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ABSTRACT 

The research was dealt with the composting of food waste and agricultural residuals. 

The goal of the project was to study on composting processes . The raw materials were food 

waste, water hyacinth, rice straw and vegetable residuals. The investigation was divided into 

four parts : 1) the determination of compost materials, 2) the investigation of suitable mixes of 

food waste and agricultural residuals, 3) the study on physical, chemical and biological changes 

during compost processes, and 4) the evaluation of rnajor nutrients. The experimental conditions 

were as followed : A ratio of food waste and agricultural residuals was 1:4 and the initial C/N 

ratio and moisture content were controlled at approximately 30 and 50-60% , respectively. 

The patterns of physical changes of all materials were similar. The moisture content on 

final stage of vegetable residuals, water hyacinth and rice straw were 44.43%,42.85% and 

40.02%, respectively. The temperature patterns of all composts were similar. During the process, 

the highest temperature was the rice straw compost (45.3'~). At the end of the process, the 

temperature of all composts were same as ambient temperature (29.9-32.5'~). The pH of 

composts was extremely decreased during 20 days as 4.3-5.3 and The pH was increased on the 

final stage as 6.75-7.56. 

The chemical changes had been shown that the carbon content and C/N ratio were 

gradually decreased during the process. At the end stage, the carbon content was 30.5-31.15%. 

The C/N ratio of water hyacinth, rice straw and vegetable residuals were 11.53, 17.53 and 13.94, 

respectively. Nitrogen content and phosphorus content were slightly increased during compost 

processes. At the end of the process, the nitrogen content of water hyacinth, vegetable residuals 



and rice straw were ranged between 2.07-3.28%, 1.64-2.35% and 0.1 1 - 1.77%, respectively. 

The percent of phosphorus of vegetable residuals, rice straw and water hyacinth were ranged 

between 0.06-0.08, 0.01-0.03 and 0.002-0.020, respectively. The amount of potassium was 

gradually decreased. The potassium content of rice straw was the highest reduction (0.22- 

0.53%). The potassium content of water hyacinth and vegetable residuals were 0.18-0.48% and 

0.17-0.28%, respectively. 

The biological changes had been shown that the mesophillic microorganisms were 

increased during first and middle stage(77 days). The peak of mesophile ranged in 7.5~10"- 

~ . ~ o x ~ o ~ ~ c F u / ~ .  On the final stage, the mesophillic microorganisms were gradually decreased 

as 7 .00x1011-2 .40x1012~~~/g .  The pattern of the~mophillic microorganisms were increased 

during 14 days and slightly decreased during the process. On 56 days, the thermophillic 

microorganisms were increased again. At the end of the process, the thermophillic 

12 
microorganisms of rice straw, water hyacinth and vegetable residuals were 2.00~10 , 1 . 0 0 ~ 1 0 ~ ~  

and 3 . 2 0 ~  1 O"CFU/~, respectively. 

The investigation of major nutrients had been shown that the nitrogen content of water 

hyacinth, vegetable residuals and rice straw were %.70%, 2.18% and 1.77%, respectively. The 

nitrogen content of all composts was over standard of fertilizer set by Land Develop 

Department. The amount of phosphorus and potassium of these composts were under the 

standard. Therefore, these composts could be used as fertilizer if external phosphorus and 

potassium reagents were supplied in the qualified amount before application. 
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nirs:uius~mnfunod~unJn idu8sii19u~ndr:n1snds 
or or 4 d  

iu"esoingGuw?bwan$Ao~niroinin I~oonGaaui5unar~1oianm~ouIur:uunisn1ul~niu 

lur.aaa' r is~u~~i~idu~o.r i in1rr:uiuoini~i aw"edi~nmoenGiaulgI4udwodon~ria?~iLa: 
A d d t  

iernru'ounmuinGinqii~q .a~'1ur:uuwiulo~o~ja"uwruuu oonGlauiSu6aYu 
8 9 
c(4 a 

~ $ n n r o u w i n ~ u u ~ u ! n ' ~ ~ m ~ i u u ~ a o o n l . a ~  ktulunmw$oanGnui4udwonr:uau 

nirdouailium~o'uwlr;lun~~w"r~:S~r.-~w3~1~w~!~wG~~iu~~uauuindi.aaa'~a"uw~ B 
rnwrnu'iYdl$dr:lu~Pddlpdr:uuiumi1ua"S%~ dsnfi~riaudr:nou"~o~i.aaa"lun1rba?q 

66~:ilrd)w%od~fu~?i ~mu9fuw~6wan$$o(hnin ~odmroonil~ud51ulm~oua: 5 - 10 

~la:!a"udGwan Mesophile 6sdmroon~~0u~~oni~io~q~~u1mdr:uim~oua: 5 m51$ 

oonGiculun-osquwoJ'nGwoiuJatu aiu r:u:iaaiwsnr:uauni~di~uwfin gmw@ 
9 ,  9 

i iuaun%~~"lolnln aiaunlr:nsuvo4qu~Gn vu~mvasa"arq iaa:ma-iulu [i7] 

mrr:u~uoin~nn~omr~~uoonGiaul~i i f ino~~u a~odi!llaunir 
V P ,  nCiunoaqu uonoinGwaRludo.mirr:u~uo1nin~ia"a ~da'a~nqnin6iirnla"n~d1~~ iwiwnu 

ori i~ai~inuo man~uno.r~unl in~u~a~~aai~~wui :nu di'ldiianrrurodo~uw~6i1b~u"bd 

od1~de~u"osaln: i8uii inirdlal~o~a~~u ~ad6o;o9'14urds1uiRu ~in:wuiinirnEuno~quwGn 

odi.rdoiu"od iaudsin?unr:uaumrdouaa~uniuluno~~u~~niia:dil~i8u~ui~ar'u 
c:c: a 4a A dv A 

uonoin~umrdiisar:u~uo~ninn~duonaamrwu.rwaau~~uoonGaoulg~"abfino~~u .ad 

aiuisndi!R'lau'd5iiu7 go i i o l i u i ~ n e ~ q u n ~ o o : k d n o d ~ u ~ w i  ncdo~nnnn<unosi; 

wi!;uinmaq A 1  vu~a~#uiigu6nm.r~o~Ai!~!dds:ui~ 3 - 4 & udnid!~uuifuiiu$ 
d 

a:&no;lqu bauAiu'.riiiuoknad!dib$a di!~rdo~nr:aiuo~6ano~ a~bai~d~nirkdnodau 
d =' 

2.2) i u o ~ ~ n o ~ a a ~ o ~ u ' u f o u ~ n o u d ~ ! ~ ! ~ ~ o f l  nod~u$~dodr:u~uoininwiu~ 
n 





W) s:~~naiui$unsm~3uAid [ I T ]  

i ~u i lob i i~9d~wans~nu ion is iouaa io ia~w"v i~uo i~~u in  
d d A 4  " 2 

iu"ossinnisioinlued?fiunstlnunaiuaiPnsniauaa1uba~w"v~u uuadE11s:Kunaiui4u4u 
9 a d  9 

91091 u~nsiougoou~uaniwiiangoulju q n~s io j~~od~~un j i i i i a : v~n idpd~~ l~nnnmed i j  
ad: 

PH dinui:au~~n~unis~o?~uo~~a"unsuuu uonoin; p~ ~~~~ans:~uio~ouY.a6dh~"u 

oonln iAoiouia~;v im45aq laupfiunii$nhu naG/unline:DFii PH $29 4.5 - 9.5 Fii 

PH d ~ ~ l ~ ~ ~ 8 i ~ ? U ~ l ~ i ~ ? ~ i ~ ~ ~ ~ " ~ ~ d b ~ I I ~ ~ ~ ~ b i ~ : ~ a " ~ ~ ~ ~ ~ ~  q i w u ~ u r n r i i ~ u n ~ n  

n"o 6 - 8 nd pH 8 - 9 ~ n i ~ q ~ i ~ u ? u b m ~ i o u ! d E ~ ~ ~ u i a ~ a " u o ~ i ~ o u ~ u i ~ u  i i i8 i  pH iau 

nsnu1ni;iuld (bini i  5) ?8un~6npnnis~sin?~7ub9unrn3:nisnlinquiiuuYfoini~ p~ 

iiPiids:uim 4.5 1uaniwddunsn ~ ~ o ~ i o : l $ n r z u ~ u n i s n u ~ a & o ~ d ~ ~ i  PH I$?$ 

awn6 ~ A o P 4 i ~ u a a n ~ s u o ~ w ~ ~ ~ i u i i a z a f i ~ a i ~ u d ~ ~ n o u ~ o ~ i e l l a ~  aiauaisds:nouYw lnsiou 

