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This special project studied pretreatment of rice husk and maize bran by a combination of
chemical, physical, and biological treatment. Firstly, rice husk and maize bran were boiled in
sodium hydroxide solution at a temperature of 85 °C for 1 hour. Then the components were
digested by Trichoderma sp. to produce reducing sugar. The concentration of spore solution was
varied at 105, 106, and 10’ spore/ml. The reducing sugar was measured by Dinitrosalisylic (DNS)
method. The amounts of reducing sugar were found to be 4.18, 4.79, and 5.06 mg/g of rice husk,
respectively. With the spore concentration of 10’ spore/ml at 3 days of fermentation, reducing
sugar was produced at a maximum yield. Produced reducing sugars was simultaneously
fermented by Saccharomyces cerevisiae for 4 days in a process of bioethanol production. The

result of scale upgrading showed that 1 gram of reducing sugar yielded 0.375 gram of ethanol,

Pretreatment of Rice Husk and Maize Bran using Trichoderma sp.

for Bioethanol Production

Kanokwan Sae-ung
Thoop Songploy
Apichart Supsree

Bachelor of Science
Environmental Resource Chemistry
2010

Asst. Prof. Dr. Chalor Jarusutthirak

ABSTRACT

equivalent to 1.09 mg per gram of rice husk.

Keywords : rice husk, Tricoderma sp., reducing sugar, bioethanol, maize bran
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) [ L% 1 =) a dl dgj 9 =
7. Mmsdaansdesn laeTeumeuniiwnlsnguuniaauunie
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ada d
-3 TanzHifSanaemuea (Jekel, 2005)
a < a 4 =
AnszilSuaemueadiunsowna Iasun Inai(Ge) Taold Headspace Tums
fadetatn 1 imnziainnies GC
annzn 1 ums ez
Column : DB-WAX (Agilent J&W GC Column)
Column description  : Wordurugudnatsniouen 0.53 dadwas
y 1 4
durhgudnaramelu 0.25 Tulnswas

ANY 30 LUAT

Column temperature  : 120 D3FNwAIFOR (15 DR UTATOAADUIN UDI 120
RIFNYAUTEON)

Inject temperature : 250 peFFAITOH

Detector - FID (Flame-Ionized detector)

Carrier gas, flow rate ~ : Helium

dMsINT WA 40 Nadaasaeui

Pressure : 6 psi

a ) Y 9
1. wsenasazarouiasgiunielulasly Tnswivea (a-propanol) ANUUNUU
v a S| .
fovaz 20 laedSainesitlumsazaroninggiunigly (intemal standard)

v
3. wisyaazaeunsPemuealinan nsuealudasiaiuaci

ﬁymﬁmamu'aa(g) 1{mﬁﬂ1w3wmaa(g) 151wﬁn£1ﬂ§u(g)
1 5 9
3 5 7
5 5 5
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4. ldemsmasguudazanududuluviaudivuin 20 Tadans Nusdau
(septum) firhnalasasigumany (Teflon) asAatnuin smiusalladaon
pziitioy

5. msamelSuaemuealdimaineades-una lasu Inns il (HS-GC)lag
ﬁl%}tﬂ?mufc{ﬁiﬂiuﬂﬂﬂiﬁl (GC-17A Chromatograph, Shimadzu)

6. 1¥nodui DB-WAX (Agilent J&W GC Column)A213812 30 @35 UMY
Audnaa 053 Tadwas Anumuvesildy 1 Tunseu guygivesnadul 60
parniaiFoa 19823a (detector) ¥ia FID  TagllSugaumgiitiiny 150 099
waifed guvgive sk MIaiAms (injector) (MY 150 eeruvaFve Tdufa

a a [ = o o [ BS Y & y
maEmLﬂuwmﬂ%nmwmuﬂaauummu 6 psi



dy I d‘ Y o U 14 tﬂl = I g‘:v 1 Y o ¥ L84 1%
nanstiluenansianulidmsunsldanuienisfinwvingu lieygalmhluldussleviiunisen -

