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ABSTRACT

Aspergillus niger was used to produce extracellular naringinase by solid state
fermentation. The agro-industrial wastes like cassava waste, rice bran, sugarcane bagasse,

coconut and groundnut oilcakes were used as solid substrate to produced naringinase

(complex debittering enzyme). Production conditions and media were optimized. From
the study cassava waste was found to be the best substrate for naringinase production.
Maximum yield was found after 5 days of incubation with 10% (v/v) of inoculum size
using 4 days grown culture(inoculum age) at 27°C and at a substrate-to-moisture ratio of
1:1.5 (w/v). The production was enhanced by reducing the particle size from 3.35mm to
0.85mm and by reducing concentration of naringin from 0.1% to 0.001%. 12 Different
factors(carbon, nitrogen, metal ion) were studied by Placket-Burman design, and 3
factors were screened for Response Surface Methodology to optimize the media
composition. Maximum yield was found for the media containing Maltose-15g/1,

Calcium Chloride-15mM, Ferric Chloride-15mM and Naringin-0.001%.
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1.2 MECHANISM OF NARINGINASE ACTION

Naringinase is an enzyme complex consisting of a-L-rhamnosidase (EC 3.2.1.40)
and flavonoid B-D-glucosidase (EC 3.2.1.21). In typical processing, naringinase converts
naringin to naringenin in a two-step process . The substrate naringin, ( 4°-5,7" -
trihydroxyflavonone- 7-rhamnoglucoside), is hydrolyzed by the rhamnosidase component
to produce prunin (4’ -5,7° -trihydroxyflavonone-7-glucoside), which is then converted
by the flavonoid pB-D-glucosidase to naringenin (4°-5,7” -trihydronyflavonone) (Chandler
and Nicol., 1975; Habelt and Pittner., 1983).
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Figure 1.1: Stepwise degradation of naringin by the action of naringinase expressing

a-L rh idase and B-D-gl id activities (Puri., 2012)

CHAPTER 1

INTRODUCTION

1.1GENERAL

The enzyme naringinase is used in citrus fruits processing to improve pulp
washing, increase the recovery yield of essential oils, debitter and to clarify the juice
(Grassin and Fauquembergue., 1996). The most bitter compounds present in citrus juices
are naringin, limonin, and neohesperidin (Kefford, 1959; Marwaha et al., 1994). These
bitter compounds are found in all parts of grapefruit and sour oranges. Naringin is
abundant in immature fruit but its concentration decreases as fruit ripens (Yusof et al.,
1990). The naringin level can be reduced by technologies such as adsorptive debittering
(Wethern., 1992., Hernandez et al.,1992), supercritical Carbon dioxide method (Kimball,
1987), treatment with polystyrene divinyl benzene styrene (DVB) resins(Maeda et al.,
1984, Mitchell and Pearce., 1985 ), cyclodextrin(Tatum and Berry., 1973, Puri., 1984),
Ion excahange resins(Couture and Rouseff., 1982). Because of the various drawbacks
such as preparative steps on the juices, unfavorable changes on the sensory properties,
nutritional value (Del Nobile et al.,2003) and reducing the level of Vitamin C,
antioxidant, Bioactive flavonoids (Carla et al.,2013) the non enzymatic debittering
technologies are limited (Puri and Banerjee., 2000). In comparison, the enzymatic
debittering technology is regarded as the most promising method with the advantages of
high specificity and efficiency, and a convenient operation for removing the bitterness in
large-scale commercial production. Enzymatic hydrolysis has a possibility to overcome

the bitterness. (Thammawat et al., 2008)

1.3 APPLICATIONS OF NARINGINASE

Naringinase plays a major role in the debittering processes. The other applications

of Naringinase are:

1.3.1 Preparation of the antibiotic chloropolysporin C:

The deglycosylation of novel glycopeptide antibiotic, chloropolysporin from
Faenia interjecta, was achieved successfully with rhamnosidase activity of naringinase.
Chloropolysporins A, B, and C could be enzymatically converted to deglycosylated
derivatives (Sankyo., 1988).

1.3.2 Preparation of rhamnose:

Commercially available rhamnose is produced from rutin or citrus fruits which contain
10-30% rhamnose(by weight). Naringinases (a-L-rhamnosidases) hydrolyze naringin to
produce L-rhamnose (Daniels et al., 1990). Rhamnose is a raw material for the chemical
synthesis of furaneol, a strawberry flavour. Rhamnose is a chiral intermediate in organic
synthesis and it is used as a pharmaceutical and a plant protective agent (Puri and

Banergee., 2000).
1.3.3 Preparation of prunin:
The flavonoid prunin produced from naringin using immobilized naringinase

pretreated with an alkaline buffer. Prunin has variable antiviral activity against DNA

/RNA viruses.



The flavonoid possesses anti-inflammatory activity and may be used as sweetening agent
for diabetics (Roitner et al., 1984).

1.4 PRODUCTION OF NARINGINASE

Production of naringinase from Penicillium sp. was originally suggested, but
restricted for its industrial application in concern of high production cost, and
particularly, the incomplete hydrolysis of naringin in citrus juice processing (Puri et al.,
2000). In contrast, Aspergillus niger fermentation has shown more potential for industrial
production of naringinase because the microorganism has been listed in the FDA’s

approved microbial category and proven safe for food and medicinal uses.

Also, the process is easy to be scaled up for industrial application, and easy to
increase the naringinase yield by optimizing the cultivation parameters (Puri et al.,
2005).Therefore, it was considered as the most important source of naringinase for food
use (debittering citrus juice) regarding the safety characteristics and the feasible culture

process of Aspergillus niger.

Naringinase is an inducer-dependent and continuous addition or stepwise addition
of an inducer increases naringinase production. Whereas, replacement of the inducer with
other carbon sources supports the growth of the organism but no enzyme is produced.
Microbial naringinase may be produced by both submerged culture and solid-state
fermentation. Compared to studies with submerged culture, solid-state fermentation has

been barely investigated for the production of naringinase (Chisti, 1999).

The moisture level plays a vital role in SSF, Low moisture content is known to
decrease the solubility of the nutrients, lead to low substrate swelling and higher water
tension. Moisture levels higher than certain critical level cause low Oxygen transfer,
decreasing porosity, decreasing microbial growth, and lower metabolic activities in SSF.
Substrate to moisture ratio should be based on the clump forming capacity of the

substrate (Patrick et al., 2003).

1.5.1 Factors influencing enzyme production (Sarrette et al., 1992, Kar et al., 1998)

* Selection of a suitable substrate and microorganism

* Pre-treatment of the substrate

* Water content of the substrate

* Period of cultivation

* Size and age of the inoculum

« Particle size of the substrate

* Control of temperature of fermenting matter/removal of metabolic heat

¢ Maintenance of uniformity in the environment of SSF system

* The gaseous atmosphere, i.e. oxygen consumption rate and carbon dioxide

evolution rate.

1.5 SOLID STATE FERMENTATION

Solid state fermentation defined as any fermentation process occurring in the
absence or near-absence of free water, employing a natural substrate or an inert substrate

used as solid support (Pandey et al., 1999).

