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Abstract

production were optimized in this study. Response Surface Methodology was applied to statistlcauy
analyze and optimize pretreatments conditions based on total glucose yield as response variable. The
effects of chemical composition and physical structure of the fibre on the total glucose. yield were
discussed comprehensively. Among the fibres, alkaline pretreated kapok. fibre achieved the highest

pretreatment was the most- effective method in enhancing the enzymatic hydrolysability of EFB and
kenaf core fibres due to the removal of hemicellulose in a large amount (>77%). However, unlike EFB
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: 1. lNTRODU,CT ION
14  General .

" Ethanol’ (ethyl alcohol or EtOH) is an attraotrvc alternative ‘fuel as it is a renewable blo-based
resource. Due to itis an oxygenated it can reduce particulate emissions in compressnon lgnltlon engrnes
Ethano! can produce from different kind of raw material. Ethanol feedstock can be classrﬂed into three:
types (i) sucrose—contaimng feedstocks (e.g- ‘sugarcane, sugar. beet) (u) ‘starchy-, ‘material (eg com
wheat, barley) -and (iii)- llgnocellutoses matenal (eg sugarcane bagasse wood and straw) (Dlas et al,
2009; Balat: et al -2008; Demirbas et al 2009). Bioethanol converted from edlble source is' alled flI’S’[
generatlon broethenol (FGB) whereas second _generation bloethanol (SGB) is: produced om non:
sources such as: tlgnocelluloses blomass Recently research on productlon of SGB are wi )
investigated b because it is the most abundant reproducrble resource on' earth, cheap substrate and do not
compete with' food chain suchas FGB (Ferrelra 2010 ; Goh et al,, 2010 ; Jurado et al., 2009)

Second generatlon bnoethanol (SGB) is produce from. lignocelluloses biomass, Wthh isa non edtble
sources, compnsrng mamly of cellilose, ‘hemicellulose-and lignin. Cellulose, ‘which is a glucose polymer 2
_hemlcellulose a mixture of polysacchandes composed marnly by galaotose rhamnose _mannoee xylose

and functnon as supvport‘through strengthemng of wood (xylem cells) ln trees (Dlas et al :
long cham polysacchandes can be hydrotyzed to produce a mlxture of pentoses (Cs) _an

"sed by fossnl fuet combustlon ‘which emrts excessive carbon monoxl e’ an ,,carbon.
dioxide (Yan and '2009) o

- ‘Malaysia rs. 1 of the most lmportant agrlcultural producer countrres in- the \
produces a. Iot of agnculture waste throughout a year. By convertrng the lrgnocellu

generated targe amount of agncultural waste creatmg problems in dlsposal operatlons and env
concerns Studres‘have reported that Malaysra produoed about 30 rmllron tones annually of _

‘ﬁber woody core Between the two flbers kenaf core flber Wthh IS accounted to 60% of th
has lower value for the productlon of flbrous product due to its relatlvely shorter fiber - leng
|rgmn ‘content.’ lnstead of fiber- based products productlon, kenaf core is a suitable raw materrel: for
bioethano! productuon , ’ Ay
Besrdes EFB and Kenaf core, Kapok (Celba pentandra) flbres are another source of fibers that are

umcellular smooth cyhndrlcal and very lustrous. It is also reported that kapok fiberis six times Ilghter than
cotton:. It is buoyant water repellent-and shppery in nature, Moreover, it contains high cellulose propertles
due to its single. cell frbers structure. Recenitly, kapok fibers were studled based on its chemical propertles



in orderto use it as an oil absorbent, composﬁe relnforcement and apparel appllcatlon (Mwaikambo et al.,
2002; Hori et al 2000) '
_ Processrng of llgnocellutoses to bioethanol comprise the followmg main steps hydroly3|s of cellulose
-and hemicellulose, sugar. fermentatlon separation of lignin residue and ethanol recovery to meet
specrflcatlons However the task of hydrolyzing lignocelluloses to fermentable monosacchande is still a
major techmcal problem because the digestibility of cellulose is-hindered by many. physnco—chemlcal
structural and comp03|tlonal factors. Therefore pretreatment is an essentlal step: for: obtalnlng potentially.
'fermentable sugars in hydroly5|s step. Pre-treatment is requured to separate lignin. and" hemlcellulose ’
structure: from the cellulose, reduce cellulose crystalllmty and increase the porosity of the substrate thus
|mprovmg cellulose hydroly3|s (Alwra et al,, 2010, Mosier et al., 2005). Pretreatment can ‘be carried out in
dlfferent ways such as mechanical pretreatment blologlcal pretreatment, chemlcal pretreatment such as
“alkali, acnd ozonolysrs organosolv ionic llqwds (iLs) and hydrothermal pretreatment such as steam
exploswn (autohydrolyse) liquid hot water ammonia fiber explosion (AFEX) wet OX!datlon microwave
“and ultrasound and thermo-chemical pretreatment such as gasification and pyroly51s (Alvira et al;, 2010;
Piccolo et al 2009) Fig. 1 shows the schematic of pretreatment process. :

_ “Vapor or gas stream.

. Pretreatmentadditives, —s = , R ‘ (Includes pretreatment addmves)
- i » — © . Solid - <5
- M B> '.P tI' t[ﬂ Iltw _m’ .
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s
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Energy .~ . |+ :
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Fig. ‘l Schematlc of Pretreatment Process (Mosrer ot al 2005)

; Generally, pretreatment of . llgnocelluloses ‘biomass is usually fractlonated by hydrolys;s process
‘Chemical hydrolysrs of bromass with dilute sulfuric acid has long been recognlzed as. a critical step for.
V'removmg hemlcelluloses fractlon from the. lignocelluioses substrate to enhance the’ blologlcal conversron
“of cellulosic. blomass to ethanol This method is cheap; safe and easy to handle but it needs an elevated
;temperature to achieve high reaction rate. Unfortunately the formatlon of lnhlbltlng compound such as
 furfural from degradatlon of pentose and 5- hydroxymethyl furfural (5 -HMF) from: degradatlon of hexose

due to the elevated tempetature can caused a reduction of total sugar recovery: (Kuhad et al,; 2010;
. Kahar et al , 2010; Teramoto et al., 2008) Some study demonstrates that the pretreatment stich as acid
_.hydrolys', ‘foltowed by pulplng process: of L. ca-mara can- provrde hlgh yleld of cellulosm material and
eventually be hydrolysed to: hexose sugars for further fermentatlon into sugar. (Kuhad et al;, 2010)

- Among: the dlfferent pretreatment method, chermcal and thermo—chemlcal are currently the most
feffecttve and: promtsmg technologles for industrial appllcatlon Comblnatlon of: dlfferent pretreatments has
been also cons;dered and mlght be mterest:ng to obtain optlmal fractlonatlon of’ dlfferent components-and.

~reach. very htgh yleld (Alvira et al., - 2010). A’ research group from {he institute of Process Engineering;
" Chinese Academy of Smences improved the ethanol yleld from wheat straw with a- pretreatment method
of couphng ‘steam explosmn with-alkaline. peroxide to remove Ilgnln from biomass. However the. alkaline
~black- hquor produced from this method can be very hazardous to the envnronment (Fang et al, 2010).
'Apart from that, the combination of dilute acid hydrolysrs and wet explosion has been studred to increase
the y;eld xylose and ‘glucose in two separate processes that each can be optimized Wlthout negative
~effect on the sugar yield of other process (Sorensen et al, 2008) Besides, the pretreatment of wheat
-straw with-0.2% H,SO, produced an easrly digestible material, which resulted in high ylelds of glucose
and xylose in enzymatic hydrolysis (Linde et al., 2008). Recently, acid pretreatment with additional



pulping process has been investigated in order to produce a high yield of glucose in various applications
such as bioethano! production and papermaking process (Mendes et al., 2009).