Lidnsdiles edu Snvinudlvidaudasiomuazdodnsdeiaivesenarsynassniinisuiiuly



~ [ a :’ Sl Yy 9 5 1 a aa
AT NN A-1 ﬂ']i']ﬂﬂiil’]mu']ﬁ']afl]']ﬂllﬂa‘ﬂcluﬁ'ﬁﬁga']ﬂﬁﬂ@iﬂuﬂj'u]l‘lﬂmu 10 ﬁﬂﬂiﬁﬂuaaaﬂi
' A = y gy .
B D T AINIgANAULAIN ANNUUYNVYHUYBIUIAG
FIIDY NN MDY dilution V) Tila e
3 540 ‘Hfiuluﬂi (UN/DNHINHNUTIY)
(@)Y (I) factor ==
#1 #2 #3 #1 #2 #3 fAunag
FANANDI 0.010 0.009 0.008 2 0.441 0.397 0.353 0.397
0
GIg'ﬂLLUaQﬂ( 0.014 0.018 0.013 1 0.309 0.397 0.287 0.330
1 YANAADY 0.014 0.011 0.019 2 0.618 0.458 0.838 0.647
élg'ﬂl.l,ﬂa\iﬁ 0.028 0.024 0.025 1 0.618 0.529 0.551 0.566
2 YANANDY 0.048 0.043 0.054 ) 2.118 1.897 2.382 2.132
‘Ijﬂlﬁlﬁ\‘iﬁ 0.035 0.038 0.032 1 0.772 0.838 0.706 0.772
3 YANADDI 0.061 0.074 0.068 2 2.691 3.264 3.000 2.985
‘]gﬂLL‘Ua\iﬁ 0.059 0.061 0.057 1 1.301 1.346 1.257 1.301
YANANDI 0.091 0.104 0.089 2 4.015 4.588 3.926 4.176
4
‘IzﬂLL‘Uf‘Nﬁ( 0.064 0.064 0.065 1 1.411 1.411 1.434 1.419
FANATDI 0.102 0.119 0.105 2 4.500 5.250 4.632 4.794
5
‘Igmmmﬁ 0.073 0.072 0.079 1 1.610 1.588 1.743 1.647
AUNIVINTINNIATTIU y
A dy g a dy a Aa Yy Y 5 d1 a aa
*ﬁlnﬂﬂ’”ﬂ YANAADN 1G] UAAUNANRNIY 2% NaOHUDSIANLYD Trichoderma sp. NUANUANUUY 10 ﬁﬂ@iﬁ@uaaﬂﬁi
¢ 4 Ay g e — -
TALUAIN o UNAUNANAIY 2% NaOHLm:”hJLmJlflf’e) Trichoderma sp.




{ @ a °y P Y 9 1 a aa
ﬂ']'i'l\iﬁ -2 m':nﬂﬂimmmma%1mmaUiumsazmaﬁﬂaiﬂﬁmmwumu loéﬂﬂﬂﬁﬁﬂNﬁaﬁﬁi
ol e mnsganauueai anudutuveia
GRLINT GRLIN dilution R
i 540 W HNNS LRIV
(@)2)) (¢(2)) factor ——
#1 #2 #3 #1 #2 #3 ANAE
FANAADI 0.011 0.007 0.009 2 0.485 0.309 0.397 0.397
0
AR 0.014 0.018 0.013 1 0.309 0.397 0.287 0.330
YANANDI 0.017 0.021 0.016 2 0.750 0.927 0.706 0.794
1
YAUVALA 0.028 0.024 0.025 1 0.618 0.529 0.551 0.566
YANAADY 0.037 0.029 0.038 2 1.623 1.279 1.676 1.529
2
"]!ﬂ!.&‘ljﬁﬁﬁ 0.035 0.038 0.032 1 0.772 0.838 0.706 0.722
YANAADI 0.084 0.081 0.093 2 3.706 3.574 4.103 3.794
3
6f[g'(all,l,‘Uan’{ 0.059 0.061 0.057 1 1.301 1.346 1.257 1.301
PFANATDI 0.104 0.113 0.109 2 4.588 4.985 4.809 4.794
4
‘Ig'ﬂLL‘lJﬁQﬁ 0.064 0.064 0.065 1 1.411 1411 1.434 1.419
FANAADI 0.097 0.091 0.085 2 4.279 4.015 3.750 4.015
5
‘IjﬂLL‘UﬁQﬁ 0.073 0.072 0.079 1 1.610 1.588 1.743 1.647
ﬁ'ilﬂ']‘iﬂ]@\‘lﬂi'lwu'lﬂiﬁ'lu y
R a 49 9 = & | Aa v v 6 Y1 a aa
TUULYIR YANAQD o UAAUNANAIY 2% NaOHUDSIANIYD Trichoderma sp. NUANUUNUYU 10 ﬁﬂﬂiﬂ@ﬂaﬁaﬁi
4 = sy g T a Ay 3
YALVAIA fo unNaUNANAY 2% NaOHuaz Liaude Trichoderma sp.




