JOURNAL OF PURE AND APPLIED MICROBIOLOGY, Dec. 2016.

Vol. 10(4), p. 3163-3172

Role of Jatropha curcas Deoiled Cake as Substrate for the
Production of Cellulases and Xylanase and Additive in
Vermicomposting of Kitchen Waste

Ritika Pathak’, Abhishek Sharma’, Anurup Adak?,
Satyawati Sharma'* and Rajendra Prasad?

!Centre for Rural Development and Technology, Indian Institute of Technology Delhi,
Hauz Khas, New Delhi - 110 016, India.
2Division of Microbiology, Indian Agricultural Research Institute, New Delhi - 110 012, India.

http://dx.doi.org/10.22207/JPAM.10.4.93

(Received: 11 May 2016; accepted: 01 July 2016)

Present study is focused on utilization of Jatropha curcas deoiled cake (JDC, a
by-product of biodiesel industry), as potential source for various value added products.
To produce cellulases and xylanase enzymes efficiently, JDC was used as nutrient substrate
for Paecilomyces variotii in solid state fermentation. Under the optimized conditions
viz., initial moisture content 70%, incubation temperature 30°C and inoculum dose 10%,
maximum CMCase (383.95 IU/g), FPase (27.37 IU/g) and xylanase (4842.93 IU/g) were
produced. Zymograms of crude enzyme extracts showed six active bands ranging from 35
kDa to 74 kDa for cellulases and four active bands ranging from 45-64 kDa for xylanase.
Simultaneously, the addition of 10% JDC (w/w) in kitchen waste during its
vermicomposting with and without P. variotii was studied. The data revealed that the
inoculation of P. variotii in feedstocks with JDC not only improved the quality of
vermicompost with higher nutritional status but also enhanced the growth and

reproduction of earthworms manyfold.

Keywords: Jatropha deoiled cake; solid state fermentation; cellulases; xylanases; vermicomposting.

In Indiathereis arising consensus over
biofuel production utilizing non-edible oil seeds
and Jatropha curcas in particular for providing
energy security®. Consequently, a huge quantity
of residual Jatropha deoiled cake (JDC) will be
generated as a by-product?. The toxic or anti-
nutrient compounds isolated from JDC include
curcin, phorbol esters, phytate, curcalonic acids,
flavanoids, vitexine and isovitexine* 4. The
presence of such bioactive compoundsrestrict the
use of JDC as animal feed® and its disposal could
also create serious environmental pollution
problem®. Thisencompasses the need for thevalue
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addition of JDC as substrate in various
biotechnological processes.

Lignocellulolytic enzymes such as
cellulases and xylanases play a critical role in
depolymerization of structural carbohydrate
polymer into monomeric sugars. Cellulase is a
multienzyme complex that consists of three major
enzymes, endo-1, 4 glucanase, cellobiohydrolase
and cellobiase’”. These enzymes synergistically
hydrolyze the crystalline structure of cellulose®.
Xylanase breaksdown 2-1, 4-glycosidic bondsina
xylan, one of the main components present in
hemicelluloses®. Cellulases and xylanases play
significant rolein winery, laundry, brewery, textiles,
paper and pulp industries'® 12, Besides, the utility
of lignocellulolytic enzymesin recycling of waste
via composting is also well reported?®®.
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Consequently, the increased demand of cellulases
and xylanases in agro-industrial applications has
put a pressure on the production system of these
enzymes'. Itisthereforeimperativeto utilizelow
cost organic wastes to make bhioconversion
processes more economical and feasible.

