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Abstract The dried mango fruit processing industrial

waste (MIW) used as carbon source for the production of

pectinase from fungal strains. Eight fungal strains were

isolated from MIW and screened for their ability to pro-

duce pectinase by pectin clear zone (PCZ) technique.

Fusarium sp. (PSTF1) showed highest PCZ value of

52 mm. The physico-chemical characteristics of the

medium were standardized for high production of pecti-

nase. The highest production of pectinase in submerged

fermentation observed at temperature—28 �C, pH-6.0,

inoculum-size 0.6/25 ml, incubation—72 h, substrate con-

centration—0.6 g/100 ml, carbon source-fructose (1 %).

The effect of different amino acids, vitamins also observed.

Under these optimal conditions the highest activity

81.9718 lmol/ml of pectinase was observed. The Fusar-

ium sp. (PSTF1) has been considered as the best pectinase

producer in submerged fermentation of MIW. The cheap

waste raw material used as best carbon source for high

production of high value pectinase.

Keywords Mango fruit processing industrial waste

(MIW) � Fusarium sp. (PSTF1) � Solid state fermentation

(SSF) � Submerged fermentation (SmF) � Pectinase

Introduction

Mango is an important tropical fruit crop of semi-arid

countries including India. More than 90 countries all over

the world are producing mango fruits. India ranked as top

in mango production in the world, with its production of

12,749.8 million tons, in India Andhra Pradesh (AP) stands

for second position with its production of 3363.4 mil-

lion tons. So more number of Mango fruit processing in-

dustries were established in AP. During the mango fruit

processing 1/3 of fruit goes in the form of waste. Mango

fruit processing industries are dumping waste on open

fields and usually this waste is used as cattle feed, fuel

wood or deposited as landfills (Devendra et al. 2012). This

leads to serious environmental pollution, as well as ad-

versely effecting on livestock leading to death due to

feeding of this contaminated waste (Andhra Jyothi News

Paper, Chittoor, 2012). To overcome this problem MIW is

used as a source for the production of pectinase in sub-

merged fermentation. Dried mango industrial waste con-

tains an appreciable amount of pectin, other carbohydrates,

proteins, low fat content, and thus can be used as substrate

for the production of pectinases from microorganisms.

Pectin is the ideal substrate for production of pectinase

from mango industrial waste after isolation of potential

pectinolytic fungi. Most of the substrates used for solid-

state fermentation are materials of plant origin like grains,

rice, corn, root, tubers, and legumes. Apart from these,

apple pomace, orange waste and other fruit and vegetable

industrial wastes and different agro-industrial wastes were

used for the production of pectinase, cellulase, a amylase

and esterase and peroxidase are also being in much use

(Smith and Aidoo 1988; Attyia and Ashour 2002). Pecti-

nase can be produced by both submerged and solid state

fermentations by the cultivation of filamentous fungi like
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Aspergillus, Penicillium, Trichoderma, Mucor and Yar-

rowia etc., (Pariza and Foster 1983; Mudgett 1986). Fungi

can produce both intracellular as well as extracellular en-

zymes but for breaking down of larger complex compounds

like pectin, fungi secrete extra cellular enzymes (pecti-

nases). The extra cellular enzymes can be easily extracted

when compared with intracellular enzymes. Pectinases are

group of enzymes that attack pectin (a class of complex

polysaccharides found in the cell wall of higher plants and

cementing material for the cellulose network) and de-

polymerise it by hydrolysis and transelimination as well as

by de-esterification reactions, which hydrolyses the ester

bond between carboxyl and methyl groups of pectin (Ceci

and Loranzo 1998; Thakur et al. 1997). The present in-

vestigation was undertaken to produce pectinase from the

isolated fungal strain Fusarium sp. (PSTF1) in submerged

fermentation for the conversion complex mango industrial

waste into simpler degraded products (humus) as it has

shown highest pectinolytic activity when compare with

other fungal isolates.

Materials and methods

Sample collection

The processed waste (wet, dry and soil) of mango fruit

processing industries was collected in sterile polythene

covers from different areas around Chittoor, AP, India, and

stored in refrigerator at 4 �C for further use. This waste

(dried and powdered) used as carbon source/nutrition for

isolates.

Isolation and identification of fungal strains

The Fungal strains isolated by serial dilution of 1.0 g MIW.

