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ABSTRACT: Pomegranate (Punica granatum L.) is a fruit crop with high nutritional and therapeutic values. Major
problem in pomegranate productions is plant disease caused by various fungi and bacteria, CWDESs of phytopathogens
are a key virulence factor in infection process and pathogenesis. Major aim of this study was: (I) to isolate and identify
phytopathogens that cause disease in pomegranate fruit (II) to screen for hydrolyases. Pomegranate with spots and
rotting symptoms collected from market of Ahmedabad, Gujarat. Four fungal, one yeast and one bacterial culture was
isolated from it. These isolates further screened for hydrolytic enzyme (amylase, cellulase, chitinase, lipase, pectinase,
protease) production. Result shows variety of enzyme production by isolates. The two fungal isolates selected namely,
PGF1 and PGF4 were identified as Xenoacremonium falcatum (with 98.76% similarity) based on ITS sequencing,
respectively; and one bacterial isolate PGB1 was identified as Bacillus velezensis (with 100% similarity) based on 16S
rRNA sequence analysis by NCMR (NCCS), Pune, India. One yeast isolate PGFS5 identified as Candida freyschussii
(with 93% similarity) by Supratech Micropath Laboratories, Ahmedabad, India through VITEK?2 system. The enzyme
profiles may provide inputs for genetic manipulation to prevent disease, and also help define phytopathogens as bio-
based resource of enzyme(s).

KEYWORDS: Punica granatum L., cell wall degrading enzymes, enzyme profile, Xenoacremonium falcatum,
Candida freyschussii, Bacillus velezensis.

I. INTRODUCTION

Pomegranate (Punica granatum L.), a member of Punicaceae family, is an ancient high value fruit crop capable to
cultivated in different agro-climatic conditions. Ancient traders in Central Asia and the Middle East referred to the
pomegranate as the “fruit of paradise” [1].Every part of pomegranate like root, bark, wood, sprouts, leaves, flowers,
fruit, rind and seed have economic value [2].Pomegranate has magical nutritional and therapeutic values due to the
presence of several potentially bioactive compounds in its different parts like, ellagitannins, galloyl derivative in fruit,
bark, wood and leaves [3]; Terpenoids [4],sex steroids [5], tocopherols [5] in seed and seed oil; Flavonols [6] ,
flavanone glycoside [5], anthocyanidins [7]in fruit; Gallotannins [8], pyridine alkaloids [9] in bark and heartwood,;
Flavones [10], flavone glycosides [10], piperidine alkaloids [10] in leaves. Because of these properties of pomegranate,
it is widely use in treatment of cardiovascular disease [11],oral diseases [12], breast cancer [13], Lung cancer
[14],prostate cancer [15], skin tumorigenesis [16],colon carcinogenesis [17],Atherogenesis [18], AIDS [19], diabetes
[20].Growing awareness of innumerable medical and health benefits of pomegranate, stimulates demand for
pomegranate and its by-products.

India is the world’s largest producer of pomegranates, followed by Iran, China and Turkey. The Indian pomegranate
production is growing by 20 to 25% every year. India is the only country able to deliver pomegranates all year round
because of its climate conditions. Among major pomegranate growing states, Maharashtra is the largest producer,
occupies 62.91% of total production in country followed by Gujarat (16.23%), Karnataka (9.42%), Andhra Pradesh
(4.91%), Madhya Pradesh (4.02%), Rajasthan (0.93%), Telangana (0.70%) and Tamil Nadu (0.46%) [21, 22].
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Major problem in pomegranate productions is plant disease cause by various fungi and bacteria, result in yield loss and
decrease market value of fruit. Plant disease also have large impact on local economies and rural community. Severe
disease outbreaks can cause 60 to 80% yield losses of pomegranate [23].

