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Abstract
Microorganisms are preferred as an enzyme source due to their short lifespan, high production rate, affordability, and absence 
of harmful chemicals in enzymes generated from plant and animal sources. Fungi communities are biological factories for 
many bioactive compounds such as the important industrial enzyme pectinase. The current study dealt with production, opti-
mization, purification, biocompatibility, and application of fungal pectinase obtained from five plant rhizospheres (banana, 
jarawa, lemon, tomato, and wheat) at Fayoum Governorate, Egypt. The highest pectinase degrading index (PDI) was scored 
for FB5, FJ2, and FW1 isolates. Pectinase production was also examined quantitively and the highest output of 1603.67, 
1311.22, and 1264.83 U/ml was gained by FB5, FJ1, and FW1 fungal isolates, respectively. The most active pectinase-pro-
ducing fungi were identified as Aspergillus niveus strain AUMC1624, A. niger strain AUMC16245, and A. brasiliensis strain 
AUMC16244, respectively. For pectinase production optimization, one factor at a time (OFAT) protocol was applied and 
revealed that A. niger, A. niveus, and A. brasiliensis reached maximum pectinase levels at 1% pectin after 5, 7, and 7 days, at 
40, 45, and 45 °C, respectively. Obtained pectinases were partially purified using ammonium sulfate precipitation (ASP) and 
organic solvent precipitation (OSP) methods. The highest activity using the ASP method scored at 40–60% saturation with 
A. niger. The thermostability characterization of A. niger pectinase was reached with relative activities of 61.7, 69.0, 99.9, 
91.3, and 90.6% at temperatures ranging between 30 and 70 °C. pH optimized at pH 5–7. The enzyme’s molecular weight 
was approximately 30 kDa. The GC-mass analysis of pectinase end products included acetic acid ethyl ester, hexadecane 
carbonsaure methylase, and hexadecenoic acid. The biocompatibility was examined using a human skin cell line (HFb-4) 
for the first time, with a minimal half concentration (IC50) of 151.86 ± 0.76 U/ml. The biocompatible pectinase was applied 
as a clothes bioscouring agent with different concentrations of 1893.52 U/ml achieving the highest bioscouring with 20.0%.

Keywords  Bioscouring · Human skin cell line (HFb-4) · Microorganisms · Pectinase · Rhizosphere

Introduction

Enzymes that are produced by fungi, bacteria, animals, 
and plants are crucial biocatalysts for a range of com-
mercial and biotechnological uses. Compared to chemical 

catalysts, they can function in a variety of challenging con-
ditions. As a result, an assortment of microbial enzymes 
are employed in biotechnology and other fields. Because of 
their short lifespan, high rate of productivity, affordability, 
and lack of dangerous compounds, which are present in 
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enzyme derived from plant and animal sources, microor-
ganisms are favored as a source of enzymes [1]. Among 
the most significant industrial enzymes are pectinases. 
Pectinase is a crucial enzyme that plays a significant role 
in both the breakdown of pectin in plant cell walls and is 
a key component of those walls [1, 2]. Pectin is a complex 
glycosidic macromolecule with a large molecular weight 
that is acidic and negatively charged. Pectinase is the most 
widely produced enzyme worldwide, making up around 
10% of the global market. It breaks down polygalacturonic 
acid by cleaving its α−1, 4-glycosidic bond, releasing free 
galacturonic acid, and reducing-sugar end-groups. Yeasts, 
fungi, and bacteria are among the many organisms that can 
produce pectinolytic enzymes [2, 3]. Approximately 25% 
of all enzymes produced and sold worldwide are microbial 
pectinases. The production of pectinases by actinomycetes 
and fungus Aspergillus sp. has been the subject of several 
investigations [4, 5]. Pectinases may be divided into three 
groups: protopectins, pectin esterases, and depolymerizing 
enzymes. Alpha (1,4) glycosidic links in the D-galactu-
ronic acid moiety of pectic compounds are hydrolytically 
cleaved by the depolymerizing enzyme polygalacturonase 
[6]. It catalyzes hydrolytic cleavage at the nonreducing 
end of the substrate, which might sometimes result in 
mono-galacturonate or digalacturonate. Pectinase may be 
made in a number of methods, such as submerged fer-
mentation and solid state fermentation, both of which rely 
on the strain’s optimal pH and temperature [7]. Research-
ers are interested in pectinolytic enzymes synthesized by 
microorganisms because they may be used as biological 
catalysts in various industrial processes [8]. The three 
primary industrial applications of pectinases are in fruit 
juice extraction, clarification, and textiles processing. Pec-
tin is primarily responsible for the turbidity and viscosity 
of apple juice. Fruit juices are clarified by the combined 
action of pectinases and amylases, which can cut the filter-
ing time in half [9]. Humans can benefit from pectinases in 
a number of ways, including enhanced absorption of plant-
based diets and the development of balanced gut micro-
biota [10]. Also, pectinase enzymes are used in the textile 
industry as bioscouring agents to enhance the textiles’ 
quality but it is still a concern that it can remain as traces 
on the textile materials used and causes skin irritation, so 
it is important to control their effects on humans by testing 
its safety and biocompatibility [11]. So, the current work 
demonstrates fungi producing pectinases using one factor 
at a time optimization, characterization, purification, and 
biocompatibility using skin normal cells for the first time 
to be investigated. Purified pectinase is applied as a bios-
couring agent in the textiles industry as one of the sectors 
representing pectinase utilizing sectors.