The pure cultures of isolates were made by Streak-plate

method on Czepek dox’s agar media. The isolated fungal

strains taxonomically identified by lacto phenol cotton blue

method (Ref. Aneja Lab Manual 2004).

Primary screening (screening test-I)

Modified Czapec dox’s broth used as production medium

and screening has done on Czapec dox’s agar medium.

Pectinase production medium (PPM) This medium

consists of part (A) and part (B). Part (A) contained (g/l):

NaNO3, 2; KH2PO4, 1; KCl, 0.5; MgSO4 �7H2O, 0.5; yeast

extract, 1. These contents were dissolved in 40 ml distilled

water. The pH was adjusted to pH 7.0 by NaOH (5 %,

w/v). Part (B) contained (g/l): pectin, 5, dissolved in 10 ml

of distilled water. The two parts (A) and (B) were mixed

and sterilized. Then inoculated with spore suspension (0.1/

25 ml) of fungal isolates and incubated at 30 �C for 96 h.

Pectinase activity assay medium Czepek dox’s Agar

medium with 4 %pectin and 1 % Congo red (w/v) was

used as assay medium. Plates of the same size poured with

equal amounts of sterilized assay medium. Upon solidifi-

cation three wells were made, each well inoculated with

0.1 ml of PPM (culture filtrate). These plates incubated at

30 �C for 5–7 days. Clearing zones of the medium directly

observed on plates and taken as the criteria for determining

the Pectinase productivity.

Secondary screening (screening test-II)

In secondary screening, pectinase was produced in sub-

merged fermentation using mango fruit processing indus-

trial waste powder Basal medium as production medium

(MIWP-BM).

MIWP-basal medium The basal medium (BM) was

prepared according to Vincent method (Vincent JM 1970).

It contained the following (g/l): NaNO3, 2; K2HPO4, 0.5;

KCl, 0.5 and yeast extract 1 %. These were dissolved in

citrate phosphate buffer at pH 7.0 and supplemented with

MIW powder (4 % w/v) separately. Then pH of this

medium was adjusted to 7.0 and sterilized at 121 �C. This

medium was inoculated with spore suspension of Fusarium

sp. (PSTF1) and incubated at 30 �C for 6 days. The

pectinase productivity was assayed for every 24 h.

Pectinase assay The pectinase activity was assayed by

DNS method (Miller and Gail Lorenz 1959). 0.5 ml of

culture filtrate was used as pectinase; 0.5 ml of 1 % Pectin

was used as substrate. One unit of enzyme activity is equal

to the 1 lmol of reducing sugars released, measured in

terms of D-Galacturonic acid, produced as a result of en-

zyme-substrate reaction.

Factors influencing the pectinase productivity

Effect of temperature The Fusarium sp. (PSTF1) grew on

the MFIWP-Basal Medium by conducting experiments at

different temperatures viz. 18, 28, 38, and 48 �C, for

6 days. Measurement of enzyme productivity was per-

formed by di-nitro salicylic acid (DNS) method using

spectrophotometer at 540 nm.

Effect of pH The pH of the production medium of dif-

ferent culture flasks were adjusted to 5, 6, 7, 8, by using

0.1 N NaOH and 0.1 N HCl. Then flasks were inoculated

with spore suspension of Fusarium sp. (PSTF1) and incu-

bated at 28 �C. Then the pectinase activity was measured

for every 24 h using spectrophotometer at 540 nm.

Effect of substrate concentration Different concentra-

tions of substrate [g/100 ml, (w/v)] 0.2, 0.4, 0.6, 0.8 were

added to production medium, pH adjusted to 6.0. Then
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flasks were inoculated with spore suspension of Fusarium

sp. (PSTF1) and incubated at 28 �C. Then the pectinase

activity was measured for every 24 h using spectropho-

tometer at 540 nm.

Effect of inoculum-size The heavy spore suspension of

the Fusarium sp. (PSTF1) was prepared by harvesting

slants in 100 ml of sterile saline solution under aseptic

conditions. The inoculum sizes (ml/100 ml) 0.2, 0.4, 0.6,

0.8 were added to flasks containing production medium

(pH 6.0, with 0.6 g of substrate). Then inoculated flasks

were incubated at 28 �C. Then the pectinase activity was

measured for every 24 h using spectrophotometer at

540 nm.