~ndwuniuidui t ;u~~u iia:im$fiun~iG1ld14i~u1iwEi~uo~lulnriou daa3'1dd3u 
a d d  * 

drznouuadi.aaa" idu rns1dsl.u i~il:nsnGan%n ~nudn~i.aaEiuadga"un~uunl cm 

Ratio ds:ui(u 10 - 15 w u i u n a i u T d i ~ ~ i ~ d y ~ u ~ ~ ~ ~ n a i ~ ~ u n i ~ n ~ ~ u o u i ~ i ? d ~ u i . a a a "  lo- 

15 niau 0 i i d u & o d ~ ~ a i ~ d 1 ~ n ~ ~ n ~ i o u ~ ~ i ~ d ~ a u  I nd3u baiilMnnuqauodnis 



d~:neuAnsdluh.ana' b~a:~fiun?6rnuiroho?~biuFm!6~ uoneini C/N Ratio mpnrndi 
9 ' 9 4  - 9  + l d l 4 l u m s ~ s I s a i i i ~ u n l i n d d i ~ u 6 i ' l d h l n n r o l l i  Tnudnnrn~unlinijrii CM Ratio 

3:nii.r 26 - 35 nd~i1mu1so61~unljnknd1aldl4l~luGul6bulid1lnYwdsi~~u~um31~ 
Y, 

aad$lFil C M  Ratio anadG9 20 ~ ~ ~ l ~ ~ ~ o J " ~ ~ ~ ~ ~ ~ f i l 1 ~ ~  

$l~m51Eiau3:Mild C M  Ratio ;a)uda~1~6m~in1~douaaiub~a$u 
1 

an5:u:lamni3iiquw~n1~kund 61 CM dmln:aunasoir:niid 25 - 35 uuoiii~li~m5i 

riaunr:niui~a:~aa~Fanlu;adou d l  CM d id1  20 - 30 ~mnnirdouaaiaia Fnu$a!d 

rii CM Ratio igu 30 - 35 ii~oiimui:auioni5n~nbba"a ?iaunirn~njnd~a~nnia~An~o 

dsinnismunrd?uln~b~ubauw"~ n?onisnhd!&oin~a~a'a~bna"o~doin~u~u~d~uim 
a d 9  

iaarjlaaoilnn ~~~diuimm~ds:nou!u~m3~ou~~1u~dm~~u~';~b~a:mrou~unsuuau 

au1linu~aG~udiuimniiuou d1$6%1 CM Ratio uin n15dou~aiu~iin$uiY1 idiu5m51 
a d d  

~aur:~ii~si~rniuoudo!uFm31ou $si~ui lofud~wadoni3doudaiuai5~u~5u1du~ofu 

diinunr:u:Aaai$umsn~nbauw"si bauinq rns~dla~ul$$n15douaaiub~u!dodid5?n 

its oisijm~umsd~:noulu1m5boua~!d idu aisms ;a th i  ~a~ma"oi~sinlr . ra iu 

nl5inna1ua~umluulm3~luuo~ U.S. Salinity Laboratory Staff. 1954 

bu"8%dl~l3u'l!d'dl (EC)!~~J~?U 2 dS1m ~ : ! i i t % ~ l n 3 1 ~ ~ 0 w " s i  I I ~ A ~ T I R ~ ~ U ~ ~ ~ P I ~ ~ G ~ ~ ' ~  

A 
!&s:uia 2 - 4 dSlm o:ijma"oodd5:uia~oua: 0.1 - 0.2 %do :~~~d~~s id ! i ~ub&  

Adsn~iuGuq.rniid (>4) oadui8u~umnuio~si d d l i i j n ? l ~ i ~ 1 ~ 1 : n ~ l ~ n l 5 d ~ :  ~ i 1 d l 4  

JTud~sGu i ~ h a ' ~ i i n u n i s i ~ u i m 5 ~ i u ~ m n i ~ n a i u b ~ u u o ~ ~ u n G n  ism5idd 2.4 



2.2.8.2 6mxidau"uaswi?uauda~u~mxbou (C/N ratio) 

qunGninddqmmwZnaxo:ii6mxidau"uoqniiuaudalulms~ouAi 

niinforviitiu 20:i qunGniii C/N ratio -d9niiiuin 7 o:8ui;nirdounaidoW $ w a s  
9s ad 

a:Zoaldqun~intiaud~nw"&w?ow~iu~u~~dx:uim 2 - 3 iYd~iM( I I F I : O : ~ ~ ~ ~ Y ~ ~ Y R U ~ U  

mrs:uiuiiliZ ~uda~o1na1ovi1l4'~n'~n1s~~1do~lu~n1w~lPii;o1n1~ viilBn'~nsnSun% 
u n, 

~ I ~ U G Y  ~ ~ ~ ~ I $ v I ~ Y u P R ~ ~ ~ u ~ P ~ ~ ~ I u ~ ~ ~ ~ I ~ ~ ~ ? ~ ~ ~ ~ F ~ " ~ ~ ~ ~ " " I I  ~ U W G ~  C/N ratio ~ 9 1 9  
P) 

Wnaru ' i ld~umsd?ud~~n'u~:~u~~i i i~u~~~i ;u imx~u~fumwna~umln:nu"uo~~u 

WGfli! C/N ratio 9:~lJA19 7 ~9@l1419 2.5 



m n s i  2.5 r n s ~ i w u n K v u " l n n ~ i u ~ m n i w n a i u i w 8 1 i z a ~ ~ " u o ~ ~ u w ~ n ~ i  cm ratio 5%;~  

2.2.8.3 d?~lltUs~~l:fla"Gl~ (Organic matter) [ l o ]  

~uwrindfn~r~d3lnm5u~1~ua"mqo~r:w-di9~oua: 35 - 50 i i i K i  
~unfin~~~?uiru%oa~uw:ua"mq~9n-difoua: 60 ilandiisun'iuimqGu~:t~~nireiouaaiu 

ioad i l ~ ~ l ~ ~ n 3 l u ~ o u l ~ ~ : n l ~ n ~ 9 ~ l ~ 0 l w l 3 ~ l 9 " 1 1 ~ ~ ( 1 m o b i i z a t i o n )  duniriknn3 

d19fii~uYqrndomrio~q1~uFn"u~~w"v iin:mnd~uimus~~uw?ua"~lq~~a~n-di~oua: 15 
1 6 9  

1inn93iuna18oduuin ~?o~ndounmununld i~!rirnr~i!dl%~uqup.~Gnw?o18u~u 

wlin6ou?mmw k~ui9~inun~vG~mmwn~iumlnznu"uo~quwGn~Gr:riu~un'iuk~ 

6 ~ G F p f l l ~  

10 

8 

Giul; 

C/N ratio 

o - 20>1 

2111 - 2511 

>251i 

WUlUlWq 

i/uwriniiiqmrnwZuin 

~uw~nd~qmmw8 tiiui'l$d?udldnPu?6 i i6 . r f jm iu  

s:lins:a"~wonumr l i u  n3~1$1dn~~nPuw?o1di9?a"rzuz 

wUdsdoudr?n 

!linarPjiuil#lumrd?udq9Su 



2.2.8.4 5 t . ~ ~ ~ ~ i 0 ~ 1 ~ ~ ~ ~ ~ 6 8 ~ d l d  (pH) 
d W  a 

ni3ldduu~idadst.~unaiubaunsnb~uiid1uno~~uP;Y Jnun9U' AD 

Ius:ut.~aaids:uim 3 < u ~ ~ s n s l a ~ n i s n a ~ ~ u ~ ~ n  PH Iunod~unJnst.anad Pnust.fiii 
P, Y ,  
w d d 4  

mduuad PH a$st.ltiid 5.3 - 5.7 [3l] n~u~uo.roinIuia.rlbsnst.fin~~iauaaif~oi~~san~~a 
Y P, 