1.2 . Objectives

This study: embarks on the following ob;ectlves
‘e To study the effect of water acnd and alkali pretreatments on chemical composition of various

blomass :

* To mvestlgate the potentnal of oxygen delngmﬁcatron treatment based on chemrcal composutron of
" various blomasses _
. To study the feesibrhty and effectrvenesa of various pretreated hgnocelluloses blomass for the
' productron of ethanol.
¢ Tostudy the effect of dlfferent pulpmg methods on acidic pretreated hgnocel!uloses bromass
e To optimize processes parameters through design of expenment



2 METHODOLOGY
24 Description of Methodology
211 Raw Materials

Kapok, kenaf core and EFB.fibre are used in this study. Kapok fibre is obtained by manually separated
from the seed pod whereas the kenaf core fibre is ground in the length of 3-6 mm. The EFB fibrous
'strands are washed to remove: oil and dirt. The air-dry EFB fibres are refined to size of about 2-4 cm
before carrying any pretreatment or analysrs

Characterization of Raw -Matenals ’

The untreated raw matenats are fi rst ground and sieved (-20/+80 mesh). The extractive-free fibre dust is’
Aprepared according to TAPP! Standard Method T264 Preparation of Wood for Chemrcal Analysts with
minor modlftcatton -After obtatn the extractlve-free fibres, the raw materials are contmuous to others.
'characterrzatron procedure such as determrnatron of holocellutose celluiose, ‘hemicellulose, Irgnrn and;
carbohydrates content accordrng to TAPPI Standard Methods All analyses are performed in triplicate, .'
and the results present as the’ mean + standard devratron

_2 1 2 Pretreatments

Water ac1d and alkalr pretreatments are carried out in-a 4-L statronary stamless steet dtgester (NAC{;
-Autoclave ‘Co. Ltd., Japan) whtch ‘is fitted wrth ‘a mrcrocomputer—controlled thermocouple Uponv_
__comptetron of the pretreatment, the pretreated fibres are washed with tap water until neutral, and spin-dry’
.before stored in the fndge for further use. The yretds are determined based on oven dry fibre werght

. Experrmenta! Desrgn

ReSponse surface methodology (RSM) is apphed to- obtarn an estrmatron model of the total glucose: yletd;
‘(response varrables) as a. functlon .of: pretreatment parameters (le temperature,time . and- chemrcal,
Jcharge) The model is then’ analyzed based on its ANOVA and regression analysrs wnth the assrstance of :
.'stattstrcal computer software Desrgn Expert@ 6.0 (Stat-Ease tnc USA). ;

o Charact‘errzatron of Pretrea,ted frbres

.‘The arr-dry pretreated fibres. are ; ||Ied |nto small sizes, which can pass through a 2. 0 mm pore-size sieve
‘before chemrcat composrtron anatysrs The pretreated fibres are quantified as extractive-free biomass s
after the pretreatment The. chemtcal composrtron (holocellutose cellulose, hemrcellulose trgnrn a !
'carbohydrates contents) of pretreated frbres are tested’ accordrng to TAPPI’ Standard Methods. All-‘
analyses are performed in. trtphcate and the resuits present as the mean + standard devtatlon _ e

21.3 Oxygen alkali extractron

In turn oxygen alkali extractron was conducted in a 1-L stainless high speed steel. mixer, equrpped wrth'
‘oxygen gas inlet, fabricated by |ocai Malaysia company (Tai:Yi Machine (M) Sdn. Bhd) The: oven-drled
fibres. (609) were mixed with 1% viv MgSO4 and:4%.: viv NaOH, which were added based on the werght of
oven—drred kenaf core fibre. The substrate mixture was then adjusted to 10% consrstency by usrng
distilled water. After ptacmg the mrxture in the mixing reactor, the cover was closed and fastened. The air
'vatve was opened and the oxygen gas was rntroduced froma cylinder through the gas tnlet to flush thé air
inside the reactor for 10 seconds. The air valve was then closed and the pressure inside the reactor was
brought to 80 pSt and kept at this level for the whole reaction trme Upon the completron of pretreatment



(with and without oxygen-alkali extraction), all the pretreated kenaf core fibres were washed and spun-
dried before stored in a frldge for further analysus The solid yields were determrned based on the weight
of oven- drled fibre.

2.1.4 .Enzymatic hydronSis

Celluclast 1.5 L is used in thls study Al enzymatic bromass hydrolyzes are. carned out in.250 ml,
Erlenmeyer flasks.- After the addrtron of the substrate, 0.05 M of citrate buffer solutron (pH 4. 8),. and

enzyme, the ﬂasks are trghtly sealed, and the mixtures are incubated in a shaking water bath (120 rpmy) at.
a constant - temperature (50 °C) After incubation, samples are boiled for 10 min - erminate the
hydroty5|s reaction. The mixtures are- then centrlfuged at 4000 X'g for 10 min to. ‘remove unhydrolyzed

resrdues The supernatant is stored frozen (-4 °C) until analysls

. Enzyme (Celiulase) assay '

The enzyme uses. in this ‘study" was’ Celluclast 1.5 L, whlch is 'a commercial cellulase Supplled from
Novozymes A/S Denmark. s actrvltyflsassayed according to. the Frlter Paper Umt Assa (Ghose 1987) -
“The substrate uses in thls assay is Whatman No.1 filter paper. 3, 5—Drrulrusalysnlrc acid (DN8) is used to
determme the’ reducrng sugar that is released from the filter paper. The: absolute amount ‘of glucose
releases is counted as reducmg sugar Anhydrous glucose is used as a standard. for e re‘duclng sugar
‘measurement. The incubation: condltrons are 50 °C for 1. h. Cellulase activity is expressed as. FPUIml of _

’t’ne ongmal enzyme solution.

'., o Reducrng sugar determmatron

The reducrng sugar obtams from the f‘ lter paper is measured by USmg a drmtrosal silic acrd (DNS) aﬂssay:{

accordmg to cahbratron curves plotted wrthwstandard glucose

2 I 5 Fermentatron

stoppers connected to rubber tubmg One of the rubber tubmg was used for samp ‘ ) ‘

'another one allowed exhaustion of carbon ledee Fermentation was done at 30:°Cand -50 rpm in thej
incubator shaker “‘Samples’ were wrthdrawn for analyses after 2,4,86,8 10 1,_, 24 and 48 h, and-
centrifuged at 8000 x g for 10 min, for glucose (by HPLC).:and ethanol (by GC) content analyses '
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| 3 RESULTS AND DISCUSSION
31  PARTI

311 Pre!iminary study - En-zymatic hydrolysis of untreated ka'pok,‘:EFB“dnd kengf core
- fibres

3.1.1.1" Kapok fibre

The results of chemical composmon and enzymatlc hydrolysrs of the untreated kapok fibre were. -
‘shown in Table 1. In this study, its holocellulose content was 94 3%. Celiulose. content was deterrntned as A
a total emount of a- and l&-cetlutose ‘which added up: to 50 7% Meanwhlle hemrcetlutose content was
referred as y-cellulose and amounted to 49.3%. - Based on the. results- from gas chromatography, the
"gtucose content of kapok fiore: was ‘approaching 60. O%. which made ita good substrate for ethanol
productton On the other hand, the hgnrn content (Klason Lrgmn) in kapok fibre was merely 13.4%, which ™
was’ retatwely lower than other wood and non-wood blomass (Upendra and Shukla 2010) (Table 1) lts;_; ]
comparatrvety high g|ucose and low ‘lignin content - exhrbrted greater. potentral on cellulosic- ethanol- '
5productton: han other agncutturat btomass (corn stover wheat ‘straw) and woody btomass (red prne
_yellow oplar) (Zhu et al.; 2010). However wnhout any pretreatment the kapok fibre released only a
smalt amount of reducmg sugar Q. 04 glt.) after the: enzymattc. hydrolysrs

