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"'"' .1,!3 d 1qtl1qv 1v1qv"I "' , , a 
-:Jl'W 1'1 U'W tlf11flfl11lll U 'W I I ~'\Jtl '1 f11 ';j 'If I tl'!~tl'W 'W 11 ti f11';j Utl UtH'll U f11 m1:;nt1'UWtl fi'.i :;11111 

(Waste Paper Sludge; WPS) ,:i1n IH-:Jl'Wt1~iY1t1mrnm:;11111 ~-:i1h:;ne:1uitl~1u,T'W~t1'Wf11'.ifl~l~t1n 
• 

~;l-l'\111 u,nnm'.i'W ll.jft'\Jtl-:J 1 ffl~tl'W~'W 3 iYlUVi'W i 1vn~1iu-:i ~;'WVl 1 U~l ,:i "foJU 'Wtll'l-11'.i 1iu-:i1 ~ti ,:i1m!'Wlll 

m'.i1~e:1n,:i;'W'Vl1U'\Jt1-:ii~1$ie:1'W~'W i!1mdt1uiY1rn~mu1CJfftft fotn~'W11m 24 i111H ,:i1m!'W-w1 . 
14t1 ~;m,1 U,J 1 n 1 ff 1$it1'W ~'W vf-:i 3 illUVi'W i Vl ftt1-:Jdt1 un 1 n11tnt1 mrte:1 mt~ 111 ~tl1mw14ti~;'W vi1 u~ 
~1-:Jfl'W flt) thi4t1,J;'WV11u 1 ljft~~11'.illftt 3 ljft;~11'.i '\Jtl-:Jlffl~tl'W~'W 3 illUVi'W1i1J1dt1umn~tnt1'Wlrtt1 • • 

.d_ F- "' ~I ,l, 'I' I "" d IIJ ,, "' "' "' 
m~11111viurn1w 2 nrn1u'U11m 24 •in 1m Vill11l'lftl~ft'W'Vl'.iU'11n 1m~t1'W~'WiY1UVi'W~ African Night 

Crawler ffl1J1'.it:1dt1umn~tnt1'U1rtt1mt~1111iriim1m'li'1J'IY'W'\Jt1<1nft iflmvi1nu 1.1 lxl0-
2 

llJ imnf 1J~t1 

Clo .c::t,.c:i, -2 I "i' QI , .::::i. C),C), A .::::i. d ,1 \I] " ,:!t .c:::i. QI o' 
lJftftft\91'.illftt 1.32x10 lJ 1mnrn~t11Jftftft11'.i l'lft1'1ft'Wmu,:i1n 1m11t1'W~'Wff1UVi'W1i Blue worm ff11J1Hl . . 
ue:1 um n11tnt1'Wlgt1 mt~ 1111 iriim1m'li'1J'li''W '\Jt1<1 nft 1 flmvi 1 nu 0.60x10-

2 
llJ 1 flrni'1J~t1i1ft~~~'.i Uftt 

-2 Iii ,- Q./ 1 c::i, C),C), ,K C), a ,1 "'I 91 .ct C), QJ ,1 , 

0.75x10 11J 1mm1J11t11Jftftft~'.i l'lftl~ft'Wl'l'.iU'11n 1m~t1'W1t'WfflUVi'Wl Tiger worm ff11J1'.if1Ut1Uf11n 

~tnt1'W1rte:1m:;~1111iriim11J1'1i'1J'li''W'\Jt1<1n~ 1 flmvi1nu 0.94x 10-
2 

llJ 1 mnf 1J~t1i1ft~;11'.i Uftt l.06xl0-
2 

l1J 1mnfmit1i1ft~~m ~llJtllflll ,:i1m-mmrn~ftt1'1Vill11lffl~tl'W~'WiY1UVi'W,f African Night Crawler i'.i 

u'.i:;~t111 mVi 1 'W m'.i de:1umn1itne:1mrte:1 mt~111,i1n t '.i-:i -:i1'Wt1~ffl'11 m '.i 1Jmt~111 i~ ,:i1m!'Wtl 1 i t¥1~t1'W • 
~'WiYlUVi'W'f African Night Crawler mdt1umn11tnt1'W1rte:1mt~Thl i~ut11it¥1$it1'W~'Wtl1m!n 1 n11Jmdt1u 

mn11tnt1'Wlrtt1mt~lll'l1'Wn 2 ni'lJ Vill11fl111Jl'li'1J'li''W'\Jt1-:Jnft lfliYi'.i~11vi1nu 0.10 llJ imni'lJ~tllJft~~m 



I 

tj 

.. 

ii 

ABSTRACT 

This research aims to study a feasibility of using earth worms for degrading waste paper sludge from tissue 

paper industry. The procedure of this study includes selection of microorganisms from earth worm's faeces of 

three different earth worm species and cultivation it in agar. Then microorganisms are selected and are used 

for degrading cellulose solution at 24 hour duration. In addition, selected microorganisms from three different 

earth worms are used for degrading waste paper sludge, 1 ml and 3 ml of microorganism solution of each 

earth worm species are used for degrading 2 gram of waste paper sludge. The results have shown that glucose 

production in microgram/milliliter (µg /ml), after degrading the waste paper sludge are, l.l lxl0-
2 

and 

-2 -2 -2 -2 
L32x10 by African Night Crawler earth worm. While, 0.60xl0 and 0.75x10 by Blue worm and 0.94x10 

and 1.06x10-
2 

by Tiger worm. Thus, microorganisms from African Night Crawler earth worm is the most 

effective among three different earth worm species for degrading waste paper sludge. Furthermore, the 

African Night Crawler earth worm is used for degrading waste paper sludge, 1 g of the earth worm : 2 g of 

paper sludge is tested. The glucose produced is collected after a specific time and analyzed, 0.1 microgram/ 

milliliter. 

Key words; waste paper sludge, cellulose, microorganism, earth worm 
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1.1 'U'rllh 

I 
-=l 

U'Yl'YI 1 

U'Yl'Ul 

1 

u,i ,l'UU 11 .:J-nu tll>lff1'11 m Hlf1'jt~1111 u f1'.it1J1U flU f--l~l>lmt~11liif11'jff'tlJtihugt1 
q q qJ u 

mtm11illnml1tfftlflt'lltlt~Uthu~i1t1fl11 f11fll>ltfltl'Wtgtlfl'jt~11l (Waste Paper Sludge; WPS) 

~.:Jt~utgt1'\Jm~Ju iihmnt~,it1l1 i 111 ;1 mJ1 umtu1uflnf--l~1>1~t1.:J1l1 i l1n1i~ 1~t11nm1 N.:J 

d cs , 1 'jJ , d Jt ~1 Q.J Qo .... ar , Jt Q.J jJ o 
fli'IUCJf .:Jtil u m1 mt1r11 'll''17tJ'VI m rvrnu t1.:JflU m1 !fl~u w1111>1t1tu t1.:Jfl1Jff .:Jlt1~i'lt1ll 11ifl11 'Wl'\Jtl.:J 

u 

.. ,!f"' ,!11')} "' 1'J}1'JJ"'11 1 efl O 'l'JJ?I ,l"' tfft111rn1ff~mi'lt1 'l1''11flmtu1umrni'l1>1m 'll' mfl~ 1t tJ'll'ut'll'U flnu1m t'll'tuut'll'tlt'Vli'l.:J • 
11~t1f--l~1>1ml.:J.:JlU'Vl~11'\flu mrnl11il11~u~t1 t1111ui11>11 t~utm1~~~i~i'ur111mrnl,imh.:Jmfl 

t 'Vl 1 lt u tlfl ,l 1 fl ,l t<Jf1tli'l 11 i~ 1tJ 1 u flu tl 1 ,r '\J ti .:J t ff mt ii' 1 tJ.:J t ~u fll'j fl 11Jflll ilJ 1 Mt n~ 'U'ill'l11 
• u 

'JJ "' ?I 1 'JJ "' "''I 'JJ "' 11 1 <I ff .:Jtt1~i'lt1ll!!i'ltt1.:Jtuu m1 'll''Vl1'VltJ7m1inll'll'71>l t mfl~ 1t tJ'll'U ff.:Jff~ . 
1 ul?i1.:Jl11tt'VlrYiim11 ;i iVt~ t1u~ut~mit1t1ffmt1'\Jt1t6l[ll'll'U 11~ t11;Ji'liY1>111-i1.:J"] mu 1uuii'1 

,,j d d ' II) 'J} ,!f "' ?I "' ,1,d II) I 1 ,J ''I 'J} 11 1 ,I 
tUtl.:J,llflti'l.:Jmu11 t'fft~tlU~UtuUff\>11'\fli'l.:J'\flU tllmfl Ufll'jti'ltJ.:J 111>1 t'l1f--li'l 'jt tl'll'U\>lt11J!!'VIU • 

lf) jJ :'I Q.J d"d ,d Q.J d" I d 9) •q 'j) d 
fli'lU m .:J trn t t m~ t1 u u tu u ff 1>11'\fl 1.1 fl n '\J tJ ltl'Vl u t1t11.:J 11~ 111m t1 i u ff m'Vl 111~ i'l t1 ll 'VI 

mmtffll (Mertus, 1993) 

mt~11l I 11,r~fll'j 1~tJfll'j 1 iV1~t1u~u1rtt1.:J ,llfl, tlU~U nu tl7'117'j ~!~U ffl'j au 'Vl1 rf ~1imiJ 1 

1 a .c9' " '?I 'J}" 1 1 !Utltl ~tlm 'Vl lt fllfll>ltfltlUWt1mt~l1JCJf .:J ff1U t'l1'ill!1JU!ffU W!CJfi'li'l mY ~tl,ltlrn '17flfll'jfffl1ll u 

II) 'J} ,!f "' .c9 " 11 II) "" 1 'J}ll 1 .1 II) 'J} ,!f "' II) 'J} ' • • tffl~tlU~UCJf.:J tU n:!'\flrY t'VltlllflU 'll' 1t tl'll'U'11fl tff!~tlU 3 'll'U~ t~!!fl Etsenia foetlda, 

t O ,-=:), <C\ .d, o'i 
Eudrilus eugeniae !!~t Perionyx excavates 1~tJ'\J'l-!!lrn'1t'Vllfl11~111tff'Vl1ifll'Vl'\Jt1.:J~mrnn1iu 

Ill 9) t!! .c:), I I t::I, d cfd. lf) 9) .et, 1 .. 1 I 

:w t m~ t1 u u 111>1 t 'll''W 11,i t'l u 'VI 1 tJ'VI m ,i 1 fl t m~ t1u u 'll''W ~,it 1.1r1111.1 mm rn u m1 t1m.1 . 
' 

fft'lltltCJfi'l~ 1 i'lff t~'Vi-ey~ ,i1fliru 'Yl1m1tl 1rn1 i ff1~t1u~m1.:J 3 'll''W~ m'Yl1m1 ~t1tJffmt1mfl1>1tflt1U 

,,j .cS 'I 1 ,J ?I 1 ° IIJ 'JJ ,,i "' 'I 'JJll 1 <I wt1mt~111 CJf.:J iu m.:Jm1u,it1uu11u1m.:J um1m im~t1u~um t'll' 1t tl'll'U'Vl7.:Jfl111f11lm 

!!i'lt~lUtuci !~tJ!!n'i 'llUt1]'111~ .:J!!1~ii't1:w i u tlU lfl1>11-it1 i 11 
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.., -• J .,s 1.2 1liltllJ'i~iI~i'l'U0~fll'jftfl')fl 
q 

1. !~flfff11fl'fl11llti'.l'W 1 ,Ji~ 'W f11'.i1171 fft$1ou~umdm.1ff't"l7tlf11f1\9l~f1fl'Wtgflmt~Thl (Waste 

Paper Sludge; WPS) '11f1 h-Nl'W~IWi:YTnmrnmt~l'hl 

1.3 'Utl1J!'Ulil'Utl~fll'i'fl~tUl~ 

Q.I r1d r/ d r/ O Ill 

1. mn\Pltnouwomt~l'hl ,11n 'IJ"rn'VI t'Ufl':i't"l Q'fltnm tGJf't"l't"lflf1GJf ,nn~ 

2. iff1$1o'W~'W 3 ffltl~'W{~o Eisenia foetida, Eudrilus eugeniae, Perionyx excavatus l!~'t"lt 

Q.I rl' ,d I ,K 
ffltl~'W~'lf1~~tU'HiJll'1tfl~'VI 25 - 35 °C 'fl1 pH 4.7 - 8.0 'fl'Jlll'lf'W 70 - 90 % 

. 
- I 'i' J ""' ' l'I ,,.., "' .., 

1.4 tJ'i~ !f.l'lf'l-!'fli'll~'Jl'il~ !~11.J'illflfll'i'J'ilf.l 

1. 'Vl17'1J'lfU~'IJO~ 1 fft$1ou~u~ij~ilu 'Vl1rf ~ij'fl111Jmllnt1 i unndot1ff't"l1t1f11f1\Pltnou1to 

mt~l'hl (Waste Paper Sludge; WPS) '11f1 h~~l'W~\PlffTnmrnmt~l'hl 

. . 
ll) 9' ,::I O Q.I ' ,l:!I 

2. t~fffl11t'Vl!'Hllltffllff1'111'1Jf111tlfltlff't"l1tlf11f1\91tf1fl'W!tlflf1'.i::;~1'hl (Waste Paper Sludge; 

WPS) '11f1 !H~1'Wfl\9lffl'Hf1'.i1llf1'.i~~1'hl !~tl,fft$1ou~'W 
q 
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2.1.1 fllflVl~fl0'U!E.10fl1~Yll'l:I 

' .:I 
'Uflfl 2 

3 

fllfWl~f1tl'Wlgtlm~~11'l (Waste Paper Sludge; WPS) 111f1 !'.i<l<ll'W'fJ\Plfflt'imrnm~~l'hl 

,,j 1 <!I ., 
Wtlf1'.i~~11'l (Waste Paper Sludge; WPS) 111f1 H<ll'W'fJ\Plff1'11f1'.i'.illf1'.i~~11'l mi~71'lffllll'.itW~\Pl1 

11'.l'Wtt~'W 1~1n~111m-cr°'W im1'.l'W ~1'W1'Wmnffl'Wfl'Wt1v1.:i 1li11'.l'W1i11hn_Hff'W '1t1i.:inrl111~t1l'f 1 hl11i 

i 
i "" <!I "' i i ., <I <!I 'dlJJ 

'lH ff 'W ti 111f1 'Ii '.i '.ill 'b'l \Pl 111f1 VI 'll'tl 111 ll f11 '.i 'll' ! ff 'W ti 111 f1 ff \Pl 1 '11 '.i ti 111 f1 !! '.i f1 i (C.Elvirs.1996) 

:fQ.l.c::t i Q.I ti' ,=:\ lfl ti ~' 
'Wtlf1111f1'Wtl<lllfll'.i 'll'!ff'W tlff.:i!fl'.ili'\1 !'ll''WVl1f1Vltli'l!tl ill~ (Polyamide) 9f<l'll'1tl'Vl~!!'Vl'Wfll'.i 'll'!ff'W 

i "" ,,j ?I i ., llJ I " I ., lJJ ~"' 
t1111nn '.i rn 'll'l\Pl u" i I VI 011J'W m 1 'll''Vl '.i VI t11 m i rJ 11 mu '.i in tl'l.J n'l.J fll'.i" \Pl 'W l'J 'W 'll 0-:i mi~ 7'1:1 i 11 

O i i "> "1 t di ,,j "'l/J "'i "1 
m1mmi~1'hl 'b'trn1m 'll' i 'W mrn'11P1mi~11'lt1nr1H'\1'W .:iwt1'Vl i 111nmi rn 'Vl 'll'U'1111i 11r11111 

Q ,,j I d O "' .I 
'IJ 11!!'1ifl 11ll!! 'IJ <l !! '.i <l \Pl 1'1<l! 'W tl<l 111 f1\Pltl<l Hl'W 'IJ'l.J1'W fll'.i'Vlfl111~ ff <llJ'W! u tl'W lJ 1~ 1tl 

i <!I d ?I "' "' 0 1/J JI I I "". I "' 
lff'W tl111f1Vl'b''Vl!U'W\Pl1'11'1f1'1Jtl<lf1'.ii~71'l 'Vllll1111f1 !ll!'Wtltltl'W !'b''W \Pl'Wff'W \Pl'Wtlfl1'11J\Plff .. 

Ji .ot i ' i -=t d "' "' o lJJ JI d o !<rl 
9f .:jlJ! ff'W tltl11'b'1tl '11 mi~ l'hl llfl 1111!! 'IJ <l!! '.i .:itrni !t'i'W tl1!! '1ill fll'.i'W 1 ill !'W ti!! 'IJ.:j 111Vl1f1\Pl'W tlf1 

'.':'I i 0 i di \/J i d t I I I O i ~"" "1 <!j 

\Pl'W!ll!u'1lll 'b''Vll!ff'W tl9f <l 1li ! ~!ff'W tl'Vlff'W f111!!\Pl'b'1tl'Vl1 '11 H1mi~l'hl! '.itl'l.J!!'1i'Vl'l.J!!ff.:illlf1'1J'W 
' 

do.,.c::t o 'j/ ' 'j) .... I 'j/ ¥1 '13/o d 'jJ i 
'Wtlf1111f1'Wtl<lllfll'.i'W1Vl'b''1ll~f1!'b''W\Pl'Wf1f11Jt1mi1111 tltltl Hltl lJ1 'b''Vll!tltlmi~l'hl!ff'W t111i 

1hint1'1.J~1m9f'1~ 1 '1ff ( Cellulose) ;.:i11'.lmnnhim'Vlmfl 'l.J 1e11~'.i\Pl~ij1m .:iff!1.:i !ll!'1fJ'1'Utl<l 

J1\Pl7'1f1'11 flfflll~ t1.:i~t1fl'W fl'l.J!el1J!9f'1'i'l ! mY (Hemicellulose) ;,:i11'.lmnnh itfl'Vlmfl 'l.J 1 el!~'.i\Pl~ .. .. 
ij1m.:iff!1.:i !ll!'1f1'1'1Jtl<lf1'11r1mrniJ1\Pll'i'l~'W ci !'lf'W Ull'W !'Wff (Mannose) vl1r1ff (Fucose) . .. .. 
19f !'1ff (Xylose) lll~tlfl'W!ff'W '1t1ifoijci1'W ~til'W ~nti'W (Lignin) ;,:iy\'mtf l~!;tlll!ff'W '1t1'1 ir0~ 

1 tin 'W i 'W 'IJ 'l.J1'W m rn~ \Pl mi m'hl nti 'W ,ii \l n'll ,i 00n111mg0 mi~ 71'l '117f1ij~ n ti 'WI '11 00~'1 'W 

• i " I"' ?I "' "" ,,j lJJ ~., " f.! mi~11'l11im '11mi~1'hltu'1t1'W!1J'W'ffm'1t1.:i1110 i~1rn1m (1J'.i'll'l, 2528) 
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Wood 

Cel Wal Component ~on..Cel Wall Component 

Pol)-sattharide 

Cellulose Hemic:ehloie 

. Id _._ I "" ,!f II) · 
'.ilJ'YI 2.1 !!'ff~·:l'eJ-:J'fl1J'.i~flfl'U'Yl1-:J!'fl:tJ'Ufl-:J!tHl t:tJ (IJ'.i'b'l, 2528) 
"' 

!citm'I !~ff (Cellulose) .. 
c:l . I d,. d ,!f II) ~,,i • I " 'l II) !l/GJ ,,i II) 

n) 1tluirnu1~flfl'U'Yl:t-1mn'Yl-ey~'llfl-:Jt'Wfl t:tJ'flflIJ'.i~mw 40% li-:i urn t'U!!'fl'UMrn t:tJ 

~'.i~fl~'ff'W (Softwood) 1rn~i:t-11'Unf1-:i (Hardwood) 1Jt'flH'ff!1-:ifl~f1'W!!'W'W!~'W!1;fo~1-:i illiJ~-:i 
"' 

'U) \J'~'.i t'flH'ff!WV11-:J!'fl1J (C6H 10O5)n ~~J1nuiu 2 ~fl'hlW~i'½tifl11 Cellobiose unit ~-:J 

ff1'Wli~ltl'Ufl-:Jlf-:iirri-:i.U1-:i fifl Reducing end group (Cl) ff1'W~'Vllli~ITTt11i¢i'~1t1-ey~1rn~ Non­

Reducing end group (C4) d1u~ill'l'i'1u6mt1111'ff~-:Ji.:iiu 2.2 

H H 

I Non-Rld!!CUlg end poap r Olpt H 

c .... 
CHpl 

01 Rfflucing end group I 
N IIM.«iO 

1u~ 2.2 11ir~-:iir~1 t'flHiY!wvn-:i1'fl1J'Ufl-:Jtcit~~ 1~ir (lli'lfl, 2528) 
"' "' "' 
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fl) 111'1.-JTU !:IJ!rlfl~'llel-:1 Glucose Unit (DP= Degree of Polymerization) tl'llf11J 1000-3000 

