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Different solid state fermentation (SSF) sources were tested
such as cantaloupe and watermelon rinds, orange and banana
peels, for the production of polygalacturonase (PG) and xy-
lanase (Xyl) by Trichoderma harzianum and Trichoderma
virens. The maximum production of both PG and Xyl were
obtained by T. harzianum and T. virnes grown on cantaloupe
and watermelon rinds, respectively. Time course, moisture
content, temperature, pH, supplementation with carbon and
nitrogen sources were optimized to achieve the maximum
production of both PG and Xyl of T. harzianum and T. virens
using cantaloupe and watermelon rinds, respectively. The
maximum production of PG and Xyl of T. harzianum and
T. virens was recorded at 4-5 days of incubation, 50-66%
moisture, temperature 28-35°C and pH 6-7. The influence
of supplementary carbon and nitrogen sources was studied.
For T. harzianum, lactose enhanced PG activity from 87 to
120 units/g solid, where starch and maltose enhanced Xyl
activity from 40 to 55-60 units/g solid for T. virnes. Among
the nitrogen sources, ammonium sulphate, ammonium ni-
trate, yeast extract and urea increased PG activity from 90
to 110-113 units/g solid for T. harzianum. Similarly, am-
monium chloride, ammonium sulphate and yeast extract
increased Xyl activity from 45 to 55-70 units/g solid for T.
virens.

Keywords: cantaloupe, watermelon, rind, Trichoderma, solid
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Introduction

Recently, a significant interest in using solid state fermen-

tation (SSF) instead of submerged fermentation (SmF). The
advantages of SSF in comparison to traditional SmF are better
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yields, easier recovery of products, the absence of foam for-
mation and smaller reactor volumes. Moreover, contami-
nation risks are significantly reduced due to the low water
contents and, consequently, the volume of effluents decreases
(Raimbault, 1998). Another very important advantage is that,
it permits the use of agricultural and agro-industrial resi-
dues as substrates which are converted into products with
high commercial value like secondary metabolites, organic
acids, pecticides, aromatic compounds, fuels, and enzymes
(Martins et al., 2002). Furthermore, the utilization of these
compounds helps in solving pollution, which otherwise cause
their disposal (Couto and Sanroman, 2005). For enzyme
production, the costs of these techniques are lower and the
production higher than submerged cultures (Pandey, 1991;
Sukumaran et al., 2009).

The polygalacturonases catalyze the hydrolytic cleavage of
the O-glycosyl bond of a-D-(1-4)polygalacturonan. The
pattern of degradation proceeds in either a random (endo-
polygalacturonase, EC3.2.1.15) or terminal fashion (exo-
polygalacturonase, EC 3.2.1.67). Xylanases (EC.3.2.1.8) are
responsible for hydrolysis of xylan; they first attack the in-
ternal main-chain linkages and subsequently releasing xy-
losyl residues by endwise attack of xylooligosaccharides.
These enzymes are commonly used in textile, paper, and
pulp industries, production of juice and fruit extracts (Silva
et al., 2002; Gonzales et al., 2003; Couto and Sanroman,
2005). Polygalacturonase (PG) and xylanase (Xyl) produc-
tion by SSF has been studied extensively using several agri-
cultural and agro-industrial residues such as wheat, corn,
rice, sugar cane and beet, banana waste, potato, tea, apple,
and citrus fruits, wheat flours and corn (Botella et al., 2007;
Mamma et al., 2008; Sun et al., 2008; Rodriguez-Fernandez
et al., 2011; Delabona et al., 2013). However, watermelon
and cantaloupe rinds have never been used as solid support
for enzyme production. Watermelon biomass can be cate-
gorized as three main components which are the flesh, seed,
and rind. The flesh constitutes approximately 68% of the
total weight, the rind approximately 30%, and the seeds ap-
proximately 2% (Kumar, 1985). Singh et al. (1975) deter-
mined the rind of fully ripened watermelon to contain ap-
proximately 20% cellulose, 23% hemicellulose, 10% lignin,
13% pectin. Several possibilities exist for the use of water-
melon rind to produce value-added products. The USDA
ARS is currently processing a patent to utilize extracted rind
citrulline, an amino acid that helps to remove nitrogen
from the blood for conversion to urine (Pons, 2003). Other
research has been conducted on the utilization of the rind as
an ingredient in products including pickle, candy, vadiyam,
and cheese (Simonne et al., 2002; Madhuri and Devi, 2003).