The selection of a substrate for SSF process depends upon several factors mainly
related with cost and availability and thus may involve screening of several agro-
industrial residues. In the SSF process, the solid which may interfere with microbial
respiration: aeration, and thus may result in poor growth. At the same time, larger
particles provide better respiration: aeration efficiency (due to increased inter-particle
space) but provide limited surface for microbial attack. Thus, it would be necessary to
arrive at a compromised particle size for a particular process (Pandy et al., 2000,

Membrillo et al., 2011).

SSF offers numerous opportunities in processing of agro-industrial residues. This
is partly because solid-state processes have lower energy requirements, produce lesser
wastewater and are environmental-friendly as they resolve the problem of solid wastes

disposal (Ashok pandey ., 2003).

There are several important aspects, which should be considered in general for the
development of any bioprocess in SSF. These include selection of suitable micro-
organism and substrate, optimization of process parameters and isolation and purification
of the product. Based on water activity, only fungi and yeast were termed as suitable

micro-organisms for SSF (Sarrette et al., 1992, Kar et al., 1998).

Table 1.1: Comparision of solid state fermentation and submerged state

fermentation (Subramaniyam and Vimala., 2012):

SN solid state fermentation submerged state fermentatiom

1 | Utilizes solid substrates, like bran, | Utilizes free flowing liquid substrates,
bagasse, and paper pulp. such as molasses and broths.

2 | The main advantage of using these | The bioactive compounds are secreted into
substrates is that nutrient-rich waste | the fermentation broth. The substrates are
materials can be easily recycled as utilized quite rapidly; hence need to be
substrates. In this fermentation | constantly replaced/supplemented with
technique, the substrates are utilized | nutrients.

very slowly and steadily, so the same
substrate can be used for long
fermentation periods. Hence, this
technique supports controlled release
of nutrients

3 | SSF is best suited for fermentation | This fermentation technique is best suited
techniques involving fungi and | for microorganisms such as bacteria that
microorganisms that require less | require high moisture.

moisture content. It cannot be used in
fermentation  processes  involving
organisms that require high aw (water
activity), such as bacteria. (Babu and
Satyanarayana, 1996).

4 | Easier downstream processing than | Easier product purification, but not than
bmerged state fermentation. Solid state fermentation.




1.6 AGRO WASTES

Agro-industrial wastes are mainly composed of complex polysaccharides that
might serve as nutrients for microbial growth and production of enzymes. The utilization
of such materials as substrates for microbial cultivation intended to produce cellular
proteins, organic acids, mushrooms, biologically important secondary metabolites,
enzymes, prebiotic oligosaccharides, and as sources of fermentable sugars in the second

generation ethanol production has been reported (Sanchez, 2009).

Agro-industrial wastes are valuable sources of lignocellulosic materials. The
lignocellulose is the main structural constituent of plants and represents the primary
source of renewable organic matter on earth. It can be found at the cellular wall, and is
composed of cellulose, hemicellulose and lignin, plus organic acids, salts and minerals
(Pandey et al., 2000; Hamelinck et al., 2005). Therefore, such residues are superior
substrates for the growth of filamentous fungi, which produce cellulolytic,
hemicellulolytic and ligninolytic enzymes by solid state fermentation (SSF). These fungi
are considered the better adapted organisms for SSF, since their hyphae can grow on the
surface of particles and are also able to penetrate through the inter particle spaces (Santos
et al, 2004). Filamentous fungi are the most distinguished producers of enzymes
involved in the degradation of lignocellulosic material. Several agro industrial wastes are
commonly used for this purpose, such as sugarcane bagasse, wheat bran, corn cob and

straw, rice straw and husk, soy bran, barley and coffee husk (Sanchez, 2009).

1.7.2 Response Surface Methodology

Response surface method (RSM) is a collection of mathematical and statistical
techniques that are useful for modeling and analysis in applications where a response of
interest is influenced by several variables. The first step in RSM is finding a suitable
approximation for the true relationship between the response and independent variables.
Usually a low-order polynomial in some region of the independent variables is employed
for modeling. If the response is well modeled by a linear function of the independent
variables, then the approximating function is the first-order. If there is curvature in the
system, then a polynomial of higher degree must be used, such as the second-order model
(Myers and Montgomery., 2002). Response Surface Methodology (RSM) is a commonly
used method to assess the optimal fermentation conditions and also an efficient statistical
technique for optimization of multiple variables with minimum number of experiments.
This method has been successfully applied to optimize alcoholic fermentation (Laluce et
al., 2009; Palukurty et al., 2008; Ratnam et al., 2005; Yu et al., 2009). RSM helps
identify the effective factors, study interactions, select optimum conditions and quantify
the relationships between one or more measured responses and the vital input factors in
limited number of experiments (Ahuja et al., 2005, Bandaru et al.,2006, Puri et al.,2002
).

The Box-Behnken is a three-level factorial design, which allows estimating and
interpreting interactions between various variables at a time during the optimization
process. It is suitable for exploration of quadratic responses and constructs a second-order
polynomial model with very few runs (Ferreira et al., 2007). The Box-Behnken design is
rotatable (or nearly so) But it contains region of poor prediction qulity. Its “missing
corners” may be usefull when the experimenter should avoid combined factors extremes.

This property prevents potential loss of data in this case. And Box-Bhenken design

1.7 MEDIUM OPTIMIZATION:

Medium optimization by the classical method of changing one variable while
fixing the others at a certain level is laborious and time-consuming, especially when the
number of variables are large. Thus the statistical methodology was adopted to optimize

the nutrients for the medium to achieve the maximum enzyme production.

1.7.1 Plackett—-Burman design

Plackett-Burman designs are experimental designs presented in 1946 by Robin L.
Plackett and J. P. Burman while working in the British Ministry of Supply. This Plackett—
Burman design allows testing of the largest number of factor effects with the least
number of observations, and allows random error variability estimation and testing of the

statistical significance of the parameters.

Full factorial designs are the simplest form of factorial designs in which all
possible factor-level combinations are tested. The advantage of this design is that
maximum information regarding the factors can be obtained. It is also possible to identify
interactions between separate experimental factors and the effect that such interactions
have on the experimental response. The main disadvantage of this design is that as the
number of factors increases, the number of experiments required also increases. As a
result, this type of design becomes increasingly impractical. In the case of Placket-
Burman design which requires less experimental runs for more number of factors. And
full factorial Design can be used only when we need to screen more than four factors.
But Placket-Burman design is used to screen even small number of factors. So in this
study  Placket-Burman  Design  was  selected for media  optimization

(http://www.sepscience.com).

always requires less number of Experimental Run than other Response Surface

Designs(http://www.itl.nist.gov).

1.5 OBJECTIVES

To screen the various agro- industrial wastes like cassava Waste, rice bran,
sugarcane bagasse, coconut oilcake and groundnut oilcake for the production of enzyme.

To optimize the different factors such as inoculum size and age, incubation period,
particle size, volume of moisture content influencing the enzyme production.

To screeen the media composition using Placket-Burman Design and Response
Surface Methodology.

To identify the significant variabels influencing naringinase production using
A.niger Under Solid State Fermentation by Placket-Burman Design.

To optimize the level of significant variables identified from Placket-Burman

Design Using Response Surface Methodology.