Effect of different incubation periods Under the suitable

culture conditions such as pH-6.0, substrate concentration

(0.6 g) production medium was inoculated with 0.6 ml

Fusarium sp. (PSTF1) spore suspension and incubated at

28 �C, respectively. The pectinase activity was measured

every day at 2, 4, 8, and 16 h of time intervals at 540 nm.

Effect of carbon source Different external carbon sour-

ces were introduced into the production medium at an

equimolecular amount located at 1 % (w/v) sucrose. Par-

allel experiment was made with no sugar as a control. The

carbon sources, dextrose, fructose, and lactose and man-

nose and pectin were introduced at the level of 1 % (w/v).

Under the above mentioned cultural conditions the culture

flasks were inoculated and incubated for 100 h. Then the

pectinase activity was measured for every 24 h using

spectrophotometer at 540 nm.

Effect of nitrogen source Production medium was sup-

plemented with different nitrogen sources at an equimole-

cular amount of nitrogen that present in sodium nitrate

(0.2 %, w/v) in basal medium. The applied nitrogen sour-

ces ammonium oxalate, potassium nitrate, peptone, urea

introduced as organic nitrogen source at the level of 1 %

and the control was devoid from any nitrogen source. All

experiments were carried out at above mentioned cultural

conditions. Then the pectinase activity was measured for

every 24 h using spectrophotometer at 540 nm.

Effect of amino acids The production medium was

added at an equimolecular amount of nitrogen located in

the best inorganic nitrogen source for the pectinase pro-

ductivity. This experiment was controlled by performing of

parallel one containing the original nitrogen source i.e.,

sodium nitrate and was devoid of any amino acid. The

supplemented amino acids: alanine, glycine, phenyl ala-

nine, and methionine. All experiments were carried out at

above mentioned cultural conditions. Then the pectinase

activity was measured for every 24 h using spectropho-

tometer at 540 nm.

Effect of vitamins Different vitamins are ascorbic acid,

riboflavin, vitamin-B6 and vitamin-E added separately to

flasks containing the pectinase production medium, while

the control applied free from any vitamin. All experiments

were carried out at above mentioned cultural conditions.

Then the pectinase activity was measured for every 24 h

using spectrophotometer at 540 nm.

Results and discussion

Sample collection

Thirty mango fruit processing industrial waste samples

collected from ten different mango fruit processing indus-

tries. They were used as good source for the isolation of

pectinase producing fungal strains. Earlier the wastes like

Orange peel, Citrus peel and Potato peel were also used as

a source for isolating pectinolytic microorganisms (Geetha

et al. 2012).

Isolation and identification of strains

Eight fungal strains isolated and pure cultured on Cza-

pecdox’s agar slants. The isolated fungal strains identified

as Fusarium sp. (PSTF1), Lichtheimia sp. (PSTF2), Pseu-

dolagarobasidium sp. (PSTF3), Pencillium sp. (PSTF4),

Cladosporium sp. (PSTF5), Fusarium sp. (PSTF6),

Fusarium sp. (PSTF7), Fusarium sp. (PSTF8). Similarly

fungal strains such as Aspergillus niger, A. fumigates and

A. nidulans, A. flavus and Penicillium chrysogenum were

isolated from agro and fruit processing industrial wastes

(Reda et al. 2008; Attyia and Ashour 2002; Satvinder et al.

2004; Sudheer Kumar et al. 2010).

Primary screening (screening test-I)

All eight strains are having good pectinase productivity

with PCZ values (Table 1). Fusarium sp. has given highest

pectinase productivity, with 52 mm of PCZ value (Fig. 1).

This PCZ value is higher than the earlier reported Peni-

cillium sp., Rhizopus sp., Neurospora sp., Mucor sp. ac-

tivities (Sandhya and Kurup 2013).

Secondary screening (screening test-II)

Factors influencing the pectinase productivity Pectinases

are mainly used in the fruit processing industry to clarify

the juice and increase the yields. In recent years a number

of applications are being suggested and commercially ap-

plied, especially for pectinases (Kashyap et al. 2001). For

this reason Fusarium sp. (PSTF1) had examined for its

ability to utilize mango industrial waste as substrate for

pectinase production under the influence of different fac-

tors. The physico-chemical characteristics of the fermen-

tation medium such as temperature, pH, inoculum size,
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incubation time, carbon source, nitrogen source etc…
played an important role pectinase production by Fusarium

sp. (PSTF1).

