 min  -40.56375(*)  .27322 .000
2%90min 2% 30min  -1.61000(*) 27322 .000
2% 90 min  -20.50375(*)  .27322 .000
1% 30min  8.84375(%) 27322 .000
1% 60 min  6.33500(*) 27322 .000
1% 90 min  -20.06000(*)  .27322 .000
2% 30 min  18.89375(*) 27322 .000

2% 60 min ~ 20.50375(*) 27322 .000

95% Confidence
Interval

Upper Lower
Bound Bound
-41.1151  -40.0124
-2.1614  -1.0586
-21.0551  -19.9524
8.2924 9.3951
5.7836 6.8864
-20.6114  -19.5086
18.3424  19.4451
19.9524  21.0551

* The mean difference is significant at the .05 level.

H ] 1 a 3’ aa 4 :’
ﬂ1i1ﬂﬂ1ﬂﬂu3ﬂﬁ .4 fﬂﬁﬁﬂ’kﬂwaEll’f)\ﬁgﬁlgl'JQTﬂTi‘U3J§lﬂﬂﬁiﬂmT«lWﬂaﬁﬂ'J“D'inﬂuHﬁﬂ

a Y

a g’ % s A = Y [ a
Tsenrunamiiuihduidiunseioniagaudrensadansn (1,80, arududu

Q

a

- a oA ~
1 !ﬂ@il%uﬁiﬂﬂﬂﬁmWﬁ‘i VUNYUNYY 45 9NNy

U

ANOVA
Reducing Sugar
Sum of Squares df  Mean Square F Sig.
Between Groups 67.043 3 22.348 2505.492 .000
Within Groups 392 44 .009

Total 67.436 47
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Multiple Comparisons

Dependent Variable: Reducing Sugar

) Mean Difference Std. 95% Confidence
(J) time Sig.
time ) Error Interval

Upper Lower

Bound Bound

LSD 30min 60 min -1.47083(*) .03856 .000 -1.5485 -1.3931
90 min -2.79833(*) .03856 .000 -2.8760 -2.7206

control .06833 .03856 .083 -.0094 .1460

60 min 30 min 1.47083(*) .03856 .000 1.3931 1.5485
90 min -1.32750(*) .03856 .000 -1.4052 -1.2498

control 1.53917(*) .03856 .000 1.4615 1.6169

90 min 30 min 2.79833(*) .03856 .000 2.7206 2.8760
60 min 1.32750(*) .03856 .000 1.2498 1.4052

control 2.86667(*) .03856 .000 2.7890 2.9444

control 30 min -.06833 .03856 .083 -.1460 .0094
60 min -1.53917(*) .03856 .000 -1.6169 -1.4615
90 min -2.86667(*) .03856 .000 -2.9444 -2.7890

* The mean difference is significant at the .05 level.

H ] 1 a g’ a 4 oy
ﬂ]i%‘ifnﬂﬂu?ﬂﬁ .5 ﬂ’]ﬁﬁﬂﬂ'lWa‘llﬂ\iig83L’JaTﬂ’]ﬁ‘UNﬁ'ﬂﬂim’]mu']ﬂ']a?ﬂ?“ﬁéﬂﬁlﬂu“%ﬂ

a 9

a & o ¢ A - y v (A Y
15\1\111!Wa§]u1uu1j']ailcﬂW'IUﬂ’l'ilﬁﬁﬂﬂJjﬁﬂﬂUﬂjﬂﬂiﬂcﬁaK‘!ﬁﬂ (H2804) AITVLVVUU

Q

a =

- a oA
2 !ﬂ@il“ﬁuﬁiﬂﬂﬂﬁﬂ\l"lﬁi ‘]JiJ'VI’QﬂlﬂﬂiJ 45 AUy

QU

ANOVA
Reducing Sugar
Sum of Squares df Mean Square F Sig.
Between Groups 9.784 3 3.261 6059.248 .000
Within Groups .024 44 .001

Total 9.808 47
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Multiple Comparisons

Dependent Variable: Reducing Sugar

Mean Difference  Std. 95% Confidence
(D time (J) time Sig.
) Error Interval

Upper Lower

Bound Bound

LSD 30min 60 min .03417(*) .00947  .001 .0151 .0533
90 min 1.12250(*) .00947  .000 1.1034 1.1416

control 37167(%) .00947  .000 3526 3908

60 min 30 min -.03417(*) .00947  .001 -.0533 -.0151
90 min 1.08833(*) .00947  .000 1.0692 1.1074

control .33750(%) .00947  .000 3184 3566
90 min 30 min -1.12250(*) .00947  .000 -1.1416 -1.1034
60 min -1.08833(*) .00947  .000 -1.1074 -1.0692

control -.75083(*) .00947  .000 -.7699 -7317

control 30 min -37167(*) .00947  .000 -.3908 -.3526
60 min -.33750(*) .00947  .000 -.3566 -.3184

90 min .75083(*) .00947  .000 7317 7699

* The mean difference is significant at the .05 level.

Yy 9 o

H a v a :’ a J oy
ﬂ1§1\1ﬂ1ﬂwu'3ﬂﬁ .6 ﬂTiﬁﬂE"lNﬁﬂ'J”liJWiJleu‘ﬂﬂﬂﬂﬁﬂ‘ﬂfaﬂuﬁﬂﬁ@ﬂiﬂ"lmuWl"lﬁ%ﬂ?“]ﬁ]"lﬂiﬂlﬁﬂ

a g

a c’,‘ o S A = [V o a Y 9 J 3 4
Tsenumaariniuhaunmumses ﬂﬂﬂﬁgﬂﬂﬂjﬂﬂiﬂcﬁﬁﬁiﬂ (HZSO) AV 112 2 1o S uA
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ANOVA
Reducing Sugar
Sum of Squares df Mean Square F Sig.
Between Groups 97.593 5 19.519 3120.649 .000
Within Groups 413 66 .006

Total 98.006 71
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Multiple Comparisons

Dependent Variable: Reducing Sugar

Mean
Std. 95% Confidence
(D time (J) time Difference Sig.
Error Interval
(I-7)

Upper Lower

Bound Bound
LSD 1%30min 1% 60 min -1.47083(*) .03229  .000 -1.5353 -1.4064
1% 90 min  -2.79833(*) .03229  .000 -2.8628 -2.7339