Thekitchen waste produced from hostels,
hotels and canteens ends up in landfill sites or
putrefied along roadsides in various developing
countries . VVermicomposting of kitchen waste
could be an alternative option for its sustainable
management. It is a simple biotechnology to
convert complex organic substances into stable
and homogeneous humus-like vermicompost
employing earthworms and microorganisms!® 7,
However, the high moisture content of kitchen
waste makes unacceptable conditions for the
earthworms and requires additives (bulking agents)
for the successful vermicomposting 8. The use of
nutrient rich additivesin the kitchen waste would
not only provide favorable environment to
earthworms and microbes but also contemplated
to improve the quality of the end product™®

The objective of present study was to
investigate the potential of JDC for the production
of cellulases and xylanase under optimized
conditions by solid state fermentation (SSF) using
ascomycetic fungus, Paecilomyces variotii. We
have earlier reported the prospects of P. variotii in
rapid degradation of municipal solid waste during
vermicomposting®. In the present investigation,
we evaluated the role of JDC as additive in the
vermicomposting of kitchen wastewith and without
P. variotii. To the best of the authors' knowledge,
thisisthenovel attempt to addressthe management
issues of biodiesel and kitchen waste through a
very effective and sustainable approach.

MATERIALS AND METHODS

Substrateanalysis

The cold press JDC obtained from
Udaipur, India, was further deoiled by extracting
with petroleum ether using asoxhlet chamber®. The
cake was dried and powdered prior to subsequent
chemical analysis(Table1). Total Kjeldahl nitrogen
(TKN) and total organic carbon (TOC) were
estimated by using aMicro-Kjeldahl method* and
partial-oxidation method?®? respectively. Flame
photometer and spectrophotometer were used for
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the determination of exchangeable potassum (K,
and available phosphorous (P, ), respectively. EC
and pH were determined using digital conductivity
and pH meter (Eutech Instruments) respectively.
Cellulose was estimated by the method of%.
Hemicelluloses were calculated by determining
neutral detergent fiber and acid detergent fibre?.
All the chemicalsand reagents, of analytical grade,
were purchased from Merck (India).

Cultureand inoculum

The pure culture of P. variotii was
collected from Indian Type Culture Collection
(ITCC), IndianAgriculture Research I nstitute, New
Delhi. The spores of the fungal strain were
harvested from the slant surface by pouring sterile
0.1 % Tween 80 to wash off the spores. The spore
suspension (1 x 10°spores/ml) wasused immediately
to inoculate the subsequent flasks containing
fermentation media. P. variotii was routinely
maintained on PDA slants at 4°C by regular sub-
cultivation (no longer than 3 months).
Enzymeproduction under solid statefermentation
(SSF)

SSF of JDC was carried out in 250 ml
Erlenmeyer flask having five grams of JDC
moi stened with sterile deionized water to maintain
the initial moisture of 50%. The contents of the
flask were autoclaved at 121 °C for 20 min, cooled
and inoculated with 10% (v/w) of P. variotii spore
suspension followed by incubation at 28°C for 10
days under static condition. The enzymes were
extracted by adding 25 ml citrate buffer (0.05 M,
pH 4.8) followed by constant shaking at 200 rpm
for 30 min after which it was centrifuged at 10,000
rpm for 20 min at 4 °C. The clear supernatant was
analyzed for FPase [25], CMCase and xylanase
activity [26]. One International unit (1U) of enzyme
activity was defined as the quantity of enzyme
required to liberate 1 pumol of reducing sugar
(glucose/xylose) per ml of crudefiltrate per minute
under standard assay conditions.

Optimization of celulasesand xylanaseproduction

The cellulases and xylanase production
by the fungus was optimized following one factor
at a time (OFAT) method. The effect of various
factors such as initial moisture (40-80%),
incubation temperature (20-40°C) and inoculum
dose (5-25% on FPase, CMCase and xylanase
production was studied. All experiments were
conducted in triplicates.
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Zymography

For the detection of cellulases and
xylanase, 30 pl of supernatant wastaken and boiled
with 20 pul SDS sample buffer (without 2-
mercaptoethanol) and loaded on azymogram gel.
Thegel wasprepared using 12% (w/v) SDS-PAGE
gel containing 0.1% CMC or brich wood xylan?.
Following electrophoresis, the zymogram gel was
socked in 2.5% (v/v) Triton-X for an hour and wash
thoroughly in distilled water prior to incubation at
50°Cfor 30 minwith 50 mM citrate buffer (pH-5.0).
After completion of incubation, the gel was stained
with 0.1% Congo red for 15 min and then destained
with 5% NaCl until the clear bands appeared.
Procurement of earthwormsand kitchen waste

