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ABSTRACT

The research aimed to study the production of eglialar protease enzyme using potato
peel extract as the additional carbon sourcé$pergillus niger. Proteases are catalytically
functioned to hydrolyze or breakdown the peptidedsoof proteins. Proteases are found to
be used in many biotechnological processes andsinduapplications such as in baking
industry for gluten development, dairy industrynaitk-clotting agents and pharmaceutical
industries. Wastes from the agricultural and fawdlistry gives out serious problem and as
an action of initiative, those wastes can be uspdand converted into value added
materials as well as cost-effective substratesféomentation of extracellular protease
enzyme. Furthermore, in order to produce high wgielof protease enzymes, the
optimization of parameters is considered vital siitdakes a long time and expensive to be
optimized conventionally. This study was performég using Response Surface
Methodology (Central Composite Desig@spergillus niger had been chosen as biomass
while potato peel from the agricultural and foodustry was used as additional substrate in
this study. The potato peel will be grinded andhbdkdl with peel:water ratio of 1:3. The
fermentation study will be take place in the shélksks and several parameters were
optimized for higher protease enzyme activity. Bhi@ctors were taken into considerations
which were the pH of the fermentation medium (pHb 3: pH 7.5), the substrate
concentration (20 g/l — 60 g/l) and the agitatipeesd (100 rpm — 300 rpm). From OFAT
analysis, protease enzyme showed the optimum gcavipH 5.50, 40 g/l and 200 rpm
with 1.23 U/ml, 1.57 U/ml and 1.38 U/ml, respecliverhile RSM results depicted that the
optimum values of each parameter were 5.5 for fHg/M of substrates concentration and
200 rpm of agitation speed which gave out the optmprotease activity of 2.4563 U/ml.
As the conclusion, RSM is the best tool used totifiethe correlation between controlled
independent factors and observed dependent resgpansethe utilization of waste as the
fermentation substrates is highly acceptable duéstbhigher protease activity. For future
study, it is recommended for an optimization ofgbotpeel extracts concentration as the
main carbon source, the application of genetic reggging in the enzyme production,
further scale up protease production using a baboeaand purification and toxicology
studies on protease enzyme for further used by hufoad and pharmaceutical industries.
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ABSTRAK

Penyelidikan ini bertujuan untuk mengkaji pengtasilenzim protease di luar sel
menggunakan ekstrak kulit kentang sebagai sumbdrokatambahan untuRspergillus
niger. Protease berfungsi untuk menghidrolisis dan meskain ikatan-ikatan peptida yang
terdapat pada protein. la banyak digunakan dalansegrproses bioteknologi dan
diaplikasikan dalam pelbagai industri seperti indupenaik sebagai peningkat gluten,
industri tenusu sebagai agen penggumpal susu dhrstin farmaseutikal. Peningkatan
bahan buangan yang terhasil daripada industrimartadan industri makanan menjadi satu
masalah besar dan sebagai langkah inisiatif, bhhban buangan tersebut boleh
digunakan dan ditukar menjadi sesuatu yang beselaagai substratu berkos rendah dalam
proses fermentasi untuk penghasilan enzim protéBambahan pula, pengoptimuman
parameter-parameter tertentu sangat penting untekingkatkan penghasilan enzim
protease. Pengoptimuman secara konvensional meilgamdsa yang lama dan
memerlukan kos yang tinggi. Kajian ini dijalankamndan menggunakan Kaedah Tindak
Balas Permukaan (Reka Bentuk Komposit Berpusapergillus niger telah dipilih sebagai
biomas manakala kulit kentang dari industri pedanidan industri makanan telah
digunakan sebagai substratu dalam kajian ini. Kedittang dikisar dan dicampur dengan
nisbah kulit kentang (1) kepada air (3). Kajiannfentasi ini dilakukan dalam kelalang
goncang dan sesetengah parameter telah dikaji yrgoghasilan enzim protease yang
optimum. Tiga parameter telah dikaji iaitu pH medé@mentasi (pH 3.5 — pH 7.5),
kepekatan substratu (20 g/l — 60 g/l) dan kelajpangadukan (100 rpm — 300 rpm).
Merujuk kepada analisa OFAT, enzim protease melkugju aktiviti optimumnya berlaku
pada pH 5.50, 40 g/l dan 200 rpm dengan 1.23 Ulrbl U/ml dan 1.38 U/ml, masing-
masing manakala keputusan RSM menunjukkan nil&inopt untuk setiap parameter ialah
pH 5.50, kepekatan substratu pada 40 g/l dan kelgpengadukan pada 200 rpm dengan
aktiviti protease optimumnya pada 2.4563 U/ml. Kgmilannya, RSM merupakan alat
yang terbaik untuk mengenalpasti kaitan antaraofaiebas yang boleh dikawal dengan
faktor bergantung yang diperhatikan dan penggubahan buangan sebagai substratu bagi
proses fermentasi adalah sangat digalakkan memgkalanebih banyak enzim protease
yang dihasilkan. Untuk kajian masa depan, adalgalakkan untuk mengoptimumkan
kepekatan ekstrak kulit kentang yang digunakangaglsumber karbon utama, penggunaan
kejuruteraan genetik dalam penghasilan enzim, ng&atkan skala penghasilan enzim
pada masa akan datang dengan menggunakan biordakté@jian tentang penulenan dan
toksikologi enzim protease yang bakal digunakarh ateanusia, industri makanan dan
farmaseutikal.
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CHAPTER 1

INTRODUCTION

11 RESEARCH BACKGROUND

Protease is an enzyme that hydrolyzed peptide b@alahuddin and Khan, 2008)
and their usage in many industries is so much isgive. In dairy industry, protease is
being used to coagulate the milk protein formingdsuand ready to be used for cheese
preparation. In food industry, proteases were tisednproving the functional, nutritional
and flavour properties in proteins especially ikibg whereit is used to degrade proteins
in flour for biscuits, crackers and cookies. In phaceutical industry also, protease give a
wide application such as in treatment of clottingodder Sumanthaet al., 2006) It has
been used for treatment of clotting disorder inrpteceutical industry while in detergent
industry, used for protein stain removal. For leatimdustry, it usage is for unhearing and
bating.According to Oyeleket al. (2010), protease can easily isolate from variausces

as well as plants, animals and microbial via fertagon process.

Enzyme production is a good value added to agrostiil residues since they can
be used in the production of enzymes by bioprose¢Baranthamast al., 2009). This
issue was related tbFrom waste to wealth” concept which is an idea thad been
practiced nowadays by almost all people in the evdrhis statement gives an idea of using
unwanted materials that can be recycled or becomitgrnatives resources for other
processes. The unwanted materials will basicaflgr e the wastes. An example of wastes
come from agricultural and food industry becauserghare most abundant of agro-

industrial residues on our Earth that actually pesssuch good potential as renewable



resources (Nigam and Pandey, 2009). The utilizaifomastes as substrate in the industrial
enzyme production has made the fermentation prawfeisslustrial enzymes economically

feasible.

The aim of this study is to investigate the prootuctof extracellular protease
enzymes byAspergillus niger using potato peel extracts as substrate and tmigptseveral

fermentation parameters for optimum enzyme activity

1.2 PROBLEM STATEMENT

Many researches has been done for developing mesds produce extracellular
protease enzyme that involves various additionacgss for improvement in terms of
economical, qualitative, quantitative, and procpsgformance factors. The screening of
microorganism, the preparation of the substratefuarious sources and the selection of

range of several parameters are examples of imgroreecess being done.

Around 40% for the whole cost of production is Hubstrates cost (El Enshaaty
al., 2008). Thus, the availability of an inexpensige/ material; potato peel extracts which
will be used in this research is essential if #e@smentation is to become economically
viable.

In fermentation, there is variety of parameterst thauld affect the process
performance. Fermentation is known to be depenadertemperature, pH, rate of aeration,
substrate concentration etc so, that is why opttion steps need to be done in order to
maximize the production rate of protease enzymds Hiishasyet al., 2008). The
parameters need to be controlled to provide théegiefermentation conditions for the

fermentation process.



1.3 OBJECTIVE

The objective of this research is to study the potidn of extracellular protease

enzyme using potato peel extracts as the additmutatrates foAspergillus niger.

1.4 SCOPE OF THE STUDY

To achieve the objective, few scopes have beerifgehin this research:

a) To study the production of extracellular proteasezyee in submerged
fermentation using potato peel extracts as thetiaddi substrate foAspergillus
niger.

b) To study the effects of pH (pH 3.5, 4.5, 5.5, 6ridl &.5) to the extracellular
protease production.

c) To study the effects of substrate concentration 80 40, 50 and 60 g/l) to the
extracellular protease production.

d) To study the effects of agitation speed (100, 1AW, 250 and 300 rpm) to the
extracellular protease production.

e) To apply Response Surface Methodology (RSM) in giesg the experimental

work.