31 1 2 EFB fi bre

' Accorctmg to Table t the oetlulose content, as the summatron :of a-: and Is-cetlulose contents. of
EFB ﬁbre was 56. 0%, , w ile the hemicellulose content ~which was quanttf‘ ed as v»cellulose ‘was
‘accounted to: 440% 'Fhe resutts ot -carbohydrate anatysrs by .gas: chromatography showed that the
gtucose content of EFB fibre approached 60% sourced from cellulose and hemrcettutose Hence EFB
'ﬁbre was a p;omtsmg substrate for the production of cettutosnc ethanol. Another advantageous feature of
EFB fibre was, in comparison to other biomass; it contains relatively tower Klason gnm,content (<20%
'f(Upendre and Shukla, 2010). However the result of enzymattc hydrolySIs showed that the hydrotysabt!sty
‘of the untreeted EFB is very low; it ret‘eased merely a smalt amount {0.66 g/ Ly of reducrng eugar (gtucose)
:'and accounted to onty 2 6% of gtucose yretd per weight of untreated fibre. =+ - -

'--'3 1. 1 3 Kenaf core frbre “

~ The cellulose and. hemtcellutoee contents of untreated kenaf core fibre were 52. 8% and 47. 2%,,
,respectrvety (Table t) Srnce the glucose content of - kenaf core fibre was. exceeded 60%, it, was a
:l-‘potentrat substrate for the celtulos;c ethanot productton The Ktason hgmn content of kenaf cere -was
_};approxnmately 20 0%, neverthetess it was still verified lower than that of other biomass (Upendra and
3Shukla 2010) Possibly, due to the' hrgher Klason hgmn content, the untreatect kenaf core fib was maré
- difficult to be hydrolyzed by enzyme; it released only 0.1 g/L of glucose, which was corresponding to 0.4 %
-50f glucose yleid per weight of untreated ﬁbre




Table 1 Chemical composition and enzymatic hydrolysis of untreated biomasses

Untreated ‘Untreated Untreated
kapok fibre EFB fibre kenaf core fibre -

Chemical composition of untreated frbres . o B
Holocellulose (%) : . 94.3+£3.2.-, 88.1+1.00 = 81.8+0.7

a-cellulose (%) ' 48.8+0.5 56.010.5 50.9%1.2

‘B-celiulose (%) 1.9+0.6 <01£0.0 1.940.4

“y-cellulose (%) 49.3+1.1 - 44,0+0.2 47.2+0.9
Klason lignin (%) 13.420.4 15.1£0.1 20.310.2
Carbohydrates (GC analysvs) » L ‘ i

- Glucose (%)~ - 59.8+0.2 56.2+0.7 66.4+0.6

Xylose (%) - 33:840.0 38.9+0.7 26.610.6

i Others sugar® (%) : 6.540.2 49401 T 92+0 41
:Calculated giucose total contentb (%) ' t - 56.4 47.8 - 543
Enzvmatrc hydrolysis of. untreated fibres . o , ‘ e e
Theoretical glucesé concentration” (gIL) 2 14.1 14,95 13.58 =
Glucose yield (HPLC. analysls) (g/L) kb ik 0:04+0.0 0.66+0:1 . 0.1x0.02
Glucose yield based on: gy Ch N BRI A

theoretical glucose: concentration (%) ~030 5.8 - ert QT E

pretreated substrate werght (%) - - S0 26 0.4

untreated substrate weight'(%) RN 0.2 : .. 267 . 04

"’Others sugar: arabinose, mannose, galactose :
G%ucose content based on GC test (%) x Holocellulose content (%) -
,_ * Initial sample concentration (25g/L) x Calculated total glucose ‘content (%) / 100 ‘
;—,Theorehcat glucose yield (%) Glucose yield (g/L)/ Theor tical glucose concentration (glL) X 100
= Enzymatic saccharification yield (%) = glucose yielded (g/L) / Initial sampie ooncentratron (25 gIL) X 100
= Total glucose y:etd (%) Enzymatrc sacchanﬁcatron yleld (%) x solid yreld (%)

.3 1 2 Optrmrzatron of vanous pretreatments on kapok EFB and kenaf core f:bres for sugar product:on

" To have better understandmg on’ the,. effect of each. pretreatment parameter on: the sugar
,productlon a detarted statrstrcal analysis was requrred to carry.out on each pretreatment For this’ purpose
f’response surface methodotogy (RSM) was employed as the expenmental desrgn in the followmg study
Moreover, based on the statistical results, the ptrmum condmons for each pretreatment could also be
fdetermlned as welt tnstead of the enzymattc: sacchanfrcation yield, . the total glucose yield was. taken as‘
'th, response for the statrstrcal study on the effe of pretreatments. The total glucose yield- glves more‘
‘meaning  than the enzymatrc sacchanfrcahdn yletd”for the pretreated frbre becausé it shows the‘

;percentage of total gtucose that can be converted from a pamcular welght of glnal fibre dlrectly

3 1-2 1 Kapok ﬁbre

The results for the response——total glucose‘ly|eld based on each pretreatment condition were: -
“;presented in Table 2. Accordlng to the statlsttca! analysns“provrded by the expenmental desrgn software a
non-transformatlon guadratic -model was adequate for all* the' pretreated blomasses “For water:;.
pretreatment, since all the factors were statistically significant, model reduction was not requnre,
shown in Table 2, this model was srgnrflcant wrth a “probability > F” of less than 0.0001 and a regressron
coefﬁcrent (R ) close to 1.as well as an [nS|gn|flcant of lack of fit (LOF) on the other hand, the quadratlc
response surface models for ‘acid and a|kahne pretreatments were reduced- accordmgly by ellmmatmg
some of the msrgnlflcant factors with value of “Probablhty >F" more than 0. 05. Based on the statsstlcal :
.'analysls of ANOVA, both reduced models built were slgmflcant with values of "probabrhty >F" less than
0.05, a regression (RH close to 1 and rn&gmﬂcant of LOF (Table 2). The response surfaces quadrattc :
models for the response (total glucose yield) of the water, acid and alkaline pretreatments weré shown by

Equations 1 to 3 ' :




Table 2 Resuits of total glucose yteld based on each coded variables

‘Standard Order L . Coded Vanables : e .- Responses. -

; o c. __Total glucose yield, %
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Table 3 Statistical analySIs of reduced models and coefﬁcxent of total glucose yleld of water acid- and- alkallne
getreated kapok fibre' .

- Water pretreatment ' Acld pretreatment ' ) ; Alkalrne prefreatment

Total glucose yield= Eg. 1 .| Total glucose yield= Eq. 2 P Total glucose yield= Eq. a3
“Factor .. | Coefigient _:_‘.P'r,'obability,v Factor - .~ Coeficient . Probability, | Factor: .~ Coeficient. Probablllty

, estimation, Pr'ob. >F . ‘estimation,” "Prob.>F . | estimation, - Prob. >F .

