Assessment of secondary metabolite extraction from entomopathogenic fungi cultured on various media


Abstract
Entomopathogenic fungi are important biological control agents, and their secondary metabolites may contribute to the development of alternative tools for insect pest management. The present laboratory study evaluated crude secondary metabolite extraction from selected entomopathogenic fungi cultured on different synthetic and natural media. Four fungi, namely Isaria fumosorosea, Metarhizium anisopliae, Beauveria bassiana and Lecanicillium lecanii, were grown on synthetic agar and broth media, cereal grains, vegetables, cashew apple, rice gruel, tender coconut water and sugarcane juice, with or without supplementation using baker’s yeast or insect homogenate. Crude metabolites were extracted using ethyl acetate after fungal growth and quantified as yield per unit medium. Among synthetic media, metabolite yield was generally low, with the highest value recorded for B. bassiana in potato dextrose broth. Among cereal grains, red rice and broken sorghum supported comparatively higher metabolite recovery, particularly for L. lecanii. In vegetable media, potato supplemented with insect homogenate produced the highest crude metabolite yield for B. bassiana. Cashew apple supported comparatively better metabolite production by M. rileyi, although this fungus was assessed only in this medium. Among natural liquid media, sugarcane juice was the most productive medium for M. anisopliae and I. fumosorosea, with M. anisopliae producing up to 3.677 g/25 ml when sugarcane juice was supplemented with insect homogenate. Tender coconut water supported the highest yield for B. bassiana among natural liquid media, while L. lecanii produced comparatively lower yields. Overall, the study indicates that selected natural liquid media, especially sugarcane juice, can support higher crude metabolite recovery than synthetic media under laboratory conditions.
Keywords: Entomopathogenic fungi, synthetic and natural media, crude, secondary metabolites.