2% 30 min  -.30333(*) .03229  .000 -.3678 -.2389

2% 60 min  -.26917(*) .03229  .000 -.3336 -.2047

2%90min  .81917(*)  .03229  .000 7547 .8836

1% 60 min 1% 30min  1.47083(*) .03229  .000 1.4064 1.5353
1% 90 min  -1.32750(*) .03229  .000 -1.3920 -1.2630

2% 30 min  1.16750(*) .03229  .000 1.1030 1.2320

2% 60 min  1.20167(*) .03229  .000 1.1372 1.2661

2% 90 min  2.29000(*) .03229  .000 2.2255 2.3545

1% 90 min 1% 30min  2.79833(*) .03229  .000 2.7339 2.8628
1% 60 min ~ 1.32750(*) .03229  .000 1.2630 1.3920

2% 30 min  2.49500(*) .03229  .000 2.4305 2.5595

2% 60 min  2.52917(*) .03229  .000 2.4647 2.5936

2% 90 min  3.61750(*) .03229  .000 3.5530 3.6820

2%30min 1% 30min  .30333(*) .03229  .000 .2389 3678
1% 60 min  -1.16750(*) .03229  .000 -1.2320 -1.1030
1% 90 min  -2.49500(*) .03229  .000 -2.5595 -2.4305

2% 60 min .03417 03229  .294 -.0303 .0986

2% 90 min  1.12250(*) .03229  .000 1.0580 1.1870

2% 60 min 1% 30min  .26917(*)  .03229  .000 .2047 3336
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Mean
Std. 95% Confidence
(D time (J) time Difference Sig.
Error Interval
(I-1)
Upper Lower
Bound Bound
1% 60 min -1.20167(*) .03229 .000 -1.2661 -1.1372
1% 90 min  -2.52917(*) .03229 .000 -2.5936 -2.4647
2% 30 min -.03417 .03229 294 -.0986 .0303
2%90min  1.08833(*) .03229 .000 1.0239 1.1528
2%90min  1%30min  -.81917(*) .03229 .000 -.8836 -.7547
1% 60 min  -2.29000(*) .03229 .000 -2.3545 -2.2255
1% 90 min  -3.61750(*) .03229 .000 -3.6820 -3.5530
2%30min -1.12250(*) .03229 .000 -1.1870 -1.0580
2% 60 min  -1.08833(*) .03229 .000 -1.1528 -1.0239

* The mean difference is significant at the .05 level.

v 9 9 9
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ANOVA

Total Sugar

=

J
1Iwaeulaasonlesa (NaOH) AN AL

Sum of Squares df Mean Square F Sig.
Between Groups 1002.897 3 334.299 3224.199 .000
Within Groups 2.903 28 104
Total 1005.800 31
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Multiple Comparisons

Dependent Variable: Total Sugar

) @) Mean Difference Std. 95% Confidence
time time ) Error Sig. Interval
Upper Lower
Bound Bound
LSD 30min 60 min -11.45750(*) .16100 .000 -11.7873 -11.1277
90 min -13.88125(*) .16100 .000 -14.2110 -13.5515
control -12.98000(*) .16100 .000 -13.3098 -12.6502
60 min 30 min 11.45750(*) .16100 .000 11.1277 11.7873
90 min -2.42375(%) .16100 .000 -2.7535 -2.0940
control -1.52250(*) .16100 .000 -1.8523 -1.1927
90 min 30 min 13.88125(*) .16100 .000 13.5515 14.2110
60 min 2.42375(*%) .16100 .000 2.0940 2.7535
control .90125(*) .16100 .000 5715 1.2310
control 30 min 12.98000(*) .16100 .000 12.6502 13.3098
60 min 1.52250(*) .16100 .000 1.1927 1.8523
90 min -.90125(*) .16100 .000 -1.2310 -.5715

* The mean difference is significant at the .05 level.
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ANOVA
Total Sugar
Sum of Squares df Mean Square F Sig.
Between Groups 2958.750 3 986.250 3183.556 .000
Within Groups 8.674 28 310

Total 2967.425 31
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Multiple Comparisons

Dependent Variable: Total Sugar

Mean Difference Std.

(D time  (J) time Sig.  95% Confidence Interval
) Error
Upper Lower
Bound Bound
LSD 30min 60 min -18.30875(*) 27830 .000 -18.8788 -17.7387

90 min -26.57125(*) 27830  .000 -27.1413 -26.0012

control -14.86375(*) 27830  .000 -15.4338 -14.2937
60 min 30 min 18.30875(*) 27830  .000 17.7387 18.8788
90 min -8.26250(*) 27830  .000 -8.8326 -7.6924
control 3.44500(*) 27830  .000 2.8749 4.0151
90 min 30 min 26.57125(*) 27830  .000 26.0012 27.1413
60 min 8.26250(*) 27830  .000 7.6924 8.8326
control 11.70750(*) 27830  .000 11.1374 12.2776
control 30 min 14.86375(*) 27830  .000 14.2937 15.4338
60 min -3.44500(*) 27830  .000 -4.0151 -2.8749
90 min -11.70750(*) 27830  .000 -12.2776 -11.1374

* The mean difference is significant at the .05 level.
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ANOVA
Total Sugar
Sum of Squares df Mean Square F Sig.
Between Groups 4095.506 5 819.101 3211.427 .000
Within Groups 10.712 42 255

Total 4106.218 47
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Multiple Comparisons

Dependent Variable: Total Sugar

Mean Difference Std. 95% Confidence

(D time (J) time ) Error Sig. Interval

Upper Lower

Bound Bound

LSD 1% 30min 1% 60 min  -11.45750(*) 25252 .000 -11.9671  -10.9479

1% 90 min  -13.88125(*) 25252 .000 -14.3908  -13.3717
2% 30 min 1.88375(*) 25252 .000 1.3742 2.3933

2% 60 min  -16.42500(*) 25252 .000 -16.9346  -15.9154

2% 90 min  -24.68750(*) 25252 .000 -25.1971  -24.1779

1% 60 min 1% 30 min 11.45750(*) 25252 .000 10.9479 11.9671
1% 90 min -2.42375(*) 25252 .000 -2.9333 -1.9142