Materials and Methods

Samples Collection

Different rhizosphere soil samples were taken from culti-
vated soils from the upper 10.0 cm of the soil surface [12, 
13], and each sample weighed roughly 0.5 kg. Samples 
were gathered from five different crops rhizosphere of 
banana (Musa acuminata), jarawa (Glossonema varians), 
lemon (Citrus aurantiifolia), tomato (Solanum lycoper-
sicum), and wheat (Triticum aestivum L.) from various 
fields in different Fayoum Governorate centers, includ-
ing Al Fayoum Center (29.3565″N, 30.6200″E), Sinnuris 
Center (29.407521″ N 30.8663985″ E), Tamiya Center 
(29° 28′ 40.75″N, 30° 57′ 41.92″E), and Ibsheway Center 
(29° 21′ 25.25″N 30° 40′ 49.94″E), Egypt, respectively. 
Soil samples were immediately transferred to the microbi-
ology laboratory at the Microbiology Department, Science 
Faculty, Fayoum University for further study and testing. 
All samples were stored at 4 °C.

Isolation of Soil Rhizosphere Fungi

According to serial dilutions technique [14], 35 g of each 
rhizosphere soil sample was weighed and blended in 
315.0 ml of sterilized distilled water (SDW). The samples 
were mixed well for 15 min using a vortex mixer (Witeg 
labortechnik, Germany) until they were homogenized, and 
then serially diluted 10−1 up to 10−6. Approximately 20–25 
ml of potato dextrose agar (PDA) medium [12] was loaded 
onto sterile petri plates, and approximately 7.0 ml was 
poured into test tubes set at a slant position in the microbi-
ological hood (Class II A2 Biological Safety Cabinet, Esco 
Micro, Singapore) and left to solidify at room temperature 
in order to make slants to preserve the selected isolates. 
From the serial dilutions, 0.1 ml was inoculated on the 
prepared PDA plates by the spread plate technique and 
inversely incubated (biochemical incubator CBI Taisite, 
USA) at 28 °C for 3–5 days. To obtain pure culture, the 
distinct each fungal colony was sub-cultured repeatedly.

Qualitative Screening of Pectinase‑Producing Fungi

Isolated fungi was inoculated of 0.1 ml spore suspension 
(107 spores/ml) in prepared pectinase screening agar (PSA) 
medium [12] and incubated for 48h for identification of 
high yield pectinase producer. The petri dishes were incu-
bated in an inverted position. After incubation, the pec-
tinase-producing isolates that showed clear zone around 
the margins of the colony were detected by flooding the 
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dishes with 50 mM I2 solution. The colony diameter and 
clear zone diameter were measured in centimeters (cm) for 
the pectinolytic index (PI) as follow [12]:

The positive fungal pectinase producers were subcultured 
at monthly intervals and preserved on PDA slants at 4 °C. 
For identification and further enzyme investigations tests, 
long-term storage was kept at − 20 °C in PDA medium and 
30% glycerol [14].

Production of Pectinase Using Submerged 
Fermentation Technique (SmF) (Quantitative 
Estimation)

The most potent pectinase selected fungi was inoculated 
with 5.0 ml (107 spores/ml) in prepared PSF medium and 
agitated in shaker incubator (Lab. Companion SI 600R, UK) 
at 200 rpm for 5 days at 28 °C. Every 24 h of time interval, 
10 ml fermented medium samples was taken and filtered 
through Whatman filter paper no. 1. This filtrate was con-
sidered a crude enzyme and was used for the analysis and 
to determine pectinase activity. The crude enzyme was then 
kept at 4 °C for storage [12].

Phenotypic and Genotypic Identification 
of Pectinase‑Producing Fungi

The most potent pectinase-producing fungal isolates were 
identified based on their morphology, mycelia structure, and 
spore formation [15]. The genomic 18S rRNA was isolated 
utilizing the Big-Dye terminator kit ABI 310 Genetic Ana-
lyzer (Applied Biosystems, USA); the purified PCR product 
was sequenced [16]. To determine which fungi were closest 
to one other, partial 18S rRNA sequence data were aligned 
and examined. Using the BLASTN tool, which is acces-
sible at the National Center for Biotechnology Informa-
tion (NCBI, 2024), the unknown query 18S rRNA nucleo-
tide sequence was compared to nucleotide databases and 
retrieved from the GenBank database. Following that, the 
Clustal Omega method was used to create multiple sequence 
alignment for these homologous sequences. The neighbor 
joining approach was then used to create a phylogenetic tree.

One Factor at a Time (OFAT) Optimization 
for Pectinase Production

The present investigation employed the one factor at a time 
(OFAT) technique to examine and optimize the produc-
tion of fungal pectinase [17]. Several nutritional factors 

(1)

Pectinolytic Index(PI) =
(clear zone diameter − Colony diameter)

Colony diameter
∗ 100

(suitable substrate (pectin) concentration and nitrogen 
sources) and environmental factors (incubation time, pH, 
and temperature) were taken into consideration for pecti-
nase optimization. To find out the optimum level of pectin, 
each fungal culture was inoculated into a PSF medium at 
five different concentrations of 0.25, 0.5, 0.75, 1.0, and 
2%. The other factors remained the same as subsequently 
mentioned previously which are incubated for 5 days at 30 
°C. The enzyme production was investigated for 12 days, 
at specific intervals (every 24 h) starting from the third-
day fermentation. A sample was taken from each pectin 
broth flask and underwent filtration as mentioned previ-
ously. The optimum temperature was assayed by incuba-
tion of the inoculated pectin broth at various temperatures 
ranging between 25 and 55 °C with incubation under the 
proper time and shaking circumstances of incubation. Each 
culture fermented medium was filtered through Whatman 
filter paper no. 1 and the resulting clear filtrate (known as a 
crude enzyme) was used for pectinase activity estimation.