Pnulawit.oii~~~<acldiou~aiu4iuot.in~n5uw~iui~v~ni~n~u l i nks in r i u  p~ oa 
w  a'& 

douq nduoiita' iq ouo$Iurt.hst.~i ir  7 - 8.5 ;duluodsinluda5uniu<npQniauaaiu 

o~fia'n~nrt.~~uaird~~unisbd~uubbdadst.~u pH l 6 ~ t . f i R ? l U ~ l ~ I ~ ~ ~ U f l l ~ b b ~ ~ b d ~ ~ ~  

ds-lu?nlw"u$u v i i I n~ rnu i r~n%u ls ins I su laa~u l~Y~ in~u  imt.imsdst.nouuidau'n 
s =9 

d iqw&~u i i . r  i iu LIOUIULGU (NHJ inn;u1111ust.Miidnisiaunaiu na iu~Su i i~ iau  q 

slor~unGn;~i;wnlAonisGiYdI~Iun~sd?udcj,~Gu l l ~ l  p~ q.ri;iu~tl 
a d 4  d c: ~Sunrununldudrt.iuvPddo:w~n;isnr~u ~~at.~Swn?iuirvu"n ~ i u  i?Lirnw"vpiid q st. 

P;ildlu%iY; 



9 9 a  6unnuA'oGu 4% &a" nmwiian8eu nfeglviasdu 6du Su n'u n n n  w s i u  iin:wainsn 

dunYu idiwiid~uidd~ri~ednis iu"erainYsjijlls:luvPddln q i o i v  iaa:agl;rnsaw"ums: 
d 9  s 1umsuuri.l am:eioi~uflisuinlunisiii~neonld1uns:'uauiswtn n3osioo:ugwnn 

nfo~iiw~iuuiasiudljiin~iwdi~lridaoudu~bu"iYdlu~uwGn1nu~~la Aewnds:~u.ai' 





~ ~ f l l l i  (Bulking Density) " U O S ~  

Su$Znaiuwuiii;u~av idu Suiwiuaw9oGuddiunis14 

iai~o.riimioiiui$uszo:~aaiuiulwa~iiinis~w"ubuw'fuu?n~ ~i'ldrini.ai~uIn41 4i<m 



n) annisin"nn.d"unintorGu 
d d  t nniun~s"uorGuiiminqeiniisrd:~:slori~ndu n%nu~unofu 

iilGn~ifusau~rnaiu~muau~s&"uorGu~~mu"l ilu"oroinnirin"niinGu TnuEuw5u 

-inqein~unlinc:iw"un~iunrwodsleriimGuionisd:n:sloriinduiia:au1~uin~r~u Yiin"n 
,"*A K 

an iw ida"onGui i~ r~u iaZu i i lG6m~in is~u~o~u in0r~~  $rannisin"nnGunislmu~nSwa 
Y 

slsr JilnaiilA 

2.2.9.2 ~1n'~1iwlunisdYud~ra"npIm:nusJ'GvorGunirini 

~unGniauiw"udi lnmaiqoinisna"n aiqoimsrer iin:lnaiq 

oimr1diiFii.a Tnut8uiina'rcnmswan~i~lu1msicu 61u:iYu iia:dondoYn Iau~ndBou 

o o n u i . a ' i ~ I d i i ~ w " . a ~ ~ l 4 ~ a ~ n ~ ~ ~ : i ~ a i l u n i ~ i o i ~ i G 1  i m : i 8 ~ i i n d r r i i 6 ~ 1 i ~ d r l ~ ~ d l X  

aiqoirns1u~ddr~)nu iniu Yuasn donidm Gaidm Tu%~imm im~nao15A 

uoncin~~unlin~ri?u~~umiumuisolunisiianid~uudcj:~~1an 

uerGu iilGoymnGumlnsodnds:s'~1aniir7 d i 8 u a i q c n n i a  $- ranni r~~i i iu  

aiqoirnsw"aoinmsa:h s?u~r$ildGuinaiu6iuniuionisid$uuiidarnaiuigunsm- 

dir nmuiiu msAiCmgmp% im:~uoin~an:n~nd~dnr~u~u'l~~nisid~uuiidar~u~u 

seiirdoa~~uAsu%d 

2.2.9.3 m'~~iwIumsdYudgra"np~m:slorfw~ir~aniw 

Euw;uimqIu~unPintBuaiqoinisro.rp~uw;61fi 8.ri11Gii 

m&uiiu?up8~~%ilpd;pd i8uwaiiInYGonss~riir~ sloroBun% idu nisiidsrmmwaiq 

oirnrw"aluZudndoei1riids:in~niw iion~sunimlr%uTmsiouluGui~u$u iia:am 
9 Y 

nnu2uiiswmhrnw"adi~noin%~i~8udou n'r~msi:lu"oqun~nnaiu~aiba"ain"nni~ 

%fllnou (Alkaloid) w ? O n s m k ~ u 8 r i ~ u f p I ~ 8 ~ # i ~ o u d ~ u  i$u$u 



I 

I 2.3 6 l q a l ~ l 3 $ 6 l ~ g ~ d l ~ ~ ~ w " ' t l  [I41 

I ! aiqoinis4r (plant nutrient) ~on~ua1~dw"r6o9n1slj1ldl~b~on1s~139j?nlia: 

mrlsitymGiuinuo.rw"rlas ~~uiin~:uaumsnii~oi~is~la:~&l$ow"r~:~au~~rmsnh~ 

iduwawGnuo9w"r ai4dtduosnbJr:nouuo4w"roio~uin59 50 - 60 ti? iiiui9ai?sioIi 
9 9  0 d u  ~ ~ ~ w ~ n i n m ~ n i s w ' o i ? m i ~ i ~ o i w i ~ ~ 8 i ~ $ u d o w " r ~ ~ u 1 r u o n i u ~  2 $8 n"o6idlnnoin 

~ a i~~w"r l r i rn lnrnAi1~u3?nI6n~ua403 ~~a:a iq~uldudaudr:nouuo~~uba~a~uo~~ 
98 4 0  

i 
d % ~ n ~ ~ b b ~ ~ n 3 ~ ~ ~ ~ n 1 3 b ~ d b ~ 1 ~ ~ a 1 ~ 6 ~ 1 b $ ~ ~ ~ ~ ? ~  

o i n w G n m m n " 9 u n 1 ~ d ~ i ~ m i ~ ~ n ~ d I ~ a ' 1 ~ 1 ~ o i n i ~ ~ ~ i ~ ~ u ~ ; ; o w " r ~ o ~  16 aiplBo 
I 

~ i & ~ o u  (c) !H%R?LQU (H) oon4lou (01 !uln3~ou (N) dondoyn (P) %w~~~lna?uu (K) 

ilnariuu (Ca) a~uniir$uu ( ~ g )  fiiu:Eu (s) awin (Fe) r n o 9 l 1 ~ 9  (CU) tYqn:i? (Zn) Tusou 
1 9,' 

1 
(B) 1lu9miin (Mn) nno:u (CI) ~uf iu~r ju (MO) ~ip lv is  16 aiqiir~;owismiuclu 

l s l~ r louua :aan~ lnuu in$~~  1 l i ~ i i r n ! i a ' a . r r i a 9 l w 3 i : ~ i ~ W : 9  3 ai?<w"ro:l6?uain 
9, 

u'i (H~o) LI~I oimn (CO, ,OJ  71diuiu"iuirn~lu dau'in 13 a14 w"rI6?uoiniu 



< 

bwsi: ~indnuinbba:da"o91dsi: 

~mdta:au$i.aYulmrlou do u~suirnn~.rrio~dr:ui~foua: 79 ild 

~ ~ ~ ~ R ~ ~ ~ ~ S ~ $ ~ ~ ' ~ I B J I ~ ~ I $ I V ~ % J - I ~ ~ ~ A F ~ U  $ . I ~ I I $ U ~ D P ~ ~ ! U T R I I O ~ T ~ ; ~ " U B ~ ~ ~  
91 G-4 lmrn (NO-,) n?ol~oulu$uu (NH;) ~ ~ ~ ~ u ~ i r n a ~ u ~ m s ~ o u o : ~ o ~ u i n u i u ~ u ~ a n v o ~  