2% 30 min 13.34125(*) 25252 .000 12.8317 13.8508

2% 60 min -4.96750(*) 25252 .000 -5.4771 -4.4579

2%90min  -13.23000(*) 25252 .000 -13.7396  -12.7204

1% 90 min 1% 30 min 13.88125(*) 25252 .000 13.3717 14.3908
1% 60 min 2.42375(*) 25252 .000 1.9142 2.9333

2% 30 min 15.76500(*) 25252 .000 15.2554  16.2746

2% 60 min -2.54375(*) 25252 .000 -3.0533 -2.0342

2%90min  -10.80625(*) 25252 .000 -11.3158  -10.2967

2% 30 min 1% 30 min -1.88375(*) 25252 .000 -2.3933 -1.3742

1% 60 min ~ -13.34125(%) 25252 .000 -13.8508  -12.8317

1% 90 min  -15.76500(*) 25252 .000 -16.2746  -15.2554

2% 60 min  -18.30875(*) 25252 .000 -18.8183  -17.7992

2%90min  -26.57125(*) 25252 .000 -27.0808  -26.0617

2% 60 min 1% 30 min 16.42500(*) 25252 .000 15.9154 16.9346
1% 60 min 4.96750(*) 25252 .000 4.4579 5.4771
1% 90 min 2.54375(*) 25252 .000 2.0342 3.0533

2% 30 min 18.30875(*) 25252 .000 17.7992 18.8183
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Mean Difference Std. 95% Confidence

(D) time (J) time ) Error Sig. Interval

Upper Lower

Bound Bound

2% 90 min -8.26250(*) 25252 .000 -8.7721 -7.7529
2% 90 min 1% 30 min 24.68750(*) 25252 .000 24.1779  25.1971
1% 60 min 13.23000(*) 25252 .000 12.7204 13.7396
1% 90 min 10.80625(*) 25252 .000 10.2967 11.3158
2% 30 min 26.57125(*) 25252 .000 26.0617  27.0808

2% 60 min 8.26250(*) 25252 .000 7.7529 8.7721

* The mean difference is significant at the .05 level.
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ANOVA
Reducing Sugar
Sum of Squares df Mean Square F Sig.
Between Groups 1.125 3 375 12.929 .000
Within Groups 1.277 44 .029

Total 2.402 47




Multiple Comparisons

Dependent Variable: Reducing Sugar
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Q) Mean Difference Std. 95% Confidence
(I) time Sig.
time ) Error Interval
Upper Lower
Bound Bound
LSD 30min 60 min .24592(*) .06954 .001 .1058 3861
90 min 25565(*) .06954 .001 1155 .3958
control -.09564 .06954 176 -.2358 .0445
60 min 30 min -.24592(%) .06954 .001 -.3861 -.1058
90 min .00973 .06954 .889 -.1304 .1499
control -.34156(*) .06954 .000 -.4817 -.2014
90 min 30 min -.25565(*) .06954 .001 -.3958 -.1155
60 min -.00973 .06954 .889 -.1499 .1304
control -.35129(*) .06954 .000 -4914 -2111
control 30 min .09564 .06954 176 -.0445 2358
60 min 34156(*) .06954 .000 2014 4817
90 min 35129(%) .06954 .000 2111 4914

* The mean difference is significant at the .05 level.
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ANOVA
Reducing Sugar
Sum of Squares df Mean Square F Sig.
Between Groups 23.274 3 7.758 4965.342 .000
Within Groups .069 44 .002
Total 23.343 47
Multiple Comparisons
Dependent Variable: Reducing Sugar
1)) €)) Mean Difference Std. ' 95% Confidence
time time ) Error Sie Interval

Upper Lower
Bound Bound

LSD 30min 60 min -43274(*) .01614 .000 -.4653 -.4002
90 min 1.24047(*) .01614 .000 1.2080 1.2730
control 1.02727(*) .01614 .000 .9947 1.0598

60 min 30 min A43274(*) .01614 .000 4002 4653
90 min 1.67322(*) .01614 .000 1.6407 1.7057

control 1.46001(*) .01614 .000 1.4275 1.4925
90 min 30 min -1.24047(*) .01614 .000 -1.2730 -1.2080
60 min -1.67322(*) .01614 .000 -1.7057 -1.6407

control -21321(*) .01614 .000 -.2457 -.1807

control 30 min -1.02727(*) .01614 .000 -1.0598 -.9947
60 min -1.46001(*) .01614 .000 -1.4925 -1.4275

90 min 21321(%) .01614 .000 .1807 2457

*The mean difference is significant at the .05 level.



123

d’ = A Yy 9 U = g a
AT NNANUINN A.12 ﬂ'lﬁﬁﬂ'thNﬁeUfNﬂ'lﬁL‘W‘JJﬂ’JHJ!ﬂJlI"UHﬂNIG]ﬂ@ﬂhllaﬂiﬂﬂhlcﬁﬂﬁﬂﬂﬁﬂ1m

a

g} a A 4 gl = a g} @ 4 A =\ @ 9 1
‘LHG]1?515ﬂ’Mﬁ]"lﬂuHE‘TEJI?QQTHNQWH”I?JL!‘]JTQ?JTIN"Ii!ﬂ"limiilll’wlﬂﬂﬂﬂ’sﬂﬂi

Q

Lo

1 ~

~ o Yy 9 P 2 z v a 1 Aa
T%m&mhlé’lﬂiﬂﬂulcliﬂ (NaOH) ANUAUNUU 1 1as 2 Lﬂ@ﬁl%u@IﬂEJUT‘riuﬂm@ﬂﬂJm%' ‘lJll‘I/]EJmWQN

E]

45 paAsaIFed NTzez1Ia1 30 60 Lag 90 U

ANOVA
Reducing Sugar
Sum of Squares df Mean Square F Sig.
Between Groups 36.686 5 7.337 975.838 .000
Within Groups 496 66 .008
Total 37.183 71

Multiple Comparisons

Dependent Variable: Reducing Sugar

Mean Std. 95% Confidence
(D) time (J) time Sig.
Difference (I-J)  Error Interval
Upper Lower

Bound Bound

LSD 1% 30min 1% 60 min .33878(*) .03540  .000 2681 4095
1% 90 min .34851(*) .03540  .000 2778 4192
2% 30 min -1.03005(*) .03540  .000 -1.1007 -.9594