These losses reflect incomplete knowledge relating to the causes and mechanisms behind disease development [24]. So,
a better understanding of Plant-Pathogen relationship and its virulence factor is important to understand disease
mechanism and help in development of disease management strategy. Linking plant pathology with ecology is very
important to understand plant disease dynamics.

Plant cell wall functions as an important barrier against pathogen attack. So, initial step in infection is to pass across
plant cell wall through degradation of plant cell wall components by producing several cell wall degrading enzymes
such as amylase, cellulase, chitinase, cutinase, pectinases, proteases, xylanase, etc.

In view of this background, objective of this study was: (1) to isolate and identify phytopathogens that cause disease in
pomegranate (2) to screen for hydrolyases.

II. MATERIALS AND METHODS

Isolation of Fungi and Bacteria from spoiled pomegranate fruit

Pomegranate with spots and rotting symptoms were collected from the local market of Ahmedabad, Gujarat. After
surface sterilization of the fruit, microscopic examination of spoiled portion was carried out. Then spoiled portion of
pomegranate fruit was placed on different microbiological media namely, Potato Dextrose Agar (PDA), Martin Rose
Bengal Agar (MRBA), Glucose Yeast Extract agar (GYEA) medium for fungi at 26-28°C, 5.5-6.0 pH for 4-6 days, and
on Nutrient Agar medium for bacteria at 37°C, 7.0-7.5 pH for 24-48 hours. Pure culture of fungi, yeast and bacteria
obtained were preserved on slants of respective medium and stored at 4°C for further studies.

Screening of isolates for hydrolytic enzyme production

Screening of isolates for hydrolytic enzyme production done by using plate assay method. Fungal and bacterial isolates
cultured on Starch agar medium for amylase, Carboxymethyl cellulose agar medium for cellulase, Chitin agar medium
for chitinase, Tributyrin agar medium for lipase, Pectin agar medium for pectinase and Gelatin agar medium for
protease activity. These plates were incubated at 26-28°C, 4-6 days for fungi and at 37°C, 24-48 hours for bacteria.
After incubation 0.2%]I2 and 0.1% KI solution was added to chitin agar plate, pectin agar plate and starch agar plate.
Congo red (0.5%) was added to carboxymethyl cellulose agar plate, after 15 min. solution was discarded and the
culture were washed with 1M NaCl. Frazier’s reagent added to Gelatin agar plate. A clear zone surrounding colony
indicate production of respective enzyme by isolate. This clear zone directly observed in tributyrin agar plate.

Identification of isolates

Selected fungal and bacterial isolates were identified by National Centre for Microbial Resource (NCMR), NCCS,
Pune, India through nucleotide BLAST analysis based on ITS and 16S rRNA gene sequencing, respectively. One yeast
isolate was identified by Supratech Micropath Laboratories, Ahmedabad, India through VITEK2 system.

IJIRSET © 2021 | AnISO 9001:2008 Certified Journal | 4404


http://www.ijirset.com/

International Journal of Innovative Research in Science, Engineering and Technology (IJIRSET)

- | e-ISSN: 2319-8753, p-ISSN: 2320-6710] www.ijirset.com | Impact Factor: 7.512|
A BYK

Volume 10, Issue 5, May 2021
IJIRSET I »Issue 5, I
DOI:10.15680/IJIRSET.2021.1005041

III. RESULTS AND DISCUSSION

Isolation, identification, colony characteristics and morphological study of isolates

The fruit was with rot disease/symptoms were collected and observed externally, internally and microscopically (Fig.
1). Four fungal (PGF1, PGF2, PGF3, PGF4), one yeast (PGF5) and one bacterial (PGB1) culture isolated from infected
pomegranate fruit. The colony characteristics of the isolates is shown in Fig. 2. PGF1 and PGF4 isolates were identified
as Xenoacremonium falcatumwith 98.76% similarity by NCMR, NCCS, Pune, India based on nucleotide BLAST