The earthworms, Eisenia fetida, were
procured from an earthworm bank (pit) in the
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Fig. 1a. Time course profile of CMCase and FPase
activity during solid state fermentation of Jatropha
deoiled cake. Valuesaremeans of triplicates. Barsindicate
standard deviation.
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Fig. 2. Zymograms for (a) cellulases and (b) xylanase
crude enzyme extracts produced by P. variotii on J.
curcasdeoiled cake. Lane M: molecular weight marker;
Lane 1: enzyme extract from P. variotii culture grown
on J. curcas deoiled cake. Cel 1 to Cel 6 indicates the
different cellulase bands. Xyl 1 to Xyl 4 indicates the
different xylanase bands
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micromodel complex, I T Delhi whereit has been
cultured for thelast 15 years. The wet kitchen waste
(KW), consisting of 55% uneaten cooked
vegetables, 30% vegetable peels and 15 % fruit
peels, was collected from hostels of 11T Delhi.
Ver micomposting

The experiment was conducted in earthen
pots, each with capacity to handle 15 kg waste,
with a small hole at the bottom. The details of
substrate compositions in different pots were as
follows: T1: 10kg KW; T2: 9KgKW + 1 Kg JDC;
T3: 10kg KW + P. variotii and T4: 9 Kg KW + P.
variotii + 1 Kg JDC. It is worthwhile mentioning
here that the higher percentage of JDC in the
substrate mixtures retarded the growth and
fecundity of wormsand hence only 10% JDC (w/w
dry weight basis) was included in the present
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Fig. 1b. Time course profile of xylanase activity during
solid state fermentation of Jatrophadeoiled cake. Values
aremeans of triplicates. Barsindicate standard deviation

experiment. Each substrate composition was mixed
with 2 kg of cow dung to provideaninitial favorable
environmental condition for the worms®. Pure
culture of P. variotii was inoculated, at 500 g
mycelium/ton substrate, in the respective pots®.
After 10 days, 100 healthy earthworms of the same
sizewereintroduced in each earthen pot. Moisture
was maintai ned to about 60% of the water holding
capacity. The duration of experiments was two
months. The experiment was set up in arandomized
completeblock designwith fivereplications of each
type of substrate combinations.

The adult earthworms, juveniles and
cocoons were removed manually and counted at
the end of vermicomposting for their number and
weight determination. The mature vermicompost
was analyzed for various physic-chemical
characteristics by the methods described above.
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Satistical analysis

The data have been expressed by their
mean values and standard deviations (SD). The
results were subjected to one way analysis of
variance (ANOVA) using SPSS for windows
(version 18.0). The significance of difference has
been determined according to Duncan’s multiple
range test (DMRT). P values < 0.05 have been
considered to be statistically significant.

RESULTS AND DISCUSSION
Timecour seof cellulasesand xylanase production

Experimentswere conducted to study the
time-course profile of cellulases and xylanase

Table 1. Composition of Jatropha deoiled cake
(JDC) used in this study

Parameters Vaue
pH 6.38+0.3
EC (mS/cm) 1.83+0.6
TOC (%) 34.67+19
TN (%)K,, (%)P,, (%) 393+ 04
1.26+0.2
1.43+0.12
Cellulose (%) 18.53+0.37
Hemicelluloses (%) 22,56+ 0.42

Values are means of triplicates.