Determination of Pectinase Activity Using 
3,5‑Dinitrosalicylic Acid (DNS) Technique

The quantity of pectinase released in the fermented broth 
was measured by 3,5-dinitrosalicylic acid (DNS) tech-
nique [18]. The amount of reducing end products present 
and the number of glycosidic bonds the enzyme cleaves 
determine how intense the color is generated by this test. 
To express the pectinase activity into an enzyme unit, 
the D-galacturonic acid standard curve was used at 540 
nm to measure the absorbance using a spectrophotometer 
(AE-UV90, A7E LAB, UK). Determine the quantity of 
D-galacturonic acid (mM) released based on the enzyme’s 
action related to the enzyme activity in U/ml using the 
following equation:

Dilution factor is the dilution of the original enzyme 
preparation, and it could be calculated by using the fol-
lowing equation:

The amount of pectinase that catalyzes the synthesis of 
1 µmol galacturonic acid under test conditions was defined 
as one unit of the enzyme [12, 18].

(2)
Pectinase Activity (U∕ml) =

Conc.(mM) ∗ 1000

Incubation time (mins)
∗ dilution factor

(3)Dilution factor =
final solution volume

sample aliquot volume

(4)Concentration of Enzyme(mM) =
(OD540 − 0.0239)

0.0746
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Pectinase Partial Purification

Ammonium Sulfate Precipitation (ASP) Method

Various concentrations of solid ammonium sulfate 
(NH4)2SO4 were added to a final volume of 1 L pectinase 
crude enzyme to achieve 0–80% saturation at 4 °C. The 
supernatant was removed and the pellets collected from 
every phase of ammonium sulfate saturation were individu-
ally dissolved in 1 ml of pH 4.7 acetate buffer. The excess 
ammonium sulfate was then removed by dialyzing the pellets 
using a Spectra/PorR, VWR 2003 dialysis bag against the 
same buffer for a whole night at 4 °C and twice changing the 
washing buffer. Prior to and during the dialysis of enzymes 
precipitated by ammonium sulfate, total protein and enzyme 
activity were measured [19, 20].

Organic Solvents Precipitation (OSP) Method

One milliliter of the enzyme protein solution was combined with 
4 and 9 ml of cooled acetone and absolute cold ethanol, respec-
tively, for a minimum of 60–90 min at − 20 °C. After that, it was 
centrifuged for 10 min at 4 °C at 10,000 rpm. After removing 
the supernatant, the pellets were gathered and allowed to air dry 
in order to eliminate any solvent impurities [20–22]. They were 
then dissolved in acetate buffer (pH 4.7) and dialyzed in accord-
ance with the previously stated procedure [23].

Total Protein Determination

The total protein was determined using bovine serum albumin 
(BSA) as standard solution [24]. Total protein was calculated 
to estimate the specific activity of enzyme as follows:

(5)Specific activity(U∕mg protien) = (Activity of enzyme in the sample (U∕ml))∕Total protien (mg∕ml)

Characterization of Pectinase Enzyme

The effect of temperature, pH, and incubation time on 
enzyme behavior was studied and the relative activity 
compared to the enzyme activity was calculated. The ideal 

temperature for pectinase was monitored for 30 min at 
temperatures between 40 and 100 °C. The relative pecti-
nase activity (%) was then calculated using standard assay 
conditions. The untreated enzyme’s activity (control) was 
assumed to be 100% [20, 21, 25].

(6)%Relative Activity = (Activity of enzyme (U∕ml))∕(Initial enzyme activity (U∕ml)) X100

The partial purified enzyme solution was incubated at 
different temperatures ranging from 40 to 100 °C for 15 to 
60 min in order to determine the heat stability, or Q10, of 
the pectinase enzyme. Each treatment was then ended by 
exposure to ice-cold water, and the relative activity was 
determined at the optimal temperature in accordance with 
the standard assay conditions [20, 21, 26]. Also, pectinase 
activity was measured using a range of pH buffers, including 
citrate buffer (pH 3.4, 4.4, and 5.4), sodium phosphate buffer 
(pH 6.4–7.4), and borate buffer (pH 9.0), in order to estab-
lish the ideal pH. The enzyme solution was combined with 
the aforementioned solutions for the pH stability investiga-
tion, and it was then incubated for 15 to 60 min. The relative 
pectinase activity was expressed as a percentage [20, 21].

