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Introduction

Enzymes are a group of biological molecules ftimeteasethe rate of the biological reaction. The Global market for
industrially useful enzymes was estimated to be about $4.2 billidre year2014 and is expected to develop at a compound
annual growttrate (CAGR) of approximately% over the period from 201 2020 to reach nearly $6.2 billion (Bistent
market research reporfl]. It is observed that mainly within the grgimocessing sector the growth is significant [2].
Presently the industries, such as detergent, textile, stanchfuel alcohol indusies account for the bulk of the overall

enzymes used in the industrial sector, with the feed and food enzymesadisdimg solely regardinghirty-fifth of thetotal.

Xylanase is the class of enzymes which convert the polysaccharidé, #&tdan into xylose. It breaks hemicellulose, which

is the major components of plant cell walls and hétpbreakin the cell wall, resulting irthe releaseof cell components.

Xylan is found in massive quantities in softwas from the gymnosperms i.e. 7% 10% andhardwoods from the
angiosperms i.e. 25 to 30% of the plasma membrane content and similarly as in annual plants about 30% [3]. It is mainly
present in the secondary cell wall of plants, but it is also fountheémprimary cell wall, mainly in monocots [4]The
ecological niches of those microorganisms which having capability to produce xylanase are numerous and widespread and
generally embrace environments wherever stuff accumulate and deteriorate, similarly as within the gut of ruminants [5].
Bacteria, fungi, snails, marine algae, protozoans, yeast, seeds, insect, crustaceans, etc. produce xylanasds,dmaot

produce xylanases)lhe main source for industrially important xylanases is the filamentous fungi [6]. Solid substrate
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fermentation (SSF) press is the preferable biochemical process for the production of xylanases using sgrmus
industrial waste although various methods use submerged fermentation for the enzyme, the process of the SSF is more
advantageous because it is easy to isolatemnzgme, low wastewater output and no issues of foaming. Other advantages
includelow wetness content of the substrates that eliminates the borderline contamination and lowering the operational value
of the reactors. Xylanases can be of fungal origin [therbacterial origin [8] and based on the environmental conditions it

can be extremophilic xylanases, thermophilic xylanase [9], psychrophilic xylanase or alkaliphilic and acidophilic xylanase.

Xylanase is an industrially important enzyme, which haslieatfpon in several industrial practices. The major current
application of this enzyme is within the pulp and paper industries for economiesalehiching [10], it is also required for
detergent applications [11], they are found to be helpful animal fé@fishey would be most fitted to use within the baking
business for dough preparation [13]. In occasional extraction and within the preparation of soluble occasional. leid also us
in the production of pharmacologically active polysaccharides to led as, within the protoplasm of plant cells,
antimicrobial agents or antioxidants [14].

In this study, we have used different agmdustrial waste products (orange peels, pea peels, pineapplegrelgizosambi

peels) for the production of the enzyme. These-agtastrial waste products are very richcawrbonand can be used by the
microorganisms for their growth and development. The -agrste was collected from different locations within Ghaziabad

and Hapurdistricts of Uttar Pradesh, India. With all the substrates, batch experiments were performed by inoculating them

with Aspergillusnidulansand the assay diieenzymewas done usin@NSA method.

Further, in thisstudy, we made an attempt @ptimize the mnditions so that we can get maximum activity of the enzyme. For
doing so we have used Design Expeft: statistical tool which uses response surface methodology (RSM) to get the
optimized conditions out of the various batch experiments, that were dona@imgwifferent conditions for the growth of

the micreorganism.

Materials and Methods
Inoculum preparation
Source microorganism culture was provided by IMSEC culture bank. This culture was grown ord&xtaige brottand it

was revived after a regular intervaltefo weeks

Once the reviewed strain was inoculated in the Petri plates containiAg(fP@@ato Dextrose Agar) mediaulture plates
were covered witlparafilmand incubated at 28°in BOD (Bio-Oxygen Demand)nicubator. YEPD broth was prepared by
using yeast, peptone, dextrose and distilled water. Thib lras incubated at 3G°for 4 days for the growth and keptan
refrigeratorfor the maintenance of cultur@spergillusnidulanswas inoculated in the 50@ broth for 5days at 30C for 5

days to observe growth.