INTRODUCTION
	Agriculture and horticulture production and productivity worldwide are under challenged by various biotic and abiotic factors. Among them, insect pests alone account for a yield loss of about 17.5% in India and 10.8% globally, making them a major concern (Dhaliwal et al., 2010). Worldwide, chemical control dominates because of its quick action compared to other strategies. However, the disadvantages associated with insecticide use have highlighted the need for more sustainable pest management approaches. In this context, entomopathogens as effective biocontrol agents, play a crucial role in sustainable insect pest management programs.
	In spite of Entomopathogenic fungi (EPF) advantages against insect pests, several factors hamper their efficacy. The survival and spread are dependent largely on environmental factors with stress emphasis on solar radiation, temperature and humidity. Requirements for growth, development and storage impact on pathogenicity posing major challenges in exploiting its potential. Though biological agents do not kill instantly, they achieve good levels of management between one and two weeks after application in the field, based on the presence of pests in the field (Marcinkevicius et al., 2017).  The mentioned scenarios have made the scientific community way-forward for exploring the of entomopathogenic fungal secondary metabolites for the management of insect pests (Hallsworth and Magan, 1995; Ruijter et al., 2003).
	Secondary metabolites are the products of metabolism which are diverse in nature and don’t play a part in the primary life processes. They are not involved in growth, development and cell metabolism in microorganisms and are only involved in defensive mechanisms against insects, bacteria, fungi, viruses etc. They are produced at the stationary phase of the microbial growth and are the source of therapeutics, insecticides, drugs, flavours, fragrances, etc. (Donadio et al., 2002). These compounds are predicted to strengthen fungal adaptations in their native habitats (Shwab and Keller, 2008) such as niche establishment, through signalling molecules in fungal-plant or fungal-insect interactions or protect against biological stress/environmental stress (Moon et al., 2008).
	A wide variety of secondary metabolites are produced by insect-pathogenic deuteromycete genera viz., Metarhizium, Paecilomyces, Beauveria, Isaria, Cladosporium, Alternaria, Lecanicillium and Cordyceps (Pais et al., 1981; Asaff et al., 2005; Du et al., 2014; Moorthi et al., 2015; Shaker et al., 2019; Dalinova et al., 2020; Hanan et al., 2020; Fan et al., 2020). These compounds are secreted and stored in particular developmental structures, such as conidia and are linked to fungal pathogenicity and resistance to variety of environmental stress, including temperature and solar radiations (Carollo et al., 2010). The reported secondary metabolites include pigments, polyols and mycosporines. Co-culturing the plants with the entomopathogenic fungal secondary metabolites has induced desirable changes in plants by protecting themselves against pest and disease build-up (Marcinkevicius et al., 2017).
	Secondary metabolites known to defeat the host immune system, affect host behaviour and protect host resources against competing insects, diseases and saprophytes (Isaka et al., 2005; Molnár et al., 2010). Due to their specific interactions with potassium or sodium ions, secondary metabolites (cyclodepsipeptides by Beauveria spp.) can function as ionophore antibiotics by changing the permeability of cell membranes (Ngoka et al., 1999). Insecticidal activity of destruxins and their analogues has been demonstrated (Pedras et al., 2002; Schrank and Vainstein, 2010), presumably through activating calcium channels in insect muscular membranes (Samuels, 1988). Metarhizium anisopliae produced Aurovertins B binds to the F1-ATPase and inhibits ATP synthesis and hydrolysis in the mitochondrial enzyme system (Van Raaij et al., 1996); Ebel and Lardy, (1975). 
	The present studies aimed at extraction of secondary metabolites from EPF on various media. There is a huge scope in identification of cost effective (low cost) and best media for extraction of huge quantity of secondary metabolites. Nutritional content and quantity of the growing media for EPF may also decides the quantity of secondary metabolites. The secondary metabolites produced from EPF and best media used to produce it are still poorly understood. In this background, the current research was designed to extract the secondary metabolites from four EPF organisms on various natural and synthetic media. 
MATERIAL AND METHODS
	Studies on the extraction of crude metabolites from entomopathogenic fungi on various synthetic and natural media were carried out from October 2020 to December 2023 at the Regional Horticultural Research and Extension Centre (RHREC), University of Horticultural Sciences (UHS) Campus, GKVK, Bengaluru, Karnataka, India.
	Pure cultures of four EPF M. anisopliae and B. bassiana procured from the University of Horticultural Sciences, Bagalkot, L. lecanii and M. riley from the University of Agricultural Sciences, Dharwad and I. fumosorosea from the Central Integrated Pest Management Centre, Bengaluru and were maintained by periodic sub-culturing on Sabouraud’s Dextrose Agar (SDA) medium (Himedia®). Pure cultures were also maintained on SDA slants following standard protocol (Ramegowda, 2005).
Culture media for EPF
	The synthetic media used in the study comprised of Potato Dextrose Agar (PDA), Carrot Dextrose Agar (CDA) and Sabourad’s Dextrose Agar (SDA) media. Solid media were prepared using Himedia® ready media while the liquid media were prepared using Himedia® ingredients using the potato and carrot procured from the local vegetable market.  Five cereal grains (whole rice, broken rice, broken maize, red rice and sorghum), three vegetables (carrot, beetroot and potato), cashew apple and three natural liquid media (rice gruel, tender coconut water and sugarcane juice) were evaluated on the natural media. Media was supplementation with baker’s yeast and insect homogenate and control alone. The synthetic and natural media were prepared /processed following the standard established procedures/protocols (Tuite, 1969 and Ramegowda, 2005).
