a Q' Y (Y] (Y] Z LY d
f’ﬂiNﬂﬂ!!iWﬂ15!WNf’]ﬂ!f"h‘Uﬁx‘lﬂﬂﬁNﬂfﬂ1ﬂ3ﬁ’@!ﬂH!ﬁaﬂiix‘]\‘l1uﬁﬂﬂu13~luﬂ1ﬁﬂl

Production and Value Added of Compost from Palm Oil Mill Wastes

= d Y
ATYNT IUBY

Weerayut Juansai

%sjﬁwuﬁﬁgﬂudmﬁﬁwmmsﬁﬂmmmé’ﬂqmﬂ?tgﬁm
Inenmansumaudia audIvunalulagsinn
NINABTIVAIUATUNS
A Thesis Submitted in Partial Fulfillment of the Requirements for the Degree of
Master of Science Thesis in Biotechnology
Prince of Songkla University

2554

d
a a A a (Y] a d
AVANDHVIINYIINYI1AYAIVATIUHATHNG
(1)



4 a a 4 a Q' 1 @ 9 [
¥OINUNUT manaauazMaugauesijoninnnigaebiae Isauana

Y

o w J

Wuiay
Y A ~ 4 9
I WIBITYNT IIUEY
RUREE A ma 1u TagaIn v

A (=R
AMNTIUMINUTAM AMTNTTUNITADL
............................................ 5eFUNTTUNS RSSO | £ 173 2 1 V12 ¥ 2 £ (A R B
o =Y L4 o [} Y] Ja a

(599A1aN319138 A3 YUY Usza3gassn)  (303manI19158 A3, 95 HUWIANAAYA)
...................................................... EEFURE] OSSOSO o b -2 1] 0 0

4 a o
(59NN 19158 ﬂi.q%’i% ﬂi%tﬁiiﬁiﬁ/‘l)

4 a -4
(59NMANI19158 AT. WUV ﬂi%tﬁiﬁﬁiiW)

......................................................... NITUNII

4 a J,
(393MNTHT19158 AT. q%i% ﬂﬁ&ﬁﬁﬁﬁiﬂ/‘l)

......................................................... NITUNII

4 3 A
(399MNTHT19158 AT. INEYIAT ﬁ?qum)

4 A

% a A @ a @ a v Aa a J o "d 1
UUNAINYIY WW1INYIQYTIVATUATUNT DUV Glﬁjumwmuwumuuﬁgﬂumu

q

WIY0INMIANY1 MunangasIneInaasutiaga a1 una Tulagainw

2



FoIneniinus msndauazMsmugamvesijorinonnideauias Issnuana

Y
g
Y A ~ o 9
Al WITYNT IUHY
) ==
VI ma 1u TagaInIw
Umsanm 2553

UNAAEID

[

a4 @ [ A 1Y 2’ % J A 1 Y o
ﬂ]jNa@’]ﬂ‘ﬂﬁuﬂﬁnﬂ?ﬁﬂqlﬁ‘ﬂLﬁa9Tj\i\ﬂ“ﬁﬂﬂuAlllujj']aNlﬂuﬂﬁljlwmyjaﬂ'ﬂﬁﬂuaﬁﬂ

q

A Y [ =1 = a4 o 9 Jd o = o
mymaa"lmﬂuamaﬂ il”lﬂﬂ”liﬂﬂkl”Iﬂ”liWﬂ@]ﬂﬂﬂllﬂﬁ]”lﬂlﬁublﬂﬂ”lamﬂﬂﬂWﬂ@]gﬂ@uﬂLLﬂumﬂi‘lu

[ 1

Y Y Y v
dasraau 1:1 Ysuanusudu 50-70 osidud Tasldinlsza ndeludetinian 2 nie

Y 2

o A A 4 a4 o ~ Jd A 1 = 1 Y
hnsauaumes wagmskaailonin lagninaznouduniaesiissediuned (Taglunaudu

J a [ Y 4 4 Y 1 4 1
Tothan) naassumianesaz 50 nlansu Tagldiudealnles w.a.l dasdiumsveuse

v Y
Tulasiou 30-40:1 wazdduewsuduldidlunan (7.0) dreday wun mslddule

v
A a

P P o 4 M o '
ihauraumnaznouduaumas NN sdsuanusu Iaslaimednaass Ianumingauao

a 1 % =

nanaaijontinuniga Taeligungiigagaszinmsniin 65 serusaisod luiun 3 voq

U

Jy o

o A Qy o o + o A 1 4 1
NITHUN BT UFANTSUIUNITHUN (60 ) l!ﬁl“l"iiJﬂ“VlulﬂﬂJf]@lﬁWﬁ'JuﬂWi’U@u@l@lIUI@Iimu

A A dy I 3 d 1A =
AN 36.6:1 tHABINGY 17.2:1 ANUTU 32.9 1/osiFua ANy 7.83 HAZUD1991113 N-P-

1 o J 3 J g’ @ Y o w + v Ao 1 A = o
K A 1.60-1.64-1.56 1o Siuaivinume auaiay ﬂﬁlﬁuﬂuﬁﬂ‘ﬂmzﬁ’]u%ﬂ Wevgy Tan

E]

9 A o o+ 7 v 9 oA g A o o Y A
i Wethileinnnganisnaass lnaaesllgningds wun Nszezinumne 28 Ju fAntan

Y

Y Yy 9
UgnTaeldijominandulonaumnaznouduaunes Usuanuiulasinduaaes 1w

Y A

naanga TasvihlddntalidSinanas Isiladiiw aaslsiladie uavnas Isiadd (13.96, 5.34

E]

v 9
ey 8.62 Aaansuaensy mwdiay) aniyaniuny (liwuilewin) yadlondnnldinlszih

o o @

+ o A 913’ = ] A 3 [ dy 1 A v o @ aa
wazyaijoniindlsmindeluvenian 2 Wuanlfuanusu ednitivdAyneana (P<0.05)

1 = 1 Aaa o ~ 9 + v Y = = 1 s [
LmlliJiJﬂ’ﬂllLL@]ﬂGn\‘m”I\‘]ﬁﬂ@]ﬂﬂﬁﬂﬂi%ﬂﬂﬁuﬂﬂﬁﬂﬂiﬂﬁzﬂ@uﬂllﬂulﬁ@immﬂmﬂmﬂﬂ [358)"
v

' P Yy v
Y+ dﬂw A

3’ o ) o o { % o A 4
ANNYY W UNTA Lla3H”IWIJﬂLLﬁ}QGUE’NNﬂﬁ:ﬂﬁi‘ﬂﬂﬂﬂuﬂ% SuanuFu laoihneauaunes

Q

9 o Y

(28.6 IBUAATADAY 11.20 Az 134 NSuADAY AIWAIAY) AnTAAILAY LazyaNlSy

4 Y
anuFudInilszihaddy ediivedidynieada (P<0.05) ua lifinnuuanaaneana

o A { o ¥ s

o dy 912’ = 1 o o A ~ = ~
ﬂiJGIjﬂ‘VI‘]JﬁJﬂ’ﬂll%uIﬂﬂi‘lﬂu%ﬁﬂiuﬂﬂﬂ1ﬂmﬂ 2 UAZYANUUNAIYNINASNOUALAUADITINYY

Y

" A A o # o A (o & d 2 a = A vada=
DYNLINY Lllﬂiﬂﬂ‘fﬁfillﬂ‘]éﬂ‘ﬂTJ§Uﬂ31u‘]5uIﬂfluTVNﬂlLﬂul@]@ﬂﬂﬁﬂy”lﬂ1ﬂw1|ﬂmﬁllll NAVU
(3)



A @ d" J £~ v o c?/‘ A @ dy A
Iﬂﬂﬂ1ﬁlWNﬁ3L“ﬁ@G§ﬂlﬂ@3 N.9.3 %Qﬂﬂﬂlﬁuﬂﬁiuﬂ1ﬁﬂﬂﬂﬂiﬁﬂ°w% HAagnu¥on.a.12 Ny

Y
A

L2 A v 1 & @ 1 4 o 1 @
Auantia lumsy N-P-K Tasmsminaailuszezinat 7 Ju wun woniinge lagldiuie

pled  was3  fewdnildaunsedlesiulsanihneanluduseunsth  (Pyrhium

E]

