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Abstract
In this work, pomegranate peels (PPs) otherwise considered as waste is used as substrates for producing
cellulase. Pomegranate peel was employed as a carbon source to be produced of cellulase in submerged
state fermentation (SmF). Statistical experimental designs were employed to screen the nutrients and
optimize the media composition for cellulase production by Trichoderma reesei. Nine nutrients were
selected by the preliminary screening of medium component production by plackett –burman design
(PBD) technique. Four nutrients have been found to be important for cellulase production and optimized
by central component design (CCD). The best media component for submerged fermentation of cellulase
using pomegranate peel were avicel– 24.812 g/l, KH2PO4 – 4.626 g/l, soybean cake �our – 20.7 g/l and
MnSO4.H2O-1.036 g/l. Under these optimum conditions, the production of cellulase was found to be 9.3
IU/mL. The optimum factors acquired from the statistical model were further con�rmed using the
experimental results.

Statement Of Novelty
Global interests in renewable alternative energy sources have been stimulated by the depletion of global
supplies of fossil fuels and growing environmental issues related to the use of fossil fuels. Many of the
carbon-neutral alternative sources are edible crops, raising fears among the ever increasing global
population about food security. Here a high quality bioenergy, such as lignocelluloses, is produced from
non food plant source to mitigate the harmful effects of fossil fuel consumption of the environment.
However, no cellulase production study was reported from such highly abundant lignocellulosic bio-waste
material (pomegranate peel waste)

Introduction
Energy and environment are the essential aspects of human life almost all over the world. In today’s
world, global energy demand is met by nonrenewable energy sources e.g. fossil fuels. However, fossil
fuels have some major disadvantages, such as a negative environmental impact. Growing population
and increasing industrialization cause the depletion of fossil fuels, and these fuels are also one of those
main causes of greenhouse gas emissions and climate change(sarkar et al2012).The oil crisis triggered
interest in using cellulose as a chemical and energy resource in the early 1970s.One promising approach
was to hydrolyze the cellulose to glucose with fungal enzymes and then to ferment the glucose to ethanol
which could be used as a liquid fuel( Sathendra et al. 2019; Mandels et al. 1974; Kumar et al. 2016;
Omojasola et al. 2008; Pranner 1979). The most common renewable automobile fuel is bioethanol. It is
produced largely by fermenting sugar or starch containing feed stocks such as sugar cane, corn and
wheat (Yang et al. 2018). However, these crops are relatively limited in supply and many of them can be
considered human food resources. Although sugar-based and starch-based ethanol obtained from edible
resources were seen as a promising alternative to conventional gasoline production, non edible materials
such as non-fossilized biomass (present plant materials) were used due to ethical constraints( Limayem
and Ricke 2012).Lignocelluloses biomass is the only renewable feedstock to be required future of
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bioethanol production as it is available in valuable amounts and environmentally safe( Praveen Kumar
Reddy Goukanapalle et al. 2020;Ekin Demiray et al. 2019). Best enzyme preparation is a key for effective
hydrolysis of pretreated biomass(Mukund Adsul et al. 2020).cost of the enzyme is higher than though
before. It ranges from 0.23 US dollars to 0.78 US dollars per gallon of bioethanol(Johnson 2016).
Cellulase is predominantly used in a biofuel arena for saccharifying lignocellulosic biomass. Huge
gridlock in the bioconversion of lignocelluloses to bioethanol and other value added products are the high
cost of production of cellulase accounting for 30–50% of overall biofuel production cost (Ramesh
Chander Kuhad et al. 2011; Singhvi and Gokhale 2019).Many biofuel researchers and those industries are
in the search for alternate sources for cellulases. It is hypothesized in this work to employ a pomegranate
peel waste for the production of cellulase with using submerged fermentation. Pomegranates (Punica
granatum) gained a lot of attention in recent years because of their antimicrobial, anticancer, antiviral
and antioxidant properties (Ema C Rosas-Burgos et al. 2017).It is also called “seeded apple” or “granular
apple”, is a delicious fruit that belongs to the punicaceae. It’s the fruit considered to be a sign of fertility,
plenty and good luck. Pomegranate is a tropical fruit and cultivated in Iran, Afghanistan, Northern
Himalayas India, north Pakistan, Russia, Azerbaijan, California, and Mediterranean region. Pomegranate
is just a small tree (or shrub) rising upto 5–8 meter height. It bears around 100–200 fruits at a time
(Pranav D. Pathak et al. 2017). According to Food Agricultural Organization (FAO), approximately
1.5 million tons of waste is produced annually during industrial processing of pomegranates and has
immense nutritional values (FAO 2012). According to the report data published by National Horticulture
Board of India, the pomegranate cultivation area in India is 131 thousand ha and production is around
1346 thousand tons during the year 2013–2014(http://nhb.gov.in.(national horticulture board India). The
internal structure of the fruit is irregular in many segments, with many densely packed seeds (arils). Each
irregular segment separated by white piths that are not-edible and thin carpal membranes. The fruit
pericarp (peel 50%) is tough and leathery, and seeds (10%); arils (40%) are anchored on a soft and �eshy
placental tissue (pith) (Suryawanshi et al. 2009). A pomegranate peels waste was chosen for the
following reasons:

a) Waste re-usability

b) The lignin content of the pomegranate peel was low

c) Pomegranate peels have a considerable amount of fermentable sugars

d) Peel, pith and carpellary membrane 40–50% of total fruit weight.

Hence, in this work attempted producing cellulase from the stated lignocellulosic part of pomegranate.

In nature, only a small percentage of microorganisms can degrade cellulose; the �lamentous fungi within
these microorganisms are one of the most active and e�cient groups due to their capability to secrete
different enzymes (Qian et al. 2019; Elva LorenaVázquez-Montoya et al. 2020; Bajaj and Mahajan
2019).The genus of Trichoderma reesei has been especially famous for producing cellulolytic enzymes
with relatively high enzymatic activity.
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Cellulotic fungi greatly differ in growth and extracellular enzyme production condition; hence it is
essential to optimize the major components of the production medium like carbon and nitrogen sources
(Polyanna et al. 2011). The response surface methodology (RSM) is a mathematical and predictive tool
commonly used latest years for the optimization of enzyme production (El Baz et al. 2018). RSM involves
several designs such as Box–Behnken design, central composite design (CCD) etc., and has been widely
used for enhancing enzyme production and several other bioprocesses (Saini et al. 2013). The concept of
the RSM to the optimization of the medium not only simpli�ed process condition, but also simpli�ed
process enabled the detection of true optimum of the given important variable.

The current study was aimed at screening of nutrients and optimizing the selected nutrients in
submerged fermentation using Plackett–Burman Design (PBD) and central composite design (CCD) to
improve the cellulase production.

Materials And Methods

Substrate
The substrate used for this investigation is pomegranate peel, which is a cheap and readily available
carbon source. Pomegranate waste is collected from nearby areas of Chidambaram, India. The substrate
is sun dried for two days so as to remove the moisture content to the minimum possible level.

Microorganism and its maintanance
The microorganism Trichoderma reesei NCIM 1324 is procured from National Chemical Laboratories,
Pune, India. According to NCIM procedure, culture has been maintained on potato dextrose agar at 4 °C.
The mother culture was prepared and stored in malt extract 20 g/l, dextrose 20 g/l, peptone 6 g/l and
agar–agar 15 g/l of distilled water with pH 5.5 in the media composition.

Inoculum preparation for fermentation
Fungal spores (4×107 spores/ml) were transferred from 14- to 20-day-old solid plates to 50 ml inoculum
medium composed of 5 g/l glucose and 10 g/l yeast extract. The medium was supplemented with 1 g/l
cellulose powder develop the adaptability of microorganism in lignocellulosic environment. The inoculum
culture was developed by incubation at 28 °C and 150 rpm in a conical �ask of 250-ml for 48 h.