1.5 RATIONAL AND SIGNIFICANCE

The aim of this study was to explore for new bemefisources of substrate from
wastes of agricultural and food industry so tha tiost of growth factors can be lower
down. This study proposed in minimizing the wastebfems in the industry and estimating
the optimum parameters values for higher yield xtfazellular protease production by
using potato peel extracts as the substrafegergillus niger. The application of Response
Surface Methodology (RSM) was a step of developmeribday’s technology and this
study was to expose others with new born technol&grhaps with the application of
RSM, experimental works will be much easier, lesaet consuming and feasibly
inexpensive. The experimental stages done andnaotdrom the present study may be

review by other future researchers for further psscdevelopment in this field.



CHAPTER 2

LITERATURE REVIEW

2.1 INTRODUCTION

This part included all the collected and well origad information related to the

study from variety of literature being reviewedrfrgournals and other related sources.

2.2 INDUSTRIAL ENZYMES

Smythe (1950) defined enzymes as organic catalylsish are produced by living
cells and they are responsible in catalyzing theargbal reactions of process life of the cell.
There are many different kinds of enzymes and taeistence is actually undetermined
since only few known enzymes had been discoveremeSpeople proposed that all

proteins are enzymes.

Global Industry Analyst, Inc. (GIA) forecasting tlygobal market for industrial
enzymes by 2015 is approximately to be US$3.74ohillThis is due to new developed
enzyme technologies that enhance the cost effi@erand productivity, customers’ favour
in substituting petrochemical products with orggmioducts and lastly because of the high
demand from textile, detergent, cosmetic and pheentscals manufacturers (Global
Industry Analysts, 2011). The common enzymes g@a&s8s, carbohydrases, proteases and
many more. The role of industrial enzyme had atsnbstudied by Kirlet al. (2002) and is
showedn the Table 2.1.
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One of the largest product segments in global itndli€nzyme market is proteases
(Raoet al., 1998; Global Industry Analysts, 2011). Proteasesopolized around 60% of
the world’s industrial enzyme market as they atetbto be used in many biotechnological
processes and industrial applications (Raal., 1998; El Enshassgt al., 2008) such as in
baking industry for gluten development, dairy inalysis milk-clotting agents (Sumantda
al., 2006) and pharmaceutical industries (Sambamuatidy Kar, 2006) and this is clearly

seen in Figure 2.1.

Trypsin
/("'""_ \Sennins
A\ N
Other A\ 3%
Proteases / \ 10 % V4
/I 2 \\ // Amyluses
(A
[ \ /
\ / 18 %
Other
\\ 55, 10% Carbohydrases
Alkaline X ° 30/,
Proteases \
N 10% Lipases
Analytical and
Pharmaceutical
Enzymes

Figure 2.1: Distribution of enzymes sale
Source: Raet al., 1998.
The Figure 2.1 describes the sale distribution ntymes. The shaded area

represents the sale of proteases enzyme and isghatvhalf of the sale is monopolized by

protease. This figure really proved that proteasesmportant enzyme used in the world.



Since proteases were found to have such numerqigans in the industries,
they were commercially produced nowadays.

2.3 PROTEASE

Proteases, also known as proteolytic enzymes deipeses, belong to a group of
enzymes whose catalytically function to hydrolyzeboeakdown the peptide bonds of
proteins and they can either be limited proteolygisch break specific peptide bonds or
unlimited proteolysis which break down a completdypeptide chain to amino chain
residues (Salahuddin and Khan, 2008).

These enzymes can be found from various sourcds asigplants, animals and
microorganisms (Raet al., 1998; lkram-Ul-Hacgt al., 2006). Protease can be classified
according to three major criteria which are theetgh reaction catalyst, chemical nature of
the catalytic site and evolutionary relationshiphwieference to structure. Rabal. (1998)
studied further about microbial proteases. Theeet@o major fungi that responsible in the
production of protease which is filamentous funuil geast and can be further classified to
acidic protease, alkaline protease, serine proteas® metalloprotease (flamentous
fungi)/other protease (yeast).

Mostly they were produced by fungi, bacteria andises (microbial proteases)
(Raoet al., 1998; Ikram-Ul-Haget al., 2006) because of the inability of plants and asm
proteases to satisfy the world demands (Ra., 1998; Kumaset al., 2008). Adinarayana
and Ellaiah (2002) also reported that two third imflustrial proteases are microbial
proteases. This is due to their broad biochemioarsity and susceptibility to genetic
manipulation (Sandhyat al., 2005) and also because of the characteristignicfobial
proteases that can satisfy the need in biotechiwabgpplication (Kumaet al., 2008).
Table 2.2 shows the potential producers of proteaseording to its types (Raa al.,
1998).
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Table 2.2: Fungal proteases producers

Fungi Type of proteases Fungi species
Filamentous fungi Acid proteases ducor
b) Rhizopus
c) Aspergillus
Alkaline proteases a)Aspergillus
b) Acremonium
c) Fusarium
Serine proteases aJritirachium
Metalloproteases a)Aspergillus
Yeast Acid proteases ayaccharomycopsis

b) Saccharomyces
¢) Candida albicans, Candida

tropicalis
d) Yarrowialipolytica
Alkaline proteases a)Yarrowia lipolytica
Serine proteases alKluyveromyces
b) Saccharomyces cerevisiae
Other proteases apaccharomyces cerevisiae

Source: Raat al. (1998)

Almost all industries have long used bacterial gases but the preparation for
obtaining enzymes that free from microbes is qadstly (Andradeet al., 2002). Due to
this issue, fungal proteases have increase inithgustrial demand since they offer several

advantages compared to bacterial proteases.

Sandhyeet al. (2005) and Murthy and Naidu (2010) stated that fumgre safe in
producing enzymes because they were known as Gi&&8efally Recognized As Safe)
strains and referring to Food and Drug Administrat{2001), proteases froAspergillus
niger andAspergillus oryzae origins were declared to be GRAS, meaning that #reysafe
to be consumed by human. In addition, fungal pse#eaas produced extracellular that
make ease to be recovered from the fermentatioth f8andhyaet al., 2005; Murthy and
Naidu, 2010). Moreover, the generated mycelium friva fermentation system can be
easily tossed by simple filtration (Andradeal., 2002; Murthy and Naidu, 2010) and fungi
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can also easily grown on inexpensive substratestfiviiand Naidu, 2010; Benaz al.,
2011). Besides, these microorganisms are also Epaltonsuming organic materials in

wastes for their both carbon and energy sourcesder to grow (Mahmooet al., 1998).

Proteases can be produced either intracellulargxtacellularly. Mostly microbial
proteases were produced extracellularly which mehes proteases abundantly found
within the production medium. Andradet al. (2002) said that extracellular enzymes
capable to digest insoluble nutrient materials saslrellulose, protein and starch, and the

nutrients from digested products are then tranegartto the cell to be used as for growth.

2.4  ASPERGILLUSNIGER
Aspergillus niger is one of the known fungi that have the potentmlproducing
extracellular protease enzymes due to its cosnmtapoand ubiquitous nature (Benagir

al., 2011). The scientific classification Agpergillus niger is described by Table 2.3.

Table 2.3: Taxonomy ofAspergillus niger

Kingdom Fungi

Phylum Ascomycota
Class Eurotiomycetes
Order Eurotiales
Family Trichocomaceae
Genus Aspergillus
Species Aspergillus niger

Source: (Universal Protein Resources, 2011)

Aspergillus niger is a filamentous fungus that give an important rate
biotechnologyAspergillus niger does have spores and reproduces asexually meainig
can produce its offspring individually. Purwamal. (2009) discovered the morphology of
Aspergillus niger using Scanning Electron Microscope (SEM) while Hwdhn (2010)
identified the SEM of the asexual reproductiorAgbergillus niger.
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Figure 2.2: (a) Filamentous structure Afpergillus niger

(b) Asexual reproduction é&pergillus niger

Sources: (a) Purwantb al. (2009)
(b) Hoffmann (2010)

According to lkrar-Ul-Haqg et al. (2006), flamentous fungi do have potential
grow under varying environmental conditions sucHesimentation time, pH, temperatt
and utilizing various sources of substrate as nutrients. Sefeergi have been reported
produce proteases suchAspergillus niger (Paranthamaset al., 2009),Aspergillus oryzae
(Murthy and Naidu, 201\, Aspergillus fischeri (Saravanakumaet al., 2010),Penicillium
chrysogenum (Ikram-Ul-Haget al., 2006) andMucor circinelloides (Andradeet al., 2002).
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2.5 PRODUCTION OF PROTEASES

Microbial proteases have been commercially produlogdfermentation process
either in solid-state fermentation (SSF) or subreértermentation (SmF). In large scale
fermentation, SSF is not often used due to sevegneering problems and it was
suggested to apply the submerged fermentation gsoae it possesses few advantages
(Gregori et al., 2007). Submerged fermentation was said to prowidee uniform and

reproducible biomass and also requires uncompticddevnstream processing.

