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ABSTRACT

The complex structure and existence of lignin hinlde hydrolysis of cellulose and hemicelluloséignocellulosic

biomass. This study was carried out to determirepitoperties of oil palm empty fruit bunch dirediigated with

steam without size reduction and acid/alkali treatts. The temperature and time of pre-treatmentwasied and

found that there was no significant differencehia production of glucose and xylose after Celli@€X enzymatic
hydrolysis. Furthermore, pre-treatment neither ohpat in the moisture content nor the pH values lipaim empty
fruit bunch; however, a small reduction in pH wasserved due to the generation of acetic acid, foragid and

levulinic acid. Thus, pre-treatment of the sampietds higher cellulose and lesser lignin content.
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INTRODUCTION

Palm oil is one of the most economical oil crop#icated mainly in Malaysia and Indonesia. Malay&athe
second largest palm oil producer in the world High production of palm oil generates large amoainsolid
wastes, namely oil palm empty fruit bunch (OPFB)palm mesocarp and oil palm shell. Almost 15 ioiiltons of
this agriculture waste is generated by oil palmustdes annually which pose enormous environmegmaéiltion
[2,3].

Lignocellulosic biomass is a renewable source shates energy from sunlight into chemical bonds Micording
to International Energy Agency (IEA), biomass siggplaccount for 14% of total world’s energy reqomiesnt.
Therefore, it plays a key role in enhancing thenecoic welfare of the country [5]. OPFB is an idéal-cost
feedstock used in the production of fuel ethanmulgh pretreatment, hydrolysis and fermentation I[fl¢omprises
nearly 42-65% cellulose, 17-34% hemicellulose, £362ignin, 1-6 % ash and 63-67% moisture [6-8].|@ete
and hemicellulose composed of several units ofaatfrate monomers which are hydrolyzed by enzymés i
sugars while lignin is ammorphous hetero-polymer made up of phenylpropanits [O]. The effectiveness of
hydrolysis depends mainly on the accessibility mfyene to the substrate. Thus, any barrier in tloessibility of
enzyme to the lignocellulose reduce hydrolysis sigeificantly.

The preferred method used for the degradation tfilose is a heat and/or chemical pretreatmenovedid by

enzymatic hydrolysis [10]. Effective pretreatmerst an important step in the success of lignocellalos
bioconversion where polymer sugars from cellulosd hemicellulose are hydrolyzed into free monoriéese
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monomeric sugars further used in fermentation twdpce bioethanol. Pretreatment breaks lignin sealuces
crystallinity of cellulose thus increase porositiiigh make cellulose more accessible to the enzymeshermore,
it increase conversion of carbohydrates into fetaae sugars decreasing the overall process cbktiflgeneral
procedure, OPFB is firstly subjected to size reidncsteps prior to steam pretreatment to increlasestrface area.
Pretreatment usually involves the use of acidsakalis. Although, the use of chemicals is toleeaht laboratory
scale, it may generate environmental problems wissd at industrial scale. Thus this study was ccteduto
determine the effect of steam on OPFB in its aléeléorm without use of chemicals during pretreaitne

In the present study, mixture of cellulase and ltetniase called Cellic CTec2 enzyme was used focdriversion
of OPFB. Samples were firstly pretreated with steardifferent temperatures for different time ints followed
by their enzymatic hydrolysis. The produced sugeese analyzed by high performance liquid chromatphy
(HPLC). The fiber composition of treated OPFB sasphas studied using National Renewable Energy raddngy
(NREL) as reference.

MATERIALSAND METHODS

Chemicals

Enzyme Cellic CTec2, a mixture of cellulase and iceftulase was obtained from Novozyme. Sigmacelpd 20
cellulose, 3,5-dinitrosalicylic (DNS), ethanol, ghse and xylose were purchased from Sigma Aldrigm8& (St.
Louis, MO, USA). All other chemicals and solventsres of analytical grade and used without furtheifization.

Raw material

The OPFB was obtained from Sime Darby Sdn Bhd,fgela Malaysia. Samples were packed in polyamidemy
plastic bag and stored at -20 °C to prevent anyahial growth. Before pretreatment, samples wefeodted for 1
hr at ambient temperature, washed several timésdistilled water to remove any unnecessary foreigerial and
dried overnight at 105°C. Change in weight and @etrenoisture content was calculated. Total massoaksilated
by deducting moisture content from 100%. The d@#FB was grounded into approximately 0.5 mm partsite
using a mill (Fritsch GmBH, Germany).