Submerged fermentation using pomegranate peel
Fermentation was carried out in 250 mL cotton plugged Erlenmeyer �asks with 10g of pomegranate peel
at pH 7. This is supplemented by different concentrations nutrient for testing in accordance with the
selected factorial design and sterilized for 20 minutes at 120◦C. After the �asks were cooled at room
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temperature, they were inoculated with 1 mL of grown culture broth. The �asks were maintained for 48
hours under agitation 200 rpm at 30◦C. the experiments were conducted for 9 days during the preliminary
screening process and it was found that the maximum output was obtained at 6th day. Therefore further
experiments were carried out for 6 days.

Enzyme Assay
 Cellulase activity (measured as �lter paper hydrolysing activity, using a 1×6 cm strip of Whatman no. 1
�lter paper) and cellobiase activity were tested using the method recommended by Ghose 1987 and
expressed as international units (IU). One international unit of cellulase activity is the amount of enzyme
that forming 1 μmol glucose (reducing sugars as glucose) per minute during the hydrolysis reaction.
dinitro salicylic acid (DNS) method was used to determined reduction of sugar (Chang et al. 2011).

HPLC Analysis
The sugar contents were analyzed by High Performance Liquid Chromatography (HPLC) Agilent 1200
series (Agilent Technologies, Inc., USA) equipped with a Refractive index detector RID-6A and a HPX-87H
(300 Â 7.8 mm) column (Bio-Rad, USA). Used conditions were the following: 45 °C column temperature,
0.01 NH2SO4 as the mobile phase, 0.6 mL/min �ow rate, and 20 lL injection volume (Montesano et al
2016).

Optimization of Cellulase Production
The RSM combined with a 33 full factorial experimental design has been used to point out the
relationship existing between the response functions and effect of nutrients as well as to determine the
conditions of these variables able to optimize the fermentation.

Results And Discussion
Microbial biodegradation has been applied as an environmental- friendly method in cellulosic materials
to produce carious valuable components. Over the past decades, numerous celluloticmicroorganisms
have been screened and characterized. In this study, the production of cellulase enzyme was studied by
Trichoderma reesei through SmF, which is suitable for the production of enzyme from using natural
substrate like agriculture wastes because they mimic the conditions under which the fungus grows
naturally ( Khushal Brijwani et al. 2010).

The lignocellulosic pomegranate wastes were selected because of their chemical composition,
availability, and low cost. Such wastes are also found in large quantities in India, especially in the
Tamilnadu, and they were not commonly used for ligninolytic enzymes production under SmF conditions.
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The key components of production medium like carbon and nitrogen sources were found to be critically
affecting the production of cellulase, so every isolate needs to be optimized (Kunal Singh et al. 2014).

The carbon and nitrogen sources were initially screened and among them the best sources of carbon and
nitrogen sources were selected for further optimization using PBD design (Table 1).

Table 1
Nine Nutrient supplements for screening using PBD for cellulase production

S.No Nutrient code Nutrient Minimum value g/l Maximum value g/l

1 A Avicel 15 35

2 B Cornsteep �our 2 8

3 C MnSO4.H2O 0.6 1.2

4 D FeSO4.7H2O 0.7 1.3

5 E Beef extract 20 40

6 F Soybean cake �our 10 30

7 G KH2PO4 2 6

8 H CoCl2.6H2O 0.5 1

9 I Yeast extract 5 15

PBDdesign (Table 2) was adopted to optimize various medium components used in cellulase
fermentation by Trichoderma reesei. Various media components were investigated for their effect in the
process of cellulase production. The Pareto plots offer a convenient view of the results obtained by PBD
design. The primary effects of plot are very useful to assess the cellulase production at intermediate
levels of various independent combination of the variable. From the Pareto diagram (Figure. 1) the
variables viz., (avicel(A), KH2PO4 (G), soya bean cake �our(F) and MnSO4.H2O(C), to achieve optimum
response, they were selected for further optimization.
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Table 2
Plackett–Burman experimental design matrix for screening of important variables for

cellulase production by T.reesei using pomegranate peel
Run Order A B C D E F G H I Cellulase activity, IU/mL