'H~el 4000 

' .e:!i Q.I 9,) Q.I 

-:J) tt1vrn~ Unit V~tm~ntJ~1tl'VltJ1i~ "l, 4-B-D-anhydroglucosidic bonding" 

"" <I "" <I ?I 'JJ ' Ill 'j/<O 'l "" • ., 'JJ 'JJ 
t1JtJGll'tJ trn~nmrnmrn~e1me11 tIJtJ\PltJ tt\Pl'il~~~'1W um~tn'1mrn~m~m:tJ~ttW'IJ:tJ'lltJ 

~) t9f~~ 1 '1mrlm11 i 'll'l'l1'll6mv1m-:itr1iit'll~e.ruml~-:i 1 m-:i'ff! 1-:immrnHii\Pl'Vl'17'ff~n 

t o' Qi 'l I Qa d 9,) 

'I.-Jl\Pl1'1 t'il'1 vJ~:tJt'fftJiVGJftJ~ 'H:IJ'i;Yl'Jtfl~e)1J'j~t1J~ tU'I.-J\PltJ 

rniit9f'1~ !~'ff (Hemicellulose) 
" 

'JJ ""- I n11-:i (hardwood) :IJIJ'J~:IJlW 30-35% 

?I 'i d ,. 
'll) t1Jt.11:1J!rlfl~'llt.11~rnn'ff'IJ11 

.I"' 'i 'JJ ,. ,. 'i 
'Ju'Yl 2.3 tt'ff~-:l'ff\Pl'J !flH'ff'JN'YINtfl:IJ'IJel-:lrn':IJt9f~~ !~'ff ('Yl'J-:lfi'1~, 2528) 
.. 'U 'U 

j) Qi Qa 

-:i) 'll1~ne11J~1vm\Pl1~ 5 GJftJ~ tm~m~rn-:iGJft.1~ r10 

Hexoses (111'1.-J1'1.-J C = 6) : glucose,mannose, galactose 

Pentose (111'1.-J1'1.-J C = 5) : xylose, arabinose 

Acid: 4-O-methyl-D glucuronic acid ii~m lflH'fff1-:i 
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~fl'W'U (Lignin) 

'll) 1rn'1fJ'1h'lajfll Glucose Unit (DP = Degree of Polymerization) Wtitrl'miwt 

1f1Hfffvui'.l'U 3 iJ~ 

0 ~d?I <!/ ~'Id I "''l~d 'j ,ll'I~ 
fl) 'Vll'l1'Ul'YHu'U cell wall adhedsive tl~!ff'U ttl'Vltl~11:I.Jfl'U imtl'U tflHffH~'lltl~t'Utl t:I.J 

~) ffl:1.J1Hl'Yl1J~fl'W'W1m•rn'Ulff'tl (bast), pith, t1Hfon(bark) 

?I 'i "" a'd 0, I 0, ?I 'i 
11) tu'Uff11 t'Yl'1t:I.Jt11'VICJf'IJCJftl'Ufl11 cellulose fl'IJ hemicellulose U'1ttu'U tf1Hff1N'lltl~ 

0, .. "" di 'I 1'1~ 1'1~ ,,i 

~'U~tCJf'1'1'.lf'U~l'l'U~'Yl'IJ t'U t:1.J !'1.Jfl'JN (hardwood), t:1.J t'IJUfl'IJ(softwood), 'Yl'.lf'1:I.J~fl (grasses) trnt 
,, I I I 

'W'lf'Mmll'tl'J"l i'llw,iiJj'Yl'IJ1 'U lichens, mosses, fungi, mushrooms Uff~~i~J'll'Vi 2.4 

Grasses 

p-cournaryl ale . 

Hardwood & 
Softwood 

ConiferJ-1 ale. 

.., ,ii ,,i "" 2.1.2 ijfl'llWt't'IHflU.l.fll'Vi'UtN D'!Ylt>UYIU 

Hardwood 

I Sinapyl ale. 

ifft~t1'U~'U,i~o~lmnw11imrl'IPll (Animalia) intuo'U'W~~l (Phylum Annelida) J'U 

lo~focif1P11 (Class : Oligochaeta) \Pl1tfJ" lti'Wff h l'Yl11 (Order : Opisthopora) dmi'u1~ff 

(Family)'llo~ i fft~m,1 ~'W Ju~ u fll'VI tllrl'lff\Pl fvh'W i ¢1' ?~ i1u'U fl o omi'.I 'U i l'U 1'U 1~ff~U\Plfl~l~ tl'U 

tltlfl ill U'1t11lflfl111i'lU'Uflffltl'W'U1}ifft~tl'U~'Ucilff~ l~t1 Renolds and Cook (1993) i¢1',i~i1U'Ufl • • 
iiVt~tl'U~'U~tifJ1'WIP11tfl'11ti'Wffh 1'Yl11J~11:1.J~t1t1mi'.l'U 21 'J~ff (Renolds and Cook, 1993) 

"' "' 
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inm1i'Pli1uu fl 1 iVi~hrn ~u mh~~wmm1C1i~m\ol 1~'17fl l .'ll'Wl'Pltrn:::fl111.Jrn1,rn~rl11oi1 2.ff 

tt1elut11Jff'lltHrl1i1 3.tmri~~el~mri'mrn:::u ttri-:imtt11 i u rl1irni rn,i:::mJ~fl~ll 1 'fft~elutr1u 2 

I i I I :'J 1JJ 9,) .i:!i d \fl 'j} .c9 .-=:t, d 9,) ,-=9 -=:t. e!i 
fl~ll l1 q}fl el'W! IJ'W ! 'ff!'Pl el'W 'Pl 'W 'ff!!'Pl~Ufl::: ! 'ff!'Pl el'W 'Pl'W ff! mirn 1 ,J~'V'I 1l l'iW ltl~'ll'W l'Pl fl 1 lllt111'lltH 

rl1i1 ~u~mimri'mrn:::imri-:imm'i'llel-:11i¥t~el'W~'Wiurl1imi'Pl hi (Piearce, 1972) iuif,:i,:ilfu~ "' . 

Cl .c:t ,I Q.I ,I I Q.I ,I 

el'W'Yl'imrn:::~flff\911 !'lf'W ffltl'V'l'W~ Lumbricus rubellus, Eisenia foetida, Eudrilus eugeniae, 

h 
. . ~, 'J) 

P erehma peguana, Penonyx excavates !IJ'W\9l'W 

., <>'li]'JJ<!I "" d"" ,~ 
'1'7f.l'V'l'W1i !'ff!'Plel'W'Pl'W'Yl1"elfl 'lf !'Wfll'i'Yl'Plffel1J 

fl) ellf.JGJ1!Uf.J ~'Vl'Pll (Eisenia foetida) ~elffl:JJqJ The Tiger worm, Manure Worm, Compost 

Worm 1 'ff!~el'W~'Wmmimf ellf.JGJ1!Uf.l 'W'Vl'Pll irJu 1iVt~el'WffU'Pl-:!~iirl1i1flflll'll'Wl'Plt~fl'1li1iiff . "' 

u'Pl -:i ff'Plt .;tu ti ti el-:! t11>1 fl::: tit! el -:i u 1l -:i el v1 -:i 'lf'Plt ,:i u mll n Cl u 'V'l 1'll f.ll f.l'W'W {1~11'Pli11irn::: fl~'W i 1~ 

di.,.., .;,11J.1.,A' 
1'WUHCJf~llflfl'l:JW~'Yl1 rn'Pl-:!'W 

0 Q,I c! -=:::ii .<:::\ 

• fll\911ll'IJ'Wl'Pl 35-130 x 3-5 llfl"lll\ol'i 

0 Q.I .:IC!. ' I ... I 91 .-=:t, "'I dd .c:9, 

• "1\ol 1ll ffU'Pl-:! 'ieJ-:!'i l111-:!IJ flel-:!trn::: 1J 'i ! 1W lJ fllf.Jl17-:! lJ ffm fl el-:! 
' ., 

d .a ~I I Q.I •tri 'j} ";;11 .a d i I 

• llellf.Jf.J'Wf.Jl1 4-5 lJ U\olllfl1l~elf.J !'Pl 1-2 lJ !llelnlf.J-:!fllf.J 'W1Jel . "' 

• il1Jiu{t'Plf.lmffm'V'lff 

• ffrl~Q-:i1~1~'Plf.J!'Q~f.Jtl'i:::lllw 150-198 Q-:l/i1iil 

i 'J) i .~ ~, ., " I ., ,l I ., 1 d "~ ., 11) ' 
• 'lf!1"1 'Wfll'iTifl!IJ'W\ol1IJ'itlJ1W 32-40 1'W('ll'Wel~fl1Jtl~fllfl) 'PlfJ!uMTifl 3 \911/Q-:i/ !'ll 

, '}) i "" 1 c:1 ., "" -l ,., 
• 'lf!1"7 'Wfll'i!\ol1J \ol!\9lll1f.J 3-6 !'Plel'W ('ll'Wel~fl1Jfl~fllfl) 

a., I .<::::ii .q, d Q.I d I .:::s. Q QI 

• el lfff.Jelf.J1J 1 ! 1W i:-.11'Pl 'W fl'W !il'l:J CJflflel'W 'YI 1 f.J1\oltl'Yl!'W 1 fffl 1mrn::: ilel'Wfl lfl'IJ'W l'W!" flt! ff'Pl~'Pl~ "' . . 
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,:!I a., r/<>t 9,) d Q.I ,:!I QI ti G) o a., .c::i. d o'.c.9 d 

foetida 'H'HHYltl'VfU~ tfHHfltl~f1'Ufltl ffW'V'l'U~ Eisenia Andrei t'Uf11'rnl~~'Utl~tl'U'Yl'W9f~l.J'l1'1W 

d O Gt 9J .a Gt 9,J .a .c:i. Q.I r1J .a \II 9,J .a .c::i. cv o'.d.c:1 ' .:1, lfl ... lGI Q .d.::1 

t'111vjf--1'1'Yl'Yll t'l1t'1tlf1 t'lf tfft~tl'U~'UffW'V'l'U~'U flt! tfft~tl'U~'UffW'V'l'U~'Yll.Jtl~'Yl'J rn t'U1J'H'JW'Yll.J'Utl~ 

~'W'Yl1 Vtl~l~tl'V'l'Jmf'W ~~ffrHn~ l.JU'1~t~1t11t~1J 1~ti~1 'W f)t)~'\Jtl~ U'U 'Yl1 vmci1Jwrn~iifl'Jll.J 

'Yl'U 'Yll'U ~tl'lf'J~ ~w '11 tJil~n11~tm~ ffll.Jl'.if:1~1'.i ~;i~ti~1 'W 'Utl~ U'U 'Yl1 v~iifl'Jll.J~'U ,~'11 '1W'J~i1J 

9,) :'I lJ) 9,J .a .c:i. Q.I rl .d d ' 9,J d J I 

i t1'.i 1l.l u "11 t lJ 'W i m~ ti 'W ~'Wm t1'V'l 'W 'Yll.l fl 11 l.J 'Yl 'W 'Yl l'W ~tiff m'V'l u 1~ "1 ti l.l m nu "1 ~rn t1H w 
'JI I I j/ 

! 'Hl.J 1~ ffl.J, 'U f) 1'.i 'U ll.J l!~ ti~, 'U 'IJ ti~ U'U 'Yl 1 vi~ '11 '1 l tl'lf'W '¥i 11~ U'U fl'U u '1 ~'V'l 1J i1d'.i tl'U l l.J 1 ! ti~ ,j 'Jl.J f11J 

i iVi$;ti'W ~'Wm ti~ 'W itwi w 1 'W vJ 1 { l.l'V'l 1J i1 iifl 11l.l'Yl 'W m'U mnni1 i iVi$; ti'W 'W mt1~'W it'W "l 

(V .K.Garg,Priya.2004) 

'U) ~~1mfo ~~'WUtl (Eudrilus eugeniae) ~tiff11Tt1J African Night CrawleriiVi$;ti'U~'Uffltl 

Q.I rl d o QI 1 9,) G) I a .dlJ) j/ d lJ) I~ I \I) 9,J 

'V'l'U~ African Night Crawler l.J'IJ'U1~'11~1fltl'U'Ul~ t'l1t1J!fl'1tl'U'Yl t~'.i1~!'.i1U'1~ t~'IJ'U'Utl1J1Jtl t~ 

in~mn, iVi$; tl'U 'U mt1~'U iu fl 11l.lmm~ ffl.lmn, 'U m'.i tl 1 m Hil ~iri'W 111'.i~'U irrn trn~ tl~ff~ -r 
id ti~ ~1nii'll'W 1~ 1 'Htljtm~iiim 1m'.i u 'V'l'i~'W ii~tT ~mn u~ii ,rtit*tl~'.i i i¥i$;ti'W ~'W ffltl~'W {tl 

' 
iii~titl'Yl'U 'Yll'U!~ ti~ tllf1U'1 ~!fl1J!f1 tl1H'1 Hil~ i~ tllf1~ 'Jtl i iVi$; tl'U~ 'U ffW~'U {uiifl11l.J ffll.Jl'.i t:11 'U 

f11'.i tltltlff'1ltl'Utl~ 1 'Wml.J1Wl.Jlf1 i~titlN'.i1~!11'lftl1JtlW'l1fliJ~~tl'U,rl~ff rn1tUt~1J l~ imii~i'W 
q <u <u u 

I 1 I I 'JI 

tiw '11 fl il'¥i~1ni1 16 t1~ffltCJfm;t1mrn~ ~1t11 'W tiw '11 rtilfi ~1ni1 1 o ti~ fl'lt9f"1t;tlff i~i.T 'W m'.i 
q <u q <u 

,, ,, 'JI ' 

!~ti~ i iVi$;ti'U~'U ffltl~'U'gU, 'U U'.i~!'Ylff!'U~'H'U l'J~~~f)~ln~m'.i !~tl~!'Q'V'l'.i l~flltl, 'U l '.i ~!~tl'U fiiim'.i 

o Q.I d c:i. .c::i. 

• '11~1l.J'IJ'Ul~ 130-250 X 5-8 l.J'1'1!l.J~'.i 

• rl1i1ii~'Wl~l'1U~~'U'U!'Yll 

• i11J~'Wi1~t1mffm'V'lff 
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Q,I ' QI o'G) 3,/.c::::t. 

• 'il1Jt)~ffflJ'VfU1J !\9l~tJ 

• i1!1-rn~i'liill~mu~mh:::mw 162-188 1M/i1/il 
• • 

• 'li'nm'ltJt11'.ivlm~tJi11h:::mw 13-27 itJ 1mim~vfln 2 i1/Q~i'li 

• 'lin,n 'lt.Jt11'.i1~1J t\9l!~lJ1tJ 6-10 1~otJ 

• mivo V1J nw tJ ntJ !rY'l:l cir1n BtJ 'V11 t11\9lt1~1 ,l 1mn m ~tJ mm '.i 
"' . 

c1 "' ~I ., "I"' 
• lJtlltltltJtl11 4-5 u !til~~~~'.iu'Vl 2.7 . "' 

""1 .d rl " Q.I .Jc Q.I lJ) jl ,e. 

fl) !'WO'.i Ot.Jtlcif !tltlciffl111\9lil (Perionyx excavatus) 'l!'OffllJt\j Blue worm tff!~OtJ~tJ 

., o'.% d II] ,,i "" 'l & ., o'IIJ d ,% , ,,i ., 11] ,,i "" 

ffltJ'WtJ 1imll tJ I m~otJ tJ I tJ! 'll \9lrntJ cir~'ll t11t1-wtJ 1i 1~ '.i 1~1 '.i 111'1::: rn t1~~1t1ml-lotJ n1J I m~wu ~'W 
• • 

., o' 'l d "' "" ,,i lJJ ~"' "" ti ., 1/J ~• 
ffW'W'W'fJ Eisenia foetida 1rn::: 1'Utll'.i!tl1J!t1t11~-rn~rnm1rn1wn 1il!~O'W~'WOOtl'illt11,1mrnn 1~~1t1 

mmi~n,,rm ff tl fioiifl 11lJ~l'U 'Vl l'U ~Otll'.i !U~tJ'U!!UM'lJ o~ow 11 llll~mm::: illJ ,~~O'U ,,r1~J1 . "' 

ff111 f 1Jtl1'.i !~ tl~ I~!~ O'U ffltl~'U f d 'l 'W! 'lJ\9111'U 1111~'1 'U ff ll l'W I'll \9l!O'U 'il!::!11 lJ 1!::illJlJ 1tlff111i'1Jtl1'.i 

,% lJJ ~"' "" ., .-.% .,,\ !:'I ., o' lf "' d lJJ .:, "1. l'l c1 c1 o 'l ~'l 
rnti~ tff!~OtJ~'UffltJ'WtJ'fJ'U!tJO~'illtl!utJ'W'U'fJ'WtJ!lJO~'Vl'W1J !~'V11 !U !t.J!tl!'l!'tl !!'1!::lJtll'.i'WllJl I'll' !'U 

fl'j~1JTU f)l'j Hill>I~ f.J'H :Wm.Ji:!, O'U ~'U i 'U 1h· ~t 'VlffVrntJTiu ~tli:l~OOff!\91 '.i 1ziv 't 'U ,J'.i ~t 'Vlff, 'V1 f.J 

1/J "' "" d 1/J ~... 0 cl ., I 1/J - 1.% . !:'I 1/J "' lJJ 
!ff!~O'U~'U'Vl'W1Jtl'1~ !~'.i1Jtl1'.i'il7U'Utltl'11lJ~~\>10 !U'U Pherehma peguana tu'U !ff!~O'UU~-:J'W1J !~ 

'Vf1itJ Pheretima posthuma Uff~~fl~JU~ 2.8 



'f 

.. 

10 

.. 1.d ll)'JJ.:!1 ..::::i. Q.I rl ..::::i.") .c::t r1 r1 Q,I 
J1J'VI 2.8 !!il~.:i 1ff!~tl'U~'Uffltl'W'U~!VHJ';i 1t1'Uf1cif !tlf1cif'fl1111vlff (THA, 2010) 

cimrn.1~mt1'Ut1f1~t~'U'!fmrn.:iiff1~t1'U~'U$it1m1~iM1i11il'U'LIJt1.:ii.:iu~ihm11~'U~.:i 

I 'J} "' .I' ?I .I d 'l I .. IIJ I I ., <!I 'i d d "'.I 'J} 
ff1'U 'Vl1tl llJ lJ ';i 1.:j ! 1J'UJ 1J'Vl';i ,:i m ~1Jtlf1 ll 'fl11ll tll 1 I 'UUlvl 1:l~'lf'U Ill! 'Vl1 f1'U Ill ti I lvl!lvlll'VI ~lllJ 1:ltl.:j 

iJ1~mw 120 iJJt1.:i u~1:1~iJJt1.:i~dh~t1m~f1"1 ~t1.:it1~1~t1rn1JiJJt1.:i iliiiri1'Utt1~i~t~'U iliii1,11 

.c:::tlfl a., .::9 d lt) jlw 'l a 01 rl Q,I ... I 9) Q.I , d. o cv Q.I 

ll I 'fl 1:l!'VI 1:11:l ll C)f .:j ~!'11 'U I~ 'lf~ 'U ';i ti~ ff1J'W 'U U1:l t1.:i lJ ';i f1t11J 1tltl 1tl1~1vl H"7 'VI ffl 'fl 't1J .:j'I.J 

(Agarwal.1958) 

'i "' "' ., ?I 11 d a 11J 'J}A , ., .. 'J} 

f1) 'Wrnff 11vl!lltlll (Prostomium) m1m1w~!1J'U'W!'Ut1'Vlt1~11~ 1~1vl~t1tlf11J~1~1'U1J'U'llt1.:i 

, . I ?I o , 'JI IIJ 'JI a ,. o 'JI d 'JI ,. ~I. I IIJ ,a , ?I . I 'JI "' 'JI d 
'lftl.:j 1J1 f1! lJ'U lvl 1U 11 'U .:i 11'U 1-ey~ 'lltl.:j Im~ ti 'U 'U 'VI 111 'U l'VI 'fl 1:11 tl';i ll HlJ 1 f1 Ill tl ti 11! lJ 'U lJ '1 tl.:j ll 11 'Ul'VI 

"1111 f 1Jf111~ tl1117';i ! ,rl'U 1f1 

,- ct , ~Q,I d 9/ l.r)'JJ.:!1 dQ.I d 
'll) !'Wt11ff 11vl!lltlll (Peristomium) ff1'U'U'U1J!U'U'U1:lt1.:iurn'llt1.:i 1m~t1'U~'Ull1:lf1EIW~!U'U 

lJ • ' . I a IIJ 'JI 
!'Ut11J1.:i"7 tl~';itl1J'lftl.:j1Jlf1U1:l~tl~l1~ I~ 

I • I ''l - I ' .d ~I I 'JJ 9) ' I .c:2 .d I 
'fl) 'lftl.:jlJ1f1 ti~ 'U1J1:lt1.:i'VI 1-3 !1J'U'lft1.:i'Vl1.:it'llltltlf1'llt1.:it111111!'ll1~J";i1.:if11t1cif.:i~~lllvltlll 