Gas Chromatography (GC–MS) of Pectinase 
Metabolic Profile

The internal standards, 100.0 µl methanol, 50.0 µl ribitol, 
50.0 µl 3,5-dichloro-4-hydroxybenzoic acid, and 100.0 µl 
nonadecanoic acid, were combined with a 10-ml pectinase-
pectin combination mixture (enzyme–substrate-complex). 
After 10 s of mixing in vortex, the samples were incubated 
at 70 °C for 30 min [27]. After that, 500.0 µl of chloroform 

and 300.0 µl of distilled water were added. The mixture 
was cooled to room temperature and centrifuged (10 min, 
13,000 rpm) for 10 s. The preparation of the polar and non-
polar fractions followed the directions provided by. Fol-
lowing their extraction, the fractions underwent GC–MS 
analysis utilizing a 7890A gas chromatograph connected to 
a 5975C Agilent Technologies inert XL EI/CI MSD mass 
detector (Agilent Technologies, Santa Clara, CA 95051, 
USA) operating at 70 eV at Cairo University Research Park 
(CURP), Giza, Egypt.

Pectinase SDS Page Analysis

The following procedure was used to create the separating 
gel (15%); a 5.0 ml (29.2% acrylamide and 0.8% bis-acryla-
mide), 2.5 ml 1.5M tris pH 8.8, 100µl of 10% SDS, 100µl 
of 10% APS, and 100µl of Tetramethylethylenediamine 
(TEMED) were combined with 2.4 ml of distilled water 
(DW) [28]. Subsequently, the stacking gel (4%) was made as 
follows: 100 µl 10% SDS, 100 µl 10% APS, 100 µl TEMED, 
1.3 ml (29.2% acrylamide and 0.8% bis-acrylamide), and 
2.5 ml 0.5M tris pH 6.8 were all included in the sample. 
After preparing the samples (300 µl saline solution with 100 
mg sample), they were centrifuged for 5 min at 10,000 rpm 
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while being cooled to 4 °C. From the prior mixture, 500 
µl of acetone was added and left overnight at − 20 °C. The 
mixture was then centrifuged for 5 min at 4 °C at 10,000 
rpm. Sample buffer (10% SDS, 20% glycerol, 0.2 M tris 
pH6.8, 10 mM beta-mercaptoethanol, and 0.05% bromophe-
nol blue) should be mixed with one volume of the sample in 
four volumes. The mixture should then be heated for 5 min 
at 95 °C. A 25 mM Tris–HCl, 200 mM glycine, and 0.1% 
(W/V) sodium dodecyl sulfate (SDS) were added to create 
the running buffer, which then started at 80 V for 4 h. Fol-
lowing the completion of the run, the gel was gently stirred 
for 20 min with a staining solution consisting of 50% DW, 
40% methanol, 10% glacial acetic acid, and 0.1% Coomassie 
brilliant blue. Lastly, destain the gel that was produced using 
a destaining solution that contains 10% glacial acetic acid, 
40% methanol, and 50% DW. The analysis was performed 
at Cairo University Research Park (CURP), Giza, Egypt.

Biocompatibility of Pectinase Using 3‑(4,5‑Dimethyl
thiazol‑2‑yl)−2,5‑diphenyl‑2H‑tetrazolium Bromide 
(MTT) Assay

Using human skin cell line (HFb-4), the biocompatibility 
of partially purified pectinase was determined at the Sci-
ence Way for Scientific Researches and Consultations firm 
located in Cairo, Egypt. To create a full monolayer sheet, 
1 × 105 cells/ml (100 µl/well) was injected and cultured at 
37 °C for 24 h using a 96-well tissue culture plate. Once 
a confluent sheet of cells had formed, the growth material 
was removed from the 96-well microtiter plates and the cell 
monolayer was washed twice with wash media. The sam-
ple analyzed was diluted twice and placed in Roswell Park 

Memorial Institute Medium (RPMI) medium containing 2% 
serum (maintenance medium). Each dilution, ranging from 
0.1 to 4 ml, was examined in distinct wells, with three wells 
serving as controls and receiving just maintenance media. 
The plate was then inspected after being incubated at 37 °C. 
We examined the cells for any outward signs of toxicity. In 
phosphate buffer solution (PBS) (5 mg/ml), the MTT solu-
tion was produced (Bio Basic Inc., Canada). To fully mix 
the MTT into the medium, a 20-µl MTT solution was poured 
to each well and the shaking table was set at 150 rpm for 5 
min. Incubation was done for 4 h at 37 °C with 5% CO2 to 
facilitate the metabolism of MTT. After discarding the extra 
medium, formazan (a metabolic product of MTT) was once 
again suspended in 200 µl of dimethyl sulfoxide (DMSO). 
Next, position on a shaking table and shake at 150 rpm for 5 
min in order to fully combine the formazan and solvent. At 
560 nm, the optical density was measured, and at 620 nm, 
the background was subtracted [29].

Application of Pectinase as Bioscouring Agent

The partially purified enzyme was applied as bioscouring 
(excess pectin removing) agent in textile industry. In the cur-
rent study, a stiff piece of black cloth that had been soaked with 
1% pectin was employed. A piece of cloth measuring 6 cm × 6 
cm was weighed. Using the double dilution method, various 
concentrations of the described partially purified pectinase (1, 
1/2, 1/4, 1/8, 1/16, 1/32, 1/64) were created in the ideal buffer 
solution (pH) and temperature for 45 min. After being cleaned 
with tap water, the fabric strip was dried in the oven. Following 
drying, the cloth strip was weighed once again, and the per-
centage of pectin removed was computed using the following 
equation [30]:

(7)% Removal of pectin (bioscouring) = (Weight of pectin removed by pectinase ∕ Total pectin present on the fabric strip) x 100

Statistical Analysis

The designs of experiments, analysis of data, the statistical dif-
ferences and significance (p < 0.05), the figure representations, 
and the optimization were carried out by OriginPro 2022 sta-
tistical package software version V.9.9.0.225 (SR1) (OriginLab 
Corporation, Northampton, USA) using analysis of variance 
(ANOVA) and means of difference by Duncan analysis [31]. All 
experiments were performed in three replicates and the results 
were presented as means ± SE.