2% 60 min -1.46279(*) .03540  .000 -1.5335 -1.3921

2% 90 min .221042(*) .03540  .000 1397 2811
1% 60 min 1% 30 min -.33878(*) .03540  .000 -.4095 -.2681
1% 90 min .00973 .03540 .784 -.0609 .0804

2% 30 min -1.36882(*) .03540  .000 -1.4395 -1.2981
2% 60 min -1.80157(*) .03540  .000 -1.8722 -1.7309
2% 90 min -.12835(*) .03540  .001 -.1990 -.0577
1% 90 min 1% 30 min -.34851(*) .03540  .000 -4192 -2778

1% 60 min -.00973 03540 .784 -.0804 .0609
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Mean Std. 95% Confidence
(D) time (J) time Sig.
Difference (I-J)  Error Interval

Upper Lower

Bound Bound
2% 30 min -1.37856(*) .03540  .000 -1.4492 -1.3079
2% 60 min -1.81130(*) .03540 .000 -1.8820 -1.7406

2% 90 min -.13808(*) .03540 .000 -.2088 -.0674

2% 30 min 1% 30 min 1.03005(*) .03540  .000 .9594 1.1007
1% 60 min 1.36882(*) .03540 .000 1.2981 1.4395

1% 90 min 1.37856(*) .03540 .000 1.3079 1.4492

2% 60 min - 43274(*) .03540 .000 -.5034 -.3621

2% 90 min 1.24047(*) .03540 .000 1.1698 1.3112

2% 60 min 1% 30 min 1.46279(*) .03540  .000 1.3921 1.5335
1% 60 min 1.80157(*) .03540  .000 1.7309 1.8722

1% 90 min 1.81130(*) .03540  .000 1.7406 1.8820

2% 30 min A3274(%) .03540  .000 3621 .5034

2% 90 min 1.67322(*) .03540  .000 1.6025 1.7439

2% 90 min 1% 30 min -21042(*) .03540 .000 -2811 -.1397
1% 60 min .12835(%) .03540 .001 .0577 .1990

1% 90 min .13808(*) .03540  .000 .0674 .2088
2% 30 min -1.24047(*) .03540  .000 -1.3112 -1.1698
2% 60 min -1.67322(*) .03540 .000 -1.7439 -1.6025

* The mean difference is significant at the .05 level.
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ANOVA
Total Sugar
Sum of Squares df Mean Square F Sig.
Between Groups 496.765 3 165.588 609.943 .000
Within Groups 7.601 28 271
Total 504.366 31

Multiple Comparisons

Dependent Variable: Total Sugar

Mean Std. 95% Confidence
(D time (J) time Sig.
Difference (I-J)  Error Interval
Upper Lower
Bound Bound
LSD 30min 60 min -1.97000(*) .26052 .000 -2.5036 -1.4364
90 min -6.66625(*) .26052 .000 -7.1999 -6.1326
control -10.05625(*) .26052 .000 -10.5899 -9.5226
60 min 30 min 1.97000(*) .26052 .000 1.4364 2.5036
90 min -4.69625(*) .26052 .000 -5.2299 -4.1626
control -8.08625(*) .26052 .000 -8.6199 -7.5526
90 min 30 min 6.66625(*) .26052 .000 6.1326 7.1999
60 min 4.69625(*) .26052 .000 4.1626 5.2299
control -3.39000(*) .26052 .000 -3.9236 -2.8564
control 30 min 10.05625(*) .26052 .000 9.5226 10.5899
60 min 8.08625(%) .26052 .000 7.5526 8.6199
90 min 3.39000(*) .26052 .000 2.8564 3.9236

* The mean difference is significant at the .05 level.
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ANOVA
Reducing sugar
Sum of Squares df Mean Square F Sig.
Between Groups 13.837 3 4.612 834.747 .000
Within Groups 243 44 .006
Total 14.080 47
Multiple Comparisons
Dependent Variable: Total Sugar
Mean Difference Std. 95% Confidence
(D time (J) time Sig.
) Error Interval

Upper Lower
Bound Bound

LSD 30min 60 min A5667(*) .03035 .000 3955 5178
90 min 1.34750(*) .03035 .000 1.2863 1.4087

control L06750(*) .03035 .031 .0063 1287

60 min 30 min -45667(*) .03035 .000 -.5178 -.3955

90 min .89083(*) .03035 .000 .8297 .9520

control -.38917(*) .03035 .000 -.4503 -.3280
90 min 30 min -1.34750(*) .03035 .000 -1.4087 -1.2863

60 min -.89083(*) .03035 .000 -.9520 -.8297
control -1.28000(*) .03035 .000 -1.3412 -1.2188

control 30 min -.06750(*) .03035 .031 -.1287 -.0063

60 min .38917(*) .03035 .000 .3280 4503

90 min 1.28000(*) .03035 .000 1.2188 1.3412

* The mean difference is significant at the .05 level.
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Total Sugar

ANOVA

Sum of Squares df Mean Square F Sig.
Between Groups 47099.983 7 6728.569 1345.533 .000
Within Groups 280.038 56 5.001
Total 47380.020 63
Multiple Comparisons
Dependent Variable: Total Sugar
Mean
Std. 95% Confidence
(D time (J) time Difference Sig.
Error Interval
(1))
Upper Lower
Bound Bound
LSD 1%acid 1%acid30 -3.23250(*) 1.11811 .005 -5.4723 -.9927
1%acid60 -5.74125(*) 1.11811 .000 -7.9811 -3.5014
1%acid90 -32.13625(*) 1.11811 .000  -34.3761  -29.8964
1%boil 13.40875(*) 1.11811 .000 11.1689 15.6486
1%boil30 -68.54500(*) 1.11811 .000  -70.7848  -66.3052
1%boil60 -50.93125(*) 1.11811 .000 -53.1711  -48.6914
1%boil90 -43.28625(*) 1.11811 .000 -45.5261  -41.0464
1%acid30 1%acid 3.23250(*) 1.11811 .005 .9927 5.4723
1%acid60 -2.50875(*) 1.11811 .029 -4.7486 -.2689
1%acid90 -28.90375(*) 1.11811 .000  -31.1436  -26.6639
1%boil 16.64125(*) 1.11811 .000 14.4014 18.8811
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Mean
Std. 95% Confidence
(D time (J) time Difference Sig.
Error Interval
(1))