=< 9 o

Y 3 SR a4 o A Ao
alphanidermatum) "lm;mm 71.25 Lﬂﬂilcﬁuﬂ G])’\‘lﬂﬂ’)W“lJEl‘HiJﬂ“Ijﬂﬂﬁ‘ﬂﬂaﬂQ@u‘]’E)‘ilNﬂJuElﬁ1ﬂﬂJ

g

=

aa 1 A 4 o A 1A @ dal’ J 1=
NAdA (P<0.05) Taogenigantvguaeijendni lu@uiuseaules w.a.3 wazgai il
a4 o 9 Y o w 2’ o Y 1 9 A
maauijendniesas 15.8 naziesaz 39.6 mud 1y anwguazihminvesdudounzhilm
N 4.95 IUAWATADAY 1B 0.06 NFNABAN (Audounziiely 7 Ju) awdny dauile
v A @ 1 Y o dy [] A Y A dg’
winiividnae Taeldwude w.a. 12 Haomu N-P-K 1Ay 1.95-2.33-1.87 (Wudiu 11.42, 40.36
- o w A4 o a 4 o Y s o
uaz 18.35 losivun mud ) iehmamsnaaswaaijeminnndulethdauiumnaznou
= I o & vo £ a J A S
Auammosniimsliuanusulaeldihnduauees msvuamsnaasuilunesaz 1,000
a o { o 3’ Y d v
Alansui Tssneadainiuihdy Tasfnyigiuoumslderns 3 uuy fe viuoimmd1d
+ o 5 ' Y 9 + o/ = 9y a o
nosijeriiinlae lulimsaquaes  Wuemsndnldnesijeniinlasiinsnqunesdrenaiaand
Y
uazIdemslagmsnaunes (10 Tu/mie) wudr msliemadledtmanueimeninldnes
+ o a PN A o it = = = '
flonsin (155 aasAui Tuaz 2 afvqaz 15 i) Tagliinmsaqunes Tanumuzaudens
nanfloviiinuiniige Taoliguugiigegaszninamsndn 68.5 esmuwaBod Tuiun 14 voq

d'lllﬂ/dw 1

o g Qy &Y o % 4 1
NITNUN Lﬁ@ﬁuqmizuaumiﬁuﬂ (60 ) ﬂﬁmuﬂﬂ ﬂﬂJfJﬁ31@731!?]151]@1!@]@1“1@]5@”
" o v A Al 1w 73 o & 3 < a
IMNY 19.16:1 IANDUNTININUY 54.71 wWosisua AUy 50.04 1osiua LAagHDINDINIG
1w J 3 4 g’ @ Y o w + v Ao 1 A '
N-P-K 19110U 1.59-1.61-1.76 1asiduaivinuis auaiay ﬂﬁmuﬂuaﬂymzmu%ﬂ lﬂ’f]EJEJEJ

2o 9
GRINTY

4)



Thesis Title Production and Value Added of Compost from Palm Oil Mill Wastes

Auther Mr. Weerayut Juansai
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Academic Year 2010

Abstract

Production of compost from palm oil mill wastes gives additional revenue to palm oil
mills. In this study, compost was made from decanter cake (DC) only and from a mixture of palm
press fiber (PPF) and decanter cake (ratio of 1:1 fresh weight basis). The moisture content was
adjusted to 50-70% using either tap water, wastewater from the second pond or decanter effluent.
The fermentation was carried out in a 50-kg batch per reactor. The carbon to nitrogen (C/N) ratio
was adjusted to 30-40:1 and the initial pH was adjusted to neutral (7.0) by adding palm fiber ash.
The mixed culture from Land Development Department (called super LDD.1) was used as an
inoculum source. The study found that the best condition for compost production was obtained
when the moisture of PPF and DC was treated by the decanter effluent. The maximum
temperature was 65 °C on the third day of fermentation. After 60 days in the reactor, the C/N
ratio decreased from 36.6:1 to 17.2:1. The compost had 32.9% moisture content, pH 7.83, and N-
P-K of 1.60-1.64-1.56 % dry weight, respectively. The mature compost was black and crumbly
and was tested by observing the growth response of water spinach (Impomoea aquatica Forsk.).
Analysis after cultivation (28 days) showed that the water spinach contained total chlorophyll,
chlorophyll A and chlorophyll B (13.96, 5.34 and 8.62 mg/g, respectively) significantly (P<0.05)
higher than the control (no compost was added) and other formulae (the one using tap water and
wastewater from the second pond), but there is no significant difference with the decanter cake-
originated compost. Height, fresh weight and dry weight of the water spinach (28.6 cm/plant,
11.20 and 1.34 g/plant, respectively) were significantly (P<0.05) higher than the control and the
one that used tap water for moisture control but not significantly difference from ones that used
wastewater from the second pond for moisture control and the decanter cake-originated compost.
Improvement of the compost property was investigated by adding inoculum so called Super

LDD.3 and LDD.12 for 7 days. It was found that addition of the Super LDD.3 inoculum could

&)



prevent damping off of kale seedlings (Pythium alphanidermatum) up to 71.25 %, which were
15.8 and 39.6 % higher than the control (no addition of Super LDD.3) and without compost,
respectively. The height and weight were 4.95 cm/plant and 0.06 g/plant (7 days of kale
seedlings), respectively. The compost inoculated with LDD.12 could increased the N-P-K content
to 1.95-2.33-1.87 % (% increase 11.42, 40.36 and 18.35% respectively). The experiment for the
PPF and DC with decanter cake effluent was scale-up to a pile of 1,000 kg at the palm oil mill to
study the effects of different aeration methods. The conventional turning pile (every 10 days) was
compared with the covered air-fed static pile and open air-fed static pile. The aeration was given
twice a day at 155 L/sec for 15 min. It was found that the open air-fed static pile yielded the best
results regarding to the C/N ratio, organic matter content and N-P-K value. The maximum
temperature was 68.5°C on the 14" day of fermentation. At the end of the fermentation (60 days),
the compost was black and crumbly with the C/N ratio of 19.16:1. It contained 54.71% organic

matter, 50.04 % moisture and N-P-K value of 1.59-1.61-1.76 % dry weight.
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Table 1. Amount of liquid and solid wastes in palm oil mill

Composition Content

By-product on solid (percent of palm fruit bunch)

Palm empty fruit bunch 20
Shell 6
Decanter cake 4
Palm press fiber 11

By-product on liquid (cubic meters per ton)

Palm steam effluent 0.20
Decanter effluent 0.35
Purification effluent 0.20
Hydrocyclone effluent little

PORIM/PRIM(1981) (cubic meters per ton of oil)

Palm steam effluent 0.90
Separator sludge 1.50
Hydrocyclone effluent 0.10-0.20

Source : Fires (1990 814 1A Wugy 1sziaigassn, 2542)
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Table 2. Microorganisms occurred in compost

Fungus Actinomycete Bacteria
Aspergillus fumigatus Nocardia spp. Bacillus spp.
Chaetomium globosum Streptomyces spp. Flavobacterium spp.
Chaetomium thermophilum Thermoactinomyces spp. Hydrogenobacter spp.
Coprinus spp. Thermomonospora spp. Methylobacterium

exotorquens
Fusarium spp. Propionibacterium spp.
Penicillium spp. Pseudomonas spp.
Thermoascus aurantiacus Serratia spp.
Thermomyces lanuginosus Thermus spp.
Trichoderma viride Xanthomonas maltophilia

Source : Pedro et al. (2001 alae Tuomela, 2002)
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Figure 2. Chart of compost process

Source : Tuomela et al. (2000)
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] Lﬂy 4 A o I~ A o I Lﬂy
- Wawegiinles wa.1 (LDD.1) Nanwuzdlumadmauunay Wudonay
9 4 o 4 9 [
Usznoude¥ost 4 drwwus |1Aun Scopulariopsis sp., Helicomyces sp., Chaetomium sp. oz
a v Aa [} 4 1
Trichoderma sp. azuend luledd 2 AN US 1 Streptomyces sp. Mg Bacillus sp. (NN
Wanniauy, 2551) I8suanuewnnzinnnsuianniau
o di’ 4 A o I A o I di’
- Wuvoulos w.a3 (LDD.3) uanwazilumadwanunay Wudonay
a o @ 't: [
UsenouANAUNTE Trichoderma sp. 10% Bacillus sp. (Nsuiauauy, 2551) lasuaam
pUIATIZHIINATUNANAAY
o di’ A o I A o I dy
- M9 W.A.12 (LDD.12) danvazhlumsdswauunay  uyonay

4

ﬂizﬂauﬁ"mfg&m% 4 @Y WLlﬁ‘ llﬁluf‘i Azetobacter chroococcum, Azetobacter tropicalis,
Burkholderia glumae W% Bacillus megaterium (ﬂsmﬁmmﬁﬁu, 2551) "l?f%"ummmgmswﬁ
nnnsuiaNiay

- Trichoderma harzianum 1@50ANURATIEHINgUILTMIIARTAY Senda
GARTOR

- Pythium  alphanidermatum "lff{%“ummmgmiwﬁmﬂmﬂ?mmi%ﬂmﬁ
Aagiies ABITNINOINTFITUIA NN INATAIVAIUATUNT