CHAPTER 2

REVIEW OF LITERATURE

Puri and Banerjee ., (2000), discussed about naringinase and production,
purification, characterization of the debittering enzyme naringinase and its essential role
in the commercial processing of citrus fruit juice. Naringinase is an enzyme which
hydrolyses naringin into prunin which is then converted by the flavonoid B-D-glucosidase
to naringenin(4,5,7-trihydroxyflavonone) ( Habelt and Pittner., 1983). Puri and Banerjee
produced  naringinase enzyme by both submerged state (Smf) and solid state
fermentation (SSF) and characterized after purification. In solid state fermentation they
used soybean cake as solid substrate and grown the microorganism at 28°C and for 8
days. Then they extracted the enzyme to obtain a crude preparation of naringinase. The
crude enzyme was further purified to remove the contaminating pectinase. The optimum

pH and temperature for the naringinase were pH 4.2 and 6065, 8°C, respectively.

Puri et al .,(2005), used Aspergillus niger MTCC 1344  to produce extracellular
naringinase . A. niger MTCC 1344, was maintained on Czapeck-Dox medium. Puri et
al., discussed that A. niger MTCC 1344 is the best naringinase producing strain, Media
constituents were examined for the production of enzyme. They studied the effect of
different carbon, nitrogen(yeast extract, beef extract, malt extract, meat extract and
groundnut seed flour) and metal ions(Co®’, Cu*’, Fe*', Mg*, Ni*', Mn?" and Zn*") on

enzyme production.

However, the optimum temperature of naringinase and a-L-rhamnosidase was 60° C,
whereas that of B-D-glucosidase activity was in the range of 60° to 70°C. Optimization of
the medium and conditions for enzyme production in submerged fermentation found that
the suitable inoculum concentration and medium were IDS spores/mi and Czapek-Dox
medium, pH 4.0, containing 0.1 % naringin, respectively. The maximum naringinase
production of this fungus (117.77 U/mg protein) could be obtained by supplement of the
medium with 3.75 g/1 rhamnose as another carbon source and using 2.5 g/1 NaNO; as its
nitrogen source. For high production of a-L-rhamnosidase (303.20 U/mg protein), 2.5 g/1

soya peptone should be used.

Mendoza-Cal et al., (2010), studied the production of naringinase using twelve
filamentous fungi in solid-state fermentation (SSF) using orange and grapefruit rind as
substrates; these agro industrial residues contain naringin, an important inductor for this
enzyme. The cultures were carried out in a 500 ml Erlenmeyer flask with 10 g of
orange or grapefruit rind (particle size: 0.86, 1.19, 1.69 and 2.38 mm) and 10 ml of
mineral salt solution ( KH,PO4- 13.77 g/1; K,HPO,- 17.629 g/1; NH,C1-0.2 g/1;
MgS0,.7H,0- 0.2 g/l ; FeCl;- 0.001 g /1). The spores were inoculated on orange or
grapefruit rind and thoroughly mixed. Flasks were incubated at 30°C, without agitation.
Samples were withdrawn (flask/sample) aseptically at regular time intervals and analyzed
for extracellular protein content, naringinase activity and residual substrate. The extract
was recovered using 75 ml of sodium acetate buffer 0.1 M, pH 4.0, and stirring with a
magnetic bar for 30 min at 4°C. Subsequently, the suspension was filtered and
centrifuged (14000 rpm, 30 min, 4°C). Then assay for enzyme activity was carried out.
The percentage of naringin hydrolyzed from grapefruit rind by Aspergillus foetidus,
Aspergillus niger and Aspergillus niger HPD-2 was 81, 80 and 79% respectively. The
volumetric and specific naringinase activity of each strain was influenced by temperature,

pH and water activity (Aw).

And the main parameters like Temperature, pH, inoculum age and inoculum size also
studied in the shake flask level. Among various carbon and organic nitrogen sources
used, molasses and peptone were the most effective for enzyme yield. The rate of enzyme

production was enhanced when metal ions were added to the medium.

Emrah et al., (2005), Investigated the effect of medium composition on the Tagl
endonuclease production, by recombinant Escherichia coli cells carrying a plasmid
encoding Tagl endonuclease, using response surface methodology. The concentration of
glucose, di-ammonium hydrogen phosphate, potassium di-hydrogen and magnesium
sulphate in media were changed according to a central composite rotatable design
consisting of 29 experiments and enzyme yields were determined. The results were fitted
to a second order polynomial with an R? of 0.828. The optimum medium composition
was found to be 6g L' glucose, 1.5g L' (NH4),HPO4, 8¢g L! KH,PO,, and
0.8 g L' MgS0,-7H,0. The model prediction of 179 x 10° U g DCW ' enzyme yield at
optimum conditions were experimentally verified. The response surface methodology
was found to be useful in improving the production of recombinant Tagql endonuclease

in E. coli.

Thammawat et al., (2008) screened forty fungal isolates from 348 fungi. Then
performed Secondary screening by measurement of both enzyme activities, o-L-
rhamnosidase and B-D-glucosidase at 40°C, pH 4.0 and naringinase activity at the
temperatures of 50,55 and 60°C and at both pH 3.0 and 4.0 of the culture filtrates from all
40 fungal isolates. Aspergillus niger BCC 25166 was selected , genetically identified and
which was found to be the suitable organism for the production of naringinase. The
optimum pH and temperature of the enzyme in crude extract was investigated. The result
showed that all naringinase, a-L-rhamnosidase and B-D-glucosidase activities had

identical optimum pH of 4.0.

The culture conditions optimal for A. foetidus, A. niger and A. niger HPD, were as
follows: pH 5.4, Temp-35°C, Water activity- 0.5222 ; pH 5.4, Temp -35°C, Water
activity -0.7533; pH 5.4, Temp- 40°C, Water activity - 0.7533; respectively. The highest
volumetric activity was obtained using A. foetidus with 2.58 U/ml, when grew on
grapefruit rind. Among the strains used, optimal naringinase production was with A.
foetidus. The use of grapefruit rind as a substrate gave a higher yield of naringinase

production than using orange rind.

The nutrient requirements for extracellular naringinase production by Aspergillus
oryzae JMU316 was studied by Dong-xio et al.,( 2010). The fermentation was started by
inoculating 3% (v/v) of the inocula in 300 mL flasks containing 30 mL medium at 28°C
on a rotary shaker incubator at 160 rpm for 5 days. The base medium contained
K,HPO,- 1.0 g, MgSO4 7H,0 -1.0 g, NaCl -0.2 g, CaCl,- 0.2 g, (NH4),SO,4 -0.2 g, yeast
extract- 1.0 g, naringin- 5.0 g and distilled water up to 1 L (initial pH 6.0).

The impact of different carbon and nitrogen sources on naringinase production was
determined by one-factor-at-a-time method. Naringin exhibited the highest naringinase
activity compared to all other carbon sources and pomelo pericarp powder produced
comparable naringinase activity. Pomelo pericarp powder was selected as carbon

source because it is a waste of fruit process, which means that it is a cheap resource and
has additional environmental benefits. Peptone proved to be the most suitable nitrogen
source for naringinase production. To optimize the concentration of pomelo pericarp
powder, peptone, and minerals, the orthogonal matrix method was used. The optimal
concentration of the components were 15 g pomelo pericarp powder, 12 g peptone, 0.2 g
CaCl,, 0.4 g NaCl, 2 g MgSO,7H,O and 1 g K,HPO, in 1 L distilled water for
producing 408.28 TU/mL naringinase activity.