Upper Lower

Bound Bound
1%boil30 -65.31250(*) 1.11811 .000  -67.5523  -63.0727
1%b0il60 -47.69875(*) 1.11811 .000  -49.9386  -45.4589
1%b0il90 -40.05375(*) 1.11811 .000  -42.2936  -37.8139

1%acid60 1%acid 5.74125(*) 1.11811 .000 3.5014 7.9811

1%acid30 2.50875(*) 1.11811 .029 .2689 4.7486
1%acid90 -26.39500(*) 1.11811 .000  -28.6348  -24.1552

1%boil 19.15000(*) 1.11811 .000 16.9102 21.3898
1%boil30 -62.80375(*) 1.11811 .000  -65.0436  -60.5639
1%b0il60 -45.19000(*) 1.11811 .000  -47.4298  -42.9502
1%b0il90 -37.54500(*) 1.11811 .000  -39.7848  -35.3052

1%acid90 1%acid 32.13625(*) 1.11811 .000 29.8964 34.3761
1%acid30 28.90375(*) 1.11811 .000 26.6639 31.1436

1%acid60 26.39500(*) 1.11811 .000 24.1552 28.6348

1%boil 45.54500(*) 1.11811 .000 43.3052 47.7848
1%boil30 -36.40875(*) 1.11811 .000  -38.6486  -34.1689
1%b0il60 -18.79500(*) 1.11811 .000  -21.0348  -16.5552

1%b0il90 -11.15000(*) 1.11811 .000  -13.3898  -8.9102
1%boil 1%acid -13.40875(*) 1.11811 .000  -15.6486 -11.1689
1%acid30 -16.64125(*) 1.11811 .000 -18.8811 -14.4014
1%acid60 -19.15000(*) 1.11811 .000  -21.3898  -16.9102
1%acid90 -45.54500(*) 1.11811 .000  -47.7848  -43.3052
1%boil30 -81.95375(*) 1.11811 .000  -84.1936  -79.7139
1%b0il60 -64.34000(*) 1.11811 .000  -66.5798  -62.1002
1%b0il90 -56.69500(*) 1.11811 .000  -58.9348  -54.4552

1%boil30 1%acid 68.54500(*) 1.11811 .000 66.3052 70.7848
1%acid30 65.31250(*) 1.11811 .000 63.0727 67.5523

1%acid60 62.80375(*) 1.11811 .000 60.5639 65.0436
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Mean
Std. 95% Confidence
(D time (J) time Difference Sig.
Error Interval
(1))

Upper Lower

Bound Bound

1%acid90 36.40875(*) 1.11811 .000 34.1689 38.6486

1%boil 81.95375(*) 1.11811 .000 79.7139 84.1936

1%boil60 17.61375(*) 1.11811 .000 15.3739 19.8536

1%b0il90 25.25875(*) 1.11811 .000 23.0189 27.4986

1%b0oil60 1%acid 50.93125(*) 1.11811 .000 48.6914 53.1711
1%acid30 47.69875(*) 1.11811 .000 45.4589 49.9386

1%acid60 45.19000(*) 1.11811 .000 42.9502 47.4298

1%acid90 18.79500(*) 1.11811 .000 16.5552 21.0348

1%boil 64.34000(*) 1.11811 .000 62.1002 66.5798
1%boil30 -17.61375(*) 1.11811 .000  -19.8536  -15.3739

1%b0il90 7.64500(*) 1.11811 .000 5.4052 9.8848

1%b0oil90 1%acid 43.28625(*) 1.11811 .000 41.0464 45.5261
1%acid30 40.05375(*) 1.11811 .000 37.8139 42.2936

1%acid60 37.54500(*) 1.11811 .000 35.3052 39.7848

1%acid90 11.15000(*) 1.11811 .000 8.9102 13.3898

1%boil 56.69500(*) 1.11811 .000 54.4552 58.9348
1%boil30 -25.25875(*) 1.11811 .000  -27.4986  -23.0189

1%b0il60 -7.64500(*) 1.11811 .000 -9.8848 -5.4052

* The mean difference is significant at the .05 level.
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ANOVA
Reducing Sugar
Sum of Squares df Mean Square F Sig.
Between Groups 182.021 7 26.003 3629.190 .000
Within Groups .631 88 .007
Total 182.652 95

Multiple Comparisons

Dependent Variable: Reducing Sugar

Mean Std. 95% Confidence
(D time (J) time Sig.
Difference (I-J)  Error Interval
Upper Lower

Bound Bound

LSD 1%acid ~ 1%acid30 -.06833 .03456 .051 -.1370 .0003
1%acid60 -1.53917(*) .03456 .000 -1.6078 -1.4705
1%acid90 -2.86667(*) .03456 .000 -2.9353 -2.7980
1%boil 57583(*) .03456 .000 5072 .6445
1%boil30 .90500(*) .03456 .000 .8363 9737
1%boil60 1.13333(*) .03456 .000 1.0647 1.2020
1%b0oil90 1.47000(*) .03456 .000 1.4013 1.5387
1%acid30  1%acid .06833 .03456 .051 -.0003 1370
1%acid60 -1.47083(*) .03456 .000 -1.5395 -1.4022
1%acid90 -2.79833(*) .03456 .000 -2.8670 -2.7297
1%boil .64417(*) .03456 .000 5755 7128
1%boil30 .97333(*) .03456 .000 .9047 1.0420

1%boil60 1.20167(*) .03456 .000 1.1330 1.2703
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Mean Std. 95% Confidence
(D time (J) time Sig.
Difference (I-J)  Error Interval

Upper Lower

Bound Bound

1%acid60  1%acid 1.53917(*) .03456  .000 1.4705 1.6078
1%acid30 1.47083(*) .03456  .000 1.4022 1.5395
1%acid90 -1.32750(*) .03456  .000 -1.3962 -1.2588

1%boil 2.11500(*) .03456  .000 2.0463 2.1837

1%boil30 2.44417(%) .03456  .000 2.3755 2.5128

1%boil60 2.67250(*) .03456  .000 2.6038 2.7412

1%boil90 3.00917(*) .03456  .000 2.9405 3.0778

1%acid90  1%acid 2.86667(*) .03456  .000 2.7980 2.9353
1%acid30 2.79833(*) .03456  .000 2.7297 2.8670