- Bacillus subtilis WD161 lasuanueiaiginnmainmaluladiinm

ATINNITY AUSYATINNTTUINYAT Nﬁ13ﬂ81ﬁﬂﬁﬂma1Uﬂ§uﬂg

2 X
2. 91H5I089T
v T J <
- PDA (potato dextrose agar) Usenouade U3 20, haaan Inse 20 ta
o 1A I o o Y 3 o 4
AU 15 niuApans (Riker and Riker, 1936) ‘Hupnisdmsumsdeaaznusnyie

Trichoderma harzianum \QE Pythium alphanidermatum
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- NA (nutrient agar) 152N0UAIY Beef extract 3, Peptone 5 LLaz’ﬂg’u 15 NSUAD

a . I ) o Y IS o 4
ang (Difco 0001) nJummimm‘umilamuazmmﬂml% Bacillus subtilis

3. MsAN
{ a 4 [
3.1 msadin1Flumsianzdimulasou (TKN), deawesa (P,0) uay
TidaiFen (K,0)
H a 4 a a o
3.2 maainlslumsinevilsinaaas Tsag
aa 9 a 4 a Aa A
3.3 enaadnlslumsinngvineisag lad, wag lad azaniiy
aa Y a 4 =y =
3.4 anaain ¥ lumsinszyinidlea
{ a 4 %
3.5 a3aNN 191U IAT1eH ¥ iy (ether extract)
A 9 a 4 o Aa A
3.6 arsainlFlumsinszivueulel lyauua wagaa uazaniue

A 9 a 4 oy aa dY an
3.7 ﬁﬁlﬂlmﬁlslfaluﬂ1ﬁ’JLﬂiwﬂﬁ1uWHﬁiﬂ’J%ﬂ’Jﬁl’J‘ﬁ DNS reagent
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4
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3 o 9 { v o A w A o w ° )
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1IneAY
S o 9 '9/ 4 Aa o a d o w o [
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1.1 N3LULHITN YUIA 0.6x1.0x0.6 §RUIARIIAS
1.2 WM UMINANLAZNAUNDI]Y
Y Y

1.3 17satimazaarh

) v Y 9
1.4 wiosruhminuuugiuasaysevuna 60 flansu

4
1.5 MU MSUMIANUFY (moisture can)
Y Y

1.6 1114n21u50U (hot plate)
1.7 m?aﬁﬂﬁmﬁv i:u Model LX-50 1J/58% Orion Research, Inc
1.8 U030 (hot air oven) 31 350 V3HN Memmert GmbH Co.KG

1.9 Lﬂ?ﬂﬁ Aoy i:u Model 420A 1589 Orion Research, Inc

2. gunsaldwmSulgndnuazInnzvimfSunanaelsilad
2.1 wlaanaaeq
2.2 Thsath
2.3 TnFUAAIDE1S
2.4 15093 az1BoA 4 A U BP221S UTHN Sartorius

A a Jd a o . .
2.5 n3e3elnlas I Iadimes g1 U-2000 U3EN Technical Cooperation

d o [ a  +H o A o 0w d
3. gunsasdwmsumanieriinnlssnuanainiuiha
4 a o

3.1 Tuanes (blower) ¥U19 3 115951 VSEN Artith Ventilators

A g’ J J A v I'4 1
3.2 10303V (water pump) 220 19ad VTEN 193 JUTITUA GF

9

3.3 9011YUIA 200 AAT
3.4 gunsaidmiushijonidn

3.5 waadnddmsuaquneile
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1) lulasou
v o ] o 1 ' o J =Y ' Y 1
F3ir0619 1 n5u ldaslurasades uaziwwasd (lulidredie) ae ldais
N CuSO,.5H,0 11azK,80, (1:10) 5 n5u aunsadaiizndudu 20 daddns 1evaondoy
a = = 1 Qy Y o M 1 a 3’ '
Tumgaivigll 300 esruaaidod 60 Wil Yassnaldiowih linaude Taoiduitasmasados
=

Aa Aaa 4 a Aaa M = 1 9 v
50 aadans TmAew laasendgaalil 20 Taddas nauuu 4 wiidedtods Taslduaagilasuy
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3 o J o { P
noa Wududululasou leswsamsazarennaulddensamaonanududy 020 uos

= I a o Aa
yoa s sazarelasududiig mvramlsualulasou (A.0.A.C., 1990)
2) eanesa uaz 1lunanden

F9920619 1 N34 lalu erlenmayer flask YA 150 Ha@ans ANNTANEY

k4
HNO,/HCIO, 15 fladans weuwnq iy TJaithn flask Arensouds 91Iniudgesuu hot

~ a ~ [ 2’ k) A agqg Y dgl A
plate NYAUMYUUszI 80 paruwaTed IuATUINMIANLA LANNNEUYNHGIUNTREY
v A o 1 1 9Yq Y I 9 ] 4
waTudvd Mmsdesas avasazarela na3FEuawdInsesrunszamnsouUDS
Y

42 2311 volumetric flask YW1 250 aaans 1“191}131 deionized gNﬁ’JﬂﬂNﬂﬂuuﬂﬁmHﬂiﬂﬂ

' q Y 9Y o

wldUTias 250 Haddns wenlidiud Dlaasazans vanadomolybdate 5 Haaans laas
Turaeanaaseving 10 Jaaans wazlinlaasazarediedia 1 Haaans we lfitndud 14
13 20 wdi lurloarloFaTaainmsganauuasdie spectrophotometer a1 Tluaadeoniirlalia
msilan/desaidien3eq flame photometer #i 420 W1 TuINAT 11 blank Taeldainau e
asnansnumdsunaleanesauas Tduaezon

3) naolsilaa

9 v
v 9 9 1 Y

wiAnansduendudiusinuiutazualiaziden dualtedszuna 1-5

[ a =1 o 4 [ a a Yy 9 A~ 4 A Aaa
AT PuuAAFIUMSTUOSIU 1 AL AUz d Tauudy 80 tosidud sz 10 Uadaas

d’ [ Y] [ c?/‘ a a Yy 9 S 3 4 Aa aa 9
morelumsaia vasniuanezs Iaududy 80 losiFud Uszuia 100 Yadaas wiou
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NIYANAULAINANUEIIATY 649 11AZ 665 W1 TUILAT (A.0.A.C., 1990)



27

?:’ a d a
4) 1Ma3AIsA8I5 DNS reagent
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Unlomsazaresuies 1 vadaas ldluvasanaaoududie DNS (3.5

Y o )
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Y
a a
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IFURYINY L']Jﬁfl‘].l!ﬂfl‘]_ﬁnﬂﬂiﬂ/\llnﬁiiﬁlu (Miller, 1959)

5) 1gdiag)aa, isaglaa nazaniiy

v A L4

v o [ ~ =S 1 = o o A
PINIDYNWNNUAFSIDUN Glﬁ’ﬁﬂu‘ﬂﬂlﬂ@i‘ﬂiﬂij\iﬁ’1ﬁiﬂ’llﬂi1$‘HLEJE)GlElGUuW] 600

a a

Naaaasdszua 1 A5 AVEIAZA1 neutral detergent 100 Haaans Na,SO, 0.5 NTY HAIAA

o A o

= a Aaa c?/‘ d‘ d’ 9 Y A = 1
"laimuuumau 2 Jaanag ‘HTUﬂlﬂﬂiqﬂﬁiﬂulﬂi’ﬂi‘ﬂnﬂﬂiﬂ aulien 60 W1 01
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] v A

v Y F4
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U

b4 9 v
a

§ v & o o @ o o A 4 o Jd o w [l c?/‘
Tn@@mm%u AUNTENMIBIUBIUTINUN umuﬂﬁlwuﬁuﬁa AUUFAT UINIDINNNINUAIINNIT

a d @ d 1 Jd o v Aa o A a aa a
AUATICHNUIUEAR ﬂ”IEJﬂ\ﬂLlﬁﬂlﬂ'ﬂifﬂ‘ﬁiﬂ'JLﬂiTgﬁlﬁﬂ‘lﬂﬂJuTﬂ 600 WADNT WUFITATANY
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Y ) 1
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warBod wv 4 $21u9 thagBidasenldluTogannudy aunsenuturainin hming
a a A a o w ] a Ja A 1 a [ a Y 9
wigllnnagmidane etiwaglad 1hdreduinngiantiuae lasmsaugayandudu

] 1 v Y '
72 esidud adlihlszinunsmiisvesngia 1unadiaulimnnes 3 $Tuinsesnsa

a =

Y 1 v
pondnAihdousuruansa ihdied 1 lleungugil 105 osrusaiBod Uszuim 4 421ua
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v Y
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hdeda i 500 ssmuaFea U 3 FaIue 0190010 loouuia Na AT IEuY