1 1 -1 -1 1 1 -1 1 1 -1 4.2

2 1 -1 1 -1 1 1 1 1 -1 8

3 1 1 1 -1 -1 1 1 -1 1 8.7

4 -1 -1 -1 -1 1 -1 1 -1 1 2.5

5 1 1 -1 -1 1 1 -1 1 1 4.5

6 1 1 1 1 -1 -1 1 1 -1 5.3

7 -1 -1 1 -1 1 -1 1 1 1 4.1

8 1 -1 -1 -1 -1 1 -1 1 -1 3.2

9 1 1 -1 -1 -1 -1 1 -1 1 4.9

10 -1 1 -1 1 1 1 1 -1 -1 3.8

11 -1 -1 1 1 -1 1 1 -1 -1 3.6

12 1 1 -1 1 1 -1 -1 -1 -1 3.1

13 -1 -1 -1 1 -1 1 -1 1 1 4.2

14 -1 1 1 -1 1 1 -1 -1 -1 2.7

15 -1 1 -1 1 -1 1 1 1 1 6.4

16 -1 1 1 -1 -1 -1 -1 1 -1 4.1

17 -1 -1 -1 -1 -1 -1 -1 -1 -1 1.2

18 -1 1 1 1 1 -1 -1 1 1 2.5

19 1 -1 1 1 -1 -1 -1 -1 1 3.9

20 1 -1 1 1 1 1 -1 -1 1 6.1

 
The factor level (avicel, KH2PO4, soya bean cake �our and MnSO4.H2O and the impact of interactions on
production of cellulase was determined by central composite design of RSM. Thirty experiments have
been favored at various levels proportions of the factors shown in (Table 3) and it repeated the central
point �ve times (8, 17, 20, 21 and 26).
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Table 3
Central composite design (CCD) of factors in coded levels for

cellulase production by Trichoderma reesei using pomegranate
peel

Run Order A B C D Cellulase activity, IU/mL

Experimental Predicted

1 -1 1 -1 1 5.7 5.23

2 0 0 0 2 6.5 6.50

3 -1 -1 -1 1 4.3 4.28

4 1 -1 -1 -1 4 5.23

5 0 0 0 -2 3.8 4.17

6 0 -2 0 0 4.7 4.48

7 1 1 -1 1 5.9 5.49

8 0 0 0 0 9.2 9.30

9 1 -1 1 -1 6.1 4.89

10 0 0 0 0 9.3 9.30

11 0 2 0 0 7.2 6.38

12 1 1 1 1 8 7.71

13 1 -1 -1 1 6.5 5.64

14 0 0 2 0 4.8 6.70

15 -1 1 1 1 8.3 7.69

16 -1 1 1 -1 6.9 5.78

17 0 0 0 0 9.3 9.30

18 -1 -1 1 -1 3.8 3.73

19 -2 0 0 0 6.9 4.47

20 0 0 0 0 9.3 9.30

21 0 0 0 0 9.3 9.30

22 1 -1 1 1 5.9 6.46

23 -1 -1 -1 -1 4.1 3.81

24 2 0 0 0 7 5.90

25 1 1 -1 -1 5.2 4.78
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Run Order A B C D Cellulase activity, IU/mL

Experimental Predicted

26 0 0 0 0 9.3 9.30

27 0 0 -2 0 4.5 4.57

28 1 1 1 -1 5.2 5.84

29 -1 -1 1 1 2.5 5.34

30 -1 1 -1 -1 7.7 4.46
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Table 4
Analysis of Variance (ANOVA) for response surface quadratic model for the

production of cellulase
Source Sum of square Df Mean square value F-value P-value

