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Apple pomace (AP), the left over waste after extraction of 

juice, is often dumped in open field and that adds to 

environmental pollution. In this context and a rich source of 

carbohydrates, we tried  to standardize the AP as a substrate for 

growth and spore production of entomopathogenic fungi (EPF) 

viz., Lecanicillium lecanii, Beauveria bassiana and Paecilomyces 

fumosoroseus by adding water, ammonium nitrate, as well as 

using different temperatures and pH. Results have shown that 

addition of 40 mL of water, 4 g of ammonium nitrate, and 

maintaining temperature at 30oC and pH alkaline (pH 8 & 10) in 

AP recorded significantly higher spore production of L. lecanii 

(50.53, 52.81, 151.2 and 50.26-52.2 lakh spores/mL, respectively),  

B. bassiana (50.44, 51.87, 152.2 and 50.14-51.66 spores/mL, 

respectively) and P. fumosoroseus (50.56, 52.18, 149.3 and 50.14-

52.31 lakh spores/mL, respectively) as compared to positive 

control, potato dextrose agar (41.76-43.8 lakh spores/mL). 

Keywords: Ammonium nitrate, Apple waste, Mallus domestica 

Apple, Mallus domestica Borkh is the most important 

fruit widely grown in temperate countries. The area of 

apple crop in the world is about 49.34 lakh hectares 

with a production of 8.31 crore tonnes during 2017
1
. 

The total annual production of apples in India is about 

2327 metric tonnes with an area of 301 thousand 

hectares during 2017-18. Out of total production, 71% 

of the apple fruits are used for consumption, 20% is 

for value added products. Apple pomace (AP) is a 

left-over waste or by-product after extraction of juice 

contains peel and seeds which represents about 25 to 

35% of weight of processed apples
2
. Even when the 

total annual production of AP in India was about  

1.3 million in 2010, only 10000 tonnes were utilized 

and the remaining was dumped in open fields creating 

environmental pollution
3
. AP contains (in dry wt. 

basis) 3.97-5.4% moisture, 48-62% carbohydrates 

(glucose 22.7%, fructose 23.6%, sucrose 1.8%), 

57.85% total soluble solids, 4.45-5.67% proteins, 

3.29% soluble proteins, 8.53-18.50 mg/100 g vitamin 

C, 4.7-51.1% fibre (insoluble fibre 36.5%, soluble 

fibre 14.6%) 3.90 pH, 1.52% amino acids, 3.5-

14.32% pectin and 0.99% polyphenol
2
. 

In apple fruit processing industries, disposal of 
apple waste (pomace) generated during pre- and post- 
processing of apple fruits is a potential challenge. 
Besides polluting environment, it poses health hazards 
due to growth of undesirable microbes. However, at 
present, AP is being utilized for production of value 
added products viz., ethanol, crude protein, pectin, 
microbial colours, citric acid, dietary fibre and animal 
feed

2,3
. Further, to add to effective utilization of this 

biowaste, we studied if it could be used as a substrate 
for entomopathogenic fungi.  

Entomopathogenic fungi (EPF) are used as 
biological control agents in the management of insect 
pests (sucking pests, chewing insects, nematodes) and 
powdery mildew disease in agriculture

4
.  Food grains 

such as rice, wheat, bajra, etc., are generally used as a 
solid substrate for mass production of EPF. In  
India, biopesticide industries are using liquid media 
(sugarcane molasses yeast broth) for commercial 
production of EPF blastopore’s due to non-availability 
of cost effective solid agro wastes. Development  
of cost-effective mass production technology is a 
prerequisite for EPF. Apple is the major fruit crop in 
Himachal Pradesh, Jammu & Kashmir and Uttarakhand 
states of India.  