1%acid60 1.32750(*) .03456  .000 1.2588 1.3962

1%boil 3.44250(*) .03456  .000 3.3738 3.5112

1%boil30 3.77167(*) .03456  .000 3.7030 3.8403

1%boil60 4.00000(*) .03456  .000 3.9313 4.0687

1%boil90 4.33667(*) .03456  .000 4.2680 4.4053

1%boil 1%acid -.57583(*) .03456  .000 -.6445 -.5072
1%acid30 -.64417(*) .03456  .000 -.7128 -.5755
1%acid60 -2.11500(*) .03456  .000 -2.1837 -2.0463
1%acid90 -3.44250(*) .03456  .000 -3.5112 -3.3738

1%boil30 32917(%) .03456  .000 2605 3978

1%boil60 .55750(%) .03456  .000 4888 .6262

1%boil90 .89417(*) .03456  .000 .8255 9628

1%boil30  1%acid -.90500(*) .03456  .000 -.9737 -.8363
1%acid30 -.97333(*) .03456  .000 -1.0420 -.9047

1%acid60 -2.44417(*) .03456  .000 -2.5128 -2.3755
1%acid90 -3.77167(*) .03456  .000 -3.8403 -3.7030

1%boil -.32917(*) .03456  .000 -.3978 -.2605




132

Mean Std. 95% Confidence
(D time (J) time Sig.
Difference (I-J)  Error Interval

Upper Lower

Bound Bound

1%boil60 .22833(*) .03456  .000 1597 2970

1%boil90 .56500(*) .03456  .000 4963 .6337
1%boil60  1%acid -1.13333(*) .03456  .000 -1.2020 -1.0647
1%acid30 -1.20167(*) .03456  .000 -1.2703 -1.1330
1%acid60 -2.67250(*) .03456  .000 -2.7412 -2.6038
1%acid90 -4.00000(*) .03456  .000 -4.0687 -3.9313

1%boil -.55750(*) .03456  .000 -.6262 -.4888

1%boil30 -.22833(*) .03456  .000 -.2970 -.1597

1%b0il90 .33667(*) .03456  .000 2680 4053
1%boil90  1%acid -1.47000(*) .03456  .000 -1.5387 -1.4013
1%acid30 -1.53833(*) .03456  .000 -1.6070 -1.4697
1%acid60 -3.00917(*) .03456  .000 -3.0778 -2.9405
1%acid90 -4.33667(*) .03456  .000 -4.4053 -4.2680

1%boil -.89417(*) .03456  .000 -.9628 -.8255

1%boil30 -.56500(*) .03456  .000 -.6337 -.4963

1%boil60 -.33667(*) .03456  .000 -.4053 -.2680

* The mean difference is significant at the .05 level.
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Total Sugar

ANOVA

a 9 1 s 1 [ 9 Y
G]Qﬂ‘]Jﬂ’JEJﬂNIGmaEJiJ laasonlua (NaOH) 534NUANUTDU (N1TAN)

Sum of Squares df Mean Square F Sig.
Between Groups 5752.735 7 821.819 1050.637 .000
Within Groups 43.804 56 782
Total 5796.539 63
Multiple Comparisons
Dependent Variable: Total Sugar
Mean Std. 95% Confidence
(D time (J) time Sig.
Difference (I-J) Error Interval
Upper Lower
Bound Bound
LSD 2%alk 2%alk30 14.86375(*) 44221 .000 13.9779 15.7496
2%alk60 -3.44500(*) 44221 .000 -4.3309 -2.5591
2%alk90 -11.70750(*) 44221 000  -12.5934  -10.8216
2%boil -11.70750(*) 44221 000  -12.5934  -10.8216
2%boil30  -17.38125(*) 44221 000  -18.2671  -16.4954
2%boil60  -11.79875(*) 44221 000  -12.6846  -10.9129
2%boil90 -9.74500(*) 44221 .000  -10.6309  -8.8591
2%alk30 2%alk -14.86375(*) 44221 .000  -15.7496  -13.9779
2%alk60 -18.30875(*) 44221 .000  -19.1946  -17.4229
2%alk90 -26.57125(*) 44221 000  -27.4571  -25.6854
2%pboil -26.57125(*) 44221 000  -27.4571  -25.6854
2%boil30  -32.24500(*) 44221 .000  -33.1309  -31.3591
2%boil60  -26.66250(*) 44221 000  -27.5484  -25.7766
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Mean Std. 95% Confidence
(D time (J) time Sig.
Difference (I-J) Error Interval

Upper Lower

Bound Bound
2%boil90  -24.60875(*) 44221 000  -25.4946  -23.7229

2%alk60 2%alk 3.44500(*) 44221 .000 2.5591 4.3309
2%alk30 18.30875(*) 44221 .000 17.4229 19.1946

2%alk90 -8.26250(*) 44221 .000 -9.1484 -7.3766

2%boil -8.26250(*) 44221 .000 -9.1484 -7.3766
2%boil30  -13.93625(*) 44221 000  -14.8221  -13.0504

2%boil60 -8.35375(*) 44221 .000 -9.2396 -7.4679

2%boil90 -6.30000(*) 44221 .000 -7.1859 -5.4141

2%alk90 2%alk 11.70750(*) 44221 .000 10.8216 12.5934
2%alk30 26.57125(*) 44221 .000  25.6854 27.4571

2%alk60 8.26250(*) 44221 .000 7.3766 9.1484

2%boil .00000 44221 1.000 -.8859 .8859

2%boil30 -5.67375(*) 44221 .000 -6.5596 -4.7879

2%boil60 -.09125 44221 837 -9771 7946

2%boil90 1.96250(*) 44221 .000 1.0766 2.8484
2%boil 2%alk 11.70750(*) 44221 .000 10.8216 12.5934
2%alk30 26.57125(*) 44221 .000  25.6854 27.4571

2%alk60 8.26250(*) 44221 .000 7.3766 9.1484

2%alk90 .00000 44221 1.000 -.8859 .8859

2%boil30 -5.67375(*) 44221 .000 -6.5596 -4.7879

2%boil60 -.09125 44221 837 -9771 7946

2%boil90 1.96250(*) 44221 .000 1.0766 2.8484

2%boil30 2%alk 17.38125(*) 44221 .000 16.4954 18.2671
2%alk30 32.24500(*) 44221 .000  31.3591 33.1309