Steam pre-tr eatment
Steam pre-treatment of OPFB was carried out inuanckave at 110 °C and 130 °C for 20, 40 and 6Quies The
treatment was done with heated steam without adaliygacid or alkali using randomized experimenéaigin.

Determination of enzyme activity

Cellic CTec2 activity was determined according thecedure described by Adney and Baker with some
modifications [12]. The unit of enzyme activity wealculated in BHU (Biomass Hydrolysis Unit) whiokfers to

the amount of reducing sugar produced by 1 mL alyere reacting with 1 gram of biomass per minutethie
present study, substrates used were OPFB fibeev@igma Cell Type 20 cellulose was taken as a abrfive
different enzyme solutions from stock were prepaneduffer to the ratio of 1:20. Assay solutionsi@ined 0.01 g

of OPFB with varying amounts of 0.05M pH 4.8 sodiaitrate buffer and 0.5 mL of Cellic CTec2 enzyme.
Hydrolysis was carried out at 50°C for 60 minutead areducing sugar produced was determined
spectrophotometrically using 3,5-dinitrosalicylicica A linear graph of reducing sugar was plottgdiast enzyme
concentration and Cellic CTec?2 activity was deteediusing the following equation

Slope of linear line

Biomass hydrolysis vt (BHIUT) =

Substrate weight (gm) x enzyme volume (mL) x tme {min)

Enzymatic saccharification of OPFB

Saccharification of OPFB was carried out by Cellitec2 according to the procedure described by Sadehl [13].
It was performed using 5% (w/v) substrate and 0.@q886) enzyme in a flask. Reaction mixture was pthain a
shaker at 150 rpm for 72 hours with maintained 5@f@r hydrolysis, 3.0 mL hydrolysate was filtereith a nylon
membrane (0.45um pore size) and sugar was anabyzeliPL.C equipped with evaporative light scatterilegector
(ELSD) (Waters, Milford, USA). Purospher STAR BIHPLC column with 5 mm particle size was used anideel
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with HPLC grade acetonitrile and deionized wategimatio of 80:20. Glucose and xylose were usesdtasdard
sugars for qualitative and quantitative analysis.

Analysis of chemical composition

Chemical composition of OPFB samples were analymedg modified National Renewable Energy Laboratory
(NREL) standard biomass analytical procedure. Mioéstcontent was analyzed according to standard AOAC
method (1984).

Analysis of moisture content

For the determination of moisture content a disls Wwaated at 10% for one hour followed by its cooling in a
dessicator. OPFB (0.3041g) was weighed and heated witin disk at ¥05or 24 hours. The disk containing
sample was weighed and moisture content was cédclila

Analysis of ash content

Ash content was determined according to the metidsluiter et al [14]. A crucible was first heatet!57525°C
for 4 hours and cooled in a dessicator. OPFB_(1.Bg) was placed into the crucible and heated @t°&0until no
smoke was seen. The sample was further heatedb&P57C for 24 hours, cooled in the dessicator anidjives.
The ash content was determined using the followimgation

Initial crucible weight (g) — final crucible weight (g)

Amount of Ash (%) =
Sample weight (g}

Deter mination of total extractives

Total extractives were calculated according to phecedure described by Sluiter et al [15]. In sh8r0+0.1 g
OPEB sample was kept in 95x70 mm tea bag and piacadellulose thimble. The extraction was caonetifor 24
hours in 500 mL round-bottom flask having 2a0+mL distilled water. After water extraction, stethsystem
cooled and replaced with 95% (v/v) ethanol. Thdusefprocess was performed for 7 hours. After extoac
samples were removed and dried in an oven ¥t 40r 8 hours. The weight of the sample was catedland
moisture content was determined as described prelyio