Bqri~?n ~ d n i s ~ i n s i q ~ u ~ m s ~ ~ u 1 u ~ u ~ ~ ~ n 8 u 1 a u o o u ~ $ u 1 n q ~ f i ~ ~ u ~ o ~ u ~ i ~ n ~ d i ~ ~ d o  

ni.j~e?~am'uFmvo~w""~~ 4 4e4 n s : u ~ u ~ 1 ~ d ~ 1 ~ ~ u b s b ~ ~ 1 ~ ~ ~ d ~ ~ ' i d b " a ~ ~ 1 ~ ~ ~ ~ " ~ ~ ~ i 9 ~ ~ ~ ~ ~  
A Y 

d u n i i ? ~ i n s u o ~ l u T n 3 1 o u  .a~dr:nouEiau<umaun~n 3 tumou 50 
fl.) b b ~ ~ % % J ~ ~ b n ' h d  (Ammonification) 

n ~ ~ u ~ ~ s ~ ~ u ~ u n ' u d a u u i n ~ ~ n ~ i n n i s d o u a a i ~ u o ~ a i ~ ~ u n ~ ~ ~ n u  
d d o ,  

~LiotlaaiuoulMmsds:nouSuw~u1u4ouwanFd~~u nmo:iilu nsnu'anE;i?inmG-mE;- 

Tolnn' msds:nou~un~bnriido:~ndouaaiuoeii9sanL$adoldoul6aisds:nouoeii~ 
444 Ci i i u 6 a u ~ ~ u ~ a m w o i ~ u o ~ l u ~ u  t i u  nunciGuuaziiinn m ~ n l i ~ d l d d u u ~ d ~ i i u ~  

n s n o : ~ ~ u d ~ ~ ~ 1 u ~ s d i d ~ o u 1 f i % ~ i b ~ u o i ~ i s " ~ o d m u b o 9 b b a " a $ ~ d ~ o u ~ u 1 m ~ b o u ~ ~ n ~ o ~ ~  

oonuiSu~duosaaauFu~Guu 

V. )  % ~ ~ ? ? / b f l &  (Nitrification) 

L ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ M ~ I u Y ~ ~ I ~ ~  Nitrosomonas P ; ~ I W ~ I ~ D O ~ G ? ~ ~ &  

~bau%u~~un?oa~ouFub~uu idsaaiwa"9didd14bba"ad~~u~u1ns&~onui !u!m5&b$ufiudo 

w ' ~ ~ i F n ~ $ ~ ! d ~ n l i ~ : a 8 1 ~ a 7 ~ ~ ~  bu"ominhun~~uwann$d idu Nitrobacter uioon- 

~ ~ f l i b $ ~ ? ~ b G l  ~ ~ b b ~ ~ ~ l b ~ 1 ~ ~ ~ 9 7 ~ ~ ~ 6 ~ d ~ ~  



n.) aao.a~~ia$u (Assimilation) 

I i do l  umsnriiitj4riii~a o : q ~ ~ a ~ ~ ~ n l i u u i d u b d o u ~ u b ~ u  

rnsdsznoululnslouADedlu4auno:n~u~5uZnnf~ ido4rmuasn?onn;iu~muZmi 

iiga8nzr?nwyu~"?una"uld?4m1u~unouiMi9 ido:Dlu~nsiou~iuapdp/I$9?li~nldduu 

I n i iuu i~8~r~$~nu io :n~u~u i~u$ i~?u~~r~ou~ussu in i~1$auns :uaun1s~~pd~~~ in~u  
i (Denitrification) mrq~GuluTnsiouldo1nn"uYlil~?un1sw~ui"auun~u3uu1lAi~uGn I 

i mr ' lh ihs iu i i~  q ~uw"riinziiiou (Enzyme) naiur=h mr~~ii$i l~~60~~0~1ud?u1616 I 

nr:uaunirdonisi i r~i iwuo~~~ idu 5'~inn:Gnisiiq q msuudi mrn-nu mruuiu 

!.anti' mrn"uW"ui 

k~uw"ro:uimdondoialli!~lli~iiaaiIm~ni Kiw"rki i i ino$ 6imn 
9 4 d P 9  dd l w"r?A?udoado?n?$igu9wo nuwro:66nr:ilnu %ubiiflui9~oioun~ndn~ ui9r5nunua9 

ui9rGmiPritua ~uo9lu%Bj6ou~iPduou~i~iiuldniurGnw"r ~i~inw"r?$?udondo?nuin 

in'uldl~aiimYtyi i ? m q  ioni4ao?qaZu lmuo9w"r 

ii~ii~n:audondor'n n"o ;u n'u ~doqna :~ i~m iu~ ls r~u r iS?~a is~on i~~  

&sinw"rgmduiild141~ mrdr:nondoadn ?a~a;19iu Tnuw"rgnai.rriold kZn5v-119 

w'39~him3 (Food chain) i & ~ ~ ~ i ~ : r i ~ l ~ ~ ~ ~ 9 d ~ ~ i d ~ ~ : ~ n d ~ ~ ~ ~ ~ n ~ i 0 1 n ~ l ~ ~  ~ 9 ~ 8 9  

4 449 

nsuran~ununalu~udu.rrii9b ~.rld~maiwa~6msua~iuis~ii ld5~inri:~i in~l$ ilh 
ai~ioldhdasTdoims dondndw"unuo~lun"u~qni1u1l4Tmuirl~w?~aiau~a~~n"uio 
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b ? ~ C i ~ a d  d ? ~ l t X ~ ~ d  Mesophillic inicro rganisins ~ ~ ~ n ~ ~ n l l M ~ a ~ d z d l I n d b ~ ~ d n " ~ ~ ~  

7.00xio1' - 2.40xio'~ C F U I ~  %num ~nrzuz iaa ivo~n i rnGnwu4in iswnao~~n~n~ I ri ~luad~uuo~ms~d~uui ida~d?uimvo~ M sophillic microorganisms f l d l ~ ~ ~ d f % 4  lmz1110 

~ ~ ~ n r z u z ~ ~ a i ' l u r n r n ~ n  90 <u y mrnnno~dcinmuiaai~~~uimvo~ Mesophillic 

microorganisms '%iiiin"u 2 . 4 0 ~ 1 0 ' ~  da~did4ilabba:bfl~6flzdibiin"U 7.40~10" 

uaz 7.0oxio" C F U I ~  miu i i6~  

Time (Days) 

Edd 4.9 ms1d8uu1idadd?uit~ga"uw?~ Mesophilic microorganisms ~uszniidnlsnlin 

4.5.2 d?ultX Thennophilic microor anisins I 'Y 

~inmrmnao~wuii~daiu nisae?~iG~lfmmaoniaaszuziaainisnGnPdo~d 

~~n~mzniridduu~~dadndiuna"dn"u %nu ~ I i I u i a d  7 ?u~isnuodnisnh ~n91nm5 

v-inae.rijJ?mtXuod The~mophillic microo ganisms b~UBd$UOln(i ldU8PddcjzU1m l0'-10~ 
'Y 'Y 

8 W d  

IM1 M d ~ I ~ ~ l ~ ~ ~ ? ~ 1 ~ 6 1 ~ ~ 1 P / I 1 3 d b P / I U 1 ~ ~  d~n l c j 10?~~~d  Theimophillic microorganisms 
2 2 B 

i~Iw"Gd?lnolmuvpdoii~cjani~a .adno n ~ o ~ f i u n ~ c j i d d s u ~ i d a ~ v o ~ ~ a ~ n ~ ~ n ~ u l p d ~ ~ u ~  



Time (Days) 