Fig.1. Photographs of external (1 A) and internal (1B, 1C) symptoms in diseased pomegranate fruit sample. Fig.
(1D) Photomicrograph of spoiled portion of pomegranate fruit, indicates microbial invasion of plant cell.

analysis of ITS and 16S rRNA sequencing. PGB1 isolate was initially identified as Bacillus subtilis / amyloliquefaciens
/ atrophaeus with 87% probability(Bionumber: 1262170715446671) by Supratech Micropath Laboratories,
Ahmedabad with VITEK?2 system, but later this isolate was identified as Bacillus velezensis with 100% similarity by
NCMR, NCCS, Pune. PGF5 isolate was identified as Candida freyschussii with 93% similarity (Bionumber:
4545150275147111)with the VITEK?2 system.

Fig.2. Colony characteristics of PGF1 (Xenoacremonium falcatum) on PDA plate (2A), Candida freyschussii on GYE
agar plate (2B), Bacillus velezensis on Nutrient agar plate (2C), PGF2 and PGF3 on Rose Bengal Agar plate (2D, 2E).
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PGF1 and PGF4 (X. falcatum); and PGB1 (B. velezensis) and PGF4 have been deposited at NCMR, Pune (India) which
is an autonomous institute of Department of Biotechnology, Govt. of India, an affiliated member of the World
Federation for Culture Collection and registered with the World Data Centre for Microorganisms; with Accession
number MW376905, MW376895 and MW374949, respectively.

To the best of our knowledge, this is the first report of identification of Xenoacremonium falcatum, Candida
freyschussii and Bacillus velezensis as pathogen causing rot disease/spoilage of pomegranate fruit.

Screening of isolates for hydrolytic enzyme production
All isolates were screened for hydrolytic enzyme production such as amylase, cellulase, chitinase, lipase, pectinase,
protease (Fig. 3). The distribution of hydrolyase activities of different isolates is given in Table 1.

PGF1 produce chitinase, lipase and pectinase enzyme. PGF2 produce all enzymes except amylase and lipase. PGF3
produce all enzymes. PGF4 produce amylase, lipase and pectinase enzyme. PGF5 not shows lipase and pectinase
activity. PGB1produce all enzymes. These isolates screen for hydrolytic enzyme production and shows variety of
enzyme activity. Different strains of X. falcatum produced amylase, chitinase, lipase and pectinase. C. freyschussii
produced amylase, cellulase, chitinase and protease; while B. velezensis produced amylase, cellulase, chitinase, lipase,
pectinase and protease. Thus, there is diversity in the hydrolyases produced by the isolates. A few isolates showed
presence of all the hydrolytic enzymes tested.

Table. 1 Results of screening of isolates for hydrolytic enzyme(s) production.

Zone of hydrolysis
No. Isolate — - -
Amylase Cellulase Chitinase Lipase Pectinase Protease
1. PGF1 - - ++ + ++ -
2. PGF2 - ++ +++ - ++ +++
3. PGF3 +++ + +++ ++ + ++
4. PGF4 +++ - - + ++ -
S. PGF5 + +++ ++ - - ++
6. PGB1 ++ +++ +++ + + +++

Some of the phytopathogens that have been reported to cause fruit spot or rot in pomegranate include: Alternaria
alternata [25],Aspergillus spp. [26], Botrytis cinerea [27], Colletotrichum gloeosporioides (28], Penicillium spp. (P.
implicatum, P. glabrum) [29,30], and Pseucercospora punicae [31].

Polysaccharides such as cellulose, chitin, hemicelluloses, pectin and starch make up 90% of the plant cell wall [32].
The phytopathogens initially produce various hydrolyases that attack or hydrolyse the cell wall constituents. These
CWDEs serve as key virulence factor in causing infection and pathogenesis [33, 34]. Several studies indicate that
absence or decreased expression of genes encoding CWDEs can result in reduced virulence of phytopathogens [35,36].
Hence these hydrolytic enzymes can serve as potential targets for disease management therapy.