Some researcher also discovered other methodvmaicapable in producing high
yield of protease enzymes. Samarntan al. (1999) used genetically engineered
Aspergillus oryzae U1521 that enabled to produce five times more pis#s yield than its
parental strain since it contains multiple copiéprotease gene while Duneeal. (1997)
had successfully forceftenotrophomonas maltophilia W18 which was isolated from the
rhizosphere of sugar beet to secrete extracellptatease activity for the purpose of
biological control ofPythium ultimum. Unfortunately, the application of genetic engieee
technique was still lacking among the researchedsnaost of them focused more in using

the common fermentation technique either in subety solid state forms.

With regard to proteases synthesis in the microosga Saravanakumast al.
(2010) discovered that medium composition and spimgsical factors such as the pH,
fermentation period, temperature etc have infludrtbe extracellular protease production.
El Enshasyet al. (2008) decided that the improvement of yields oftpases and the
optimization of the fermentation medium and productonditions need to be considered
as to develop economically feasible technology.tTeas why many parameters were
studied in former researches for examples, thetpiperature, incubation time, different
carbon and nitrogen sources, substrate concemtsatend inoculums sizes. Better

fermentation conditions will enhance higher producof proteases.

There will be many variables to be studied in gfermentation proces&tudying

one parameter at a time while holding the otheama&ters constant is the optimization
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process that is done classically will normally tlseich a long period of time and quite
costly (Saravanakumaat al., 2010). It also does not consider the effect ¢éraction of

various parameters (Adinarayana and Ellaiah, 20&8sponse Surface Methodology
(RSM) is known as a useful model for studying fastihat affect the responses by varying
them simultaneously without much number of expentsdo be carried out (Adinarayana

and Ellaiah, 2002). With this, optimization proceslwill be much easier to carry out.

2.5.1 Effect of pH on Protease Production

The pH is the measure of acidity or alkalinity ofagueous solution and it has been
proved strongly to affect the production of proteas the process of fermentation. It
influences most of the enzymatic processes andtrdnesport process of diverse of
components across the cell membrane (Sanehyh, 2005; Paranthamagt al., 2009;
Murthy and Naidu, 2010).

The pH is related to the amount of hydrogen)(Ebncentration and this "Hwill
give effect to the growth of the microorganisms.n&utral pH, it can act as the substrate
that might be used by the cells in order to grotah in acidic and alkaline conditions, it
can become inhibitor to the cell growth and thid aifect the enzyme production by the
cells. Natarajan and Rajendran (2009) also saidwudety of pH values may also lead to
the changes of protein structure meaning that maybsertain pH the protease might be
denatured once it is secreted to the outside otdfie or it can be said that the enzyme is

already inactive and not stabile at that pH.

Murthy and Naidu (2010) found out that the inceeaspH can cause the decrease
of protease activity. In addition, different micrganisms might have different kinds of
metabolic process and due to that the enzyme gctivight also be affected. Coret al.
(2002) reported that fungal proteases are activeeatral pH and alkaline pH around pH 7
to pH 11 but Chakrabartlet al. (2000) proved thahspergillus terreus managed to produce
protease between pH 5.5 and pH 9.5.
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2.5.2 Effect of Substrate Concentration on Proteaderoduction

All microorganisms need carbon sources in orddivoas it is the food for them.
According to Adinarayanat al. (2003), the carbon sources are the utmost nutation

factors that influenced the protease production.

Logically, if the microorganisms are supplied wabequate amount of nutrients,
they will grow effectively meaning that they got @ile nutrients needed in order to grow
and product production will be maximized. If thecnmorganisms grow in lack of nutrients,
their growth may be retarded and this will probadifect the product formation within the
fermentation process.

Other metabolites or maybe the main productsfitseh repressed the product
formation and it said that commonly the productdoction will decrease if the substrate
concentration increase (Escobar and Barnett, 199B8&n the substrate concentration is too
high, it may also prohibit the enzyme activity (Dmkaet al., 1985). Andradet al. (2002)
showed that protease activity was at its maximurarw#0 g/l of substrate was used.

2.5.3 Effect of Agitation Speed on Protease Produon

Agitation speed is one of the physical factors th#uenced the fermentation
process and at the same time give effect to theluatomn of the product by the
microorganisms. Several researchers did study fieeteof agitation speed towards the
protease production.

In the fermentation of aerobic culture, the oxygeally affects the production of
product. It is because the metabolic pathway haen baffected and the changes in
metabolic fluxes occurred (Cali& al., 1998). According to Ducrost al. (2009), the
respiration rate of the aerobic culture is depentizthe dissolved oxygen if the dissolved
oxygen reaches below its critical level. This isedw physiological alteration in cell

metabolism (Hwangt al., 1991). In order to avoid the reduce in cell giowhd product
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formation, it is necessary to make sure the agitaspeed supplied for the fermentation is
adequate enough since the agitation enhances $persiion of air in the fermentation
medium which makes it capable in maintaining thesaolived oxygen level (Ducras al.,
2009; Singhet al., 2011), equilibrate the temperature and the pHc(Baet al., 2009) and
also improves nutrient transfer rate (Ducebsal., 2009; Kamathet al., 2010). As the

matter of fact, high aeration rate causes by thtatégn will improve enzyme synthesis.

Unfortunately, optimum enzyme production influesid®y diverse agitation ranges.
Sepahy and Jabalameli (2011) suggested that agitsppeed at 110 rpm and 130 rpm gave
lower protease activity while some other reseacheported the optimum agitation speed
for protease production from different isolates evat a range of 150 — 300 rpm (Banerjee
et al., 1999; Jooet al., 2002; Kanekaet al., 2002). Aerobic culture unable to grow in
anaerobic condition so due to lack of aerationrandents uptake affected by the agitation,
the cells cannot grow well but the same thing wiio happened if the speed of agitation
was too high. High speed will damage the microoigjas and its morphology due to shear
stress and will also probably become the factolowf enzymatic activity (Ducrost al.,
2009; Sepahy and Jabalameli, 2011; Sietgil., 2011).
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2.6 UTILIZATION OF WASTES AS SUBSTRATE

Fermentation process needs nutrient medium thatt reasfy the elemental
requirements for the cell biomass, product forrmatod energy. The nutrients consist of
macronutrients such as carbon sources, nitrogerces®@nd micronutrients such as trace
elements and vitamins. According to El Enshetsgi. (2008), 40% of the production cost
of large scale industrial enzyme is based on tlst @bsubstrate so, it is important to use
cost-effective substrate in the production process.

Normally most research used alternative sourcesufiistrate to substitute the
carbon and nitrogen sources in the fermentatiocga® There are many relevant sources
of substrate to be used in the fermentation andititization of these alternative sources is
hopefully promising for cheaper substrate cost With efficient enzyme production
especially in large scale production.

Agricultural, food and drinks industrial wastes &ecoming abundant (Mahmood
et al., 1998) and the wastes disposal is problematic g@rest al., 2007). Due to the
pollution cause by this issue, Sarkhal. (2011) had come out with biological treatmeint o
these wastes via microbial degradation and it wasefficient method to be used in the
future. By the way, these organic materials are pmmsad of carbohydrate, amino acids,
peptides and proteins, volatile acids, fatty acalsd esters that are known to be
biodegradable (Sarkat al., 2011) while Mahmooeét al. (1998) also discovered that the
wastes of orange and potato peel extracts do havdisant amount of carbohydrates
except cellulose and they are readily to be usedthgy microorganisms while the
microorganisms are said to be capable to utilieeditganic matter in wastes as sources of
either energy or carbon for their growth. Due te #tbove reasons, nowadays, the usage of
agricultural, food and drinks wastes as fermentagabstrates is highly increasing as it
promotes lower cost requirement.

Recent works have studied a variety of wastes dwnaand nitrogen sources in the

production of proteases such as orange and poesoextracts (Mahmooe al., 1998),
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spent brewing grain, coconut oil cake, palm kewake, sesame oil cake, jackfruit seed
powder and olive oil cake (Sandhstaal., 2005), rice husk (Sandhehal., 2005; Ahmedkt

al., 2010), rice bran (Sandhghal., 2005; Ahmedctt al., 2010; Benaziet al., 2011), wheat
bran (Sandhyat al., 2005; Kumaret al., 2008; Ahmedtt al., 2010; Benaziet al., 2011),
groundnut cake (Kumaat al., 2008), varieties of rice broken (Paranthareaal., 2009),
sunflower meal, soybean meal, cotton seed mea,padish (Ahmedckt al., 2010), coffee
by-products (coffee pulp, coffee cherry husk, ceffearchment husk, silver skin, coffee
spend wastes) (Murthy and Naidu, 2010), coconut,bgangely oil bran, ground oil cake
and black gram bran (Benazt al., 2011). All the mentioned researches that utllize
wastes as substrates in their studies discovestdattihough with the usage of cheap and

easily available substrates but it really provedftiently produce enzymes.