CE. -0 Uadhan Ty 3 ; _ CE . f oo GBS Ky

Intercept 2891 .~ .- " {lntercept 30.30 - - - I Intercept . 32.36 g
i B 047 " 04%70. - T . 069 003723 o LT 22,01 00219 -
CEL e ST L0086 L b 42 0.0480 b, o0 4T3 + 0.0004
T2 . -883 ., <00001 |c . 245 ° 0.0163 "~ 'jc.. /. 596 © . 00014
-t 295 . 0.0244 Téoo 0 3250, 00332 | TE 485 0n 0 0.0089: .
_Tt“-' . -445 - 00002 - |¢* - . -807 00013 [Tt 77137 . 0.0005
w e e 283 L 00277 irngt T A, s Bees
"Mode! analy5|s oo U Model analysig. 0 . Modelanalysis -~ .- . -
Model . <00001 _ Model - 0.0027 © - |'Modef - 0.0016
" prob. >FEl - .| prob. >Fa P ; | prob. SFR
"LOF: » 0.0928,_,_‘1 ST e L LOE 07624 s ; LOF: ', 02234
prob. SF S i | prob.>F° 5 : | prob. SEP
R®.: 09847 .~ {R® . 09785 . |R® . 0.9606

T'=Reaction temp‘erature‘ s

-t="Reaction time

¢ = Chemical concentration -

Pvalue of “Prob.” >F" less than 0.0500 indicates model is significant
; bNon—srg:;nrfrcant Iack of fit (LOF) (value of ! Prob >F ‘more than 0. 0500) is good
cR2 near1is good .

;Water gretreatment'
.‘Total glucose yle]d

= 428.91 +0.47*T -1.37*. 8 63*’l‘2+2 95*&4 45*T*t ‘ Eq.1°
Acid pretreatment ; g

: -Total glucose yreld

-=+30.3 2,45*c +0, 69*T -1. 42*t -3.25%¢*-8. o‘l*T2 +2 63%c *t Eq. 2

f._‘TotaI glucose_' ‘eld ! o
= +32 36 -2. 011 +4 ‘?3t -5. 96(: 4 55T +7.377T% ‘ _Eq. 3

..‘could be calcutated by the computer software (Desrgn Expert 6.08). The/ ‘
120 °C for 45 min.in 1.0 % (viv |
-water, aCld and. alkall pretreatments were selected as ‘they aohleved the lghest total glucos yl

i_verrfy the model the selected optrmum water, acid and alkali pretreatments condltlon were ‘carried out
: experrmentally |n trlpllcate ' - ‘ : S

““on the quadratlc model built, the optlmum water, acid and alkali pretreatments c_ondrtlon:,
‘,‘dlthn with 170 °C for 45. &

. /Bas

3122 EFBfbre W

Table 4 shows ttre results for the. reeponse—-total glucose yleld based on each pretreatments-
condmon of EFB fi bre The statrstlcal analysrs results: provrded by the expenmental design software'

- indicated that a non-transformatlon quadratlc model was ‘obtained for all pretreated EFB fibres (Table 5).
_The quadratic response ‘surface models for water, acid ‘and’ alkahne pretreatments ‘were reduced
_ accordmgly by elrmlnatmg ‘some of the rnsrgnrfrcant factors whlch their value of “Probabrllty >F" was more;

than 0.05. According. to the ANOVA statlsttcal analysis, the reduced models built of all samples were
significant with the values of * ‘probability >F” less than 0.05, a regression (R? ) closed to 1 and lnsrgnlftcant



, of LOF as well (Table 5). Therefore the response: surfaces quadratic models for the total glucose yleld
(the response) of the water, acid and alkahne pretreatments were shown by Equatlons 4 to 6

A':Table 4 Results of total glucose yield based on each coded vanables

'Stan dar d O der Coded Vanables N ER T Responses
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" Table 5 Statistical analysis of reduced models and coefﬂcnent of total glucose yle!d of water acid and a|kal|ne

‘pretreated EFB fibre
. “Water pretreatment Actd Qretreatment Alkaline pretreatment
. Total glucose yi'eld__= Eq. 59 Total glucose yield= Eq. 5.10 Total glucose yield= Eq. 5.11
Factor. . Coeficient * - Probability, | Factor ‘Coeficient Probability, | Factor Coeficient . . Probability,.
: . esttmatton -Prob. >F " estimation, Prob. >F . ‘ .: -estimation, . Prob. >F -
- ... CE R - CE e __CE Lt
_l_nterc’;ept 8703 - - . |lntercept 31357 - - “Intercept - 2958 - - -
T . . 700 00013 ¢ 457 7. 03723 ¢ 347 - 00026
1 o 7313 - 70.0456 T Lo k80 0.0480 T -0.68 ©0.3452
T2 4072 0.0041 - |T° - . 1325 00163 |T® 465 00043
™ 519 0.0066°  [cT - 480 00332 ) ¢l b 421 T ‘0 0015
-Model anaty5|s Model analy515 ‘Model anelys'i_s' R
Model - 0.0005 Model - 0002—7' : Model 0.0012 .
prob. >Fal o prob. >F* v prob.>F . -
; LOF 0 2324 LOF. - 0. 3840 . LOF 0.0638
prob. >F> . { prob. >F, | prob. >F® Lo
RE 0e510 R* 0.907 P R® 0.9310
T= Reactlon temperature
- Reaction time
,Chemlcal charge: .
*Malue of “Prob. >F" less than 0.0500 indicates model is significant
bNon—sngnrt“rcant lack of fit (LOF) {value of “Prob >F" more than 0. 0500) is good
R near 1 is‘good :
Water pretreatment
Tota! glucose yretd ‘
=+37.03 +7. 09*T +3. 13*t 10 72T2» —5 19T*T*t Eq 4.
Acnd pretreatment -
Totat gl,ucose yield 8 . 2 T e
= +31.35 +1.57*C +1.9*T-13, 25*fr2 -4, 6" *T B
'Alkelmepretr_gtment ' R
Total glucose. yield : s 5yl e B, E
= f29 ,58 +3. 1.7_* -0 66*T 4. 65*T ~4 21 c*T " Eq.6

_ Based on the quadrattc model bmlt the optlmum water; amd and alkall pretreatments condltlon__
could be calculated by the computer software (Desrgn Expert 6. 0®). The condltlon with 170 °C for 45 min,
_120 SC for 45 min- in 2.0% (viv) HZSO4 solution and 110 °C for 45 min in 3.0% (viv) NaOH solutton for -
water, aCId and alkalr pretreatments were sel _:cted as they achleved the hlghest total gtucose yteld To i
'venfy the modet the selected optimum wa! er' acid and alkah pretreatments condition’ were carried out -

experlmentatly |n tnpllcate

31.2 3 Kenaf core f:bre

' The results for the. response-—total. glucose yield based on each pretreatments. conditions of
‘Kenaf core fibre were as-shown in Table 6. Moreover, the results presented in Table'7 were the varrables
and comblned variables and therr correspondmg significant coefficient. estimation’ (CE) for the response
(total glucose yield) of water, acid and alkaline pretreatments According to the statistical anaIySIS results
provrded by the expertmental design’ software a non-transformation quadrattc model was obtained for-
alkaline pretreated fibre. On the other hand, a transformatnon quadratic model was built for the water and
acid pretreated fibres. Since the lack of fit of the non-transformed model for acid pretreatment was



significant (values of “probability >F" less than 0.05), where actually an insignificant lack of fit is desired.
Therefore the squared root model was selected.