The global enzymes market size in, 2017 USD 7.082 billion, 2018 USD 8.18 billion, 2019 USD 9.9 billion and
continuously growing [37]. There is an increasing demand of hydrolyases in various industries such as food, baking,
detergent, oil, paper-pulp, textile, bioenergy etc. this has the potential to boost the market growth during the coming
years. Microorganisms are becoming superior, most favoured, ecofriendly, bio-based source of enzyme in the global
enzyme market. As mentioned above, phytopathogens produce various extracellular hydrolytic enzymes and emerge as
promising source for commercial explorations. Candida freyschussii has been used to produce microbial oils from
glycerol in biofuel industries [38]. The enzyme profile of phytopathogens demonstrated in this study may help to
develop disease resistant transgenic plants [36].
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Fig.3. Results of isolates for hydrolytic enzymes: cellulase (4 A-4B), chitinase (4C- 4D), lipase (4E), pectinase (4F-4G),
protease (4H-41I) production.

To our best knowledge this is first report shows production of; amylase, chitinase, lipase, pectinase enzyme by
Xenoacremonium falcatum and amylase, cellulase, chitinase, protease enzyme by Candida freyschussii. These enzyme
profile of phytopathogen may help to develop transgenic plants which are resistant to such disease. These organisms
may be useful as a bio-based resource of industrially important enzymes. Candida freyschussii is widely used to
produce microbial oils from glycerol in biofuel industries [38].

IV. CONCLUSION
This is the first report of Xenoacremonium falcatum, Candida freyschussii and Bacillus velezensis as a causative agent
of pomegranate fruit spot or rot, with the capability of producing CWDEs. Different strains of X. falcatum showed

amylase, chitinase, lipase and pectinase activity. The yeast C. freyschussii showed amylase, cellulase, chitinase and
protease activity. B. velezensis showed amylase, cellulase, chitinase, lipase, pectinase and protease activity.
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Understanding the hydrolyases profile of phytopathogens may help in control of the rot disease in this fruit of economic
and therapeutic value. These isolates can be useful for industrial production of these hydrolytic enzymes.

V. ACKNOWLEDGEMENT

Authors acknowledge support from UGC-CPE grants for skill development awarded to M.G Science Institute,
Ahmedabad.

VI CONFLICT OF INTEREST

Authors not have conflict of interest.

REFERENCES

[1] Richard W. Ashton, “The Incredible Pomegranate Plant and Fruit.” Third Millennium Publishing, 2006.

[2] Seeram, Navindra & Henning, Susanne & Zhang, Yanjun & Suchard, Marc & Li, Zhaoping & Heber, David,
“Pomegranate Juice Ellagitannin Metabolites Are Present in Human Plasma and Some Persist in Urine for Up to 48 Hours.”
The Journal of nutrition, vol. 136, pp. 2481-5, 2006. doi: 10.1093/jn/136.10.2481.

[3] Gil M.L,, Barberan T., Francisco A., Pierce B.H., Holcroft D.M., Kader A.A., “Antioxidant activity of pomegranate juice
and its relationship with phenolic composition and processing.”Journal of Agriculture and Food Chemistry, vol. 48, pp. 4581-
4589, 2000. doi: 10.1021/jf000404a.

[4] Batta A.K., Rangaswami S., “Crystalline chemical components of some vegetable drugs.” Phytochemistry, vol. 12,pp.
214-216, 1973.

[5] Kim N.D., Kaplan B., Gupta M., Amichay A., Lansky E., Livney T., Neeman L., Poirier D., luu-The V., Nicholls P., Kirby
A., Jiang W.G., Mansel R., Mehta R., Gewirtz D., “Chemopreventive and adjuvant therapeutic potential of pomegranate
(Punica granatum) for human breast cancer.” Breast Cancer Research and Treatment, vol. 70, pp. 203-217, 2002. doi:
10.1023/a:1014405730585.