Total lignin content

Total lignin content was determined according te tmethod described by Sluiter et al [16]. OPFB rfibe
(0.3040.01g) was placed into 100 mL cone cylinder hadr@0.1mL of 72% (v/v) sulphuric acid. Hydrolysis was
carried out in a shaker at 150 rpm for 90 minu@®°C). After hydrolysis, distilled water was addedditute
sulphuric acid upto 4% (v/v). Again hydrolyzed &t12C for 1 hour in an autoclave and filtered. Theduasileft on
the filter paper was dried in an oven for overnigh60°C. Final weight of the remains after acid hydraodysias
assumed as acid insoluble lignin while its filtrates taken as acid soluble lignin. Acid solublenilig was
determined spectrophotometrically at 250 fithe total lignin was the sum of acid soluble anid @&tsoluble lignin
and determined using the following equations

Weight of residue (g) — weight of filter paper (g) — weight of ash (g) = 100
Acid insoluble lignin (%) =

Weight of sample (g)

(Adab)x dfx V x 100
Acid Soluble lignin (%) =

W

Where A= absorption at the wavelength 205nndf = dilution factor; b = cell path length (1cm); a=
absorption(110L/g-cm); V= volume of filtration (B0L); W= initial sample weight in grams
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Satistical analysis
ANOVA and DUNCAN's tests were carried out using saftware Statistical Analysis System (SAS) Verstoh.
p<0.05 was selected as the level of statisticajgifcant.

RESULTSAND DISCUSSION

Determination of Celic CTec2 activity

Cellic CTec2 is a commercial enzyme consists olutade, B-glucosidase and hemicellulase activity. It hasnbee
reported that th@-glucosidase increase the efficiency of enzymeesydiecause it remove cellulobiose that retards
enzymatic hydrolysis [17]. The enzyme activity &flii® CTec2 was 4379.33 and 2527.27 BHU for SigmlaType

20 and OPFB substrate respectively. The enzymeitgctf the control was found higher as comparedD@FB
because of the Sigma cell Type 20 cellulose takehe control was pure in powdered form.

M oisture content

Table 1 shows the change of moisture content inBDIB#ore and after steam pre-treatment. The resuissrated
that there is no significant difference in moistaomtent after pretreatment. The small incremetetr gfretreatment
is related to the hydroxyl group of cellulose aigghin which absorb water easily through hydrogendso[18].

Table 1. Moistur e content in OPFB before and after pre-treatment

Treatment Moisture content before pre-treatment (%)oisture Content after pre-treatment (%)
Untreated 58.63 +5.95 -
110 °C, 20 mi 55.08 + 4.5" 60.53 + 3.4°
110 °C, 40 min 57.36 +3.91 62.13+3.12
110 °C, 60 min 58.59 + 6.93 60.04 £5.16
130 °C, 20 min 58.63 + 3.48 61.47 +£2.12
130 °C, 40 min 62.64 +3.96 62.76 +5.41
130 °C, 60 min 60.90 + 1.93 60.58 + 3.40
*a-b

Different alphabets indicate significant differesq@<0.05) between both samples.

Ash, total extractive and solid mass

Ash content is the residue remaining after dry asi@h at 575 °C. It consists of mineral and othen-nrganic
material bound to the physical structure of biomddse total extractive content is an extractablemzss that
contains water and ethanol soluble material. llLighes non-structural biomass components which cdigidipt the
effectiveness of hydrolysis [14,15]. The percentafj@sh and total extractive content in OPFB wax % and
28.83 %, respectively (Table 2).

The mass of raw OPFB was significantly differeninirwashed sample (Table 2). Washing eliminatedeatieble
components and foreign material. Raw sample exddtdiigher solid content compared to washed OPF&: siaw
sample has higher amount of foreign material thiggrfere in direct heating and complete degradatfdignin [19].

Table 2. Ash, total extractable and solid massin OPFB extract

Component Percentage content (%)
Ash* 3.01+1.11
Total extractable* 28.83+13.44
Solid content in raw OPEFB fiber* 58.55 £ 0.36
Solid content after washing* 31.63+1.96

*Percentage in wet basis

Lignin content after steam pre-treatment

Lignin content in OPFB was determined by acid hijyhis (Table 3)At 110 °C, increasing the heating time from
20 to 40 min did not show any significant differeadut increasing the heating time further to 60 resulted in a
significantly lower (p<0.05) lignin content. Howeyat a steam temperature of 130 °C, an increabeating time
from 20 to 60 min did not affect the lignin content

It was interesting to observe that a heating domatif 20 min although increased the temperatuna ftd0 °C to
130 °C yet it did not affect any significant difégrce in lignin content. However, when heating twwes further
increased to 40 min increasing the temperature3® °C caused the lignin content to be significartdwer
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(p<0.05). Increasing the temperature to 130 °Cmduhieating for 60 minutes did not significantly et lignin
content.