Response surface methodology was used to optimize the fermentation medium for
enhancing naringinase production by Staphylococcus xylosus by Puri et al.,(2010). The
first step of this process involved the individual adjustment and optimization of various
medium components at shake flask level. Sources of carbon (sucrose) and nitrogen
(sodium nitrate), as well as an inducer (naringin) and pH levels were all found to be the
important factors significantly affecting naringinase production. In the second step, a 22
full factorial central composite design was applied to determine the optimal levels of each
of the significant variables. Using this methodology, the optimum values for the critical
components were obtained as follows: sucrose, 10%; sodium nitrate, 10%; pH 5.6;
biomass concentration, 1.58%; and naringin, 0.50% (w/v), respectively. Under optimal

conditions, the experimental naringinase production was 8.45 U/mL

VinothKumar et al., (2010), isolated Aspergillus niger VB07 from the soil of
citrus fruit market and used this culture to produce extracellular naringinase in a liquid
medium. Naringin, naringenin, hesperidin, rutin (0.05%), and amino acids (10 mM) were
filter sterilized and added to the basal medium to study the effect on enzyme production.
Different carbon sources (1%, w/v), organic (1%, w/v), and inorganic nitrogen sources
(0.5%, w/v) were added to the medium to determine their effect on naringinase
production. The effect of temperature and initial pH on growth and enzyme production
was checked in 500-mL Erlenmeyer flask containing 100 mL
medium. Enzyme activity was observed in all medium, maximum production was
observed in naringin (7.48 IU/mL) followed by rutin (3.71 IU/mL), naringenin (3.36
1U/mL), and hesperidin (2.11 IU/mL). The optimum concentration of naringin is 0.1%
and their respective enzyme activity was 9.45 IU/mL observed on the 7th day of
fermentation. Various parameters of fermentation have been examined in order to
improve overall enzyme yield. Naringinase yield of 17.28 IU/mL in an optimized
medium containing naringin (0.1%), rhamnose (0.5%), peptone (0.25%), glycine (10
mM), and pH 4.5 at 28°C for 7 days has been obtained at shake flask level.

FeCl;-0.1 g/L and peptone-10 g/L. In order to study the effect of the different carbon
sources naringin, rhamnose and molasses (0.5% w/v) and the effect of CaCO; and/or
MgCOs; (0.01 mM) on enzyme production, both were added to the basal medium. The
mycelial weight, protein production, and naringinase activity were quantified. The
constants Vmax and Km were determined by Lineweaver-Burk. It was found that
molasses compared with the other carbon sources and the addition of calcium carbonate
favored the growth of the fungus but not the production of protein or the enzyme activity.
Additionally, it was found that naringin promoted 8-fold more production of protein than
the other carbon sources studied if Ca,+ and Mg+ were added. On the other hand, They
found rhamnose with no added salts produced 2-fold more enzyme activity than other

treatments.

Puri et al,, (2011), optimized the medium and process parameters to increase
naringinase production from the newly isolated strain Staphylococcus xylosus MAK2, in
a batch bioreactor. In addition, nariginase production has been further improved by
optimizing parameters in the presence of CPP (comprised of peel, membranes, and juice
vesicles), a waste generated from the citrus processing industry, through technological
combination experiments. Important factors like carbon, nitrogen sources, metal ions, pH,
temperature, inoculum age and volume, concentration of CPP
were studied to increase the enzyme production. The maximum naringinase production
(8.23 TU/ml) was obtained when the production medium contained the following (gl/1):
sucrose, 10; soybean meal, 10; CPP, 0.5; and pH 5.5. The process optimization using
technological combinations allowed rapid optimization of large number of variables,
which significantly improved enzyme production in a 5L reactor in 34 h. An increase in
sugar concentration (15 g/l) in the fermentation medium further increased naringinase

production (8.9 IU/ml) in the bioreactor.

Shanmugaprakash et al., (2011), produced naringinase using easily available,

inexpensive industrial waste residues such as rice bran, wheat bran, sugar cane bagasse,

Vinoth Kumar V., (2010), studied the effect of different inducers (hesperidin,
naringenin, naringin, rhamnose and rutin) for naringinase production by Aspergillus niger
MTCC 1344. The medium components employed for naringinase production were (g/1)
molasses- 15; peptone -5; NaNO;- 2.0; KH,PO4- 1.0; KCI- 0.5; MgS0O,7H,0-0.5; and
FeCl;- 0.1 (pH 4.5). 0.5 g/l of naringin, naringenin, rutin and hesperidin were added to
different media. Instead of molasses, 5 g/l rhamnose was used in the production medium.
A 72 h age and 15% size was used for inoculation. Flasks were incubated (27°C, 200
rpm) in a rotary shaker for 14 days. Samples were withdrawn aseptically at regular time
intervals and analyzed for naringinase activity. The naringinase activity was observed in
all five medium, maximum naringinase was produced in naringin (7.48 IU/ml) followed
by rhamnose (6.72 IU/ml), rutin (3.71 IU/ml), naringenin (3.36 1U/ml) and hesperidin
(2.11 IU/ml). Among the substrates, naringin act as a selective inducer, because it
induces faster and maximized naringinase
production (7" day). The optimized concentration (%) of naringin, rhamnose,
naringenin, rutin and hesperidin used are 0.1, 0.375, 0.01, 0.2 and 0.2, respectively, and
their corresponding enzyme productions (IU/ml) are 9.68, 7.12, 4.76, 4.19 and 3.44.

Mariya et al., (2010), used response surface methodology (RSM) in order to
optimize the effect of removal of the bitter taste from juices by naringinase, immobilised
in Ca-alginate beads, under high pressure, A central composite rotatable design (CCRD)
was employed involving two variables (pressure and temperature) at five levels (—\2, -1,
0, +1, +\2). The second-order polynomial equations with R? values above 0.9 showed
good agreement between experimental and predicted. The higher naringin conversion of

81% was obtained using 205 MPa and 60 °C, during a process time of 30 min.

Gonzalez et al.,(2011) worked to study the effect of naringin, molasses, and
rhamnose, as well as calcium (Ca,t) and magnesium (Mg,+) salts on the production of
naringinase by Aspergillus niger ATCC1015. The composition of the basal medium
(BM) taken was NaNO;-2.0 g/L; KH,PO4-1.0 g/L; KCI-0.5 g/L; MgS0,.7H,0-0.05 g/L;

citrus peel, and press mud under solid-state fermentation (SSF) by Aspergillus niger
MTCC 1344. They found rice bran was the best substrate among all substrates.
Naringinase production was highest after 96 h of incubation at 27°C and at a substrate-
to-moisture ratio of 1:1 w/v. Supplementation of the medium with 10% naringin caused
maximum induction. Inoculum age of 72 h and Inoculum level of 15% resulted in
maximum production of naringinase. Enzyme production was stimulated by the addition
of nutrients such as naringin and peptone. For studying the effect of the initial moisture
level, the quantity of substrate was kept constant and the moisture effect was studied by
adding nutrient solution in the ratio of 1:0.5 (5 gds/2.5 mL) to 1:5 (5 gds/25 mL) (gds,
gram of dry substrate). For studying the effect of inoculum size, petri dishes each
containing RB (5 g) moistened with SmL nutrient solution were autoclaved and
inoculated at a level of 5, 10, 15, and 20% v/w of RB, using 6-day-old A. niger spores.

the optimum inoculum level was 15% for naringinase production by A. niger under SSF.

