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Table 10 Cellulose and lignin in palm pressed fiber after pretreatment and no pretreatment.

FBMIeson panlsznevveudulehdy (osiFud laesimin | Usmaimasndimswsoy (osidud laeimiin) [1Usuadniuianas
a S I o
. sTeznmEsifonl o - P Wsmandule | _ A (osidualay
GARTGHY . Ysunausaglae | Ysuadniy | dsuannuiu ) Ysnansaglae | Usmadaniiy o
(W) 1au UIMUN)
No pretreatment - 29.82 £0.57 17.79 +0.47 9.53+0.15 100.00 = 0.00 100.00 £0.00 | 100.00 = 0.00 23.01 +0.67
15 4121+1.02 | 21.75+ 0.93 8.70 + 0.09 66.06 + 0.90 91.28 + 2.53 80.76 +3.25 1924 +3.25
NaOH
30 41.69 +£0.94 22.20 +£0.86 8.66 +0.33 65.27 £0.08 91.23 + 2.12 81.43 +£3.23 18.57 £3.23
1%, w/v
60 39.60 +1.08 21.80 +£0.98 8.51+0.20 64.60 +0.99 85.76 £ 2.05 79.16 +£3.97 20.84 +3.97
(Commercial grad)
90 39.94+1.12 22.50+1.07 7.56 £0.20 63.33 +£0.85 84.81 + 2.04 80.12 £ 4.60 19.98 £4.60
15 47.74 £0.34 19.75 £ 0.90 9.22 +£0.06 53.27 +£0.89 8527 £ 1.14 59.16 +£ 3.58 40.84 +3.58
NaOH
30 49.96 £ 0.92 19.80 + 0.62 9.28 +0.07 50.14 + 0.64 83.97 + 0.48 55.82 231 44.18 £2.31
5%, w/v
60 51.75 £ 0.65 18.17 £0.20 9.32+0.15 43.19+£0.40 7494 + 1.63 44.11 £0.80 55.89 +£0.80
(Commercial grad)
90 49.87 £0.70 18.24 +0.14 9.40 + 0.09 42.09 +0.75 7038 + 1.01 43.17 £1.02 56.83 + 1.02
15 54.13 £0.87 20.48 + 0.66 9.02 +0.05 48.55+0.79 88.09 + 0.26 55.86 = 1.10 44.14+1.10
NaOH
30 46.05 +0.72 18.73 £0.68 8.71+0.07 47.04+0.73 72.64 + 1.72 49.52£2.16 50.48 +2.16
10%, w/v
60 49.39 +0.24 20.00 +0.88 8.72 +0.00 39.22+0.42 62.61 = 2.50 44.83 +0.85 55.17 +0.85
(Commercial grad)
90 4422 +1.34 19.69 +£0.75 8.97+0.24 38.13+0.94 56.53+ 1.94 42.19+1.99 57.81+£1.99
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15 4796 £0.51 22.50+0.92 8.73 £0.13 45.59 £0.49 7331 £ 041 57.64 +£1.92 42.36+1.92
NaOH
30 49.03 £0.88 19.66 £ 0.34 9.08£0.18 42.59+£0.15 70.01 £ 1.40 47.06 +0.94 52.94 +0.94
15%, w/v
60 45.99 +1.24 18.83 £0.35 9.03£0.10 38.97 +0.50 60.09 £ 1.50 41.25+1.29 58.75+1.29
(Commercial grad)
90 45.62 £0.93 21.99+0.32 9.40 £ 0.04 36.27 +0.99 55.50 + 2.65 44.84 +1.82 55.16 +1.82
15 32.91+0.78 20.64 +1.17 7.75 £0.06 86.07 £ 0.31 9497 + 2.57 99.30 +4.83 3.37+£1.99
Ca(OH)
: 30 34.03 + 1.46 19.97+1.16 7.67+0.17 83.31+1.91 94.52 + 5.05 93.47 +4.77 6.53£4.77
1%, w/v
60 37.17+1.22 20.39 +0.42 7.49 £0.43 82.84 +£2.02 101.47 + 3.95 94.96 + 3.81 5.04 £3.81
(Commercial grad)
90 34.43 +1.87 21.16 £ 0.61 6.62 £0.23 83.57+1.67 95.91 + 5.05 98.86 +4.08 2.85+3.96
15 31.84+1.44 19.98 £0.43 8.51+0.11 84.69 + 1.06 90.40 +3.18 95.11 +2.49 4.89 +2.49
Ca(OH)
: 30 32.96+1.11 21.12 £0.68 8.44 £0.02 81.21 £ 0.87 89.74 £ 2 .44 96.40 +2.27 491+0.24
5%, wiv
60 33.55+1.15 19.64 +0.68 8.73 £0.13 80.65+1.82 90.69 £2.22 89.07 £5.06 8.18+£2.42
(Commercial grad)
90 31.97 £1.30 18.89 £ 0.80 7.76 £0.09 81.23 £0.59 87.07 £3.52 86.28 £4.28 16.19 £0.22
15 30.76 £ 1.61 18.70 £1.20 7.92+0.11 84.13+0.76 86.75 £ 4.40 88.37 + 4.89 11.63 £ 4.89
Ca(OH)
: 30 30.29 +1.85 17.84 £1.08 8.03+0.15 81.76 £1.01 83.06 £ 6.11 81.99 + 5.16 18.01 £ 5.16
10% , w/v
60 29.18 +1.87 18.10 £ 0.81 7.27 £0.09 81.88 +£1.21 80.15 £ 6.20 83.32 + 4.34 16.68 £ 4.34
(Commercial grad)
90 30.97 +£1.10 17.13+0.19 6.80 +0.05 80.81 £ 1.11 83.88 + 1.84 77.78 £ 1.60 2222 + 1.60
15 3574 +£1.76 19.96 +0.38 8.50+0.10 82.50£0.80 98.84 +4.17 92.57 £2.55 7.43 £2.55
Ca(OH)
: 30 3141+1.13 19.40 +£0.32 8.40 +£0.09 82.16 £0.77 86.54 £3.17 89.57+2.12 1043 +2.12
15%, w/v
60 33.91+1.24 20.52+0.27 8.68 £0.01 80.47 +£1.29 91.53+4.54 92.81 +£1.82 7.19+1.82
(Commercial grad)
90 34.54 £ 0.67 19.63 £0.95 8.02 £0.07 79.71 £1.27 92.32+2.74 87.99 +£5.34 12.01 £5.30
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Table 11 Activity of commercials cellulase.
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b Aa 2 d a J
R , Wmasaad Ysnanenlasi panssuvesoulasl
(M33sI0aN3) (HadnSuseiiadans) (FPU/mg enzyme)
IFAQIATIINGD A. niger 1.42 4.08 0.097
IFAQIATNGD T. reesei 235 3.00 0218
I¥AQAAVINGD T, viride 2.11 327 0.179