Model 107.55 14 7.68 12.94 < 0.0001

A 0.57 1 0.57 0.96 0.3425

B 17.85 1 17.85 30.07 < 0.0001

C 0.63 1 0.63 1.07 0.3179

D 3.76 1 3.76 6.33 0.0237

AB 9.15 1 9.15 15.41 0.0013

AC 0.95 1 0.95 1.6 0.225

AD 3.52 1 3.52 5.92 0.0279

BC 1.27 1 1.27 2.13 0.1649

BD 0.18 1 0.18 0.3 0.5894

CD 0.11 1 0.11 0.18 0.6792

A2 9.57 1 9.57 16.12 0.0011

B2 19.38 1 19.38 32.65 < 0.0001

C2 37.27 1 37.27 62.77 < 0.0001

D2 29.7 1 29.7

G bg xc0020

50.03 < 0.0001

Residual 8.91 15 0.59    

Lack of �t 8.9 10 0.89 533.85 < 0.0001

Pure Error 8.333E-003 5 1.667E-003    

Cor Total 116.46 29      

The second order regression equation provides effect on cellulase as Avicel, KH2PO4, soya bean cake
�our and MnSO4.H2O. This can be given coded factors such as:

Cellulase activity = 9.28 + 0.15A + 0.86B + 0.16C + 0.40D − 0.76AB + 0.24AC + 0.47AD + 0.28BC + 0.11BD + 
0.081CD − 0.59A2 − 0.84B2 − 1.17C2 − 1.04D2 …. (1)

Where Y is the cellulase yield (IU/mL), A, B, C and D is avicel, KH2PO4, soybean cake �our and MnSO4.H2O
respectively.
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ANOVA for the response surface is shown in Table 4. The Model F-value of 12.94 implies that the model
is signi�cant. There is only a 0.01% chance that a "Model F-Value" this large could occur due to noise.
Values of "Prob > F" less than 0.05 indicate model terms are signi�cant. Values greater than 0.1 indicate
the model terms are not signi�cant. In the present work, all the linear and square effects of A, B, C, and D
are signi�cant for cellulase production. The coe�cient of determination (R2) for cellulase activity is
calculated as 0.9235, which is very close to 1 and can explain up to 92.35% variability of the response.
The predicted R2 value of 0.5598 is in reasonable agreement with the adjusted R2 value of 0.8522. An
adequate precision value greater than 4 is desirable. The adequate precision value of 10.775 indicates an
adequate signal and suggests that the model can be used to navigate the design space.

The interactive effects of variables on the production of cellulase are studied by plotting curves of 3D
surfaces against any two whilst retaining independent variables, while keeping the other variables at its
central level (0). The 3D curves of the calculated response (cellulase production) and contour plots from
the variable interactions are shown in Figs. 2–7. Figure 2 displays cellulase dependence of cellulase on
avicel and KH2PO4. During the fermentation period, the carbon source was identi�ed as major constituent
to synthesise the cellulase. The heterogeneous nature and structural complications of the carbon source
used could be the important reason for multiplicity of these enzymes (Badhan et al 2004). The cellulase
activity increases with increased avicel up to 24.81 g/l and cellulase activity afterwards decreases with
further increase in avicel. The exact same pattern is observed in Figs. 2 and 3. The results of various
metal ions taken in the form of salts on cellulase activity were also evaluated. A metal ion was seen to
signi�cantly affect production of various industrial important products like vitamin, biomass, organic
acids, enzymes etc (Wei et al. 2007). Increase in KH2PO4 results growing the activity of cellulase to 4.626
g/l. This is evident from Figs. 2 and 5. Using the experiment results, the conclusion that could be drawn
was mineral salts may exhibit enhancing or inhibiting effects according to the concentration. In most
cases, higher concentration of mineral salts was inhibitory for biomass formation (Nicolas Ouedraogo1
et al. 2017). Figures 2 and 5 show the dependence of soybean cake �our on cellulase activity. The effect
on cellulase observed of the soybean cake �our is identical to other variables.

The production of fungal enzyme is very sensitive to the type of nitrogen source and its level in the
fermentation medium (Rajeswari et al. 2015).The maximum activity at cellulase is observed at 20.70 g/l
of soybean cake �our. Soybean meal, the residual product with high protein content after the extraction of
oil from soybeans, is currently used mainly as protein supplement in animal feed. It’s using an application
of low-cost nitrogen source in industrial fermentation has rarely been studied. In the present study, using
soybean meal as source of nitrogen in cellulase production was found to be advantageous (Kun Zhang et
al. 2015).