J1mt1t1~'lmtm_J6Jft1.:iiJ1n~1t1 

.:i) !~tltll1~tl'll'U (Setae) ~~iicinEIW~til'W'll'UU~.:ii'U;.:itil'WffU'W1f1 l'fl~'U~.:it1nt1t1nm 
,, ,, ' ' 

..::::i. a., Q,I a a ll) 9/ a ,:::1 d 'JJ .c::t'l , a & 
1J ';i ! 1 W ~'U .:i 'lf'U 'U tlf1 ff1 ll U tl ti~ 11 11 ';i tl'll tll ti I~!~ ti tl'U ll 11 'U 1 'VI 'U f11 ';j 'lf 1tl! ';i ti .:i f11';j ti~ !f11~ U 1:1 

!'fl~tl'U~'\Jtl.:j i ff!~tl'U~'U 

~) 6Jft1.:i !U ~n1:11.:i11 ci.:i (Dorsal pore) ! iJ 'U 61ftl .:it ti~ 'll'U 1~!~ ni.:it1 ~'l wlt1 .:i ';i ~1111.:iiJ J ti .:i 

1J1 nwu 'U 1n1:11.:i11 ci.:i ffllll';itl'W1J6Jftl.:j!U~'lf'W ~tli~'l 'U i ff!~tl'U ~'Utnt11J'VJf1'lf'W ~tlm i''W i ff!~tl'U 
' ,, .di ,, 

~1'W1n'Vimrr't1t1 v'l 'U il 111~ t1n.:it11'l'U1t1.:i1~1111.:iiJJt1.:i u 1n"l 1J1 nw ri1'U ..r ilifl t1 t1'W1J6Jft1.:i1tl~ 
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~1-u 'VI ~-:i 'lf0-:J iTI ~i-rn ri 11,i~ ! ~0ll 0n'U'lf0-:i fl w 1-u rl 1i 11rn~ 'll 0-:i ! mn 1-u 'lf0-:J rl 1i 1iim! 1~ i'U 

'\J0-:J! 'VI l;l1'Vi~ mijmrn1t1l 'W rl1i100nm'lf1t1rl1i1n 1tl'W0fl':ifll~'W tJ0-:iti-u mn~r11mfi0-:i"¥11 l ,.r 
!rl~0'U 1'Vl1~1tl 

Q.I ' d ?1 dd d Q.I d lJ} 91 ?1 0 Q.I 

~) J'll'Utlltl'\J0-:J!'fftl (Nephridiopore) !u'WJ'Vlll'\J'Wl~rnnmmH!fl~m'W t~tl7fl!u'WJffl'Vl1'U 

., "' I ?I ~I di.,.'"" .lj/ j/ .IV 
'IJ'U'IJ0-:J!fft100fl,J7fll7-:Jfl1tl!u'UJ!u~fl1tl'U0flC)f,:JlJ0~!fl0'Ul'JflUi;l0,:Jtlfl!1'U 3-4 Ui;ltl-:JU1fl 

'lf) 'lf0-:Jff'U~'W{rvm·~ (Male pore) !~'W'lf0-:Jffl'Vl1'U1Jri0t1milfll,i~iit1~ 1 i-:i0~'U1nw 

o 0.1 'JI 91 4 91 91 1 , Q.I rl , a Q.I r1 '1 ,.. I 9J .d lJJ , 4 Q,I d Q.I ?1 
m~ 1~1-u 'V10-:i'VI 10'1J 1-:i 'V10-:J -uu~ j;j~ffltl'V'l'W 1i 'lf0-:J ff'U'V'l 'W 1i 0 t1 'Wu l;l 0-:J 'V1 ill m ll 0-u fl'W ll l;l fl El w~ ! u'W 

• • SJ 

m1-:imi'1t1'VI l;l0~t~nt111t,r11 'Uflltl 1-u 

"lf) 'lf0-:Jff'U~'W{tvimiiti (Female pore) !~'W'lf0-:Jffl'Vl1'U00fl1~ 1~t1-vf11,iJ1fni-:it1~lu,iJir0-:i . ., 
o~,i1n'Uir0-:i'Viiif-:i1~ (avary) 11'n,i~virnvlt1-:i 1 i-:i0~lui0-:i1~'Vl17-:J'Uir0-:i'Vl~0'UU'Uir0-:i i1uml-:i 

~i-:i1Tn,i~u~n~1-:itiu 1-u 1 fft~tiutt~l;l~~u i 
OJ) 'lf0-:J!TI~milf llm'nfl1 (Spermathecal porse) t~U'lf0-:J1'Uff!i111J,Jlfl 1fft~tlU~U~J:,.JfflJ 

"' ., di "' ., o' . I"' ~I o' di ., ., .,i ., ~I o' j/ • IIJ. I d IIJ 
0fl~1'VIU-:J'IJW~lJfl71J:,.lfflJ'V'IU1jUl;lfltul;ltl'Uff!urn"lf-:JflUUl;l~flU!lJ01'Uff!urnum,i~'U7 tu!fl'U t1 !U 

d ~lo' 
Q-:J!fl'Uff!urn (Seminal receptacle) 

I ,ci 4 Q.I rl ~I Q.I .d I 1 ,ci .d lJJ 3-! -=!I Q,I 

t1J) ~lltl~ff'U'V'IU1j (Genital papilla) tuU01tl1~'Vl'lf1tl Ufl71tl~!fll~'IJW~'Vl tff!~0U~U,J'U 

' Q.I ,IQ.I 

tJJ:,.JfflJ'V'IUljfl'W 

II] ., ?I ., "'1 j/1 j/ II] I j/ II] I j/ <!I 'i 
t]) trll;lt'Vll;ll;llJ (Clitellum) !uU01tl1~'Vl 6lf Ufl11ff1N !'U'IJ1111ll !'U!nl~ff1N!ll0fl trltJU 

II] ., l II] v "" ,,. "''i d II] j/ "' ., ,,, j/ , i ., i , ,,. . I j/ 
!rl'1!'Vll;ll;llJ ,l~'V'l'U U ! m~0u ~u 'V1 !~!~ll t1'V'll0ll'Vl J:,.jfflJ'V'l'U 1i!nl1!'Vll'U'U ! ~tl,l~~-:J0tl'U1 !1W Ui;l0,:J 

• SJ 

j/ j/1 9/0.1 I Q.I 9,J I 9) 

~1\J'Vl'Wl fll;lfl'Uff1'U'Vl1rll0'Url~lJ'Ul;l0-:J~-:JU~ 2-5 'Ul;ltl-:J 

{I) 'V1171'Vl'Wfl (Anus) t~ui1TI~~~0u,r1,:iur1rnTI~0t1fl lu,iJir0-:iiJ'~i1t1 ~-:i 1-Ncllrnf 'Ui'U 

mnm'VI 11 H7U m1 vti mrn~~ ~0Hm1ir 100nu ti nrl1i1 u ff ~-:ii-:i 1,iJ~ 2.9 
SJ SJ 
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H'U-:J'.il-:JfllfJ'\Jfl-:J i ff!~flu~hnh~flflu~-w i'W'Wflflff~fifl ~1~1t~clUcl~am,-:imfifl iuflvi 
• 

"""' t )1 ,.,\ t 91 )1 t 91 )1 ., t 
!~fl ';i 1J ff "lf'U ! 'U flWfl'U ';i ffl'Vl "lf'U flcl 11J!'U fl\Pl 11J '\111-:J Ucl~"lf'U fl cl11J!'U fl\Pl11J fJ11U cl~tl 'ii 1 fl"lf'U 

'j/ A d A a ~1 .ct Ji d a d t Q,I , , Gt o Q,I 

flmmu fl\Pl 11J v11'il 1 l1u1 u flWfl!'Vl fl 1 \Pl!'U fJ1J cimlluwm.J'Vlfl'U Hu-:i 11-:imv 'ill fl"lffl-:J mv I u m\Pl 1 

iu 1~ 1~ cl (Cuticle) 1 tlu .if u tlu iu iili11cirn clllin ~u cl~ 1111-:i t ff 

u1~ flflU ~1v~1~ 1~ cl 2 .if u l11fl1J1flfl11u~ cl~.if uu1 ~flflU~ 1m ff'U tv 1111 ~u flflclm ~rw fJff~ mu 

1,Y1~1fJf1'UUcl~iJ.if u '\Jfl-:J 1 l1J~!'UfJff,)7'U 1'U 1Jlfl'U flfl'illfldv-:iiJ l 'Vl~UCJfflfll i 1t1rn~1J!'ilclcll~'U 

!~m!flfJl'Ui'U~1~!~cl'il~1JUlrn:u~rn-:i~ff~fifl Ul!1W~1Jfl1fJ1d'ufl111JnYfl~-:JlJl!1Wd'il~1J';jflfJ . 
+ d cl cl ., I ?I .,., !lie/ 

111J'\J 0-:i 'j '\J'U '\J'U 1~ m mJ 1mn mm :!:l.l'\J'W cl:!:10 ti~ 0 0n1J 1 1 m -:i flcl 1111J'W L"lfcl cl 'j 'I.Jfl11l.l 'j i1n q 

t C\ r1~ a d' t t:::t d C\ r/ d , a., 

"lf'U fl 'VH~ fl 'j lJ ff (Epidermis) fl fl !"lf cl cl "lf'U !~ tl1'Vl !fl~ 'ii 1 fl!CJf cl '11'1 cll fJ"lf'U 'Vl U\Pl fl m-:i fl'U 

'J/91 a1.Ji_1 9J rl~ d.c:t_l' d , r/1 l r/~ d 
'j 11J 1 '\J 1 1 tlfl'U CJf-:J u 'j fl flU~ 1tl!CJfcl cl fl 7 'il u 'V11J 'ju 'j 1-:i 111 u u 'Vl-:J u c1 :!:!CJf'1 cl \Pl fll.l fJ!CJfcl cl m 'ii u111 u . . 
!CJfclcll m -:i ff! 1-:i'l-1 fl'\J fl-:J iu fl'Vi!~ fl f ii ff~ iJ Ju '.i NI tluu 'Vl-:J !CJfcl clU 'Vl-!I i-:i fl ri 11u flfl 'ii 1 mtlutCJfcl cl 

l fl'j -:I ff! 1-:iJ 1 ~'U U~ 1V-:J!tJ 'U!CJfcl cl~ ff! 1-:J ffl';i 1~!~ cl i 11 nui'U 1~!~ cl~ 1fJ ff 1 l1 f lJ! CJfcl cl~ fl1J 'il~1J fl tj 
r/a r1, I.I], r/0.1 a , 

2 UUU flfl!CJfclcl!1Jflfl Goblet cell Ucl~!CJfclcl\Plfl1J 1'\J'\111 (Albumen cell) l~fJ!CJfclcl'\JlJ!1Jflfl!l1cll'U'il~ 

iu dj flfl 1u i u 5-:i 1~ 1~ 1~ cl I Ylfl rJ fl-:i nu iili 11 Ju~ m fJfl fl fl 'ii 1m11 '1'17 i 11 rl 11o11'lj1J~uu cl~ 

,_,\ 1l] 'I c,, 1l] !J/ o 'I !J/ Q, 'I Q, o, o o, 1l] !J/ 0, cl I ,lo, 

!flclfl'U 11'11 !'U~'U 1~ff~~1flUcl~'Vl1 !l1flflflCJf!'il'Ucl~cllfJ 1'UlJ';i!1WH'U-:Jcll\Pl1 !~Ucl~fJ-:11Jfl~1J!CJfclcl';ilJ 
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j.1.:9 QI d 1 QI 1 1 c/ % O 9,/ d 1 j/ 

m11J J ff m 11J fl'W! U'W fl 'JlJ u 'Vl '.i fl~ 1t1 ~'.i 'Yi 11~ !ciffl "fi 1 'W cif 'il ~'Vl m 'W 7'Vl 0 u ff'W 0 fl nm~~ 'W 

' 
'IJ0~fl1'jfflJHffff~~W'l 

t 'j} A 9,1 d t 9,1 A d QI t C. C. ,Jc, 

'lf'W fl mm 'W 0! ff'W mu 1~ ( Circular muscle) ! ti 'W 'll''W flfl 1 ll! 'W 0'Vltl 'il lfl'll''W 0'VH~ fl'.i lJ ff 

ti Y Y 'l Y .A' d O o, 1/J Y "I <> Y <> O I I 

'.i ~fl0'U 1m ff'W ti flfl 1 ll! 'W 0'Vl'IJ tll tlrn'U "l €11~ 1'1J 0~ i ff!~ 0'\.J ~'\.J tlfl! 1'\.J 'U '.i !'Jill~ 1U 'Yi'\.J ~'j 0~ 

I ti Y 1/J 1"1 Y 'l y .A' ,1 I y 'l y .A' y "1 o, "1 y 'l 
'.i~'Yi11~ flfl~'il~ illll!ff'\.J tlflflllJ!'\.J0'\.J0~!ff'\.J tlflflllJ!'\.J0mll!ff'\.J'.i0'U1~'il~lJfl1'.i'il~!'.itl~!ff'\.J ti 

QQ "1 Q IY YI I Y Y ,J'.,j.,j I 

illmu'\.J'.i~!'Utl'Uflflltl!U'\.J flflll!ff'\.J 'lt11 tl!ff'\.J 'lt1U~fl~flfllJ 'il~tlfl€10lJ'.i 0'U~1tlU~'\.J!'\.J 0!tlfl!'ll'0lJ~0 . . 
I y'l I I yy "'?I"' y .A' 

'.i 1lJ fl'Jll! ff'\.J tlU~ fl~fl'Jll! 'Ill~ 1tlfl'\.J! lJ '\.J lJ~ flflllJ ! '\.J 0 

t y .A' ''l y t y .A' "' 
'lf'\.J flfll ll! '\.J fl~ llJ tl11 (Longitudinal muscle) fl~ ~'ll''\.J flfllll! '\.J fl~ llJ 'IJ11~lJfi11lJ'Yi '\.J 1 

I Y .A' ')' Y .A' t 'l "1 o, ?I I o, Y Q O o, 

lJ1flfl11flflllJ!'\.J fl'.i0'U1~ i~ tlflfllll!'\.J 0'b''\.J '\.J 'il~!'.i tl~~1!1J'\.J fl'Jll €1 fl'lJW~fiflltl'U€10fn 0'U"1~1U€1~ 

tl11~0!rtfl~~flfl~tl71of1 (VCH, 2006) Uff~~i~Jtl~ 2.10 

Q 
1. 'IJ'\.JU'IJ~ (Setae) 

" .. 2. 'lf'\.Jft1~!ftfl (Cuticle) 
t c.c. tic. 

3. 'll''\.JffVU~fl'.ilJff (Epidermis) 
• t y .A' y . 

4. 'll''\.Jflfllll!'\.Jfl!ff'\.J'.ifl'U1~ (Circular muscle) 

i y .A' ( • d. 1 1 ) 5. 'll''\.JflflllJ!'\.J0~1lJtl11 Long1tu ma muse e 

I 

'j~'lJ'U tl0tlfll'Yi1 '.i 

1/Jtl ,'2 di ti y ., ., ,1 
U'.ifltl11 i 'il'\.Jtl~'Vl11'.iC)f~ 'j~fl0'U~1tlfl1tl1~~~'\.J 
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n) 1.hn (Mouth) 'eJViITT:1JN'lhn11mfh.J'Vll.:Jt,rl'U'el.:JeJ1'111'jl.Jl, tJri'lf'el.:JtJ1n~.:J'il~arh.J 111 nw ., ., 
I j/ I I I 

fiiiloi'el:1J'W1mtJH~IPlffl'I11rl'eJ~'W enm1finut,r11 tJi'el.:JtJ1n'ilt'elrii utJifo.:Jfi 1- 3 ., 
:'1 '3J ,l d .c:! , QJ .a t , , .... I 91 d e!i 

'U) rl'ell'l'eltl (Pharynx) tu'Wm'll:1.Jt'W'el'Vll'l'Wl 1rnt:1JIPl'el:IJ'U1Jt:IJ'elf1 \Pl.:J'el~1tWJ1.:Jui'l'el.:J'VI 3 (M 

.1!11 .d ll]!il"I ""1!11 i I !II.I i ., !II ,N Ji 0 

ut'l'el.:J'VI 6 tff!\P'l'el'W\P'l'W 'lfrl'ell'l'eltl 'Wf111~\P'lel1'11111P!H''l l'Ululf1 \P'ltlf11111\P'l\Pl1'U'el.:Jf1l;ll:1.Jt'W'el91.:J'ilt'Vll 

1-n'1n\P'lm .:J~.:J~\P'l 1 -n''el~mr1enmw1tJ'W'eln~1u1,r11tJ1u1hn 

rl) 11t'l'el\P'lel1'1111 (Esophagus) 'eltj1t1111-nh1''el.:J~ 6 0-:J'Ul'el.:J~ 14 iiloimJllrlt'ICM!lfo½'ff 'lf1tl 

~.:J 1 'el'el'W 'U'el.:JII rl t'119f tl:IJ 'ii lf1~'W 'LI 'W :IJlf1lJ 'ell111';i ~l'W 1'W :1Jlf1'W 11.,_r 1 ff'VI Nl~'W 'ell11 U l~'el 1iii ,.Y ., 
' ' ., 

llrl'1!9ftJ:IJ1 'Wl~'el\P'l:I.Jlf11fl'W, 'LI IQ 'Wlt'W1f1l1fl'W enm1fiii~'W 'U'W!,rl, 'U:1Jlf1"1 l'VJl'W'W ~.:J 'iltiiloi'el:I.Jtlrlt'l 

.c:::). Q.J , d Q.J .ctQ.I d QJ J 
91t'V'l 'el 1 fflPI 'el 'illf111 t'l 'el\P'l'el 11111 'ii t'W 'el.:J i IP! 'el 'eln I il u 11 t'l 'el\P'l'W nen 1111 :i.J '1 mi w ti il u Q .:J H'W .:J 117-:J "1 llt'lt nu 

JiQ !II .l.dQ o !11.d ,!II"' dt111J]a,oll]!II 
91.:Jlil'W nmmu 'el'Vlll 'U .:J II H !!flt 'VI 111'Wl'VllJ\P'l eJ1'1111 11 '1:1:l'eltl\P'l l'W 'elff.:J\Pl'el ! 'Utl.:Jl;ll ! ff 

.:J) rl11ff (Intestine) iirl'f1'.1,JWtlil'W'V1'eJIPIH~i'~:i.J'illf1'Ul'eJ.:J~ 141'Ua.:J'Vl11111Uf1HU.:Jrl11ff 

\1)'3J.a f '3J QJ o\']'J/CJ/ QJ '3Jlft,..1'3J i I .::::t. .ct 1 

'U'el.:J ! 'ff!\P'l 'el'W \P'l'W rl'el'W 'Ul.:JlJl.:Jlnl :1: H'W .:Jl;ll ! ff\P'l l'W lJ 'W 'ilt'WlJt'Ul tu'Ul.:J 'W 'lf'el.:J'VI N I\P'l'W 'ell11 U I 1 tlf111 

0 1 !I/"' ,N .d 1 I ,!I ll] !j/ ,I i O a, ll] !j/ "I ¾ "I ll] I"' 

Typhlosole 'Vil 11:IJ'W'W'VI 'Wf1Utl'eltlll'1:1:~\P'l91:IJU111l';i !\P'l:I.Jlf1'U'W \P'ltlff1111lJ !'ff!\P'lO'W'Wl'il\P'l t:IJ:IJ 
., ' ., 

Typhlosole H'W.:Jrl11 ff'U1tf1UlJ~1tl"J1'Wloil.:J"l ~Vl~U1J'lf'el.:Ji'el.:Jim91'eJ';it)i'l'eltj'lf'W'WOmJ'\P'l'U'eJ.:Jrll, ff 

~\P)f) lJ'lfO.:Jrl 1i1191'1 '1 lJ Nl91'1'1lJ'WlgOrl 'ii :!:!'LI~ tl'W!I 'Ut'l.:J 1 tJ1il'W191flilviurnt½ tlf111 191'1 i1 rlt'IV';i 1 in 

mu 'Vi'111u' 1~r1lwi11'll 'el.:JfflPl'Ji'W tr.:J~mY.:J1m 1:::111rn:::ff:1J ff:i.Jffn 1nt'l i r11 'il'W 1 'll17'W i \P'l m91'1 rl' 
1'll17u1wdmtorit'lml im'il'W~U'U'Wl\P'l im~:1J~'iltl1~\P'loonmotjiui'el.:Jrl1i1(fon11 Eleocytes ~.:J 

'il:1:f)';i t 'ii w, 'LI 5-:J 01tl1tloi 1.:J"l llt'lt5.:J ii 11'W1~111111:IJ'U O .:J lff tl'il lf11~'elmrnt 'U 0-:JI 11 '11 i 'W 'lfO.:Jrl 1i 1 

i\P'lmilui1~.:Jf)';j\P)'e)tlJi 'WU'elf1'illfl i 'U1~'Wfff1\P'lll'el:IJ 1:1.Jt'Wtl tl!1tl llt'ltfff1\P)ffl';jC]f~f1100f1'illf1eJ1'1111 ., 

~nw ,rl 1 tJ11 l1i11 ri1tJo'eln'W on1 Nf11tJ'Vll.:J1 i11ri W'll'el.:JlfftJ111 mum 1~ tJ t1\P'l 'ii 1mt'el1J'lf'el.:Jiu.:Ji ., . 
?I i !II ,N i !II J 1 o lJJ !II lJJ !II"' "" .I !II !II ,N 

'ff!91'el 1'elt'l 'iltlu 'W'lf'W 'U'el.:J nmmu o \P'ltJnmmu 'el 'Wm I ff'U 'el.:J 1 'ff!\P'l'el'W \P'l'W u1:::n O'l.J\P'l 1tlnm:i.Jl'W o 2 

t"'iiQ !II A!II i Q !II;; Ji.,.,., !II;; 
'lf'W rl'el'lf'W wil u f1'17m u 'ell 'ff'W 1 'ellJ1.:J 1rnt'lf'W u 'elm tlu ni'l 1:1.J I u 'el1P1l:1JtJ11cir.:J 'ffi'l lJ nu n11 ni'l1mu 'el 

o, I i 1 O ll] !j/ Q Ji O ll] !I/di !j/ ,/ I ,/ 

'UO.:J H'W .:J 11-:J f1Wllt'l:1:'lf'W 'W ~\P'l'UU.:J '11 ! ff'il:1: I il'WW'ellJ m ! 'ffCJf .:J'U1:1:f10lJ\P'l1tl!CJft'li'l!'Lill 'Vl.:Jlli'l :1:191'1'1 

loi'el:1J'Vlrnu1~H~1P1J1ri'eltJ'lfU\P'lloiN"1 (11wn11i'l:::U'W'Vl'W1, 2538)11ff\P'l.:J1Pi'.:J!'LI~ 2.11 1rn:::ri1u~'W'el.:J 

d d 'J} .c:! 1 .-=9 ~.c:! I QJ O QJ' '3J 
'el0f1111'el1Jl.:J'Vlrl 'el\P'lnlf1'W 'e)(J I Wf111 Clitellum C)f .:J'l.J1 nw 'W:IJ\Pl'el:IJ\Pll:IJ H111'W .:Jff1111'1.J ff11-:J'U '1Uf1 

d O QJ '3J I \IJ I _d 'J) .c::\ 'J) tX 1 .c:! 