Trichoderma harzianum is an efficient biocontrol agent



I 606 Mohamed ef al.

that is commercially produced to prevent development of
several soil pathogenic fungi. The active ingredient is a
beneficial microbe that does not cause disease to humans
and is not likely to harm the environment (Roco and Pérez,
2001). In addition, T. harzianum and T. reesi widely used
in the production of Xyl and PG with SSF on several solid
supports (Seyis and Aksoz, 2005; Azin et al., 2007).

The main purpose of this study is using watermelon and
cantaloupe rinds, with high hemicellulose and pectin con-
tents, as new agricultural wastes for production of PG and
Xyl from T. harzianum (CECT 2413) and T. virens (ATCC
52571) with SSF. However, very little information has been
reported on production of Xyl and PG from T. virnes. The
optimization of the physiological conditions of production
of PG and Xyl from T. harzianum and T. virens using can-
taloupe and watermelon rinds is the last goal.

Materials and Methods

Microorganism

T. herzianum and T. virnes were obtained from National
Research Centre, Cairo, Egypt and maintained on potato
dextrose agar. The slants were grown at 28°C for seven
days and stored at 4°C.

Agriculture wastes

Watermelon and cantaloupe rinds, orange and banana peels
were chosen as the sole nutrient source for solid-state fer-
mentation (SSF). They dried in an oven at 60°C for 48 h.
The solid was then milled in a commercial mill and sieved.
The mean diameter of the solid was 0.7 mm.

Optimization methodology of solid-state fermentation (SSF)

SSF was performed to study the effect of various physico-
chemical parameters required for the optimum production
of PG and Xyl by T. herzianum and T. virnes. Prior to ino-
culation, the agriculture waste was sterilized in an autoclave
for 15 min at 120°C and 1.2 atmospheres. To each 100 ml
Erlenmeyer flask, 5 g of sterilized agriculture waste, the re-
quired volume of spore suspension to obtain a final spore
concentration of 5x10 spores/g, and appropriate amount
of water need to adjust the moisture of dried substrate, which
contained 10% moisture after dried, to the desired level were
added. Incubation time (1 to 7 day), incubation temperature
(20, 30, 35, 40, 45°C), moisture content of the substrate (30,
40, 50, 66, 80%) and incubation pH (4 to 8) are the phys-
ico-chemical parameters optimized. The pH was adjusted
using 0.1 M NaOH or HCI. Studies were also performed to
evaluate the influence of different carbon sources (glucose,
maltose, starch, sucrose, lactose at 1% w/v) and nitrogen
sources (peptone, urea, sodium nitrate, ammonium sulphate,
ammonium nitrate at 1% w/v) when add to the fermenta-
tion medium contained agriculture waste. Each experiment
is done in three sets.

Enzyme extraction

Crude enzyme was extracted by mixing a 5 g of fermented

matter with 50 ml distilled water on a rotary shaker (180
rpm/min) overnight. The suspension is then centrifuged at
7,000 rpm for 10 min and the supernatant is designated as
a crude extract.