For Screening and selection of agro waste for the enzyme production, variotisdagtaal waste products were used and

screened for their ability to produce xylanase. After grinding, the substigeautoclaved and theseeded with the

microorganismAfter 72 hours of incubationthe growth of fungus was optimum and ttikeenzymewas extracted and the
2
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enzyme assay was performed. Out of the various solid substrates used, it was observedtthat tr@wmicroorganism was
maximum when pea peels were used, therefore pea peels were selected for the further researctylamakegiroduction

and all the analysis in this paper isttwrespect topea peels only. The xylanase assay was performeddiogao the
protocol usingONSAr eagent . One unit of enzyme activity is deyned

of colorintensity of xylan solution at 50 1C in 1 noite per ml.

Optimization of process parameters

Optimization of various process parametaras carried out based on the growth of the microorganism and how that
particular parameter is affecting the activity of the enzyme. Various previous stugliesionefor the production of the

enzyme estimated thtéhe growth of the enzyme is optimalthé temperature of around 30°C to @5&xperiments were set
accordingly keeping in mind the optimal temperature range. Since the presence of the moisture content provides a better
environment for the growth of thieingus, this was the most important parameter tofdtenized To meet the nutritional

requirements of the microorganisms during the growth phase supplementary carbon and nitrogen sources were provided.

Optimization by response surface methodology

Response surface methodology i.e. RSM is a collection of statistical and mathematical techniques for empirical model
building. By careful design of experiments, the objective is to optimeaponss which are influenced by several
independent input vatides. The variables taken here are tdmperaturemoisturecontent carbon sourceand nitrogen

source. In a series of tests, called runs, changes were made in the input variables in order to identify the reasges for chan
in the output response. Thigas done using designexperttool which uses RSM. This tool provided sets of experimental

runs by using different input variables which were further used for the batch processes to produce enzyme at its optimum.

Result and Discussion

During the present resear@bork, this has been observed that different salipioindustrial substrate can be used for the
production ofxylanaseand product formation is directly associated with the growth of fufgither on the basis of initial
screaing that pea peels have maximum potential for the production of xylanassobd substratethe enzyme production
process waptimized It was also observed that initial moisture content @asignificant role in the growth ofthe
microorganismand sibsequently in the production tife enzyme Temperature ianothercritical parameter for the growth of

fungi. The resultof the experimentindicated that the growth of the microorganism was maximum at 30°C. Experimental
outcome indicates that additionehrbonand nitrogen sources enhance the growth A&f nidulansand resulting in the
enhanced production dfie enzyme It was observed that the on using dextrose as the supplementary carbon source and 0.1

M urea as an additional nitrogen source the enzymoduction was optimum.

After the initial results ofhe individual experiment the effect of all the four factors, we have Besign expertool to see

the combined effects of the factors on the growth of the microorganism. Eight different experierenpexrformed in batch
according to runs provided by RSM tool of Design expert and the further enzyme activity has been noted. The effect of
different physical and chemical parameters on éheyme productiorwas observedThe eperimentaloutcome of the

various physical and chemical parameters are described below:
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Moisture content

For optimization of the moistureontent three flasks wittthe solid substrate including desired moisture content and other
supplementaryutrients were incubated at Zfor 72 fours. The crude enzyme was extracted #reknzymeactivity was
noted. Resultsevealthat when moisture content was used 100% wi/v the enzyme production was makiontivar this