~ Aa a Y a 4 4
ATINN 12 1Jﬁll'lmﬂ%ﬂiillGll’f]\‘]lﬂgn-ﬂ@jﬂcﬁlﬂﬁclulauul“lflll“]faglaﬁﬂ'l\iﬂ'ﬁﬂ']

Table 12 Activity of commercials B—glucosidase.

H aa ¢ a ¢ a ¢
- , Wnasaad Usmnanerlasl panssuveaeu ]l
(MSunodns) Gladn3uneiiaaans) (IU/mg enzyme)
IAQIATIINTD A. niger 14.95 43.50 0.064
IYAQIAAVINGD T, reesei 0.09 7.73 0.002
I¥AQIAAVINGD T, viride 1.28 7.30 0.033

2.2 wamsInsizrinonssuveseluiium-nglnBiaa

d' a a 9 a 4 9 a 9
#1319 13 ']JSll”lmﬂi]ﬂiillGU’ENGIJ@QLUG]”I-T‘IQIﬂ%tﬂﬁiul@umﬁmﬂﬁ%ﬂgIf"l"]ﬂﬂﬁ‘ﬂﬁﬂ”ﬁﬂ”l

Table 13 Activity of commercials B-glucosidase.

H aa ¢ 2 ¢ a ¢
- , Wma3nad Yaananenlal GRNERIGNIGINLTY
(Muredas) | (HadnSuseiiadans) (IU/mg enzyme)
J
wé-ng Iadaaninide A. niger 0.75 10.90 0.025
1d-ng IadAa91n almonds 1.54 230 0.248
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' Y ' 1
M9 14 Usuanhiena taznesiduamsldsundas 7ldanms lalas lagdaduleldu

A A Yy v L4 a a
NATIULAD mmau"lwmagma ']Jilﬂﬂ! 10 FPU/g substrate “lumsa:mw

o 4 a (% 1 1
wsatiumos Wow 4.8 QUMY 35 DIAUFALTIE DATINITVET 160 TOUADUIN

Table 14 Reducing sugar and %Saccharification from pretreated palm pressed fiber hydrolysis by

cellulase 10 FPU/g substrate in citrate buffer pH 4.8, 35°C on orbital shaker 160 rpm.