~ [ a g’ P Yy 9 7 1 a aa
a3 a3 msdedSwanihmannunavlumsazateatlesilanududy 10 a1lesneiiaaans
e e ANIgANANLEIH anududuvenima
AIBVYINN 130819 dilution I
g 540 111 HIHAS (HA./DINATINUAQ)
(W) (1) factor e
#1 #2 #3 #1 #2 #3 Aunde
FANAADA 0.013 0.016 0.011 2 0.574 0.706 0.485 0.588
0
qgmmmﬁ 0.014 0.018 0.013 1 0.309 0.397 0.287 0.330
FANARDI 0.037 0.026 0.031 2 1.632 1.147 1.367 1.382
1
YALLAIA 0.028 0.024 0.025 1 0.618 0.529 0.551 0.566
LANADD 0.067 0.073 0.092 2 2.956 3.220 4.059 3.412
2
YALUAIA 0.035 0.038 0.032 1 0.772 0.838 0.706 0.722
LANADDI 0.129 0.135 0.137 2 5.691 5.956 6.044 5.897
3
YALLLDIA 0.059 0.061 0.057 1 1301 1346 1257 1301
LANADD 0.084 0.092 0.085 2 3.706 4.059 3.750 3.838
4
YALLAIF 0.064 0.064 0.065 1 1411 1411 1.434 1.419
YANAADA 0.052 0.054 0.051 2 2294 2382 2250 2309
5
YALLLIAIS 0.073 0.072 0.079 1 1.610 1.588 1.743 1.647
AUMIVRINTININTFIU y
A Ay a dy % Aa 9y 9 7 d1 a aa
*NUBLG YANARDY Ao unauNANAIY 2% NaOHUAZIANITO Trichoderma sp. NUANUANIU 10 dilosnoliaaans
% A dy 9 e A
YALUAIA Ao UAAUNANAIY 2% NaOHaz LilAuEe Trichoderma sp.




o Sl Y o s ) 6 S1_a_aa
AT NN A-4 ﬂ"li'JﬂﬂﬁiJ’lﬂlu']ﬂ']ﬁinﬂi’]ﬂEJTUGluﬁ'ﬁaga']ﬁlﬁﬂﬂﬁ‘ﬂﬂﬂ']'uﬂsuuﬂlu 10 ﬁﬂﬂiﬂ@ﬂaaﬁﬂﬁ
v A = vy .
e o AMNIGANAULEIN ANNTNTUYRINMA
BLERNT GRLIN dilution CHn AN
- 540 NS (HN/NINHHIUHY)
) @) factor ==
#1 #2 #3 #1 #2 #3 Aunag
FANAADI 0.012 0.016 0.015 7 0.529 0.706 0.661 0.632
0
ﬂlgmmaaﬁ 0.019 0.020 0.017 1 0.419 0.441 0.375 0.412
gANAABY 0.036 0.037 0.039 p 1.588 1.632 1.721 1.647
1
‘IjﬂLL‘Uﬁ\iﬂ( 0.028 0.031 0.031 1 0.618 0.634 0.634 0.662
PYANAADY 0.043 0.046 0.046 2 1.897 2.029 2.029 1.985
2
°1gmmmﬁ 0.043 0.054 0.049 1 0.949 1.191 1.081 1.074
PYANADDI 0.071 0.075 0.081 Q 3430 3.309 3.574 3.338
3
“ljﬂLLUaﬂﬁ 0.067 0.072 0.078 1 1.478 1.588 1.721 1.596
FANADDI 0.124 0.119 0.127 2 5.470 5.250 5.603 5.441
4
‘]qfﬂLL‘UﬁQ?T 0.075 0.074 0.083 1 1.654 1.632 1.831 1.706
YANAADI 0.074 0.070 0.079 2 3.265 3.088 3.485 3.279
5
‘IzﬂLl.‘U'ﬂiﬁ 0.091 0.084 0.084 1 2.007 1.853 1.853 1.904
ﬁllﬂ']i‘ll'ﬂ\?ﬂ'i']wﬂ']@ﬁﬁ'lu y
A ° Ay v el . A v 9 6 1 a aa
*"Hll']ﬂl,ﬂﬂ ‘Ijﬂ‘ﬂﬂﬂa\i o TINUIUNANAY 2% NaOHLLASIANLYD Trichoderma sp. NUAITUIUINUU 10 ﬁﬂamauaaam
-4 A o Ay 9 1 a dy
"IZﬂLL‘]Ji’Nﬂ o FINYIUNAUAIY 2% NaOHLLﬁzulﬂJLﬁll!."lfﬂ Trichoderma sp.
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M319h A-5 AgAnAULAIVBIMsayatong Indu1AsgIu NANEIAAY 540 U1 THLAST