Enzyme assays

PG and Xyl activities were assayed by determining the li-
berated reducing end products using galacturonic acid and
xylose as standards, respectively (Miller, 1959). The reaction
mixture (0.5 ml) contained 1% substrate, 0.05 M sodium
acetate buffer pH 5.5 and a suitable amount of crude extract.
Assays were carried out at 37°C for 1 h. Then 0.5 ml dini-
trosalicylic acid reagent was added to each tube. The tubes
were heated in a boiling water bath for 10 min. After cooling
to room temperature, the absorbance was measured at 560
nm. Substrates used are polygalacturonic acid and birchwood
xylan for PG and Xyl, respectively. One unit of enzyme ac-
tivity is defined as the amount of enzyme which liberated
one pumol of reducing sugar per min under standard assay
conditions.

Results and Discussion

The effect of different substrates on PG and Xyl production

Different SSF sources such as orange and banana peels,
cantaloupe and watermelon rinds are tested in SSF for the
production of PG and Xyl by T. harzianum and T. virens.
Figure 1 showed that the maximum production of both PG
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Fig. 1. The effect of different fruit peels and rinds on production of PG
and Xyl by T. harzianum (A) and T. virnes (B) in SSF.
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Fig. 2. The effect of incubation time on production of both PG and Xyl
in SSF by T. harzianum using cantaloupe (A) and T. virnes using water-
melon (B) rinds as substrates, respectively.

and Xyl were obtained by T. harzianum (90 and 50 units/g
solid, respectively) and T. virnes (110 and 45 units/g solid,
respectively) in SSF containing cantaloupe and watermelon
rinds, respectively. Very little information has been reported
on the use of fruit rinds in SSF for enzyme production.
Therefore, the optimization of the production of both PG
and Xyl of T. harzianum and T. virens using cantaloupe
and watermelon rinds, respectively, was performed in the
following studies.

The effect of incubation time on PG and Xyl production

Figure 2 shows the time course experiments of both PG
and Xyl production by T. harzianum and T. virens grown
on cantaloupe and watermelon rinds in SSF, respectively.
For T. harzianum, a gradual increase was detected in PG
and Xyl production from day 1 to day 4 and 5 (121 and 55
units/g solid, respectively), after which a reduction of its
activity was observed. For T. virnes, the two enzymes exhi-
bited their maximum activity at day 4 (132 and 75 units/g
solid, respectively). Similarly, Penicillium decumbens was
grown on a mixture of corn straw (90%) and wheat bran
(10%) the maximum activity of xylanase was measured after
4 days of fermentation (Yang et al., 2001). Couri et al. (2000)
also studied the production of xylanase by A. niger using
different agroindustrial residues - mango peel and wheat
bran - as the solid substrate. The maximum xylanase activity
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was reached after 72 h and 24 h of fermentation using
wheat bran and mango peel, respectively. In the same line,
the production of xylan-degrading enzymes by a koji mold,
Aspergillus oryzae RIB 128, has been tested on dried wheat
bran, rice bran and orange peel (Yamane et al., 2002). The
highest productivity was reached when wheat bran was used
as the substrate after 4 days of fermentation. Similar results
were reported for pectinase from A. sojae in SSF, where the
maximum activity was reached at day 3 and day 5 of culti-
vation (Heerd et al., 2012). On contrast, the xylanase and
polygalacturonase activities of A. awamori grown on grape
pomace in SSF reached a maximum value after 24 h of fer-
mentation after which a reduction of its activity was ob-
served (Botella et al., 2007).

The effect of initial moisture content of substrate on PG
and Xyl production

Moisture content is a crucial factor in SSF that influences
the growth of the microorganism and thereby enzyme pro-
duction. Higher moisture content decreases porosity, changes
particle structure, reduces gas volume and decreases dif-
fusion, which results in lowered oxygen transfer (Sivarama-
krishnan et al., 2006). On the contrary, lower moisture con-
tent causes reduction in solubility of the nutrients of the
substrate, low degree of swelling and high water tension.
Figure 3 shows the effect of moisture content on both PG
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Fig. 3. The effect of moisture% of cantaloupe (A) and watermelon (B)
rinds on production of both PG and Xyl by T. harzianum and T. virnes in
SSF, respectively.



I 608 Mohamed ef al.