Effect of temperature (�C) The highest pectinase pro-

duction (37.9045 U/ml) was observed at 28 �C. Upon in-

creasing or decreasing the temperature the pectinase

production was decreased (35.2875 U/ml) (Fig. 2). Tem-

perature plays an important role on the growth of fungi;

under the optimal temperature the growth rate of Fusarium

sp. (PSTF1) was increased, as the growth rate increased the

pectinase production was also increased. Patil et al. (2006)

reported that the maximum amount pectinase was produced

by Aspergillus niger DMF27 in submerged fermentation at

optimal temperature 34 �C i.e., 12.6 U/ml. The maximum

pectinase activity of Fusarium sp. (PSTF1) at 28 �C was

higher than the activity of reported strain. This shows that

the optimal temperature for high pectinase production by

Fusarium sp. (PSTF1) is 28 �C.

Effect of pH The effect of pH on the pectinase produc-

tion by Fusarium sp. (PSTF1) was determined. The

pectinase production was ranged between 28.8716 and

71.7147 U/ml. The highest pectinase production of

71.7147 U/ml was observed at pH 6.0 and lowest pectinase

production 54.5353 U/ml was observed at pH 7.0 (Fig. 3).

This shows that the optimal pH for high pectinase pro-

duction by Fusarium sp. (PSTF1) is 6.0.

Effect of substrate concentration (g) The Effect of

Substrate concentration on pectinase production by

Fusarium sp. (PSTF1) was determined at different sub-

strate concentrations. The highest pectinase production

(77.1598 U/ml) was observed with 0.6 g/100 ml of sub-

strate (mango powder). Upon increasing or decreasing the

substrate concentration the pectinase production by

Fusarium sp. (PSTF1) was decreased to 66.8606 U/ml

(Fig. 4). This shows that the suitable concentration is 0.6 g

per 100 ml of production medium. Similarly, Palaniyappan

et al. (2009) was used wheat flour and corn flour as sub-

strates for the production of pectinase by Aspergillus niger

MTCC 281. They found that the maximum activity of

pectinase 5.16 U/ml (wheat flour) and 5.17 U/ml (corn

flour) at 1 % concentration of substrate. The highest

pectinase production of Fusarium sp. (PSTF1) using

mango industrial waste as substrate was 14 times higher

than the reported stain.

Effect of inoculum size (ml) The concentration of the

inoculum and age of spores had a pronounced effect on

pectinase production. The pectinase showed maximum

activity (77.4975 U/ml) during the fourth day of incubation

with 0.4 ml inoculum (Fig. 5). Obtained results suggested

that the optimal inoculum concentration is 0.4/100 ml of

culture medium and optimal age of spores is 4 days old for

the production of pectinase by Fusarium sp. (PSTF1) in

submerged fermentation. Similar results were found with

pectinase production by Aspergillus niger MK-15 in sub-

merged fermentation, the optimal inoculum concentration

was 3 % (3/100 ml) spores and optimal age of spores was

3 days old (Kiro 2010). This showed that the low inoculum

size of Fusarium sp. (PSTF1) yielded the pectinase activity

better than the reported strain. Ibrahim et al. (2013) studied

the effect of different inoculum sizes on pectinase pro-

duction by Aspergillus niger HFD5A-1. Their results

showed that the maximal production 1.64 U/ml at the

inoculums size of 2 % (2/100 ml).

Effect of incubation periods (h) The effect of different

time intervals on pectinase production by Fusarium sp.

(PSTF1) was determined. Initially, the pectinase produc-

tion (45.7978 U/ml) was observed at 28 h of incubation,

it was increased to 81.9718 U/ml at 100 h of incubation

and then it was decreased to 49.6811 U/ml at 148 h

(Fig. 6). This shows that the incubation time had

Table 1 Fungal isolates showing Pectinase productivity by clear

zone (PCZ) in mm

S. no. Isolate name PCZ (mm)

1 Fusarium sp. (PSTF1) 52

2 Lichtheimia sp. (PSTF2) 26

3 Pseudolagarobasidium sp. (PSTF3) 22

4 Pencillium sp. (PSTF4) 15

5 Cladosporium sp. (PSTF5) 19

6 Fusarium sp. (PSTF6) 16

7 Fusarium sp. (PSTF7) 18

8 Fusarium sp. (PSTF8) 18

mm millimeter

Fig. 1 Showing pectin clear zones of Fusarium sp. (PSTF1)
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prominent effect on pectinase production by Fusarium sp.