“Table 6 The results of tota_glucose yreld based on each coded variables

& TR »
Standard Order Codedva“ab es __ Responses_

T R e Totalglucoseyreld %
Water pretreatment ’ ot ;

e LR S SR IR X o S
g L e
RO T e B B BB
i RSN S e w48
(I - 193

1 R RO P L LR 7

0

1

geeoannNa;

-
L2

cosohsobol

. 11 v

. o e g R
Acid ptreatment’ .~ [ T g e
B R &
ot e e
e i el
e 02
15.4
T 6%
132
12.0

)
-

HOR-F-R-TS

, AR e e
Alkaline pretreatment ’ B L e T
-1 s B 1_3.9‘
JUE T T T e
ST L AR

L e e
126
T 1Ay
R
AR
113
435

'
-
B
-

L}

SN0 c;:.',m"-—»
LD OO O

pore S
oo,
1
—

t
-

1
-t




. Table 7 Statistical analysns of reduced- models and coef‘ﬁcrent of total Qlucose yield of water acnd and alkal:ne
pretreated kenaf core fibre. . : ;

Water pretreatment - ) Ac1d pretreatment : - __Alkaline pretfeatment :
-~ Total glucose yield= (Eq 6.9) “Total glucose yield= (Eq. 6.10)° ~ Total glucose yleld Eq 611
Factor Coéficient - Probablllty Factor. -~ Coeficient ~ Probability, | Factor -~ Coeficient Probablllty
: _ estimation, - Prob, >F . .. .esfimation, . Prob.>F. .| . "¢ —estlmatlon ‘Prob. >F~
‘Intercept - 48 A Intercept - 3.08 . - ‘Intercept’ 11 24_ RELT AL
R E 1 = 1 0.0131 le 0 054 0.0004 ¢ . 04 . 02783
b -0.347_' 00043 [T . 028 - 0.0022 T 174 - 0.0032 .
T .- 2851 <0000t ¢ 018 00461 it o 0710 £ 00491
B 02 T 000837 bR T 047 00129  {¢® . 242 00128 .
R 046 0.0442 LT 7 © 00075 .
B ol B -0.49 0.0006 MRS o ST
QTt L 0T 0.0005
-Medel analysis - S Iha i ‘«Model analy3|s Model angysns ik
. Model  <00004 " .o o "I Model - < 0:0004 4 Model - 0034
CUproblSE g s Clprob.>F? ‘ prob.>F% Ry
. LOF 00537 .. | LOF - 0/3967 LOF 01132 FTE
-f'prcb">F" AT S| prob: SEY, [ ‘ ‘prob. >F® . G il
R -‘ -'*Rg" . 0.9837 % Rzc 09465 St

T = Reaction’ temperature

"t = Reaction time - -

Rt near. 1 |sgo

"were reduced ceordlngly by

; _models built of

" ¢ = Chemical charge

aValue of “Prob. >F" less than O 0500 indlcates model is significant
Non -significant la ':,f' t (LOF) (value of "Prob >F" more than 0. 0500) is: good

Furtherrnore, the quadratrc response ‘surface models for water acud and alka_llne, pretreatments\
=C Vi g ‘'some of the. msrgmflcant factors, which thelr value of
was more than 0.05. B sed on the statistical ~analysis results of‘ANO ,the reduced
: pretreated flbres whrch‘were significant: wrth the ‘values of "prob u\y >F less than

'“Probabrtrty >F"

005, a regressrod (Rz) ciosed to 1 as Well as msrgnlflcant of LOF were shown in: Table 7 Thus the

Total ‘gl uc'd's;

‘ .28*T +0. 18*t 0.47 c'

= (+3.08'+0. : 40,46 " -0.49°C*T -0.477T*)* Eq.8

Alkaline pret atment: e

Total glucose yteld : A O
=1 24 +0. 4*0 +1 74"‘T +0 71"t +2 12*0 +1 7* T Eq. 9

Based on the quadratrc moclel bunlt the optrmum water, acid. and alkalr pretreatments condltron
were calculated by the computer software (Desrgn Expert 6. 0®) The opt:mum pretreatments condition

-was calculated and the condrtrdn with' 170 ’C for 45 min, 120 °C for 90 min in 2.0% (V/v). H2804 SOIUthI“l

and 140°°C for 60 min in 3. 0% (v/v) NaOH solution were selected. The selected water acld and alkali
pretreatment condition- was empioyed vexp»erlmentally in' triplicate to further validate the mo_de_!_



Table § Chemical composition and enzymattc hydro!y&s of all pretreated fibres

Water- ‘Acid. < o Alkali “Water. - Acid . Alkali " Water - - Acid - Alkali
pretreated . “prefreated ' - pretreated prefreated . -pretreated pretreated prefreated .~ pretreated pretreated
kapok fiber’ __"KBPOKﬁth R k‘apok fiber . - EFBfiber ~ EFB fber' ©. . EFBfibér . kenafcore . kenaf core: kenafcore
S R e s e D E L. oo e fibre fibre fibre
A70°C, 1200, 110%: 12‘0 °c L ORE '-120 G, 20% “ g‘é:10°c_;'3%, 1705, "7120°C,2.0% = 140°C, 3%
45 min - ViV HzSO4, ST oo 4Smin. o vivHSQs 7 vivNaOH,: w45mln vIuNaQH |, - v NaQH,
s e d AT 60min Lioeiol AR L o 4Bmin . 90.min - =~ 60 min
Liguor pH N DA ¥ EOERE L | S T R i T SRR DY 3.69», T T T T A

‘Solid Yield (%) ‘ 3 5_4-.0«:3:0" ; -5.0:2 6° - 63 5128 52.0:04% 63.5% 2 63.7:1.1° . 50 0&2‘.09 53.0:2:0%. 48.9+1.5"
Chemical comgosition. ofpretra ted &agokﬁber b i iR ‘ Ll RS R G L : . ,
Holocellylose (%) D ; _,_82 3¢21“;-: 81704 79, 3¢o2"' 89'5:0.2% .. 69, 80, 3“ o _.363-.&:0 4" . BB.0%1 03, ©55.0¢1.0% 71.7+14%

a-cellulose (%) ~ . 709:2.8" . 726423% 74 5:06, 78.040. 15. 773:02% . 57.4t1.9"  90.0:1.0° 72.0£2.0" 80.4£1,3%
B-celiulose (%} TL19.43004% 1058028 1.9£0.4% 19.0£0.3% " - 22.740.6% .. .3.0:0.7% 90£1.0% . 28.0£2.0° 2301
y-ceflulose (%) 10.041.0% . 16.922.68° 236:0.2° 6.0¢02° <01:00* 396#11°  1.0:01% . . <0.1x0.0° 17.3¢1.4%

‘Klason Lignin (based on pre!reated basis) (%) . - - 191108 . 16,701 . 9.3:1.0 S8 6£02. 286:01. . 3. 7+0. 7 46010 . 52.0£1.0 - 18.0£0.1

fbased on unireated basis) (%) © . 10.9+0:4%7 7 126801%:  5.0:0.6% 9. 7:01B ©182:00% . 24204° 27.10.8° 27.6£0.5° .8.8£0.1

:Acnd Soluble Lignin {based on pretreated basis) (%) " 1:0£0.8. . - C46E01 24403 ¢ g 31:02 o “1.040.1 © - 06£0.0 0.6+0.1 '0.810.1
' {based on untreated basis) (%) 06&00 Toit240 - 1302 100802 06201 - 04100 0.3+0.1 0.4£0.0
Carbohydrates: : o _ = SCE R I . o S e Sy : e , . a,

