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Abstract of thesis presented to the Senate lJ ni vcrsit i Putra Malaysia in I'tMi IIment 0 r the
requirement for the degree 01' Master or Science.

BACTERIAL CELLULOSE FROM A. XYLINUi'v! FERMENTATION lISING

HYDROLYSATE OF BANANA-PEEL \VASTE AS CARBON SOliRCE

By

MliSTAPHA BIN AKIL

Decem bCI' 2011

Chair: Dayang Radiah Bt. Awung Biak, PhD

Faculrv: Faculty of Engineering;

The high cost ofutilizing commercial sugar as carbon source in bacterial cellulose (I~(,)

production has become an issue in the industry. Discovery or alternative carbon source

from cheap sources. e.g. agricultura] (rood) waste is needed to overcome this problem.

Two key objectives are set in this study. namely (i) to investigate the reducing sugm

yi,-'Id obtained from the diluted acid hydrolysis or :lgricultur:t1 (rood) \\ask' ;lml (ii) to

svnihcsizc and characterize BC using hydrolysate obtained in (i);1s the cnrbor: source.

Sago diluent, potato peel and banana pel' I were selected as rav, m.ucrinl. Ih,-' di lutc ,Icid

hydrolysis method was used to hydrolvze these \\'Istes. Three hydrolysis parameter».

sulphuric acid concentration (2%, -+% and ()(;\,). reaction time CO. -+0 :lIld ()() minutes)

and temperature (1 OS"C and 121 uC') were studied. The highest glucos,-' yield lor each

waste's hydrolysate was used in the fermentation cxpcrimcrn to screen the hest clrhlll1

source for BC production.
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I Iydrolysis of potato produced the highest glucose yield, i.e. 43.44 mg/mlusing 4°;() (v/v)

acid at 20 minutes reaction time and J 2 J "C reaction temperature. The highest glucosc

yield, i.c. J 9.IS"C from banana peel hydrolysis was obtained alter 20 minutes using ()'/~)

(v/v) or acid at J 2 J "e whilst for sago effluent, ~IS reaction time was ex tended to 40

minutes using 4'YtJ (v/v) acid at J OS"c, only 2.64 rug/m] or glucose vvas obtained.

Banana peel hydrolysate was selected as the carbon source uscd in this study because it

produced the highest yield or 8C, i.c. 2.89 gil after 2 J days of incubation period

compared to other hydrolysate. For the selection or the suitable initial pi I and initin!

carbon source concentration, it was found that initial 1'1-1 6 and 2.0% 01' carbon source

concentration produced 2.81 gil or 8C alter 16 days incubation. SIJvl anulysi« shows

that BC has ultrafinc fibrils and a pore-like reticulated structure. '1'(;/\ result shoxvs that

BC was rapidly degraded at 2S0"C. The existence of common functional group i.c Oil

group. C~O group. C-Il bending. C-I I stretching. C-I I \\agging. C-C stretching. C-()-C

vihration and c-o stretching confirms the purity or 13(,. From IW I ami 13.111 amlysis.

BC has mesoporc range of porosity with maximum pore si/e or 24.c)29;\ during

adsorption and 19.070A Cor desorption process. The total surface (\n_'a or the BC \\as

IO.891 m2/g. Investigation or tensile strenuth shows that BC has 111(\'(il11umtensile stress

and Young's modulus values at 5S.84 Ml'a and n~.6 J i\IPa. respectively.

In conclusion. this study provides information on convcrtinu uuricultural (Iood ) \\elste

into Icnucntnblc sugar via dilute acid hvdrolvs»: where it cm be uti lived lor IH.'

production.
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SI...LULOSA BAKTERIA DARI PADA FERI\1 ENT ASI A. Xl'LI!\ M

MENGGlJNAKAN IIIDROLISAT SISA KllLlT PISANG SldlAGAI SlIl\lBER

KARBON

Olrh

MlJSTAPIlA BIN AKIL

Discmbcr 2011

Pcngcrusi: Dayang Radiah Bt. Awung Iliak, PhD

Fukulti: Fnkutn Kejurutcruan

Kos yang tinggi apabila rncnggunaknn gula korncrsial scbagui sumbcr karbon dulam

pcnghasilun sclul sa baktcria (13 ') mcnjadi satu isu kcpada industri. l'cncarian sumbcr

karbon altcrnatif daripada sumbcr )::mg murah scpcrii si. a tanaman (mukunan) aduluh

pcrlu untuk mcngntasi musalah ini. DU:I objcktif utuma tclah ditctupkan dularn kajian ini

iaitu (i) mcngkaji hasil gula tcrturun yang lipcrolch laripa la hidrolisis asid cair

tcrhadap sisa tanaman (makanan) dan (ii) men sinicsis B ' menuuunakan hidrolisar ""W~~ . ~

dipcrolch daripada objcktif (i) scbuuai sumbcr karbon.