Y 14
o o o

vmin Wininimel1Ae 8ntu (Goering and van Soest, 1970)
6) COD (chemical oxygen demand)
[ @ v <
Td HgSO0, Uszmm 0.4 nTu avluviasans wioudae glass bead 2-3 1iin
09; a [ 1 oy a Aaa d‘d [ d' Y a
nniuANMe1ni 20 dadans NvevluszAulmmngauudlasluria dnlamsazats
A Aaa a 1 Y Y o J a v A A Y 9 ~
1AM K,Cr,0, 10 Haaaas @uasliwerliidiiu Aee 9 @u nsadaisaduduinay
A aa o v J g o 1 2 <
Ags0, ad'l 30 laddns imssddngusednldaeadunaiu 2 91 Tue Uaesna 13 1diou
! o o . I a a 4
Tuiitia sl lmmsany K,Cr,0, Tagldesazats ferroin ifududmaes 2-3 noa wziinig
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Y

Y o ' Y 3‘ ) a aa g’ A A Aq Ya J o
1$lumsaiuaua blank Taglgiinay 20 Haaaas tagiiwuaiag q mdeun ¥ uasignii
#20819 (APHA, AWWA and WEF, 1998)

7) yETY] (ether extract)
o W [l A = Yy Y 9 [ 9
1haneganuaazdea tazeulvuraudllssuna 1 PN oAENTEAINNTOY
4 v A 091} Y 9 1 a a ) [ @ 2’ v A
wos 4 uazvienudnsudleiualdadlunuia i ldana luiulaeniiviiviinn
1 { [ a A 4 [Y]
wiveuvosaanldlumsada  Taodndllas@eudmesiszina 13 weaana  ada
a 1 [ q'/ o a 4 o
Aaaaiuinuilszainm 4-5 ¥ lue danaldszmetl las@eudmesoonlivua sihwlaraly
A = M) o v a3 dy o 3’ @ =]
auUN 105 serurarteailszana 4 9211w i lneululagannury Fahwminuaziiunnwa
o o~ o
A losigud lusiu (A.0.A.C., 1990)
8) nanssneu sl lyanua
11 crude enzyme 0.125 Haaans YUY 0.125 Yaaans ¥o3 oats spelt xylan
9 A . J = o oA a ~
Sooaz 1 Nazaelu citrate buffer 0.05 Tuans fitew 4.8 1h ltugauugil 50 esruaaFod
3 a g’ A JA a g =y 5
Wunat 30 i tdaasrelsuanimasaisnmnaiy 1ns33vod DNS method %914 o Taa

Lﬂuﬁwmammgm (MARNUIN V) (Sornyotha ef al., 2003)

giia/iladans = adansveslylad x 1,000 x $19UMINIIT0196I0819
Y
iminTuana leTad x szoznamsiy x Usunasdedia

(n53/Tua) (W) (Hadans)

Y Y
Y o

a a Aa aa a o A a o A A dy dg’
Quﬁ/ﬂ y = gu@/uaaam (']Jill”lﬂlu”mchfﬁﬂﬂ+']JﬁJ1mu1‘mﬂﬂ@iﬂﬂﬂﬁmﬂ%ﬂfﬂ)

(Haans) (Naans)

v o

hmindiedanldana (nfy)

9) Aanssnvaaeulal CMCase

11 crude enzyme 0.125 Haadas UuNY 0.125 Haaaas ¥ea carboxymethyl

a

. ) o
cellulose (CMC) $o0az 1 azarelu citrate buffer 0.05 Tuas Aoy 4.8 11 luunguugi 50
= I =1 9 a 2’ AAa A a dg‘ Aas
perumalen Wunat 30 Wi udesravmlinashmasaidminadu Tagdtves DNS

= 9 < J o oA v a o '
method 31%ng Tamiinhaamasgiu vazduasudernunanssueu ls leanud ua

ThiminTuanavesng Inaunu'lesTad (ManUIn ¥) (Soryotha ef al., 2003)



29

10) Danssuvaveu lwianiia
) a A 4 A Aaa @ .
U508 018 veratryl alcohol 10 Haaluas 0.5 Jaaans WaNNU D-tartaric
. @ 4 d A a A Aaa A aa 09; M
acid ‘]_I‘V\I!‘V‘I’f]i 0.25 Illﬂ”li WoY 3 ‘]Jill”l@]i 0.5 ¥aaanT crude enzyme 0.5 aaaAT LazUINAU

a aa Y Yy 9 9 I A A 4 . .
0.75 waaang ﬂx"lﬂmmmmuqﬂmamm veratryl alcohol iy 2 Jadlua1s D-tartaric acid

aaa

Wiles 0.05 Twars  uaziSulfnsonlaudnlalasnunlesoon’lsd 05 Haaluard 025

] ]
[ J

addas Jaaminmaganauuaiuinanuenay 310 w1 Tuwas ¥Iu 1 i gansneaa

a

9 o (] ~ =\ Y XK o 1A 4 o I
mmu%mamﬂunam 0 UM ummmmmmﬂﬁ]ﬂﬁmmmu"lcm mimmmgﬂuauﬁ/

U
Y 1

13 o 1A Y a o a 3’ Hq Y o o A
NIy mwummnumsmn%nssmau%ﬂ%auuﬁ Tagfranntsuanihinlseana 1n
A g dy o Y | AQY o 1Y
MaeINNISIAgNTe Lazd uIuAIedNN Fana ( Buswell et al., 1995 o1 lag Tannss
[ v
TAUNWUT, 2546)
a A Aaa 1 A d' Q' dg’ = 6 o 1 A
gun/uanans = mmi@ﬂﬂauummwmuiu I 4N x 2.5 x 10 x UIUININIGLAD

AIDY

9300
11) voaudaranian (total solid; TS)
théedwihng 20 Tadaas  lddrenszifiesdmiuszmeiing i
wmineu 1héelyszmel il water bath iguungdl 60 esmwaiBud mniueuaeliuts

~ ~ & o L qgva g o Y @
N 105 saruarsed Whunar 1 1w malidululogeanudsuilssina 45 w1 1d1%

v '
o 9 A

WimiiniemuamlSnavedanarua (APHA, AWWA and WEF, 1998)
12) ﬂﬁuwﬁmm (total organic carbon; TOC)

' Y v
Faihmiindlednnmsguilssna 1 a5y ldluagddadmsumnngy

Y
o %

v v Y '
mdnuiuey W ldwnin 550 ssruwamea WK 3-4 FrTN9 HAIINTUIMBUENUITT

@

o ' v L o 2 @ o X o 3 a =
m’aEmmmﬂwwualuin@,ﬂmmw PIUTUUNLUASUUNDHA mmmmtﬂmwuﬁ ANIUNT

R oD

P <
HAZATUOUNINNA (Yeser et al., 2007)
sl da A w . o e o Ay
nlosiFuAdUNIT#ING (Organic matter; OM) = (HHIUNAIDINTUAU —
Y Y '
hmindiegaraam / hniindee 135 uaY) x 100
%TOC = OM (%) /1.8
13) Ntoy
o w L] d' Y 1 Y Y o 1 [} 1 Y] a
widednd ldnnmsguawanlidinu qualediaunlszana 10 nsu @y
g} A aa 1 = Qy Jq 9 = Y KX o v A
1 100 Uadanswen 30 i mane B ldanazaeuilszana 5 i udrni lilSadies

(Solano ez al., 2001 8141a8 Rapoor ef al., 2008)
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14) gaunigil

U

[ a 9 4 a L= + =< a
aﬂammuTﬂa“l%maﬂuummmauamuﬂmﬁaaﬂﬂszmm 15 1HUAUAT

Q G
v

g Y = ~ 9
nnduselianenszana 2-3 N (Baca et al., 1990 914108 Heerden ef al., 2002)
X
15) AT
o J v o ' ' @ ! A J o A
Fahminaregnnnmaguilszna 1 a5y lalumsueinauimiing
[ v F4 1
puveu W ldeud 105 esmuaadod uu 3-4 $2 10 vasnINlhMueAUTT@061910
v A o Jd o o o o /S o &
Nnalvisululogannuyy suihminuaziiunoma Auiar)esisuaveInudY (AOAC,
1990)
16) Agar well diffusion assay
dy daj d -4 o o .
QoUT05115ANYUUOIMIS PDA WU 2 T uﬂﬂm spore suspension 1314
1Wudu 10° spore/ml gada081911 1 Aadans iive1i1 11 spread plates aujunits wzrquiau
4 viquaean vieadlegiiazately DMSO 100 dadniuaeladaans Usuas 50 Tulnsans
114 24-48 2739 Savuradala (Guven ef al., 2005)
“I .
17) amslulamsn (nitrogen free extract; NFE)