Values are means of triplicates.
Kex: Exchangeable potassium; Pav: Available
phosphorous
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Fig. 3 a. Changes in pH in different treatments after
vermicomposting. Values are means of triplicates. Bars
indicate standard deviation
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production by P. variotii under SSF using JDC as
substrate. The CM Case activity was found to be
maximum (133.64 |U/g of substrate) on 6" day of
fermentation while maximum FPase activity
occurred on 4" day with theyield of 12.86 |U/g of
substrate (Fig. 1a). Under the same conditions,
maximum xylanase production (3218.26 1U/g of
substrate) was observed on 6" day (Fig. 1b). Further
increase in respective incubation period caused
the decreasein the activity of CM Case, FPase and
xylanase. The chemical composition of JDC (Table
1) justified its suitability as a potential substrate
for the production of lignocellulolytic enzymes®.
The SSF conditions were optimized to further
enhance the production level of cellulases and
xylanase.
Optimization of physiological parameters for
enzymeproduction

Thephysiological parametersviz., initial
moisture content, temperature and inoculum dose
arekey factorsinfluencing enzyme production by
a fungus (Table 2). The moisture content of the
medium changes during SSF because of
evaporation and metabolic activities, and thusthe
optimum moisture level of the substrate become
very important®. The optimization of initial
moisture content of the substrate revealed that
themoisture content significantly (p < 0.5) affected
cellulases and xylanase production by P. variotii.
Maximum production of CMCase (133.60 1U/g),
FPase (17.62 1U/g and xylanase (3797.29 1U/g) was
achieved at 70% initial moisture content and
thereafter, the production declined sharply. High

o |nitial EC m Final EC
25 -
-2
g
£ 15
21
0.5 -
0 1 - r o
T1 T2 T3 T4
Treatments

Fig. 3 b. Changes in EC in different treatments after
vermicomposting. Values are means of triplicates. Bars
indicate standard deviation
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moisture caused the substrate sticky and
agglomerated, which might have restricted the
diffusion of oxygenwithinthesubstrate®. Similarly,
lower moisture content al so affected the growth of
microorganism due to reduced solubility of
nutrients and substrate swelling®.

Incubation temperature is another
important factor which affects the growth and
enzyme production during SSF. Highest yields of
CMCase (154.97 1U/g), FPase (23.62 1U/g) and
xylanase (4440.26) by P. variotii were observed at
30°C reflecting the mesophilic nature of the
microorganism. At 40°C, the production of FPase,
CMCase and xylanase declined by 74.57, 79 and
41.73% respectively. The optimum temperaturefor
cellulases and xylanase production varieswith the
fungal strain. Ncube et a? reported maximum
xylanase and cellulases production by Aspergillus
niger FGSCA733 at 25°C and 40°C. In astudy by
Jain et al** Thermoascus aurantiacus RCKK
produced maximum cellulasesand xylanaseat 45'C
while various Penicillium species produced
maximum xylanase and cellulases activity near
about 30°C® %,

Inoculum dose also plays avita rolein
enzyme production. In the present study, SSF was
carried out with aninoculum dose ranging between
5 and 25% (v/w). It was observed that P. variotii
produced maximum CM Case (383.95 |U/q), FPase
(27.37 1U/g) and xylanase (4842.93 IU/g) yield at
the inoculum dose of 10%. The lower inoculum
dose could have resulted in longer growth time
(extended lag phase) while ahigher inoculum dose
might have increased the moisture content of the
substrate resulting in poor growth of fungus and
ultimately lower enzyme production®. Another
possible reason for low enzymatic production at
higher inoculum dose could be the increased
competition for the substrate and thereby causing
a rapid depletion of macro and micro nutrients
necessary for growth and enzyme production®,.
Zymogr aphy of cellulasesand xylanase

The zymograms of cellulases and
xylanase showed multiple bands (Figure 2)
indicating that P. variotii wasaproducer of multiple
forms of cellulases and xylanases. The cellulase
zymogram showed six active bands (Cel 1of 74kDa,

Table 2. Optimization of different physiological parameters
for cellulases and xylanase production on jatropha cake

Physiological Fpase (1U/g) CMCase(1U/qg) Xylanase(1U/qg)

parameters

Moisture (%)