Several mineral sources have been linked to different production processes. (Alemavor et al. 2010)
indicated that presence of manganese ions enhances fungal colonization and enzyme production during
lignocellulosic residue bioconversion. Thus, it is not surprising that MnSO4.H2O used in studies
contributed positively to cellulase production by Trichoderma reesei. Figures 4, 5 and 6 shows the
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dependency of cellulase activity on MnSO4.H2O. The highest activity was in cellulase at 1.036 g/l.
afterwards, the organism was shown decreasing trend

At higher concentration of nutrients also, the cellulase activity decreases. This may be because of the
inhibitory effects of nutrients on the production of microorganism. The optimal operating conditions of
avicel– 24.812 g/l, KH2PO4 – 4.626 g/l, soybean cake �our – 20.7 g/l and MnSO4.H2O-1.036 g/l for
maximum cellulase activity determined by response surface analysis and also estimated by regression
equation.

Validation And Con�rmation Of The Experiment
This study revealed that the pomegranate peel waste constitutes a good carbon source for production of
cellulase using these optimized conditions; the product activity reaches 9.3 IU/mL. The optimum
conditions for the maximum production of cellulase are estimated by regression equation. The optimum
conditions are: avicel– 24.812 g/l, KH2PO4 – 4.626 g/l, soybean cake �our – 20.7 g/l and MnSO4.H2O-
1.036 g/l.

A calibrated plot of external standard concentration in the area is used to deduce the compound
concentration in the sample (Fig. 8).The glucose concentration in the hydrolyzate as measured using
high performance liquid chromatography (HPLC) is provided in Fig. 9, with peaks corresponding to
glucose, revealed at retention time (RT) value of 7.5min.

Conclusions
This study reports a biotechnological method for proper wastes management of agro-wastes through
bioconversion processes with a �lamentous fungus Trichoderma reesei NCIM1186 for cellulases
production that could be used in the industrial applications such as bioethanol production. In this study,
response surface analysis and central composite design for optimizing culture media for maximizing
cellulase production by Trichoderma reeseiin SmF. Besides developing optimal fermentation medium
compositions, the present methodology also allows the yield to be predicted if the composition of the
medium components is altered in some way using the quadratic equation (Eq. (1)). This is useful not only
for the additional knowledge supplied about the process, but for too process control. Low-cost utilization
raw materials pomegranate peel led to a reduction in the culture medium cost for cellulase production,
which usually ranges from 25–50% of the total production cost. Therefore, with stepping in yield and
productivity and simultaneous cost reduction, the industrial cellulase production by Trichoderma reesei
can be regarded as possible and economically attractive. It can be concluded that this waste biomass
have great potential for their conversion into cellulase in future by using appropriate microorganisms.
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Figures

Figure 1

Pareto chart showing the effect of media components on cellulase activity by T.reesei using pomegranate
peel
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Figure 2

3D plot showing the effect of avicel and KH2PO4 on the cellulase production by T.reesei using
pomegranate peel

Figure 3

3D plot showing the effect of avicel and soybean cake �our on the cellulase production by T.reesei using
pomegranate peel
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Figure 4

3D plot showing the effect of avicel and MnSO4.H2O on the cellulase production by T.reesei using
pomegranate peel

Figure 5

3D plot showing the effect of KH2PO4 and soybean cake �our on the cellulase production by T.reesei
using pomegranate peel
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Figure 6

3D plot showing the effect of KH2PO4 and MnSO4.H2O on the cellulase production by T.reesei using
pomegranate peel

Figure 7

3D plot showing the effect of soybean cake �our and MnSO4.H2O on the cellulase production by T.reesei
using pomegranate peel
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Figure 8

Glucose standard chart for estimation in HPLC
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Figure 9

HPLC showing peaks corresponding to glucose at RT value of 7.5min
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