Any fungi require rich source of carbohydrates, 

nitrogen and neutral to alkaline pH for better growth 

and multiplication. AP is highly acidic (pH 3.7-3.9), 

rich in carbohydrates but lacks nitrogen. Therefore, 

it is necessary to supplement the AP with nitrogen 

and to modify the pH for better growth and 

multiplication of EPF. Hence, in the present study 

we explored the potential of apple pomace (AP)  

as a substrate for optimal mass production of 

entomopathogenic fungi Lecanicillium lecanii, 

Beauveria bassiana and Paecilomyces fumosoroseus 

in terms of growth and spore production by adding 

water, ammonium nitrate, and monitoring the 

temperature and pH. 
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Materials and Methods 
 

Production of apple pomace powder 

Fresh AP collected from Fruit Processing Plant, 

Himachal Pradesh Marketing Co-operative Society 

(HPMC), Parwanoo, Govt. of Himachal Pradesh was 

dried under shade  for 10-15 days  and was powdered 

using grinder. 
 

Maintenance of EPF cultures 

Pure cultures of L. lecanii, B. bassiana and  

P. fumosoroseus was obtained from the ICAR-National 

Bureau of Agricultural Insect Resources (NBAIR), 

Bangalore and multiplied on potato dextrose agar 

(PDA) as and when required for experiments. 
 

Effect of various factors in AP powder on growth and spore 

production of EPF 
 

Water  

Ten grams of AP powder was taken in 250 mL 

conical flasks; 0.5 g of calcium carbonate was added 

in different concentrations of water (15, 20, 25, 30, 35 

and 40 mL) separately. The mixture was mixed 

properly using glass rod and kept for one hour. All 

flasks were autoclaved at 121℃ for 20 min and kept 

at room temperature for 24 h to check contamination, 

then inoculated with 1.0 mL spore suspension of EPF 

under aseptic conditions. The culture flasks were 

incubated at 27℃ for 10 days and then the spore yield 

(no. of spores/mL) was calculated after harvesting the 

mycelia. There were six treatments and each 

treatment replicated thrice. 
 

Harvesting of EPF and counting the spore production 

Entomopathogenic fungi were allowed to multiply 

in the AP medium up to 10 days in 250 mL conical 

flasks. Tween 80 (0.25%) solution was prepared with 

distilled water and 100 mL was added to each flask 

and allowed to soak for 1 hour. The AP media 

containing conidia/mycelia was filtered with double 

layered muslin cloth to separate the mycelium. The 

filtrate was transferred to 100 mL centrifuge tube and 

allowed for centrifugation at 2000 rpm for 5 min at 

4℃. The supernatant was discarded and the sediment 

was mixed with 10 mL of distilled water and then 

number of spores/mL was counted under stereo-

binocular microscope using Neuber Haemocytometer, 

then spore yield/mL was calculated using the 

following formula.  
 

 
 

Ammonium nitrate 

Ten grams of AP powder was taken in 250 mL 

conical flasks and 0.5 g of calcium carbonate was 

added in different concentrations of ammonium 

nitrate (0.5, 1, 2, 3 and 4 g) separately in different 

flasks. There were five treatments and each treatment 

was replicated thrice. Later the same methodology 

was followed as mentioned above. 
 

pH 

Ten grams of AP powder was taken in 250 mL 

conical flask then 40 mL distilled water was added in 

the flasks to make slurry. Sodium hydroxide (NaOH) 

or hydrochloric acid (HCl) of 1N concentration was 

added in the flasks to adjust the pH 6, 7, 8 & 10 and 

then same methodology was followed as mentioned 

above. 
 

Temperature 

As done for pH, 10 g of AP powder was taken in 

250 mL conical flask and mixed properly with 40 mL 

distilled water using glass rod. All flasks were 

autoclaved at 121℃ for 20 min and kept at different 

temperatures (15, 20, 25, 30 and 35℃). Further, the 

same methodology was followed as mentioned above. 
 

Statistical analysis 

The data on spore yield/production was analyzed 

by one way analysis of variance (ANOVA) using 

SPSS statistical software, version 16 and means were 

compared by Duncan multiple range test (DMRT). 
 