- Glucose (%) - ‘»90 0+04 Lo 834203 U 7H4£0.7 94.0£0.1 - 1000:0.0 - 604:05 . 950404 100+0.0 824105
Xylose (%) B0 L 8 9:02 . 249202 . 30£01 <0200 . 396:05  2.0:0.0 '<0,1£0,0 154202
Others sugar * (%) C 002 0 A0 . (36404 C30:01 <0200 0 <0500 - 3.0£01 <0.1£0.0 - 23£0.2
Calculated Total Glucose Content ® (%) S Taag22 0 6703, 566207 65.3:0.3° - 63,5500 521302 - 58, 1¢12 65,0£1.0 59.1£1.5
Enzymatic hydrolysis ofgretreatedka@kfbe L A o LR S ah o TiE e Lot T -
Theoretical Glicose Concentration °(giL) = - 18:5:0.6° 17.&0.13 14.2£0.1% . 16.3+0.1° - 16.9+0.1% 13.0£02° 13.810.3A 13.8+0.2" 14 8+0.4%
Glucose yield (HPLC analysis) {(g/L) 16.040.1° 10121070 7 15, 6i1 0. 18.3:1.0° . 134108 12:6+1.0° 10.8+1.9° 9.4£0.5" 9.3:0.7%
Glucose yield (HPLC analysis): ~ iy : S R e ’

Based on Theoretical glucose conoentrat\on (%) 86 5:2 28 BO4rEER . - >99 9+0, 0° >99 9:00° 85:3:1.3% 96.9+18° 78:3+0.3° 68.,1+2.6° 6281117
Based on Pretreated Substrate ° (%) , : D.4°. . 404240 - 624:4.0° . - 73.2:4.0%  535x44% 50.4:1.6% 43.2:0.8 37.7£1.9% 37.2:0.4%
Based on Untreated Substrate ' (%) 34.620.2%  30.33. [ 39.6¢26% 38 152.0° © 34.082.8% - 32421.0°° . 25.540.5° 20.0%1.0% 18.240.2"

""Others sugar: arabmose mannose ‘aalactose

P29 referred to Table 1

In each row values with the same capital letter are not sianificantlv different. which analvzed by Duncan SPSS.



- According to the theoretical glucose -yield (the glucose yield ‘calculated based on theoretical
glucose concentratron) one could say that more than 80% of the cellulose from most of the pretreated
fibres (except pretreated kenaf core fibre) was hydrolyzed: into glucose (Table 8). Therefore, pulprng was
not needed to apply in this study. Since there was only about 60-80% of the glucose (calculated based on
theoretrcal glucose concentration) "in the. kenaf core frbres were hydrolyzed (Table 8), oxygen

delignifi catron treatment will be applied in all pretreated kenaf core fibre for further mvestrgatlon (Kindly
refer to Part ll)

3 1 3 Fermentatron of sugar enzymatlc hydrolyzate into ethanol. .

3.1.3.1. ,Kapokflbre :

Maxrmum -ethanol_ concentratron was achreved durrng 6-8 hours of fermentation for all enzymatlc
hydrolyzates (glucose) of pretreated kapok flbre The decrease of glucose concentratlon was in tandem
._wrth the increase in the ethanol concentratlon dunng fermentatlon The cell growth stopped (optlcal'
,densrty value decreased and/or remamed constant) when the glucose content was exhausted It was also
‘noted that the ethanot concentratron reduced after about 10 hours of fermentatron for alt samples This
: phenomenon indicated that Saccharomyces cerewsrae would frrstly consume the glucose durmg hrgh
‘glucose concentratron and then started consumrng the by- product {ethanol): when the glucose was
depleted (At ‘mhanna, 2010). Accordmg to Table: 9, more than 95% of fermentatron effrcrency was
“achieved for all the pretreated frbre This: phenomenon revealed that the yeast stram used in this study"
would be able ‘to_tolerate’’ vartous stress  factors dunng fermentatlon such ‘as nutrient defrcnency }
contamlnatro "'_htgh glucose concentratron ethanol tolerance and rts correspondrng mhrbrtlon;on the yeast:'

‘ Table 9 Effects of drfferent pretreatment (at optlmum condltrons respectrvely) on total ethanol yrelcl

Optrmum Pretreatment condrtron A ~Totakglucose ~  Fermentation = ':.:jsTotal ethanol
: Lo et 3 ek cyield(%) ;’”"’:,;effrcrency (%) yleld (%
Kapokflbre - 8 SR R g ] D A e A 5
‘Water pretreatment - e e T B4 B0V J,>99 9:l:0 OB e ;'1,7.6";‘l:0.flA x

(170 °C; 45 r‘mn)

BoEs Q. T f>99 9¢o 0% RS
does26® o4t o*‘.f{‘:; oA 28
Water. Pretreatment T -. AT i 381iZOB fi“:",‘,1:‘9,‘5-41*1-0)‘ S '-1‘31-;5i1-‘0§'
(170°C, 45 min) o o e T R R T R
Acidpretreatment . 340:26%.  086:1.0" . 17.41.3"
(2.0% VI H,50,, 120°C, 60. mm) RS i PR o Mo sy o
Alkaline pretreatment - Co32410™ 942404 15431058
;(30%v/vNaOH 11OC45m|n) B ' ' B
‘Kenaf core fibre :
‘Water pretreatment

(170°C 45 mlﬂ) . - K . 255t05 979&10 12.7i02 ‘ §




Acid pretreatment - :
(2.0% viv H;S0,, 120°C 90 mm)

Alkaline pretreatment .
}(3 0% ViV NaOH 140°C, 60 mm)

200:1.0°  940#10° 96105

182602°  >999:00° T 93s01%

3132 EFB flbre - i - : -
Maximum ethanol concentratron was achreved durrng fermentatlon trmes of 10-1 2 hours for all
enzymatlc hydrolyzates (glucose) of pretreated EFB f' bre Simllar to kapok ﬁbre the decrease of glucose’

k"su pplementatron about 94% of fementattorl efﬁcrency was achleved for acrd pretreated kenaf coreﬁbre
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321 "'Effec'ts"fof'-\(arious. aqueo “'s.@;_pret"reafments on _kerra_‘f xcorei_:fr‘b_res?’; qhemioalf composition and
o enzymatlchydrolysabrnty e T e T e

‘demonstrated by the decrease of y-cellulose contentiin the pretreatment samples (Table 1

the reduction of xylose content also denoted the effectlveness of pretreatments towards ther
removal as it is the ‘main smnple sugar’ presents, in hemlcelluloses (Tye et al., 2012) '
-vpretreatments acid pretreatment gave the best effect on. elrmrnatton of hemlcellulose Th ) Hu
-(y-cellulose) and xylose contents of ‘acid pretreated f’ bre decreased effectrvely to 6.5 and 21%, _
respectively. in contrast alkali pretreated fibre stilt retained very hlgh hemrcetlulose content. of 29.1% (or
xylose content of 25.1%). This phenomenon was due 1o hemlcellulose degraded more readlly under -
acidic condltron than alkali condition (Tye et al., 2014).