[6] Lugasi A., Hovari J., “Flavonoid aglycons in food of plants origin II. Fresh and dried fruits.”Acta Alimentaria
Hungarica,vol. 31, pp. 63-71, 2002. doi: 10.1556/AAlim.31.2002.1.7.

[7] Noda Y., Kaneyuki T., Mori A., Packer L., “Antioxidant activities of pomegranate fruit extract and its anthocyanidins
activity: Delphinidin, cyaniding and pelargonidin.” Journal of Agricultural and Food Chemistry, vol. 50, pp. 166-171, 2002.
doi: 10.1021/jf0108765.

[8] Tanaka T., Nonaka G., Nishioka I., “Tannins and related compounds. XLI. Isolation and characterization of novel
ellagitannins, punicacorteins A, B, C and D, and punigluconin from the bark of Punica granatum L.” Chemical and
Pharmaceutical Bulletin, vol. 34 pp. 656-663, 1986. doi:10.1007/978-1-4615-3414-3_4

[9] Neuhofer H., Witte L., Gorunovic M., Czygan F., “Alkaloids in the bark of Punica granatum L. (pomegranate) from
Yugoslavia.” Pharmazie, vol. 48, pp. 389-391, 1993.

[10] Nawwar M.A.M., Hussein S.A.M., Merfort 1., “Leaf phenolics of Punica granatum "Phytochemistry, vol. 37 pp.1175-
1177, 1994. doi: 10.1016/S0031-9422(00)89552-7

[11] Aviram M., Dornfeld L., Kaplan M., Coleman R., Gaitini D., Nitecki S., Hofman A., Rosenblat M., Volkova N., Presser
D., Attias J., Hayek T., Fuhrman B., “Pomegranate juice flavonoids inhibit low-density lipoprotein oxidation and
cardiovascular diseases: Studies in atherosclerotic mice and in humans,” Drugs Exp. Clin. Res., vol. 28, pp. 49-62, 2002.

[12] Vasconcelos L.C., Sampaio M.C., Sampaio F.C., Higino J.S., “Use of Punica granatum as an antifungal agent against
candidosis associated with denture stomatitis.” Mycoses, vol. 46, pp. 192-96, 2003. doi: 10.1046/j.1439-0507.2003.00884. x.
[13] Mehta R., Lansky E.P., “Breast cancer chemopreventivevproperties of pomegranate (Punica granatum) fruit extracts in
a mouse mammary organ culture.”Eur J Cancer Prev., vol. 13, pp. 345-48, 2004. doi: 10.1097/01.cej.0000136571.70998.5a.
[14] Khan N., Hadi N., Afaq F., Syed D.N., Kweon M.H., Mukhtar H., “Pomegranate fruit extract inhibits prosurvival
pathways in human A549 lung carcinoma cells and tumor growth in athymic nude mice.”Carcinogenesis, vol. 28, pp. 163-73,
2007. doi: 10.1093/carcin/bgl145.

[15] Lansky E.P., Jiang W., Mo H., Bravo L., Froom P., Yu W., Harris N.M., Neeman 1., Campbell M.J., “Possible
synergistic prostate cancer suppression by anatomically discrete pomegranate fractions.” Invest New Drugs, vol. 23 pp.11—
20, 2005. doi: 10.1023/B: DRUG.0000047101.02178.07.

[16] Hora JJ., Maydew E.R., Lansky E.P., Dwivedi C., “Chemopreventive effects of pomegranate seed oil in skin tumor
development in CD-1 mice.” J Med Food, vol. 6, pp. 157-61, 2003. doi: 10.1089/10966200360716553.