NFE =100 - % ash - % crude protein - % ether extract - % crude fiber
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Figure 3. The different aeration systems for large scale compost production (1,000 kilograms)
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Table 3. Chemical compositions of palm pressed fiber (PPF) and decanter cake

Composition (dry basis) Palm pressed fiber Decanter cake
Dry matter (%) 93.17 25.35
Moisture content (%) 6.83 74.65
Crude fat (%) 5.16 8.42
Nitrogen free extract (%) 5.85 3.72
Hemicellulose (%) 21.56 8.54
Cellulose (%) 28.91 27.53
Lignin (%) 23.63 19.86
Ash (%) 4.64 2431
Nitrogen (%) 0.82 1.22
Phosphorus (%) 0.25 0.73
Potassium (%) 0.37 0.45

pH 4.82 5.17




38

Table 4. Chemical compositions of decanter effluent and second pond wastewater of a palm oil

mill

Composition (dry basis) Decanter effluent 2" pond wastewater

Crude fat (%) 36.06 1.04
COD (mg/1) 86,666 9,333
Total solid (mg/1) 112,974 17,932
Nitrogen (%) 0.78 5.69
Phosphorus (%) 0.17 0.03
Potassium (%) 0.62 0.6
pH 4.71 7.46

Table 5. Chemical compositions of palm ash from boiler

Composition (dry basis) Content
Nitrogen (%) 0.01
Phosphorus (%) 3.16
Potassium (%) 5.52
pH 10.10
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Figure 4. Temperature (A), pH (B) and moisture content (C) during fermentation of compost

(50 kg/batch) from palm oil mill wastes
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during fermentation of compost (50 kg/batch) from palm oil mill wastes
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Table 7. Quality of the composts produced from this study compared to the compost standard

Treatment

Compost standard Tap water POME Decanter effluent  Decanter cake

C/N ratio (< 20:1) 19.97:1 18.29:1 17.23:1 11.76:1
TKN (>0.5%) 1.47 1.56 1.60 1.73
P,O, (>0.5 %) 1.36 1.44 1.64 2.19
K,0 (>1.0 %) 1.39 1.57 1.56 1.59
Moisture content (<30%) 31.96 32.73 3291 33.55
Organic matter (>25%) 52.84 51.33 49.58 36.62
pH (6.0-8.0) 7.76 7.71 7.83 8.23
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(Impomoea aquatica Forsk.) after using compost from palm oil mill wastes
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Table 8. Effect of LDD.3 and Trichoderma harzianum in the composts on inhibition of Pythium

alphanidermatum causes of kale seedling rot

Agar-well
diffusion assay Growth rate (7days)
Treatment (mm)
1 2 Germination = Weight Height
(day) (day) (%) (g/plant) (cm/plant)
Control (No compost added) (A)  0.00°  0.00° 43.00° 0.028 * 1.86¢
Controlled compost (A 127° 148° 60.00 " 0.041" 3.83°
LDD.3 compost (A) 148" 1.70° 71.25"° 0.056°" 4.95"°
T. harzianum compost (A) 140" 1.62° 76.25"" 0.053° 451°
Control (No compost added) (N) - - 76.25" 0.048°" 3.34°¢
Controlled compost (N) - - 72.50° 0.059°° 467"
LDD.3 compost (N) - - 77.50 ° 0.067 5.10"°
T harzianum compost (N) - - 83.75 " 0.065"" 521°

A = Added Pythium alphanidermatum N = No added Pythium alphanidermatum
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Figure 10. Characteristic of young plant (top and side) on the day 7 of cultivation after using

compost for each treatment as follows

: Control (No compost added) inoculated with Pythium alphanidermatum
: Controlled (No compost added) without Pythium alphanidermatum

: Controlled compost inoculated with Pythium alphanidermatum

: Controlled compost without Pythium alphanidermatum

: LDD.3 compost inoculated with Pythium alphanidermatum

: LDD.3 compost without Pythium alphanidermatum

: T. harzianum compost inoculated with Pythium alphanidermatum

T o " m g o w >

: T. harzianum compost without Pythium alphanidermatum
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Table 9. Effect of LDD.12 addition with 1% rice bran to compost and continued fermentation

for 7 days
Treatment Parameter 0 7 Increase

(%) day day (%)
Control* TKN 1.72 1.89 9.88
LDD.12 TKN 1.75 1.95 11.42
Control* P,O; 1.61 2.21 37.26
LDD.12 P,O; 1.66 2.33 40.36
Control* K,0 1.63 1.90 16.56
LDD.12 K0 1.58 1.87 18.35

2

* without LDD.12
Rice bran contained 2.39% TKN, 3.94% P,O, and 1.83% K,O

Compost (without rice bran and LDD.12) contained 1.60% TKN, 1.60% P,O; and 1.56% K,O
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Figure 11. Characteristics of three aeration systems of compost from the palm oil mill wastes
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Table 12. Chlorophyll A of the water spinach (Impomoea aquatica Forsk.) using compost from

palm oil mill wastes (P<0.05)

Treatment (mg/g)

Time (day) Control Tap water POME Decanter effluent Decanter cake

7 1.6140" 2.5725"  1.8250° 1.6395° 1.8899°
14 2.1510° 2.5290""  2.1483° 3.0510" 2.1281°
21 1.9845 ° 2.3842"°  2.6423"° 2.6106"° 2.9242°
28 2.5099 ¢ 2.7124°°  3.4505° 5.3401° 4.8293"

Table 13. Chlorophyll B of the water spinach (Impomoea aquatica Forsk.) using compost from

palm oil mill wastes (P<0.05)

Treatment (mg/g)

Time (day) Control Tap water POME Decanter effluent  Decanter cake

7 2.2029" 3.8551° 2.5357° 2.1932° 2.6371°
14 2.9965 " 3.5624""  2.9915° 4.4632 " 2.9556"
21 2.7368 " 3.2887"° 3.6913° 3.6253" 41722°

28 3.4742° 3.8496°  5.0326° 8.6202 7.6623°
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Table 14. Total chlorophyll of the water spinach (Impomoea aquatica Forsk.) using compost

from palm oil mill wastes (P<0.05)

Treatment (mg/g)
Decanter
Time (day) Control  Tap water POME Decanter effluent cake
7 38170°  6.4276°  4.3608° 3.8326" 45271°
14 5.1474°  6.0914°°  5.1398" 7.5142° 5.0837°
21 47213°  5.6729° 6.3337" 6.2359" 7.0964"
28 59841°  6.5619°  8.4831° 13.9603 * 12.4916

Table 15. Fresh weight of the water spinach (Impomoea aquatica Forsk.) using compost from

palm oil mill wastes (P<0.05)

Treatment (g/plant)

Time (day) Control Tap water POME Decanter effluent Decanter cake

7 0.3679" 0.5980° 0.5904" 0.6017"° 0.6087°
14 1.2156° 47126 °¢ 6.0431" 6.9087 ° 6.6079""
21 46794 ° 8.6640" 9.4621"° 9.9083"° 9.9259"

28 5.6387 ¢ 9.5448 ° 10.5622° 11.1955° 10.7081°
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Table 16. Dry weight of the water spinach (Impomoea aquatica Forsk.) using compost from

palm oil mill wastes was (P<0.05)

Treatment (g/plant)

Time (day) Control Tap water POME Decanter effluent Decanter cake

7 0.0443 " 0.0438" 0.0402° 0.0358" 0.0466"
14 0.1389°  04609°  0.5910" 0.7013 " 0.6769 *
21 0.6042 ¢ 1.1136" 1.1929*" 1.2253"° 1.2457°
28 0.7094°  1.1657°  1.2750"° 1.3351° 1.2696""

Table 17. Height of the water spinach (Impomoea aquatica Forsk.) using compost from palm

oil mill wastes (P<0.05)

Treatment (g/plant)

Time (day) Control Tap water POME Decanter effluent Decanter cake

7 483" 5.75° 5.72° 5.70° 5.83°
14 7.60° 10.88 ° 11.43° 11.70° 11.35°
21 12.38° 18.10° 18.65" 19.25° 19.53°

28 17.23 ¢ 27.15° 27.50"" 28.60"" 28.75 "
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Table 18. Absorpti

on (420 nm) of phosphorus at different concentrations

Phosphorus (mg/1l) OD (420nm)
0 0
5 0.043
10 0.087
15 0.123
20 0.159
25 0.192
30 0.238
025
y =0.0079x
02 R2=0.997
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Figure 16. Standard curve of phosphorus
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1 1¥anusau (hot plate)

11aU5U151105 (volumetric flask) VU1 250 Uaaans
A328UA2 (glass funnel)

Y0310 (erlenmayer flask) YUIA 250 HARANT

93
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6. ila (pipette) YU1A 1, 5 118210 Haaans