Hui Ni et al., (2012), produced Naringinase from Aspergillus niger and
characterized to evaluate its effectiveness in debittering citrus juice. The spore suspension
of A. niger was inoculated into an NBS Bioflo-110 7-L fermentor that contained 5 L of
fermental medium with composition (g/L) of: naringin 10, MgSO47H,0 -0.5, KH,PO4-
1.5, (NH4)2S04-4.0, ZnSO47H,0-0.09, CaCl,- 0.1, yeast extract 1.0, soybean powder
2.0, and peptone 2.0 (Patil and Dayanand 2006), followed by cultivation at 28 C, pH 6.0,
and 300 rpm for 7 days to produce the naringinase.

Illamathi et al., (2012) used standard optimization procedures like Response
Surface Methodology to optimize the fermentation medium for enhancing naringinase
activity by Aspergillus flavus. In the first step of optimization, with plackett-Burman
design, starch, peptone and naringenin were found to be the important factors affecting
the naringinase activity significantly. In the second step, a 23 full factorial central
composite design and RSM was applied to determine the optimal concentration of each
significant variable. The optimum values for the critical components were obtained as

follows: starch 1.5 (15 g/L), peptone 0.5 (5 g /L) and 0.005 (0.055 g/L) naringenin. Under



the optimal conditions, the practical naringinase enzyme activity was increased up to

3606.6U/lit an approximate 6.4 fold improvement over the previous enzyme activity

(560U/1it) with un-optimized medium.

Table 2.1: Naringinase production by Solid State Fermentation:

1344

ORGANISMS SUBSTRATES REFERENCES
Aspergillus niger MTCC From various agro wastes Shanmugaprakash et
al.,(2011)

Mendoza et al.,(2010)

Aspergillus foetidus,
Aspergillus niger and
Aspergillus niger

Grapefruit

Puri and Banerjee, (2000)

Coniothrium diplodiella

soybean cake

Table 2.2: Naringinase production by Submerged State Fermentation:

REFERENCES

ORGANISMS

Coniothrium diplodiella

Puri and Banerjee(2000)

Puri

etal .,(2005)

Table2.3: Various source of naringinase production (Puri., 2012)

SOURCE MICROORGANISM REFERENCES
Plant Celery seeds Hall., 1938
(Apium graveolens)
Rhamnus daurica Suzuki., 1962
Buckwheat (Fagopyrum Bourbouze et al.. 1976
Esculentum)
Grapefruit leaves Ting., 1958
Grapefruit leaves Thomas et al.,
1958
Gastropod Turbo cornutus Kurosawa et al., 1973
Mammal Pig liver Qian et al., 2005
Fungi Aspergillus niger Bram and Solomons, 1965
Penicillium sp. Young et al., 1989
Aspergillus niger Manzanares et al., 1997
A. aculeatus Manzanares et al., 2001
A. kawachii Koseki et al., 2008
A. nidulans Orejas et al., 1999
Aspergillus terrus Gallego et al., 2001

Shanmugam and

Aspergillus niger MTCC 1344

Aspergillus niger BCC 25166

Thammawat et al., (2008)

Aspergillus oryzae IMU316

Chen et al.( 2010)
Puri et al.,(2010)

Rhizopus nigricans

Yadav, 1995
Puri et al., 2005

Aspergillus niger
(MTCC1344)

Mamma et al., 2004

Penicillium decumbens

Thammawat et al., 2008

Staphylococcus xylosus

VinothKumar et al., (2010)

Aspergillus niger VB07

Aspergillus niger (BCC

Tlamathi etal., (2012)

Aspergillus flavus

Rajal et al., 2009

Penicillium ulaiense

Chang et al., 2011

Aspergillus sojae

Scaroni et al., 2002

Aspergillus, Circinella,
Eurotium, Fusarium,
Penicillium, Rhizopus, and
Trichoderma

Gallego et al., 2001

Aspergillus terreus

McMahon et al., 1999

Hanshula anomala,

Yeast
Debaryomyces
Polymorphus
Pichia angusta X349 Yanai and Sato, 2000
Cryptococcus laurentii Leietal., 2011
Bacteria Bacteriodes distasonis, Jang and Kim, 1996
JY-1
Thermomicrobium roseum Jang and Kim, 1996
Pseudomonas Miake et al., 2000
Paucimobilis
Clostridium stercorarium Zverlov et al., 2000
Bacillus sp. GL1 Hashimoto et al., 2003
Geothermus vaporicell Birgisson et al., 2004
Bacteria Sphingomonas Hashimoto and Murata,
1998; Miyata et al., 2005

Paucimobilis

Cardona et al., 2006

Burkholderia cenocepacia

Gaston Orillo et al., 2007

Ralstonia pickettii

Mazzaferro et al., 2008

Pseudoalteromonas sp.

Rajal et al., 2009

Lactobacillus ulaiense

Beekwilder et al., 2009

Lactobacillus acidophilus

Avilaetal., 2009

Lactobacillus plantarum

Puri et al., 2010b;

Staphylococcus xylosus

Purietal., 2011a
Michlmayr et al., 2011

Pediococcus acidilactici

25166)
Aspergillus kawachii Koseki et al.,
2008
CHAPTER 3
MATERIALS AND METHODS

3.1 COLLECTION OF SUBSTRATES:

Five different agro-industrial residues such as cassava waste, rice bran, sugarcane

baggasse, coconut oilcake and groundnut oilcake were purchased from local market.

Figure 3.1: Five different substrates



3.2 PRETREATMENT:

Collected substrates were pretreated by mechanical methods. Pretreatment was
carried out to get different particle sizes of the substrate. Mechanical methods include
crushing and seiving. Substrates were sieved with five different sizes of seivers and
collected in polethene bags. The final sizes of the particles were 3.35mm,

2.56mm, 1.4mm, 0.85mm, 0.25mm.

3.3 PREPARATION OF MOTHER CULTURE:

Pure Aspergillus niger culture was teken and it was maintained on Czapek dox
broth and incubated at 28°C in shaker (kubota, model no-CD1499- G000, Tokyo) at 120

rpm for five days. The culture was isolated from banana pith and identified earlier.

3.4 MOISTURE PREPARATION:

Modified Czapek Dox broth was used as moisture. The mineral medium contained
(g/1) NaNOs-3; K,HPO,4-1; MgS0,4-0.5; KCI1-0.5; FeSO4-0.01. Final pH was 7.5 then it
was adjusted to pH 5. With moisture 0.001% inducer narigin was added. Because
naringinase is an inducer dependent enzyme so it is necessary to add inducer for

naringinase production (Chisti., 1999).