40 6.78 + 0.84° 57.94 + 0.69° 2377.06 + 3.07¢
50 1442 + 0.8° 96.34 + 1.19¢ 2894.88 + 7.12¢
60 17.62+0.81° 122.17 + 3.17° 3661.89 + 6.11°
70 17.81+0.78 133.60 + 2.622 3797.29 + 8.2%°
80 13.42 + 0.87° 102.79 + 1.31° 3414.58 + 8.58°
Temperature ('C) (At best moisture %)

20 9.23 + 0.25¢ 86.720 + 2.46¢ 1947.49 + 3.43¢
25 17.82 + 0.20° 149.03 + 2.33° 3560.32 + 10.74°
30 23.62 + 0.58° 154.97 + 1.73* 4440.25 + 11.822
35 11.86 + 0.56° 92.66 + 1.92° 3488.73 + 10.23°
40 6.006 + 0.27¢ 32.54 +0.8%° 2587.96 + 8.63¢
Inoculums dose (%) (at best temperature and moisture content)

5 26.42 + 0.60° 371.54 £ 0.85° 3811.74 + 5.76¢
10 27.37+0.322 383.95+ 1.37° 4842.9 3+ 9.012
15 19.39 + 0.05° 341.32+ 1.05° 4255.74 + 7.85°
20 25.04 + 0.48° 256.09 + 1.34¢ 4227.99 £ 9.49¢
25 24.72 + 0.48¢ 154.97 + 1.00° 2957.04 + 4.78°

In each column, datafollowed by the sameletter are not significantly different at P <

0.05 by DMRT.
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and P_ with respect to their respective initial values

ex

Value in parenthesis depict percentage decrease in TOC and C/N ratio and increase in TKN, K
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Cel 20of 63kDa, Cel 30of 62kDa, Cel 4 of 60kDa, Ce
5of 48 kDaand Cel 6 of 35 kDa). Onthe other hand
xylanase zymogram showed four bands (Xyl lof
64, xyl of 63kDa, xyl of 52kDa, and xyl of 45kDa). P.
variotii produces wide variety of extracellular
hydrolytic enzymes including cellulases and
xylanase®. Some researchers explained that
depending upon the culture conditions, variations
in the amidation and glycosylation could occur
resulting in the production of multiple cellulases
and xylanases by the fungus* 2

Ver micomposting

All the matured composts appeared
granular and dark grey after 30 days except
treatment T1, where the appearances of initial feed
stocks were recognizable even after 45 days of
vermicomposting. No foul odor was found in any
of the treatments at the end of vermicomposting.

The changes in physico-chemical
parameters during vermicomposting of kitchen
waste using JDC and P. variotii were also studied.
All the treatments had an initial pH ranging
between 6.3- 6.9 and final pH of all treatments
shifted to neutral (Figure 3a). As the microbial
decomposition of organic matter results in the
formation of ammonium ions and organic acids,
the combined effect of both could have caused
the neutrality of thefinal vermicompost 4*. The EC
of avermicompost reflectsthe presence of different
mineral saltsinavailable (ionic) forms®. In present
study, the EC of T4 vermicompost was 22.48%
higher than that of T1 vermicompost (Figure 3b).
This may be attributed to the enhanced
mineralization of feed stocksi.e. kitchen waste and
JDC by P. variatii. It is noteworthy that none of
the vermicompost had the EC > 3 ms/cm suggesting
that all the treated vermicomposts are safe for the
plant growth®,

There was adecrease in TOC content in
all thetreatmentsafter 60 days of vermicomposting.
Highest reductionwas seenin T4 (65.99%) followed
by T3 (54.03%), T2 (51.05%) and T1 (36.38%). Our
results are also supported by Elvira et al“® who
reported 20- 43 % loss of TOC after
vermicomposting of paper mill and dairy sludges.
We believe that the addition of JDC might have
enhanced the production of lignocellulolytic
enzymes by P. variotii causing maximum
breakdown of complex organic matter compared to
other feedstocks.
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Table 4. Growth of earthworms in vermicompost produced
from jatropha cake (10%) amended substrate