IBAGIAaVINGD A. niger

IHAQAaVINGD T. reesei

IHAGAANIMTD T. viride

nn | ., | wleddud s, | weddud | ., | nledidud
i HIMAaINIa HIMaINIa HIMaINIa
(F29) o ms o - ms v 1A s
(NSUNDANYT) r (NTUNDANYT) o (NSUNDANYT) r
nagunlag wagwlag nagunlag
0 0.76 X 0.00 | 1.65% 0.00 0.77 £ 0.00 .68+ 0.00 | 0.77£ 0.00 | 1.68%0.00
24 490% 020 | 10.68 % 0.39 593t0.17 1270+ 0.12 | 518%X0.97 | 11.27+2.09
48 5231028 | 11241057 9.72 +0.97 2061 X133 | 8.14%057 | 17.58£0.92
72 6011037 | 13.11%x 0.77 10.42 £ 0.47 2244+093 | 855%X041 | 1836 0.65
96 6.651t062 | 1410E1.05 1121% 095 | 2422%207 | 896+025 | 19.25F0.76

3.2 wamslalaslagadulathaudreevlmimagaananiviwm-ngladiaa

v Y v v
M13199 15 YSuaniena vazilesiduamsnldeundas nldanms lalas ladaduleldu

A A Y 9 4 a 1Y 4 Y
NATIULLA mmaullﬁlfm%agmﬁ 5w 10 FPU/g substrate Nﬁuﬂmau"lc]mmm—

nglABad 10 TU/g substrate Tud1sazatodiasaivmlos o 4.8 gauvgh 35 oaen

e ORI 1NITE 160 5OUADUIN

Table 15 Reducing sugar and %Saccharification from pretreated palm pressed fiber hydrolysis by

cellulase 10 FPU/g substrate mix B-glucosidase 10 IU/g substrate in citrate buffer pH

4.8, 35°C on orbital shaker 160 rpm.

mm—ngiﬂ«?mamm%a A. niger 1we-ngla%iaaaIn Almonds
nan (#Tu9) Wmasaad wesifuams Thmasand wesiduams
(MSuApans) wagnla (MSuneans) wagunla
0 0.77 £ 0.00 1.68 £ 0.00 0.77 £ 0.00 1.68 0.00
24 7.86 1 0.04 16.30 £ 0.09 6.05 1 0.02 12.86 £ 0.05
48 12.93 £ 0.08 28.04 £ 0.02 12.76 £ 0.01 27.41%£0.12
72 16.48 £ 0.06 36.00 = 0.33 14.08 £ 0.10 29.88 1 0.80
96 18.22 £ 0.08 39.54 1 0.38 15.67£0.11 33.6210.15
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4. HaMIWaAPMUOAULY SSF
4.1 Binasdrlehdufivnnzas

m31a7l 16 USinaemuea uas Y, i l80nmsndaemueanyy ssF TaslduSinandule
TduiEudu 90, 100 ag 110 nsudeans Usuaneulsiivagaaain 7. reesei 8
FPU/g substrate Herui U 1uA1-ng IAFAd9I0 4. niger 8 TU/g substrate Tud1sazatod
wsntiules fitor 5.0 gaungdl 35 ssruvalFod 6a51MT1v81 160 ToURBUINA 1TU
sveza1 24 7T

Table 16 Ethanol concentrations and yield after ethanol production by SSF using initial palm
pressed fiber 90, 100 and 110 g/L. Cellulase from T. reesei 8§ FPU/g substrate mix B—

glusidase from A. miger 8 IU/g substrate in citrate buffer pH 5.0, 35°C on oribital

shaker 160 rpm for 24 hr.

Ysanandulethaw Sunatemuea Yield
(MSunean3) (hSuADaNI) (€ o camnd)
90 8.2210.02 0.17 £ 0.01
100 10.44 = 0.01 0.19£0.01
110 10.45 £ 0.01 0.18 £0.01

a

4.2 QaungimInzan

A1319% 17 Usuaemuea taz Y. nldanmsnaaemueanyuy SSF Iagldisuandules

thdwFudu 100 nfudedas U5uamewlalisagiaeain T. reesei 8 FPU/g substrate
HANAY 1WA-N IAFIAAIN A. niger 8 TU/g substrate ludisazatoFasatiumos i
19% 5.0 QAN 30, 35 uay 40 pIANFATYA BNTINTIVET 160 TOUADUIN 15
s3uz7a1 24 52119

Table 17 Ethanol concentrations and yield after ethanol production by SSF using initial palm
pressed fiber 100 g/L. Cellulase from 7. reesei 8§ FPU/g substrate mix B—glusidase
from A. niger 8 1U/g substrate in citrate buffer pH 5.0, 30, 35 and 40°C on oribital

shaker 160 rpm for 24 hr.