3.8 ESTIMATION OF PROTEIN CONCENTRATION:

Determination of protein concentration was carried out by lowry’s method (Lowry

etal., 1951).

3.9 SELECTION OF SUBSTRATE:

To select a suitable substrate, 5 different substrates were taken at a particle size
of 0.85mm. And the effect of substrates on enzyme production was studied by one factor
at a time method. i.e. 5g of different substrates were taken and all other parameters which

influence on enzyme production were kept constantly.

3.10 EFFECT OF PARTICLE SIZE ON ENZYME
PRODUCTION:

An optimized suitable substrate were taken with
different particle size. The substrate particle sizes are
3.35mm, 2.50mm, 1.4mm, 0.85mm, 0.25mm. Solid state

fermentation were carried out by not changing other

parameters except particle sizes. Figure 3.2 Effect of

particle size on enzyme

3.5 UNOPTIMIZED SOLID STATE FERMENTATION CONDITIONS:

Solid state fermentation was carried out in petridishes having diameter of 8cm. 3g
of solid substrates were moistened with moisture. The substrate moisture ratio were
varied based on the absorbing capacity and clump forming capacity of the substrate. The
initial conditions taken for the solid state fermentation were, substrate-3g, particle size-
0.85mm, moisture content- added based on clump forming capacity, inoculum size-
10%(v/w) (Puri et al., 2005), incubation period-5days, Naringin(Inducer) concentration-
0.001%, Inoculum age-5 days old culture(Shanmugaprakash et al., 2011). These are
theimportant parameters for the production of Enzyme on Solid State Fermentation. The

influence of these parameters were studied by one-factor at a time method.

3.6 EXTRACTION OF ENZYME:

0.2M sodium acetate buffer (pH 4) was added in the growth
medium(substrate:buffer-1:10(w/v)), and it was kept in shaker for 1 hour at 120rpm
(kubota, model no-CD1499- G000, Tokyo). Then the enzyme was extracted in centrifuge
tubes by centrifuging at 10000rpm for 10 min.

3.7 NARINGINASE ASSAY:

The assay for naringinase activity was carried out by the Thammawat method

using naringin as substrate (Thammawat et al., 2008).

3.11 EFFECT OF MOISTURE VOLUME ON ENZYME
PRODUCTION:

The substrate, moisture ratio was varied from 1:1 to 1:2.5(w/v) to study the effect
of moisture volume. The above optimized conditions and other parameters were kept

constantly.

3.12 EFFECT OF INOCULUM SIZE AND INCUBATION TIME ON ENZYME
PRODUCTION:

Above optimized suitable substrate, particle size and substrate:moisture content
were taken for further studies. A 120 h old seed culture was used as inoculum. The
inoculum size of 5-20% (w/v) was inoculated in the petri dishes containing moistened
solid substrates and which was kept for different days of incubation(3" day to 9" day)and
other parameters were kept constantly to find the effect of inoculum size and incubation

period on the enzyme production.

3.13 EFFECT OF INDUCER CONCENTRATION ON ENZYME
PRODUCTION:

The effect of the inducer concentration were studied by adding naringin at
different concentration in the moisture(0.1%, 0.05%, 0.001%). Other optimized and

unoptimized parameters were kept constantly.



3.14 EFFECT OF INOCULUM AGE ON ENZYME PRODUCTION:

A loop full of culture was inoculated in 500ml flask containing 100ml sterilized
czapek Dox broth and kept in rotary shaker at 120rpm (kubota, model no-CD1499- G000,
Tokyo). Then the culture was taken aseptically at a regular interval and it was inoculated
on moistened substrate, and other optimized conditions were used for solid state
fermentation. The study effect of inoculum age was started with one day grown culture.

And the study was continued upto tenth day.

3.15 MEDIA OPTIMIZATION:

3.15.1 Placket-Burman design:

The culture conditions were studied by one-factor at a time method. After that, an
experimental design was adopted to find the influence of nutrients like Carbon, Nitrogen
sources and mineral salts. Experimental designs were carried out using Minitab 16
software(full version). Experimental design was used for the optimization of media for
naringinase production by A. niger. This method allows for the improvement in the
medium composition. Twenty experiments were preformed for 12 components.
Experiments were carried out for four times. The growth medium contained carbon
sources (Maltose , Rhamnose, glucose, Sucrose), inorganic and organic nitrogen sources
(Peptone , Sodium Nitrite, Urea), and various trace metals (Zinc Sulphate, Magnesium
Sulphate, Calcium Chloride , Ferric chloride , manganese Sulphate). Moisture solution
were prepared using all those carbon, nitrogen sources and metal ions based on the
experimental runs. And naringin also added with moisture at 0.001% which was already
optimized by one factor at a time method. In Table 3.1, the rows represent 20 different
experiments and each column represents a different component. For each component,

high (H) and low (L) concentrations were tested.

Table 3.2: Placket-Burman design of experimental runs used for Naringinase

production by Aspergillus niger

Run A B C D E F G H J K L M
1 + + + - - + + - + + - -
2 + + - - + - + + +
3 - + - + - + + + + - - +
4 + - - + + - + + - - - -
5 - - + + - + + - - - - +
6 - - - - - - - - - - - -
7 + + - - + + - + + - - -
8 - + + + + - - + + - + +
9 + - + - + + + + - - + +
10 - - - + - + - + + + + -
11 + - - - - + - + - + + +
12 + | - + [+ - - - R
13 + + + + - - + + - + + -
14 - + + - - - - + - + - +
15 - - + - + - + + + + - -
16 + - + + + + - - + + - +
17 - + + - + + - - - - + B
18 - + - + + + + - - + + -
19 + + - + + - - - - - +
20 - - - - + - + - + + + +

Table 3.1: Different levels of constituents used in the first optimization step of

medium for Naringinase production by A. niger in solid state fermentation

VARIABLES NUTRIENTS LOW(-1) HIGH(+1)
A Maltose(g/L) 1 5
B Rhamnose(g/L) 1 5
C Glucose(g/L) 1 5
D Sucrose(g/L) 1 5
E Peptone(g/L) 1 3
F Sodium Nitrite(g/L) 1 3
G Urea(g/L) 1 3
H Zinc Sulphate(mM) 1 5
J Magnesium 1 5

Sulphate(mM)
K Calcium chloride(mM) 1 5
L Ferric chloride(mM) 1 5
M Manganese 1 5
Sulphate(Mm)

3.15.2 Response Surface Methodology:

In order to characterize how the significant factors affect the enzyme production,
we attempted to improve the composition of the medium by comparing different levels of
several factors that were found to have more influence on the production of naringinase.
Based on the results obtained in preliminary experiments, maltose, Calcium chloride,
Ferric chloride were found to be the major variables in the Naringinase production .
Moisture solution were prepared Using maltose, Calcium chloride, Ferric chloride and
naringin (0.001% naringin , which was already optimized by one factor at a time
method) were added to the substrate. Box-Behnken method was used to find the optimal
concentrations of these three factors. In this regard, a set of 15 experiments were carried
out. Each variable was studied at two different levels (—1, +1) and center point (0) which
is the midpoint of each factor range. The minimum and maximum range of variables

investigated. All experiments were carried out in duplicates.



