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In the present scenario of depleting energy resources and search for eco-friendly
and ecocnomically viable alternatives, bio-diesel has gained worldwide attention.
Non-edible oils over edible oil hold the potential to act as sustainable sources for
the production of bio-diesel. Removal of oil left behind a major part of the seed
material as seed cake. The latter is generally regarded as waste because of its
anti-nutritional comtent. In the present study, two de-ciled seed cakes, Modhuco
indica (mahua) and Jotropho curcus (jatropha) were used for the growth of
Poecilomyces wvarioti, to produce proteases and cellulases, respectively. These
enzymes are already known to have considerable industrial importance. At an
initial maisture content of 50% and temperature 30°C, maximum protease activity [=" ashwaniiitd @ hotmail.com

of 52.5 U/g and cellulase activity 27.3 Ufg was recorded from A. niger and P. variofi

respaectively. HPLC studies showed 67.9-71.5% degradation of saponins, the major Assistant Professor, Department of Sotany,
anti-nutritional factors present in mahua cake. This study proved beneficial for Metagenomics & Secretomics Research
management of cil seed cakes via solid state fermentation, producing enzymes as Laboratory, Dr. Harisingh Gour University (A
value added products.
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Introduction Fermentation of Non-Edible Oil Seed Cakes
for Production of Proteases and Cellulases
The world population is increasing at a great pace [1]. and Degradation of Anti-Nutritional Factors.
Consarvation of fossil fuels and utilization of remewalble and non- 1 food Biotechnol Res. Vol.? No.1:4
traditional sources of energy have become the prime needs of
the hour [2-5]. In order to establish a sustainable future, biofuel
production from non-edible cils has gained worldwide consensus
|6, 7). Extracticn of oil from seeds generates large quantities of  two de-piled seed cakes, Modhuca indico (mahua) and Jatropha
seed cake. The presence of several amti-nutritional and toxic  .rcpe {latropha), via solid state fermentation [S5F), producing
components in these de-ofled cakes limits their use a5 quality  proteases and cellulases zs value added products.
fertilizers or animal feeds, rendering most of it as a waste [B,9].
Manzgement and disposal of these cakes therefore becomes Mahua and jatropha are tropical plants, belonging to the
a major problemn, posing serious environmental threats [10]. family Sapotaceae and Euphorbiaceas, respectively. They are
Heowever, these cakes are a rich source of nutrients, vz, protein, extensively cultivated in Asian and Australian continents for their
sugars, etc. [11-15]. Nutrient composition of these cakes makes oil bearing seeds. Mahua and jatropha oils have been extensively
them noteworthy to be explored for their potential to produce  W3ed for bicdiesel production [2]. After the expulsion of ofl from
various enzymes, antibiotics, vitamins and antioxidants, etc.  ts seed, “60% of the material is left as de-oiled seed cake [&].
possessing vide industrial as well as biotechnologicel applications  These seed cakes are rich in nutrients but contain several anti-
[16]. The present paper attempts to address the management of  nutritional factors, viz., saponins and tannins in mahua cake [MC]
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Enhancing Nutritional Contents of
Lentinus sajor-caju Using Residual
Biogas Slurry Waste of Detoxified
Mahua Cake Mixed with Wheat Straw
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Fesidual hingas slurries [BGS) of detoxified mahua cake and cow dung were used as
supplements to enhance the vield and nutritional quality of Lentinus ssjor-cau on wheat
straw (WS). Supplementation with 20% BGS gave a maximum yield of 1155 gkg ™1 fruit
bodies, furnishing an increase of 95.1% over WS control. Significant increase (p < 0.05)
in protein content {29.6—38.9%), sugars {29.1-32.3%) and minerals (M, P, K, Fe, Zn}
was ohserved in the fruit bodies. Principle component analysis (PCA) was performed
to see the pattern of cormelation within a set of obsenred wvariables and how these
different variables varied in different tregtments. PC1 and PCZ2 represented 90% of
total variation in the observed variables. Moisture {(5&), lignin {3), celluloses (%), and
/M rafio ware closely cormelated in comparison to Fe, M, and saponins. PCA of amino
acids revealed that, PC1 and PC2 represented 74% of total variation in the data set.
HFLC confirmed the absence of amy saponin residues {characteristic toxins of mahua
cake} in fruit bodies and mushroom spent. FTIR studies showed significant degradation
of cellulcses {22.2—-32.4%), hemiceluloses {14.1-23.1%) and lignin (27 .4—39.23%) in
the spent, along with an increase in nutrition content. The study provided a simple,
cost effective approach to improve the yield and nutritional quality of L. sajor-cais by
resourceful utilization of BGE.