The utilization of wastes in the fermentation diextseveral enzymes had also been
reported. Gombertt al. (1999) has successfully produced lipase with tee af oll
industrial waste (babassu oil cake) as substraite v8idkeyet al. (2010) able to utilize
enviro-agro-industrial waste from food and drinkdustry in the production ef-amylase.
Ten different agroindustrial wastes were also regbrin producing glucoamylase
(Zambare, 2010).

According to Mahmoodt al. (1998), the usage of agricultural wastes in dguakp
countries are underutilized and if used but onlyhie production of single cell protein. On
the contrary, in developed countries, these wamteseally useful in fermentation but still
rarely used in enzymes production. The results fthenstudied recommended that these
wastes can be used for better advantage. The comagricultural wastes are rice husk,

coffee pulp and also potato peel.

According to Arapoglouet al. (2009) in the International Conference on
Environmental Science and Technology entitled “Mi&give Ways for Potato Industries
Waste Utilization” in Greece, it was suggested tibze wastes from the potato industries
to be used for something beneficial since the grobiiue to this issue is of great concern.

In order to overcome this problem, an environmeffitendly solution is still under
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investigation. In potato industry, potato starchst@aand potato peel waste are the major
wastes to be produced and about half of the potatlustry waste production is
monopolized by potato skin. In addition, potatolpemntain sufficient amount of starch,

cellulose, hemicellulose and fermentable sugars.

They have been used in the previous study and ea@peoved good to serve as
substrate in the production of extracellular prege@nzymes (Mahmood al., 1998;
Arapoglouet al., 2009) and Table 2.4 shows the findings in a mebethat utilized potato

and orange peel extracts as substrates.

Table 2.4: Effect of type of substrates on the productioexifacellular proteases

Substrate Protease Activity (Units/ml)
Alkaline protease Neutral protease
Orange filtrate 7.5 20.0
Potato filtrate 11.0 33.0
Orange:Potato (1:1) 11.0 17.0
Glucose 4.0 7.5

Source: Mahmooet al. (1998)

From the table above, waste filtrates had been gofoio potentially secrete
optimum amount of protease compared to the utiimadf glucose as substrate and potato
peel extract presented the highest protease gctamong the others. This issue is

promising for industrial application (Arapogletal., 2009).
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2.7  OPTIMIZATION OF PROTEASE PRODUCTION

Nowadays, researchers are more focused in optigitie process parameters so
that high yield of protease can be achieved. Opttion is classically done by applying
one-factor-at-a-time (OFAT) method where it is kmotw be very time-consuming method.
There are several parameters are going to be @etihtout in this method other parameters

needs to be constant while studying a parametetiate.

Fermentation is really affected by various factush as pH, temperature, agitation
speed, type of carbon and nitrogen sources and wotaeys. In optimization, the best value
for every studied factor is to be determined far liighest production of protease. For
example, the effect of temperature to the fermenmtgirocess has been studied so that the
exact temperature at which the protease yieldlaively high can be determined but by
implementing OFAT method, each factor can only toelied alone since the other factors
need to maintain constant. This method used touwnesa long period of time if many
parameters have to be studied. Furthermore, tleetedf interaction between parameters
cannot be observed in this way. The results obdaireen OFAT can be further studied for

the interaction between two or several factors.

Table 2.5 shows the optimization of parametersedoy previous researcher. The
research studied different parameters and camewihtdifferent outcomes (maximum
protease activity). From the study, the researchanage to identify at what range of

parameters will actually result in high proteaseviy.

Unfortunately, the analysis for this kind of resuis hard to be done. Therefore,
Response Surface Methodology (RSM) is being intteduto facilitate in statistical
analysis. In addition, RSM also helps in designing experiment so that the experiment

will cover all the range of parameters.
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Table 2.5: Optimization of several parameters with the optmprotease activity

Species State Studied parameter Value Optimum
protease activity

Aspergillus flavus SmF Incubation time 144 h 0.96 U/ml
Temperature 30 °C 0.46 U/ml

pH 8.0 0.74 U/ml

Aspergillus fumigatus Incubation time 144 h 0.84 U/ml
Temperature 30°C 0.43 U/ml

pH 5.0 0.70 U/ml

SmF submerged fermentation

Source: Oyeleket al. (2010)

2.8 RESPONSE SURFACE METHODOLOGY

Optimization is important in order to improve therfprmance of the systems and to
maximize the productivity of the process withoutrgasing the cost (Bas and Boyaci,
2007). There will be many variables to be studre@very fermentation process. Studying
one parameter at a time while holding the otheamaters constant is the optimization
process that is done classically and this will rafyntakes such a long period of time and
quite costly, when large number of variables aralwated (Saravanakumetr al., 2010).
This technique is called one-factor-at-a-time (Bas Boyaci, 2007). It also does not
consider the effect of interaction of various paggens (Adinarayana and Ellaiah, 2002;
Bas and Boyaci, 2007) and it does not represertdh®lete effects of the parameters (Bas
and Boyaci, 2007) so that is why Response Surfaghddiology (RSM) is being

introduced and recommended for optimization purpose

Annadurai and Sheeja (1998) described RSM as airieaipnodelization method
used in the evaluation of the relationship of adfetontrolled experimental factors and
observed responses. RSM is a useful tool for stgdfactors that affect the responses by
varying them simultaneously and it can also be wsedudy the relationships between one

or more factors (independent variables) and regso(dependant variables) (Adinarayana
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and Ellaiah, 2002). RSM can be applied in both abahand biochemical processes (Bas
and Boyaci, 2007).

Bas and Boyaci (2007) said that while using RSM, dptimization process should
undergo three vital stages. The first stage is ghaiminary study for estimating the
independent parameters to be carry out. The sestage is choosing the experimental
design and also predicting and verifying the madglation. The last stage is used to obtain
the response surface plot and contour plot of #sponse and finally determining the

optimum values.

The experimental design is required to allow thadyatic model to be fitted and
minimized lack of fit of the model but still haviremough degrees of freedom for pure error
determination (Khuri, 2006). An efficient analyshould satisfy the following criteria.
First, the second order model should efficientty §econd, the lack of fit of the model is
also checked. Then, the unambiguous factors aextedl and finally, the final model

should also efficiently fit.

In addition, the interaction between the parametens be clearly illustrated by
response surface 3D plots (Dutéh al., 2004) and also contour plots. RSM offers
significant number of advantages compared to dakptimization method (Bas and
Boyaci, 2007). First;, RSM provides more informatiatthough with small number of
experiments. Second, with RSM, the interaction ketwparameters can be study. In order
to achieve optimization, RSM will reduce the numbmr trials (Ganet al., 2007;
Adinarayana and Ellaiah, 2002) and provide multitgression approach (Ga al.,
2007).

Besides, RSM also possess its negative part whereldta needs to fit to second
order polynomial but not all systems can be represkby second order polynomial (Bas
and Boyaci, 2007). This problem can be eliminatgdcbnverting the data into other

relevant form and can be explained by second opdgmomial or if the second order
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model make harder in explaining the system, namgwihe range of independent

parameters.

Research by Bas and Boyaci (2007) also discovér&dRSM cannot be used for
optimization of all chemical and biochemical praes without any limitation and RSM
also cannot be used in optimizing other purposes s1$ estimation of reaction kinetics.
This is all because it is only usable for data tteat be explained by second order model

and not all systems can be fitted in second ordetain

RSM is reported to be effective in optimizing varsoprocess parameters, levels of
ingredients and formulation for variant productglsas cassava cake (Gemnal., 2007),
adsorption of verofix red using biopolymer (Annaaiuand Sheeja, 1998), purification of
lipase (Gopinathet al., 2003), extracellular protease production fr@seudomonas sp.
(Duttaet al., 2004) and extracellular alkaline protease pradadrom Aspergillus fischeri

(Saravanakumaat al., 2010) have been reported by different researchers



24

2.9 PROTEASE ASSAY

The extracellular production of microbial proteasther from bacteria or fungal
species had been successfully discovered by theandgsers. The extracellular enzyme
production is where the enzyme is secreted outhefdell and is abundant within the
fermentation medium. In order to confirm the exst of this enzyme, the common

method done by the researchers is protease enzgag.a

Ronget al. (2010) said that every enzyme and its substatebind with each other
at specific sites which possess complementary gemnshapes situated on the enzyme.
So, assay is related to reaction between enzymetsusdbstrate by which the activity of
the enzyme is being measured. Protease is alreamlyrkto be a degradative enzyme that
responsible in catalyzing the hydrolysis of prot@Raoet al., 1998). It can react with over
board range of substrates either natural or syotrstbstrates (Nirmakt al., 2011).
Examples of natural substrates are keratin, gelatigein, albumin, collagen and elastin

while azocasein is one of synthetic substrate (Blietal., 2011).