Table 3.3: Experimental range of the three variables studied using Box-Bhenken

design
VARIABLES SYMBOLS CODED VALUES
Low(-1) Mid(0) High(+1)
Maltose(g/L) A 5 15 25
Calcium Chloride(mM) B 5 15 25
Ferric Chloride(mM) C 5 15 25

Maltose-X;, Calcium chloride-X,, Ferric chloride-Xs

The second-order polynomial equation that defines predicted response (Y) in terms

of the independent variables (X1, X2, and X3) was obtained:

Y = by + 03X + bpXs + baXs + by Xi ™+ by Xo™+ bag Xs5™ bioX Xa + basXo X3 +
b1sX, X

Where bo is intercept term, b1, b2, b3 linear coefficients, b11, b22, b33 squared

coefficients and b12, b23, b13 are interaction coefficients. Combinations of factors (such

as X1X2) represent an interaction between the individual factors in that term.

CHAPTER 4

RESULTS AND DISCUSSIONS

4.1 SELECTION OF SUBSTRATE:

700
600
500
400
300
200
100

Specific activity(U/mg)

cassava ricebran sugercane coconut groundnut
waste baggasse oilcake  oilcake

Substrate

Figure 4.1 Selection of substrate

Above figure shows the production of naringinase using five different agro wastes
as substrates. Among all the substrates, maximum specific activity was found for cassava

waste than other substrates. The specific activity of each substrate is given.

Table 3.4: Response Surface design of experimental runs used for Naringinase

production by Aspergillus niger

Run A B C
1 -1 -1
2 1 0 -1
3 -1 0 1

-1 1 0
5 0 -1 1
6 0 0 0
7 -1 -1 0
8 0 0 0
9 0 1 1

10 1 -1 0
11 1 0 1
12 0 0 0
13 -1 0 -1
14 1 1 0
15 0 1 -1

Substrate Specific
Activity(U/mg)
Cassava waste 654.92
Ricebran 344.03
Sugarcane baggasse 137.98
Coconut oilcake 60.64
Groundnut oilcake 56.176

Figure 4.2 Cassava waste

4.2 SELECTION OF PARTICLE SIZE:

700 4

600 |

500 -

400

300

Specific activity(U/mg)
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100

0
0.25 0.85 1.4 2.56 335

Particle size(mm)

Figure 4.3 Selection of particle size



Another important factor in enzyme production by solid state fermentation is the
selection of particle size. Particle size of the solid substrate also affects the enzyme

production.

For this study five different sizes of particles used are 3.35mm, 2.56mm, 1.4mm,
0.85mm and 0.25. The specific activities found for different particle sizes 0.25mm,
0.85mm, 1.4mm , 2.56mm and 3.35 are 462.43(U/mg), 621(U/mg), 421(U/mg),
412.6(U/mg), and 276.68(U/mg) respectively. greater activity was found for the particle
size 0.85mm.

However, too small substrate particles may result in substrate agglomeration in
most cases, which may interfere with aeration and may thus result in poor growth. At the
same time, larger particles provide better acration efficiency (due to increased inter-
particle space) but provide limited surface for microbial attack. Thus it may be necessary

to provide a compromised particle size (pandy et al., 2000, Membrillo et al., 2011).

To find the effect of moisture content the volume of moisture was varied (from 1:1
to 1:2.5(Substrate:moisture volume(w/v)). Maximum activity was found for the substrate:

moisture ratio 1:1.5(w/v) and the activity is 650(U/mg).

4.4 EFFECT OF INCUBATION TIME AND INOCULUM SIZE ON ENZYME
PRODUCTION:

Inoculum size 5%: Inoculum size 10%:
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Figure 4.5 Effect of Incubation time and Inoculum size on enzyme production

Among all these, Inoculum size 10% given maximum yield on 5" day when

compare to others. Inoculum size and Incubation time plays a major role in the

4.3 EFFECT OF MOISTURE CONTENT ON ENZYME PRODUCTION:

700 650
600
= 480
E’ 500
B
= 400
2 293
g 3o 229
L
7:3 200
a
Y100
0
1:01 01:01.5 1:02 01:02.5
Substrate:Moisture(w/v)

Figure 4.4 Effect of moisture content on enzyme production

Water content is a parameter that represents the diffusional properties of a slightly
hydrated medium(Meste et al.,1998). In SSFs, aeration has essentially two functions (1)
oxygen supply for aerobic metabolism, and (2) removal of CO,, heat, water vapour, and
volatile components produced during the metabolism (Chahal., 1983, Tabak and Cooke.,
1968).

The moisture level plays a vital role in SSF, Low moisture content is known to
decrease the solubility of the nutrients, lead to low substrate swelling and higher water
tension. Moisture levels higher than certain critical level cause low Oxygen transfer,
decreasing porosity, decreasing microbial growth, and lower metabolic activities in

SSF(Hamidi et al.,2004).

production of enzyme in solid state fermentation. The reason for this is discussed by
Mudgetti, 1986. A low inoculum density may give insufficient biomass causing reduced
product formation, whereas a higher inoculum may produce too much biomass and
deplete the substrate of nutrients necessary for product formation. So inoculum size and

incubation time are the major factors, which affects the enzyme production.

The incubation period is directly related with the production of enzyme and other
metabolic process up to a certain extent. It might be due to the depletion of nutrients in
the medium which stressed the fungal physiology resulting in the inactivation of secretary
machinery of the enzymes.( Nochur et al.,1993). The specific activity for Inoculum size
10% on 5™ day incubation is 757.5(U/mg).

4.5 EFFECT OF INDUCER CONCENTRATION ON ENZYME PRODUCTION:

800 736.58

459.09 43134

Specific activity(U/mg)
.
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Figure 4.6 Effect of Inducer concentration on enzyme production:

Naringinase is an inducer dependent enzyme. Effect of inducer concentration
was studied by varying the concentration of inducer. The above optimized conditions

were taken for the study of different concentration of naringin. The studied



concentrations were 0.001%, 0.05%, 0.1%. Maximum activity was found for 0.001% of

inducer concentration. And the activity is 736.58(U/mg).

4.6 EFFECT OF INOCULUM AGE ON ENZYME PRODUCTION:
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Figure 4.7 Effect of inoculum Age on enzyme production

The moistened substrate was inoculated with the inocula Aspergillus niger. Age of
the inoculam ranging from 1-10 days, was used to optimize the effect of inoculum age. It
was observed that maximum Naringinase production of 790.71 U/mg was obtained with

4™ day old inoculum of A.niger.

Further increase in the inoculum age, resulted in decrease of enzyme production,
which may be due to the occurrence of microbial death phase (Suresh and Jaya Raju.,

2013).

Table 5.2: Plackett-Burman design — effects of nutrient sources on the final

naringinase enzyme production.