QMUHA USinaemuoa Yield
(@I HaFera) (MSunvans) (€ cion’E cattond)
30 8.61 £0.26 0.16 £0.03
35 10.44 £ 0.01 0.19 £ 0.01
40 9.90 £ 0.08 0.18 £0.02
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43 Tevimanzay

M7l 18 USinauemuea uas Y, i l80nmsndaemueanyy ssF TaslduSinandule
thdwFudu 100 nfudedas USmanewlalinagaenin T. reesei 8 FPU/g substrate
HANAY 1WA1-N IAFIAAIN A. niger 8 TU/g substrate ludisazatoFasatiumos i
19% 4.5, 5.0 UL 5.5 QUK 35 VIR UYATIT FATINTVE 160 50 UADUIN S
syazan 24§19

Table 18 Ethanol concentrations and yield after ethanol production by SSF using initial palm
pressed fiber 100 g/L. Cellulase from 7. reesei 8 FPU/g substrate mix B-glusidase
from A4. niger 8 IU/g substrate in citrate buffer pH 4.5, 5.0 and 5.5, 35°C on oribital
shaker 160 rpm for 24 hr.

- Sasemuea Yield
oy o -
(niuﬂaaﬂi) (g EtOH/g Cellulose)
45 10.14 %025 0.187 £0.023
5.0 10.44 +0.01 0.193 1 0.008
55 7.80 2 0.20 0.144 £ 0.019

4.4 Wanasenlifimnzan

m319d 19 USinauemuea waz Y, i lennmssamemueanuy SF TaslduSimandule
thduisudu 100 nfudedns Usinaenlafisagaain 7. reesei 4-10 FPU/g
substrate WA 1DA1-NQ IABIAAIIN A, niger 4-10 TU/g substrate 1UA1502010F
wsaifuied Mo 5.0 garvgil 35 esruaaiFoa dns1nswd1 160 souaewi 1ilu
s3uz7a1 24 52119

Table 19 Ethanol concentrations and yield after ethanol production by SSF using initial palm
pressed fiber 100 g/L. Cellulase from 7. reesei 4-10 FPU/g substrate mix B-glusidase

from A. niger 4-10 1U/g substrate in citrate buffer pH 5.0, 35°C on oribital shaker 160

rpm for 24 hr.
YSananenlasi 51namemuea Yield
FPU/g substrate : IU/g substrate (hSunpanNI) (8 sion’ cenutosd
4:4 6.6710.16 0.123 £ 0.015
6:6 10.42 2 0.01 0.192 £ 0.007
8:8 10.44 = 0.01 0.193 £ 0.008
10: 10 10.54 £0.02 0.195 % 0.009
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A1319% 20 USuaemuea taz Y. nldanmsnaaemueanyuy SSF Tagldsuandules

EtOH

s A o 1A a 4
ﬂwamsué’u 100 NIUNBDANT ﬂimmmu"lwwagmﬁmﬂ T. reesei 6 FPU/g substrate

HEUND 1WAT-NQ IATIAAIIN A niger 2-6 FPU/g substrate 1U@13a2019F

@ a @ 1 1 I
wsatiumles Wity 5.0 gauvgil 35 oA 6as1N151v81 160 SoUABUIT 1T

s28zIa1 24 %2 139

Table 20 Ethanol concentrations and yield after ethanol production by SSF using initial palm

pressed fiber 100 g/L. Cellulase from 7. reesei 6 FPU/g substrate mix B-glusidase

from A. niger 2-6 IU/g substrate in citrate buffer pH 5.0, 35°C on oribital shaker 160

rpm for 24 hr.
USanauenlasi 5namemuea Yield
FPU/g substrate : 1U/g substrate (M3unDANST) (€ 1ion€ camond
6:6 10.42 2 0.01 0.192 £ 0.006
6:3 10.38 £0.07 0.192£0.017
6:2 7421 0.01 0.137 £ 0.005
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=1 4 a
gaa JUN1sHaANIUDALLY SSFE 19

a s A o 1T Aa a 4
Tlsmanduloihausudu 100 nSudedns Usaseuladwagad 910 T reesei

6 FPU/g substrate WaANHD 1UA1-NgIABIATIN A niger 3 TU/g substrate U

msazatedmsatiules fiey 5.0 gungil 35 oAl as1N151vE1 160 50U

1 = Y A A I o3| o
ADUIN wmmﬂmillﬂmllacmm 35 DAL ALK YT Wuszeza 6 “]5’3111@

Table 21 Ethanol concentrations, pH, reducing sugar and yeasts between ethanol production by

SSF using initial palm pressed fiber 100 g/L. Cellulase from 7. reesei 6 FPU/g

substrate mix B-glusidase from A. niger 3 1U/g substrate in citrate buffer pH 5.0, 35°C

on oribital shaker 160 rpm for 24 hr. After hydrolysis at 35°C for 6 hr.