91.:J!tl'WtNff1111'1.J11:IJ11'el !'U'Vlflf1Hff:IJl1'111Wf1'Ui'IO.:J'W11 Cocoon (l'lf1111'1:l:'W11W,2541) . . ., 
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flit11~ 'IJ'Ucil tl'IJ fl~tfftl'n ~fl 1 'U 1 trt~ fl'U ~'U fi fl t'U ~1 t~ ti (Nephridia) ~~tV'U flit11~~l'll 

MU 1~1tt1fl'llfl~tfft1~W'l flflfl~lfl'llfl~tmn 1 'U'lffl~rl1i1'llfl~ 1 trt~fl'U~'U u~"~iJJfl~'ll fl~ 1 trt~fl'U~'U 

Nephridia ~tV'Ul1fl'Ufl, UlllflQ11Jfl~"~ 1 'Vll'nU1~11'U11lJ'Ufl~m"1 l 'U'lffl~i1~1flUJfl~~ 

flQt1fl 111'Vl1~~1'U'r!Ul'Ufl~t'lli1'1lfl~t'n"11 'U"lffl~i1~~t,rl'Vll~U"ltll1fl Nephrostome ~"CHt~tlflQ 

lflt11 fl'LI uJ11 M" Hl'U 1 iJmmhu ~l~"l 'llfl~YiflJ 1ri1u 1 mij'V-1! flll'VT~tn~flu irn~'lf'W ~~v~ivu 

iJ1~ 1t1'lftl' \Jfl~ ~CHllfl~m ,r1~m ~u m~fl~ ff1'U'llfl~t fftl'V-11fl 1 u l\Pl 1 ;ir m1J'ff~~ \Jfl'U1Jflflfl~ 

' .d I gJ jJ .c:9 .c::! 1 1 ,.d QI d 
flltl'U fl fl 'Vll~ 'lffl Nephridiopore 'Vl fl Q'Vll~ 1 'U 'Vl fl~ CJf 'IJ fl~ rn ti 'ff 1'U 'n tlj'Vl 'IJ 'LI fl flfllllt 11 'U 'V-l 1fl'ffl 1 Q 

1'U~iJ'j~flfl'U~1tl Uflll 1mi1mrn~Qi½mvuri1ul mij ('U'YlTHm~'l-J'U'Vl'V-11, 2538) 

., ' 
v o 4 A .ct,d.ct, 

2.1.3 fll'lU'l.Hl1UTI-U'lf01lt1'1-fYl'Ul'fln'il~1nHl1U81'ttl"a (plate count) 

0 eX .l.d gJ l"t ' ... I .d 0191"" 
fl11'Ulfll'n71rnt1~t'lffl'Vl~'fflll'U (agar media) m 'lf\Pl~U\Pl1J"1tl'Vlff1n'l:l'Vl 1800 'Vl1 mfl~ 

fl11'W\Pll'U11nfl11'1-J1J,ll'U 1'U ~~'U'Vl1 tll~tlfll'j'l-J'l.J,)l'U1'U lfl foil 1nflni~flci11n~'Ujl'U ~lfl,rfl 

'ffllll~ 3 flVHfifl (l)tCJf"'1~~'U'Vl1V'n~~tCJfmlrn1tljtrn~u,j~i1t~fl'fff1~ lfl 1"ut~tl1 (2)t~fl 

"" "' d'd. 'JJ "' "' ?I ,lJ "' "' 1lJ '"' _. 
~"'U'Vl1tltrn\Pl'U (original inoculum) ll"fl'l:JW~t1J'Ut'Uflt~tl1fl'U (homogeneous) trn~ (3) tlllltCJf"" 

1 ~"l fl ~11ll nu (no aggregate) ind l'11~ 1 ti 'l-J 'LI,\' l'U 1'U, uf-j7 ~" ,\' 1 'U 1'Ut 'U 'Vl 1 ti'~ 1 

(sensitive) trn~'Wtlllli'nu flV1~fl11~'1J1H'VT~~lfli1flV1~fll'r!U J1 trn~~'U 1 'U flUU'UtCJf"'1 

~~'U'Vl1v~1t11nd ,\'1u 1u 1 fl 1"i1~t~1tl)'U'U ~1'Ufll'n11"fl11ll~li'itl) fifl~fl~n,ll'U 1'U i"mfl'n~fl 
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u'0mnu 11.J 1~trvf 1 i U'il~Uut'i!'V'll~'il7'1-J0Ttt7'.i~ij,j'7u1mC)fmh~'H11.:i 25-250 IC)fmfrvhiTu i.:iiTu 

1v70iM,11u1u lfl hi1~11ii~ruuu'il1tJmm10diwih.:ii.:in~11 mrn.:ii.:i1u~ 2.12 
u 

1.0ml 1.0ml 1.0ml 1.0ml 

rn77 
Original 
sample 

9 ml H 2O 
(1/10 dilution) 

9 ml H 2O 9 ml H 2 O 9 ml H 2O 
(1 /1 00 dilution) (1 /1 ,000 dilution) (1 /1 0,000 dilution) 

.d o .i!t d o cv 

JU'YI 2.12 1m~.:im'.i'Ylll'il0'il7.:i1tluin~um1~11i pour plate 

f11'.il'llfil'Jli0'il1mim·hJ~'I-J'H'1ltJC'Jflf .:i 1~v'vf1iul'1111'.lurl1iuci'1~ 10 1vh (Serial-

.. I .d gJ O A A d d'd 1 Q.I .c:!I 4 
dilution) (J IJ'YI 2.13) 11'11'Yllfil'J l'V'l1~16lf0~'1'1-J 'YI 'J tl'YIII\Pl '1~'.i~~Ufil'J I 'il0 'il7.:i'1.:iU'I-J 'ill'I-J 01'H 1'.i ll.J0 

A .c:i. d ti .c:i. 9J <v o o o .c:i. .ct d' , <v a .c:i. .c:i..c:i. 

I 'lf0 '1'1-J 'YI 'J tJl 'ii 'J qJU'I-J 'ill'I-J 01'tt 1'J11'11'1-J U 'ill'I-J 1'1-J 'YI lfil'J fl 1'1-J 1W 'H 1 ~'1 '1-J 'YI 'J tl\Pl 0 fi 'J lJ 'H 'J 0 l.J '1 '1 '1\Pl 'J 'U 0.:i 

i10v1.:iii fil'J'JltJ.:i7'1-J~'1lfmw.:i1u11'.lu Colony Forming Unit (CFU) l.Jlfifi11\l1'1-J1'1-J~i,'I-J'Yl1V 

1~0.:i,nniiimmrnu0nii0v1.:i11tlu0'1-J 'lf~l'il'I-J11 l lfl humro1n 1 IC)ftHl fi11UU\l1'1-J1'1-Ji1vn 

.::9 :ii Q.I O d'.c::L=td.c:i. Li d Ad ,d 

plate count 'il.:il1J'I-Jfil'J'I-JU'ill'I-J1'1-JIC)f'1'1'Yll.J'lf1\Pl (viable count) C)f.:il.Jl1'11tl11i f10 

Pour plate 

4 Q.I 1 .c:!I Q.I 1 o ,l. A d r/ Q.I I .dd Q.I 

ll.J 0\Pl10tJ7.:i \]fil 'il0'il7.:i '1.:i'J '1~ 10 l'Yll 'Yllfil 'J !'Vil~ l'lf0 '1'1-J 'YI 'J tl'il lfi\Pl 10VH'Yll.J'J~~ U 

,d ,. Gt gJ A .c:i. ,d " .c:i. AA .c:!I A AA ''L. I gJ 

fi1Wil0'il7.:il'Hl.Jl~ffl.J t~tl t'lfl'lf0'il'1'1-J'YIW l l.J'1'1'1\PlH110 0.l l.J'1'1'1\Pl'J'Htl~ rnU'I-J'il1'1-J01l11'.ill'111'YI • 
.,r ,r dd "'> d "J.I ,r "'> d ,lo, 'I " " 'j 

0ll1111'1tJ.:il'lf0'Yll.J0W'Hfll.J 44 - 46 0.:iffllC)f'1!C)ftJff '1.:i rn~ffl.Jl'lf0'il'1'1-J'Yl'JtlfiU t'Hl'U101'ttl'J t~tl . . 
11n1.:i'ill'I-J 01l11'.i i U-l.J 11U1"7 II ff~.:ii.:iiu~ 13 vf .:i i M01l11'.i 11~.:ii1mf 1'U1 i U'Ul.JflltJ'Hcf .:iul.Jll~1 

d ci, d d' A t GI ,l. Q.I O .er, d o'ii .,;.,. 
1 fl hu 'UfM 'il'1t.J 'YI '.i vro I 'ii '.i UJ'Yl.:i i t.Jll'1~Ut.J 01'111'.i rn v.:i16lf0 u u 'ill'I-J 1u 'ii '1t.A 'Yl'.i v u 'illt.J m'H 7'.i'Yll.J • u • 
o ,I d'd oi9J o .c:i. dd'I .c:i. .c:i..c:::i. .c:!I, Q.I 

ro 1u 1t.AIC)f'1 '1 25-250 IC)f'1 '1 n ro::: 'Yl1 l1 ff1m rn mu 1w 'H 71 'lf0 '1 t.A 'YI 1 V\Pl eil.J '1 '1 '1 m 'H rn\Pl 0m lJ 
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,,i d IIJ I 'JI 
ce 11 m ti 'YI rn 'LI 1 t 11 'U t lJ ffl 11 l'i fl ff 'i 1-:i 

' .1c1 <>cl 

J11'Vl 2.13 uirn,nli pour plate 

Spread plate 

~I ...,. .., • ,- ,- c1 "' c1 .-d "' Ji ,- i 'JI Ji -=- c1 .­
t 11'U 11if11'i'W rn11u 1u i fl i '1'W 'Ufl-:J 11'1 u 'Vl 1 tr'Vl t 11 rn.1uu tirn n nw-:i t 'lffl i tr '!ft 'lffl11'1'W 'Yl 1 tr . ., . 

"' "'"' dc1 Ji & d ... 'JI 
0.1 11 '1 '1 '1\ol 'i 'YI ti~ '1-:J'U'U 11 l'U fll'Yll'i 'Ylll fllMl'i t'1tl-:Jt'lfflCJ1-:JU 'U-:J\o11U'11 (solidified agar medium) 

,l .c::tfl , c:.,~ 'J) ef ,K,, , 91~ d, ,,K fJ/ 
t'lftl '1'U 'Vl 'i tl,l \J flUi:-lfl 'i 11 ltl'Yl 1 m'YI 'U lfl 1'YI 1'i t'1 tl-:J t 'lffl~ 'JtlU 'Yl-:JUfl 'J'V'ltfl'l;J 'Vl i:-ll'U fl l'i CJJ lt 'lfflU '11 

Q.I d ~~3,k.:t. ,I Q.I Q.I ")"")"d .c::t~Y• 
(spreader) Uff~-:J~-:JJ'U'Yl 2.1411i'Ufj1tfl'il~'Yl11~ff1111'itlff-:Jtfl\ol'1fll;JW~ tfl t'1'U'Ufl-:J~'1'U'Vl'itl l~-:Jltl 

ium-:iflf-:in spread plate fl111'U'Ulli111WtCJ1'1'11~mflfl111n pour plate t~fl-:J,Jlfl~i1'W'Yl1th.i1~ 

Q.I ,, ,K .i!t i ddQ.I I d ,I 

t1l fl fl'LI fl 1111 rn 'U '11 fl fll 'YI 1 'i rn tl-:J t 'lf fl 'YI" fl 11 m '11 m lJ fl 'U 1 li pour plate 'Um w 'Yl \o'l 1 ti ti N 11 t CJf '1 '1 

d. ,I 1 j/ i j/.Q,d J 'J) t O i 'J) Q.I I I j} 'J) 

~'1'U 'Vl'i tlfl~'U flt! fll'i 'lf'Jli'U fll,J'IJ 1~fl1111\jfl\ol fl-:JUll'Utllt'U fl-:J 111fl 'lflli 111W \ol 'Jtltll-:Jflfl'U'U N'U tltl 

(0.1 lJ'1i1i1\o'l'i) i'Wfll'i plating 

J'U~ 2.14 Uff~-:J1nfll'i spread plate 
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' ' ,Q,QJ,=l,CI !I 
2.2 .:il'l.rJilU'fUflU16U0.:i 

i
'J/ 'i ., ., ,!I i'J/ 'i A "" 

2.2.1 f111 'b'1h::; W'b''W'illf11ff~!lHH) 'b''illf) t H<ll'W'Wlfl1'1!'VHH·HWl!tl'Vll'W'eH'I 

. I., . I llJ "" ., ., 'i llJ 'J/~ i 'JI. I 'i o' ., <!! i 'J/ 
u1'll'ty11<l1fl, u1::; L'V'frlff 'll'tirnmJ i'Wm t~ffnmnn 'b'u1::; ttJ'll''W'illf11ff~!lHltl 'll''illf1 

h -:i-:i1u J 7fl7ri 1~m--1~ fl!tl'Vl 1u tiri 1~ tiffmflff m1::;~mm::; fflJ i u nn f,-,l~fl rnu iGJ11f1GJ1r1~ 1 riff 

111mwrnu iGJflf ~m m::;mJ i u nn f,-,l~f!J1f!1r1 ,i1mGJ1r1~ 1 riffi 'Wm ::;~11:1 im::;111 mw m::;~rn 
., ., 

!l1 m::; ff:I_J i 'W f111 f,-,lffl.J fi1Jf11f1'W lfl lrl i 'W f111 f,-,1~ fl'W lfl lrl 

' ll] r/ \I]~ (LI ' 

,i1nnnffn'hl 1'Vl1J11rnu 1GJfmGJfr1~ rn ffml.J 11 fl f,-,lrlfl 1~ ,i1nm1 l1 l.Jnu 1J1J ~mm::;1.Ju ml'! 11 

d "" llJ o' , . t:: ., llJ 'J/ • • .I 'JI • i 'J/ll) 'JI llJ o' 
U'U<l mrnrimti'W 1GJflJ!!1J1J~l.Ju1mruff1Jfflfl1fl i~un TI7<l'U71Uri::;mnfl::;nti'W'Vl1 l1 t~!tl'W tGJflJ 

1GJ1r1~mffmn~u ut1n,i1nd m1ie11~1 ir!GJ1ff1GJ1r1 h ffi 'W!ff'hlm::;~1'hl1rlu J 1mr11~ vrnu iGJ11f 

I .I':: llJ o'd ,M ll)'JJ.t:: d ,M I ')'J/ dll) 'i llJ o''J) 

'Vl1J17u1lJ1W!tl'W 1GJflJ'VllJlf1'U'W'il::; 1~urn7W'Wlfllrl'Vlff-:i'U'Wff1'Wf1111'b'm::;~1'hl'Vl rn 1~1 !r!GJf~1tJ 
"' 

rnu iGJ1l1,i::;mmrn111::;l1 rr~m1 i 'B'mnJ1flrn ilPi' 25% 1~vilPi'mmwJ1f!1r1~imf1fiv-:i1~t1tl1111 

l1lTnti1Jvff1o1~t1 i 11i u m1 H~f!ut1r1nt1 e1m1 

2.2.2 f111'Ul'U~Url::;f111'\lll~tll1lJm.jriin1~vi'B'iff1~t1'W Lumbricus rubellus 1rn::; Eudrilus 

eugeniae 

'lftli.JlJ 'Uty'll'lfff)~, n~h.Tu VJ 'U 1tyff~, ff].j'lftJ ,iu 'Vl1 ff';h-:i i1Pi'fff11flf111'Ul'U~l.Jrl i n1~v i 6B' 

i 'ff!~tl'W'W'Wlr Lumbricus rubellus 1m::; Eudrilus eugeniae 'Vl~fftl1Jl.jrl inflfl11ff1'W~Nci !~tll11 

1::;i1J~mm::; ffl.J~tinn 1 'il1tll!~1J 1flim ::;ifl 11n n !'U~ti'W! rl u il til1lTn11-:i11H'W m1 'Vl~r1 ti-:iu 1J1Jffl.J u q q 

., 'J) "" .,., ,% llJ I ., d ., llJ ' ., d ., llJ I 

fflJ1J1W'U1::;f)t)1J~1tJ 4 'Vl1'Vl!l.J'Wfl~<l'W l.Jrl !fl 10 !'Utl1!GJf'Wfl, l.Jrl !fl 20 !'Utl1!GJf'Wfl, l.Jrl !fl 30 
qJ qJ qJ qJ 

... I r/ Q r/ \q I ... I r/ d r/ 0 t ,di I ... I 
!utl1!GJf'Wfl!!rl::;l.Jri tf1 40 !utl1!GJf'Wfl 'Vllf111'Vl~rltl<l 6 GJfl 'illf1f111fff11fl'Vl1J11u1::;ff'Vl1ifll'Vlf111 

!'U~tJ'W1ff~~i'B'1iv-:i11'.luJ1m!ni1'Ut1<l L. rubellus iilufln~1-:itiu.J-:i 4 'Vl1'Vl!l.J'W\91 rl1u E. 
q 

eugeniae 111::;il'Vlnm'Vlm111l~vu1ff~~i 'B'1iv-:i11'.luJ1mini11rlt1 i 6B'1.Jri in 10 111t111~u\?l~~t1~ 

di llJ I I i'J) llJ I .I ., d ., I ' ') 'J/ llJ' .I ., d ., 
G)f-:j !l.J!!flf1fll<l'illf1f111 'll'l.jrl !fl 30 Ur!::; 40 !Utl1!GJf'Wfl!!fltl<lf111f1U t'll'l.jrl !fl 20 !Utl1!GJf'Wfl 

O ,!i ') 'J) l/J I • I ,/ Q .,,,, d di ' i 'J) l/J I 

(p<0.05)'ill'W1'W~f1'Utl<l L. rubellus !l.Jtl !'ll'l.Jrl !fl 10 !utl1!GJf'Wf!~'VILJ'~ GJf<llJlf1f111f111 'll'l.Jrl !fl 40 

. I ,/ Q ,/ •ll) I I ') 'J) l/J I • I ,/ Q ,/ O 

!Utl1!GJf'Wfl (p<0.05) !!fl !l.J!!f!f)fll<l'illf1f111 !'ll'l.Jrl !fl 20 1rn::; 30 !um!GJf'Wfl (p<0.05) 'ill'W1'W~f1'Utl<l 

,!i 'I 'J) llJ 1 .I o' d o'GJ 'J) 0 d I i 'J) llJ • 
E. eugeniae !l.Jtl t'll'l.jrl tf1 30 !utl1!GJf'Wfl 1l1'ill'W1'W~f1lJlf1'VILJ'~!m::;Uf!f1fll<l'illf1f111 'll'l.jrl in 40 

. I ,1 d ,1 ., • 1d ~, fl ., A 'I 'J/ llJ , . I o' d .,,,, d 
!utl1!GJf'Wfl (p<0.05) tlfl11f111!urltl'W!u'Wldtll1l.Jf1'Utl<l L. rubellus !l.Jtl t'll'l.jrl !fl 10 !utl1!GJf'Wf!~'VILJ'~ 

di I ')'J/ l/J' .I o'd., ')'J/ l/J' .I o'd .,,'J)o, 
GJ1-:itr-:im1m1 t'll'l.Jrl in 30 1m::; 40 1ut11!GJf'Wfl (p<0.05) 1m::;m1 t'll'l.Jrl in 20 !utl1!GJf'Wfl l1t1f!11m1 

111~vu1riu~vl1lTntr-:in11m1, 6B'1.Jri in 40 111t1foMu1o1 (p<o.os) m1 t 6B'1.Jri in 20 111t1!1~u1o11iv-:i 
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2.2.3 ., " ., .... 1!11 'I' 1!11 fll'j 'Vi lJ fl U tl't'l fHHHH'l 'il lf11 ff~ !'Vi 't'l ti 'lf 'Yl H fll'j lflll \Pl 'j t ti 'lf 19f't'l 't'l l't'l ff U 't'l:::: . .. 