4
7. NILAIYNIDIUDT 42 (whatman paper 42)
9. 1aOANAADA (test tube) YUIA 10 Wadans
10. 13933ANIGANAULEAY (spectrophotometer)

=
GAFIEY
= 1 =) [ a o [ 3

1. ASANEN NSENTUREINUMS AT Iz oaneSanviva

d I 4 =y Aa aa g’ M Y o Y
2. nyaRdw 20 1Wessua wion lagnday 563 Haaans ihnauualdsuln

AU 2 8RS

3. msavaroaIgu Iduasdouanududy 1,000 Jaanswans wiey

{1 { a [~ o [
Tagazate KCI (MMumsouiguugil 105 ssrusaidod Wunar 4 911u9) 1.9067 nfu dae

v
Y]

v
Wnduluvalsulsues asspdunsaluasndudy 12 Tadans wdrlsulsuesivasy 1
Y '
ansaerinau
4. msazawmnasgu TduamFouanududy 0, 20, 40, 60, 80, 1AL 100

a A 9 G S =
uaansudeanslu HCIO, jowaz 4 w3 laslnlamsazarsnasgiulunaFeunu

wdu 1,000 Haaansaensy 0, 2, 4, 6, 8, uag 10 HaaansldluvinliulSuias W HCIO,

2e

Y v
peaz 20 a1l 20 Jadaas udnlSuilsinasaratinauliasy 100 Yadaas

e

ad

M3

1. ¥3@10819 1 54 la1u erlenmayer flask VU9 250 Hadans

2. 1@uNsAREY HNO,/HCIO, 15 iaaans udmiusui@ednude 2-3 uoan1s
a 4 o
anszviveavosd

3. il Samstandaesuaadiemse flame photometer

- 1 A Y v Yy 9 =
4. Weunswhinassuserinamno lanuanududuves TnunaFeoy
[ ) I c?/‘

Taglvimnen laluunuas

MIANUIN

Y
Aa Y <3
YsuaTuamGeunarua (Josidud) = (A-B) x 250/ (1,000 x W) x 2.291 x

mof

Tash A = anuduTuvea TlupaFsuasazarediedna

| = %
nfssumeununivinaigiu
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B = anuduiu Tduaamdenuea blank Seuineuiy
navasgIu
091 o U 1]
W = hmindloe14
g A
Mof = (100 + AmanNuFu luaw) / 100

4) 1wfisaglas 1raglaa uazaniiyu (Goering and van Soest, 1970 814Tag WA Feu'lwysd,
2548)

ginseal

1. ﬂgfmﬁa (fritted glass crucible)

2. éjﬂm!,ﬁ/ﬂ (hot air oven)

3. 15030001 T0 10 (fiber extractor)

4. m?aﬁq (digital analytical balance) 4 CRIAIN

5. Tyt (desiccator)

6. NILATYNIOAUVDS 4 (whatman paper 4)

7. UKW (muffle furnace)

8. YANTOITYNINIA (vacuum pump)

GRRIGEY

1. @1592018 neutral detergent (ND)

1.1 Tw@euaosazamle (sodium lauryl sulfate)

1.2 laTwRouensanlaoslinnnseosFion (ED.T.A.)

1.3 TasReuuolsa (sodium borate)

1.4 TipenleTlasnuroawa (sodium hydrogen phosphate)

1.5 2- mvman«?ﬁamuaa (2-ethoxyetanol)

1.6 1hndy

#1 EDTA. 1861 nduazlm@ouuona 681 n%w azarwdioiingu
wotszina Mmiudy Tsdouansadana 30 N3y uaz2-lennendionioa 10 Haaans

Faladon'laTasnuroamia 4.56 a3 azawdaeingu st ldnaudy
asavaneve 1 udsulsuas i la 1 ans

2. I%L?]EJNG]?’QUM&(sodiumsulﬁde)
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3. mm"laim WAy (decahydronaphthalene)
4. ¥ lau (acetone)
5. ®1392a18 acid detergent (AD)
5.1 nsasanTa
an a = 4 . . .
5.2 Faa lasungauen TuiionTus 1 (cetyl trimethyl ammoniumbromide)
Y v
5.3 WINau
=~ v al A Yy 9 4 g a Aaa a
W3eunITaFaNITAANMTNTY 1 Uesuoa MiwauFaa lasunFanen Ty
4 [} ] [
Mo Tus lud 20 nsu e lfidiu
ad
ABMS
a o ] a [
M5AATIZH IAge1deNIsaza1ely detergent ¥HAAISS 1A neutral detergent
7 s . 7
zazangednisznoumelumaa (cell content) acid detergent zaraweenlsznaunielu
4 3 a
1599 (cell content) mumtammagiaﬁ

a A

1. YagwL

U
Y

v Y
ween i 131uTogannudurudundrFaimmin

Ay 4 A = o
a‘ﬂmmzmﬂum‘lﬂauw 100 o3 assgs  UIW 3 G]S’JI?J\‘]

2. FIEI061HIUAAZIDEA 20-30 mash Uz 0.5-1.0 a5y ldasluin
4 o v Aa o A A Aaa

NeINTIGId M UIRTIITe lovia 600 Taddans

3. @UE15a2a19  neutral detergent (¥9 ED.T.A. 18.16 05N @y

% (=] A oy ) ::'9) 9 =

Na,B,0,.10H,0 681 niuldinnesmuthnaundaudou 90-100 esrmusadea  asll
wollszunar auldmanazatevua WHauiuaTazaieved saouassagamla 30 ndu
1 2-NNoNTFeE U 10 Jadans) 100 Haaans Na,S0, 0.5 n5u tazaa lalasuuumau
2 Uaaans

=

Y [ ]
4. idnnes ludsuwaseanusele duliifdea 60 U1

~ J A

5. ihilnneseeanvniaTeddes  awaisazatsldngmiiainauniansed

© ﬁo

o

Y o 1y 9 v ~ o
ANAIVYNN ANAWUITOU (90-100 DA ALEYT) 3-4 AT

Y
6. ANAZNDUAIBOZT AU 2 A5

o a A a =

7. ihagdia lleunguugil 100 esruwaFod wu 3 42114
Y

a ' f v & o 3’ 9 o o
8. Ll”lﬂiclﬂllaﬂﬂﬂiﬁiuiﬂ@jﬂﬂﬁ”m‘]?u AUNTIENIYUBIUINUN UIUUD

G

=).

A d?’ A @ 4
NUUYUAD WUILBAR
] Aa Ay 9 A = o A
9. mﬂg%mawmmzmﬂum‘lﬂafuw 105 99 uaIFed WU 3 ¥ 119 150

Y v
IUNNNIUNIZTAIN
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o w [ c?/‘ a J o o 1 o o %
10. 1F1981IHUANNMITAATIZHHITIYAE measluiinnesdmsy

a & A A Aaa a Y] a Y]
Anszige levina 600 Jadans IANE1TAZA0 acid detergent (NFAFANTATNTY 49.01 NN

Y
Y] a A Aaa Y] A Aaa a 4 Y]

U5u1l5110351914 1000 Hadaas amiwdugaa laswungauen TudionTus lua 20 n$u) 100

a Aaa ) 09; d‘ 1 d' 9 9 A 9 1 1 = =) % c?/‘ IQ'
Haaans M lUdswwnsesdesnutels dulmaeaudd dosdslildn 60 1 TunadaLaTy

A
ADA

o=

o 4 4 1 1 1 a a {
11. 1hiinnessonannIoldos memsazanglalungdiianinauumia
Y o 1 1 oA A a A 0 Aa qw vy v o 9Ye Y
N30 AnAeddIuimasaaluinnesaslungddalivuedioiidon nmiuldiion
9} a A = le’
anaznouluagmiiadn 3-4 AT
Y, v A o A o A A
12. 19AzNOURIBDZT IAY 2 ATI HT0IUNTZINAITAzA107 IHABENIINAFE
a aAa
walinugd
o a A Y d' a = q'./ =)
13. 1hagsia eundangungd 105 seruwaiBod Uszinm 3 2 Tuevso
AUNNAIZAIN
14. hagBiiasenvinlagannudn suihmidn hminimeldanagada
A a
A 1aliag lad
o w [ a Ja A 1 Aa o a Yy 9 I 3 4
15. WdredaInzHantude Taemsmusansndudu 72 nlosisud ag
llszanmnianisvesngida Tdunwiiaulim
1 v Y
16. 119ATV 3 $21U4NTDINTADON A1AIBINTDUIUKLANTA
17. théed leuNgungil 105 eeruvaFod Uszinm 3 2 Twenso
AIUNNANIZAIN

) a

a dy c:/ g’ Y [ 1 d' =)
18. u1ﬂg%mﬁ@@ﬂ‘ﬂ1ﬂjﬂﬂﬂﬂ’ﬂu‘]§u FIUTHUN @I’J’E’JEIN“VIHHJll‘}Jﬂ@ magiaﬁ