	For preparing the insect homogenate, eggs of the mulberry silkworm, Bombyx mori (Linnaeus) were procured from the Silkworm Seed Production Centre (Central Silk Board, Government of India), Vijayapura, Devanahalli taluk, Bengaluru Rural District. After hatching, larvae were reared on mulberry leaves up to the 3rd instar. Approximately 50 g of larvae were macerated with an equal weight (50 g) of distilled water and the homogenate was filtered through a double-layered muslin cloth. The resulting filtrate was incorporated into solid and liquid natural media at 10% and 5% concentrations using a syringe (Ramegowda, 2005). 
	All the synthetic and natural media at a quantity of 25 ml or g each of liquid or solid media individually were filled into a tissue culture glass bottles (10.5 cm h × 6 cm d with autoclavable and reusable polypropylene screw lid). For natural media an easy and economical alternative container, autoclavable polypropylene covers (26.5 cm x 20 cm) were used with 50 g or ml of the media in each bag. A set of each media was supplemented (2.5 ml) with either insect homogenate or Baker’s Yeast while, a third set maintained without any supplements (as control). These bottles were autoclaved at 121 C and 15 PSI pressure for 15 min. Upon cooling these were inoculated by sprinkling an inoculation loop full of spores of 10-20 days old EPF cultured on SDA petri plates in LAFC. The culture bottles were later incubated at room temperature.
Crude metabolite extraction
	 The fungi grown of two to four weeks that covered the complete media surface were used for extraction of crude metabolites. Mycelial biomass along with the substrate was soaked overnight with ethyl acetate (1:2.5 proportion) (Plate. 1). The mixture was filtered using blotting paper and was evaporated on water bath of 40 C until the ethyl acetate was completely evaporated and crude metabolite was crystallized (Molnar et al., 2010; Divyashree, 2018).
	The quantity of crude metabolite crystal yield obtained as (mg/g or ml) were documented for each treatment replication wise. The qualitative and quantitative data captured on the culture media for identification of crude metabolite production were subjected to factorial analysis, using WASP (Web Agri Stat Package 2.0) application (Jangam and Wadekar, 2019).
RESULTS
	Crude metabolite production capability of I. fumosorosea, M. anisopliae, B. bassiana and L. lecanii on three each of solid (PDA, CDA and SMYA) and liquid synthetic (PDB, CDB and SMYB) media (Table 1) revealed, no statistical difference in all organisms. Potato dextrose agar media inoculated with B. bassiana registered highest metabolite yield (0.112 g/25 ml) which was on par with SMYB (0.073 g/25 ml) followed by CDB media (0.055 g/25 ml) and least metabolite yield observed in PDA media (0.002 g/25 ml) which was indifferent with rest of the media studied. 
	When L. lecanii was inoculated on five cereal grains for extraction of crude metabolite, red rice recorded significantly more metabolite yield (1.478 g/50 g) (Table 2). Irrespective of grains L. lecanii supplementation with baker’s yeast yielded significantly superior metabolite yield (0.957 g/50 g). Among combinations, red rice inoculated with L. lecanii and supplemented with baker’s yeast recorded significantly highest quantity of metabolite yield (1.890 g/50 g). 
	Among combinations, red rice inoculated with L. lecanii supplemented with baker’s yeast recorded significantly highest quantity of metabolite yield (1.890 g/50 g) followed by broken sorghum with yeast (1.589 g/50 g) (Table 2). Insect homogenate when supplemented to broken maize recorded lowest metabolite yield by B. bassiana (0.194 g/50 g). 
Metabolite production by B. bassiana on vegetables was significantly highest in potato (0.832 g/50 g) (Table 3). Inoculated Inoculative of the media, addition of the media insect homogenate has significantly enhanced the metabolite yield, almost by six folds (1.049 g/50 g). Significantly highest crude metabolite yield was obtained with the addition of insect homogenate to potato (2.266 g/50 g) inoculated with B. bassiana.
Only on cashew apple slices, Metarhizium rileyi was also tested on in addition to further EPF for extraction of crude metabolite (Table 4) on which Beauveria bassiana failed to put on any growth (mycelia, spores and metabolite). Among the rest four, M. rileyi registered statistically highest metabolite yield (0.208 g/50 g) followed by M. anisopliae (0.057 g/50 g) which was on par with L. lecanii (0.039 g/50 g) and I. fumosorosea (0.036 g/50 g). There was no statistical difference when supplemented with two additives (0.071 to 0.099 g/50 g). Among the four EPF M. rileyi registered significantly superior metabolite yield (0.237 g/50 g) when cashew apple was supplemented with baker’s yeast, but was statistically indifferent from control (0.221 g/50 g) and insect homogenate supplementation (0.167 g/50 g).  Statistically minimum quantity of metabolite yield was recorded with I. fumosorosea (0.020 to 0.050 g/50 g) and L. lecanii (0.027 to 0.042 g/50 g) which were too not influenced statistically with amendments.
Studies conducted on metabolite production capability of M. anisopliae on three natural liquid media revealed that, sugarcane juice registered highest metabolite yield (3.532 g/25 ml) (Table 5). Addition of Baker’s appeared to influence EPF M. anisopliae metabolite yield (1.463 g/25 ml). Sugarcane juice with insect homogenate recorded maximum metabolite yield (3.677 g/25 ml).
Highest crude metabolite yield was extracted from EPF M. anisopliae inoculated on sugarcane juice (10615 mg) with cost of 155/- followed by on same medium inoculated by I. fumosorosea (9667 mg) with cost of same amount and lowest yield was recorded from L. lecanii inoculated on PDA (1 mg) with cost of 376/- (Fig.1).