Results & Discussion 
 

Effect of addition of water in AP on spore production of EPF 

Fig. 1A shows that 40 mL of water significantly 

improved (P <0.0001) spore production in L. lecanii, 

B. bassiana and P. fumosoroseus (50.53, 50.44 and 

50.56 lakh spores/mL, respectively after 10 days of 

inoculation followed by 35 mL (46.30-47.53 lakh 

spores/mL) and 30 mL (45.01-45.33 lakh spores/mL). 

Spore production for 25 and 20 mL of water was  

at par with positive control (41.76-43.80 lakh 

spores/mL). The lowest spore production of all three 

EPF was observed in AP added with 15 mL of water 

(35.06-36.02 lakh spores/mL). 
 

Effect of addition of ammonium nitrate 
Addition of 4 g of ammonium nitrate in AP powder 

showed significantly (P <0.0001) high spore 

production in L. lecanii, B. bassiana and  

P. fumosoroseus (51.87-52.81 lakh spores/mL) after 

10 days of inoculation and was followed by 3 g 
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(49.68-50.82 lakh spores/mL), 2 g (46.76-47.26 lakh 

spores/mL) and 1 g (43.51-43.58 lakh spores/mL) as 

shown in Fig. 1B. However, 0.5 g of ammonium 

nitrate resulted in comparatively less spore production 

(41.95-42.53 lakh spores/mL), at par with the positive 

control (41.76-43.80 lakh spores/mL). 
 

Effect of temperature on spore production of EPF in AP 

Fig. 1C which depicts the effect of different 

temperatures on spore production of L. lecanii,  

B. bassiana and P. fumosoroseus shows that, the spore 

production of EPF was significantly (P <0.0001) 

higher at 30℃ (149.30-152.20 lakh spores/mL) after 

10 days of inoculation and was followed by 25℃ 

(89.79-91.24 lakh spores/mL) and 20℃ (67.29-71.04 

lakh spores/mL) as compared to PDA (149.30-152.20 

lakh spores/mL).The lowest spore production was 

observed at 15℃ (30.2 lakh spores/mL). No growth 

and spore production was seen at 35℃. 
 

Effect of pH on spore production of EPF in AP 

Effect of different pH on spore yield of L. lecani, 

B. bassiana and P. fumosoroseus multiplied on AP 

powder is presented in Fig. 1D. Spore production of 

EPF was significantly (P <0.0001) higher in alkaline 

pH of 8 and 10 (50.14-52.31 lakh spores/mL) and  

was followed by neutral pH 7 (47.47-47.95 lakh 

spores/mL) and acidic pH (42.78-43.58 lakh 

spores/mL). Spore production at acidic pH in  

L. lecanii and P. fumasoroseus was at par with 

positive control (41.76-43.8 lakh spores/mL). 

The carbon and nitrogen plays major role for the 

growth and multiplication of EPF in solid state 

fermentation. Carbon source comes from the natural 

soluble/insoluble carbohydrates, while the nitrogen 

source is supplemented. Apple pomace contains 

sufficient fermentable carbohydrates that could be 

used as carbon source, but low level of nitrogen 

source available for EPF becomes the limiting factor 

for fungal growth. In the present study, addition of 

water, supplementation of ammonium nitrate in AP, 

adjusting the pH and effect of temperature directly 

influenced the growth and spore production in all the 

three entomopathogenic fungi, L. lecanii, B. bassiana 

and P. fumosoroseus after 10 days of inoculation. EPF 

prefer to grow more in alkaline pH as compared to 

neutral. AP has acidic pH (3 to 3.7) due to organic 

acid content, and therefore, it is necessary to add 

calcium carbonate to AP powder to neutralize AP 

medium. Due to acidic nature, the AP was adjusted 

with pH by adding HCl and NaOH and then reported 

better growth and spore production in alkaline pH as 

compared to acidic and neutral. In a similar study, 

yeast mold culture media adjusted with pH 5 to 9 and 

water activity (>0.99) showed better germination, 

 
 

Fig. 1 — Effect of (A) water volume; (B) ammonium nitrate; (C) 

temperature; and (D) pH on spore production of entomopathogenic 

fungi in Apple Pomace. 
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sporulation, growth and insecticidal activity of 

Nomuraea rileyi
5
. Growth rate and biomass of  

B. bassiana-G07 multiplied on yeast extract peptone 

glucose agar was higher in neutral to alkaline pH
6
. 