@ L]

19. 1hdee1a I 500 oseaFed U1 3 2119 191990910 IOV

Y v 9 H
[ o v A

a 9Yq Y I o 9 Y A Aa a
n A REurnimin dinnme las aniiu
MIANUIN
R~ s a 3} @ [ YRR 9 c?} @ [ YRR 9
Lﬂasmumammagiaa = (WUUNHAIYBEAIY ND — UHUNHANYDIA Y

AD X 100) / 1M 1NAIDE14

/3 @ S o oo T
Lﬂ@i!%u@llcﬁagjaﬁ = (u']ﬁuﬂ‘ﬁa\‘]ﬂ@ﬂfg]jjﬂ AD — u']WUﬂWa\‘]EJ@EJf:{’JEJ stO4

X 100) / M ENAI0819

J 3 IJa A g‘ o A [ ] Y c’.‘ o A
wosiuaaniu = (uTﬁuﬂLﬂ@iﬁl‘ﬁaﬁﬂﬂﬂWﬂﬂWiﬂ@ﬂﬂﬁﬂ H,SO, — Hiunye

Y
loviaar X 100) / dH1nAI06149
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5) fanssnveaeulai CMCase (Sornyotha et al., 2003)
d
gilnsal
1. 1A3093ANIIQANAULEN (spectrophotometer)
v
2. 819inih¥eu (water bath)
3. ©aoANAADI (test tube) YUIA 8 WAAAAT
4. e (pipette) VU1 1 ua 5 adans
=
msad
1. carboxymethyl cellulose
2. citrate buffer Wio% 4.8
ad
M3
11 crude enzyme 0.125 Haqans vuny 0.125 Uadans vod carboxymethyl
{ 4 o [ { a
cellulose (CMC) $o0az 1 fiazatelu citrate buffer 0.05 Tuas fited 4.8 11 lunngumngi 50
=\ I =\ Y a oy Aa Jda a 42‘ as
sruaiFed unar 30 W uanslsunanhmaiaginedy lagd5uee DNS
; Y
method #4149 I Taeniuihanainasgiu
a o = a = a P 9
1 giavesmsvonGumiamagad vueds dsuaeulwindes cMc 14

Y v
wananglad 1 TulasTwa Tunar 1 i meldannziimsnagou

giia/iadans =_adansveingIad x 1,000 x $1IUMNINIINBNEI0E1
Y

wmiin Tuanang Ind x szeznaIMstiy x Y3uasdiedns

a A

GEVAT)) (W) (Hadans)

Y Y
%

a a A Aaa a o A 9 a o A A dy dg‘
Quﬁ/ﬂ y = gu@/uaaam (']Jill”lﬂlu”mclﬂfﬁﬂﬂ+']J’J"EJ1mu1ﬂlﬁﬂ@ﬂ1ﬂﬂ1’ilﬂﬂﬂtﬂf@)

(Uaaa (Haaans)

=
N
~

E4 Y v 2

o a S A a = A ao oA = L
ﬂ1§ﬂ1u3ﬂlﬂ§N1mu1ﬂlﬁa@ﬂ1ﬂﬂ15laﬂ\ilcﬂﬂ ﬁNM@@?@ﬂTQ%LﬂUNﬂfJ1N%u 50

J 3 4 1w 1 o 4 1 A Aaa a do o ] Y
1WoSIFUA 1TAIINAI0E819 100 ﬂﬁiJflﬂ'NiJGdb'uﬂg 50 Haaans TuMsAATIZHEIAI0819 10 NTY

a A

Y k4
mszaziuIzinnudueg 5 Nadaans
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6) Danssnveaeu luaileanua (Somyotha er al., 2003)
d
gilnsal
1. 1A3093ANI5ANAULEN (spectrophotometer)
Y

2. 919NiTeU (water bath)

3. MaDANAADd (test tube) YUIA 8 UaAANI

4. e (pipette) VU9 1 ua 5 adans

=

ARG EY

1. oats spelt xylan

2. citrate buffer ﬁm% 4.8

ad

ABMS

11 crude enzyme 0.125 Haaans YuNU 0.125 Yaaans ¥o3 oats spelt xylan
9 A . J = o oA a ~
$ooaz 1 Nazanelu citrate buffer 0.05 Tuans fitew 4.8 1h ltugauvgil 50 esruaaFod
3 a g’ A oJA a g =y 5
Wunat 30 v tdaasrelsuanimasaisnmnaiy 1ns33ved DNS method %9149 o Taa
3 g‘ o 1 = [ 19 ¥ oy o
Whuhaanasgiu Tasdnasu@eany CMCase  ua lanimiin Tuana las Tagunung Ina

a = a a’d’ [l 9 g’
1 ghavodleanud wwens Ysuaouluifdos oats spelt xylan 1#1ia1a

T Taer 1 luTasTua Tunar 1 i meldaanznmmsnaaou

7) fanssuveaeu lasianiinue (Buswell er al, 1995 819 TasTan1nT588 Sausiusg, 2546)
gilnsal
1. m?aﬁﬂmsmﬂﬁuum (spectrophotometer)
2. SR nih?ou (water bath)
3. NaoANAan (test tube) YUIA 8 HAaaAT
4. dula (pipette) VA 1 waz 5 Haaans
a5ndl
1. veratryl alcohol 10 Haaluans
2. D-tartaric acid buffer oY 3.0
3. lalasnunleseonlud (hydrogen peroxide) 0.5 Haa luans

=
M3

o))

a

o a A 4 an [ .
U588 veratryl alcohol 10 Haaluas 0.5 Uadans WANNY D-tartaric

. @ 4 Jd A a aa L4 a aa g’ o
acid iles 0.25 Tua1s Wew 3 0.5 woanaag Li’]ul’lcﬁil 0.5 Yaaaas uazuInau 0.75
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a aa 4 Yy 9 9 [~ a A J . .
uaaang %z”l@mmmmquwmm veratryl alcohol 1Ju 2 Wadlua1i D-tartaric acid
% 4 J a aaa a 4 J a A 4
e 0.05 Twars wazisnlgnsenlaodulalasounloseonled 0.5 Haaluars 0.25
Nadans (iudineudasimsganauuds) Y5uassiw 2.5 Nadans Janimsganaunaiu
d' d‘ = o 1 A d' Q' dg’ = o
NANuEIAaY 310 W1 THwas WK 1 WN hmmsganautamudugly 1 R
1 A 4 A o Y 1 a (% o 1 =) [
ananssuvouenleld Wedialdedlugilyiansy  AnnaguRedy leauuauas

o a 3’ Aq Y o a di’ ~ A ' % ]
CMCase Tﬂﬂﬂ”l‘l!]ﬂﬁ]”lﬂﬂilﬂﬂli!ﬁ/]i‘]ﬂﬁﬂﬂ Lmzﬂimmmmwmmaaagﬂumaan
a Jd . a a Aaa . 6
nanssuveou laad Lip (gHia/dadans) = (AA/min x 2.5 x 10°x D)/E,,
LA A R ~
AA/mm 19 ﬂ"m15g}ﬂﬂauummwmumaiuna1 I UM
A 1 A @ ] t4
D fo mmm@mﬂmaamau"l%

€, V04 veratryldehyde 111111 9300 mol 'cm’’

a = a P aaa 1 o a a o 4
1 gua vugod ']JﬁJ1&1&91![145111/]5\11J§‘]ﬂiEJ”IEJ@Elﬁﬂ”lflﬁﬂﬁlﬁimﬂﬂﬂaﬁﬂm"n

veratryldehyde 1 1uTasTua aelunar 1 wii

8) Bananinma3aIraeds DNs reagent (Miller, 1959)
gunsal
1. m%ﬁﬂmsmﬂﬁuum (spectrophotometer)
2. Sreinih?ou (water bath)
3. NAPANAADA (test tube) YUIA 8 HAAANT
4. il (pipette) VA 1 waz 5 Haaans
Ml
1. 3,5-dinitrosalicylic acid
2. sodiumhydroxide
3. sodium potassium tartrate
DNS (3,5- dinitrosalicylic acid) reagent Gf%ﬂﬁ”li 3,5-dinitrosalicylic acid 20