Treatments Mean initial Maximum weight weight Net weight
weight achieved achieved gain earthworm
earthworm - earthworm -* in (weeks) (mg)
(mg) (mg)
T1 357+15.14 749.7+£15.52 g 392.7£17.96
T2 367+11.51 954.2+19.23 7 587.2+17.52
T3 371+19.63 853.3+20.52 6" 482.3+28.96
T4 360+17.52 1123.2424.52 6" 763.2+21.56

In each column, data followed by the same letter are not significantly different at P < 0.05 by

DMRT.

TKN of final vermicompost increased in
all the treatments compared to initial organic
substrates. The increase of TKN in the
vermicompost might be attributed to loss of organic
carbon as CO, and water loss by evaporation™.
TKN content in the vermicompost also depends
upontheinitial nitrogen content of the feedstock:
“, In the present investigation, addition of JDC
significantly (p < 0.5) increased the TKN content
(25.84 —92.44%) of the vermicompost in different
treatments. TKN content was highest (2.29%) in
vermicompost obtained from kitchen waste
supplemented with JDC and P. variotii. Final C/N
ratios of vermicomposts werein between 5.33 and
16.92 indicating a stable and matured end
product®. The T4 vermicompost had theleast C/N
ratio (5.33). The decrease in C/N ratio in current
study might be attributed to increase in the
earthworm population (Table 3) leading to
reduction in organic carbon by earthworm mediated
microbial decomposition®.

P, and K_ in all the treated
vermicomposts increased compared to initial
feedstocks. The P, content of initial feedstocks
was in the range of 0.62 — 0.73%, while, in final
vermicompost it was 0.91- 1.51%. The K content
was41.77- 107.69% higher thaninitial feedstocks.
T4 vermicompost recorded the highest amount of
P, (1.51%) and K_ (1.89%). It has been well
documented that earthworms accelerate the
microbial growth, which in turn solubilize the
nutrients making them easily availableto the plants
[49]. In T4, the availability of nutrient rich JDC
might have helped P. variotii in enhancing the

mineralization that would have led to increase the
final P, and K _content in the end product. Our
resultsinthiswork arein accordance with theworks
of Sangwan et a*® who reported asignificant (p <
0.5) decrease in C/N ratio and increase in total
kjeldahl nitrogen and total available phosphorus
contents during vermicomposting of horse dung
mixed with 10% sugar mill filter cake.
Earthworm growth and cocoon production during
ver micomposting

Table4 revea ed that the maximum wei ght
achieved per earthworm (1123.2 mg) wasrecorded
intreatment T4 followed by T2 (954.2 mg), and the
lowest wasin T1(749.7 mg). Similarly, maximum
number of cocoons (58), juveniles(132) and adult
earthworms (412) werefound in T4 vermicompost.
It has been studied that the survival growth rate
and reproduction of earthworms depend on the
palatability and quality of food®:. We believe that
JDC as additive helped in improving the texture
and moisture retention capabilities of feed stocks
and thus providing better environment for the
growth of worms. The presence of fungal cell wall
as source of protein and polysaccharide after
degradation might have contributed to the
increased number and weight of earthworms*.

CONCLUSONS

The present study proposed an
economical and sustainable approach for the
management of JDC as suitable substrate for the
production of cellulases and xylanase and additive
in vermicomposting of kitchen waste. The culture

J PURE APPL MICROBIO, 10(4), DECEMBER 2016.
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conditions for P. variotii were optimized to get
maximum CM Case (383.951U/q), FPase (27.371U/
g) and xylanase (4842.93 1U/g) under SSF.
Vermicomposting study highlighted that addition
of JDC in kitchen waste mixed with P. variotii
culture not only produced high quality
vermicompost but also provided better
environment for promoting population growth of
earthworms.
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