Moisture present in the media play significant role 

in the growth of fungi in solid media/substrate
7,8

. 

Higher moisture content in AP media increases the 

aerial mycelia. In the present study also, EPF showed 

significant growth when water was added to AP @ 

3.5 to 4 mL of water/g. Similarly, supplementation of 

ammonium nitrate showed better growth of L. lecanii, 

B. bassiana and P. fumosoroseus. Present results were 

in conformity with the findings of Zheng & Shetty
8
, 

who reported that addition of 0.05 g of calcium 

carbonate, 2 to 5 mL of water and 0.05 g of 

ammonium nitrate per gram of AP showed optimum 

growth in Trichoderma spp., Penicillium and 

Rhizopus species. Zheng & Shetty
9
 also showed 

promising growth of Trichoderma harzianum, 

Trichoderma pseudokoningii, Penicillium isolate, and 

Rhizopus in cranberry pomace supplemented with 

calcium carbonate, water, and ammonium nitrate  

or fish protein hydrolysate/gram of pomace.  

In alignment with the observations of the present 

study, Reddy & Sahotra
10

,also reported that addition 

of 40 mL water and 0.5 g of agar agar in 10 g AP 

medium at 5% showed promising growth of L. lecanii 

and was on par with AP 4 and 5%. The spore yield 

also was higher in AP 5% (16 × 10
6
 spores/mL)  

as compared to other concentrations. The C:N  

(10:1) ration reported good growth and conidial yield 

(25 × 10
7
 conidia/mL) of B. bassiana multiplied in 

Sabouraud dextrose yeast agar
11

. 

Temperature also influences growth and spore 

productionin EPF. In this study, 30℃ showed more 

spore production, followed by 25℃. However, no 

growth was observed at 35℃. These results are in 

agreement with the findings of Cabonillas & Jones
12

 

who demonstrated optimal growth of Isaria sp. on 

Sabouraud maltose agar at 30℃ and no growth at 

35℃ after 7 days of inoculation. Similarly, the growth 

of B. bassiana was also higher at 25-30℃ (80-88%)
13 

. 

In other study, growth rate and biomass of  

B. bassiana-G07 multiplied on yeast extract peptone 

glucose agar was higher at 25-27℃
6
. 

Though considerable literature is available on other 

agro-wastes/fruit wastes used for multiplication other 

fungi, only limited literature is there on application of 

AP waste for multiplication of EPF. Maximum spore 

production of B. bassiana was reported in vegetables 

and rice husk (10.76 × 10
8
 spores/100 g)

14
. In another 

study, rice husk supported maximum spore production 

for B. bassiana (52 × 10
7
spores/100 g) and M. anisopliae 

(59.5 × 10
7 

spores/100 g)
15

. In the present study, the 

spore production of EPF was more in AP as compared 

to vegetable and rice husk. Molasses showed higher 

spore production of B. bassiana (6.9 × 10
13

 spore/mL)
16

. In a 

similar study, P. lilacinus recorded highest production of 

spores on biowaste of mango (3.3 × 10
7 
spores/mL) followed 

by carrot, papaya and banana (3.2, 2.6 and 2.1 × 10
7 

spores/mL, respectively). Similarly, T. harzianum 

produce maximum spore count on biowaste of carrot 

(3.14 × 107) as compared to mango chukandar banana 

and papaya (3.07, 2.97, 2.94 and 2.86 × 107 

spores/mL, respectively)
17

 as compared to tbhe 

present study. Vegetable waste reported maximum 

spore production of M. anisopliae, Trichoderma 

longibrachiatum and B. bassiana (8.8, 7.96 and 7.4 × 10
7
 

spores/g, respectively) after 15 days of incubation as 

compared to rice straw, sugarcane baggase, coconut 

coir and corn cob
18

. The production of β-glucosidase 

yield by Penicillium verruculosum was higher (45%) 

at 65℃ and pH 4.5 using passion fruit peel as substrate
19

. 