0 ,  Y 
u s  4 
~ lwuvust i i~~BuYi~mIu iadbaa i~dn i ia  

j ~ ~ i d l ~ i l ~ i l d  3.80~10" - 2 . 0 0 ~ 1 0 ' ~  
a d d  2' 

nGn 1~a:wui i~ i lnnro~u~~ubwuvuot i i~41y  
A 

rn3diluiaqn4nnjl$ivodimt~nad 

f l l3r lkd?~ltU Thennophillic ~nicroorganisns 

Ed?! 4.10 ~ 3 t d ~ ~ U b t d ~ d d ? u l ~ ~ a " u P ? ? ~  ~henno~h i l i c  microorganisms l ~ l % ~ ~ l d n l l ~ G ~  

ounr:4d~diu1nr~s~m1uTui 14 ro;rmsnGn 

CF:U/g bli%d~(~y ~ ~ R R ~ V ~ & T I I ~ T P I $  21 91Bdfl13 

~ n n f d l u i a d ~ u i  56 vosmsw~n ~ m u i  
d u d  pr rinvnr:riou6id~dioiluia~ln&b~udfiuc11~.duhrig~unrulaiaa-~lumsiounaiuduM3u 

1la:~$~!a'u~?bl~n3n~11d141i ntYdoinTodi 84 uo.r 

Y~i7~u?IGunmad I W ~ I : R O ~ ~ ~ ~ P I P I B ~ ~ F / U I I ~ ~  

i+uamn.r iu"oaainiidiuiaroin13iifin ~ ~ u l u i u d  90 vo.rnmsnrin iiazno.rqunGnauPm 

4147 Zd?~ltl l Thermophillic rnicroorganirrns { d i  T ~ d ~ ~ d l d 6 1 ~ ~ d l l V i 1 f i ~  2 . 0 0 ~ 1 0 ' ~  

CFUlg T ~ d ~ ~ G n ~ ~ ~ ? ~ i ~ ~ b O i ~ 6 ~  ~ . O O X ~ O ' ~ C F U / ~  t t ~ : ~ ~ d 1 ~ t f l ~ 6 f l ~ d i t w ' i ~ ' ~  3.20~10" 

CFUIg 



oinnis imsi :kwui i~~~i~uwGn~!~oin~nmu~aiCd?uif i ld!ulms~ou~~~n~o 

foun:2.70 dau~ap1rjnua:didCidC4i~iin"ufoua: 2.18 1111: 1.77 ~nu~uwGnyn~nnis 

wnnedCn'i!ulnr~ougdniiuimx~ipd i~n:wuiiyn.pnmsnnno~iidflnmdondo~ar~~a: 

~ w ~ ~ w a ~ ~ u u h i n i i u i m s ~ i u ~ u u o ~ n s u i w u i i ~ u  k~ulunial~nuRariinisd?ud?uifild 

vlonvl~in~~n:Iw~~~n~G~~~lX!Aml~~~nfild4 1numna:ll P,O, d?ulnumxd w9owan~ic] 

o i ~ i r d ~ d o n d o i n i i a : ~ w i b w n i ~ u u ~ d ~  lniu nx:engu C ~ i n x r ~ n  i8u6u iufieuJi4u~lin 
4 5 0 ,  

Ydla'mu ~~a:oinnir~~-rmm~npIm:fi)iuu~nuo~~u~Gnd!AwuaiuanpIm:6ou~u rju uin 
d d  0 

i i u  iinn"un~iuSu i la:~usd~aquGnua~imiai~u k u a n a r i n u s u : ~ u d ~ u ~ d ~  4.1 1 

TGnuodasaqwGfl 

bay gn 

i%wu~ai 

di~6v"ia 

1~ims21~* 

Biqoims (faun:) 

! ~ l @ l 5 1 0 ~  (TKN) 

2.18 

2.70 

1.77 

uinni i  i 

9"l0fld~?tl (P,O,) 

0.77 

0.01 

0.02 

uinni i  i 

l ~ b 1 ~ t f b G ~ ~  (&O) 

0.17 

0.21 

0.23 

uinnj i  0.5 



Moisture -7 Organic 

oinwamri tns~z~~arnuf i~vo~~uwo~"nw~l~ i  qunoJ"nA1~~oinintynboRm( 
B 9 nismunr  rqlnnd tmGn Gnnu.aaitta:disha iid3uiaro'um?6?nq (Organic Matter) ~ ~ 5 1  

~ ~ U ~ ~ I ~ " L I D U ~ ~ ! U ~ W I L Q U  (C/N ratio) filfl15 Ji!ddi (Electrical Conductivity) iiazfii 

naiut8unsn- 619 (pH) e ~ ~ u m m h i n s g i u  d ~ u d ? u i P m ~ i u ~ ~ ( ~ o i s t u r e  Content) iidli%U 

m a r h i n r q i u  k & d o u ~ i ~ ~ $ o u n a s ~ ~ ~ e r n o ~ " n ~ ~ ~ ~ ~ ~ t t a z ~ a u d ~ u n z i t n ~ ~ v u i m  12.5 x 

12.5 u'afimas i~odoc~utrmin~d!8;~0~nist6liu n'u nsm nsiu ua:a"nqtYunsiu.a$m 

6u 7 [3] 

Matter Conductivity 

(%I (dS/m) 

C/N ratio Electrical PH 







a" A L ? w A  
ii~wduau~ssu~ auodaun 90 ynnirnnan.rdS( bnuvai raui'n ila:vh.rha ifJua"riv?nlin 

SiiiPiin"u4oua: 2.17,2.18 baa: 1.77 niu6ii'u 

6nsidau CM du~uuo.r~.r&aii6iQ~qm$o 35.77 dauCjnnuvai~~a:mukn~ii 

1nd~Zusn"Pd~Piin"PI 19.50 baa: 20.69 n iu i i&~  %nunaon~:u:~aaiuo~ni~wGn6nriaiauuo~ 

cm 'luvlnynva.rmsnnaa~i~~uaTGuana~ ~ n u ~ u i u d  90 r o m r ~ l j n  bntiauuod C/N 

uoaynnirwmaotd14~nauvaiSiiffi i~n~o 11.53 d?uvh.rha~ia:lcru6nS6nridau C/N 

diiiu 17.57 ila:: 13.94 n i u i i & ~  d~ui~ddofldo~fluod~nymnir~ma~d~~~ua~sa"u~w"uuu 

~&Gou l ~ ~ ~ c r u c i n i j d ? ~ l ~ d ~ ~ d 0 ~ ~ ~ 7 ~ d ~ ~ ~ ~ o ~ S u i a ~ ~ o u a :  0.06 - 0.08 dauymd14 

v h d u " l ~ l l ~ t . ~ n ~ ~ a i b ~ ~ a " a l ' ~ ~ a J " n f i d ? B J l f i l d d ~ f l d ~ ~ f l ~ ~ ~ ~ i ~ d  foua: 0.01 - 0.03 lm: 0.01 

- 0.02 aiuii<u d?uiw%wil~n~4uufiliuaTGuamad~~nGou lmudid$iaSnl?uim 

~wi lwn l~uu lnndqm~~oi~u iad foua:  0.22 - 0.53 dau6ninnumlra:rau6nSd?uim 

lwlmnt4uue~%uia~foua: 0.18 - 0.48 lla: 0.17 - 0.28 m u 6 i h  

nirtdduulldad?a.~~w Mesophillic microorganisms ( I~ l lda :n i l~~a~d i j ; f l~ f i~ :  

In~~Zu~k%ned3uimr~u."ufi6io~?uia9 6.75~10' - 1 . 2 3 ~ 1 0 ~  CFUlg I ~ ~ z S L L U ~ G ~  
' 2  

~ ~ u u u ~ u i a . ~  14 ~ u ~ ~ r n ~ ~ o ~ m r n ~ j n  ni~dainiu~uimlaai 14 - 28 TU i j i i n ~ d o ~ ~ u i a - 1  
a w e !  