Ia : Aa  d &' = d
a ﬂimmmmuan HINAINIA - yagan
e:/ v 1 A v 1. Aa Ny d 1 A aa
(129) (NTNABANYT) (NTNABANT) (¥aandNaaansd)
-6 0.00 £ 0.00 478 0.08 5.00 0.00 0.00 £ 0.00
0 2541021 13.82 038 5.0210.01 9.00 x 10" £ 35.36
12 8.87X0.11 9.53 1 0.07 4931 0.04 166.80 x 10" £ 254.56
24 10.43 2 0.01 10.28 1 0.28 48310.04 184.00 x 10" £ 141.42
48 7341021 10.99 +0.76 4811002 202.00 x 10" £ 1202.08
72 6.49 2 0.59 12.17 £ 1.05 4.80 = 0.01 194.00 x 10" £ 212.13
96 4901 0.75 13.13F 1.46 479 +0.01 160.00 x 10" £ 989.95
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4.7 manJasunilasvesmswamemueanuy SHF

9
= J A A 4

aMT199 22 Fnaeniuea, Now, ihea3and uazimedad lumsnaaoniuoauiy SHE
TaolsSinandulethauisudu 100 nfudedns lalasladalaoldSuramen lad
IFAQLATINN T. reesei 6 FPU/g substrate NN L‘]J&%H-ﬂ@jﬂ“?ﬂﬂﬁﬁ]”lﬂ A. niger 3 1U/g
substrate lua1sazatedmsaiiules fie 5.0 guugll 50 earusaIFed 6A3IN15
Wi 160 soud01R HusTeznan 24 $2Tus wiineniuea i 30 esrsaEee 1§
a1 96 %1 T

Table 22 Ethanol concentrations, pH, reducing sugar and yeasts between ethanol production by
SHF using initial palm pressed fiber 100 g/L. Hydrolysis with cellulase from 7. reesei
6 FPU/g substrate mix B—glusidase from A. niger 3 IU/g substrate in citrate buffer pH

5.0, 50°C on oribital shaker 160 rpm for 24 hr and fermentation at 30°C for 96 hr.

Ia ?:’ aa d él" = d
a ﬂimm!amuan HIMAINIA - 1yaaan
e:/ v 1 A v 1 A Ny d 1 A aa
(129) (NTNABANT) (NTNANBANYT) (¥aanaNanans)
0 2.02 X 0.06 29.77%£1.59 5.02 2 0.01 3.80x 10’ £ 7.07
24 7.101t0.51 17.84 1 0.68 494+0.01 2.10x 10" £ 1202.08
48 6.66 T 0.49 15.86 £ 0.91 4.92 0.01 1.60x 10° £ 1131.37
72 722F0.11 12.93 £2.40 4.90 = 0.01 8.80x 10° T 1414.21
96 6.41 1 0.60 9.19t 1.04 4.8710.02 3.60 x 10° £ 106.07
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4.8 manlasumlasvesmswdaemuea laamsiilalasladia 24 ¥21u4 1 50 oem
= \ Y d‘ =
gaaa uUUNS NIMIVITEUD SSF 11 35 adAsalye e
~ a = 3’ Aa 4 di’ =\ 4 a
AT NN 23 ﬂill1ﬂlli’]1/]11!’f)ﬂ, WOY, HIN1ATAIT LASIBDYTRN 11!ﬂ"|3WE1@]L91/]”ILli’JﬂLL‘].I1J SSF IﬂEJ
TS5 mnandulohausudu 100 nfudedns Usunameu lsiisagad 910 7. reesei
6 FPU/g substrate WeNAU 1UA1-NglA%IAAIN A niger 3 IU/g substrate 11
a o 4 a @ 1
msazanegasatulos ﬁl’t]‘]f 5.0 gaUviu 35 ’E’J\‘]ﬁﬂ%ﬁl@ﬁlﬁ ATINITLVYT 160 50U
1 = @ A A ~ <3| o
ABDUIN Wa\‘l‘mﬂﬂﬁhlﬁiﬂihlﬁﬁlfﬁﬂ 50 o9 usaIFed (Tuszaziian 24 Glf’ﬂllxi
Table 23 Ethanol concentrations, pH, reducing sugar and yeasts between ethanol production by
SSF using initial palm pressed fiber 100 g/L. Cellulase from 7. reesei 6 FPU/g
substrate mix B—glusidase from A. niger 3 TU/g substrate in citrate buffer pH 5.0, 35°C

on oribital shaker 160 rpm for 24 hr. After hydrolysis at 50°C for 24 hr.