(PSTF1) and the optimal incubation time for pectinase

production is 100 h. The pectinase activity of Fusarium

sp. (PSTF1) (81.9718 U/ml) under the standardized cul-

tural conditions is very much higher than the activity of

reference stains Aspergillus niger ATCC 9642 (30 U/ml)

and W23 (41 U/ml), W43 (43 U/ml), and D2 (Penicillium

sp.) (45 U/ml) isolated from soil of a plum tree orchard

and agro-industrial waste (Sunnotel and Nigam 2002;

Zeni et al. 2011).

Effect of carbon source (1 %) The effect of different

carbon source on the pectinase production by Fusarium sp.

(PSTF1) was determined. The highest pectinase production

(82.0562 U/ml) was observed in presence of fructose

(external carbon source) was higher than the pectinase

production (81.7186 U/ml) of control (Fig. 7). The pres-

ence of other external carbon sources such as dextrose,

lactose, and mannose were decreased the pectinase pro-

duction than the control. This shows that the carbon source

present in production medium had played an important role

i.e., the increased concentration of carbon source decreased

the growth of Fusarium sp. (PSTF1). So, the pectinase

production was decreased. Ashfaq et al. (2012) reported

that the presence of 1 % dextrose used as carbon source

showed better result (2.73 U/ml). Similarly, Palaniyappan

et al. (2009) found that the maximum pectinase activity of

5.17 and 5.84 U/ml with Aspergillus niger MTCC 281

using 1 % wheat flour and corn flour as substrates.

Figs. 2 and 3 Effect of temperature and (�C) on the pectinase production by Fusarium sp. (PSTF1)

Figs. 4 and 5 Effect of substrate concentration (g) and inoculum size (ml) on the pectinase production by Fusarium sp. (PSTF1)
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Similarly, Rajiv Dhital et al. (2013) reported that the

maximum pectinase production was observed on the yeast

glucose pectin media enriched with pectin at the concen-

tration of 1.5 % which was 21 U/ml by soil fungal isolate

(MG1).

Effect of nitrogen source (1 %) The effect of different

nitrogen sources on pectinase production by Fusarium sp.

(PSTF1) was determined. The presence of external nitro-

gen source in the production medium decreased the pecti-

nase production to 71.8836 U/ml while control showed

high pectinase production (81.7185 U/ml) (Fig. 8). This

showed that the increased concentration of nitrogen source

in production medium was decreased pectinase production.

The results suggested that there was no need of external

nitrogen source for pectinase production by Fusarium sp.

(PSTF1). But when compared with other nitrogen source in

presence of urea highest pectinase activity was observed.

Similarly, Aspergillus niger HFM-8 has given highest

pectinase production in presence of external nitrogen

source urea with citrus pectin (Ibrahim et al. 2013). Ad-

ditional nutrients (other than substrate) in the growing

media enhance the growth of fungi and growth related

enzymes secretion. Addition of 0.1 % of peptone (% of

total dry substrate) as a nitrogen source further enhanced

the production of pectin lyase (Sidra et al. 2013).

Effect of amino acids (1 %) The effect of amino acids

(ala-alanine, gly-glysine, phe-phenyl alanine, met-me-

thionine) on the pectinase production by Fusarium sp.

(PSTF1) was determined. The presence of alanine, glysine,

methionine in production medium increased the concen-

tration nitrogen. So, the pectinase production was de-

creased. In presence of phenyl alanine pectinase production

(83.9134 U/ml) was increased than the pectinase

production (81.7185 U/ml) of control (Fig. 9). This

showed that the phenyl alanine was the suitable amino acid

for high production of pectinase by Fusarium sp. (PSTF1).