'lfl6lZ~9n"~d$tl 3.20~10" - 1 . 0 0 ~ 1 0 ' ~  CFUIg 09dtld3UM 42 " ~ 8 d f l l ~ ~ G f l  d?~l~169189 

Mesophillic microorganisms fiiiiWdudoii~%m~vuZnfifdlia:duana9Znnr'~%unirwGna"ud 

84 ~ m u i i l l u a ~ ~ u a n a ~ ~ ~ o u ~  
Y 

~ u ~ ~ ~ ~ 5 : ~ : b a a l ~ 1 5 ~ ~ f l d ? ~ l ~ ~ o d  Mesophillic 

microorganisms 'tunnymnirnnaed~~i~ndb~udn"u~o 7.00~10" - 2 . 4 0 ~ 1 0 ' ~  CFUIg 

E ~ I I U U ~ ~ ~ T ~ O ? ~ / ~ ~ U ~ R V ~ ~  Thermophillic microorganis~ns fii%l~DI:fll3ld&.~~1lh 
1 ndiundsn"~ imuwuiiSuh9 7 iut~rnuotnimlin ~nymrnrnmaos~d?uioldu~wvin 

iit?udiudr:lnw lo2-lo3 t r i i  aunr:~~iid3uioln~q~~Iua"ud 14 rosnirnfin L a i i i i o d  

1~4-29 3 . 8 0 ~ 1 0 ' ~  - 2.00x10'~ CFUIg i~daiouq amatn&vina"u$ 21 ~1o4mrwGn lla: 
a d d  2 wuiid?uiorpfiunru~wu6uuoeii~4iq ~ n f i f d ~ u i a ~ u d  56 uodni~w~n TTRUZF~~YD~:  

io~Gl~nddo$~ui?~?ndbZudn"pd n~do inkd  84 uodnir~Gnd?uia Thermophillic 

microorganis~ns %%llu?Tsa"~a~fit T R U % U ~ " U ~  90 918dn15Hif1 d l d ~ l 3 ~ ~ l l ~ l n " u  2 . 0 0 ~ 1 0 ' ~  

CFUlg ~~d%~6nauvai~ i i lP i ln"u I . O O X ~ O ' ~ C F U ~ ~  i1a:~nd%~la~~inij i i~Piin"3~ 3.20~10 ' '  

CFUIg a i ~ l ~ l 6 ~  

mr'imn:6d?u1rubi~%uflerwljn w u i i ~ u ~ l j n ~ ~ ~ ' o i n k n a ~ ~ v a ~ i i d ~ u i f i l d l u l a ~ i ~ u  

qqidn'ofoua: 2.70 riauiaviin~la:vhdGi9Gi1ipi1n"ufoua: 2.18 ila: 1.77 bnu~uwljnyn 

ynn i~nnaa~Si i !uTnr1au~~n i iu1n~~7~ ~ln-wui~ynynmsnnao~id?uimdoadoJn 



1la:TwuwntGuuhiniiuims~iu~u6uednsu ~ d ~ u ~ u n i s ~ ~ d i u n a s ~ n i s d ~ u  

P,o, JYuTnunr~ nfe 

i8ugu 

5.2 ~ ~ ~ ~ P d ~ l l ' t d :  

5.2.1 uniriigunrin Tnuw'oironrii CM ratio iiih 
B a n  B a t  

30 lfu W U i l ~ l n q o l n ~ ~ % ~ d ~ P I D i W 1 3 % ~ ~ n l  C M  ratio hlbbn:hd~13%dunl C M  ratio q d  

bu"~~l~HClufhmul3nd~'Ufil C/N ratio Y ~ ~ ~ : U I N  30 bbTidl~~'U~inm~%3lbba:b8(PI~n~d~ 

41 C M  ratio d~:~ i tu  30 ~ i b l i %  1~0118~ i~d l#d?~ i t ub f f~1~ in i s%~ inGn  ibd~: 

~ ~ a : ~ u ~ n ~ e i l n s ~ ~ ~ u b b w ~ ~ ~ ~ ~ ~ u w ~ i o ~  

'I B d 
i u  41 CM ratio luuda:~nmrwnnodG41i n i l  20 ~ac~du~olnu~~d~nui:a,umi%~uims~iu 

~~uw~6~uns:'~~urnr~ou~aiubb'~'~~~oon~bou(~erobic process) n 8 ' 4  
5.2.3 ~ ~ 4 : l l ~ l d ~ i l ~ ~ ~ j n e f i l d ~ Q ~ ~ p d  0 d p ~ l l ~ ~ l 0 ~ 6 l c d % ~ O d  70 ~ d ~ l b % n b i ~ f l ~ d  

a d d d  
Y Y  

muirnsiigfiunsuw~dutQoTsn16 .ad~lumswnao~nisiiqorwnGn.rqnlus:wii~niswrin 

I 5.2.4 l ~ n 3 : ~ 3 ~ f l l 3 d l g ~ ? 4 h 0 1 0 ~  UbdOp~UVl:b I ~ U  WR. 1 %~dfl3~~'%1fll5bflPI~3 

iAoiw"ud?uituptuw~i ~ians:uaunistio nmulunodpu~lin ria:tius:u:~?mlunisii 

JuwGfl 
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mnr fl.9 d i u i o r s ~ u w l 6 d 3 ~ m w  Mesoph 1 lic microorganisms 1 ~ 3 ~ ~ 4 1 4 f l 1 3 ~ f k  

r z a z ~ a a i w k  (k) 

0  

7  

14 

2  1  

28 8.95~10" 6.80~10" 6 . 1 0 ~ 1 0 ' ~  

3  5  7.35~10" 3.70~10" 1.38~10" 

42 5 . 0 5 ~ 1 0 ' ~  1  . O O X ~ O ~ ~  8.50~10" 

49 6 . 8 0 ~ 1 0 ' ~  1 . 0 0 ~ 1 0 ' ~  6.30~10" 

5  6  4 . 4 5 ~  1  013 7 . 9 0 ~ 1 0 ' ~  6 . 0 0 ~ 1 0 ~ ~  - 
63 8 . l0Xl0 '~  9 . 6 0 ~ 1 0 ' ~  1 . 7 0 ~  10" 

70 2 . 9 2 ~ 1 0 ' ~  5 . 0 0 ~ 1 0 ~ ~  3 . 4 0 ~  1  013 

77 7 . 7 5 ~ 1 0 ' ~  8 . 8 0 ~ 1 0 ' ~  2 . 3 0 ~ 1 0 ' ~  

84 5.37~10" 1.10X1012 1 . 0 0 ~ 1 0 ' ~  

9  1  7 . 0 0 ~ 1 0 ~ ~  2 . 4 0 ~ 1 0 ' ~  7 . 4 0 ~ 1 0 ~ '  

Mesophilic 

iau i n  

1 . 0 1 ~ 1 0 ~  

7 . 5 0 ~ 1 0 ~  

7.35~10" 

5.29~10" 

inicroorganisins (CFUIg) 

inmplqai 

6.75~10' 

6 . 5 0 ~ 1 0 ~  

9 . 4 0 ~ 1 0 ~ '  

3.20~10" 

P"11rGia 

1 . 2 4 ~  10' 

2.21~10" 

1 . 2 8 ~ 1 0 ' ~  

1 . 0 0 ~ 1 0 ' ~  
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Y A 4: 

1.1 d?uimnaiu~u Fmu?lnimi Oven-drying method [5] %~%J"UWBU%U 

d w  aY 
n195Ln51,'~~dw 

1. LW 18EI (Hot air oven) 

2. %61$lbb$9 (Desiccator) 
A ' 

3. bfl589$da:bg~Fl (Analyt i 

1 

Y Y i 
I 

A a 2  
1.2 f l3l~b$Pdf15m-@iid 5bmi:ibm 14 pH Meter [5] %du~1~d~au~uf l is~bn4i ," i  

{d ti 
I 

~ i ~ a i ? o ~ i ~ ~ d ; o d m ~ ~ ~ n ~ i ~  i da lo  nu1X~binir 
Y Y 

E9n'd lT  1 k13J.r 
I 
i 

4. ~ ~ u ' v I u % ~  (Crucible) 
94 9 d 
352Lfl51Ztl 

1. ~ H I ~ ~ u ' V I U ? ~  (crucible)bb$a 
I Y 

ri d dtb~1Xb$~dl~I~$lbbXd 6~8b~~bb~3~9~ l 'b~1  

$dilnGfl LbzafluWBflll 

niu 1rin"ru~uld i i&h$nl l  iilnlouufid 

idunm 24 hlud  JisanuildluTn 

$ILL& i ih1u.1 &iinljn fluGnll 

x loo 

(% Moisture Content) 