o Sanasemuen shmasand . odlad
(‘i‘f"ﬂm) (MSureans) (nSureans) e (adnaNaaans)

-24 0.00 £ 0.00 6.51 £0.09 5.00 £ 0.00 0.00 £ 0.00
0 2.08 £0.15 34.46 £ 1.25 5.01 £0.01 580x 10" £7.07
12 11.53£0.57 13.42£0.54 4.9210.03 58.80 x 10" 1 84.85
24 10.10 £ 0.23 13.69 1 0.40 4.82£0.01 122.00 x 10" £ 494.97
48 9.151+0.47 14.73 £ 0.03 4.8110.01 88.00 x 10" £ 282.84
72 6.52 1035 13.93 £ 0.05 479 10.01 80.00 x 10" £ 282.84
96 5451036 12.96 £ 0.26 4.78 £ 0.01 70.00 x 10" £ 353.55
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4.9 manfasulasvesmsnamemuea laamsilalaslada 24 ¥20u3 1 50 a9a

o < ' ) = =
e MUUNING NOULVIFSUY SSF N 35 adAtsatsee

d o
4.9.1 g uladhannnar 6 ¥3u9
a Y a 9 o Q’ 9 @ 1 A a
24 MIHaaMIUoanLL SSF arelsuianduledauisudy 100 nSuaeans Usuna
o a
ou lassiisaguad 6 FPU/g substrate 1182 1UA1-ng InFad 3 TU/g substrate 1Agiinis
A A =~ I M a Y s A
leTaslagan 50 ssruaaFoea unai 24 ¥ Tue vaz@uduleddunnal 6
#Tuaveams lalas ladan 50 esruaiFoa nowIT152 VY SSE 1 35 o9 usaEed

NB¥ 5.0 99T INTET 160 5OUABDUIN

Table 24 Ethanol production by SSF using initial palm pressed fiber 100 g/L. Cellulase from T.

reesei 6 FPU/g substrate mix B-glusidase from A. niger 3 1U/g substrate hydrolysis at
50°C for 24 hr and fed-batch at 6 hr of hydrolysis at 50°C prior to SSF at 35°C in citrate
buffer pH 5.0 on oribital shaker 160 rpm.

na Snasemuea Whmasaad - ‘odad
' NIV
(F29) (MSuAeans) (MSureans) (¥adnaNaaans)
-24 0.00 £ 0.00 6.04 £0.17 5.01£0.01 0.00 £ 0.00
-18 0.00 £ 0.00 27.13£0.63 5.03 £ 0.01 0.00 £ 0.00
-12 0.00 £ 0.00 32.8110.74 5.02£0.01 0.00 £ 0.00
0 2.8210.07 3759 £ 1.21 5.04 £0.01 520x 10’ £ 14.14
6 726 £1.10 23.02k1.71 4.96 £ 0.05 6.40 x 10° £ 141.42
12 10.46 £ 1.65 16.06 £ 0.48 4.9310.01 1.28 x 10’ 1 424.26
18 10.51 £1.78 16.52 £ 1.20 4.96 1 0.01 1.22x 10’ £70.71
24 10.20 & 1.60 16.40 = 0.69 4.89 1 0.02 1.44x 10" X 141.42
30 10.00 £ 1.73 16.08 £ 1.30 4.9510.02 1.20x 10 +282.82
48 8.71£1.53 17.91 £0.93 4.93 £0.03 6.40 x 10° £ 1979.90
72 736 £1.80 17.45 £ 131 5.11%0.01 9.00x 10° £ 212.13
96 5.04£0.79 18.25 £ 0.80 5.09£0.04 8.00 x 10° £ 989.95
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d' a Y a 9 4 t:' Y [ L) a
AT NN 25 MTNaadMUdaLyY SSF aredsuanduledrausuau 100 nSuneans Usuw

ouladisagiad 6 FPU/g substrate 1Az 1UA1-ngIaSiad 3 IU/g substrate Tnaiin1s

lalasladan 50 esrusarFoa tdumnar 24 $2Tue vaziduduledduiina 12

#Tuaveams lalas ladan 50 esruaiFoa nout5ZUY SSF 1 35 oA usaIEed

NBF 5.0 99T INTVE 160 5OUADUIN

Table 25 Ethanol production by SSF using initial palm pressed fiber 100 g/L. Cellulase from T.

reesei 6 FPU/g substrate mix B-glusidase from A. niger 3 1U/g substrate hydrolysis at

50°C for 24 hr and fed-batch at 12 hr of hydrolysis at 50°C prior to SSF at 35°C in

citrate buffer pH 5.0 on oribital shaker 160 rpm.