~Table 10 Chemrcal analysrs and enzymatrc hydrolysrs of water acrd and a!kalr pretreated kenaf core .
fibres :

'| Pretreated sample et b e ] Water Acid - Alkall
‘| Chemical analysis - e e > R soowi
Solid yield based on: : e s : e ]
pretreated sample: welght (% : 62.3x4.:1 . 62.6+2.4° R 59.81-2.8. :
| untreated sample weight (%) | 62341 ' 626224 | ' 598428
' Holocellulose (%) - | 59723 596+0.1 | 73.0:0.1
aécellulose %), iR 852402 - 830+0.3 | . 689%#0.0- |
" B-celiulose. (%) s 0 5906 ©10.5+1.0 0 {0 2.0£01 o
Ycellulose (%) 8804 ' 65:06 | . 29101
Klasonlignin S 1 R T AR 1
based on:’ ‘ E SR N & 0 i e L R
pretreated sampte weight (%) _ 42.241.8. 45.4+2.3 | - 19.9#28
‘| untreated sample welght (%) . _-26'341‘1 ‘ 284415 - oo 11 91:1 (A
" ‘Carbohydrates 3 ) T, SRRt ) s At
| Glucose f891+06 ol 93504 | 726208 |
“Xylose N R o T R 2.140.0 7 = of 254301 T,
. Others sugar o A 9R08, T L 44804 e L B30
Calculated glucose. total content (%) U BR324 ) BB 7O ‘53 0:4-0'-'7'.;_ e
|.Enzymatichydrolysis - .o i g R T Ra ok b for Hoie
Theoretical glucoee Concen'tratr n (g/L) S 133206 o ABOMOE ;13 3:l:0 2
Glucose yield- gty S S 8001 o i 25104 L p 5. 5+01
',;“Glucoeeyreld T Al ST SR DN AR 0 IE Lk g e ‘
28 theoretrcatgh.lcose concentratlon %) | 454140 | 180820 |- ”;41 51:0 2
- pretreated sample weight (%) =~ | -24.0¢04 100816 | ' 22.0+0:4
e untreated sample welght (%) S § 1‘5.01‘10 B 3+'1t0' sl 3. 2+0 2” ot

: 5 Neve‘rtheless, alka ‘retreatment was rnore effectrvely on the removal of lrgnm On the other hand

it was found that the tignin content’ of water and acid’ pretreated fibres were hrgher than that of the ongtnat
one (20 3%). Thls phenomenon was due to the depolymerrzatlon and condensatron of dlssolved lrgnrn
;‘-durrng the pretreatment (Tye et al, 2014) Moreover, it was mterestmg to see. -gthat besrdes the
degrada on of hgnrn alkah pretreatment was also’ capable of removing more. tha,n 5% of. ,hem‘rcellulose
- (v—cellulose) trom kenat ore | »srdes lt was noted that the cellulose conte r’-‘and acrd

hemrcellulose (>80%) NeVertheless water pretreated frbre attalned the hrghe : otal glucose yueld
followed by alkali and acid pretreated fibres. Although alkali pretreated fibre showed about 40% of, lignin
‘and hemtcellulose contents removal, its fibre hydrolysability was relatrvely IoWer than the water pretreated
-one, in whrch the glucose hydrolyze from the former and ‘latter were 41. 5% and 45 1% respectrvely
Hence, thrs suggested that the removal of hemlcellulose was more crucral than the: removal of lrgnrn in
4 tmprovmg the kenaf core fibre hydrolysabrhty Besides, it was noted that acid pretreated trbre experrenced

‘better hemrcellutose removal than the water pretreated fibre did. However,. the total glucose yreld of latter
- case was achieved about two folds of the former case (Table 10). This result was probably attributed by




the high remalnlng of residual llgmn in. the acid pretreated fibre, which could absorb the enzyme and
consequently, decreases the enzyme actuvrty dunng hydrolysas

3.22. Effects of various aqueous pretreatments followed wn‘h oxygen alkell extraction on kenaf core
frbres chemrcal composrtlon and enzymatrc hydrolysabrlrty

Wlth the snrnple aqueous pretreatments the. enzymatlc hydrolysablllty of. kenaf core fibres was‘
'enhanced However these pretreated flbres -achieved only less than 50% of theoretrcal glucose yrelds.
'(Table 10) Therefore oxygen -alkali extraction was introduced in thIS study due to its capable of removmg
tignin from bromass in-an: envrronmentally friendly ‘way. It could be observed. that although the effect of
alkalt pretreatment was analogue to the oxygen-alkalr extractron in which both methods were capable of
removing llgmn the hemlcellulose content of the latter was about 45% hrgher than that of the former
‘(Table 10 and 11) This denoted that the oxygen -alkali extracted fibre retained most of the hemrcellulose?
and thus contnbuted more. glucose content in comparison to the alkali pretreated fibre did. Nevertheless
the theoretlcat glucose yield as well as the total glucose yield of oxygen- -alkali extracted fibre was still low
(Table 11). Hence, it was believed that these pretreatment and extractton condltlons were msufﬁcnent to
rmprove the enzymatlc hydrolysabrhty of ftbre ol » :

As the srmple aqueous pre etr atr nts and oxygen—alkah extractlon solety could not enhance the

L ERE ‘Among the two- stage pretre il ibres, acrd—oxygen pretreated ﬁbre exhrblted the hlghest total
gluco, e;yreld followed by alkalr-oxyg_ nd- water-oxygen pretreated:ftbres it could be: seen that: although
“both water oxygen and acid-oxygen pretreated fibres presented the»low amount ivhemlcellulose content,
“the total glucose yield of the former was relatively lower about 6.3%: than that of the latter. The chemical
composmon analysis (Table 12) showed that water—oxygen pretr ted fibre expenenced more cellulose
degradatlon (2.4%) than the acnd-oxygen pretreated fibre . (1. ?%) did. Its: relatrvely high- cellulose
degradation caused the calculated values of both the total glucose content {69:1%) and theoretlcal
glucose concentratlon (14, 8 git) low These results- indicated that the enzymatic. saccharlflcatlon yleld of
‘the’ water-oxygen pretreated fibre (49. 6%) would not be hlgher than. 59, .1%. Hence, the total glucose yield
calculated from the enzymatic sacchanflcatlon yield multrplred by solid yield was only 24. 9% Furthermore
‘since the substantially high- lignin content (28.4%) remained in the acid pretreated fibre could ‘decrease




. the enzymatlc saccharlflcatlon yield as well as total glucose yield; it was believed: that acid-oxygen
_pretreated- fibre_attained the remarkably high total glucose yield was attributed by |ts rather low lignin
' ,'content (Table 12). '

] \Table 11 Chemical. analysm and enzymatrc hydrotysrs of oxygen -alkali extracted kenaf core fibre

- Extracted.sample =~ - Ry » A i RO | Oxygen—alkall

| Chemical-analysis

"fSo" vield based on: ; e A T
' eated sample werght (%), e [ es. 0+3 0. = ¢
_treated sample weight 07 R . 68.043.0

cellulose (%) g : R et (- ect < [V RN
1 acelulose(%)y = . 556410 .
© B-cellulose (%) . . 1 14204
" Y-cellulose (%) -~ . , © .0 43.0:086
-{;'Klason ligninbasedon: . - - - L o et
| pretreated sample welght (ORY . g, - 22:842.2 v )
| untreated sample weight (%) ', , | . 155x15
.fCarbohydrates (GC analysrs) ‘ R I
1: “Glucose . il : G 65,6%0.90
" Xylose ,7 £ L 27080,
| "~ Others sugar - N " 1 6.640.7
| Calculated glucose. totatcontent (%1 R . , oo 52.0407 o b
; ;Enzymatro hydrolysis - i ' T, SR
| Theoretical glucose concentratton (g/L) i 0130402 v
't Glu eld (HPLC analysrs) (gIL) L. Soag o 56808

coretical glicose concerttratron (%) A e |
D e 220804 |
e untreatedsamplewelght(%) e o [ .,,_,150:':02_;_:._:; ’4

, i Unhke water and acnd pretreatment alkall pretreatment followed wrth oxygen-alkalr}j:
'extractron process did not dramatrcally change' the chemical composrtron of the flbre However the total -
glucose yield of alkali- oxygen pretreated fibre was. rrnprovet;l remarkably (Table 12) It was believed that.f-

ybemdes the removal of amorphous fractions (lignin and/or hemrcellulose) there were some other changes &
such-as the: physical structure of fibre, might affect the enzymatlc hydrolysabllrty of the fibre.. Therefore :
further research on thls study rs neededt w ot b , "