 







Table 1. Metabolite production by entomopathogenic fungi on different synthetic solid and liquid media.
	Synthetic media
	Mean metabolite yield (g/25 ml)

	
	Isaria fumosorosea
	Metarhizium anisopliae
	Beauveria bassiana
	Lecanicillium lecanii

	Potato dextrose agar
	0.002
	0.014
	0.002b
	0.001

	Carrot dextrose agar
	0.003
	0.020
	0.007b
	0.006

	Sabouraud malt yeast extract agar
	0.006
	0.010
	0.004b
	0.005

	Potato dextrose broth
	0.029
	0.050
	0.112a
	0.042

	Carrot dextrose broth
	0.027
	0.042
	0.055ab
	0.036

	Sabouraud malt yeast extract broth
	0.044
	0.067
	0.073a
	0.046

	S. Em ±
	0.031
	0.038
	0.047
	0.035

	C. D. at 1%
	NS
	NS
	0.064
	NS


NS-Non significant
In a column, means followed by same alphabet do not differ significantly (P=0.01) by DMRT.






Table 2. Influence of yeast and insect homogenate on metabolite production by entomopathogenic fungi on cereal grains.
	Treatments
	Mean metabolite yield (g/50 g)

	
	Isaria fumosorosea
	Metarhizium anisopliae

	
	Control
	Baker’s yeast
	Insect homogenate
	Mean
	Control
	Baker’s yeast
	Insect homogenate
	Mean

	Broken rice
	0.279c
	1.017ab
	0.614abc
	0.636ab
	0.919abcd
	0.513cd
	0.599cd
	0.670b

	Whole rice
	0.484bc
	0.482bc
	0.687abc
	0.553b
	1.287ab
	0.385d
	0.687bcd
	0.783ab

	Red rice
	0.594abc
	0.963ab
	0.476bc
	0.678ab
	0.588cd
	0.459cd
	0.924abcd
	0.650b

	Broken maize
	0.588abc
	0.850abc
	0.468bc
	0.632ab
	1.105abc
	0.710bcd
	0.648cd
	0.821ab

	Broken sorghum
	1.122a
	1.101a
	0.453bc
	0.892a
	1.452a
	0.799bcd
	0.737bcd
	0.999a

	Mean
	0.618a
	0.883a
	0.537a
	
	0.599c
	0.687b
	0.924a
	

	
	Cereal Grains
	Supplements
	Interaction
	
	Cereal Grains
	Supplements
	Interaction
	

	S. Em ±
	0.071
	0.092
	0.160
	
	0.068
	0.088
	0.153
	

	CD at 1%
	0.283
	0.361
	0.620
	
	0.288
	0.364
	0.636
	



	Treatments
	Mean metabolite yield (g/50 g)

	
	Lecanicillium lecanii
	Beauveria bassiana

	
	Control
	Baker’s yeast
	Insect homogenate
	Mean
	Control
	Baker’s yeast
	Insect homogenate
	Mean

	Broken rice
	0.265f
	0.331f
	0.286f
	0.290c
	0.479abcde
	0.289de
	0.492abcde
	0.423b

	Whole rice
	0.488ef
	0.342f
	0.337f
	0.389c
	0.643abcd
	0.372bcde
	0.450abcde
	0.482b