Results

Isolation of Soil Pectinase‑Producing Fungi

In the present study, 60 fungi isolates were obtained from five 
plants rhizospheres, namely Banana (Musa acuminata), Jarawa 

(Glossonema varians), lemon (Citrus aurantiifolia), tomato 
(Solanum lycopersicum), and wheat (Triticum aestivum L.). 
The fungal isolates were distributed among the sources as fol-
lows: 22, 6, 10, 18, and 14 fungal isolates from banana, jarawa, 
lemon, tomato, and wheat, respectively, as illustrated in Table 
(S1) and Fig. 1a. The number distribution of the pectinase 
and non-pectinase-producing fungi varied among the isolation 
sources as shown in Fig. 1b. The positive pectinase fungal iso-
late percentage out of all total isolates of each isolation source 
was 10%, 10%, 3.3%, 5%, and 5% for banana, jarawa, lemon, 
tomato, and wheat, respectively (Fig. 1b).

Screening and Selection of Pectinase‑Producing 
Fungi

In the basis of pectinolytic clear zone and degradation 
index, the most active fungi was selected. Data recorded in 
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Table S2 and illustrated in Fig. 2a and b clearly show that 
clear halo-zone diameter and PDI ranged from 8.83 to 0.75 
cm and 88.3 to 1.13%, respectively. The statistical analy-
sis proved that fungal isolates FB5, FJ2, and FW1 gave the 
highest values of PDI, while the lowest PDI values were 
recorded for FB6, FJ4, and FT3. The pectinase production 
and pectinase degradation index (PDI%) by the isolated 
fungi ranged from 14.23 to 1603.67 U/ml and 1.13 to 90% 
as viewed in Table (S2) and Fig. 2c and d, respectively. The 
fungal isolate FB5, FJ1, and FW1 were the pioneer pecti-
nase producers with 1603.67, 1311.22, and 1264.83 U/ml, 
respectively.

Phenotypic and Genotypic Identification of the Most 
Pectin‑Producing Fungi

As shown in Fig. 3a, isolate FB5 has a cottony appearance, 
initially white, then gradually turns black. It forms filamen-
tous hyphae as small plants, with conidial heads radiated 
with conidiogenous cells biseriate. Conidia are brown to 
black, and the conidiophores are protrusions from a septate 
and hyaline hyphae belonging to Aspergillus brasiliensis, 
while the isolate FJ1 has a cottony appearance, initially 
white, then black, and is made up of felt-like conidiophores. 
Macroscopic observations of Aspergillus niger reveal ini-
tial white growth, but it changes to black after a few days, 
producing conidial spores. On the other hand, isolate FW1 
has smooth colored conidiophores and conidia, with con-
idiophore stipes smooth walled and hyaline up to 1000 μm 
long. Conidia are spherical, hyaline, and 2–2.5 μm thick, 

belonging to A. niveus. The phylogenetic tree results found 
that the A. niveus (isolate FB5) showed 99.79–100% identity 
with several strains of the same species and took a GenBank 
accession number of A. niveus strain AUMC16243. The A. 
brasiliensis (isolate FJ1) showed 98.61–100% identity cover-
age and took a GenBank accession number of A. brasiliensis 
strain AUMC16244, while A. niger (isolate FW1) showed 
100% coverage and it was deposited at GenBank with acces-
sion number of A. niger strain AUMC16245 (Fig. 3b).

One Factor at a Time (OFAT) Optimization 
of Pectinase Production

Data illustrated in Fig. 4 clearly show that there was a grad-
ual increase in the pectin concentration that increased after 
the saturation took place; it decreased also gradually. It was 
found that the PDI% and pectinase activity of A. brasiliensis, 
A. niger, and A. niveus reached the maximum level at 1% 
pectin using PSM and PMA media, respectively, and any 
increase or decrease in pectin concentration led to minimiza-
tion of their values. The most active fungi among the three 
tested fungi was A. brasiliensis, at 28 °C for 72 h with PDI 
and pectinase activity of 88.3% and 1603 U/ml, respectively. 
The results (Fig. 5a) revealed that A. brasiliensis, A. niger, 
and A. niveus highly produce pectinase after 5, 7, and 7 days 
of incubation periods. The most appropriate temperature on 
pectinase production by A. brasiliensis, A. niger, and A. 
niveus, was studied using different incubation temperatures 
that ranged between 30 and 55 °C at the suitable incubation 
period for each fungus. The results showed that A. niger, A. 

Fig. 1   a) Percentage distribution of fungal isolates obtained from different plants rhizosphere, b) percentage distribution of positive pectinase 
fungal isolates from total isolates of different plants rhizosphere
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brasiliensis, and A. niveus highly produce pectinase after 40, 
45, and 45 °C, with 3787.04, 3878.35, and 3572.95 U/ml, 
respectively (Fig. 5b).