Saccharomyces cerevisiae 

rlnnt1 'IJ1tUd'.i ti~ 'V'11J 1119f't'l 't'l 1 't'l ff! 1'.I 'l-J ffl'j fllA'Yl1 V~'V'I 1J, -vi' 1, ul 'l-J 11:Y~ m ~ti 1 i'Yl H 
u .. • 

fll'j!fllJ\P)'j!'lf'l-J vlwo'11i~-o'111'V'I~ 'lfl'l-J~t1mrn::::~'l-JlJmi1u::::l'lrl'~ nnl-Nu'j:::: 1t1'lf'W1~mU~tl'l-J!1'.i'l-J 

o "1 1 !II 'I' 'I' "'"' ,,i 1 t J' ?I ,,i ,,i rnmmrnm i~ t~tl 'lfm::::1J1'l-Jfll'j'Yll~!'Ylfl i'l-J i't'ltl'lf1fll'V'I fll'jfffllll 'l-Jm~'l-JIIJ'l-Jfll'jffflllltNfll'j 

"" "' " ., ., .... 1!11 'I' 1!11 "' " 1i ' H't'l\Pl!fl'l-J t9flJ fll'jl'ilJflltl'Yll'l-Jtl't'l 'illf11ff~!'H't'ltl 'lf'Yll~fll'j!fllJ\Pl'j t~tl 'lfltl'l-J t9flJ'illfll'lftJ'jltltltl 

ff't'lltl!9f't'lft hm1'.l'l-JJ1\Pl1ftflft 1f1ffllft:::: l'llJnJ1mftflft 1f1m~mtimmrn 'illflfll':ifi~1~um~t1':i1 .. .. ., 
di "" "' <I Ji "" ., ef,!I 

l'V'ltlHft\Pl!fl'l-J t9fl.119fft~lftff'illfl!GJ1tl':il 2 'lf'l-J~ 3 ffltl'V'l'l-J~ fltl T. reesei QM 9414 T. reesei QM 6a 

!!ft~ Aspergillus sp. No 3335 'V'l1J11 T. reesei QM 6a lw'-activity'llfl~lt1'l-J19fVff~ff~~mt1 9 1'l-J 
·l I,' ; -.~· '' -, . - 'qJ ... C ,,, - ... ,. , ... ,,.,.. 'i 

1~t11J~l'\Jt1~ endoglucanase (CMCase) l't1lf11J 3.69 mJ~t11iJ~·~·~~111'it:::: cell~los~ Jctiv'ity' 1fi1ii'1J .. ' . i 

. . . -

"""'"'"., Ac:1 "'" 2.2.4 fll'jHft\Plltl'l-J t9flJ'illf11ff~'Yll~fll'j!flll\Pl'j !'VWtU'.l;!U'W 1'Yll~fll'j 1 'lf t'l-J tlll'il':iff\9'1 
q ' •••. ' • '. ' . . "... . 

Hunsa Punnapayak and Narisa Kunpratum 1~fff1~119f~~l~mlft::::i9fll't'li.it'l-Jff!nu1ii'i.ii~lf 

~mm'jfl 1.ir11:Y~111 'l-J umni1wr1vtui1t1dut1u~i{11'j ::::nu1J'Ut1~um1'j if 19'1rn~u':i ::::m'Yl'Vf 1 l lf i119'1ii 

I "'!I/"'~ "> "•~ "> '\' ,!I '1) '\' -=, -=, 
fll':itltltltlll'il':i t~~'IJ'l-J 'illflfll':i11ml::::l'i1J'jlJlfilleJlJl9fftft t't'lffl'i'jtJ t9fll't'l'l-J 19fft't'l t't'lffllft::::ftfl'l-J'l-J .. .. 
1~t1ln'\Jtl~ Goering 1rn:::: Van Soest (1970) 1~t1'Wllff~'Yll~fll':ilfllJ\P)'j mffn~ 1u'j~'l-Jllft::::ff1'l-J~ 

"' I !j/ !j/ • t O "' ._, ef !I/ 
tlJ\Pltl~fll':i ~1tlfl':i~1J1'l-Jfll':i Neutral Detergent Extrachon'illfl'l-J'l-J'l-Jl\Pl~fltl'l-Jl.ll':i'Wftfl9f~1tl Acid 

t Q.I Cli Cli 'J) 

Detergent Solution 'ii lfl'l-J 'l-J ff fl~lltlflftfl'l-J 'l-J tltlf1~1 ti permanganate-buffer solution II ft~ Hl'l-J 

m::::1J1'l-Jfll'j demineralization 'Wl\Pl~fltl'l-J~,~m1m~t1rum1ii 500 °C 1v10l'l1mmru19fftft 1ftffl'l-J . .. .. 
J' Ji 1 !II "" d ., ' ., ' "" 1'l <I 1'l 

fll'jlfttl~l'lftl T. reesei l'i!'iJ'jtlJ lf11J\9'1tltll~'Ylfl l 1'l-J ff1'l-Jfll'jHft\Plltl'l-J t9flJ 19fft't'llftffl!ft:::: t9fll't'l'l-Jl'l-Jff u • ., 

1Jfll'j!n1J\911tJVWVJfl 3 1'l-J 1'l-J'l11~11m 12 1'l-J 11fl'jl~'ttltl'l-J 19f1119fllft'l-Jl'l-Jff 1~t1~~lltl'l-J 19fVl!tlfl~ 

1~\Plll.lln'\Jtl~ Ghose1rn:::: Bisaria (1987) 1lflll::::ttrn'l-J 19flJl9f't'l\}lftff t\oltl~~lltl'l-J 19flJl!tlfl~1~\PlllJ 

ln'\Jtl~ Ghose (1987) 'V'11J17i1-o'11rl1~ilfrn'l-J19f1119fll't'l'l-Jl'l-Jff\)'~~\ol (23.931 ~U\Pl/1J't'li1i1\Pl'j) Hffl.l 

f11Jl9fft't'llftff 0.226 tlU\Pl/1J't'li'ii'il9''j 'IJW::::~i1-o'111{1l'H!9f't'lftlftffff~ff\ol (0.656 tlU\Pl/1J't'li'ii'il9''j) HfflJ 
cu ClJ cu cu q cu 

f11Ji9fllft'l-Jl'l-Jff 21.70 t1U\Pl/1J't'li1i119''j \PlllJ~1tl'lfl'l-JVtltl~l'H19f't'l't'llftff 0.36 tlU\Pl/1J't'li1i1\Pl'j i9fll't'l'l-J .. .. .. 
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!'WiY 13.40 tlU\9'1/iJ~iHi\9111rn~1tlil'0nd'1~iY~~tir1GJf~~rniY 0.26 "U\9l/iJ~~~m1GJfu~'W!'WiY 2.00 t1 
cu cu 'cu cu 

U\9'1/iJ~~~\911 m11~h1iY11m~loj'W~1n Xyloside ijff1'W"lf1tl!~llf111 H~\9l 1GJfu~'W!'W ffrn'W 1GJf111~t'W 

ti~ 5.32 !'Vil 'V11'lirmm1t1H~\9lrn'W1GJfll1GJfu~'W!'Wff1~cy~a~ 105.84 ~U\9l/-iJ~~~\9l'j hw'l~i1'1Y11 

mih~'W1\9'1Q~1J'lt.1m1r--1~\9l 



.. 

.. 

' -=I 

'U'Yl'Yl3 

Q,.cf, 0 Q, 

11ifl11Yll&UU~l'I-! 

-• ,f -=I 3.1 0umt1um:::iil1&fl'IJ 
q 

3 .1.1 t1 ,J m w t (h,1 m-a 'VI~~ t1 -:i 
q 

' ' Q.I 0 1 

3. lfl'atl<l'll'<l'Vlfl''WtllJ 4 \91llll1'W<l 

' <!I ' 
4. !rl'atl<ll'Utllffl'a 

.,\ 
5. l'fl'atl<lSpectrophotometer 

6. l1~tl~'Vl~fftl1J 

7. m~1Jtlf1\91'N(Graduated Cylinder) 

-=I o' 
8. 1Jfllf1tl'a (Beaker) 

9. 'IJ'l~llilll\91'a(Volumetric flask) 

10. 'IJ1~1iJ'll'll~ 

11. m:::~111mt1-:i Whatman No.1 

,X A'd, ,A' 
12. '117'W mm-amt1-:i1'll't1'VI N7'Wfll'atl1JCJ.J71'll'tl 

'J) ,1 A' 
13. \91tm:::mt1-:it'll't1 .. 

c:id..A'( 1· 1) 14. l'Ulll'Utll'll'tl lnocu atmg oop 

15. ill !'fl'aiJl'U\91(Micropipette) 'IJ'Wl~ 1000 µL 

16. ~mn-:i 

17. ilnJ\91111J1Jllilll\91'a(Volumetric Pipette) 

,g "' 
18. tl11J'W7'fl11Jf.!ll~Wl15Jll(Water bath) 

19. ,i~mtl<l Millipore filter 

20. it1'Wiflffl'aff!l\91'Wrnff(Spatula Stainless) 

21. m-a1vJ'W 

"'<r "' o' 22. l'Vltl'a !lllll\91tl'a 

21 



22 

"' 3.1.2 fll':itfilJ 

1. Anhydrous sodium acetate 

2. Glacial acetic acid 

3. Carboxymethyl cellulose sodium salt 

4. Anhydrous sodium carbonate 

5. Potassium cyanide 

6. Potassium hexacyanoferrate (lll) 

7. Ferric ammonium sulfate 

8. Sodium dodecyl sulfate 

9. Conc.H2SO4 

10. Anhydrous glucose 

11. Yeast extract 

12. LB-agar 

13. Casein Peptone 

14. Sodium chloride 

.,j "'~~ "' • 
3.2 &fl1tl·UJtlfl !'ti !'Ufl111tfl11~lifl11f1Ylt1tl~ 

.dt .a Q,I 3,1 .a . 
2.3.1 tfi':it1.:illt1\911'.Hl1\P'lfllrn1t1fll':i~\P'lm'l'Wtlff.:i (UV-Vis Spectrophotometer) 

1riit1.:i UV-Vis Spectrophotometer t~'Wtfiit1.:iiit1~1ll!'Vlfi'Wfl UV-Vis Spectroscopy itJ'li.:i1u 
I 'J} I I 

tfi1 t1.:iiit1~1TW 'Vl 1'11 tl' 1'Yi 'l u fll';j \9111 'ii 'J\P) fi 11 llt 'fi'mt ff .:j 'Yi Hl'W 'H 1 mr~i ti 'W 'ii ltW11 tlVl .:j t m tl'U! 'Yi tl'U f)'U 

3I I O "" ,,j i C:, IIJ.I 3I "' I _1 
filllJl'UlJU 'ff .:i 'illfltt mMmt 'W ~tfi':i t1.:i UV-Vis Spectrophotometer tl'Vl1 rntt'11'il~lJ'ff1'W lJ':i~fltl'U 

mfn~miit1u nu i~uri u'Hri-:in11u~uff-:imrni-:i'H1t11:u 1 u 1rirn.Jl\9lt1fo1nn1~1J11~ m1i1t1d1-:i 
I I I I I 

4:!t Q.I I o .i:::::t. 9,) 'l 9,) d. d I I .-=!I Q.I d. 'l 31<!! 
trn~tm tl.:j \91 ';il'il 1~ l! 'H '1.:j fill 'W ~tl ff .:i 'ii~ \91 tl.:j 'H l! ff-:j 'VI fl .:j'VI tltlH\9ltll'W tl.:j \91 l'VI 'Wtl:IJ 'lffitl 'H '1 ti~ 

'Vi.:im\9lug11m'ilu~.:i'lium~i1fi11:u1:.111fi~'W'lmh.:i 320-2,500 m iw:u\911cllrni'rnmri.:i n1ti11P1 
., ' ' 

uff .:i 'l mh.:ii' .:iff~it!u 'ii~ 'li'H'1tl~ 1g im t'il'W'H1t1'H'1t1~~h'Yi~ 1:.1:u 9f.:i 'l iuir.:i 'l w1h.:ifi111Jt111fi~'W 
I j/ J 'J} 

160-375 'W l ! 'Wl:IJ\911 l!~ ll ff .:i'\li 1¢i' 'illflll'H ri.:if1ll U ~'W'W 'il~i1fi11:IJ tlllfi~'W ~l.:i"7 i.:i'W'W;.:i~t1-:i 'l i 

1:u t 'W tfi'Hllt\9lt1!1~'Wi1m~'illt1llff .:it1t1fll~t1 'l iuff .:i~'il~Hl'W i tJri.:ii1t1d1.:ii1fi1111t111flg'W~11~1:.11 

\911:IJ~~tl.:jfll';j'H~.:j'i)lflJ'Wllff.:jfi'Jl:IJtll1flg'W~ll~tl1'il~Hl'Wl11vwlf'1t1~'U';i';i~fll';ji1t1Vl.:ilrn~ffl1 

11" t1'Ul'Vit11J (cuvettes) ~-:ii1J tJi1.:i~1.:i"7 f1'W tltlfl I tJ11~1~ tlffl'W °l 'Ht)j'il~ij~fl'l:JW~l~'W flrit1.:i'VIH 
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im~mJ~'l-.!~1~ijfl17llfl1'i-urn1'l 'I-! 1 !cit'I-.! ~!ll\ol'.i (;,uiitl 'il~!~m1 n~tJ~'Y17-:J!~'I-.! 'lrn-:iu ff -:i~N7'1-.!!.,Y1 

11.J'lmhenh-:imllfl~'lJ'eN Beer-Lambert) !fli0-:i UV-Vis Spectrophotometer m-:ijumm'.ia'l-N 

lrn 0~ 'Yl 0-:i ! 'I-.! cuvettes l ;u~ cuvettes t"J'~ J '1-!l'l llll 'ii 7 flfl 1{ \ol ij f,) Wflll"I ~-:i ff 1'111 'U 

cuvettes ~'Vll'illfl!!~ 1tt10l"lmff~fli!'I-.! ~!~'I-.! ~Utlll 'l -Nnmf 11 iJu~ffllJl';jt) 'l-N1;m l"ll~ 'l 'l-.!'lf1-:JU ff-:j . 
'lJ71!l17'W'l-.!!l"l'.i7~U~1!rn~l"l~7ff~fl~~fl~'l-.!u ff-:i 'l '1-1 '!f1-:i1-:iffv1u ff-:i 'l u rl1u'Yi 1Jjan~~fl~'I-.! 'il~!~'I-.! 

cu cu cu cu 

. . 
. . .a O Q.I e!9 ' .a 

tube), d10de arrays CCDs (charge coupled devices) !flrn-:J'il~'Y17fl7'.i1J'l-.!'Ylflfllfl17lltl71'fHl'I-.! 

'11ll nmi 7ll ll'lJ 0-:iu~ ~~fl 11ll v11fl g'I-! !n~m'.i n~u H~'lJ 0-:i m iJ fl\ol i' ll 1; 'il~u ff~ -:i 'l u '.i iJ'lJ0-:i 
q 

mwh~tt17-:J'fl7 absorbance !rn~'fl7fl17lltl71flg'l-.!!fl10-:i UV-Vis spectrophotometer ffllll'.iflmh 

1;!~'1-.! 2 '.i~1J1J ~0!m1Jcl'1um!~tJ1!rn~u1Jmhum'flir1tti'rnfli0-:iu 1Jm11u ff-:J!~tJ1!1'.l'l-.!!fli0-:i~'l-N . 
cl'1uff-:i!~ tJ1'il7fl!! tt ri-:i111!u N7'1-.! 11.Jtl'-:ii1mh-:i!fl10-:iijffw 1;11Jfl1'.i 00m! 1J1J 1,-r mm'.ia 'l -N-:i1u 1; 

4wff~~ 1m!~~ij'.i1m 1Jjul"l-:imntl' nirm i'rnfl 10-:iu 1J1J cl'1u ff-:i'fltl''l-.!!!ff-:J 'il~amwn00mtlu 2 rl1 

fi'tl'I-! ~'ii~ 111\olfl~-:J'U'I-.! i10v1-:i 1 £JU ff-:irlrn -:j'i)~ 'l -N!tl'I-.! rl1u ff-:it1-:io-:i'lJW~~flflrl1 'ii~ Nl'I-.! 1 iJJ-:i 

\9110VN!fl10-:iij0~!tl'l-.!u1J1Jrl1uff-:i'fl1J1-:j'j'l-,l'i)~ij!fli0-:i\ol'.i1'il1~ 2 \911 !~0~'il~\ol';i1'il1~Uff-:it1-:io-:i 
q . . 

u~~u ff-:i'Yim'il1ni10v1-:i 1;l"1!01Jnuu~'lu m-:i'i 'I-.! 'il~i'.hfl10-:i\ol '.i 1'il1~!~v-:ii 1!~ v11~vu ff-:il'i'-:i ff0-:i 
q 

cl'7'il~N7'1-.!\911 beam chopper ;-:i'il~'Vll'ttU7~flflUff-:irlm~-:i1-flu'!f1-:J'.i~tl~!1mtt~-:imi0-:i\ol'.i1'il1~~-:i 

ffllll'.i tl\ol'.i 1'il 1~ fl 11lJU\olfl~7-:J'lJ fl-:j U ff -:ii-:i fffl-:j cl'1 l 
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"""' 3.3 'Jfitn'i'Yl~iU>.:J 

., 
0, "' 3.3.1 'lJ'W\9ltl'Wfll'H\911tlilfll1'Yl~'1tl.:J 

' ., ' 
\9ltl'W'Vi 1 'U'W \9ltl'Wfll1t\9lltlilffl1 mn'Vii 'J1l 'Wfll1'Yl~'1tl.:J 

"""' "' "' 11ifll1 t\911tlilffl1 t'flil 

1. Acetate buffer (2M,pH5.5); t\9lltlil l~t1'1~'1ltl Anhydrous sodium acetate 'H'Wfl 164.06 
., ' ., 

ni'ii im11mf'W'Vllitt'nmm\9'11l1.:J'Hil~ 1 ~\911 ilnJ\9'1 Glacial acetic acid mmw 60 ll'1~~m '1-:Ji'W 
j} I j} 9J 

'll1~ Volumetric flask 'lJ'Wl~ 500 ll'1~~\911 t~"1.Jlfll;l'W'Vllitt'mm\9'11TI.:J'Hil~ 500 ll'1~~\911 ,llfl'W'W 

'Vllfllrnffii Sodium acetate solution mmw 1000 ll'1~~\9'11 tl'U Diluted acetic acid mmw 190 

ii'1~~\9'11 u~1tJi'1.J pH t~'W 5.5 

2. Substrate solution (0.7% w/v); t\Plltlil l~t1'1~'1ltl Carboxymethyl cellulose sodium salt 
., 

'H'Wfl 7 nfii iu Acetate buffer trn~'Vl1itt'mm\911l1.:J'Hil~ 1 ~\911 ~1tl Acetate buffer ('Vllfll1'fl'W 

'1~'1ltl~tJW'Hflll 45 tl.:Jfl'WlfmCHtlff t~'Wnm 2 '11'.:i 1mt~tl i tt'(Substrate '1~'11tl) . .. 