2%alk60 13.93625(*) 44221 .000 13.0504 14.8221

2%boil 5.67375(*) 44221 .000 4.7879 6.5596
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Mean Std. 95% Confidence
(D time (J) time Sig.
Difference (I-J) Error Interval

Upper Lower

Bound Bound

2%boil60 5.58250(%) 44221 .000 4.6966 6.4684

2%boil90 7.63625(*) 44221 .000 6.7504 8.5221
2%boil60 2%alk 11.79875(*) 44221 .000 10.9129 12.6846
2%alk30 26.66250(*) 44221 .000  25.7766 27.5484

2%alk60 8.35375(%) 44221 .000 7.4679 9.2396

2%alk90 .09125 44221 837 -.7946 9771

2%boil .09125 44221 837 -.7946 9771
2%boil30 -5.58250(*) 44221 .000 -6.4684 -4.6966

2%b0oil90 2.05375(*) 44221 .000 1.1679 2.9396
2%boil90 2%alk 9.74500(*) 44221 .000 8.8591 10.6309
2%alk30 24.60875(*) 44221 .000  23.7229 25.4946

2%alk60 6.30000(*) 44221 .000 5.4141 7.1859
2%alk90 -1.96250(*) 44221 .000 -2.8484 -1.0766
2%pboil -1.96250(*) 44221 .000 -2.8484 -1.0766
2%boil30 -7.63625(*) 44221 .000 -8.5221 -6.7504
2%boil60 -2.05375(*) 44221 .000 -2.9396 -1.1679

* The mean difference is significant at the .05 level.



136

d’ = a J Aa o S A a o o s A
MINNNIANHUINN A.18 miﬁﬂ‘hlmaﬁllmﬂimmummiﬂ’mmTﬂuWLETEJI‘JNWlmamumuﬂmim

a g

] = o 1 = J a = ~ =
N1Uﬂ1’ilﬁﬁEJEJTJG]E]@‘]J@]’JEJ@NT"BMﬂunlaﬂi@ﬂllcb’ﬂ (NaOH) TagdsuasdSeuneumsmsou

Q

[

a 9 U J 1 @ 9 Y
anaudea e Imdoy leasonlod (NaOH) S2unuANToU (MIdN)

ANOVA
Reducing Sugar
Sum of Squares df Mean Square F Sig.
Between Groups 210.761 7 30.109 14808.259 .000
Within Groups 179 88 .002
Total 210.940 95

Multiple Comparisons

Dependent Variable: Reducing Sugar

Mean
Std. 95% Confidence
(D) time (J) time Difference Sig.
Error Interval
(I-1)
Upper Lower
Bound Bound
LSD 1%alk 1%alk30 -1.02727(*%)  .01841 .000 -1.0638 -.9907

1%alk60 -1.46001(*)  .01841 .000 -1.4966 -1.4234

1%alk90 21321(%) .01841 .000 .1766 .2498

1%boil -1.46001(*)  .01841 .000 -1.4966 -1.4234

1%boil30 .38821(%) .01841 .000 3516 4248

1%boil60 1.36904(*)  .01841 .000 1.3325 1.4056

1%b0il90 3.21988(*)  .01841 .000 3.1833 3.2565

1%alk30 1%alk 1.02727(*)  .01841 .000 .9907 1.0638
1%alk60 -43274(*)  .01841 .000 -.4693 -.3962

1%alk90 1.24047(*)  .01841 .000 1.2039 1.2771

1%boil -43274(*)  .01841 .000 -.4693 -.3962
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Mean
Std. 95% Confidence
(D) time (J) time Difference Sig.
Error Interval
(I-1)

Upper Lower

Bound Bound

1%boil60  2.39631(*) .01841 .000 2.3597 2.4329
1%bo0il90  4.24714(*) .01841 .000 4.2106 4.2837

1%alk60 1%alk 1.46001(*) .01841 .000 1.4234 1.4966

1%alk30 A43274(*) 01841 .000 3962 4693

1%alk90 1.67322(*) .01841 .000 1.6366 1.7098

1%boil .00000 .01841  1.000 -.0366 .0366

1%boil30 1.84822(*) .01841 .000 1.8116 1.8848
1%boil60  2.82905(*)  .01841 .000 2.7925 2.8656

1%boil90  4.67988(*)  .01841 .000 4.6433 4.7165

1%alk90 1%alk -21321(*)  .01841 .000 -.2498 -.1766
1%alk30  -1.24047(*) .01841 .000 -1.2771 -1.2039
1%alk60  -1.67322(*) .01841 .000 -1.7098 -1.6366
1%boil -1.67322(*)  .01841 .000 -1.7098 -1.6366

1%boil30 17500(%)  .01841 .000 .1384 2116
1%boil60 1.15583(*) .01841 .000 1.1193 1.1924
1%boil90  3.00667(*)  .01841 .000 2.9701 3.0432
1%boil 1%alk 1.46001(*)  .01841 .000 1.4234 1.4966

1%alk30 A43274(*)  .01841 .000 3962 4693

1%alk60 .00000 .01841  1.000 -.0366 .0366
1%alk90 1.67322(*)  .01841 .000 1.6366 1.7098
1%boil30 1.84822(*)  .01841 .000 1.8116 1.8848
1%boil60  2.82905(*) .01841 .000 2.7925 2.8656
1%boil90  4.67988(*)  .01841 .000 4.6433 4.7165

1%boil30 1%alk -38821(*%)  .01841 .000 -.4248 -.3516
1%alk30  -1.41547(*) .01841 .000 -1.4521 -1.3789