Term Effect | Coef SE Coef | T P
Constant 536.96 |28.46 18.87 0.000
Maltose(g/L) 197.09 | 98.54 28.46 3.46 0.011
Rhamnose(g/L) 111.23 | 55.61 28.46 1.95 0.092
Glucose(g/L) -100.40 | -50.20 | 28.46 -1.76 0.121
Sucrose(g/L) 117.40 | 58.70 28.46 2.06 0.078
Peptone(g/L) 20.82 10.41 28.46 0.37 0.725
Sodium Nitrite(g/L) 25.80 12.90 28.46 0.45 0.664
Urea(g/L) -69.53 | -34.76 | 28.46 -1.22 0.261
Zinc Sulphate(mM) 3.77 16.39 28.46 0.58 0.583
Magnesium Sulphate(mM) | 31.78 15.89 28.46 0.56 0.594
Calcium chloride(mM) 195.30 | 97.65 28.46 3.43 0.011
Ferric chloride(mM) 144.10 | 72.05 28.46 2.53 0.039
Manganese Sulphate(Mm) | 113.99 | 56.99 28.46 2.00 0.085

R-Sq = 87.24% , R-Sq(adj) = 65.36%

The R* was determined to be 0.8724, which showed the model was quite a good
fit.

Table 5.2 shows the standardized effects of each variable on the Naringinase
production. These effects were determined by the difference between the average of
measurements made at the high level and the low level of the factor.

The negative sign shows that the shift of the variable from the low level to the
high level produced a decrease in released glucose, while the positive sign means that this
change increased such response (Haaland, 1989).

The analysis of variance (ANOVA) for the experimental designs was calculated,

and the significant levels of each medium variable were determined by t-test (Table 5.1).

4.7 SCREENING OF SIGNIFICANT NUTRIENTS USING A PLACKETT-
BURMAN DESIGN:

Plackett-Burman design was used as a screening method to determine which of
the 12 factors significantly affect enzymatic hydrolysis procedure; this is achieved by

simultaneously shifting variables from a low value to a high value.

Table 5.1: Plackett—-Burman design- Experimental runs and Specific activities:

Run 1 2 3 4 5 6 7 8 9 10

Specific 600 | 669 |341 | 431 |359 |74.50 | 600 |720 |450.4 |701.01
activity(U/mg)

Standard 7.07 |0 4.94 | 2.12 | 34.6 | 14.14 | 13.0 | 14.14 | 13.03 |27.57
Deviation

Run 11 12 | 13 14 15 16 17 18 19 20

Specific 900 | 501 | 675 | 445 | 270 | 600 | 247.15 | 700 | 928.57 | 526.50
activity(U/mg)

Standard 14.14 | 6.36 | 3.53 | 6.91 | 7.60 | 7.07 | 26.16 |27.47 | 20.20 | 20.15
Deviation

In Plackett-Burman design, the activity of the enzyme Nariginase varied between
74.50 to 928.57 (U/mg). The experimental results were interpreted based on the
estimation of how each of the factors affected the response. Those effects were estimated

by statistical analysis.

The analysis showed that ten variables had significant influence on the Enzyme
production.

From the table 5.2 maltose, Calcium chloride and Ferric chloride had highly
significantly influence on the Naringinase production. These three parameters showed
maximum activity in the earlier studies also (Puri et al.,2005). The other insignificant
variables like Urea and Glucose were neglected and optimum combinations of these three

were further analyzed by a Box—Behnken design.

4.8 FURTHER OPTIMIZATION OF THE NUTRIENTS USING A BOX-
BEHNKEN DESIGN:

Experiments were carried out in duplicates to find an optimum combination of the
three nutrients using a Box—Behnken design. Based on the results of Plackett-Burman
experiments, maltose, Calcium chloride and Ferric chloride had significantly positive
effect on the naringinase production and their concentrations were increased above high
levels in Box—Behnken design experiments. The results obtained were submitted to
ANOVA on Minitab 16.

The goodness of fit of the model was checked by determination coefficient (R). In
this case, the value of the determination coefficient (R* = 0.972).The value of the adjusted
determination coefficient (AdjR” = 0.923) was also very high to advocate for a high

significance of the model.




C -23.868 -0.924 0.398
A*A -309.495 -8.141 0.000
B*B -177.765 -4.676 0.005
Cc*C -339.850 -8.939 0.000
A*B -7.925 -0.217 0.837
A*C 58.355 1.598 0.171
B*C -158 -4.326 0.008

Table 5.3: Resp surface hodology- Experi tal runs and Specific
activities:
Run Specific Activity(U/mg) Standard Deviation

1 282.96 2.02
2 231.22 1.64
3 77.58 0.65
4 339.01 0.70
5 529.20 1.41
6 860.30 4.73
7 502.25 2.29
8 868.20 5.79
9 90.01 3.52
10 426.52 2.48
11 32222 1.25
12 857.80 1.55
13 220.00 2.12
14 231.58 1.82
15 475.77 5.49

Table 5.4: Response Surface Methodology — effects of nutrient sources on the final

Naringinase enzyme production:

Term Coef T P
Constant 862.1 20.44 0.000
A 9.088 0.352 0.739
B -75.570 -2.926 0.033

The fitted response for the above regression model is plotted in Figure 5.1. Three-
dimensional graphs were generated for the pair-wise combination of the three factors,

while keeping the other one at their optimum levels for naringinase production.

Figure 5.1:Effect of each variable on Naringinase Production.

Surface Plots of specific activity
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The Enzyme activity in the optimized medium from three replications (i.e.,
860.30, 868.20, 857.80(U/mg)) was coincident with the predicted value and the model
was proven again to be adequate. It is the highest yield reported in literature to date. The
final concentration of medium optimized with RSM was Maltose-15g/L, Calcium
Chloridel5mM and Ferric chloride-15mM. The same results were found by Puri et

al.,(2005), using one factor at a time method.

R-Sq=97.28% R-Sq(adj) = 92.38%

The second-order polynomial equation that defines predicted response (Y) in terms
of the independent variables (X1, X2, and X3):

Y = by + byX; + bpX + bgXs + byy X2+ byp Xo™+ bag Xa®+ by X X, + bpsXy Xy +
b13X; X3

Y =862.1 + X;9.088 + X5(-75.570) + X5(-23.868) + X;? (-309.495)+
X, (-177.765)%+ X357 (- 399.850)°+ X X5(-7.925) + X,X5(-158) +
X, X5(58.355)

Y is the predicted response corresponding to the enzyme production at the end of
the fermentation process. X1, X2, X3 are independent variables, by is an offset term, b,

b, bs are linear effects and by, bys, bys are interaction terms.

For a good statistical model the R? value should be close to 1.0 where a value of
0.75 indicates the aptness of the model (Niladevi et al., 2009). The regression analysis of

the data showed a good aptness of the proposed model.

CONCLUSION

The present study indicated that, Cassava waste could be effectively used as
substrate for the production of enzyme naringinase by solid state fermentation. The
effect of incubation time, inoculum size, inoculum age, particle size of the substrate,
subsrate:moisture ratio, concentration of inducer was studied and optimized by one factor
at time method. Then fermentation media was optimized by standard statistical
procedures like Placket Burman Design and Response Surface Methodology. The
maximum activity was found for the media containing maltose-15g/l, Calcium chloride-
15mM, Ferric chloride-15mM and naringin-0.001%. From the results obtained it is
evident that cassava waste can be used for naringinase enzyme production by A.niger

under optimized conditions.
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