Keywords: biogas slurry, detoxified mahua cake, Lentinus sajor-cajy, saponins, wheat straw

INTRODUCTION

COwer the past few years, biogas has become an attractive renewable energy source in many nations
across the globe (Chandra et al,, 2011; Gupta et al, 2012; Barik and Murogan, 2015). Besides cow
dung (CD), the traditional raw material, different kinds of agricultural products, viz., leaf litter, seed
cakes, grasses, straw, husk, aquatic plants, biomass residues, etc., alone or in combination with CD,
have also been evaluated for their potential to produce biogas (Gupta et al, 2011; Chaikitkaew
et al., 2015; Chanakya et al, 2015; Cotana et al, 2015). After the anacrobic digestion process is
complete, 2 large amount of residual biogas slurry (BGS) is obtained, whose management and
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HIGHLIGHTS

» Mahua seed cake has the potential o produce biogas.

= Simple water treatments significantly removed the tosing from mahua cake.
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» Biogas slurry produced possesses gpood manurial values.
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Non-edible pils are progressively being utilized for production of bio-diesel around the word which
embraces the futune assuranoe towards renewahle energy, After the extraction of oil, 50-60% of the mate-
rial, rermed as de-oiled seed cake, goes waste due to the presence of toxins. The present paper evaluares
the wse of raw and detoxified [water treated; detoxified up to 75%) non-edible oil seed cake, Modhuca
indica, for biogas production. Different treatments comprising of varying proportions of raw)detoxified
mahua seed cake (MC] and cow dung (CD] were designed, Degoxified cakels] produced significantly bet-
ter results compared to raw cake, Combination of 50% hot water detoxifed MC and 50% CD gave maxi-
mum biogas production of 442 Likg voral solids with 5B.5-60% methane content. This gave an incnease of
125% over C, along with 33.15% and 34,05% reduction in fatal salids (TS and wolatile solids (VS), respec-
tively. Significant reduction in celluboses {34.46%) and bermicelluloses [29.76%] and an increase in the
nutrients [N, F, K} of the digested slurny wene obtained for the same. Anacrobic digestion of mahea cake,
detoxified by sample water treatments, offers one of the viable methods for waste o energy generalmn.

Kepwords:
Biogas

Mahaia cake
Sapomins
Detexificarion
Biomethanation

1. Introduction

The growing worldwide concerns over environment, health and
monetary aspects have triggered a search for efficient and eco-
nomic renewable sources of enetgy production. Agricultural sector
holds the potential for development of one of the major sources of
renewable energy, Le. bio-fuels [ 1,2]. Worldwide, more than 95% of
bio-diesel production takes place from edible oils that may result
in depletion of food supply leading to economic imbalance [3]. A
sustainable solution to overcome this problem might be the use
of non-edible ails for bio-fuel production [4]. Non-edible oil seeds
are imcreasingly being cultivated to yield considerable quantity of
oil which can be used for the production of bio-diesel |5]. After
the expulsion of non-edible oil, approximately G0% is left as toxic
de-oiled seed cake [1]. This generates a considerable amount of
biomass, which can neither be used as a cattle feed nor as 2 good

= Correspording author. Tel.: +91 11 2656711 16; fax +57 17 26581120,
E.mol oddress: satyawatis@hotmailcom (5. Sharmal.
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@ 2012 Elsevier Lod. All nights reserved.

quality fertilizer owing to its toeicity. Various applications are con-
tinuously being explored to exploit the nutritive content of these
seed cakes [1.5-7]. Oil seed cakes contain high amounts of volatile
solids, proteins and starchy material, which make them a suitable
feedstock for biogas generation [8,9). Recently, biogas is becoming
an attractive source of energy in many nations across the globe be-
cause it can be used to fuel a car or to power a city bus [10]. An
integrated anaerobic waste valorization process is also an interest-
ing option for energy generation from non-edible oil seed cakes
[11]. Anzerobic digestion and compasting of waste seed cake can
be considered as a sustainable solution to reduce the volume of
waste along with reduction in emission of greenhouse gases into
the atmosphere [12]. Chandra et al. [4] recorded average spedific
methane production potential of oil seed cake of jatropha (394 1
kg total solids) and karanja (427 L/kg total solids), respectively.
Muodhuco indica, commonly known as mahua, is extensively cul-
tivated in central and southern parts of India for its oil bearing
sepds. The annual production of seed in the country is around
0.50 million tons [1.5.6]. After the extraction of oil, much of the