na Snasemuea Whmasand - Gotlad
(“i‘;'ﬂm) (PSuneans) (PSuneans) e (¥adnelaaans)
-24 0.00 £ 0.00 6.87 £ 0.07 5.02 £ 0.02 0.00 £ 0.00
-18 0.00 £ 0.00 27.83 £ 0.42 5.03 1£0.02 0.00 £ 0.00
-12 0.00 £ 0.00 31.19 £ 0.49 5.02 £ 0.02 0.00 £ 0.00
0 2631027 41.64 £ 0.89 5.08 £0.02 480x 10 X 14.14
6 8.97X0.96 2292 % 1.01 4.9510.02 6.60 x 10° £ 121.13
12 12.13 £ 0.48 1627 £0.82 4.94 % 0.02 1.72x 10" X 424.26
18 11.79 £ 0.76 16.44 £ 1.01 4.95+0.04 1.40 x 10’ 1 848.53
24 11.25 £ 0.64 17.35£1.77 4.96 1 0.04 1.88 x 10’ & 424.26
30 10.26 £ 0.30 16.49 = 1.81 4.98 £0.01 126 x 10’ £ 636.40
48 7.89 £ 0.45 16.18 £ 0.85 4.98 +0.04 9.60 x 10° 1 848.53
72 5951131 17.65 1 1.08 5.01 £0.02 8.40 x 10° £ 424.26
96 4451163 18.3210.32 5.17£0.10 7.20 x 10° £ 989.95
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4.9.3 dudulaihannna 6 uaz 12 ¥2ug

A15199 26 MsnaaeNILEaLUY SSF arelSinandulotduSudu 100 nfudedas Usui
ouladisagiad 6 FPU/g substrate 1Az 1UA1-ngIaSiad 3 IU/g substrate Tnaiin1s
YaTasladad 50 esrnusaidon flunat 24 $2Tue vazidudulethduiinal 6 uaz
12 $1Twavesnslalas ladad 50 osruwaideon noud sy uy SSF 11 35 paen
arFed Wo¥ 5.0 6A1NTIVE 160 5oUADUIN

Table 26 Ethanol production by SSF using initial palm pressed fiber 100 g/L. Cellulase from T.
reesei 6 FPU/g substrate mix B-glusidase from A. niger 3 1U/g substrate hydrolysis at
50°C for 24 hr and fed-batch at 6 and 12 hr of hydrolysis at 50°C prior to SSF at 35°C

in citrate buffer pH 5.0 on oribital shaker 160 rpm.

na Snasemuea Whma3and - iodad
(“i'j"ﬂm) (PSunPan3) (PSuneans) e (¥adnelaaans)
-24 0.00 £ 0.00 6.99 £ 0.08 5.02 £ 0.01 0.00 £ 0.00
-18 0.00 £ 0.00 20.36 £ 0.60 5.0310.04 0.00 £ 0.00
-12 0.00 £ 0.00 28.70 £ 0.11 5041 .01 0.00 £ 0.00
0 2.881£0.33 36.18 1 0.74 5.09 £0.02 5.00x 10’ £35.36
6 8221 0.84 20.25 1 0.58 4.9110.03 2.44 x10° X 835.09
12 10.17 £ 1.15 15.98 10.20 4.871£0.03 1.24x 10" £ 282.80
18 9.94 1 0.97 16.47 £ 0.08 4.90 +0.04 1.18 x 10’ £212.13
24 9.46 £ 0.35 16.52 £ 0.68 4.90 1 0.01 1.34 x 10’ £ 494.97
30 9.00 £0.53 16.49 = 0.43 4.91£0.04 1.10x 10" £ 353.55
48 7.00 £0.51 17.66 £ 0.05 4.9410.01 7.80 x 10° £ 212.13
72 5241 1.03 18.38 £0.33 4.95%0.02 6.80 x 10° £ 141.42
96 430%0.91 19.55£0.91 4.92£0.02 6.00 x 10° 1 282.84
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A v d A A ) a
1. 1.]53»11&1!!@’1!12]1]1331 N UAIVINNIIA TSN

fMvENITH MIATINAIY 1%(W/v) NaOH/Boiling 15 min

AOUNIIANILN vy HAIMSIAILN
— nilodmduly —

idulethdn 100 nSy idulelhdn 66.06 NS

'

g ldszrinamsase

idulethay 100 - 66.06 = 33.94 N5

U =S
APUNMIUAAZIDEA 24 mesh 4 HAIMIUAaGsIesn 24 mesh
[ATDIUA

) P Y 1 ﬂ 7 &
wulenhau 66.06 nSu trulelnay 65.56 N3y

v

g lszr9msunazoua 24 mesh

9 o [
idulealdun 66.06 - 65.56 = 0.5 nu

A a A d' A =
2. 1Jsmmwagiaa tasanvu NYiadINNIIANIBN

Suanwaglaaimie =  wwaglaalwdulethdu x Usmandulehdunmae

100

f01U  MIATENAIY 1%(w/v) NaOH/Boiling 15 min

41.21 x 66.06
100

27.22 NN



Psmanraglaaimao®) = Ysnarag laaimae x 100

USnanzag Tam3udn29.82 )
f0E1HU  MTIATENAIY 1%(w/v) NaOH/Boiling 15 min
= 27.22 x 100
29.82