160
(A) —

140F | —e— Xyl

1N

80

Unitsig

60F
40f

20p

0 1 1 L il Il 1
20 25 30 35 40 45

Temperature (°C )

B) 140
(B) =G

120 |—*— Xyl

ol I/I\{\i

80 F

60 \I

40F

Units/g

201

0 1 1 1 1 1 1
20 25 30 35 40 45

Temperature (°C )

Fig. 4. The effect of incubation temperature on production of both PG
and Xyl by T. harzianum (A) and T. virnes (B) in SSF using cantaloupe
and watermelon rinds as substrates, respectively.

and Xyl production by T. harzianum and T. virens grown
on cantaloupe and watermelon rinds in SSF, respectively.
Optimal PG and Xyl production was obtained at 66 and
50% moisture content of cantaloupe (142, 70 units/g solid,
respectively) (Fig. 3A) and 66% moisture content of water-
melon (141, 52 units/g solid, respectively) (Fig. 3B). Similarly,
both enzyme activities of Aspergillus awamori cultured on
grape pomace were less low when the moisture content was
higher or lower than 65% (Botella et al., 2007). The optimum
moisture contents for xylanase production by T. longibra-
chiatum and A. tereus were 55 and 75%, respectively (Gervais
and Melon, 2003). A high production of xylanase of Asper-
gillus species was detected at 40-50% moisture using dry
koji as substrate (Lu et al., 2003). An initial moisture con-
tent of 40% provided better conditions for production of
pectinases from A. niger than those of 25, 55, and 70%
(Castilho et al., 2000).

The effect of temperature on PG and Xyl production

Temperature is known to influence the metabolic rate of
the organism involved in the fermentation processes. The
effect of temperature on both PG and Xyl production by T.
harzianum and T. virens grown on cantaloupe and water-
melon rinds in SSF, respectively, is shown in Fig. 4. Optimal
PG and Xyl production (130 and 74 units/g solid, respec-
tively) was obtained at 35°C and 28°C for T. harzianum,

respectively. On the contrary, the maximum activity of PG
and Xyl (120 and 55 units/g solid, respectively) of T. virens
was detected at 28°C and 35°C, respectively. Similar optimal
temperatures of production of PG and Xyl from Penicillium
decumbens (Yang et al., 2001), A. niger (Couri et al., 2000),
A. oryzae (Yamane et al., 2002), and A. awamori (Botella et
al., 2007) were ranged from 28°C to 32°C. In the steady-
state operation for production of xylanase by A. niger the
optimum temperature is 28°C. Results show that higher in-
cubation temperature favors biomass growth and lower
temperature favors the biosynthesis of xylanase (Yuan et al.,
2005). The maximal polygalacturonase production by mixed
culture of A. niger and Saccharomyces cerevisiae was de-
tected at 37°C (Zhou et al., 2011).

The effect of pH on PG and Xyl production

The effect of initial pH on PG and Xyl production by T.
harzianum and T. virens grown on cantaloupe and water-
melon rinds in SSF, respectively, is shown in Fig. 5.
Optimal PG and Xyl production of T. harzianum was ob-
tained at pH 7 and 6 with 120 and 70 units/g solid, res-
pectively. On the contrary, the maximum activity of PG
and Xyl of T. virens was detected at pH 6.0 and 7.0 with
140 and 60 units/g solid, respectively. At the medium pH
(6.0), the maximal xylanase production by A. terreus under
SSF using palm as substrate was reported (Lakshmi et al.,
2009). Patil and Dayanand (2006) reported that pH 5.0 was
optimum for the maximum production of pectinases of A.
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Fig. 5. The effect of pH on production of both PG and Xyl by T. harzia-
num (A) and T. virnes (B) in SSF using cantaloupe and watermelon rinds
as substrates, respectively.
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of both PG and Xyl by T. harzianum (A) and T. virnes (B) in SSF using
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niger using deseeded sunflower head in both submerged
and solid state fermentation.