: 'Tabte 12 Chemrcal analysrs and enzymattc hydtolysus of varlous twonstage pretreated kenaf core flbres S

Pretreated sampie Wa;ter-Oxygen Acrd Oxygen A Alkalrvaygen

| 7’8‘0-#2’01‘] S 904430

.. pretrea e'd sample welght (%)p o
. untreated sample welght (%} F 48.811.4 54.111.8
'Holocellulose (%) : CiEreds ol 72.410.8 82.642.0
~a-cellulose (%) - - 88. 411 0,-, 83.420.0 - 67:0£2.0
~ B-cellulose (%) - 6.340.8 10.5£0.8 . - 2.040.0
-~ Y-celulose (%) 5.3+0.2 . 6 H:O 8 32.0£0.0
Klason lignin based on RN S ' LN SR
| - pretreated sample weight (%) ~  39.0+2.8 39.5¢2.8. 1217422
. Untreated sample weight (%)~ 19.6¢1.4 19.3¢1.3 11.7¢1.2
Carbohydrates S : ' PEL s
- Glucose = '89.4£0.4 93.240.2 '71.6£0.6
Xylose ' 4.240.2. 2.6+0.2 24.0+0.2

Others sugar (1) - 3.1%0.2 4.210.0 - 4,420.4 .




Calculated glucose total content (%) e 591:01 2 675:1:05 g '64,71-_'0.7«
' Enzymatic hydrolysis - P DR e S e L T T
| Theoretical glucose conce ratron (g/L) .~ 148+01 - . 16.9x01 - 162802
"Glucose yleld (/L) ‘ : - 12.4£04 - 160206 . ©14:040.5 -
| Glucose yield based on; R GE, TMen G S n T L U g
_ theoretical glucose concentratron (%) - 83808 . 90.7£0.7 S 864104
. pretreated sample weight (%) . 49606 . 640£04 - - 560:05
untreated sample we Jtht(%) i 1249109 - 31.2.1:0‘,_4 L 30.3+0.3
- £ CONcwsrow
jv41 ‘Partl A =
e ~The removal. of the “entire. recalcxtrant polymers (llgnm and hemlcellulose) from blomass by-"{

rpretreatment was not necessary to-maximize: (»95%} the conversion of cellulose into’ reducmgl:
_sugar by enzymatic hydrolysrs Thus, only- simple pretreatments without fully removing of llgmn, :

“and for hemlcellulose could lmprove the fi bre enzymatlc hydrolysabrllty to approach full cellutose- 4
, glucose conversron : ; s A r

. Pretreatments lmprove
; - thferent bromasses __eqm
The optlmum pretreatment-
for45mm ] LSRN Ry SRy
. 'Sugar hydrolyzates from-almpure etreated bromasses could be fermented rnto ethanot wrth l'u
- fermentation efﬁcrency LR :
4 2 Part 1
_0' : The enzymatlc hydrolysab, ‘ty'of the kenaf core ﬁbres was enhanced ‘by adoptlng Slmplle aqueous
, _able to further lmprove the'-enzymatlc hydrolysabtllty of the t” bre and lncreased the theore i
' glucose yield up to more than 80%. , ;
, .,Although the total glucose ylelds of all the two-step pretreated frbres were merely sllghtly dlfferent,

acud-oxygen pretreatment was - the most - favourable method on". enhancmg the enzymatlc

! hydrolysabrllty of kenaf core flbre as its total glucose yield" lmproved about flve folds in relatlve to

the acid pretreated one.



5. RECOMMENDATIONS

s For kenaf core fibre, lnstead of simple pretreatment, others advance pretreatment methods such
- 'as jonic liquid pretreatment are suggested ‘or broetl"anol production.

e Usmg the other pretreatment methods such as phsnco -chemical pretreatment and combmatton of
o srmple pretreatmet methods are recommended

. -ldentrfy some- other factors that may mfluence the enzymatlc hydrolysablllty of the fibre such as'
chemucal lmkages and bondmg charactenstncs of the untreated and pretreated fibres. ;

+ Produce bio_ethan‘ol by using the pretreatment_ liquor.
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2. NO STAF e AASAA2G, ... e
3. PTJ e PL P Teknologi INAUSE .. vecianniirecrrecs e
4. KOD PROJEK e U0973..

5. TARIKH TAMAT PENYELIDIKAN ... 14 Julai 2016.......c.ccoovueriviieicnie st e encsnerns

B. MAKLUMAT ASET / INVENTORI

BIL | KETERANGAN ASET NO HARTA NO. SIRI HARGA (RM)
1. | Shaker water bath 1AK00048373PTEKIND/ R000100588 7,120.00
2. | Shaker incubator 1AK000482205122PTEKIND/ R00G100961 12500.00
3. Centrifuge machine 1AK000512703112PTEKIN D/ 216379 15805.00
4, Refrigerator 2 RO B TUE R 2,779.00

C. PERAKUAN PENYERAHAN
Saya dengan ini menyerahkan aset/ inventori seperti butiran B di atas kepada pihak Universiti:

Sd‘!?:fvfrlm sﬁlmﬁ;‘so:gy Tarikh: +7 / Q%?e /4

L.

D. PERAKUAN PENERIMAAN
Saya telah memeriksa dan menyemak setiap alatan dan didapati :

Z/Lengkap

(] Rosak
[ HIlang i NYAEAKEN....c.coverierrneeeeaineesieresee et sensen s s satese e boeseeose st etsesmcraensesssnancaseons
[] Lain-1ain s NYatakan ..o et st s en st e s

Diperakukan Oleh :
E KU ALAM
SEHE KU ABDRREAH B. CH
-7—4/0"? / PEGAWAL PENYELIDIK -
........................................ pUSA’T p?NGA AN TEKNOLOG! |NDUSTR
Tandatangan Nama ™} o ERSITLEAMNS. MAL AYSIA
Pegawai Aset PTJ Tarikh 3330023 ARRIANG

*Nota : Sesalinan borang yang telah lengkap perlulah dikemukakan kepada Unit Pengurusan
Harta, Jabatan Bendahari dan Pejabat RCMO untuk tujuan rekod.
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PUSAT PENGAJIAN TEKNOLOGI INDUSTRI
PENYERAHAN ASET
DR LEH CHEU PENG
29 SEPT 2016



ALAT SHAKER WATER BATH
LOKASI 229

'SERIAL NUMBER - | rR000100588

'NO HARTA 1AK00048373PTEKIND 2012
PENSYARAH BERTANGGUNGJAWAB Dr. LEH CHEU PENG
BAHAGIAN / DIVISION BPC




ALAT SHAKER INCUBATOR

LOKASI 229

SERIAL NUMBER RO00100961

'NO HARTA 1AK00048252PTEKIND 2012
PENSYARAH BERTANGGUNGIAWAB Dr. LEH CHEU PENG

BAHAGIAN / DIVISION BPC




ALAT CENTRIFUGE MACHINE
LORASE 215
SERIAL NUMBER 216379

NO HARTA

1AK00051731PTEKIND 2015

' PENSYARAH BERTANGGUNGJAWAB

Dr. LEH CHEU PENG

BAHAGIAN / DIVISION

BPC




ALAT REFRIGERATOR

LOKASI 229

'SERIAL NUMBER 108KRIU2WS68
NO HARTA -

PENSYARAH BERTANGGUNGIJAWAB Dr. LEH CHEU PENG

BAHAGIAN / DIVISION BPC