	Red rice
	1.036cd
	1.890a
	1.478ab
	1.478a
	0.670abc
	0.800a
	0.707ab
	0.729a

	Broken maize
	0.361f
	0.606ef
	0.460ef
	0.479c
	0.226e
	0.246e
	0.194e
	0.225c

	Broken sorghum
	0.871de
	1.589ab
	1.395bc
	1.282b
	0.326cde
	0.540abcde
	0.549abcde
	0.471b

	Mean
	0.604ab
	0.957a
	0.791a
	
	0.463a
	0.457a
	0.474a
	

	
	Cereal Grains
	Supplements
	Interaction
	
	Cereal Grains
	Supplements
	Interaction
	

	S. Em ±
	0.046
	0.059
	0.103
	
	0.04
	0.051
	0.089
	

	CD at 1%
	0.187
	0.241
	0.416
	
	0.171
	0.225
	0.381
	


In a column, means followed by same alphabet do not differ significantly (P=0.01) by DMRT.


Table 3. Influence of yeast and insect homogenate on metabolite production by entomopathogenic fungi on vegetables.
	Treatments
	Mean metabolite yield (g/50 g)

	
	Isaria fumosorosea
	Metarhizium anisopliae

	
	Control
	Baker’s yeast
	Insect homogenate
	Mean
	Control
	Baker’s yeast
	Insect homogenate
	Mean

	Carrot
	0.159ab
	0.051b
	0.051b
	0.080b
	0.508a
	0.471a
	0.629a
	0.536a

	Beetroot
	0.484a
	0.155ab
	0.281ab
	0.310a
	0.572a
	0.534a
	0.568a
	0.555a

	Potato
	0.318ab
	0.247ab
	0.385ab
	0.317a
	0.128b
	0.217b
	0.151b
	0.169b

	Mean
	0.314a
	0.157a
	0.246a
	
	0.403a
	0.407a
	0.449a
	

	
	Vegetables
	Supplements
	Interaction
	
	Vegetables
	Supplements
	Interaction
	

	S. Em ±
	0.05
	0.05
	0.086
	
	
	
	
	

	CD at 1%
	0.218
	0.218
	0.375
	
	
	
	
	



	Treatments
	Mean metabolite yield (g/50 g)

	
	Lecanicillium lecanii
	Beauveria bassiana

	
	Control
	Baker’s yeast
	Insect homogenate
	Mean
	Control
	Baker’s yeast
	Insect homogenate
	Mean

	Carrot
	0.244ab
	0.180ab
	0.197ab
	0.200ab
	0.323bc
	0.131c
	0.249bc
	0.231b

	Beetroot
	0.212ab
	0.133b
	0.201ab
	0.182b
	0.087c
	0.102c
	0.632b
	0.274b

	Potato
	0.421a
	0.278ab
	0.353ab
	0.356a
	0.088c
	0.141c
	2.266a
	0.832a

	Mean
	0.299a
	0.191a
	0.259a
	
	0.162b
	0.125b
	1.049a
	

	
	Vegetables
	Supplements
	Interaction
	
	Vegetables
	Supplements
	Interaction
	

	S. Em ±
	0.040
	0.040
	0.070
	
	0.059
	0.059
	0.103
	

	CD at 1%
	0.168
	0.168
	0.281
	
	0.250
	0.250
	0.437
	


In a column, means followed by same alphabet do not differ significantly (P=0.01) by DMRT.

Table 4. Influence of yeast and insect homogenate on metabolite production by entomopathogenic fungi on cashew apple.
	Factor B
Factor A
	Mean metabolite yield (g/50 g)

	
	Control
	Baker’s yeast
	Insect homogenate
	Mean

	Isaria fumosorosea  
	0.020b
	0.039b
	0.050b
	0.036b

	Metarhizium rileyi            
	0.221a
	0.237a
	0.167a
	0.208a

	Metarhizium anisopliae    
	0.050b
	0.060b
	0.062ab
	0.057b

	Lecanicillium lecanii           
	0.027b
	0.042b
	0.027b
	0.039b

	Mean 
	0.082a
	0.099a
	0.071a
	

	
	EPF
	Supplements
	Interaction
	

	S. Em ±
	0.020
	0.023
	0.040
	

	C. D. at 1%
	0.053
	0.063
	0.116
	


In a column, means followed by same alphabet do not differ significantly (P=0.01) by DMRT.