Most of the researchers preferred in using casgithea substrate in the protease
assay. Casein is a phosphoprotein that can be foumdilk and this protein has been
applied in variety of experimental application sashblocking agent in immunochemistry,
recovery of enzyme activity from SDS extracted sas@and also for the purposes of
protease and kinase assays (Sigma-Aldrich Cor)200

(Sigma-Aldrich Corp, 2011) had came out with a tgritprotocol that described the
standardized procedure of universal protease fctassay with the used of casein as
substrate. Protease breaks down the peptide boladgef proteins into smaller molecules.
The protease digests the casein and amino acicifgréogether with several amino acids
and peptide fragments are liberated from this reacfter that, the existence of Tyrosine
is quantified via spectrophotometric technique sTihethod was known as colorimetric and
the principle of protease assay is explained byfahewing Equation 2.1 (Sigma-Aldrich
Corp, 1999):
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. Protease . . \
Casein + H,0 ——— Amino Acids (2.1)

Priya Chemicals (2010) had also proved the exist@icseveral amino acids from

the hydrolysis of casein. The data is clearly shawhable 2.6.

Table 2.6: Amino acids composition in 100 g of Casein base

Protein Hydrolysate Solution (Casein base)
g/100 g Protein

L-Aspartic acid 13.00
L-Glutamic acid 25.39
L-Hydroxypoline 4.39
L-Valine 3.52
L-Isoleucine 3.68
L-Phenylalanine 3.47
L-Histidine 1.67
L-Threonine 4.77
L-Proline 1.47
L-Alanine 3.89
L-Methionine 1.72
L-Tryptophan 0.87
L-Arginine 2.09
L-Serine 4.85
L-Cystine 1.46
L-Leucine 5.98
L-Glycine 10.08
L-Tyrosine 3.31

Source: Prima Chemicals (2010)

The assay method proposed by Sigma-Aldrich Cordi20ad been also applied
by several researchers (Chow and Peticolas, 194&jléviet al., 1973; Morihara and
Tsuzuki, 1977; Ogrydziak and Mortimer, 1977; Malll985; Rayet al., 1992; Safarik and
Safarikova, 1994; Samarntaet al., 1999; Sandhyat al., 2005; Kumaret al., 2008;
Paranthamaset al., 2009; Murthy and Naidu, 2010; Oyeleke, 2010; &=net al., 2011;
Ranjbaret al., 2011; Sarkaet al., 2011). Some studies also used different sulestriar
protease assay such as Hemoglobin (&a&)., 1992 and Ranjbaat al., 2011), Azocasein
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(Mahmoodet al., 1998; Charney and Tomarelli, 2011; Ranjbaal., 2011), Azoalbumin
(Andradeet al., 2002) andlack gelatin (Safarik and Safarikova, 1994). Dife type of
substrates will be hydrolyzed to produce differtgpe of product as standard.

Plate assay is also one of the protease assay dneflamdhyaet al. (2005) did
screening of neutral protease producers using ptagium. The growth medium contains
casein as substrate for protease. The plate wassthgmed with Coomassie brilliant blue
followed by destaining in order to observe the byghis zone by measuring the radius of

the hydrolysis zone due to neutral protease proatuct



CHAPTER 3

METHODOLOGY

3.1 INTRODUCTION

The study is to implement shake flask fermentation extracellular protease
production usingAspergillus niger with the utilization of potato peel extract as Swhte.
Three parameters that might affect the extracellplatease production had also been
studied.

3.2  CULTIVATION PROCESS

A fungal strain used in the present study wepergillus niger which kindly
obtained fromMalaysian Agricultural Research and Development Institute (MARDI),
Selangor Darul Ehsan, Malaysia. The culture was/gron Potato Dextrose Agar (PDA) at
30°C for a week for maximum growth and maintained &i.4The microorganism was
periodically subculture by dispersing them usingrikt inoculating loop onto fresh agar

medium.
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3.3 INOCULUM PREPARATION

The Aspergillus niger spores from the PDA slant were used for inoculums
preparation before being used in inoculating theméntation medium. 100 ml of
inoculums broth prepared in the Erlenmeyer flask weculated with 2% of 1-week-old

Aspergillus niger strain. Then, it was incubated at@G0250 rpm for 24 hours.

3.4  SUBSTRATE PREPARATION

The substrates used in present study are potateykeact. The potatoes were first
washed to remove excess soil and manually peeied tis peeler to get the waste which
was the peelings of the potatoes. The waste stibstas prepared by blending them in a
blender with peel to water ratio of 1:3. The pracpsoceeded with filtration. The substrates
were frozen at -2@ to prevent fluctuation due to seasonal variatiofsagricultural
products. Once required, an amount of the substratas thawed and used in the

experiments.

3.5 SUBMERGED FERMENTATION

The fermentation media was first inoculated witl4l0f inoculums broth. The
fermentation was taken place in 250 ml Erlenmelgskt containing 100 ml of inoculated
fermentation medium. The inoculated flasks weren tileubated at 3@ in the incubator
shaker. The initial growth medium was composed.4fdl of KH,PQy, 2.0 g/l of NHCI,
1.0 g/l of yeast extract, 1.0 g/l of potato peetrast, 0.5 g/l MgS@ 0.004 g/l FeS@and
glucose. The pH of the fermentation media was &eljusbefore sterilization via

autoclaving.
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3.5.1 Effect of pH on Protease Production

The effect of pH on protease activity producedAgyergillus niger was carried out
at different ranges of pH which were 3.5, 4.5, 8.5,and 7.5. The pH of the medium was
adjusted using 1M hydrochloric acid (HCI) or 1M &od hydroxide (NaOH) in order to
reach the particular pH respectively. Then, thepared media were inoculated with
inoculum prior to incubation for 72 hours at 30%4Gter that, the assay was done and the

protease activity was read at 660 nm.

3.5.2 Effect of Substrate Concentration on Proteaderoduction

The effect of substrate concentration on proteaseity produced byAspergillus
niger was done at different ranges of level of concelaingt The media were prepared by
supplementing glucose of 20, 30, 40, 50 and 60 ien, the prepared media were
inoculated with inoculum prior to incubation for BRurs at 30°C. After that, the assay was

done and the protease activity was read at 660 nm.

3.5.3 Effect of Agitation Speed on Protease Produon

The effect of agitation speed on protease actibduced byAspergillus niger was
carried out at different ranges of agitation speeue sets of flask of the fermentation
medium were incubated at 100, 150, 200, 250 and@®despectively. Then, the prepared
media were inoculated with inoculum prior to inctiba for 72 hours at 30°C. After that,
the assay was done and the protease activity \wdsate5660 nm.
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3.6 EXPERIMENTAL DESIGN AND PROCESS OPTIMIZATION

The statistical analysis for the production of egéllular protease enzyme by
Aspergillus niger using potato peels extract as substrate was peztbioy using Design
Expert V 6.0.8 software. Central Composite Desi@CD) was used to study the
interaction of process variables by applying RSMZ&raet al., 2008). In order to obtain
the optimal protease activity, certain fermentatonditions such as pH (pH 3.5, 4.5, 5.5,
6.5 and 7.5), substrate concentrations (20, 305@@&nd 60 g/l) and agitation speed (100,
150, 200, 250 and 300 rpm) were optimized. Eacthe$e variables is varied over five
levels which were low axial pointo}, low factorial point (-1), central point (0), Higaxial
point (+o) and high factorial point (+1). Table 3.1 shows list of range and coded level of
fermentation process variables. The total numbexxperiments was 20. Table 3.1 shows
the experimental range and level coded of procesgbles while Table 3.2 shows the
design matrix of CCD for extracellular proteasedurction. Protease activity (Y) was taken
as the response of the design experiment. Theqgfudidratic equation of the response

variables for protease production was derived loyguRSM as Equation 3.1.

Y = Bo + BiXy + BoXy + BaXz + P11 XE + Bo2 X5 + PazX3 + P12X1Xo + Pr13X1 Xz + PazXoX (3.1)

Where: Y = responses;f, = constant; 8,2, 3 = linear regressiony i, B2z, B33 =

interaction regressioX;, X,, X3 = variables.