Yy v v A
anududunglaa AMMIgANAUIAY
(Naan3uneiiaaans) asafi asaiiz alaiis
0 0.000 0.000 0.000
0.2 0.106 0.113 0.115
0.4 0.204 0.245 0.249
0.6 0.309 0.364 0.363
0.8 0.432 0.473 0.481
1.0 0.557 0.583 0.659
aums y=0541x | y=0541x | y=0.541x
0.6
¢
O\
&
=
7 D.E 0.4 =
B = y =0.541x
= 5
e F R? = 0.9969
€ To3
&? 1
e =
= & 0.2
e g
2
ﬂ
I
T 10,1
0 I I I I ]

02y 5 04 0.6 0.8 1
AIANYUVDIEITaZ N IATINASEIM (3IN/NA)

1.2

51l a-1 Medunsnasgmvesmsmanududuvesasazatong Inauias giu




15197 A-6 uaaetSuan UL IUYe N IUBANINDATIFIUBNIUDAAD INTWNIUDA
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i ANV NIUDA
A Av \ v
NUNOAABMUDAABININIUDA }
(Gowazlaslsnas)
0 0.000
0.2 0.067
0.6 0.200
1.0 0.333
<
g
=17
=
= 1
E
-2
e ORF
@
=
Z 06
= y = 0.0304x
> d
g 04 2
= R’ =0.9982
~ 04
(=1
s
= 0 I
=
Bﬂ;
0 10 15 20 25 30
e muea (Seazlaglsnng)
a a @ ' ' Y Y
51 a-2 nsmuaalSinaenueanndasaduszniuemueany Insmusans GC
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{ a 1 { o a a1 [ a
GI'Ii'N"I‘/:'I f-7 W']i'lﬁJLﬂ?J';ﬂN 9 ﬁ‘l/l']ﬂ?i’)lﬂi']%ﬂﬂ@ﬂltﬁ%ﬂﬁﬂWﬂ(‘l‘l‘UTﬂL’ﬂVﬂLl’Ga

fouwanluleteniuea

ndman luletemuea

v

Py

3 ’ USinaiwiasand Auildns **F11 5w
ZRBIN YSnanihanaiaadg YSnaniwnasand by, A .
A1 Abs ' fpH | fi1Abs ' #1 pH fign 14 (mg/mi) Yp3eNIUDARAD eNIUBa e
SULUTA* (mg/ml) fman* (mg/ml)
Tnswiuea (mg/ml) (g/ g of glucose)
YANADDY 0.251 0.40 4.5 0.012 0.019 4.2 0.381 0.0006 0.15 0.40
“]jﬂVIﬂﬁaﬂﬁﬂ 0.218 0.35 4.5 0.007 0.004 43 0.346 0.0005 0.12 0.35
Blank 0.251 0.44 45 0.247 039 46 0.06 0.0001 0.02 0.02
Blank(‘-‘h) 0.218 0.40 4.5 0.214 0.34 4.5 0.06 0.0001 0.02 0.02
FARIUAN 1 180 45 0.644 1.02 43 178.98 0.0293 7.607 0.448
gAnAN 1 (F7) J 180 45 0.593 0.95 45 179.05 0.0323 8.406 0.493
YANIUAN 2 - 0.375 4.5 0.013 0.02 4.4 0.355 0.0007 0.153 0.431
AANIUA 2 (57) - 0.375 45 0.017 0.03 44 0.345 0.0007 0.153 0.443

LERINTEG

YANADDY
Blank
YANIUAN 1

FANILAN 2

= 9/ o oy Aaa 4
*FUNITN I IUATAILIMIIAIATAIS v = 0.6292x

wrgumMIn 1y lumsiuindTunaemuea y = 0.0304

v

o ald a 4 4
A9 111A183AIFNNNTNAABUAUYBTAA Saccharomyces cerevisiae

v

o))