was also observetthatwhenthe moisturecontent is increased it deeases the porosity of the solid substrate that prevents the
growth of the filamentous fungi. However, lower moisture content i.e. 80% seems to unavailability of desired water content
for the growth of filamentous fungus resulting in the decrease of enagtivity. A similar type of study was performed by
Ajay Pal and his colleagues [15], by using soybean cake with variable moisture corgestlidssubstrate the optimum
growth of microorganism was observed with 70% moisture confdm. esultof moisure content showed that moisture
content is a critical factor that affects the growthha& microorganism(FIG. 1). The variable moisture content is needed by
different solid substrate due to variable properties of solid substrate i.e. porosity, paticdadsurface area etc.
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FIG. 1.Effect of moisture content onenzyme activity.
Temperature
For optimizing the temperature for the growth of the microorganisms on the solid substrate, the experiment was
repeated with 100% moisture, the flasks wereubmated at three different temperature i.e. 25°C, 35°C and 30°C. After
inoculating the flasks witlA. nidulansmaximum enzyme activity was observed at 30°C when pea peels were taken as
the solid substrate Sanghi and his colleagues [8] performadimilar type study in which effect of temperature on

xylanase production was optimized using wheat brath@solid substratdFI1G. 2).
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FIG. 2. Effect of temperature onenzyme activity.
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Carbon source
Xylanase researchuggests that supplementary carbon source promotes the growth of microorganism wherthesed in

desiredconcentration. For the optimization of the role of additional carbon content, initially four carbon sources i.e.
Xylose, Dextrose, Maltosexind Fructose were used along with the raw agrdustrial waste. Experiments were set up
in four different flasks in which the substrates were provided with these additional carbon sdleessult of this

experimenthowed that on using 1.5% w/vnl dexrose the growth of micreorganism was optimurtFI1G. 3).
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FIG. 3.Effect of additional carbon source on enzyme activity

Nitrogen source
For the optimization of the additional nitrogen source which is to be provided to the substrate in order to support the

growth of the microorganisms, four different flasks with different nitrogen sources and their different concentrations
were incubated a&0°C. A similar study for the optimization of the additional nitrogen source was done by Yang [16].

In our study, we observetiat0.1 M urea was best suited for the growth of the microorganism and the enzyme activity

was maximum at 0.M urea(FIG. 4).
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FIG. 4. Effect of additional nitrogen source on enzyme activity
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Result of optimization of process parameters using Design Expert

After studying the effect of various parameters individually, there was a need tohstudire presence of one variable

affects the other variable when both the parameters were used together in the growth media. Design Expert tool is the
statistical way to know the effect of one variable on the other variable. The experimental design usiogs&®esp
Surface Methodology was used to estimate the coefycien
check the applicability of the model.

Four independent variables were studied at different levels and their minimum and maximum \etledisted.The

run orders with different combinations of temperature, moisture, nitrogen samdéhe carbonsource is listedA

similar result was also obtained by Liu and his colleagues [17], where PlaBkethan design with response surface
methoddogy was proved better for optimization for the production of the enzyme. Coman and Bahrim [18] also
mentioned the i mportance-varibleatbat msed i cahveetsi gmal oaepr dia
The rlevanceof statistical approactover conventional methods was also menéd in literature reports [120].
Signiycance of stheptodustipnofceazymesl was alsp insagréement with the results of Kammoun

[21]. For the analysis by using the statistical tool eight défifie experiments were set according to the runs provided by
Design Expert using RSM, these experiments were set and the enzyme assay was performed for each batch. The table
below shows the runand the results of the assayfABLE 1).

Different graph plad were obtained to show the dependency of waréable on the other variablbe dependency of
enzymeactivity on moistureand temperaturemoistureand additionalcarbonsource, additionahitrogensource and

temperaturen enzymeactivity, additionalcarbonsource andemperaturen enzymeactivity (FIG. 5-8).

TABLE 1. Runs of experiments bydesign expert

Run Temp Moisture Nitrogen Carbon Response
1 30 80 0.1 1 37.33
2 25 120 0.15 15 21.54
3 25 100 0.15 0.5 23.93
4 35 120 0.1 1 32.55
5 35 100 0.05 15 31.1
6 30 120 0.05 0.5 35.9
7 35 80 0.05 1.5 27.76
8 30 100 0.1 1 37.81
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FIG. 5.The combined effect of moisture and temperature on enzyme activity
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FIG. 6. The combined effect of moisture and additional carbon source on enzyme activity
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FIG. 7.The combined effect of additional nitrogen source and temperature on enzyme activity

FIG. 8. The combined effect of additional carbon source and temperature on enzyme activity