Effect of vitamins (1 %) The effect of vitamins on the

pectinase production by Fusarium sp. (PSTF1) was deter-

mined. The presence of vitamins riboflavin and ascorbic

acid had shown positive effect on pectinase production i.e.,

increased the pectinase activity to 83.7868 U/ml while the

control had shown 81.7185 U/ml (Fig. 10). The other vi-

tamins had not shown significant effect on pectinase pro-

duction. The results are suggesting that the riboflavin was

the suitable media component for high production of

pectinase by Fusarium sp. (PSTF1). The presence of ex-

ternal carbon source (Fructose) and added vitamins (Ri-

boflavin) in the production medium increased the pectinase

productivity to 82.647 and 83.786 U/ml. Suresh and

Viruthagiri (2010) reported that the maximum pectinase

yield from Aspergillus niger was observed with tem-

perature-40 �C, pH-5.0, mixed substrates 10 g (90 % of

wheat bran and 10 % of sugarcane bagasse), fermentation

period of 96 h. This showed that the chemical composition

of the medium will also played an important role in

pectinase production from Fusarium sp. (PSTF1).

Conclusion

The results of present study stated that Fusarium sp.

(PSTF1) is a better pectinase producer than aforementioned

strains, based on the fact that the PCZ of PSTF1 is twice as

that of the second most effective strain. The pectinase ac-

tivity of 83.786 U/ml observed under suitable submerged

fermentation conditions by Fusarium sp. (PSTF1) is higher

Figs. 6 and 7 Effect of incubation periods (h) and carbon source (g) on the pectinase production by Fusarium sp. (PSTF1). Dex dextrose, fru

fructose, lac lactose, man mannose, con control
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than the earlier reported strains. In addition to these, some

additional properties like external carbon source (Fructose)

and added vitamins (Riboflavin), low substrate concentra-

tion, less incubation time for pectinase production indi-

cating the potential of Fusarium sp. (PSTF1) to be used at

commercial level in industries. An overview of the results

obtained show that simple submerged fermentation of

mango fruit processing industrial waste was suitable to

produce low cost, high value product i.e., Pectinase by

Fusarium sp. (PSTF1). The environmental pollution will

also reduced by using mango fruit processing industrial

waste as whole and sole carbon source for the production

of pectinase. The Pectinase enzyme itself can also find a

number of applications in the mango processing industry.

Acknowledgments I am very much thankful to DST-PURSE

Centre for their financial support to complete this work.

Conflict of interest The authors declare that they have no conflict

of interest.

Open Access This article is distributed under the terms of the

Creative Commons Attribution License which permits any use, dis-

tribution, and reproduction in any medium, provided the original

author(s) and the source are credited.

References

Aneja KR (2004) Experiments in microbiology plant pathology and

biotechnology, 4th edn. New Age International (P) Ltd., Pub-

lishers, New Delhi, p 320

Ashfaq K, Sanjay S, Neha R (2012) Production and optimization of

pectinase enzyme using Aspergillus niger strains in Solid State

fermentation. Res Biotechnol 3(3):19–25

Attyia SH, Ashour SM (2002) Biodegradation of agro-industrial

orange waste under solid stat fermentation and natural environ-

mental conditions. Egypt J Biol 4:23–30

Ceci L, Loranzo J (1998) Determination of enzymatic activities of

commercial pectinases for the clarification of apple juice. Food

Chem 61:237–241

Devendra K, Ashfaque M, Muthu K, Munna Singh M, Neelima G

(2012) Production and characterization of carboxymethyl cellu-

lase from Paenibacillus polymyxa using mango peel as substrate.

J Environ Biol 33(1):81–84

Dhital R, Om Prakash P, Tika Bahadur K (2013) Optimization of

cultural conditions for the production of pectinase from selected

fungal strain. J Food Sci Technol Nepal 8:65–70

Geetha M, Saranraj P, Mahalakshmi S, Reetha D (2012) Screening of

pectinase producing bacteria and fungi for its pectinolytic

activity using fruit wastes. Int J Biochem Biotech Sci 1:30–42

Ibrahim D, Nor-Hawani S, Lim Sheh H, Rosma A, Haritharan W

(2013) Pomelo peels as alternative substrate for extracellular

pectinase production by Aspergillus niger HFM-8. Malays J

Microbiol 9(4):308–316

Figs. 8 and 9 Effect of nitrogen source (1 %) and amino acids (1 %) on the pectinase production by Fusarium sp. (PSTF1)

Fig. 10 Effect of vitamins (1 %) on the pectinase production by

Fusarium sp. (PSTF1)