Table 5. Influence of yeast and insect homogenate on metabolite production by entomopathogenic fungi on natural liquid media.
	Treatments
	Mean metabolite yield (g/25 ml)

	
	Isaria fumosorosea
	[bookmark: _Hlk193361388]Metarhizium anisopliae

	
	Control
	Baker’s yeast
	Insect homogenate
	Mean
	Control
	Baker’s yeast
	Insect homogenate
	Mean

	Rice gruel
	0.277d
	0.315d
	0.324d
	0.309c
	0.311b
	0.352b
	0.310b
	0.328b

	Tender coconut water
	0.610c
	0.509cd
	0.341d
	0.483b
	0.334b
	0.377b
	0.076b
	0.262b

	Sugarcane juice
	3.306a
	3.404a
	2.957b
	3.229a
	3.276a
	3.662a
	3.677a
	3.532a

	Mean
	1.394a
	1.409a
	1.207b
	
	1.300a
	1.463a
	1.358a
	

	
	Media
	Supplements
	Interaction
	
	Media
	Supplements
	Interaction
	

	S. Em ±
	0.036
	0.036
	0.063
	
	0.104
	0.104
	0.180
	

	CD at 1%
	0.156
	0.156
	0.267
	
	0.419
	0.419
	0.714
	



	Treatments
	Mean metabolite yield (g/25 ml)

	[bookmark: _Hlk193361689]
	Lecanicillium lecanii
	Beauveria bassiana

	
	Control
	Baker’s yeast
	Insect homogenate
	Mean
	Control
	Baker’s yeast
	Insect homogenate
	Mean

	Rice gruel
	0.282
	0.396
	0.261
	0.316
	0.573bc
	0.444c
	0.487bc
	0.501b

	Tender coconut water
	0.452
	0.292
	0.449
	0.398
	0.885a
	0.724ab
	0.656abc
	0.752a

	Sugarcane juice
	0.420
	0.281
	0.166
	0.292
	0.025d
	0.102d
	0.058d
	0.068c

	Mean
	0.388
	0.320
	0.298
	
	0.498a
	0.423a
	0.390a
	

	
	Media
	Supplements
	Interaction
	
	Media
	Supplements
	Interaction
	

	S. Em ±
	0.047
	0.047
	0.082
	
	0.039
	0.039
	0.068
	

	CD at 1%
	NS
	NS
	NS
	
	0.143
	0.143
	0.250
	


        In a column, means followed by same alphabet do not differ significantly (P=0.01) by DMRT

	  
	  
Fig. 1. Cost Economics of entomopathogenic fungal crude metabolites
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Plate. 1. Extraction of entomopathogenic fungal crude metabolites