3. Reagent A; t\9'lltlil l~t1'1~'1ltl Anhydrous sodium carbonate 'H'Wfl 16 ni'ii trn~ 
., ' ., 

Potassium cyanide l1'Wfl 0.9 fl1il imhmfu U'1~'Vllitt'mmmi.:ittii~ 1 ~\911 
., 

4. Reagent B; t\9'lltlil !~t1'1~'1ltl Potassium hexacyanoferrate (lll) 'H'Wfl 0.5 ni'ii imJ1 
' 'J} ., d ., ., 

flJ;l'W t!'1~'Vllittmm\9'11l1.:J'Hil~ 1 ~\911 tfl'Uffl1'1~'1ltl'Wi'W'll1~fflJl\911'1 

5. Reagent C; t\9'lltlil !~t1'1~'1ltl Ferric ammonium sulfate 'H'Wfl 1.5 fl1il trn~ Sodium 

dodecyl sulfate 'H'Wfl 1 ni'ii iuJ1mfu 900 ll'1~~\911 t~il Conc.H2SO4 mmw 4.21J'1ilil\9'11 U~1 

'Vllfll1'fl'W ffl1'1~'1ltl~tlW '11 flll 50 tl.:Jfl'Wlf'1tCHtlff t~tl i tt' '1~'1ltlt~'Wt d tlt~t11tl'W '1'Wtritiffl1 '1~'1ltl . .. 

l~'W'1.:J 'Vllitt'ijmmmlf.:ittiJ~ 1 ft\911 i1t1J1mf'W 

6. Standard stock solution (250µg glucose*mf\ t\9lltlil l~t1'1~'1ltl Anhydrous glucose 
., ' ., 

'H'Wfl 0.25 fl1il iuillfll;l'W trn~'Vllitt'mm\911TI.:Jl1il~ 1 ft\911 

7. Working standard (25µg glucose*mf\ t\9lltlil !~tlUttJ\91 Standard stock solution 

mmw 10 ll'1ftft\911 '1.:Ji'W'll1~ Volumetric flask 'll'Wrn 100 ll'1ilil\9'11 t~iiJ1mf'Wt'~iJ'Vllitt'n 
., 

lli"1\911l1.:Jl1il~ 1001J'1~~\911 
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~O'U~ 2 Calibration Curve 

"""' 11i f11'j 'Vlfll:l 0-:1 

1. tJnJ~ Working standard mmru 0 (blank),0.l,0.2,0.3,0.4,0.5,0.6,0.7,0.8 !ll:l~ 0.9 

iil:li'!i'!~'J l:l-:i'lmrnofl'Vlfll:lo-:iu~1vi1m'JtimnnJh1mm~'J'ltt'dj'W 1 iil:li'!i'!~'J~1vJ1mf'W i-:itl''W 

GI A gJ 'J) 'Iii I Q.I 
!'U Calibration standard 'il~1Jfl171H'Ull'U'U'U0-:1Glucose0~ 1'Uffl'Jl:l~l:llrJ!'Vlln1J O , 2.5 , 5.0 , 7.5 , 

10.0, 12.5, 15.o, 17.5, 20.0 Ul:l~ 22.51ii1r1rni'ii (µg) ~1mhi11 

2. !~lJffl'J Reagent A um; Reagent B OV7-:ll:l~l iil:li'!i'!~'J l:l-:i'l'W'l-'Yl:lOfl'Vlfll:l0-:1 tlflttl:lOfl 

'Vlfll:lO-:l!'UVl'ltt't'fi'1n'U trn~l111tlij11'1'U Water bath ~iiJ1t~Ofl !~'Unm 15 'Ul'n 

t o q 31 d ,- , q , t d C\ 9' ~I 
3. 'illn'W 'U 'Vllffl'J l:l~ ft1 rJ ! l1 W'U !flrJU 'lfl'i l:lOfl 'Vlfl l:lO-:i l:l-:1 ! 'U 01-:i'U l'VlOW l1 fllJl'i O-:i!IJ'U!1l:l 1 . " 

.i:::t 3/ C\ C\ C\C\ G) V gJ 0.1 'JJ t £ lr) 31d C\ 'JJ :'I J., ,-
5 'Ul'Vl Ul:l1!~1J Reagent C 5 lJl:ll:ll:l~'J HfflJ 1m'll1n'W Ul:l1~-:l'Vl-:1 nm;iwmJ1Jl'iO-:i!1J'Ut1m 1'lf111J-:i 

,:!{ 3/d~C\ C\'J) C\~ 

mo 1 tt ff'W 1t-:i 'W 'Uo-:i ffl'J tl 'J norn 'lf-:19fO'W !nfl'll'W 

' ' 0 Q.I ' .a 'J) .a . d, 

4. 'Vllf11'J1flfl7~flnl:l'WUff-:1 (Absorbance) fl1mr1rn-:i UV-Vis Spectrophotometer 'Vlfl171J 

v11r1~'W 690 'W11 'UtlJm (nm) 

Q • .I I I I 'J} 'J} d"' 1/)<JJ 'J} .,; 

5. 'Wl:lO~fl'J1TI'J~l111-:lfl1 Absorbance Ul:l~fl1fl111H'UlJ'U'U'Vl!~WlJ lflff1Jf11'J!ff'Wm-:l!'WO 

l111tlmr111m'fi'ii'fi''W'UO-:I Glucose l'Wf11'J'Vlfll:l0-:I 

d t d 

~O'U'Vl 3 'U'U~O'Uf11'J!~WlJOll'il'J!l:ltl-:l!'lfO (LB) 

"""' "' ,% ,l 
11if11'J !~'J tllJOll'il'J ll:ltl-:l!'lfO (LB) 

d ,1 gJ A b')9J ,d Q.I I I 

f11'j !~'J tllJOll'il'J!l:ltl-:l!'lfOU1J1J1'U ffl:IJl'JtU~WlJ !fl'illn~l'Jl-:l'Vl 3.1 rJn~10rJ1-:I !'lf'U • 

'J} "' ,% ,l . "" """" "' II) 'J} 
~0-:ifll'J!~'JtllJOll'il'J!l:lrJ-:l!'lfO (LB) IJmlW 100 lJl:ll:ll:l~'J ffl:IJl'JtHmrJlJ !fl'illn 

- Casein Peptone 1 ni'll 

- Yeast extract 0.5 "' nm 

"' - NaCl 0.5 fl'jlJ 

"' - LB-agar* 1.5 nm 

.,; 'J} ,% ,l t 1/) I 'J} 'J I 

(*ttmrim~ !lJO~O-:if11'j07l17'j!l;lrJ-:l!'lfOU1J1JOll'il'J!l'il:l1'U'U !lJ~tl-:1 !ff LB-agar) • 
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d Q.I ' , d :1 el 
\91111-:l'Vl 3.1 U'ff~-:Jfl\9111'ffTW 'Wfl111\91WlJfl1111m'll'.l-:Jl'lffl 

LB 50ml 100ml 200ml 500ml 

Casein Peptone 0.05g l.0g 2.0g 5.0g 

Yeast extract 0.25g 0.5g l.0g 2.5g 

NaCl 0.25g 0.5g l.0g 2.5g 

LB-agar 0.75g 1.5g 3.0g 7.5g 

" 
3.3.2 'U'W\olfl'Wfl11fl11'Vl~mM 

d t Ad~ 

\91 fl'W 'V1 1 'IJ'W \Pl fl'W fl11 fl'fl'hllfl11 l'il 1 Ul'IJ fl-:J 11 ij'W l'l11'.J 

"""' 11ifl11'Vl~ijfl-:J 

d '191 <!I , "' "'"' 1. lfl1J1Jij 'ffl~fl'Wij-:J 'W Eppendrof'IJ'Wl~ 1.5 lJijijij\911 

2. 1\9111'.Jll LB mmw 500 '1ll lfl1ft\ol1 ij-:Jl'W Eppendrof ~1~1J\!ij '1~t~fl'W l'11fl111'1l£hltt' 

$1 Q.I Q.I 

I 'Ulfl'W ('Vi 'J!'lffl) 

' d 

3. !IP11mJ LB mmw 400 '1lltfl1ft\Pl1 ij-:Jlu Eppendrof 6 'Viijfl~ 

4. ilt'LI\ol l11!ifl mmw 100 '1lltfl1ft\Pl1 Ml'W Eppendrof'Viijfl~~ 1 

5. 111m!'I.Jl'11fl11il!'LI\Pl Eppendrof 'Viijfl~~ 1 mmw 100 '11Jtfl1ft\911 ij-:Jl'I.J Eppendrof 

' ' de! d o 4 4 QI Q.I 

6. Eppendrof l'llJ'ffl1ij~ijll'.J'Viijfl~l'l 3,4,5 1rn~ 6 l'llfll11'ilfl111-:J!'VilJfl'I.Jfl'I.Jfl1J Eppendrof 

'Viijfl~l'l 1 1rn~ 2 

OQ.I Id .c:S t O .csc:111 1""" 
7. 'I.Jl\Pl'Jfll'.Jl-:ll'l\)fl!1lfl111-:ll'l-:J 6 'Viijfl~ lJll'llflll!'Vil~!'lffl~ij'I.Jl'l11'.J 'I.J LB-agar ~l'.J11ifll1 

t ,£ , j/ ,I d "' d :l1 ., 1 
Spread Plate \Pl-:Jl'l-:1 1 l'I.J~!'W1l~!'lffll'l'r;JW'Yi1Jll 37 fl-:Jfl'Wlrn!CJfl'.J'ff !lJ'I.J!'Jm 24'1f1 1H 
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8. 'illfll!lJ'YllflTHil'eJfl 1r1 fo'W'IJ'eJ<J~illJ'Vl1rJ~iir;fmH.U~IIIP'lfl~7.:Jf1lJ'IJ'eJ<Jll~'1~ plate l.Jl'Yll 
V ' d'l 1~ ld. 019',d 

fll'Hm~rntl<J lJ LB-agar ~tl11ifl7'i Spread Plate IG)flJ!~tl1fllJ'IJel'VI 7 

' V 

1o1uuvi 2 'UlJIPl'eJ't-Jfll'ifffl'hllfll'iOeJt11°1rn'11mY'll'eJ<J'ilillJ'Vl1v 

"""' 11i fl7'j'VJ~'1 'eJ<J 

• lf "" "' o'd 1JJ 91 o .J 1 .J lf "" """" 
1. lJ71G)f'eJ~'1lJ'Vl'itl'VI t~l.Jl'Vllfl7'it'1tl<J'1.:J lJel7'117'i!'1tl<JIG)feJ LB mmm 5 lJ'1'1'11Pi'i 1u 

tt'1'eJ~'Vl~'1'eJ<J 1~m~t1.:J14ffvi<J1-1' 24'1711m 
V V 

2. 'illflU't-JiJl'UIPll;'eJ'illfl'H'1'eJ~'Vl~'1'eJ<Jl.Jlmm1o11 1 i1'1ilil1o11 '1-:J 'l lJ 'H'1el~'Vl~'1'eJ<J 'IJlJl~ 50 

iJ'1i1i11o11 l~lJ Substrate solution 11'1~ Acetate buffer '1.:J'llJ'H'1'eJ~'Vl~'1'eJ<J el07.:J'1~ 15 iJ'1i1i11o11 l'IJ07 

fflrn~mt11lJ'H'1'eJ~'Vl~'1'eJ<J1ttl,r7f1lJ 'illfl,!lJ'l,Jl,'UUlJ~fJW.'11,QiJ 37 'eJ<Jf'l'W!f'1!cirnff l~lJl1'17 24 

'1711ii<J 
V 

3. ff1'1111J'UlJIPl'eJ't-Jfl7'i'Yl7 photometric analysis 1tt'Yl7fl7'iill'UIP'lffl'i'1~'17tl'il7fl,r'eJ 2 m 1 
V 

i1'1ilil1o11 M1lJ'H'1'eJ~'Vl~'1'eJ<J 'illflU't-J!~lJ Reagent A 1rn~ Reagent B 'eJ07.:J'1~ 1 iJ'1i1i11o11 '1.:J1-uil~ 

I , 91 91 ., 0 IJJ. I I , """' 1t "' d "' 
'H'1el~'Vl~'1el<Jl'Utl7 'Hl'IJ7fllJll'1~lJ7 !lJlJlJ lJ Water bath 'VllJlJll~el~ 11llJ!1'17 15 lJl'VI 

.l'., 0 191d 1 I , ' t d Clt.'J) d 
4. 'il7fllJlJ'Vl7ffl'i'1~mt1 mtiu ~t111G)f'H'1'eJ~'Vl~'1'eJ<J'1.:J um<Jm'Vl'eJW.'HfllJ'H'eJ<Jlllunm 5 . "' 

lJ7'l111~11~lJ Reagent C 5 i1'1ilil1o11 f,.lffiJ'ltt1,r1nui<J.vf<J,--r~'e)W,'11fliJM'eJ<Jl~lJl1'17 1 '1711ii<J . "' 
.,l,91,,.ltc, <>91 ""~ 

l'VW 'H fflJll<J lJ 'IJ 'eJ<Jffl'i'U 'i fl'eJlJI G)f <JC!f'eJ't-Jlfl~ 'IJ't-J 

5. 'Yl7fl7'i1~f17~~flillJ!lm'IJ'eJ<JfflH11'eJON~119i'l9i'1mr1i'eJ<J Spectrophotometer ~'fl17"tl71 

fl~lJ 690 m 1u1ii1o11 (nm) 

d t QI Clt. do' 
IPl'eJlJ'VI 3 'IJlJIPl'eJ't-Jfll'i1~fl7'il'il'itl.l'IJ'eJ<J'il'1'W'VIW 

1fi fll 'j 'VI~ '1 el <J 

o lf "" "' o'd 1JJ 91 o .J 'l .J lf 
1. lJ71G)feJ'il'1lJ'Vl'itl'VI t~l.Jl'Vllfl7'il'1tl<J'1.:J lJ'eJl'H7'il'1tl<JIG)f'eJ LB mmlPl'i 3 iJ'1i1i11o11 1u 

• 

tt'1eJ~'Vl~'1eJ<J 1~m~t1.:J14u.vf <J 1 -1'1~unm 24 '1711m 

.l'., ~I . I lf "" "' o'd 1JJ 91 91 "" """" .J 'l ,% )f 
2. 'illfllJ'W1Jl1JIPIIG)feJ~'1'W'Vl'itl'VI t~'illfl'IJ'eJ 1 lJ7 1 lJ'1'1'11Pi'il.J71'1tl<J'1.:J 'W'eJ7'117'il'1tl<JIG)f'eJ LB 

mmlPl'i 100 iJ'1i1i11o11 

3. 'U71~'eJ~illJ'Vl1V~119i''il7fl,rel 2 1-iJ1'~f17f117lJ,jlJ'l'Jfl"l 1 '1711ii<Jl9i'1t11flifl<JUV-
, I "JI I 

d "I 1 o, o 91 dl/J 91 d • .I 
VisSpectrophotome-ter 'Vlfl17lJtl71fl'1lJ 600 m lJ!lJIPl'i (nm) 'il7fllJ't-JlJ7'1J'eJ\j'1'VI t~l'IJtllJfl'ilTI 

QI QI r/ I I I Clt. d. r/ d. QI 

fl'JllJfflJl'l 'W 1i 'i ~'H 17.:Jfl lfl 17lJ'IJ lJ 'IJ 'eJ<J 'il'1lJ 'VI 'i ti! 'VI till fllJ 11'17 
• • 
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.d t ,ci ' .a ,::j,(/ 

\>H)'W 'VI 4 'IJ'W l>l 0'W f1Ti rYf111 lfll'H.10f.Jfllf11>1::: f10'WW0f1'J :::~ l'hl 'IJ 0-:i 'ilrl 'W 'VI 'HJ 

""" 1Tifll'i'Vl~r!0-:j 

d ,K d ,/ GI .de1 ,.. I':= 
1. !l>l'if.Jil!'lrn~ri'W'Vl'if.JM !'W'ttr10~'Vl~r!0-:j'VJlJ LB u'il.Jll>l'i 121.Jrlrlrll>l'i 

2. 11>11v1Jmn1>1:::n0'W1t0m:::~1'hlri-:ii'W11ri0~'Yl~ri0-:i 1~f.ll'112 'l(~fll'i'Vl~ri0-:i 

.,i O JI "> d o'.d d 1JJ 'J/ 'J '.':'I 'J/ I 

3. !l.l0'W l!'lf0 ~rl'W 'Vl'i f.l'Vl!l>l'i f.11.l nri-:i 1 'W'tt ri0~'Yl~ri0-:il'.Jf1'tt ri0~ u~'ttrl0~'VI ~ri0-:i11ri11'1Jf.Jl 

'l-n'1'li'1ti'W 'i11m1''Wl'llfll'im0,:i;--;ivm:::~11lm0-:i Whatman No.I 1n1Jmnh'W~'ln (Filtrate) ~,; 

'l1111.J'Vl~r10-:i;--;ivn photometric analysis 

' ,, ' A Q.I ,ci I ll)~~ 
1>10'W'VI 5 'IJ'Wl>l0'Wfll'irYf1111fll'H.10f.Jfllf11>1:::f10'WW0f1'J:::~11l'IJ0-:j !'i:1'1~0'W~'W 

""" 1Tifll'i'Vl~r!0-:j 

d .,j 'I I 'I 'J/ 'J/ "> 'J/ 
2. !l>l'if.Jl.Jfllf11>1:::f10'WW0f1'J:::~11lrl-:i 1'Wf1rl0-:i'Vl~r!0-:j 1"1''\J'Wl~ ~l'Wf111-:j 7 !C)f'Wl>l!l.Jl>l'i ~l'W 

f.111 7 !Clf'W~!lJl>l'i ;l'U\1-:j 4 !Clf'W~!lJl>l'i 'ITTlJltU 2 nfl.l 

3. 'Wl,~!~0'W~'W~!l>l1f.J1J1{ri-:i'l'Wnrit1-:i'Yl~rltl-:i'ln l'llfll'i'Vl~r!tJ-:j 18 'lf~fll'i'Vl~rltl-:i • 
d 1JJ 'J/ <!! "' .dll] 'J/ I .,i 'J/ 'I 

4. !f1Ul.Jrl !il!~tl'W~'W'VI !~'illf1fll'if.Jtlf.Jfllf11>1:::f1tl'W!f.Jtlf1'J:::~111'illf1'1Jtl 3 ri-:i !'W'ttrltl~ 

'Vl~r10-:i 'illm1''1-H~lJ Acetate buffer 15 i1riiH11>1'i U~'ttrltl~'Vl~r!tl-:jl!~'J!'llrh'l-n'1'li'1n'W !~'Wnm 30 

"' 'Wl'VI 

5. 'illf1J'Wl'llfll'if1'J0-:i;--;if.Jm:::~111m0-:i Whatman No. l !filJffl'iff'J'W~i ff (Filtrate) i; 
'l1111.J'Vl~r10-:i;--;ivn photometric analysis 
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.,j 
'1.J'Yl't1 4 

wan11riv1a0-:iiia~0.nt.l11t1wan11riv1a0-:i 

till t1rn'Yit11Jt11J'U'.i ~ff'Vln fll'Vl 1 'Ufll'.i dt1t1mn~~frnwtt1m ~\Pll'hl 'llei-:i 1 ff1$Jt1'U ~'Uu~ci~mti'W'U n • 
' " 

1 \Plti 1 eit1mm 11 rl1i 11'U t1-:i m'.i 'VI\Pl ~t1-:i i 'U m'.i dt1t1mn~~ nt1'Ut~t1m ~\Pl 111 i-:i u 

• I "' "' "' "' .-d 111 j/ 111 j/ ,!I "' i I 
2. fl'nmu'.i~ff'Vl'fifll'Vl'lleJ-:1 'il~'U'Vl'.itl'Vltwn t\Pl'illf1JJ~ i ff!\PleJ'U\Pl'U 'U fll'.i t1t1t1ffmt1mn~~nt1'U . 

1tt1m~1P1111'il1n 1 H-:ll'Ut1~m11mrn • 

.c9 ... I ot:::\ ,=::i, llJ <JJ a .<:). Q.I r1 , , 
3.fl'f1'hllu'.i~ff'Vl'fifll'Vl'Uel-:I tff!\Plel'U\Pl'Uffltl'Vl'Ulj African Night Crawler 'Uf11'.itleltlff~ltlfllf1 

~~nt1wtt1m~1P1111 'il7f1 t '.i-:i-:t1'Ut1~ffmmrn • 

o., <!I .. d.d 1i1V<!I .. .,jd._l .. .. I 'i 
4.t m1i>lv1m0mrnur11t1m m..rn imv10uv1uri'llu1~tr'Yl1iill'l'i ium1t10t1tra1mcuaa iatr 

q 

o ll1 31 .a ,=::i, Q.I r1 ,X ,=::i, .c::! r1d ,=::i, .J A 
'illf1f11'.i'U 11.J~'Uel-:I t ff!\Pl el'U \Pl'U 3 ffltl'Vl'U 1j lJl!'Vll~rn tl-:1 ~'U'Vl'.i tl'Vlt'il'.i tlJlJ'U el1'111'.i rnt1Wl1el 

111m'.i 1~t1n'ili-'i'U 'Vl1 v'lleJ-:i, ff1$Jt1'U ~'U mt1-w'U s 'lf'U \Pl 11P1t1J-:im~ 'i11n~nmu~ 1 fl fou'UeJ-:i • • 

1-u 24 '11'1 !:IJ-:i'U~l.11Wfl11:IJ!,rmru'Uel-:lf)~ lflff~nmq-1P1~1t1ijmmw1~:wt'U1dm'Yit11Jtl1Jfl11:IJ 

j/ j/ 'i' .e\ j/ °' 111j/• ,,. 'i' d .e\ ,¾ t .e\ ,M 1 ,,. d 
!'U:IJ'U'U'Uel-:lf)~ tflfft'.i:IJ~U 'il~ff-:ltn~ t\Pl11'U'.i:IJ1Wfl~ tflff'Vlt'Vl:IJ'U'U'U'U'il~!'Vl:IJ'U'U 'U'U'.il.11W'VI 

I <V Q.I ... Id ,.. ll] 9) .c:9 ,=::i, Q.I ,/ • J/. ot:::\ A,/ . 