9 11718592

o T a 4 = 4
F91NN1TNAADL LIANOBAR Saccharomyces cerevisiae

Y v v v
fie nglaa 18 nsulaluingu 100 TaddnsAnTo Saccharomyces cerevisiae (Uswanirmang Inadailu 0.1 Tua)

v ' v vy
fin nq Ina 0.0375 n¥ulaluinau 100 TaddnsiAnde Saccharomyces cerevisiae (UTmanihmnang Inalndifesiuganiinanes)




d’j I dl Y o o £ dl = 1 g:' 1 Y o ¥ €Y 14
nansiiluenarsianulidmsumsldnuienisfinwivingu leygnlnhluldusslesimunism

' P~ & a U v agve & 9/ e A et 1 2 O A o v
lujqﬂiﬂﬂ,fﬂﬂ U @ﬂV]QW']?JlIELW@I@LLTJaQLu@W'WLLagmﬁN@qQE}QﬂﬂL"i]']"U@QL@ﬂaqiv‘}ﬂﬂﬁﬂmuﬂqiu’]‘lﬂ%ﬁ



v o d =S d
3-1 miuummuﬁﬂﬂmm 1l 5!9\53“@“5213@12]@'1]@5

v o o = a oo ] A 1 9
1). Llﬁﬂﬂﬂﬁullmu’)u’dﬂﬂifﬂﬂiu81111%1@111!%@3%11«!’31! 5 "]f’e]ﬂ‘i’iiyﬂﬂ FOIUUBY

FOIUUVI FOIANUN Fosa19ionaznsena1l dqandlugy -1

51t 91 5l Jaiimes

1 9

o A w YA
Suatesnivldae sosuudie = 37
¥OIUUVI =20
¥9IA19UN = 36
] 1 Y
IR = 25

ATINANY =41

a 37+20436+25+41

o)

@ o’/’ a Jd a P iy s
muu‘ﬂimm 1 Qﬂmﬁﬂmumumuqaumﬂ

= 31.80 d1ley

—31.8x4x10°

9 G B aa
=127x 10 aosaolaanns

o J
2). uaasnsmualumsmsouasazaedilos

910 CV,;
unua (1.27x10° adlosaeiasans)(V1)

Vi

= CV

2

(10° aiosaniiadans)(200 adans)

(10° a1lossolaaans)(200 Haaans)

(1.27x10° erilossoiianans)

1.57x10" Uaaans

Il

157 lulasang

56
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v g a 5 aa
3-2 mmwmmuazﬂimmmmmmaimm

v
o o a a 4 a ]
) mssmouanuduiuyenin1aI AaFInns AT IZEMINEUT 1Y gAnTNAaDT

I~ A

{ 4 d 1 a aa [ -
AnaNududuvesasazaedles 100 adeineiiaaans UAINITGANAUUAININY

0.010, 0.009 L@ 0.008 ANAIAY
annsldaumsy  =0.541x

U y =0.010 (AS9N 1)

0.010

0,541
=0.03

Unu y = 0.009 (AS99 2)

0.009
S 0547

=0.03

Uy y =0.008 (A597 3)

0.008
o541

=0.02

o & 1 y % S OALLEI N 0.034D0340.02
ANHUATNNUVNVHUYDIUIAATAILLINAY O 3 =0.03 Un./ua.

o a :, a PP ¥
2)  mssnalSnanihmasadninaiu
: 0g J Y 9 5 1 _a aa
iminunauvesganisnaaovesdsazaeaesituiu 10° dlosreiiaaans =10
A5
' Yy 9 a 2 PR e i v o A
AU Ut uvelSinanimaTalwane A19g199 0 () Ao 0.03 NN./UA.

v Y

Ysmesihmanaruareansnaned Ao 120 Iadans
(0.03 wn./ua.)(120 fadans)
10 a3y

w 3 a :’ aa  da a d?’
gy Usunaiheiasaagninauu



3-3 msawadSnatemuea

1 [
11NYANARBIH1DT amnsnsumiuildnsvan TasunTnsunsu ldmidy 0.205
v

[l v '
FalmheangInadsuim 18 nfu lalwinaudSuias 100 Taddas

NTUNIT y =0.0304x
y

 0.0304

00293

_ 0.0303

X =0.96 (%v/v)

ANMAUMUUVDADOMIUDANIND 0.789 g/ml

X = 0.96x0.789

X =0.7607 (%ow/v)
X =0.7607 g/100ml
X = 7.607 mg/ml

9
=

v i
fmanududuveaemusaveuiniang laalumiseliaaniudensung Tnaw ldasil

maga = ) ,
X(El_éll) XPsnamenmweamiavua(ml)

anududuveIe MUY (mg/g nYlad) = ; T
Fiashaanglnaiildlal (g)