In a similar study, Czapeck media supplemented with 

orange waste peel as carbon for Aspergillus niger 

showed higher production of enzymes. With partial 

optimization of culture, obtained maximum enzyme 

yield (117.1 ± 3.4 mu M/mL/min) at 30℃ in an 

orange waste peel medium with pH 5.5 and 4% 

substrate concentration
20

. In another study, the growth 

of Trichoderma atroviride was faster as compared to 

A. sojae, and survival of T. atroviride in the tomato 

pomace was longer than A. sojae. Different carbon 

compounds were also shown to be produced by these 

two fungi on tomato and pepper pomaces
21

. The 

endophytic fungi grown on agro-industrial waste of 

pineapple peel (PP), sugarcane bagasse (SB) showed 

higher halo diameter of Phlebia sp. (15±0.16 mm) 

and of Schizophyllum commune (14.80±0.18 mm). 

Similarly, submerged cultures of PP or SB reported 

high a-amylase activity
22

. 

 

Conclusion 
Apple pomace (AP) is a left-over waste after 

extraction of juice. Due to affordability and rich 

carbohydrate contents, AP was selected as a potential 

substrate for the growth and spore production of 

entomopathogenic fungi. The process was 

standardized by adding water, ammonium nitrate, 

modifying the pH and temperature @ 4 g/10 g AP), 
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temperature at 30℃ and alkaline pH  supported in 

maximum spore production of L. lecanii (50-52 lakh 

spores/mL), B. bassiana (50-152 lakh spores/mL) and 

P. fumosoroseus (50-149 lakh spores/mL). The results 

suggest that AP can be used as a solid substrate for 

mass production of EPF for commercial formulation.  

 

Acknowledgement 

Authors grateful to Department of Biotechnology, 

Ministry of Science and Technology, Govt. of India, 

New Delhi, for the project grant BT/PR5810/ 

AGR/5/585/2012 to carry out the study. Authors also 

thank ICAR-National Bureau of Agricultural Insect 

Resources (NBAIR), Bengaluru (KARNATAKA) for 

providing the cultures of L. lecanii, B. bassiana) and 

P. fumosoroseus for the study. Part of this work has 

been filed for patent in India wide reference number 

0285NF2015 dated 11/1/2016. IHBT communication 

number for this article is 4008. 

 

Conflict of interest 
The authors declare no conflicts of interest. 

 

References 

1 FAOSTAT-Food and Agriculture Organization of the United 

Nations (www.fao.org)-acessed on 21.01.2020. 

2 Joshi VK & Attri D, Solid state fermentation of apple 

pomace for the production of value-added products. Nat 

Prod Rad, 5 (2006) 289. 

3 Shalini R & Gupta DK, Utilization of pomace from apple 

processing industries: a review. J Food Sci Technol, 47 

(2010) 365. 

4 Goettel MS, Koike M, Kim JJ, Aiuchi D, Shinya R & 

Brodeur J, Potential of Lecanicillium spp. for management of 

insects, nematodes and plant diseases. J Invertebr Pathol, 98 

(2008) 256. 

5 Aguirre N, Villamizar L, Espinel C & Cotes AM, Effect of 

pH and water activity over Nomuraea rileyi (Hyphomycetes) 

development. Rev Col Entomol, 35 (2009) 138.  

6 Otgonjargal Kh, Purevjargal G, Enkhbold N & Buttur B, 

Optimum and tolerance pH range, optimal temperature of the 

local strain Beauveria bassiana G-07. Int J Adv Innov Res, 4 

(2015) 2319. 