Eflucn sagu. kulit kcntung dan kulit pisang tclah dipilih scbagui baban mcntah. Kacdah

hidrolisis asid cair telah digunakan untuk meng.hidrolisis sisa-sisa tcrsehut. Tiga

p~lramctcr hiurolisis iailll kepckatan asid sull'urik (_~o. -lOo Ian (,°0). masa lin la" halas

1\
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m1P\lST AKAA~ WURUTERAAH OAN SfH18IWA
\J~IVmSITl PUIRA ~ALAYS1A

(20, 40 dan 60 minit) clan suhu (1 OS"C dan 121 "C) tclah dikaji. Kundungnn glukosa

tcrtinggi bagi sctiap hidrolisat daripada sisa tclah digunakan dalam ck spcrimcn

pcnapaian untuk mcnyaring sumber karbon tcrbaik untuk pcnghusilan I1C.

l lidrolisis bagi kulit kcntang rncnghasilkan glukosn tcrtingg: iaitu 43.44 mg/llli dcngan

mcnggun.ik.m asid bcrkcpckaian 4% (v/v) sclama 20 minit masa tindak haLts dcngan

sulu: tindak balas pada 121 (le. Nilai glukosa tertinggi iaitu 19.15mg/l1ll dipcrolch

daripada hidrolisis kulit pisang setclah 20 minit masa tindak balas bcrlaku mcnggunakan

asid bcrkcpckatan 6% (v/v) pada suhu 121 "e scmcntara hagi cflucn sagll. sctclah masa

tindak balas dilanjutkan kc 40 minit mcnggunakun asid berkcpckatan 4(~\) (\'I\') pad a

suhu 105"C_ hanya 2.64mg/llll glukosa tclah dipcrolch.

l lidrolisat kulit pisang tclah dipilih scbagai sumbcr karbon yang digunakan dal.un kajian

ini kcrana i,l Illcngilasilkan BC dcngan hasil lcrlinggi iailll 2.R9 gil SCicP<IS 21 h,lri

lelllpoil inkllbasi berbanding hidrolisal bin. Oleh illl. hidrolisal kulil pis;lI1g Iclah dipilih

schagai sUlllbcr karbon c1abm kajian ini. Dalam pcmilihan pi I pcnnllicl;ln dan kcpl'i-;atan

slllllhcr karbon perl1lllla,ll1, pi I 6 dan slll11bcr karbon bcrkcpck;llan 2.0% 1l1cngh;lsilk;1I1

2.g 1 gil IK sclcpas 16 hari tClllpoh inkubasi. i\nalisis Mikroskop I:kklron PCI1~ill1b;IS

(SLM) Illcnun.illkkan bahawa BC I11clllpllnyai fibril yang s~lI1gal Iwilis dan strllktllr Ii<ln~

yang bcrsaring. i\nalisis lGi\ Illcnunjllkkan BC diclcgradasi dcngan ccpal p<ld~1sllhll

25()"C. Kchadiran kUlllpuian bl'rfungsi yang biasa scpcrti kumplilan 01 I. kllll1puian

C-o. icnlllran ('-II. rcgang~1l1 C-H. goyangan C-II . rL'!:;angan ('-c. gctaran C-O-C (\;111

rL'gan~an c-o Illcmaslibn kC:lslian BC. [)aripada analisis 81~T dan 1).111. 13C

Il1CmpllnY,11 kcliang.an pada .illl<tl mcsoliang. ckngan sal/. li'lIlg. ll1aksill1l1ll1 ,ld;11<11l

\'
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24.629A scmasa proses pcnjcrapan dan 19.070A bagi proses pcnyahjcrapan . Jumlah luas

pcrmuk aan BC adalah 1O.R91m2/g. Kajian terhadap kekuatan tcgangan mcnunjukk an BC

mcrnpunyai nilai tcgasan tengangan maksimum dan modulus Young pada 55.R4 IV1Pa

clan 7:n.61 Ml'a masing-masing.

Kcsimpulannya, kajian ini mernbcri inforrnasi dalam mcnukarkan sixa ranam.m

(makanan) kepada gula belch tapai mclalui hidrulisis asid Gm yang 11WIl:I ia bolch

digunakan dalarn pcnghasilan nc.
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'HAPTER I

INTRODUCTION

1.1 Background

Cellulose mainly IS produced by plant :1S one or the core component or cell \\;t1ls

(Somerville. _006). Hov ·e\'cr. to obtain cellulose from plants. tree and \\oods arc

sacrificed and it costs adverse impact to the environment. l lcstrin 8.:.. Schramm. (I t)5.f)

had found an alternative way to obtained cellulose. i.e. which produced b) .·/c('loh(fc/a

.\TIiI1I1J1l and named it bacterial cellulose (BC). Since then. 13(' became ;In intcrcxtinu

biomaterial to be studied hv researchers all over the world either to increase ilS

production or to be used in a kw applications as reviewed later.