[17] Sharma M., Li L., Celver J., Killian C., Kovoor A., Sereem N.P., “Effects of fruit ellagitannin extracts, ellagic acid, and
their colonic metabolite, urolithin A, on Wnt Signalling.” J Agric Food Chem., vol. 58, pp. 3965-69, 2010.
doi: 10.1021/902857v

[18] de Nigris, Filomena, Williams-Ignarro, Sharon, Sica, Vincenzo, Lerman, Lilach O., D'Armiento, Francesco P., Byrns,
Russell E., Casamassimi, AmeliaCarpentiero, Daniela, Schiano, Concetta Sumi, Daigo Fiorito, Carmela, Ignarro, Louis J.,

IJIRSET © 2021 | AnISO 9001:2008 Certified Journal | 4408


http://www.ijirset.com/

International Journal of Innovative Research in Science, Engineering and Technology (IJIRSET)

Volume 10, Issue 5, May 2021
IJIRSET ” fosue :
DOI:10.15680/1JIRSET.2021.1005041

Napoli, Claudio, “Effects of a Pomegranate Fruit Extract rich in punicalagin on oxidation-sensitive genes and eNOS activity
at sites of perturbed shear stress and atherogenesis.” Cardiovascular Research, vol. 73,pp. 414-23, 2007. doi:
10.1016/j.cardiores.2006.08.021.

[19] Neurath, A. R., Strick, N., Li, Y. Y., & Debnath, A. K., “Punica granatum (Pomegranate) juice provides an HIV-1 entry
inhibitor and candidate topical microbicide.” BMC infectious diseases, vol. 4, 2004. doi: 10.1196/annals.1352.015.

[20] Milkica GrabeZ, Ranko Skrbié, Milog P. Stojiljkovié, Vesna Rudi¢-Grujié, Marija Paunovié, Aleksandra Arsié, SnjeZana
Petrovi¢, Vesna Vuci¢, Bosa Mirjani¢-Azari¢, Katarina Savikin, Nebojsa Menkovi¢, Teodora Jankovié, Nada Vasiljevic,
“Beneficial effects of pomegranate peel extract on plasma lipid profile, fatty acids levels and blood pressure in patients with
diabetes mellitus type-2: A randomized, double-blind, placebo-controlled study.” Journal of Functional Foods, vol. 64, 2020.
doi: 10.10164.jf£.2019.103692

[21] Department of agriculture, cooperation and farmers welfare, Horticulture statistic at a glance
2018.http://agricoop.nic.in/sites/default/files/Horticul ture % 20Statistics % 20at%20a%20Glance-2018.pdf. (accessed 13
December 2020).

[22] APEDA agrixchange, India export of agro food products,
http://agriexchange.apeda.gov.in/indexp/Product description.aspx?hscode=08109010. (accessed 13 December 2020).

[23] Mondal K.K., Sharma J., “Bacterial blight: an emerging threat to pomegranate export.” Indian Farming, vol. 59, pp. 22—
23, 20009.

[24] H.E Dun-chun, ZHAN lJia-sui,XIE Lian-hui, “Problems, challenges and future of plant disease management: from an
ecological point of view.” Journal of Integrative Agriculture, vol. 15, pp. 705-715, 2016. doi: 10.1016/52095-
3119(15)61300-4.

[25] Madhukar]., Reddy S.M., “Some new leaf spot diseases of pomegranate.” Indian Journal of Mycology and Plant
Pathology, vol. 18, pp. 171-172, 1976.

[26] Philip, S., “Aspergillus rot of pomegranate fruits.”Indian Phytopathology, vol. 32,pp. 332, 1979.

[27] Bardas G.A., Tzelepis G.D., Lotos L., Karaoglanidis G.S., “First Report of Botrytis cinerea Causing GrayMold of
Pomegranate (Punica granatum) in Greece.” Plant Dis., vol. 93, pp. 1346, 2009. doi: 10.1094/PDIS-93-12-1346C.

[28] S. Rahimlou, V. Babaeizad and M. Sayari, “First report of fruit spot of pomegranate caused by Colletotrichum
gloeosporiodes in Iran.” Journal of Plant Pathology, vol. 96, pp. 603-611, 2014. doi: 10.4454/JPP.V96I3.027.