hatp:{dedoiorg 10,10 6/j.apenergy. 201 2.09.07
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The effect of supplementation of wheat straw (WS with raw/detoxified mabea cake (MC) on yield and
nutritional guality of Plearaius safar cafu was studied. Raw cake significantly enbanced the yield com-
pared o cantml and could be tolerated up toa 10% addition, Detoxification further improved the mush-
room yield giving a masimuwm of 1024.7 ¢ kg
mahua cake. Chemical .]!'I.]]:.ISiS. of Truit badies revealed that |I|'.E':|I are rich in |.'II'LII.£i!'I5. {£7.4-34.8%), coluble
sugars (28,6-32.2%] and minerals, Glucose, trehalose and glutamic acid, alanine were the major sugars
and amino acids detecved by HPLC analysis, respectively. HPLC stwdies further confirmed the absence
of sapomins (characteristic todns present in MC) in both frui bodies and spent, Degradation of complex
molegules in spent was mondtored via FTIR. The study proved beneficial for effective management of agri-
cultural wastes along with production of nuerient rich and caponin free fruil bodies | spent.

Trarm WS supplemented with 20% saponin free detaxified

@ 2013 Elsevier Lid, All rights reserved,

1. Introduction

Bioconwversion of agricultural wastes is an economically viable
method for eco-friendly disposal, along with proper utilisation
for producing value added products. Mushroom cultivation is one
such method capable of not only bindegradation and bicremediz-
tion of agro-wastes, but also biotransformation into proteinaceous
fond [Bisaria, Madan, & Bizaria, 1987a). In a nutshell, the purpose is
towards ideal utilisation of agro-wastes along with production of
nutritious food. Besides their excellent taste, edible mushrooms
have a great biotechnological potential, due to their capacity to
produce enzymes, medicines, to act in bioremediation and other
LSS

Fleurptus spp., commonly known as oyster fungus, is the third
largest commercially important mushroom species appreciated
for its delicious taste, high vitamin, protein, carbohydrate, mineral
but low fat content. They are known to degrade large inscluble
components of lignacellulosic materials and hence play a signifi-
cant role in their biocomversion to foods and dietary supplements
[Bisaria et al. 1987a). Due to a large variety of non-specific ligno-
cellulosic enzymes produced by them, they can be cultivated on a
number of agricultural wastes, besides the traditional rice and
wheat straw [WS5) substrates (Zhang, Li, & Fadel, 2002). These lig-
nocellulosic materials are generally low in protein content, and
therefore it has become a commeon practise to supplement Pleuro-
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tus substrates with nitrogen/probein rich materials, such as alfa-
alfa meal, soyabean cake, cotton wastes, olive wastes, etc., in order
to shorten the crop period andjor enhance the mushroom produc-
tivity (Bisaria et al, 1987a; Gothwal, Gupta, Kumar, Sharma, &
Alappat, 2012; Kalmis, Azbar, Yildiz, & Kalyoncu, 2008; Mane, Patil,
Syed, & Baig, 2007; Rodriguez, Rivas, Polonia, & Wichers, 2010; Zer-
vakis, Yiatras, & Balis, 1996). Naraian, Sahu, Kumar, Garg, Singh and
Kanaujia (2009) cultivated Fleurotus florida on corn cobs supple-
mented with nitrogen rich additives, such as soyabean meal,
groundnut seed cake and cotton seed cake, and concluded that
the latter gave the highest yield. Bano, Shashirekha, and Rajarath-
nam [1993 ) observed that supplementation of rice strawr with seed
cakes of mustard, niger, sunflower, cotton and soyabean increased
the yield, protein content and enzymatic activity of the oyster
mushroom, Pleurotes sgjor cofe Shashirekha, Rajarathnam, and
Bamo (2002) supplemented spent rice straw substrate of P sajor
caju with the above mentioned oil seed cakes and concluded that
cotton seed powder supplementation significantly enhanced the
yield and protein content of the mushrooms. It also reduced the
spawn run period and the fruit bodies were free from any gossypol
residues. Besides Plewrotus spp., other mushroom species have also
been cultivated using oil seed cakes (Altierd, Esposito, Parati, Lobi-
anco, & Pepi, 2009). Howewver, to the best of our knowledge. no
such studies have been performed on the use of mahua cake
[MC] for mushroom cultivation.