Y '
a5y avaneluiingu 500 Jadans waulinAuuY hot plate Wnasazaslndonlaasen
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4 (% oy o A aa Y] 1 a . .
lossd (32 A5 Tushnau 300 Hadans) warylHNUIAIABEAN sodium potassium tartrate
o o a a Aaa <3 { 1 a
600 N5 Ysu151As1%ATY 2,000 Tadaas numsazate Id ldluviaden lugugiives

aa
IHN1I

Inlamsazaresuies 1 Uadaas ldluviasanaaoududls DNS (3, 5-

Y 9 o o

Y
dinitrosalicylic acid) U515 1 Jadans wirliidniu ihldduluudeauiu 10 wi s

Y
a a

< o a A aan = Y KX A o M) a ] Y Y o o 1
LEJ‘LW]‘L!TILWBWEJW]JQﬂiEH I 10 U IN LUV UINAU 10 Vaaans HJEJﬂ‘ViHﬂﬂ‘L! IAAINTT

Q-

Y
% ll

v o a 4
ganauuaan 550 wiluwas  lumsnasesyaniuguldihnauunudied udr s
] = [ = =
uRen 1WSeueuannanuiaggu
v »
MsazaenngInmanglnavse laslaa
= g’ A (% 1T A q'./

wssnasazareasgIuiaang Inavie lylad 1.0 nfusedas Taonses
g’ A d' Y 9 a [ g‘ c:/ a Aaa [
wanang Inanie lo Taanouunadilsma 0.1 niu azaelwihinau 50 dadaas U5y
a 3 A Aaa 1
USuasilu 100 Hadaans Woaasazaren laliuANUTNIY 0, 0.1, 0.2, 0.3, 0.4, 0.5 UL

0.6 NSUADANT

Table 19. Absorption (550 nm) of glucose and xylose at different concentrations

Concentration OD (550 nm)
(g Glucose Xylose
0 0 0
0.1 0.038 0.033
0.2 0.076 0.078
0.3 0.118 0.121
0.4 0.165 0.172
0.5 0.238 0.242

0.6 0.282 0.306
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0.35
| y=0.471x P
03 R2 =0.9766
" 0.25 -
€ 0.2
c
o L 2
5 0.15 1
o 8
o 0.1+
L 2
0.05 -
L 2
O T T T T T 1
0 0.1 0.2 0.3 04 0.5 0.6
Concentration (mg/ml)
Figure 17. Standard curve of xylose
0.3+
 J
y = 0.449x
0.25 - R2 =0.9834
L
0.2 4
€
L 2
S 015 |
Lol
e .
A 01
o .
0.05 -
O T T 1
0 01 0.2 0.3 0.4 0.5 0.6
Concentration (mg/ml)

Figure 18. Standard curve of glucose

9) COD (chemical oxygen demand) (APHA, AWWA and WEF, 1998)
ginsal
a I =
1. %AAATIZYT IoA
2. Jatan (burette) YUIA 50 Haaans
3. dula (pipette) ¥i1A 5 uaz 10 Yadans

4. 431wy (erlenmeyer flask) YA 250 Uaaang
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=
GREIGEY
= 9 9J o
1. @rsazaemiassu Inunadon lalnswadudu 0.025 uosuoa
=~ & Y A =~

azae TnunaiFon'la lnswa (K,Cr,0,) $90uuie 103 serusaidod 11a1 2
' Y v Y
2 Tued I 12,259 0§y udrazateaieriingu Mntiwaunsagaviin (NH,HO,H) 0.12 N5y
wd1l5uSas 1914 1,000 adans

2. sulfuric acid reagent

a J o @ v A A 9y 9
azaeFaneitama (Ag,S0,) 22 N3N lunsadahinuiuluvieving 1
4 a 4 a d v (%
Uoud (2.65 an3) lesnnFanesvalnazareenuin e1adealdnar 1-2 Judaszazarenua
o ~ Y 9y 9 4
3. sazasuasgiuesauey Tutlsudamadudu 0.1 uesuoa
3.1 MISMSINEITazaY
o = @ o Y]
asazaremoisauen Tutoudama [Fe(NH,), (SO,),.6H,0] 911U 39 N3
v v v v

Tmihndudunsadailsawudn 20 Naaaas udnlsulsuasTeslmimauldasy 1,000

a9

j=9)

3.2 MIMIANUTUTUVDIAITAZ A

) J o
YlamsazanomasgiuInunadoulalasua (025 uesuea) 1w 10

k4 v
o v

2
Naaans wuihnauan19YTias 100 Hadans 1AY sulfuric acid reagent 30 Haaans Na 1314

< Y Jo = @ a Iy a I a a J
U h]fﬂ3!@5@]@’35@’”5@15&1'lfll:l/\l’f)ﬁﬁﬁl!fluiuluﬂucﬁalw{ﬂ mulwﬂﬁji@u 2-3 visatluauames

Yy 9 J a -
ANUVUVUUBDIUDA = 1]51”@]5?“5@3611EJIWLLTIETL"])'EJ§J1@T?"I§L3J@]

A aa a do 53
(Vaaany) x 0.25 rdsuasasazaralessauen TuHougsaa

4. msazanewlos 15ou
aza1o 1-10 Wuuwmaalululawmsa (C,HN,.H,0) 1w 1.485 nfu uag
s @ o [ a oy a < a aa
asFadiama (FeSO,.7H,0) 31149 0.695 nFu wnihavlsuasdlu 100 Uaaans
a Jd o a
5. Faneidaa (Ag,S0,) ¥HANI
Ja A o a = A Y v o w
6. wosfadamla (Hgso, wilamanuions IHiludididnoymanasls
(C1)

v
A o

v o a A Y] d 09;
7. nsasanlTn (sulfuric acid) 1¥lunsainsida lulasiimniu
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Aad
B3
v o 4 <
1. 1d HgSO, Yszaar 0.4 niu asluwaasdndniondae glass bead 2-3 1iin
Qal} a @ 1 g‘ a k) a ~ Y =

nniwdnmedinim ldnlsnaimunzauudiaslurie Tulamsazaroninsgiu K,Cr,0,
10 Haddns wuas e iy

2. fve q AN nsada duduinay Agso, asll 30 Haddas (Lides
1ve1)

Y o

) = @ o’dy Y d‘ ] 1 Y
3. mmﬂsWaﬂ%u"lﬂmﬂmmmmmmu ﬂ@ﬂﬂﬁl!uﬂlﬁﬂ‘lﬁﬁﬁuﬂﬁmlelﬂﬂu

A Y =2 o Ay & A Y gIA & o v R qyg v v @
ﬂﬂauummmmiﬁdaﬂ%wiamﬂmﬂamﬂunmum2511ﬂm ﬂaaam"l”ﬂmﬂu Hmﬂau

a9 A ] ' ~ = 4
AadrunTesmuuiuneuivzasaviasandesnlid lnmsa
o g’ M) g’ [ H A a’gl
4. 1 blank Tagldinau 20 va. vaziheuaiiang o wileunl¥insizyii
o (] Y o =~ Y4 9 Y [
foehe awimssnandg lundeududedis
a A A oA a v
5. lnmsamnaSunm K,Cr,0, NmdersoNUNUNOAIIFITAZAY
. I a a 4 {
Fe(NH,),(80,), Taeldarsazato ferroin (Hududames 2-3 weavziimsulasunilasaind

A I =\ = 3 = c?’ =1 a 1 a ~ A = A 3
mdeuiludiheudoaazdudihmanaingegs  owlsuiasn lnmsaaeusunlaoudiiu
= 09‘ % =
LI nun

EmImuIn

%lon (Haansu/ans) _ (A-B)x Nx 8x 1,000/ USuaared1e (Naaans)

{ a 4] [ {
Tagh A = Usuaasazatevossauen Tuilousamanld las
IM76 blank
a Jo [ {
B = Usuaasazatevessauen Tudloudamlanld las
INTAAIDE1
Y 9 o = ]
N = ANUINTUYDIEITazaeNessaueu luilaygama
o
(Ue310A)

10) YINVININNA (total solid; TS)
i3l
1. 1AT9I%9 (digital analytical balance) 4 CRIAIN

Y
2. fenseiileadmsuILIe (crucible)
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3. 1©19U (hot air oven)
Y
4. To@AANTY (desiccator)
Y

5. 91913 eu (water bath)

=
M3

o))

Y 9y 9 ] Y
Mdedahne 20 Nadaas  ladlensziiesdmsussmenni1uiimiin
] Y
uduon 1hdeluszmeldudalu water bath igaivgil 60 eeruwaiFoa vnieudleliuis
A a & o L qgva g o Y &
N 103 saruwased el 1 91w malidululogeanudsuilssana 45 win a1
Y ]
viaAuLUeU (APHA, AWWA and WEFE. 1998)
ad o
ABMIAMIUIN
<3 c?/‘ A Aa o 1A 3’ @ < A Aa o
VOWVINIMUA (Haansunoans) = Wninveduds (aansy) x 1,000 /

RN AGIGED)

11) yETOY] (ether extract)

d
gilnsal
1. 1AT09% (digital analytical balance) 4 AU
2. aad A lusiu (soxhlet apparatus)
3. 1©19U (hot air oven)

Y
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