[29] Labuda R., hudec K., Pieckova E., “Penicillium implicatum Cause a desctructive rot of pomegranate fruits.”
Mycopathologia, vol. 157, pp. 217-223, 2004. doi; 10.1023/B:MYCO0.0000020599.95040.c6.

[30] Bardas G.A., Tzelepis G.D., Lotos L., Karaoglanidis G.S., “First Report of Penicillium glabrum Causing Fruit Rot of
Pomegranate (Punica granatum) in Greece.” Plant Dis., vol. 93, pp. 1347, 2009. doi: 10.1094/PDIS-93-12-1347A.

[31] Ayala, Victoria, Pérez-Lopez, Alejandro, Suaste-Dzul, Alba, Leyva-Mir, Santos, Tovar-Pedraza, Juan., “First report of
Pseudocercospora punicae causing black spot of pomegranate fruit in Mexico.” Journal of plant pathology, vol. 101, pp. 403,
2019. doi: 10.1007/s42161-018-0181-0.

[32] McNeill M., A. G. Darvill, S. C. Fry, and P. Albersheim, “Structure and function of the primary cell walls of plants.”
Annu. Rev. Biochem., vol. 53, pp. 625-663, 1984.

[33] Ma H., Zhang B., Gai Y., Sun X., Chung K.R., Li H., “Cell-Wall-Degrading Enzymes Required for Virulence in the
Host Selective Toxin-Producing Necrotroph Alternaria alternata of Citrus.” Front. Microbiol.,vol. 10, pp. 2514, 2019.
doi: 10.3389/fmicb.2019.02514.

[34] Mukesh Meena, Prashant Swapnil, Andleeb Zehra, Mohd Aamir, Manish Kumar Dubey, Chandra Bali Patel, R.S.
Upadhyay, “Virulence Factors and Their Associated Genes in Microbes.”New and Future Developments in Microbial
Biotechnology and Bioengineering, vol. 11, pp. 181-208,2019. doi: 10.1016/B978-0-444-63503-7.00011-5.

[35] Jonathan D. Walton, “13-Biochemical Plant Pathology, Plant Biochemistry.” Academic Press, 1% edition, 1997, 487-502.
[36] Aparna Islam, “Fungus Resistant Transgenic Plants: Strategies, Progress and Lessons Learnt.”Plant Tissue Cult. &
Biotech., vol. 16, pp. 117-138, 2006. doi: 10.3329/ptcb. v16i2.1113.

[37] Industrial Enzymes Market Size, Share & Trends Analysis Report, Gran view research.
https://www.grandviewresearch.com/industry-analysis/industrial -enzymes-market, 2020 (accessed 12 December 2020)

[38] Raimondi, S., Rossi, M., Leonardi, A., “Getting lipids from glycerol: new perspectives on biotechnological exploitation
of Candida freyschussii.” Microb. Cell Fact., vol. 13, pp. 83, 2014. doi: 10.1186/1475-2859-13-83.

IJIRSET © 2021 |  AnISO 9001:2008 Certified Journal | 4409


http://www.ijirset.com/
http://agricoop.nic.in/sites/default/files/Horticulture%20Statistics%20at%20a%20Glance-2018.pdf
http://agriexchange.apeda.gov.in/indexp/Product_description.aspx?hscode=08109010
https://www.grandviewresearch.com/industry-analysis/industrial-enzymes-market

INTERNATIONAL

: . - STANDARD
v (@) seace B
SJIF Scientific Journal lmpact Factor ' \ NUMBER

INDMA

Impact Factor:
1.512

INTERNATIONAL JOURNAL
OF INNOVATIVE RESEARCH

IN SCIENCE | ENGINEERING | TECHNOLOGY

5) 9940 572 462 [© 6381 907 438 & ijirset@gmail.com f"*

www.ijirset.com