Production or ne requires carbon source ;15 the main nutrient to be used b:- . /c('/(}/Juc/t'I'

xvlinuin. Initially. ~luc()se was used as the main carbon source 1'01' 13C production

(l lcstrin & Schramm. 195.f). l.aier. researchers had shi 1"tI.:Jto other saccluuidc-; :llld

alcohol ( -lasaoka et al.. 1993: Kcshk & .amcshim«. 2005). .vbund.uu amount of \\:Iste

biomass in !\Ialaysia might be utilized as a new energ: source ror BC production.

~alaysia has many natural resources available especial I: trom forestI': and :Igricliliure

sectors crock ('/ 01.. 20 I0). In addition. municipal solid \\aSle also ~L'ner;lIed about 1.7
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kg/person/day where about 60 <Yo was contributed by food and organic waste (Kathirvalc

et 01.. 20(4). Those wastes have potentials 10 be converted into valuable material. (',~

biocthanol (Del Campo et al .. 2006), bicfucl (Lenihan et ({I., 2(10) ami ncvv carbon

source that can he used to produce BC'. For example. in sago starch production. the

factory generated upproxirnatclv 1000 1113 effluent pCI' day in the process (Vikincs« ;Iry ct

(II.. 19(4). Since the effluent contains sago pith and also starch. it has potential to be

used as carbon source for BC production. Banana peel also can he used as carbon source

in I3C production since it is a lignocellulosic material and has high amount or starch.

The peel can be purchased or obtained from various places like food processing plants.

markets, food and beverages shops and etc crock et al.. 20 I 0). In addition. potato peel

can also be used as carbon sources to produce BC. Since Malaysia has a lew products

that arc potato-based product. e.g Twis: Potato and Jackel'. the peels supplies exist. The

main hypothesis or this work is that those materials are expected to have potentials to

become alternative carbon source due to they consist complex sugar that can be treated.

Trcauucnt or those mutcriuls is needed so that it is suitable and can he used h\

Acctobctct cr xyl inunt lor BC production.

1.2 Problem statements

In order to obtain fermentable sugar by utilil'.ing agricultural (food) wastes. hydrolysis of

those wastes is needed. Diluted acid hydrolysis is widclv used and preferable to treat

wastes compared to enzymatic hydrolysis due to its low cost and effective process for

energy production (Aguilar ('/ al .. 2002: Sun and Cheng. 2002: I lcrrcru 1'/ al., ]()() ..L Del

Campo e/ al., 20()(): l.cnihan ('/ al .. ]0 10). The high cost or enzyme. the need I'm

specialized labor and the requirement for sophisticated laboratories (Tasic ('/ (II.. 2()()9)

I
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become a major problem to lise enzymatic hydrolysis. Agro waste such as potato peel,

banana peel and sago effluent which has high content of carbohydrate such as cellulose

and starch that can be manipulated. The hydrolysis of wastes may give two benefits i.c.

production of new alternative of fermentable sugar and at the same time elimination of"

the wastes.

Investigation or carbon source content to improve BC production \\<IS conducted by

using a few type or biochemical (Keshk & Samcshima. 200.5). The high cost of" lIsing

commercial sugar, i.e. glucose, fructose. mannitol etc limit its industrial production.

Discovery of new carbon source had been done by Hong and Qiu (20()S) by prcpanng

alternative carbon source from konjac powder to replace the commercial sugar. In

addition, a ICw researchers had used fruit juices in the production or BC (Kongruang.

200R: Kurosumi er al., 2009). l lcnce. hydrolysate from agro waste especially from sago

effluent. banana peel and potato peel which is not available in literature is investigated in

this study to produce BC.

1.3 Objectives

The main objective of this study is to synthesize 13(' from alternative carbon SOU1TL'. To

accomplish this objective. two key objectives were set. namely:

I. To investigate the reducing sugar yield obtained from the diluted acid hydrolysis

of' agricultural (food) waste.

ii. To synthesize and characterize BC using hvdrolvsaic obtained In (i) as the

carbon source.
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1A Scope of wo rk

The scope ofthis work can be divided into three main sections:

I. Hydrolyze and characterize thc agricultural (food) \\<lsles that will he used as

carbon source

II. Synthesize the BC usinj; the selected carbon source

III. Analyze BC and media or fermentation

1.5 Thesis Outline

The thesis consists or five chapters. Chapter I covers the background. the problem

statement and the research objectives or the study.

The literature review IS covered in Chapter :2 where the basis to the production 01

fermentable sugar and I3C production arc elucidated. Published works are also

described. summarized and discussed.

Chapter :1 briefly describes the research approach or this work. The mcihodologv is

explained in detail. I lcrc. the method used to convert waste into tcrmcntablc sugar and

production or BC from the selected alternative carbon source is presented.

In Chapter 4. the results and discussions were explained in detail. Findings for lirst and

second objective were discussed.

Chapter 5 concludes the major finding of this work and provides recommendation for

future work.
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