The effect of carbon source supplementation on PG and
Xyl production

The influence of supplementary carbon sources such as
starch, sucrose, maltose, lactose or glucose at 1% (by mass)
on production of PG and Xyl was studied. For T. harzianum,
lactose enhanced PG activities from 87 t0120 units/g solid,
while maltose and sucrose inhibited the activity. However,
all carbon sources had slightly effect on Xyl (Fig. 6). Starch
and sucrose enhanced the Xyl activities from 40 to 55-60
units/g solid, while all carbon sources exhibited slightly ef-
fect on PG activities for T. virnes. Botella et al. (2007) re-
ported that when 6% glucose was added as extra carbon
source, the production of xylanase and polyglacturonase
increased significantly. However, at 8% both enzyme activ-
ities declined. In contrast, when wheat bran was used as the
solid substrate, xylanase was resistant to catabolic repression
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even at 10% glucose (Farani de Souza et al., 2001).

The effect of nitrogen source supplementation on PG and
Xyl production

Studies on supplementation of nitrogen sources such as am-
monium sulphate, ammonium nitrate, ammonium chloride,
yeast extract or urea at 1% concentration to the solid sub-
strates showed various effects on PG and Xyl production
by T. harzianum and T. virens. Among the nitrogen sources,
ammonium sulphate, ammonium nitrate, yeast extract and
urea increased PG activities of T. harzianum from 90 to
110-113 units/g solid and decreased PG activities of T. virens
(Fig. 7). However, urea increased Xyl activities of T. har-
zianum and T. virens. Similarly, ammonium chloride, am-
monium sulphate and yeast extract increased Xyl activities
of T. virens. In A. fischeri grown on wheat bran as substrate
in SSF, the addition of NaNO; enhanced xylanase produc-
tion, whereas yeast extract had no effect (Senthikumar et al.,
2005). NaNOs as nitrogen source improved the production

Table 1. Comparison of PG and Xyl production from other microorganisms grown on agriculture wastes

Microorganism Substrate PG U/g" Xyl U/g References
T. harzianum and T. virens cantaloupe and watermelon 140 80 Present study
Aspergillus soja Crushed maize 30 - Ustok et al. (2007)
A. awamori Grape pomace 25 40 Botella et al. (2005)
A. niger Citrus peel 118 65 Rodriguez-fernandez et al. (2011)
A. niger Deseeded sunflower 34 - Patil and Dayanand (2006)
A. niger Ordos Plateau 36 - Debing et al. (2006)

*U/g, units/g solid

609 I
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of xylanase by A. terreus under SSF using plam as substrate
was reported (Lakshmi et al., 2009). Debing et al. (2006) re-
ported that an optimal prescription of dextrose 8.5%, wheat
bran 24.5%, ammonium sulphate 5.7%, and water 61.3%
was found to be ideal for pectinavse production by A. niger
in solid state condition.

Comparison of PG and Xyl production pattern by T. har-
zianum and T. virens used in this study and other micro-
organisms established the potential of T. harzianum and T.
virens for economic PG and Xyl production (Table 1). In
fact, the present microorganisms are better producers of
PG and Xyl (approximately 140 and 80 units/g solid, re-
spectively) compared to other microorganisms (118 and 65
units/g solid, respectively) (Botella et al., 2005; Debing et
al., 2006; Patil and Dayanand, 2006; Ustok et al., 2007;
Rodriguez-fernandez et al., 2011)

Conclusion

The present study reveals that watermelon and cantaloupe
rinds can be used as optional substrates to other agricultural/
agro-industrial wastes, wheat, corn, rice, sugar cane and beet,
banana waste, potato, tea, apple, and citrus fruits, which are
used for production of xylanase and polygalacturonase. This
study established the potential of T. harzianum and T. virens
for economic PG and Xyl production comparing to other
microorganisms. This work gives an insight into the exploi-
tation of a new agriculture wastes for the production of some
industrial enzymes in appreciable levels.
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