U~fl~l-:lfl'U\Pl-:IJu'VI 4.1 t\Pltl tff!\Plel'U\Pl'Uffltl'Vl'Ulj African Night Crawler !'lfel~~'U'Vl'.itl African 

Night Crawler 'lf'U\Pl~ 3 ijftlfl17:IJ!'U:IJ'U'U'Uel-:lfl~ lflfflvi1ti1J 0.03 i:w tflrni'ii~t1ii~i-'ii-'i~'.i l'ffl~fo'U 

" ' 
~'Uffltl'W'U'fi Blue worm !;el'ili-'i'W'Vl1v Blue worm 'lf'WIPl'Yi 1 ijftlfl11:IJ!'U:IJ'U'U'Uel-:lfl~ lflfflvi1ti1J . . 

lr) Q.I ' ,=::i, .<:)..<:). lJ] <JJ .a ,=::i, Q.I rl JI. ,=::i, .c::! rl ,=::i, 

0.03 &:IJ lfl'.if1'.i:IJ~el:IJ~~~~'.i trn~ tff!\Plel'U\Pl'Uffltl'Vl'Ulj Tiger worm !'lfel~~'U'Vl'.itl Tiger worm 'lf'U\Pl 

6 ijftlfl11:IJ!,r:IJ,r'U'Uel-:lfl~ fomvi1t11J 0.02 1ii !fl'.iflfJJ~ellJ~i-'ji-'j~'.i ~-:IU'ff\Pl-:111!4t1~i-1'U'V11Vi-:i 3 

'lf'U\PlijtJ'.i~ff'Vln m'Vl 1 'Wm'.i dt1t1m'.i ~~mmCJ1~~ hff 1~~ff\Pl'Ut1-:i 1 ff1$Jt1'U~'U 3 mti'w''Un . . 
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0.045 

.. African Night Crawler 

0.04 -- Blueworm 

8 0.035 
---::1. Tigerworm -a.I 0.03 
I'll 
0 
C,I 

= 0.025 -
'-' 0 

= 0.02 
0 

':Q 
:r. 0.015 ..... = a.I 
C,I 

= 0.01 0 
u 

0.005 

0 
123 45678 I 2 3 4. 5 6 7 8 12345678 

Microorganisms 

. I"' .. I °' °' _, ' 91 91 1 °' ,JJ "" "' o' 'J u'Vl 4.1 fl'J1l"IUff~'-lfl11llffll'VfW 1i'J~'Vi11'-lfl111H'Ull'U'W'U O'-lfrn flfff)'lJIGJfO,Jft'W 'Vl'Jrl .. .. . 
I I 

.,s .I """" "" ,:td,:t IJIY IJIY"I """I I "I 
4.2 f'lfl1flu1~ ff'fl1i .fll'W'UM1rnu n·mnuE.J n Avl'ill fl'IJ~ g mm-11,1 viu m m1E.Jt1E.Jff~ 1E.J m ngi~ mmm a " .. 

6' Id. o .C:::. do' l.1]31~ .C:::. t Q.I o'o I 

1l 1f)fl1'J fffflll'V'11J11!1JO'W 1! GJfO~ ft'W 'Vl'J rl111f1 I ff!~O'W~'W 'Vl'-1 3 ff W'V'l'W 11'V11fl1'J'Vl~ft 0'-1 rJOrJ 

,,\ 1 d. I'= ,lJ ... "' o'd I 0, "' 'I 91 
mn91 nou wom m'll 111n H <.11u fJ91ffl'tt m mm~~ 7'll 'Vlu'J mua GJfO ft'W 'Vl'J ri'Vlm<.1 nu flO I GJf 

iio11ilu'Vl1V l ll'1ili191'J 'UO-:ii~t~O'W~'W 3 ffW~'W'6'W1lJ1VO£Jfl1f)9]~f)O'W!gOm~~1'll~mmw 2 • • 
Q.I ~, 1 1 ,l .C:::. d o't .c:::. I 

nm !u'W!'Jftl 24 <Jf1 lJ-:i Hftfl7'JrJO£Jfl1f)91~flO'WWOfl'J~~1'll'il1fHGJfO'ilft'W'Vl'Jrl'Vl'-I 3 <Jf'W~ 'V'11J11 • 
,K .C:::. do' \J] 9/~ .C:::. Q.I o' 1 

!GJfO~ft'W'Vl'Jrl'illfl 1ff!~O'W~'W'i:Ylrl'V'l'W11 African Night Crawler 'i:YllJ1'Jt:WOrlfl1fl91~flO'WWOfl'J~~7'll 

'I 91.,,. 91 91 1 '"' I 0, -2 Ill 1 0, I ... ... ... ,lJ ... "' o' 
1'Villf1111H'Ull'U'W'UO'-lflft flff!'V'lll'U'W!'Vl1fl1J 1.1 lxl0 Ill fl'Jflm910llftftft91'J !GJfO'ilft'W'Vl'JrJ'illfl .. . 

Ill 91 "' ... 0, o' ' ,,\ 'I 91.,,. 91 91 1 
I 'i:Y!~O'W~'W'i:Ylrl'V'l'W~ Blue worm illlJ1'Jt:lrJOrlfl1fl91~flO'WWOfl'J~~1'll !'Villfl111H'Ull'U'W 'UO<.lfl~ flff 

'"' I 0, -2 Ill 1 0, I ... ...... ,lJ ... "' o' Ill 91 "' ... 0, o' 
!'V'lll'U'W!'V11f11J 0.60xl0 Ill fl'Jflm9101Jftftft91'J Uft~!GJfO~ft'W'Vl'JrJ111fl tff!~O'W~'Wff1£J'V'l'W11 Tiger 

I ,,\ 1 91d 91 91 1 d I 0, -2 
worm mmrnriorimn91 nouwo m~~l'll 'Vi llfl 11m 'Ull'U 'W'UO'-lfl~ flff!'V'lll'U'W!'V11fl1J 0.94x 10 

ill1flrnflJ~Oil'1ili191'Jff1'W!~O,lil'W'Vl1tJ~1~ 3 il'1ilil91'J 'UO'-li~t~O'W~'W 3 mri~'W'fi 'V'11J11 • • 
,lf ... "'" IIJ91"1 ... 0, o' ' ,,\ 

LGJfO~ft'W'Vl'JrJ'illfl !ff!~O'W~'W'i:YlrJ'V'l'l...111 African Night Crawler mmrnriorJfl1fl91~flO'WWOfl'J~~1'},J 
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11) !J/ ,!! -=, o, o' I _,I 'I !J/-=< !J/ !J/ ,. 
1m~t1'W~'Wfflf.l'V'l'U1i Blue worm ffl:IJl'jtlf.Jtlf.JfllfWl~fltl'WWtlm~~l'l:l !lUJfi11ll!'Ull'IJ'W'Utl~fl" 1ffff . .. 

1~1.J~urvi1ti1J O.75x1O-
2 

1ll tfirn11.J~t1il"ilil1,mrn~a:.ft1~ilu'YllV'illfl 1 ~!~tlu~umm.fu{ Tiger 

I _,I ') !J/-=< !J/ !J/ ,. I o, -2 
worm ffllJl'jtl f.ltlf.Jfllfl\Pl~fltl'WWtlm~~l'l:l I l'i llfi11ll! 'Ull'IJ'W'Utl~fl" 1 ffffl'WlJ'IJ'W!'YllfllJ l.O6x10 .. 

0.016 
Microorganisms I ml 

0.014 
Microorganisms 3 ml -E 0.012 

} 
Cl.I 0.01 
VI 
0 u 
::I 0.008 QO 

0 
C 0.006 0 .. 
RI ... 
+J 0.004 C 
Cl.I 
u 
C 
0 0.002 u 

0 

African Night Crawler 3 Blue worm I Tiger worm 6 

Microorganisms 

" Id .. I ., ., o' I !II !II " F- ,. ., " F- ,K -=, "' o' 
iu'Yl 4.2 flHr'IUff~~fi17llffll'W'W 1i'j~l'i11~fi11ll!'Ull'IJ 'W'Utl~u rn 1w fl~ 1 fifffl1Ju 'j:IJlW!'iftl~"'W'Yl'j f.l 

ti ""' ""' ,V 4 .111:!rt, Q.J d 1 • 4.3 ftfl'lfl 1~il'fl1i.fll'Vt'IJ0~ il!Y10Uv!UilUJ'VtU1! African Night Crawler Ufl11f.10f.lilt1U.lfllfl 

VI~ flt>Utrl 001~vl llhl 1 fl l 1 ~~lU t>VI ill't'ifl11ll 
Q 

\f)9Joll)3/~ a.,(/ I .d 
'illflflUfffl'l:111~'Wl 1m~t1'W~'Wfflf.J'W'W'IJ African Night Crawler lllf.Jtlf.Jfllfl\Pl~fltl'WWtl 

m~~l'll 1~m.h 1 ~1~t1u~u J 1m!n 1 fl11.Jmvt1f.lfllfl\Pl~flt1U1tt1m~~11:1l'iirfl 2 fl11.J lufl~t1~ 

d.c:t d \fJ 'j}' I .c::! I .cS 
v. m ff \Pl fl l ff'Yl lJ 'j 'j 1J wm mff 'il ~mu 1 11 l u °!fl~ 'j f.l~ n" rn 'j fl 'il ll fl n f.ltl f.l m fl\Pl fl tl'W w t1 .. 

m~~11:1~mmwfi11miu1.Jiuu'Ut1~fl" tfimvi1ti1J o.o311.J tmfli'll~t1il"ili11P1'j ~~iimmwhimfl .. 

., 1IJ !II "I -=- 1IJ !II-=< ' ,,\ ' Q ,- ., 1IJ !II •• I ., " I 
1-21'1.J 1m~t1'W~'W !~llfl1Wtlf.Jfl1fllvl~fltl'WWtlm~~l'l:ltlf.Jl~'j1~!'j1 t~f.Jff~!fl\91 !~'illflflHl"I ~~Ju 

4.3 il'lf1~!1"1 1-2 1'1.J lli:IJlWflij tfiff'il~!~lJ~'W,~ff~:IJlfl mf~'illfll!'WllilllWflij tfifffi!~ll .. .. .. 
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,J .ci Q.I .d ' ,..t'= e!:I .citq fJ} .d ' 
\fl'U'W 'il'W fl-:n'W 'V1 6 Vl'U 11 ullJlW 'U'0·Hllf1 \,)~f1'0'W w0m ~~Tll'Vl HYl~tl'W ~mrnm 11J 'nlJ~ €'1~fl11ll 

1-u'mr'W'Utl~f1€'11m1~i~1Jfl~~~m1J1Wfl'Jlll1-u'1J'IY'W'lltl~f1i'l 1mnvhti'U 0, 10 i1J imni'1JIPit1iJi'!ilil\9l1 

.d I 9) 'J) ,. .d1 <j' \r)9J.d 
\9l111~ 'V1 4.3 II 1;1'~~fllfl 'Jllll 'Ull'll'W 'lJ 'e)~f)~ t fl 1;1''Vl tltltlf11f1\,) ~f1'0'WW'0m~~ l'l:l t ti t 1;1'1~ tl'W 'W mt1 

0, ., 

Vl'W~ African Night Crawler 

I ' "' fl'Jllll'Ull'U'W'Utl~ fl'Jllll'llll'U'W'Utl~ fl'JllJl'UlJ'lJ'W'Utl~ flll'i'!M 
,, ' ,, ' ,, ' 

nm (1 'W) n~ 1fl1;1'fli'~fo f1i'l 1fl'j;Yfli'~'Vi2 n~ 1fl1;1'fli'~'Vi3 (µg/ml) 

(µg/ml) (µg/ml) (µg/ml) 

0 0.0088 0.0098 0.0098 0.0094 

1 0.0216 0.0173 0.0178 0.0189 

2 0.0340 0.0297 0.0315 0.0317 

• 
3 0.0492 0.0517 0.0501 0.0503 

4 0.0584 0.0654 0.0645 0.0627 

5 0.0815 0.0865 0.0840 0.0840 

6 0.0964 0.1024 0.1018 0.1002 

7 0.1029 0.1027 0.1034 0.1030 

8 0.1035 0.1018 0.1045 0.1032 
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0.12 

-E 
0.1 ...... 

0.1030 1032 

-QI 
Ill 0.08 0 
u :::, 

"E"o - 0.06 
0 
C 
0 

'.P 0.04 IV ... ... 
C 
QI 
u 
C 
0 u 

0 
0 1 2 3 4 5 6 7 8 9 

Time (Day) 

111~ 4.3 m1vJu iY~.:Jf'l171HYll~tJ n 1~'tt11.:if'111m illitJ'll eHtl~ 1 fl iYnrn 1m 1 tJ tll'H!tJfJtlltl\Pl~tltJtJ 

1ttJm~~Tl:l'illtl h-NltJ~IPlffmmrn 
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'Uflfl5 

34 

<'1 _I "" "" lJI V "l "" .., d , I 
fffl'lflu1:::tlflfi.fll'Vi'll0~ Atl!Yl01..!Yl'l..!tlltl'Vi1..!1.j African Night Crawler 1..!fl11tl0tltlt'lltl 

mtw1:::n01..1i~0m:::v111Hnt1 l 1 ~~11,10(iltllfit111ii 
q 

.& - I t::\ Cl .d o'd lr) CJ} 11) ,:!:I t::\ I 

\llflfll'Hl'fl1'J11J'j:;: i1"\111i fll'V'l'U 0-:J ~~'W '\111 tl'\11 W.lfl ! fl \llfl\j ! fflfl'el'W fl'W 'JJ ltl'el tlfllfl\o'l:::fl'0'WW'0 

"i •1'J/ •lr)'J/"1 "" ., ,I 
m:::fl11'1 '11fl t 1-:J.:Jl'W ~\o'l ffl'tt m rnm:::fl71'1'\111 m 11'\11111J11 1 fflfl V'Wfl'W flltl'V'l'W African Night-

Crawler ihh:::iY'Y11lfll'V'l 1 'W m1dvt1fllfl\o'l:::flti'Wlg'0m:::m1,1 '17fl 11 .:J.:J7'W~\o'lfl1'11mrnm:::fl11'1 

1rn:::tl1 iiV1$i0'W~'Wffltl~'W'V African Night Crawler mV'0tlfllfl\o'l:::flti'Wlg'0m:::fl11'l lfltl'l-A1iiV1$iv'W 
" . . 

~'Wtl1wwn 1 ni'1Jmvvvmn\o'l:::fl0'W1~0m:::fl11'ltt'Wfl 2 ni''JJ 'V'l1J11 imb.:i1:::t1:::11m11rn'Yi11m 1-2 

1'W '1d'.inn d0t1fllfl\o'l:::n0mt0m :::fl71'1 iiimniT fl!'V'l11:::11'.i'U i1.:i~ i iV1$i0'W ~'W 1.Hmi1 m1.:i '17fl 

I Q.I lf) 9/ t::\ lr) 9/d I .Ji ' d Q.I lr) p 
'lf1.:i11m 1-2 1'W 1fllflfl'Wfl'W 1f11Jfl11tltit1fllfl\o'l:::fl0'Ww0m:::fl11'10tl1n1fl1111fltlfl.:J1fl\o'I 1c,1'11fl 

m1vJ i.:inJ~ 4.411'1f1.:Jl1m l-2 1'W mmwn~ lflfl'1:::l~'JJ~'Wiiifl.:Jmfl '11~.:J\llfli!'Wmmwfl11'JJ 
SJ SJ SJ 

'JI 'JI "j Q d, ,!l 0, .d -"= di .dlr) 'J/,!! "'- I 

l'U'JJ'U'W 'Ufl.:Jfltl t fl flfll 'V'l'JJ\1 .:J'U'W \l'Wfl.:J1'W '\11 6 1Jrn 1W 'Ufl.:Jfllfl\o'l:::flfl'WWtim:::fl71'1 '\ll ! fflflfl'W fl'WffeW 

t d.J. CJ) CJ} ,. d.J. dd j/ 3,/ I Q.I lr) ,. Q.I ' 

'W'W mrntt'JJfl~.:Jfl'Jl'JJl'U'JJ'U'W'Ufl.:Jfltl t flflfllrnfl.:J'\11'\llmmw fl11'JJ!'U'JJ'U'Wl'\111fl1J 0.10 !'JJ ! flrnrn\o'lfl 

"" """" 'JJ~~~\o)'j 

' " .& .d 3) QI t::\Q.I 

Glf.:J.:Jl'W'\llfl~fl.:J'Wflflflfl~fl.:Jfl1J.:Jl'W1\ltl'Ufl.:JC. Elvira, M.Goicoechea, L. Sampedro,S. Mato 

, ?I & & _ 1.d "' di "i 'I 'JI 
1rn::: R. Nogales 'V'l1J17!1J'Wfl1Hlfl1'11fl.:Jfl1111J~tl'W'\111.:J'lf1fll'V'l'Ufl.:Jfllfl\o'l:::flti'WW0m:::fl71'11flt11'lf 

lr)'J/,!! o,,/ " °'1 °' I !ff!flfl'Wflltl'V'l'W~ Eisenia Andrei (African Night Crawler) t'W1:::tl:::nm 40 1'W 'Wfl\o'l11fl1'W 03:01 

Q.I t.& \q3JI\J}9/~ t::\ QI ,J .d t::\ t::\ I 
fl.:J'W'W\1-:Jflgtl !fl11 1fllflfl'Wfl'Wflltl'V'l'W~ African Night Crawler 1Jtln:fl'\111ifll'V'li'Wfl11tlfltl 

di "j Ir) 'J/d 
fl~ltlfllfl\o'l:::flfl'WWflm:::fl11'1 (Waste Paper Sludge; WPS) '11fl 1H.:Jl'W~\o'lfl1'11mrnm:::fll1'1 !flfl 

.d ?I 1 ° lrJ 'JI "' "" , 'JI_ I "i " 'JI di 
1rn:::mm:::fl1J'\11'1:::!1J'Wll'W1'\117.:J um1u1 1 fflflfl'W fl'Wm '!f1J1::: W'lf'W'Yl7.:Jfl111fl1'l\o'l11rn:::mu0u"7 

1~011A'11 'UUt\J'111~ .:Jll1fl~fl'JJ 1 'Wfl'W lfl\ol i~ 
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i1i'\Pl'W fl'j !fl\911.2552 f11'jf11i1Pl'llrl~ff\Pl !IPIV1-rliVi~hrw~tm'1~m,~~ihrvi1v EM ffl'lll!Ylfl 1u h~ 
q q q q 

d:. 'j} 'j/ QI rl .c::i, Q.I 

ff ~u 1\Pl '1tl1J flW~ ff ~u 1\Pl '1 tl1JU '1~Yl1'VW7m fl'lff \Pl'j 1Jl111YI V1'1V1J 'rilffl'j fllll 

"' J' 111 3,1 "' "' ., c' c' 
!flll'lltl~!Utl 11J. fllfl1°1111U~'1\PlflWCVI flill~1Ufl'lff\911 

"' ., ,I 
1Jl111YIV1'1mf1'l:l\911fl'l'ff\911 . 

.c::i, rl rl Q. QI 

1YIVlfl'lff\Pl'jf11rn'VrnV 1Jl111YIV1'1rJU!'jfl'1'j, 

..:::::t..ci. QI r1 QI o cv o ti QI lq '1 1 'illq 'J} a 
1i\91UUYI 'll1Ulff\Pl.2546. f1WU11J\PlU'1~f111Yl11Jrll11Jf11J'1 !f1 \Plrl °11 ! ff!\PltlU Lumbricus rubellusU'1~ ., . .. 