Table 3.1: Experimental range and level coded of procesabbas

Independent variables Units Symbol Ranges and levels
-0 -1 0 +1 o
pH - X1 2.14 3.50 5.50 7.50 8.86

Substrate concentration g/l 2 X 6.36 20.00 40.00 60.00 73.64
Agitation speed rpm X 31.82 100.00 200.00300.00 368.18




Table 3.2:Experimental design of CCD for extracellular peste production
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Run X1 X2 X3
pH Substrate Concentration Agitation Speed
(9/l) (rpm)

1 3.50 60.00 100.00
2 8.86 40.00 200.00
3 5.50 40.00 368.18
4 3.50 20.00 100.00
5 5.50 6.36 200.00
6 7.50 60.00 300.00
7 7.50 60.00 100.00
8 3.50 60.00 300.00
9 5.50 40.00 200.00
10 7.50 20.00 100.00
11 5.50 40.00 200.00
12 5.50 73.64 200.00
13 7.50 20.00 300.00
14 2.14 40.00 200.00
15 5.50 40.00 200.00
16 5.50 40.00 31.82
17 5.50 40.00 200.00
18 3.50 20.00 300.00
19 5.50 40.00 200.00
20 5.50 40.00 200.00
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3.7 PREPARATION OF TYROSINE STANDARD CURVE

Tyrosine was prepared and used as the standartiosofor protease assay. Five
test tubes, labelled as Standard Blank, Standa&fahdard 2, Standard 3 and Standard 4,
were filed with 0, 5.0, 10.0, 25.0 and 50.0 pl of inM Tyrosine accordingly and then
were mixed with distilled water to the total amooht250 pl of mixture in each test tube.
After that, in every test tube, 625 pl of sodiumbcamate and 125 pl of Folin & Ciocalteu’s
phenol reagent were added. Then, the contents dh &sst tube were mixed well and
incubated at 37°C for 30 minutes. The incubatedtum& was then checked using
spectrophotometer for absorbance at 660 nm. Therladosce values were plotted against

pg of tyrosine since 1 pmole of tyrosine is equanako 181 g of tyrosine.

3.8 DETERMINATION OF TYROSINE (STANDARD CURVE)

The casein in buffer was incubated with the crudeyme for 10 minutes at 2.
In order to stop the reaction, trichloroacetic aeirds added. This will result in the
production of trichloroacetic acid soluble peptid@sich contain tyrosine and trypthopan
residues (Sigma-Aldrich Corp, 2005). Then, the ometwas centrifuged at appropriate
speed and the supernatant was then mixed with modarbonate and Folin’s reagent
before further incubated at ®D for 30 minutes. For best results, the Folin’gyesd should
be added immediately after the addition of sodiwarbonate. Sodium carbonate regulates
any pH drop created by the addition of Folin’s mag Tyrosine that reacts with Folin’s
reagent will produce color change (Sigma-Aldrichri;d@005). Folin’s reagent will also
react with other amino acids but to a lesser exfBim¢ Tungsten and/or molybdate in the
Folin’s reagent will be reduced by the amino acid generating one or more compounds
with blue colored chromophore that can be deterchoworimetrically at 660 nm (Sigma-
Aldrich Corp, 2005). When more Tyrosine is relea$exin casein, the blue coloured
chromophore will be generated more meaning thahitjeer protease activity is achieved.
The protease activity was measured spectromeyricallabsorbance values and these
obtained values will be compared to a standardecofvl'yrosine. The standard curve was

generated by reacting known amount of Tyrosine VHtiin's reagent to correlate the
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changes in absorbance with the amount of Tyrodreferring to the standard curve,
protease activity can be determined in terms oftdJ(amount of Tyrosine equivalents

liberated from casein per minute).
3.9 PROTEASE ENZYME ASSAY

Protease activity was determined according to tethad developed by Murthy and
Naidu (2010) with slight modification. 200 pul ofucte enzyme extract was added with 500
pl of 1% casein and 300 pl of 0.2 M phosphate byfél 7.0). The reaction mixture was
incubated at 3T for 10 minutes and then, the reaction was stofyyeatiding 1 ml of 10%
trichloroacetic acid (TCA). After that, the mixtumeas centrifuged at 10,000xg for 15
minutes. The supernatant was then added with 5f @4oM Sodium carbonate (NaOs)
and 1 ml of diluted Folin & Ciocalteu’s phenol reag Then, the resulting solution was
incubated at room temperature for 30 minutes ard absorbance of the blue colour
developed was read at 660 nm using spectrophotonvéte Tyrosine standard. A unit of
enzyme activity was defined as the amount of enzgmaereleased 1 pmole (181 ug) of
Tyrosine per ml per minute under assay conditiBngtease activity was represented by the

following Equation 3.2 in terms of Units/ml:

Units /ml = umole of tyrosine (umole) X Total volume of assay(ml) (3.2)

Volume of sample (ml) X Reaction time(min) X Volume assayed(ml)

3.10 CELL DRY WEIGHT

The cell biomass was determined according to tethod developed by Ahmed
al. (2010), with slight modification. The resulting egipitate obtained after the
centrifugation was filtered and washed trice to seenimpurities and finally dried at

until constant weighed. The result was expressetidyjollowing Equation 3.3 in g/l.

(Weight of dry filter + cell) — (Weight of dry filter)(g) (3.3)
Sample volume (1)

Cell Dry Weight =
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CHAPTER 4

RESULTS AND DISCUSSIONS

4.1 INTRODUCTION

All the related findings and their elaboration wareluded in this part. The
experimental data were tabulated and presentediiabge tables/graphs and were being
analysed in appropriate means. The obtained datsaexplained and if necessary, any

supported evidences from the literature were alsuviged.

4.2 ONE FACTOR AT A TIME (OFAT) ANALYSIS

The fermentation process took place in the shdiskfand the extracellular
production of protease enzyme was being studieccéuain parameters had been chosen
for the purpose of optimization towards the prodrctof protease enzyme. The best
fermentation condition will probably produce maxmmuyield and that is why the
appropriate selection of parameters’ range is yeabhportant. Before proceed to
optimization, all the chosen parameters to be dpéchshould undergo One Factor at a
Time (OFAT) analysis. It is actually the conventibnvays in doing optimization but in
order to get the best range of parameters to lieeiuuse in the optimization process, it is
vital to do so. The selected parameters were theoplthe fermentation medium, the
concentration of substrate used and the agitapeed In this study, the effect of those
parameters towards the protease activity was examifhe afterwards subtopic will be

discussed deeper by the obtained results from Cai#alysis.
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4.2.1 Effect of pH

1.4

1.2 A

0.8

0.6 -

0.4

Protease Activity (U/ml)

0.2 1

3.5

pH

Figure 4.1: Effect of pH on Protease Production

Figure 4.1 illustrates the effect of pH on thedurction of protease enzyme in the
submerged fermentation. It shows that the prodoabioprotease was strongly influenced
by the pH changes although with just slight differe since it enhanced transport of
various components across the cell membrane whiat will encourage the growth of the
cell and production of product (Sandhgtal., 2005; Paranthamaat al., 2009; Murthy and
Naidu, 2010). Benazet al. (2011) said tha@spergillus niger can produce protease over a
pH range of 4.4 to 9 while this study found outttkize protease enzyme showed its
optimum activity, 1.23 U/ml, at pH 5.5. Decreasiing pH below 5.5 resulted in drastic
decrease of protease activity while increasingptdeabove 5.5 will also lower the protease
activity but not too extreme. Referring to the tesbtained,Aspergillus niger was said to
be best producing acidic protease. Oyeletka. (2010) also reported othéspergillus sp.
that produced acidic protease which wepergillus fumigatus and managed to get 0.70
U/ml of protease activity at pH 5 but in this study23 U/ml was obtained at pH 5.5. This
is might be due to the utilization of potato pertract that enhanced the production of

protease enzyme.
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4.2.2 Effect of Substrate Concentration
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Figure 4.2: Effect of Substrate Concentration on Protease Rtau

Figure 4.2 shows the effect of substrate conctotr@an the production of protease
enzyme but from the graph, it clearly showed thatgase activity (1.57 U/ml) was at its
optimum when 40 g/l of substrate was used. Andetde (2002) also found out that 40 g/l
of substrate concentration did show the maximumease activity. Adequate supply of
nutrient will enhance the cell growth and productduction to the maximum. Both too low
and too high concentration of carbon source willluee protease activity. Low
concentration of substrate provided insufficientrient to the cell and might be causing the
cells to die and unable to further producing thetgase enzyme while too high
concentration of nutrient will repress the protegseduction and this statement was
supported by Deklevet al. (1985).
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4.2.3 Effect of Agitation Speed
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Figure 4.3: Effect of Agitation Speed on Protease Production