Pectinase Partial Purification

The concentration of ammonium sulfate that was used in 
protein precipitation varied in the range of 0–20%, 20–40%, 
or 40–60% (w/v). According to the ammonium sulfate frac-
tionation, the maximum relative activity of pectinase was at 
the concentration of ammonium sulfate of 40–60% satura-
tion for A. niger pectinase, with specific activity of 48.13 
related to the crude enzyme. The enzymes were partially 
purified by organic solvents (ethanol and acetone) and the 
results are summarized in Table (S3). In the case of using 
ethanol, A. brasiliensis was the highest with relative activity 
of 92.14%, while for acetone, A. niveus was the highest with 
relative activity of 94.4%.

Characterization of Partially Purified Pectinase

Effect of Temperature on Pectinase Activity and Stability

Incubation temperature affects the activity of A. niger 
pectinase. The activity was determined by carrying out 
the assay at several temperatures between 30 and 70 °C. 
Results are presented in Fig. 6a, showing that the enzyme 
activity increased by increasing temperature to 50 °C, then 
decreased. As the enzyme obtained relative activities of 
61.7, 69.0, 99.9, 91.3, and 90.6% when treated with tem-
peratures of 30, 40, 50, 60, and 70 °C, the temperature coef-
ficient Q10, which is the factor used to evaluate the velocity 
of enzyme reaction when temperature is raised by 10 °C, is 
typically used to describe the influence of temperature on 
enzyme reaction [32]. Enzyme reactions typically have a 
temperature coefficient between 1 and 2. Results recorded in 
Table (S4) clearly show that Q10 of pectinase was 1.12, 1.45 
between 30–40 °C and 40–50 °C, whereas the Q10 value 
was 0.91, 50–60 °C and between 60 and 70 °C.

Effect of Temperature on Pectinase Activity and Stability

It was observed that enzymatic activity has a broad pH range 
from 3.0 to 8.0. Results presented in Fig. 6b showed that 
A. niger pectinase exhibited high activities at pH values 
between 5 and 7, then decreased with raising or lowering pH 
than the optimum levels. The optimum pH 7.0 achieved the 
maximal activity for pectinase with 99.6% relative activity.

GC–MS for Pectinase Enzyme End Product Profile

Based on Table (S5), the GC–MS analysis of pectinase 
enzyme end products confirmed the presence of acetic acid 

ethyl ester, hexadecane carbonsaeuremethylese, hexadece-
noic acid, 9-octadecenoic acid (z), cis-vaccenic acid, octade-
canoic acid, oleic acid, glycidyl palmitate, ethyl iso-alcoho-
late, 2,3-dihydroxypropyl ester, and arabinitol pentaacetate 
as the main end product of pectinase reaction.

SDS‑Page for A. niger Partially Purified 
Pectinase

The SDS-PGE analysis indicated that the apparent molecular 
weight of the pectinase enzyme, A. niger, was around 35 
kDa, as seen in Fig. 7. The running gel also displayed highly 
pure patterns.

Biocompatibility of Pectinase

Before being used on a commercial scale, the biocompat-
ibility of partially purified pectinase from A. niger against 
human skin cell line (HFb-4) was assessed. A medium 
degree of safety is indicated by the minimal half dosage 
(IC50), which was found to be 151.86 ± 0.76 U/ml (Fig. 8a). 
Large-scale alterations in cell surface morphology were 
noted, and the damage was recognized by significant volume 
reductions brought on by protein losses and intracellular ion 
losses as a result of altered permeability to sodium or potas-
sium. Apoptotic cells exhibit nuclear fragmentation, nuclear 
condensation, and cell shrinkage, while necrotic cells exhibit 
nuclear swelling, chromatin flocculation, and lack of nuclear 
basophilia (Fig. 8b).

Pectinase Commercial Application as Fabric 
Bioscouring Agent

Results illustrated in Fig. 9 clearly indicate that the bioscour-
ing (removal of pectin) of the cloth greatly affected the dif-
ferent concentrations of partially purified pectinase enzyme, 
and 1893.52 U/ml gave the highest percentage of bioscour-
ing being 20.0%. Further increase in pectinase concentra-
tion did not have any significant effect on the bioscouring 
of pectin in the fabric strip.