2.1 ~ 1 5 ~ b f l 5 1 , " ~ ~ 1 ~ 1 d ~ ~ l f i M ~ l ~ ~  U (Carbon Content) b ~ t i ~ d ~ ~ l l ~ b 8 1  (Ash Content) 

% f i ~ ? % " ~ d  Carter [211 W 
odfl5d - 

1. IPllDPI (Hot air 

(% Volatile Solid) 

% Carbon Content = 

e, 

diwfininqw~nfioubwi 

w liauuo.rriidimfiMarigibwi1wfl 

d3: b~uf l i~uou (Carbon Content) 

~ S Z L G U L ~ I  (% ~ s h  Content) 

% Ash Content - - 

8 = Touazuosinqw~n 

I 

% Volatile Solid 

1.8 

100 - % Volatile Solid 



2.2 n 1 5 ? i ~ 5 1 ~ 6 P . 1 1 d 1 d ~ ~ 1 ~ ~ ~ % ~ ~  OPd (Nitrogen Content) %w?: Kjeldahl W1U I 
Standard Method [20] ~ 

diuimluInrmu n"o l iauds:no~dif iu~u~~si~udPio~1ua"n~~-1~n1nuozo~1u~d 

odnsd - 
l . i m l ~ ~ ~ ~ l u 1 5 n n a u ~ u g  P.15: (Hot Air Oven) d 
2. In$li1$9 (Desiccator) 

3. B&Whnt. i8~R (Analyti 1 a1 Balance) 

4. L L W U $ I ~ ~ I ' ~ J ~ ~ ~  (Hot 

6. $ l % 4  (Hood) 

5. 2R l&3 .1 f lk~  

8. ~isneniuuiwsgiunsn 0.05 uofGn : neniu  15 au..au 

n r n i n ~ l ? i n i i L ~ u ~ u ~ i n k u  

4. '%~qi"11 (fuming stone/P mic stone) 1 
5. msa:niuiionnilnPd" IwTogaivIm : neaiu 450 n?u I . a i~uu l~~wson l . a i  

' l u i i n i u  dr:mm 70 un. 4-~$k!ua.a ibiu 80 n?u %.ai'huln%o$nidm (Na2S20,.5H,0) ibiu 

~ink14'diuimsqn6iu~du iooo nu..au. I 
6. mrneaiuns~uoin : ae i u  40 n?u n s n u o i n ~ u i i n k u  I au.Ru. 1 

A 4 2  $?U?$ Kjeldahl method %.IUVURBUg96 1 

7. nisneaiuauw"n iwoiw"a 

0.2062 n?u iuABu ug lu i inku  wlo 0.:. 

dilnmr tau 250 au.ru. ( m r n e r n u $ ~ e i a . \ y  

(ouSinamof) : neniu 0.3125 n?u iufin~sm aaaz 

o/. isGn i i oanomr i  a i ~ 2 i $ o o i t ~ a u ~ i n k u l f i i  

i i ~ " s u )  





2.3 f l1s~ansi : i~  lP)?~lfildd~fld ?fl 1 ~ ~ 5 7  Vanadomolybdophosphoric Acid 

Colorimetric GI181 AOAC International [20] 1 

3. Conc. H2S04 - 
4. flISi7:alfJ Vanadate-M lybdate Reagent 0 

fl. fllst!:t!lU A : t7:alf-J 25 asoulua~uu~u~flbmw (NH,),Mo,O2,.4H2O %U 
9 ,  

G l f l h  400 Ua. 

1. Ji6aoeii~a'ar~wGnds: Xu 0.5-1 f l ? ~  %i%~ Kjeldahl Flask ihl conc. 

HNO, 5 ua. aaa: Conc. H,SO, 1 ua. 

2. Digest A D L ~ I ~ O U ? ~ ~ ? ( I R ~  1 UQ. UX7 Digest d ~ l d  O~fl~:$dlgfll5 



3. iilfiiiu un. iln:3ue~dm?iu 3 num Fiouq lAPu 

T.alluul msonl.ai 6 N 

l ~ d ? u i n 5  loo ua. 

so un. iAPu& 

f l 1 5 f l 5 ~ Q I U l b ~ 9  

rng ~ a r n k e  

3.4 nir~in51:&i~id?uitu~w1b~nb~uu 1 u:; Atomic Absorption Spectrophotorneter nlU 

AOAC International [2 11 



air i~G 

1. oinia, : o:%Coinia%u d~~~%$ i~ tod tY f l t ~ i ~ i f l  (air compressor) W ? D ~ $  

oima,d6m;nod%urio (cylinder) 816 ~ I ~ I R  

inui-nu i $ o i i k i ' i l i u  (oil) i'iiia:ni=iii 

2. n"llclr0:ilclrW"~~ : %$lf<m (standard commercial grade) dun  I 

od'lurion~ro:nym%~~onaiu~u6uo~n"i nn./mr.nl. (nyo l o  psig) i ~ o d o . ~  

hfi'lh:Btnu (acetone) B ~ d l u f i d u  

Y 

B 
3. ~I&UGGDDUIU~ (dei nired distilled water) I ~ ~ B ? ~ ~ ~ : I ~ U U I I W U A ~ U  

Y ,  

i18uq 41 6Gi~na"od13 

6. i m ; ~ ~  standard solution 10, 20, 30,40 ria: 50 pprn K 01fl Stock Standard 

nrnGadinib$u 1 ua. Digest 6 ? o ~ i ~ ~ d i ~ o u q  61rnrn:aiu~4?a&=l i~UflSRVf4fl04d?UlN 

Solution 1000 ppm K I 

Dilution i & u ~ l a "  1 

iviiisu Digest ou%n dhos&%n'idu u6?douq 

94 pl 

I. ~ ? U R D U V O . ~ ? ~ I P ~ F I ~ ~ ~ $ I  (Instrument Operation) 

ds'udiuimrl6iiIu 50 ua. oin~uthu'ilddi 

(Wavelength) 776.5 nm I 
I 

1.2 ~~FI-JIU~IISU d ~ ~ d i i C I d ~ l ~  (Slit Width) m1ui1iiu:il%u~~0 

910dbfl?09i0 
i 

1.3 10nn5nhodi goddo ~md?lnornr:iin?d& (lmuvhq 1dGm 
iflululnrliauiid!i) 11Wiusnoloamlwmi RY~udilnolwoinm:miu$iii~u:Ji%u~do I 



(Stable) 

m$@do i'mbnnir Ynadiu (Flow Rate) (flow meter) lw" 

?madaa!dAaunaius:$ms:a"a 

1.8 
A 

9 .  

junasnwmnRPnlidnuo~~n$o~o:mou1u~~o$a~!dluCin5u 

(.a~iilSunrmMaclnrn1um?n 1.5 au..au.ia .mu.) uiumnnii i uiCi d;llu~am~~u2;unYod 

nsaonouGmsimrQm (Aspiration Rate) ~ o i s : n i i d  3-5 ~ U . % U . I U I %  W S O U ~ ~ ~ ~ U ~ C F I  

~n4o.r~"olw"diu~ub 

1.9 juulnonwmn nraanue-raiodozmoulua.aoi adIurnsa:aiu 

Innrgiu (ImudnnPna~uaSui7u6~~1~ 0.5 R.IIU.RU. aSumiuaUYui7u'~fi~~wo~~ui:) Tu 
pl p lo  u t u z a ~ u a ~ ~ ~ m a o d ~ o d ~ m b a u a i b a : 3 z ~ ' ~ 1 ~  dn'?aflidn!nmlaul~ad~b~ui:au~~m dq1n"ain 

A 4 4  

d l b ~ ~ u ' d ~ ~ l ' l w " ~ l ~ ~ ~ 0 d 3 : ' ~ ] ' ~ ] d l ~  (readou system) U B d I f l Z O d ~ O U W ~ R O ' L I ~ ~ D d  (response) 

u1flGgm 

d red anso-1uonwroui0z1~ 

Iw"~~l~daddImu~mioo:~~lrM"~uf;ouaa&~ 
d a esdmmis~Suoinia 



K  = ppm olf l  Curve x Dilution Factor x 50 

% K  = (mg) K  x 100 

mg sample 1 

94 w 

mraran?mn:Gd?uior MesoPhillib Microorganism I R ~ ? ~ U U T ~ ~ ~ ~ ~ I U O ~ U ! W ~ ~ L ~ ~  