Figure 4.3 shows the effect of agitation speedatdw the protease activity. From
Figure 4.3 above, 200 rpm of rotational speed dhgeoptimum protease activity while at
100 rpm the protease activity was lower than th&tgaise activity at 200 rpm. On the
contrary, 300 rpm shows the lowest protease agtisimpared to the others. Results
showed that agitation speed did affect the prodactf protease enzyme since it really
helps in better mixing of the nutrients (Kamathal., 2010). Other researcher found out
that agitation speed at 110 rpm and 130 rpm gawerlprotease activity because the cells
were unable to grow efficiently due to lack of drema and nutrients uptake, meaning that
the perfect mixing will liven up the cells to thearimum which also leads to produce
optimum protease enzyme whereas higher agitatieedspvill results in microorganism
and its morphological damages due to shear strSspafly and Jabalameli, 2011).
According to Singtet al., (2011), agitation speed will also maintain thefgeet mixing of
oxygen throughout the fermentation medium for gedwth.
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4.3  OPTIMIZATION USING RSM

The best range of parameters obtained from OFATysisawill be bring forward
for further optimization process. The optimizatijprocess will be facilitated by the usage
of RSM. RSM provided the experimental design thdt wover all points within the

parameters range but with reduced number of runs.
4.3.1 RSM Model Fitting

The experimental results in Table 4.1 shows thecefbf pH (%), substrate
concentration (¥ and agitation speed §Xon the production of extracellular protease
enzyme. The protease activity (Y) was the respdosethis study. The Analysis of
Variance (ANOVA) was performed in order to fit batianipulated variables and response
to a quadratic model. ANOVA generated a regressgmation in terms of protease activity

(Y) as a function of pH, substrate concentratiot agitation speed:

Y = 2.28 + 0.083X; + 0.13X, — 0.13X; — 0.60X,% — 0.35X,% — 0.71X5* +
0.006587X1X2 - 0.012X1X3 + 0.025X2X3 (41)

Table 4.1 also shows the predicted values basedqaation 4.1 above while in
Figure 4.4, the actual versus predicted values wwésted. The regression model was
statistically analysed for ANOVA and gave out tlesults tabulated in Table 4.2. Through
the ANOVA, the experimental results were analyzedi¢termine the lack of fit and the
significant of the quadratic model and the effetinberaction between two manipulated
variables. According to Gaat al. (2007), the lack of fit test is a failure measueamof a
model to represent the experimental data at thatpoicluded in the regression while
deLima et al. (2010) discovered that the goodness-of-fit ofrtiwel was identified by the
coefficient of determinationRf) and it should at approximately 80%. In additi@nalso
said that P-value is a tool to check the signifiaaineach coefficient. Greater F-value and

smaller P-value represent better significant ofabiesponding coefficient.
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Table 4.1:RSM Experimental Design with the Actual and PreztidProtease Activities

Run X1 X2 X3 Y
pH Substrate Agitation Actual Predicted
Concentration  Speed  Protease Activity Protease Activity
(a/l) (rpm) (U/ml) (U/ml)
1 3.50 60.00 100.00 0.8411 0.7500
2 8.86 40.00 200.00 0.8231 0.7200
3 5.50 40.00 368.18 0.2236 0.0570
4 3.50 20.00 100.00 0.7308 0.5600
5 5.50 6.36 200.00 0.9021 1.0700
6 7.50 60.00 300.00 0.5608 0.7100
7 7.50 60.00 100.00 0.8944 0.9500
8 3.50 60.00 300.00 0.4511 0.5600
9 5.50 40.00 200.00 2.0442 2.2800
10 7.50 20.00 100.00 0.8624 0.7400
11 5.50 40.00 200.00 2.4329 2.2800
12 5.50 73.64 200.00 1.6329 1.4900
13 7.50 20.00 300.00 0.3247 0.4000
14 2.14 40.00 200.00 0.3112 0.4400
15 5.50 40.00 200.00 2.3051 2.2800
16 5.50 40.00 31.82 0.3045 0.5000
17 5.50 40.00 200.00 2.2785 2.2800
18 3.50 20.00 300.00 0.3460 0.2700
19 5.50 40.00 200.00 2.2359 2.2800
20 5.50 40.00 200.00 2.3849 2.2800
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According to Mimi Sakinalet al. (2009), the F-value is the fraction between mean
square of the regression model and the mean saqfattee error. The F-value of the
regression model is 41.84 which indicated thatghadratic model of the protease activity
were statistically significant at 95% confidencedk It suggested that the data represented
by the model is significantly higher than the naterpreted data. This large F-value might
occur due to noise for only a 0.01% chance. Theevalf P<0.05 should less than 0.50
indicates that the model terms is significant amel tesult shows the significance of the

regression model for having Probability<F less tA&001.

The lack of fit for the response shown was insigatitly relative to the pure error.
There is only 15.53% of chance that the lack otditld be this large due to noise. The
non-significant lack of fit is good as it is highlgcommended for the model to be fit.

The R? value should always between 0 and 1 and the ctbsd® value to 1, the
better the correlation between actual and predivtddes (Liet al., 2006).R? exceeding
80% indicated a high proportion of variability weplained well by the model (Varnabs
al., 2004) and th&’ values for the response were around 97.41% iridig#tat 97.41% of
the data can be explained by the model but onlylgoéion of 2.59% of the data cannot
be interpreted by the model so, this model indtatkwse agreement between both the
actual and predicted values by the model. The prediR® of 0.8466 was in reasonable
agreement with the adjusté®f of 0.9508 since the difference is less than 0.2miM
Sakinahet al., 2009). Singhet al. (2011) said that higher adjust&d indicates greater

significance of the model.

The adequate precision measures the signal te nai® and a ratio greater than 4
is desirable. With 17.124 of adequate precisionicivlvas highly desirable and indicated

an adequate signal, the model can be used to navlgadesign space.
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4.3.2 Interaction of Parameters

RSM came out with 3-Dimensional curve that realbiphin understanding the
effects of interaction between several fermentappanameters and it also provided the

optimum values for each parameter that requirednfximum protease production.

Since there were three parameters being studiegk 8D response surface plots of
interaction of parameters will be generated. Figlife represent the interaction between
pH-substrate concentration while Figure 4.6 andufég4.7 represent the interaction
between pH-agitation speed and substrate concentagitation speed, respectively. In
each set of 3D response surface plot, two varialdeed within the experimental range
while the other one variable remained constanead level (Singtet al., 2011).

4.3.2.1 Effect of pH and Substrate Concentration
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Figure 4.5:3D Response Surface Plot of pH and Substrate Ctatien Interaction
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Figure 4.5 above illustrates the protease prodoctiith respect to pH against
substrate concentration and it really showed tittapd substrate concentration strongly
influenced the protease activity. Actually the hygiEn (H) concentration attributed the
effect of microbial growth. Hcan act as substrate at neutral pH while can higitor at
both acidic and alkaline condition. From the intéi@n, the protease activity increased with
the increase of pH and substrate concentrationoupH 5.50 and 40 g/l of substrate,
respectively. The decreasing of protease actividg ween when the pH greater than 5.50
while the substrate concentration greater than AOMurthy and Naidu (2010) also
reported that the increase of pH of the substratedecrease the enzyme activity and
different species of microorganisms will vary inetlactivity of enzyme depending on
metabolism. Naturally any changes in pH may aftbet protein structure and a reduce
enzyme activity exceeded the optimum ph was du@dotivation of the enzyme or the
enzyme is instability (Natarajan and Rajendran,20®enaziret al. (2011) said that
Aspergillus niger can produce protease over a pH range of 4.4 to @hwkomehow

supported the data for this study.