Discussion

Of the commercial enzymes available worldwide, fungi 
account for 50%, bacteria for 35%, and plants or animals for 
the remaining 15%. The most common microorganisms used 
to produce pectinase are filamentous fungi [2, 33, 34]. In the 
breakdown of plant components, such as pectin, an essen-
tial part of plant cell walls, saprophytic fungi are essential. 
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These fungi create pectinases, which are enzymes that break 
down pectin and help break down stiff plant tissues. They 
may recycle nutrients and support soil health thanks to their 
enzymatic activity. Fungi such as Penicillium sp., Aspergil-
lus sp., and Mucor sp. are examples of pectinase-produc-
ing saprophytic fungi. The current study aimed to isolate 
fungi from different plants rhizosphere, in Fayoum, Egypt. 
Among 60, only 20 isolated fungi (33.35%) were discov-
ered to be pectinase producers. Microscopic examination 
and colony morphology allowed for the isolates’ identifica-
tion as Aspergillus sp. strains. Similar to this, several fungi 
isolated from soil samples in Manaslu Conservation Area, 
Gorkha [35, 36]. Eight isolates were found to be pectinase 
producers out of them; these were determined to be Asper-
gillus niger strains. Temperature, duration of incubation, and 
pectin (substrate) concentration all had a significant impact 
on enzyme activity. For this, it was discovered that pectinase 
was very active at pH 5.0, and 1% pectin after 5–7 days. In 
addition, pectinase activity was not significantly affected by 
an additional increase in substrate. In contrast to our find-
ings, 2.5% pectin was found to be the best for maximizing 
pectinase activity [35, 37]. Also, A. niger produce pectinase 
after 4 days [36], whereas it was after 2 days of incubation 
[38]. However, after 5 days of incubation, A. flavus pectinase 
was most effectively generated [39]. Due to the fact that 
both the microbiological sources and the culture media’s 
composition affect pectinase synthesis at its best. A shorter 
fermentation cycle is advantageous for the industrial pro-
cess from a business standpoint. Therefore, this separation 
may have industrial uses in addition to biological ones. The 
temperature was raised to 45–50 °C, after which the A. niger 
pectinase activity dropped, according to the obtained results. 
Pectinase that was produced from A. niger strain MCAS2 at 
temperature from 50 to 70 °C, with 50 °C being the ideal 
temperature [35, 36]. As the temperature rose, there was 
a little drop in the pectinase activity. At 100 °C, 82% of 
the pectinase activity was still present. This further demon-
strates the thermostability of the pectinase enzyme from the 
Aspergillus sp. strains.

The ideal pH for A. niger pectinase activity is 5.0, while P. 
virdicatum pectinase is most active at pH values between 5.0 
and 8.5 [35, 39–43]. In contrast, bacteria, particularly those 
belonging to the Bacillus species, are the primary produc-
ers of alkaline pectinase [44]. The pectinase enzyme from 
B. pumilus dcsr1, B. stearothermophilus, P. xylanolyticus, 
and B. halondurans M29 was active at high temperatures 

and pH levels [45]. The cysteine residue found in the amino 
acid sequence of pectinase may be responsible for this ther-
mostability [46]. Cysteine residues have a high hydropho-
bic impact in addition to forming disulfide bonds, which 
contribute to thermostability [47]. The pectinase enzyme 
that was isolated from A. niger may include this residue, 
which gives the enzyme its thermostability. The most crucial 
properties of a biocatalyst for its usage in industrial applica-
tions are temperature and pH stability. This means that the 
fungal pectinase producer might be a more environmentally 
friendly option than the fungal thermostable alkaliphilic pec-
tinase. It could also be useful for pretreating pectic effluent 
from the fruit juice industry, pulp and paper industries, and 
fiber crop degumming and retting.

The partial purification of crude pectinase from A. niger 
exhibited the highest relative activity at ammonium sulfate 
concentrations between 40 and 60% saturation. Pectinase 
was purified using the chilled acetone purification process, 
with specific activity of 8.33 U/ml [35, 39].

Fungal pectinase enzymes, particularly those from Asper-
gillus sp., have an active temperature range of 30–50 °C. 
However, they are inactive at temperatures above 50 °C due 
to denaturation. The optimal temperature for pectinase activ-
ity is 50 °C, while other enzymes remain active at 60 °C and 
50–80 °C [39–42].

The partially purified pectinase from A. niger was found 
to be significantly active over a broad temperature range 
of 50–70 °C and pH 6.2–9.2, with an optimal temperature 
and pH of 50 °C, indicating thermostability and an alkaline 
nature of pectinase [35, 48]. Due to these characteristics, the 
enzyme is useful in a variety of industrial operations involv-
ing high pH and temperatures.

It was also discovered that the pectinase enzyme from 
A. niger had a molecular weight of about 35 kDa, while 
pectinase was purified resulting in an apparent molecular 
weight of 66 kDa [35, 42] and isolated 63 kDa pectinase 
from Penicillium frequentans [49]. In agreement with the 
present findings, pectinase molecular mass was in the range 
of 30–80 kDa [50].

Pectinase enzymes are a class of enzymes that break 
down pectin into polysaccharides, residues of galacturonic 
acid, and trace amounts of xylose, rhamnose, arabinose, 
and galactose [51]. The ultimate objective was to create a 
process for pectin’s full hydrolysis. Acetic acid ethyl ester, 
hexadecane carbonsaeure methylase, hexadecenoic acid, 
9-octadecenoic acid (z), cis-vaccenic acid, octadecanoic 
acid, oleic acid, glycidyl palmitate, ethyl iso-alcoholate, 
2,3-dihydroxypropyl ester, and arabinitol pentaacetate were 
the principal end products, according to the GC–MS analy-
sis of the pectinase metabolites profile. Also, A. aculeatus 
pectinase was used to create a pectin hydrolysis profile that 
showed the amounts of galactose, arabinitol, neutral sugars, 
3-dihydroxypropyl ester, rhamnose, mannose, and arabinose 

Fig. 2   a) Colony and clear zone diameter for pectinase-producing 
fungi, b) qualitative screening of pectinase, c) pectinase activity, and 
d) pectin degradation index (PDI%) of selected pectinase-producing 
fungi at 28 °C for 72 h on PSA (a and b) and PSF (c and d) medium. 
Values followed by the same letter are not significantly different, 
according to Duncan at a 5% level

◂
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Fig. 3   a) Morphological characterization of pectinase-producing fungal isolates cultivated at 28 °C for 72 h on PDA medium from the left A. 
brasiliensis, A. niger, and A. niveus, respectively. b) Phylogenetic tree of fungal isolates based on ITS sequences of 18S rRNA
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[52]. The final products of pectin degradation by gut micro-
biota were as follows: inositol, acetic acid, oleic acid, pal-
mitic acid, stearic acid, petroselinic acid, pentadecanoic 
acid, monopalmitin, linoelaidic acid, and 10‐oxooctadeca-
noic acid [33].