138

Mean
Std. 95% Confidence
(D) time (J) time Difference Sig.
Error Interval
(I-1)
Upper Lower
Bound Bound
1%alk90 -17500(*)  .01841 .000 -2116 -.1384
1%boil -1.84822(*) .01841 .000 -1.8848 -1.8116
1%boil60 .98083(*)  .01841 .000 9443 1.0174
1%boil90  2.83167(*) .01841 .000 2.7951 2.8682
1%boil60 1%alk -1.36904(*) .01841 .000 -1.4056 -1.3325
1%alk30  -2.39631(*) .01841 .000 -2.4329 -2.3597
1%alk60  -2.82905(*) .01841 .000 -2.8656 -2.7925
1%alk90  -1.15583(*) .01841 .000 -1.1924 -1.1193
1%boil -2.82905(*)  .01841 .000 -2.8656 -2.7925
1%boil30 -98083(*)  .01841 .000 -1.0174 -.9443
1%b0il90 1.85083(*) .01841 .000 1.8143 1.8874
1%b0oil90 1%alk -3.21988(*) .01841 .000 -3.2565 -3.1833
1%alk30  -4.24714(*) .01841 .000 -4.2837 -4.2106
1%alk60  -4.67988(*) .01841 .000 -4.7165 -4.6433
1%alk90  -3.00667(*) .01841 .000 -3.0432 -2.9701
1%boil -4.67988(*) .01841 .000 -4.7165 -4.6433
1%boil30  -2.83167(*) .01841 .000 -2.8682 -2.7951
1%boil60  -1.85083(*) .01841 .000 -1.8874 -1.8143

* The mean difference is significant at the .05 level.
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Total Sugar

ANOVA

Sum of Squares df Mean Square F Sig.
Between Groups 37300.108 3 12433.369 1282.468 .000
Within Groups 271.457 28 9.695
Total 37571.564 31
Multiple Comparisons
Dependent Variable: Total Sugar
Mean
Std. 95% Confidence
(I) method (J) method Difference Sig.
Error Interval
1))
Upper Lower
Bound Bound
pre enz.cellulase
post enz.cellulase
(1% acid 90 min
LSD (1% acid 90 min 86.40375(*) 1.55683  .000 83.2147  89.5928
+ boiling 30
+boiling 30 min)
min)

pre enz.cellulase
(2% alkaline 60

51.16375(*) 1.55683  .000 47.9747  54.3528
min + boiling 30

min)
post enz.cellulase
(2% alkaline 60
80.25445(*) 1.55683  .000 77.0654
83.4435

min + boiling 30

min)
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Mean
Std. 95% Confidence
(I) method (J) method Difference Sig.
Error Interval
I-1
Upper Lower
Bound Bound
post
enz.cellulase pre enz.cellulase
(1% acid 90 min (1% acid 90 min +  -86.40375(*)  1.55683 .000 -89.5928 -83.2147
+ boiling 30 boiling 30 min)
min)
pre enz.cellulase
(2% alkaline 60
-35.24000(*)  1.55683  .000 -38.4290 -32.0510
min + boiling 30
min)
post enz.cellulase
(2% alkaline 60
-6.14930(*) 1.55683  .000 -9.3383 -2.9603
min + boiling 30
min)
pre enz.cellulase
pre enz.cellulase
(2% alkaline 60
(1% acid 90 min +  -51.16375(*)  1.55683 .000 -54.3528 -47.9747
min + boiling 30
boiling 30 min)
min)
post enz.cellulase
(1% acid 90 min +  35.24000(*) 1.55683  .000 32.0510  38.4290
boiling 30 min)
post enz.cellulase
(2% alkaline 60
29.09070(*) 1.55683  .000 259017  32.2797
min + boiling 30
min)
post
enz.cellulase pre enz.cellulase
(2% alkaline 60 (1% acid 90 min +  -80.25445(*)  1.55683  .000 -83.4435 -77.0654

min + boiling 30 boiling 30 min)

min)
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Mean
Std. 95% Confidence
(I) method (J) method Difference Sig.
Error Interval
I-1)
Upper Lower
Bound Bound
post enz.cellulase
(1% acid 90 min + 6.14930(*) 1.55683 .000  2.9603 9.3383
boiling 30 min)
pre enz.cellulase
(2% alkaline 60
-29.09070(*)  1.55683  .000 -32.2797 -25.9017

min + boiling 30

min)

* The mean difference is significant at the .05 level.
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ANOVA
Reducing Sugar
Sum of Squares df Mean Square F Sig.
Between Groups 34.247 3 11.416 282.851 .000
Within Groups 1.776 44 .040
Total 36.023 47




Multiple Comparisons

Dependent Variable: Reducing Sugar

142

(I) method

(J) method

Mean
Difference

-9

Std.

Error

Sig.

95% Confidence

Interval

Upper Lower

Bound Bound

pre enz.cellulase (1%
LSD  acid 90 min + boiling

30 min)

post enz.cellulase
(1% acid 90 min +

boiling 30 min)

pre enz.cellulase (2%
alkaline 60 min + 30

min)

post enz.cellulase
(1% acid 90 min +
boiling 30 min)
pre enz.cellulase
(2% alkaline 60
min + 30 min)
post enz.cellulase
(2% alkaline 60
min + 30 min)
pre enz.cellulase
(1% acid 90 min +
boiling 30 min)
pre enz.cellulase
(2% alkaline 60
min + 30 min)
post enz.cellulase
(2% alkaline 60
min + 30 min)
pre enz.cellulase
(1% acid 90 min +
boiling 30 min)
post enz.cellulase
(1% acid 90 min +
boiling 30 min)
post enz.cellulase
(2% alkaline 60

min + 30 min)

-29833(*)

-.51500(*)

1.63333(*)

.29833(*)

-21667(*)

1.93167(*)

.51500(%)

.221667(%)

2.14833(*)

.08202

.08202

.08202

.08202

.08202

.08202

.08202

.08202

.08202

.001

.000

.000

.001

011

.000

.000

011

.000

-.4636 -.1330

-.6803

-.3497

1.7986

1.4680

1330

4636

-.3820

-.0514

2.0970

1.7664

.6803

.3497

.3820

.0514

1.9830 2.3136
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Mean
Std. 95% Confidence
(I) method (J) method Difference Sig.
Error Interval
(I-1)
Upper Lower
Bound Bound
post enz.cellulase pre enz.cellulase
(2% alkaline 60 min (1% acid 90 min + -1.63333(*) .08202  .000 -1.7986  -1.4680
+ 30 min) boiling 30 min)
post enz.cellulase
(1% acid 90 min + -1.93167(*) .08202  .000 -2.0970  -1.7664
boiling 30 min)
pre enz.cellulase
(2% alkaline 60~ -2.14833(*) .08202  .000 -2.3136  -1.9830

min + 30 min)

*The mean difference is significant at the .05 level.
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