MC is an important by-product of the Madhuca indice tree, gen-
erated after the expulsion of oil from its seeds. About 60-70% of
sepd material is left as seed cake which is nich in sugars
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Essential oils
ART-TETTRITRE ACTIWATY
Aniti-fungal activity
Memaricidal activiry
tlortality

The hinpesticidal potential of six plant-derived essential oils {mint [Mertho ereersiz], ajwain [Carum
copricum), lemongrass |Cymbopogon citrares ], clove [Fugenio carpophyllace|, cedarwood |Cedrus deodaral,
and cucalyptus |Fucalypiues glohwlas]) was cvaluated against Odortotermes obeses (formites), Fusenum
axysponer [plant pathagenic funge), and Mefoidogyine @cogiilo (nematades). In the case of termites,
a “no-choice” binassay revealed that the ming il gave the best resulss (1002 mortality in 30 min with 102
ail and in 10 b with 3.1 2% oil) followed by the lemongrass and ajwain oils. The disc diffusion method was
sdapted to est the anti-fungal actvity of the essential ails and it was Tound that the chove il gave the
maximum inhibition measured in terms of the average inhibition zone diameter (5.3 £+ 0.2 om with 102
oil and 6.6 = 0.9 crm with 200 oil), followed by the aiwain oil To check the ant-nematicidal activity af the
essential ail, in-vitre growth chamber experiments revealed that sucalypius oil was the most efficient
[ 1L mortality in & h with 1000 21 1 " il and i 30 h with 125 11 L ail), fallowed by the ajwain oil, The
use of the crude ails at low' concentrations provided satisfactory resuls at the laboratory leviel against
thiese pathogens, and needs further evahsation in Aeld trials

© 2011 Elsevier Lud. All rights reserved.

1. Introduction

In recent years, a significant increase in the yield of food grains and
other crops has been reguired to feed the world's growing population.
However, various pests, including weeds, insects, and plant viruses,
can reduce crop production by 25—50% [Pimentel et al., 1991; Oerke,
2006). According to Levetin and Mdvahon [2003), about 70% of crop
diseases are caused by fungi. The extent of diseases caused by
nematodes in the agricultural systems is far from fully understood.
The yield losses by plant parasitic nematodes, in [India alone, amount
to billions of rupees every year. Termites also cause a huge amount of
damage when they destroy wood and wooden products [(Verma et al.,
2009) Control and repair costs due to Formosan subterranean
termites in New Orleans, for example, have been estimated to reach
5300 million annually (Suszkiw, 1998). In India, they are responsible
for the loss of 15—20% of the maize yield and about 1478 million
rupees (Joshi et al., 2005; Verma et al. 2009). Other countries as well
experience significant crop losses caused by these pests, so control-
ling them is an important economic and agricultural issue.

The green revolution intreduced the use of chemical pesticides
for managing pests. To defeat plant diseases, farmers/growers have
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to use heavy doses of chemical pesticides, which, although have an
immediate effect, are not always affordable, and may have delete-
rious effects on plants, soil, and animals. Moreover, continued use
leads to an increase in pest resistance and enhanced pest resur-
gence. [n this context, efforts are being made worldwide to replace
these chemicals with biological alternatives [biopesticides), which
are less todic to the environment.

Through the ages, plant-derived oils [essential as well as seed
oils] have evoked interest as natural products that hold promise for
their potential in pest management (Regnault-Roger, 1997; [sman,
2000; Akhtar, 2000; Oka et al, 2000; Zhuw et al, 2001; Gandhi
ct al, 2006; Chaich et al., 2007; Bakkali et al, 2008). Among the
plant-derived oils. essential oils have been shown to possess
insecticidal, anti-fungal, and antibacterial properties (Burt, 2004).
The present paper describes testing the efficacy of selected plant-
derived essential oils as biopesticides against termites (Odonto-
termes obesus), plant pathogenic fungus [ Fusarium oxysporum}, and
plant nematmde [(Meloidogyne incogmita).

2. Materials and methods
2.1. Essential oils

Six different essential oils were selected based on a literature
survey, as well as their availability and use in traditional medicine.