7 Cannel E & Moo-Young M, Solid state fermentation 

systems. Process Biochem, 15 (1980) 24. 

8 Zheng Z & Shetty K, Solid state production of beneficial 

fungi on apple processing wastes using glucosamine as the 

indicator of growth. J Agric Food Chem, 46 (1998a) 783. 

9 Zheng Z & Shetty K, Cranberry processing waste for solid state 

fungal inoculant production. Process Biochem, 33 (1998b) 323. 

10 Reddy SGE & Sahotra S, Multiplication of entomopathogenic 

fungus (Lecanicillium lecanii) on apple pomace and its toxicity 

against aphid (Aphis craccivora). Toxin Rev, 2018. DOI: 

10.1080/15569543.2018.1504222. 

11 Safavi SA, Shah FA, Pakdel AK, Rasoulian GR, Bandani AR 

& Butt TM, Effect of nutrition on growth and virulence of the 

entomopathogenic fungus Beauveria bassiana. FEMS 

Microbiol Lett, 270 (2007) 116. 

12 Cabanillas HE & Jones WA, Effects of temperature and 

culture media on vegetative growth of an entomopathogenic 

fungus Isaria sp. (Hypocreales: Clavicipitaceae) naturally 

affecting the whitefly, Bemisia tabaci in Texas. 

Mycopathologia, 167 (2009) 263. 

13 Sabbour MM, Ragei M & Rahman A, Effect of some 

ecological factors on the growth of Beauveria bassiana and 

Paecilomyces fumosoroseus against corn borers. Aust J Basic 

Appl Sci, 5 (2011) 228. 

14 Sahayaraj K & Namasivayam SKR, Mass production of 

entomopathogenic fungi using agricultural products and by 

products, Afr J Biotechnol, 7 (2008) 1907. 

15 Sivakalai S & Ramanathan N, Simple and cost-effective 

method for mass production of entomopathogenic fungi by 

using naturally available substrate. International Journal of 

Front  Sci Technol, 2 (2014) 67. 

16 Subasinghe MRVN, Amarasinghe KGAK & Dharmadasa M, 

utilizing agricultural byproducts as substrates for mass 

production of Beauveria bassiana (Balsamo) Vuillemin which 

control coffee berry borer (Hypothenemus hampi (Ferrari), 

Proceedings of 12th Agricultural Research Symposium, (2013) 

269. 

17 Ganaie MA & Khan TA, In vitro studies of bio-wastes on 

growth and sporulation of fungal bioagents. Afr J Agric Res, 8 

(2013) 4660. 

18 Ghosh SK & Pal S, Mass multiplication of entomopathogenic 

fungi using agricultural waste, N Y Sci J, 8 (2015) 82. 

19 Almeida, JM, Lima, VA, Giloni-Lima PC & Knob A, Passion 

fruit peel as novel substrate for enhanced beta-glucosidases 

production by Penicillium verruculosum: Potential of the crude 

extract for biomass hydrolysis. Biomass Bioenergy, 72 (2015) 

216. 

20 Ahmed I, Zia MA, Hussain MA, Akram Z, Naveed MT & 

Nowrouzi A, Bioprocessing of citrus waste peel for induced 

pectinase production by Aspergillus niger; its purification and 

characterization. J Radiat Res Appl Sci, 9 (2016) 148.  

21 Guneser O & Yuceer YK, Biosynthesis of eight-carbon 

volatiles from tomato and pepper pomaces by fungi: 

Trichoderma atroviride and Aspergillus sojae. J Biosci 

Bioeng, 123 (2017) 451. 

22 Orlandelli RC, Santos MS, Polonio JC, de Azevedo JL & 

Pamphile JA, Use of agro-industrial wastes as substrates for α-

amylase production by endophytic fungi isolated from Piper 

hispidum Sw. Acta Sci Technol, 39 (2017) 255.  

 