The maximum protease production was at pH 5.50sabdtrate concentration of 40
g/l. The microorganism is allowed to reach the egmdial growth phase once the substrate
is being utilized. Product formation is somehowresged by either metabolites or by the
main product itself. It shows that normally the gwot formation decrease when the
substrate concentration increase (Escobar and 8atr893). In this study, the protease
production was high at 40 g/l which was betweenad@ 60 g/l. Too low substrate
concentration will results in inadequate nutriesupply to the cells and tended to affect its
growth and product formation. Lower concentratidrcarbon source is also reported not
suitable for enzyme production B\gpergillus japonicas (Beveriniet al., 1990). Too high
substrate concentration also showed great affegirahibiting enzyme activity. Other
research reported the similar finding with thisdstuwhere the enzyme production was
optimum at 40 g/l (Andradet al., 2002) and indirectly supported the results of giudy.
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4.3.2.2 Effect of pH and Agitation Speed
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Figure 4.6: 3D Response Surface Plot of pH and Agitation Spetedlaction

Referring to Figure 4.6, the increase of pH up t6 8epicted the increase of
protease activity while the increase of agitatipeexd from 100 rpm up to 200 rpm also
resulted in increasing protease activity. Freral. (1997) and Alonsat al. (2005) also
reported the optimum agitation speed of 200 rpmcivisiupport the finding of this study.
When the pH and the agitation speed started teeaser above pH 5.50 and 200 rpm,
respectively, the production of protease showedadathiction. The increase of agitation
speeds will frequently damaged the cells and redut changing the morphology of the
cells (Sepahy and Jabalameli, 2011; Siegal., 2011). This was due to shear stress from
the effect of agitation speed and leaded to slowrdihe protease activity. However, if the
speed was relatively low, the oxygen will not erttes medium and not equally distributed
throughout the medium. Then, the cells died in #maerobic condition and protease
production became retarded. This shows that shasfngerobic culture is vital in the

growth and protease production as it maintain prapggen transfer and the mixing of
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growing cells (Singlet al., 2011). The maximum protease activity was segrHab.50 and
200 rpm. Many other researchers also reported geraf 150 — 300 rpm of optimum
agitation speed for protease production from differisolates such aBacillus brevis
(Banerjeeet al., 1999),Bacillus horikoshii (Joo et al., 2002) Arthrobacter ramosus and
Bacillus alkalophilus (Kanekaret al., 2002).

4.3.2.3 Effect of Substrate Concentration and Agitégon Speed
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Figure 4.7: 3D Response Surface Plot of Substrate ConcentratidrAgitation Speed
Interaction

The interaction between substrate concentrationagitdtion speed can be clearly
seen in Figure 4.7. Still, the increase of substcaincentration and agitation speed up to 40
g/l and 200 rpm, respectively, showed the incredgmotease production while once both
of the substrate concentration and agitation speeel higher than 40 g/l and 200 rpm,
respectively, the protease activity will start tectease again. The result showed that the

optimum protease production can be achieved at/l46f gubstrate concentration and 200
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rpm of agitation speed. Perfect mixing of oxyged adequate supply of substrate will end

up with optimum protease production.

4.3.3 Validation of the Model

The prediction made by the model said that theimama protease production can
be obtained by using the RSM optimized conditiopafameters. Verification of the model
is to validate the adequacy of the equation modélthis is achieved by once again run the
experiment under optimized condition suggested bg RSM. There were three
verifications experiments to be carried out anddhtils were tabulated in the following
Table 4.3. The shake flask fermentation was domHabf 5.50, substrate concentration of
40 g/l and 200 rpm of agitation speed. These resuatroborate the predicted values and
the effectiveness of the model (Saravanakuehal., 2010).

The maximum protease activity was 2.2356 U/ml Wwhatosed to the predicted
values by RSM. This verified the validity of the deb and existence of the optimal point

with error from 0.0250 to 0.0929.

Table 4.3:Construction Model and Data Validation for ProteBseyme Activity

Run Optimized Parameter Protease Activity (U/ml)  Eror

pH Substrate Agitation Actual Predicted
Concentration Speed
(a/l) (rpm)
5.50 40 200 2.1871 2.2800 0.0929
5.50 40 200 2.2648 2.2800 0.0152
5.50 40 200 2.2550 2.2800  0.0250
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44  RELATIONSHIP BETWEEN CELL DRY WEIGHT AND PROTEA SE
ENZYME PRODUCTION

After the four days of fermentation, the weightoaddmass was determined in order
to observe the growth profile éfspergillus niger in the fermentation medium by plotting
the cell dry weight against the time of fermentatidlong the way, the production of
protease enzyme was also observed and the simédph gvas obtained by plotting the OD
reading at the secondary axis against the timesmwhdntation. Both graphs are shown as

Figure 4.8 below.
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Figure 4.8: Growth profile ofAspergillus niger and protease enzyme production

For the cell dry weight analysis, the samples waken every 8 hours starting from
0 hour to 104 hours. Then, the biomass was obtdigefiltration before drying at 80 °C.
After that, the cell dry weight was determined. T™ata was analysed and represented by
the following Figure 4.8. It clearly shows the pkfof biomass growth within the

fermentation medium.
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Within the first 16 hours, the growth of biomage®s to be none and this phase
was normally known as the lag phase. At this phiegefungi still did not grow but in the
process of adaptation with the surrounding. Ridtdérahe 16 hours of fermentation, the
mass of biomass started to significantly increafted.called the phase of exponential and
also known as log phase. Basically at this phdsefungi used up the nutrient provided
from the fermentation medium and started to grasaching its maximum growth. The
biomass was found growing at its maximum at theh@@rs of fermentation. Next, the
fungi faced stationary phase where weight of bienaas quite maintained and finally

started to decrease from the 88 hours, indicateddath phase of the fungi.

On the same time, the supernatant from the feratient was analysed for the
extracellular protease production represented byr€xdding. From Figure 4.8, the enzyme
was generated along the exponential phasespdrgillus niger. It proved that the protease
enzyme is the primary metabolite as it was produhathg the active growth of the fungi

and this enzyme production was growth associated.



CHAPTER 5

CONCLUSION AND RECOMMENDATIONS

5.1 INTRODUCTION

In this part, the overall conclusion about the gtugdas done and some
recommendations are pointed out for the improveréprotease production study in the

future.

5.2 CONCLUSION

As the conclusion, the study of the extracellulest@ase enzyme production has
been successfully done in the submerged fermentatiocess byAspergillus niger with
the use of potato peel extract as the additionabare source. One-Factor-at-a-Time
(OFAT) analysis was done in order to select thaiBgant parameters that affect protease
production. From the analysis, three selected petens did show great influence towards
protease production. The three parameters andaitger were pH of the fermentation
medium (pH 3.5 — pH 7.0), the substrate conceningd0 — 60 g/l) and the agitation speed
(100 -200 rpm). Protease enzyme showed the optiaativity at pH 5.50 with 1.23 U/ml
while at 40 g/l the optimum protease activity wdsoaobtained with 1.57 U/ml. An
optimum protease activity was also shown at 200 vgth 1.38 U/ml. With the use of
Response Surface Methodology (RSM), the optimingtimcess became much easier since
it helped in doing the statistical analysis. It eaout with a model that correlates the three
parameters for high yield of protease activity.tRarmore, the better understanding on the

effect of interaction between parameters was alduesed since it provided the 3D
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response surface plots. The results from RSM degbitdtat pH 5.50, 40 g/l of substrate
concentration and 200 rpm were the optimum parasmeted yielded protease activity of
2.2356 U/ml. Besides, the utilization of potato lp@dract was highly recommended due to
its potent of becoming cost-effective carbon source

5.3 RECOMMENDATIONS

First, the utilization of agriculture and food irelial wastes as the cost-effective
substrates should be further being studied espeolthe usage of potato peel extract but
the exact chemical composition (carbohydrate, Btgyotein, etc.) of the extract should be
initially determined first. In the future, an opiiration of potato peel extracts concentration
as the main carbon source can also be done. Sowadays the solid state fermentation
was reported in producing high yield of variousdarats such as pigments, biocellulose etc
if compared to submerged fermentation so it mightrddevant to be implemented in this
study.

Second, application of other new technology canesmw improve the production
of protease. Many researchers mostly focus on ptienzation of fermentation parameters
in the production of enzyme. Besides, the applbecatf genetic engineering in the enzyme
production should be promising for high yield eneyproduction due to the alteration of

microbial genetic that will force the microorgansio produce more enzymes.

Third, this small scale of protease production ytcahn be further scale up with the
utilization of bioreactor. Compared to shake fléskmentation process, the agitation and
aeration processes can be regulated in the biorealthe small production of protease
activity in shake flask fermentation is maybe doethe limited aeration within the
fermentation medium and causes the death of tHe. ¢eladdition, bioreactor makes the
sterilization and sampling processes become easge swithin the bioreactor, the
sterilization can be done directly.
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Forth, from the crude protease enzyme obtained fhosnstudy, it is recommended
for further purification of the enzyme. The enzymwification process is promising in high
productivity but is relatively costly. This puritigprotease enzyme is likely more suitable to
be used by human and in other industries that d@#h human’'s life such as
pharmaceutical and food industries rather thangusie crude protease enzyme. Purified
enzyme is safer since within the purification psx@ther contaminants are eliminated
leaving the clean enzyme. Moreover, toxicology gtad the protease enzyme can also be
done since the enzyme will be someday being condubyethe human being. This

procedure is to make sure the efficacy and thdysafehe enzyme.
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APPENDIX B
EFFECT OF AGITATION SPEED

At 368 rpm

At 300 rpm
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At 200 rpm

At 100 rpm
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At 31 rpm
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