A 
mnsglu (Standard Plate Count) % . I I ~ . J L Q  @ U ~ ~ ~ . $ ~ ~ ( U H ~ S I ? E I . ~  (25-30'~) LIBz"llR339 
9 I 94 w 

?~nri : id?uim Thermophillic Microorg ~ ~ S ~ T R U ~ ~ U U I F ~ I ~ G I U O I U I W I ~ L J O U ~ P I S ~ I U  
A 

(Standard Plate Count) %(~UL&lB~UVl?6dq 55-60 '~  RlU Standard Method [38] TRU 
4 dddd9 

n1~6u$iuau~~unsunurani~uinnu'm diIXi~ow?ohorii .ri$oni.ra.r (Dilution) nY?u 
9 ,  

G I ~ I ~ U W S D & ~ ~ & I  0.85 % (Normal Saline) 

mrioia~uo.rlnlaGi&~a~ uo.rya'unii$iu~u~ip.sui:~u 
Y Y  

n a ~ u i i o a i ~ d G l n l a G u ~ ~ ~ ~ o I u o ~ w i r ~ ~ u . r . ~ o r z n i i ~  
2 2' 

oi~nuuunf.raz 10 ivi1181~dih (Ten Fold 

d d l U f l l T ~ i l L ~ D I I ~ 3  "13 ~ 1 1 n ~ L ~ O i i 0 0 1 9 b w " t I 1 ~ ~  

A 
.a.rflaiui~aai.rdmuiztw n - ~ r ~ f i u  

30-300 1nlaG l~udnF iaz i i l 6 '~ io  
9 w 9  

Serial Dilution) ~ W d o ~ n ~ i i u d o n i s d ~ ~ n  L ~ ~ Y ~ I I Z  

Aiuam$iuaulnlaGio~Paau6~1 (n?uw?o b a5a"~s) 



99 ua. o:luYnaiudoois I : ~ O  

odfl3d - 
I .  a'?edis%=q n~ow5nrisun";i;a"uw?i 

Y Y 

2. 0 1 ~ 1 3 ~ ~ ~ 9 ~ ~ 0  Nutrient Agar 

3. oiulwi:liadousiil$olia"a 
Y o ,  Y 

4. Gin6'ui7di67oaia"a us3puana: 

5. TIidn~oudii$cliiba 

(NA) W?O Plate Count Agar (PCA) 

99 ua. 

9 

3.1 Wa0U81M13 TGY 

3.2 I ua. 'Idas 

'Iueiuiwi~i~o naiui$ooisa: 2 QIU 

I d o  
2. Ia"ld?gnmronmr3cIrnc 1:io I ofinaiul$ooit~o:Ciui'I4 nsGmrGuiiuau 

i i~ ln?ZuGfl ' I4nal~i$o~1~ 1:lo3 - 1 
4 

2.1 g ~ ~ $ o d ~ ~ i u i ~ o ~ i d  1:io Oiuau I ua. 'Idas'IuC;nku&iii$oiia"a 99 

ua. azl$naiui$ooisiS/iin"u 1 : lo3 ~udi'IGi41 
I d 

2.2 ~RI" I IB~~~IU~$DQI . I  

99 ua. o:lw'in"nrnaiui$o~isiW'in"u 1 :lo4 

2.3 8m~oGnaiui~oois 

99 ua. o:iS/iin"nrnaiub~b$ooisiS/iin"p~ 1:105 

2.4 T ? ~ ~ $ o $ n a ~ ~ ; d ~ o ~ ~  1:\04 

l o 3  iiuau 1 i ua. 'Ida~!.ub;nku~diiioilba 

1 1 0  iiuau i ua. 'Idad!.u&nkuddiiiolia"a 

d l  z 
Biuau I ua. 'Idat'Iuiinkunlnnoi~~a 99 

ua. ~:iS/iin"nrnaiui$ooisi~in"u 1: lo6 
1 2  

2.5 ~ a i u i d o i n s d ~ ~ n ~ a i i u o ~ ~ ~ o ~ u o i n i ~ i a u s ~ " ~ ~ s  

xni is  30-300 



3.3 m o i m s o i n  Co 3.1 

~ l i u t S u u i ~ n i  s r o u  ~ l ~ u i S u u i f i n i  s so., 

11i3:m~8u~lu!d.a"lfl V 3 1  {fl 5 nfd (shake 

31d!?"ouolnlrl~ullaE~ubbSd$a 

3.4 

~'uu~Iu~Iu~uw~?~ CFU (Colony ~ o r $ i n ~  Unit) ~ o n ? u n ? 0 ~ o ~ a ~ ~ P l 3 " ~ 6 d $ 1 0 ~ 1 9  

Y, Y, 

a;~luaiu~wi:tGoGdnu.lu $8 3.2 i t b 3 n u u o i u  

n 3 u l S u u i P n i  s r o u  ma"ournu8u ad s n& 
Y, Y 

plate) L W d B ~ ~ 1 ~ ~ W R U L l R : f l ~ E ~ I U ~ 3 ~ 1 W l ~ b ~ ~ d b ~ ~  

Q I ! ~ ~ u I ~ u ~ I S ~ ~ ~ U A I U ~ ' I ~ ~ I ~ ~ W I : ~ ~ ~ ! ~ " G I ~ ~  ( d i n ? u ~ ~ u n i G u )  i 

ds:u i t~  30-300 TnTaii o inna iu l8oo ic iS ;u  Kid1 2 o i u  (Replicate) I u t i d a : n ? i u l ~ o ~ i . ~  I 

qolnpuP 30 odai laal9un ito: so oca i laa lvun i t Iu l3a i  2 ;iu 

lGs3u i i u3uTnTa i i  r o d i d  2 o i u  ~183nir 

1 n a i u i ~ o o i s i o o i u  

4.2 iiuaaii~dau%nTaiid~)$aoeii~a"n~ 

~m~iu3u~n~a~~ulbda:o-u1Wl:l~o 

Qlu11PzU 

nuui i i  i iu3uuodTnTai i  

h u  2 o : ~ Y i i ~ u i i u ~ u ~ ~ ~ u " u o ~ ~ n ~ a G d C u l ~ i o  

Y, 
9 -  a 

1 nfu n?o 1 un. !mmau 
pl 

~ 
11i3:golk?3fJmri8~~ld (dilution) 1181 

.iuniGuiYiin"u 99.9 TnTaii G u l ~ d m i u i 8 o a i c  

n 9 w  d 
1:lo5 ihfu iiu2uTnTaiiio61oeii9a"nq 1 ?u w?o1 ua. i i u x u l m m d u  

~ 





gtunusJ'z 
e, 

d3uianaiu;u 

ri3udibu ~ r y  Matter (%) 

d?uianiiuau (% dry ~ t . 1  

~ ~ U I ~ U ! U ~ ~ ~ L Q U  (% d j  wt.) 

100 -- 

I ~ E I ~ I ~ I ~  

77.07 

77.07 = 22.93 

50.59 

5.52 

dissu"ia 

6.99 

93.01 

46.46 

0.60 



~ B M  6n 

79.90 

20.10 

38.50 

1.22 

qanusJi 
Y 

d?uimnaiuJu (%) 

d.ludi&l.4 Dry Matter (%) 

d?uianiiuou (%-dry wt.) 

d?uimlulmsbau (% dry wt.) 

100 -- 

,~MDIMI~ 

77.07 

77.07 = 22.93 

50.59 

5.52 



gmnuflii 
pl 

Jiuimnaiu?~ (%) 

d3u;i&J Dry Matter (%) 

Jiuimniiuou (% d v  w.) 

d?ulm!~hsi~u (% wt.) 

, ~ ( ~ l o i w i r  

77.07 

77.07 = 22.93 

50.59 

5.52 

100 -- 

finmumi 

15.21 

84.79 

44.53 

1.48 