"' "' "· 1 "' ., c' Eudrilus eugeniae. 1YIV1U'ViU1ilJ1t!jt!j1 YI. 1Jl111YIV7'1mf1'l:l\911fl'lff\911 

., ., 1 lr) 3-' .c!I Q. Q. rl t d O QI QI .c::i, rl 1 1 "' I "' 

VlUJ \91'1,,1 °11.2549. !ff!\PltlU\PlU 'VilJ'ViflnYI 1.ff1Um1U'Vi\PJJU11YIV1fl'lff\Plrn'1~!Ylfl U MU11~'ll'1\91 

. I "' 31 
1JYl1J1i1U.259 11Ul 

• 

0 
QI -=!I QI rl QI .c!I 131 1 131 

v1u1v 'll1t!)!llti~, m1111JnUV'1f1tl~t1'1~1n1ff~m'1ti °lfY11~m1in11\Pl1 IPIV °lficirn~mmm~ 

Q. .c::i, "-F- QI .c::i, .c::i, rl 
Saccharomyces cerevisiae. 1YIV1U'ViU1i1J1t!jt!)11Jl111JWCVl\91, fllfl1'll'l'Viqmlfl'lff\911 flW~ 

.c::i, o' rl .c::i, QI 

1YIV1fl'lff\911 ~W1'1~fllW1Jl111YIV1'1V, 2538 

1~1111w uti1mh2538. mrn~\Pl!tlY11Utl'1~1nvJ1~'li'11, 1Y1a1-w'ViU'fiIDt!)t!)l1JttTUW cvt\91, fllfl1°117 

.c::i ..:::::t. .c::i, r/ rl .c::t. QI 

!flll!YlflUfl flill~1YIV1fl'lff\911 ~W1'1~fllW1J'ri11YIV1'1V 
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.fllfl~U10 0 

Calibration Curve 

~1'.iN~ fl-1 Uff~-:i<-O'mJ"~i~,i1nfl711fl~1 Abs (Absorbance) ffl'l•'fi'111oN1'Wfl1Hl1 Calibration 

Curve 

Concentration 

(µg!ml) 

2.5 

5 

7.5 

10 

12.5 

15 

17.5 

20 

22.5 

1.6 

1.4 

1.2 

1 = 
,Q 0.8 ,. 
Q 

"' ,Q 0.6 < 
0.4 

0.2 

0 
0 

Absorbance 1 Absorbance 2 

0.2257 0.2255 

0.3706 0.3709 

0.5681 0.5679 

0.6619 0.6615 

0.8026 0.8021 

0.9227 0.9231 

1.1078 1.1085 

1.2586 1.2587 

1.4264 1.426 

5 10 15 

Average 

Absorbance 3 

0.2256 0.2256 

0.3712 0.3709 

0.5674 0.5678 

0.6614 0.6616 

0.8022 0.8023 

0.9226 0.9228 

1.1083 1.1082 

1.2594 1.2589 

1.4265 1.4263 

y = 0.0587x + 0.082 
R2 = 0.9965 

20 25 

Concentration of glucose cµg/ m h 
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.flUlN'U'Jfl 'U 

• 
v <!l ""' d. d lip.I <!l ""' ..;.,,__I ""' ""' I 

Nil fll"l ff fl'lfl fll "1 fl~!tltlfl,}il'U 'Yl"l £hll fl'ijil g il'!~ O'U~'U 'Ylilu"l~ tl'Ylfi.fll'W !'U fll"l f.ltlt.ltlilUUCUill) g iltl 

d 'J} , 'J} 'J} _I'= 'i d,l""' """''l olJJ'J}lJt'JJ<!I "' 
~TH:l'Vl 'U-1 Hff~-:J'U0l.Jrl'fllfl11lll'Ul.J'U'U'U0-:11J1lllWfH'I lflff'Vl!'lffl'ilrl'U'Vl1tl 'Urll tff !ff!~fl'U~'Uffltl ., ., . 

.., ,I I 'i d .:, 'i 
~'W~ African Night Crawler tlflt1ffmmcirr1~ 1riff'Vlnm 24 'lf1 1m 

'J} 'J} 'J} 'J} 'J} 'J} I d 
fl11l.J! 'Ul.J'U'W 'U 0-:i fl11lll'U l.l'U'W 'U 0-:1 fl'Jll.J!'Ul.J'U'W 'Ufl-:1 mmr1t1 

,l 
"' 

d ,I 
., . ., . ., . 

!'lffl'ilrl'W'Vl'itl fl~ 1 fl ff fl i'-rvi 1 flrl 1flffflf-:ivi2 fl~ 1flffflf-:ivi3 (µg/ml) • ., 

(µg/ml) (µg/ml)) (µglml) 

African Night 0.000631 0.000599 0.000662 0.000631 

Crawler No.1 

African Night 0.007466 0.007494 0.007360 0.007440 

Crawler No.2 

African Night 0.038920 0.038958 0.039658 0.039179 

Crawler No.3 

African Night 0.022507 0.022776 0.022808 0.022697 

Crawler No.4 

African Night 0.000058 0.000055 0.000059 0.000058 

Crawler No.5 

African Night 0.033520 0.033587 0.033374 0.033494 

Crawler No.6 

African Night 0.009778 0.009116 0.009478 0.009457 

Crawler No.7 
., 

African Night 0.005944 0.005749 0.005764 0.005819 

Crawler No.8 

• 
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• 
d !J/ I !J/ !J/ ,, d l( "> d ol'l O l/j !J/llj !J/ ,!I "> 

1,nnrYl 'U-2 Uff~~'UtllHWllfl11lH'Ul.J'U'W'U0•n~mwfli'l !flff'Vl!'lf0,li'J'W'Vl'HJ 'Wm !ff !ff!~tl'W~'Willtl "' "' . 
~'W'fi Blue worm ci0t1i1mt1tll)1i'li'l hi,-~nm 24 '11'11m . "' • 

!JI !JI !JI !JI !JI !JI ' I "' fl11l.J!'Ul.J'IJ'W'IJ0~ fl11l.J!'IJl.J'IJ'W'IJ0~ fl11lH'IJl.J'IJ'W'IJ0~ fll!'i!i'ltl 
l( 

"' "'" ,, ' ,, ' ,, ' 
! '1ft) ,I i'l 'W 'VI 'j ti fl~ !flfffli'~vi 1 flil 1rii1rii'~vi2 fl~ !flfffli'~vi3 (µglml) 

• "' 
(µg/ml) (µglml)) (µg/ml) 

Blue No.1 0.033411 0.033105 0.033271 0.033262 

Blue No.2 0.000186 0.000162 0.000190 0.000179 

Blue No.3 0.002789 0.002876 0.002887 0.002851 

Blue No.4 0.005579 0.005612 0.005576 0.005589 

Blue No.5 0.011656 0.011567 0.011605 0.011609 

Blue No.6 0.000451 0.000454 0.000495 0.000467 

Blue No.7 0.004657 0.004618 0.004565 0.004613 

Blue No.8 0.015095 0.015206 0.015095 0.015132 

• 
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.. d 9/ • 9/ 9/ _I';:! 'i ,d,l"" "'-"l oll)jlll)jl<!I "" 
\91111-:J'VI '\J-3 Uff~-:J'\JtllJcl'fll'rl11lJt'\JlJ'\J'U'\Jtl-:JlJrn7WfHl t'rlff'Vlt'll'tJ,Jcl'U'Vlltl 'U"7 tff tfft~tl'U~'UffW .. .. . 
'rl''W{ Tiger worm ~mrnmmcirc1~ hi1~nm 24'1711m 

jl jl jl jl jl jl ' ,d 
'rl11lJt'\JlJ'\J'U'\Jtl-:J 'rl11lJt'\JlJ'\J'U'\Jtl-:J 'rl11lJt'\JlJ'\J'U'\Jtl-:J mmm.1 

,l "'o' 
,, ' ,, ' ,, ' ... 

f1cl 1flfffli'-:J'Vil f1cl 1flfffli'-:J'Vi2 f1cl 1flfffli'-:J'Vi3 (µg/ml) l'Jl'tJ,Jcl'U'Vlc.itl 
• .. .. .. 

(µg/ml) (µglml)) (µg/ml) 

TigerNo.l 0.000116 0.000115 0.000108 0.000113 

TigerNo.2 0.009845 0.009652 0.009947 0.009815 

TigerNo.3 0.001304 0.001319 0.001319 0.001314 

TigerNo.4 0.002911 0.002911 0.002918 0.002913 

TigerNo.5 0.005279 0.005230 0.005224 0.005244 

TigerNo.6 0.029087 0.029144 0.028782 0.028893 

TigerNo.7 0.000452 0.000489 0.000469 0.000470 

TigerNo.8 0.004943 0.004954 0.004994 0.004964 

y 

.. 



42 

• fllfUfU 1 fl fl 

• 
d 9) ' A <Qi d d'd IJ] 9) ll) !J! .a .c::. 

\oll'H:J'Vl fl-1 Uff~~'llel¾J'1fl1 Optical Density (OD) 'IJ'el~t'lfel~'1'W'l'l'HJ'VH!tlfl t~111fl¾J'1 tfft~el'W~'Wffltl 

l1'W'_Q African Night Crawler ,~'W1~tl~t1"1 12 '11'1 !1N 

Optical Optical Optical 

Time (Hour) Density.I Density.2 Density.3 Average 

0 0.0003 0.0001 0.0002 0.0002 

1 0.0788 0.0800 0.0776 0.0788 

2 0.2273 0.2279 0.2273 0.2275 

3 0.6761 0.6765 0.6768 0.6764 

4 1.1214 1.1226 1.1220 1.1220 
• 

5 1.4930 1.4938 1.4934 1.4934 

6 1.6951 1.6965 1.6958 1.6958 

7 1.7645 1.7693 1.7669 1.7669 

8 1.7607 1.7743 1.7675 1.7675 

9 1.7721 1.7753 1.7737 1.7737 

y 
10 1.7861 1.7965 1.7913 1.7913 

11 1.8322 1.8332 1.8327 1.8327 

12 1.8457 1.8485 1.8471 1.8471 

.. 

.. 
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.d 'J} ' Ji "' "' .... II) 'J} II) 'J} ,!I "' 

\9ll11'l'Vl fl-2 l!ff~.:i'llfl1.jrlfll Optical Density (OD) 'll'eM!GJ!'fl~rl'W'Vl'HJ'Vl!ltlfl t~,Jlfl1.Jrl tff!~fl'W~'Wffltl 

'W'W'li Blue worm i~ 'W1~£J~nm 12 i'1 !1N • • 
Optical Optical Optical 

Time (Hour) Density.I Density.2 Density.3 Average 

0 0.0543 0.0573 0.0548 0.0556 

1 0.0640 0.0648 0.0647 0.0645 

2 0.1059 0.1071 0.1075 0.1068 

3 0.2945 0.2982 0.2961 0.2962 

4 0.9361 0.9375 0.9366 0.9367 

5 1.5143 1.5155 1.5154 1.515 

6 1.7852 1.7868 1.7855 1.7858 

7 1.9664 1.9670 1.9662 1.9664 

8 1.9984 2.0008 1.9991 1.9994 

9 2.0404 2.0432 2.0428 2.0421 

10 2.0624 2.0634 2.0632 2.0630 

11 2.0896 2.0892 2.0899 2.0895 

12 2.0954 2.0964 2.0954 2.0957 
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JI 
d 'JJ , JI "' "'"'"' l'l'JJ 11131"' "' 1>nnn1 fl-3 t!ff~.:J'Uel1.J1:lfl1 Optical Density (OD) '\J'e).:J!'lf'e)~l;l'W'Yl<W'Yllttlfl t~'illfl1.J1:l tffl~tl'W~'Wtlltl 

"' _. d "' 111 :!"'I ., "i 
'Vl'W'Ii Blue worm 'Yl'J~ t~ t'W':i~tl~nm 12 'lf'J tl-M • 

Optical Optical Optical 

Time (Hour) Density.I Density.2 Density.3 Average 

0 0.0516 0.0528 0.0512 0.0518 

1 0.0694 0.0697 0.0692 0.0694 

• 2 0.2978 0.2982 0.2979 0.2979 

3 0.7033 0.7055 0.7059 0.7045 

4 1.1414 1.1430 1.1427 1.1423 

5 1.5975 1.5985 1.5980 1.5980 

6 1.8683 1.8691 1.8672 1.8676 

7 1.9598 1.9620 1.9604 1.9607 

8 1.9871 1.9881 1.9876 1.9876 

9 2.0654 2.0664 2.0657 2.0658 

10 2.0774 2.0782 2.0768 2.0774 

11 2.0816 2.0824 2.0818 2.0819 

12 2.0883 2.0894 2.0897 2.0891 

·, 

.. 
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.tllflN'lflfl 

.. <ct _I"""" "".ctd.ct IJIY IJIY"I ""~ I 
N'tl fll "a fl flll ltJ"a~tf'flfi .tll'W'U8~'iHlU 'fl"a£1'f1U£1fl !vii 1 flil'tl ! «!vi OU v!U tU fll "a£18£1ff't11£1 fl1 fl 

d y I y y -"= 1 d191,JJ""' .cto' ~l'nrn ~-1 Uff~~'IJ'Olli'lfllfl11lll'llll'IJ'U'IJ'0~1Jlll1WfHl flff'Vl 'IH"lf'O~i'l'U'Vl1tl 1 il11ilil~1'll'O~ .. .. . 
\q9/.i:!l 0.1<1 I dt 
im~-o'W~'Uffltl'Vi'U1J African Night Crawler tl'Otiffmtifllfl~~fl'O'UW'Om~~l'},J 

y y y y y y I d 
nm fl11lll 'Ull 'IJ'U 'IJ '0~ fl11lll'Ull'IJ'U'll'O-:i 'fl11lll'Ull'll'U 'IJ'O-:j fll!Qi'ltl 

(i'1111-:i) 
" . " ' " . 

fl~ 1'flff'fl1-:jl1} fl111flfffli'-:iih fl~ 1'flff'fli'-:i-ti'i3 (µg/ml) .. 

(µg/ml) (µglml)) (µg/ml) 

0 0.009099 0.009080 0.009113 0.009097 

24 0.020323 0.020339 0.020387 0.020350 

i 

Concentration 0.011253 

increased 

d y I y y - I"' 1 d1 y ,lJ ""' .ct o' ""' ""'""' 
m11-:i'Vl -:i-2 Uff~-:j'IJ'Olli'lfll'fl111Jl'llll'IJ'U'IJ'O-:i1111J1Wfli'I flff'Vl "lfl"lf'O~i'l'U'Vl1tl 1 lli'li'li'\~1'\J'O-:j .. .. . 
lq9/.i:!t Q.1(/ I .a 
im~-o'W~'Uffltll'l'U1i Blue worm tl'Otiffmtifllfl~~fl'O'WW'Om~~l'},J • 

y y y y y y . 
I d 

nm fl11lll'Ull'IJ'U'IJ'O-:j 'fllllll'll ll'll 'U 'IJ -o,:i fl11lll'Ull'll'U'll'O~ mmiw 

(i'11m) 
" ' " ' " ' 

fl~ 1flfffl1-:i'Vil fli'! 1 'flfff11-:i'Vi2 fl~ 1flfffli'-:i'Vi3 (µglml) .. 

(µg/ml) (µg/ml)) (µglml) 

0 0.010823 0.010823 0.010806 0.010817 

24 0.016905 0.016901 0.016910 0.016905 

Concentration 0.006088 

increased 
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)I\ 

'JI 'JI 'JI 'JI 'JI 'JI I ' ... 
nm fl17lJ!'lJlJ'lJ'W'lJ0-!I fl17ll!'lJlJ'lJ'W'lJ0-!I fl17ll!'lJlJ'lJ'W'lJ0-!I fll!'iHW 

('11'11m) 
,, . ,, . ,, ' 

ni11 flirni'-:ivil fl\'J 1mrni'-:ivi2 fl\'J 1m;rni'-:ivi3 (µglml) .. 
(µg/ml) (µg/ml)) (µg/ml) 

0 0.009853 0.009830 0.009833 0.009839 

24 0.019336 • 0.019329 0.019323 0.019329 

Concentration 0.009490 

increased 

• \1)91.t:!! (LI <I , A 
rm~'fl'W~'Wffltl'Vl'W~ African Night Crawler t10t1ffmt1fllfl\Pl:;:n0'W1t10m:;:~1ll 

'JI 'JI ' 'JI 'JI 'JI 'JI I ... 
nm fl17ll!'lJlJ'lJ'W'lJ0-!I fl17:I.H'lJlJ'lJ'W'lJ0-!I fl17ll!'lJlJ'lJ'W'lJ0-!I fll!Qiltl 

(i'11m) 
,, ' ,, ' ,, ' 

flil 1flfffli'-:ivi 1 flil 1flfffl1-!lvi2 flil 1flfffl1-!l'Vi3 (µglml) .. .. .. 
(µglml) (µg/ml)) (µglml) 

0 0.007034 0.007019 0.007046 0.007033 

24 0.020044 0.020469 0.020473 0.020329 

\I 

Concentration 0.013296 

increased 
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d 9/ I 9/ 9J .F- i dl 9/ Jf "" "',I "" """" 
\911'.il~'Vl ~-5 !!'ff~~'Utl\Jrlfllfl'Jlllt'IJlJ'IJ'U'IJtl~u'.illlOHl~ fl'ff'Vl 'lf!'lftl~rl'U'VlHJ 3 l.1'1'1'1\91'.i'IJtl~ 

b} g}~ A C1.I ,I I 

t 'ff!~tl'U~'U 'ffltl't'l'U Blue worm tlt1tl'ff"1Wf11fl\.l::;flt1'U!tlt1m::;~n1 

9J 9J 9J 9J 9J 9J I d 
nm fl'JllJ!'lllJ'IJ'U'IJ ti~ fl'JllJ!'IJlJ'IJ'U'IJtl~ fl'JllJ!'IJlJ'IJ'U'IJtl~ fll!'i!rltl 

('11'1 il.l~) 
" ' " ' " ' 

flrl i fl'fffli' ~'Vi 1 fl~ iriirrif~'Vi2 flrl iriirrif ~'Vi3 (µglml) ., ., 

(µglml) (µg/ml)) (µglml) 

0 0.007705 0.007702 0.007692 0.007700 

24 0.015272 0.015271 0.015271 0.015271 

Concentration 0.007571 

increased 

d 9/ I 9/ 9J "F- i dl 9/ Jf "" "' ,I "" """" 
\911'.il~'Vl ~-6 !!'ff~~'IJtll.Jrlfllfl'JllJ!'IJlJ'IJ'U'IJtl~u'.illlW.flrl fl'ff'Vl 'lf!'lftl11"1'U'Vl'.itl 3 l.1"1"1"1\91'.i'lltl~ ., ., q 
lfl CV ,/ I Jt 
t 'ff!~tl'U~'U'ffltl't'l'U Tiger worm tltlt1'ffmt1mfl\.l::;flt1'U!tlt1tl'.i::;~1fl 

9J 9J 
fl'JllJ!'IJlJ'IJ'U'IJtl~ 

" ' 
fl~ iriirrif~'Vil 

(µg/ml) 

0 0.007513 

24 0.018145 

9J 9J 
fl'JllJ!'IJlJ'IJ'U'IJtl~ 

(µg/ml)) 

0.007552 

0.018163 

9J 9J 
fl'JllJ!'IJlJ'IJ'U'IJtl~ 

(µg/ml) 

0.007546 

0.018132 

Concentration 

increased 

' I "5 

mmr1t1 

(µglml) 

0.007537 

0.018147 

0.010610 
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fllflNU1fl 11 

,'1 _I '°' '°' lil:11"1 '°' v d , I 
NOfll1ftfl1Hu1~il''tlfifll'W'\IM &ff&YIHUY!Uil'lf.l'WU'.I! African Night Crawler Ufll1£10£1 

tJ01u m fl\JI~ n0uirl0m~ v1 nm, n 11.::i.::i m f.!\JI tJnmnii 

d 'JI , 'JI 'JI _ "= i d111 'J) a "" ., o' 
\91111.::i'YI 'il-1 Uft~.:J'llO'J.!"fllfl'JllJ!'lllJ'll'W'llO.:Jurn1wn~ flft'Vl ! ft!~O'W~'WftltlVrn~ African Night 

Crawler tlot1ft"1t1fllfl\Pl~flO'W!gt:im ~~l'l:l'illfl h .:J.:Jl'W0\911:Yl'ttmrn • 

'J) 'J) 'J) 'J) 'J) 'J) 

fl11lJ!'lllJ'll'W'llO.:J fl11lJ!'lllJ'll'W'll0.:J fl11lJ!'lllJ'll'W'llO.:J 
I d 

fll!lrntl 

(µg/ml) 

(µg/ml) (µglml) (µg/ml) 

0 0.0088 0.0098 0.0098 0.0094 

1 0.0216 0.0173 0.0178 0.0189 

2 0.0340 0.0297 0.0315 0.0317 

3 0.0492 0.0517 0.0501 0.0503 

4 0.0584 0.0654 0.0645 0.0627 

5 0.0815 0.0865 0.0840 0.0840 

6 0.0964 0.1024 0.1018 0.1002 

7 0.1029 0.1027 0.1034 0.1030 

8 0.1035 0.1018 0.1045 0.1032 
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