The cytotoxic effects of pectinase against healthy African 
green monkey cells (VERO cells) and human colon cancer 
cells (Caco-2 cells) were studied [52]. Additionally, it was 
discovered to have an IC50 of 25 µg/ml with colon Caco-2 

cells; on healthy VERO cells, however, its cytotoxic effects 
were less pronounced. The high cytotoxic effects on cancer 
cells could be potentiating in the anticancer agents.

The purpose of textile bioscouring is to get good hydro-
philic characteristics and remove natural materials from 
textiles, such as pectin, lipids, and waxes. Large volumes 
of caustic soda and textile additives are needed for this old 
technique [53–55]. Moreover, it is necessary to neutral-
ize the alkali that was utilized afterwards. Pectinase-based 

Fig. 4   Effect of different 
concentrations of pectin on 
pectinase production on PMA 
medium by different Aspergillus 
spp. on PSA medium at 28 °C 
for 72 h. Values followed by the 
same letter are not significantly 
different, according to Duncan 
at a 5% level

Fig. 5   a) Time course of 
pectinase production by differ-
ent Aspergillus spp. on PMA 
medium at 28 °C. b) Incubation 
temperature effect on pectinase 
production by different Asper-
gillus spp. on PMA medium 
with the suitable incubation 
time
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bioscouring is an alternative to high alkali application: in 
the bioscouring process, mildly alkaline textile auxiliaries 
are combined with enzymes, also known as biocatalysts. 
Pectinases aid in the removal of cotton’s interfering fiber 
components without the requirement for high treatment 
temperatures or significant alkali concentrations. Enzymatic 
breakdown makes it simple to extract the pectin from the 
cotton fiber’s main cell wall. Our multipurpose specialist 
products for bioscouring include wetting agents, surfactants, 
and enzyme compositions. These items offer exceptional 
process safety and are simple to use. Alkaline stable pec-
tinase is employed in the process of “bioscouring,” which 
removes pectin and waxes from cotton fiber in a targeted 
manner. This technique is substrate specific and does not 
change the cellulose component, in contrast to conventional 
alkaline scouring [56, 57]. The study found that the bios-
couring of cloth significantly influenced the concentration 
of partially purified pectinase enzyme, with 1893.52 U/
ml achieving the highest bioscouring percentage of 20% at 
50 °C after 45 min. Pectinase enzyme was isolated from 
Fusarium sp. and applied also in the textiles bioscouring 
agent [58]. Cotton fabric was distressed using the partially 
purified pectinase enzyme. They compared the bioscoured 
cotton fabric’s efficiency to that of the traditionally scoured 
fabric. The results showed that the bioscoured cloth had a 
much better water-absorbing capacity than the traditionally 
scoured fabric. Additionally, it was discovered that the cot-
ton cloth treated with pectinase enzyme had a better tensile 
strength than the sample treated conventionally. Using 40% 
enzyme concentration, 4 h of treatment at 40 °C, and pH 
5.0 were the optimal for the bioscouring of pre-treated cot-
ton textiles using pectinase generated from the pectinolytic 
fungus Paecilomyces variotii [59].

Conclusion

The study isolated 60 fungi isolates from five plant rhizos-
pheres in Fayoum governorate, Egypt, to examine their pec-
tinase production. The highest pectinase degrading index 
was scored for FB5, FJ2, and FW1 isolates. The most active 
pectinase-producing fungi were identified as A. niveus strain 
AUMC1624, A. niger strain AUMC16245, and A. brasil-
iensis strain AUMC16244. The fungi reached maximum 
thermostable pectinase levels at 1% pectin after 5, 7, and 
7 days at 40, 45, and 45 °C, respectively. The study exam-
ined the thermostability of A. niger pectinase, revealing its 
increased activity with temperature and pH. The enzyme’s 
molecular weight was approximately 35 kDa. It showed 

Fig. 6   a) Effect of temperature. b) Effect of pH on the activity and 
stability of pectinase by A. niger 

Fig. 7   SDS-PAGE of partially purified pectinase from A. niger com-
pared to M protein marker of Tris–glycine 4–20% in kilo Dalton 
(KDa)
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biocompatibility effects and was applied as a clothes bios-
couring agent. The results could be used in various sectors, 
including agriculture and food, for pesticides and juice 
production. So we might deduce that thermostable and 
neutral-alkaline pectinase from A. niger with excellent pH 

and temperature stability of this pectinase enzyme makes 
it useful for a wide range of industrial processes, such as 
wastewater treatment, cotton fabric processing in the textile 
industry, and fruit juice extraction and clarity.

Fig. 8   Cell viability affected by various concentrations of pectinase from A. niger. a) Human skin cell line (HFb-4) cells viability and IC50. b) 
Microscopic images for human skin cell line (HFb-4) before and after treatment with different concentrations of pectinase from A. niger 
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