Lignin content decreased at certain heating timg t@mperature because auto-hydrolysis promotes vanod
hemicelluloses and degradation or modificationigfih [13]. Steam treatment at high temperature pressure
expanded existing moisture and increased the hygleobf OPFB because it unwrap biomass particlecsire
leading to increased fiber volume and reductiopasficle size [20].

Table 3. Lignin content in OPEFB after pre-treated at different temperaturesand time

Time (minutesTemperature (°Cyemperature (°C)

110 130
20 3552+3.99 30.67 +13.5T
40 3447 +2.81 21.15+11.92
60 20.96 +6.08 25.92 +4.7%

No treatment 34.69 + 4.91
a-b different alphabets represent significant défece (p<0.05) between samples

Effect of temperature and pretreatment time on the production of sugars

The effect of pre-treatment on the production afesuin OPFB is shown in Table 4. The result dertrated that
there was no significant difference (p>0.05) in fiienation of glucose and xylose in untreated dedra pretreated
samples. Both the temperature and time have irigignt effects on sugar production. According tbe8a et al the
pre-treatment with steam at 140°C for 15 min inseehthe conversion rate of holocellulose in thepalm empty
fruit bunch by 30% [13]. The inefficiency of prestenent may be due to low surface to volume rati®BFB as it
was not milled into smaller particles.

Table4. Glucose and Xylosein OPFB for wet and dry basisafter enzyme hydrolysis

Treatment Wet basis Dry basis
Glucose (mg/g)  Xylose (mg/g)  Glucose (mg/g) Xylose (mg/g)
Untreate 68.82+65.3° 31.32+28.8° 165.90 +148.0° 73.49+63.3°
110°C,20 min  53.23+34.99 4298 +24.8%4 132.58+82.62 105.98 +54.61
110°C,40min  33.77 + 42.82 39.04+19.23 90.15+113.90 101.85+46.85
110°C,60 min  77.06 £26.21 44.99+23.06 193.76+72.82 112.46+58.31
130°C,20 min  62.42 +67.67 36.87 +29.80 158.14 +163.57 93.25+71.86
130°C,40min  76.12+70.94 50.06 +47.54 193.26+172.15 124.94 +110.01
130 °C,60 min  103.49 +93.46 55.15+38.91 252.74 +214.50 135.60 + 88.87

& Means with the same letter showed no specifiereifice

Effect of hydrolysisand pre-treatment on pH values of OPFB

Change in pH before and after hydrolysis of OPFBhiewn in Table 5. The result revealed that thenad nearly
same in the untreated and samples treated witmst&asmall decrease in pH might be due to the sales acid.
Pre-treatment with steam is an auto hydrolysis eatdlyze the release of acids leading to the lowepH. It
generates acetic acid, formic acid and levulinid §21]. The pH after enzymatic hydrolysis was gfigantly lower
(p<0.05) in case of untreated samples. Howeverngnreated samples no remarkable changes werevelser

Table5. Changesin sample pH before and after enzymatic saccharification for 72 hours

Treatment Sample pH before enzymatic hydrolysiSample pH after enzymatic hydrolysis
Untreated 5.61+0.79 3.90+0.08

110 °C, 20 min 5.42 +0.45 4.37 +£0.08

110 °C, 40 min 5.33+0.38 4.47 +0.28

110 °C, 60 min 538+0.2% 4.47 £0.27

130 °C, 20 min 5.13+0.18 4.45+0.12

130 °C, 40 min 5.02+0.%2 4.20 £0.08

130 °C, 60 min 4.93+0.67 4.30+0.24

a-b different alphabets represent significant défece (p<0.05) between samples.
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CONCLUSION

This study shows that the steam pretreatment ofBOiRFts available form does not significantly inope sugar
yield without requirement of any size reductiorpséad the usage of any acid or alkali. Furthermiagain content
considerably reduces at 130 °C temperature witkifigeime of 40 min.
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