DISCUSSION
Solid and liquid synthetic media
Among the four test fungi (I. fumosorosea, M. anisopliae, B. bassiana and L. lecanii) examined for crude metabolite production capability on three each of solid (PDA, CDA and SMYA) and liquid synthetic (PDB, CDB and SMYB) media only B. bassiana differentiated media statistically, while others didn’t (Table 1). For better growth and development of EPF, broth media is more congenial than the agar media. It is mainly due to the area availability at bottom/below the surface area, spores and mycelia can penetrate in to the media and can grow which may be difficult or not possible with agar media. Potato provides (18%) carbohydrates (starch) (Dhaliwal, 2007) which boosts up the growth and development of EPF. Sabourad’s malt yeast has malt extract which supplies around 90-93% of carbohydrate besides peptone and yeast extract. These may be attributed for higher metabolite yields with PDB and SMYB. Maltose (70%) and peptone were reported as the best carbon and nitrogen sources, respectively along with amino acid b-alanine for the production of destruxins by M. anisopliae (Liu et al., 2002).  Among the different carbon/nitrogen proportions, higher concentrations of peptone (>60%) in liquid media favours the toxin production (Wang et al., 2004). Keppanan et al. (2019) recovered high yield of metabolite from L. lecanii on CDB culture. Most of the researchers have reported that, many EPF produce a wide range of metabolites under submerged or liquid culture or anaerobic conditions (Shah et al., 2005; Safavi et al., 2007; Khachatourians and Qazi, 2008). Metabolite production by EPF are reported in M. anisopliae (Chen et al., 1995; Wang et al., 2004), L. lecanii (Ravindran et al., 2018) and Chrysosporium lobatum (Mohanty and Prakash, 2009). 
Cereal grains
The higher carbohydrate content in red rice might be the reason for higher metabolite yield need to verified further. Besheli et al. (2000) have confirmed that the no toxins were detected when insect homogenate was used as a sole nutrient or when used along with carbon nitrogen liquid medium. They have also observed that there was no direct relation to the biomass production and toxin production. 
Vegetables
Contrary to the findings with cereal grains, higher crude metabolite yield was obtained with the addition of insect homogenate. It was significantly highest with potato inoculated by B. bassiana (2.266 g/50 g) and was significantly least with carrot inoculated with I. fumosorosea supplemented with either baker’s yeast or insect homogenate (0.051 g/50 g) (Table 3). As mentioned earlier, for normal growth and development of EPF need more starch content in the media. The vegetable potato contains more carbohydrates content (18% starch) than carrot (10.6 %) and beetroot (8.8 %) (Dhaliwal, 2007). Supplementation of silk worm’s insect homogenate which is rich in chitin and fat bodies might have served as an added source of nutrition for B. bassiana.
Cashew apple
Though Metarhizium rileyi was not a focussed organism in the present study (Table 4) emerged as the best in terms of metabolite yield with cashew apple. Addition of supplements to cashew apple did not influence the metabolite yields with all the four test EPF.  Earlier, Ambethagar (1991, 1996, and 1997) respectively, has attempted for producing EPF on cashew apple along with many agro wastes/derivatives.
Natural liquid media
	Entomopathogenic fungi crude metabolite on three tested natural liquid media (Table 5) was significantly highest from sugarcane juice which may be attributed to higher carbohydrate content (22.8 g) than the rest two. Entomopathogenic fungi metabolite production studies on various agricultural products or natural substances is obscure barring Latge and Sanglier (1985). 
Conclusion
The present study showed that the type of culture medium influenced crude secondary metabolite recovery from entomopathogenic fungi. In general, synthetic solid and liquid media produced comparatively lower yields than selected natural media. Among the natural liquid media, sugarcane juice supported the highest crude metabolite production by Metarhizium anisopliae and Isaria fumosorosea, while tender coconut water was comparatively more suitable for Beauveria bassiana. Lecanicillium lecanii produced lower yields in natural liquid media, but showed better recovery on selected cereal grains, particularly red rice and broken sorghum. Potato supplemented with insect homogenate supported the highest crude metabolite yield for B. bassiana among the vegetable media tested. The results also suggest that low-cost natural substrates may be useful for laboratory-scale production of crude fungal metabolites. However, the present findings are based on crude extract yield and do not identify individual metabolites or confirm biological activity against target insects. Therefore, further studies involving metabolite characterization, bioassay-guided evaluation and optimization of production conditions are necessary before practical application can be recommended.
Limitations
This study was limited to laboratory-scale extraction and quantification of crude metabolites from entomopathogenic fungi cultured on selected media. The extracted material was not chemically characterized; therefore, the identity, purity and composition of the metabolites remain unknown. The study also did not include bioassays against insect pests, and hence the insecticidal activity or biological efficacy of the crude extracts cannot be confirmed from the present results. Although different media and supplements were evaluated, the work did not assess detailed nutritional composition of each medium, which limits interpretation of the factors responsible for variation in metabolite yield. The cost comparison was based on production inputs reported in the study, but detailed calculation procedures were not fully described. In addition, Metarhizium rileyi was evaluated only on cashew apple, making direct comparison with the other fungi limited. Further validation under optimized laboratory and field-relevant conditions is required.
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