= 91.28 15 1Fua

USadniunmae = %aniulwduledhdy  USuaudulethdunmae

100
f0619%Y MIIATENAIY 1%(w/v) NaOH/Boiling 15 min
= 21.75 x 66.06
100

= 14.37 N4

USuadniunman(%) = USuadniunmas x 100

USinasdniusudu(17.79 ndu)
f0E19H U NMSIATENAIY 1%(w/v) NaOH/Boiling 15 min
= 14.37 x 100
17.79

A~ 4
= 80.78 1o U
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suaaniunanad(%)= @Wsuaaniuneumagisy - UTaaniuradnInmsmsen) x

100

5uantuADUMTIAT O
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13 d
3. M Isveaeu 1wl (Unit of enzyme)
o d
3.1 fn5?”1«!’Jﬂ!ﬁﬂﬂii“m@ﬂ!@uﬂm“!mﬁg!aﬁ

{19819 U Cellulase from A. niger

a : a Y 1 @ T Aa
- ﬂﬁ\l”lﬂ!‘l!”l@naﬂll@ﬁ]"lﬂﬂ”liﬂﬂﬂ 1.4237 NIUNDANT
- J4arlumsdes 60 WA

t4 a Aa o 1 Aa aa
- ﬂmwffusffwummuul%u 4.0763 yaanIuAdNAAINT

v
@15aza1e 1,000 Naaans NUswanihwa 1.4237 sy

msazae 1.5 Uaaans dUSwanhena 14237x 1.5 = 2.1356 x 10° A3y
1,000
Wmanglne 180 N5 Aoty 1 Twed

manglad 2.1356x 10° nfu Aadlu 1 x 21356 x 10° = 11.86 luTasluad

180
szeznamIees 60 wi 1d5manina  11.86 lulasluad
szoznamsos 1 i 18U5nanhena 1186 = 01977 lulaslvad
60
wanha 1 TulnsTuaddownd Aediu 1 FPU

Wmanhnna 01977 TulasTuad  Aedu 1x 01977 = 01977 FPU

1
Ysuaneu'lyd 0.5 Jadans HAINIIN 01977 FPU
Ysuaseulyd 1.0 Jadans HAATIN 0.1977 x 1.000.5 = 03954 FPU
anututuveson i midy 4.0763 Jaansudeladans
mzazing IS nafnsaweueu el 03954 = 0007 FPU/mg enzyme

4.0763
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3.2 maminananssNveaum-nglagina

A9811TU B-glucosidase from A. niger

- Usinanbanadildnnmides 0.7457 niudeans

- Tdarlumsdes 30 A

- anududuveueulyy 4.0763 Naansudeiianans

a A

Y
@150za19 1,000 Naaans NUSwaniwia 0.7457 sy

msazaly 2.0 Naaaas NUSwanihena 07457 x 2.0 = 1.4914 x 100 A3Y
1,000
Wmanglne 180 N5 Aoty 1 Twed

manglad 1.4914x 10° nfu Aadlu 1x1.4914x10° = 83 Tulasluad

180
szoznamsden 30 Wit 1dUSnanha 8.3 luTasTuad
szoznamstes 1 wd IS 83 = 02767 ulasTuad
30
Panhea 2 WinsTuad  Anidiu 1 U

YSwaniena 02767 lulasiuad  Aedlu 1 x 02767 = 0.1388 U

a

a 4 Aa A a
YSwnaueulei 1.0 Hadans Unenssu  0.1388 U
Yy 9 ' Y A a o 1 A Aaa
AnuduYuveueulad iy 10.9 Taansuneliadans
Y
mzaziugldlsnanenssuveoaeulsl 01388 =  0.0127 U/mg enzyme

10.9

d ¢ 4 J 5 ¢
4. nlesisuamsnlaswdulethamininmasaia (%Saccharification)

k4 14
% [ ]

o a o
%~ Saccharification = KNS YYD9IAIa3A2d x 100

k4
o g

Y %
e uduleihay
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5. Ysmnamsilagaaglamiuemuea (Yield)

Y = 5uasenivea (njuneans)

Usuanwag laa (NTudodang)