3 Biotech (2015) 5:893–900 899

123



Kashyap DR, Vohra PK, Chopra S, Tewari R (2001) Applications of

pectinases in the commercial sector: a review. Bioresour Technol

77:215–227

Kiro M (2010) Experimental investigations of submerged fermenta-

tion and synthesis of pectinolytic enzymes by Aspergillus Niger:

effect of inoculum size and age of spores. Appl Technol Innov

2(2):40–46

Miller and Gail Lorenz (1959) Use of dinitrosalicylic acid reagent for

determination of reducing sugar. Anal Chem 31(3):426–428

Mudgett AE (1986) Manual of industrial microbiology and biotech-

nology. American Society for Microbiology, Washington DC,

pp 66–83

Palaniyappan M, Vijayagopal V, Renuka V, Viruthagiri T

(2009) Screening of natural substrates and optimization of

operating variables on the production of pectinase by submerged

fermentation using Aspergillus niger MTCC 281. Afr J Biotech-

nol 8(4):682–686

Pariza MW, Foster EM (1983) Determining the safety of enzymes

used in food industry. J Food Prot 46:453–458

Patil SR, Dayanand A (2006) Optimization of process for the pro-

duction of fungal pectinases from deseeded sunflower head in

submerged and solid-state conditions. Bioresour Technol

97(18):2340–2344

Reda AB, Hesham MYA, Mahmoud ASE, Abdel-all ZA (2008)

Production of bacterial pectinase(s) from agro-industrial wastes

under solid state fermentation conditions. J Appl Sci Res

4(12):1708–1721

Sandhya R, Kurup G (2013) Screening and isolation of pectinase from

fruit and vegetable wastes and the use of orange waste as a

substrate for pectinase production. Int Res J Biol Sci 2(9):34–39

Satvinder SD, Rajwant KG, Sikander SG, Malkiat S (2004) Studies on

the utilization of citrus peel for pectinase production using

fungus Aspergillus niger. Int J Environ Stud 61(2):199–210

Sidra B, Javaid AM, Saqlan NSM, Raja TM, Guffar A, Gulfraz M,

Saqib HH (2013) Production and partial purification of pectin

lyase by Aspergillus niger grown on orange peels. Afr J

Microbiol Res 7(13):1144–1149

Smith JE, Aidoo KE (1988) Growth of fungi on solid substrates.

Physiology of industrial fungi. Blackwell, Oxford, pp 249–269

Sudheer Kumar Y, Varakumar S, Reddy OVS (2010) Production and

optimization of Polygalaturonase from mango (Mangifera indica

L.) Peel using Fusarium moniliforme in solid state fermentation.

World J Microbiol Biotechnol 26(11):1973–1980

Sunnotel O, Nigam P (2002) Pectinolytic activity of bacteria isolated

from soil and two fungal strains during submerged fermentation.

World J Microbiol Biotechnol 18:835–839

Suresh B, Viruthagiri T (2010) Optimization and kinectics of

pectinase enzyme using Aspergillus niger by solid-state fermen-

tation. Indian J Sci Technol 3(8):867–870

Thakur BR, Rakesh SK, Handa Avtar K, Rao MA Dr. (1997)

Chemistry and uses of pectin: a review. Crit Rev Food Sci Nutr

37(1):47–73

Vincent JM (1970) A manual for the practical study of the Root

nodule bacteria. International Biological Programme 7 Maryle-

bone Rood, London, NWi, Blackwell Scientific Publications,

Oxford & Edinburgh, p 75

Zeni J, Cence K, Grando CE (2011) Screening of pectinase-producing

microorganisms with polygalacturonase activity. Appl Biochem

Biotechnol 163(3):383–392

900 3 Biotech (2015) 5:893–900

123


	Bio-catalysis of mango industrial waste by newly isolated Fusarium sp. (PSTF1) for pectinase production
	Abstract
	Introduction
	Materials and methods
	Sample collection
	Isolation and identification of fungal strains
	Primary screening (screening test-I)
	Secondary screening (screening test-II)
	Factors influencing the pectinase productivity


	Results and discussion
	Sample collection
	Isolation and identification of strains
	Primary screening (screening test-I)
	Secondary screening (screening test-II)
	Factors influencing the pectinase productivity



	Conclusion
	Acknowledgments
	References




