Comparative Analysis of Growth Factors Influencing Pectinase Production in Aspergillus Species



Abstract

	The global demand for fungal pectinases has increased significantly due to their versatile applications across various industrial sectors. Utilizing inexpensive substrates from agro- industry has proven to be a highly advantageous strategy for cost effective production.  The study focusses on optimization of cultural conditions for production of pectinases under submerged fermentation using wheat bran and citrus peel as the substrates. Fungal strains were isolated from vegetable waste dump yard soils of Warangal district of Telangana state and screened for their activity on pectin agar medium. Among 30 isolates, two fungal strains showed good activity and identified them as A. niger and A. flavus. The study investigated the impact of growth factors including Ascorbic acid, Biotin, Cyanocobalamine, Folic acid, Pyridoxine and Riboflavin on Pectinases viz. exo-PG, endo-PG, endo-PL and PME by A. niger and A. flavus with 1% wheat bran and Citrus peel were carried out in submerged fermentation. These studies revealed that pyridoxine was identified as the most effective growth factor for enzyme production. Among all the growth factors Pyridoxine was shown to be efficient growth factor for all types of pectinases under investigation. For endo-PG, endo-PL and PME maximum enzyme production were recorded on 8th day of incubation period but for exo-PG enhanced production was observed on 12th day.  A. niger and A. flavus could not produce PME on 12th day. Among six different growth factors were screened, maximum pectinase production was recorded in pyridoxine at concentration of 500 ppm for A. niger and A. flavus. These findings suggest that the optimization of cultural conditions and nutrient supplementation can significantly improve the feasibility of largescale industrial   enzyme production.
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1. Introduction

[bookmark: bbib51][bookmark: bbib110][bookmark: bbib31][bookmark: bbib113] 	Fungi, specifically from the genera Aspergillus are noted for their proficient secretion of extracellular enzymes, including diverse pectinases such as polygalacturonase, pectin lyase, and pectin esterase (Haile and Ayele, 2022). These enzymes particularly cleave bonds within the pectin molecule, resulting in its breakdown into simpler molecules (Arnavu et al., 2020; Dasari, 2020; Wagh et al., 2022). Pectinases are a group of enzymes that break down pectic material. Methoxy groups, are removed by methylesterases from strongly or partially esterified galacturonan. Polygalacturonases catalyse the release of galacturonic  acid residues by hydrolyzing glycosidic linkages in a random manner (endopolygalacturonase) or from the non-reducing end of homogalacturonan (exopoly- glacturonases) (KC et al., 2020). Pectinase is helpful in food and beverage industries, particularly in the preparation of fruit juice, the extraction of vegetable oil, and the fermentation of coffee (Jalil et al., 2023).
	Pectinase enzymes are produced from diverse sources, including microbes, plants, insects, and nematodes. Microbial sources are highly significant due to their rapid growth, widespread availability, shorter fermentation periods, and ease of genetic modification (Shet and Achappa 2025). Fungal communities plays a key role in contributing to the welfare of food and beverages, pharmaceuticals like therapeutic enzymes, wastewater recycling, agriculture, and many more industrial sectors (Rani et al., 2024). The economic importance of pectinase has prompted substantial research focused on enhancing its production and application, especially through the use of fungal species recognized for their superior pectinase production ability (Abdulmumini et. al., 2025).
However, despite extensive research, the optimization of growth conditions for enhanced enzyme production remains a critical challenge. Variability in enzyme yield due to differences in growth factors such as vitamins and nutrient supplements limits the economic efficiency of large-scale production. Additionally, there is a lack of systematic comparative studies evaluating the influence of individual growth factors on pectinase production across different Aspergillus species under submerged fermentation conditions. Especially, the role of essential growth factors (e.g., ascorbic acid, biotin, riboflavin, pyridoxine, folic acid, and cyanocobalamin) in modulating enzyme synthesis has not been clearly established. This limits the development of optimized, cost-effective, and scalable fermentation strategies. Hence, a comprehensive evaluation of growth factor effects on pectinase production is necessary to identify optimal conditions and improve industrial applicability. The main objectives of the study is to evaluate and compare pectinase production by selected Aspergillus species under submerged fermentation and also to identify and investigate the effect of different growth factors (ascorbic acid, biotin, riboflavin, pyridoxine, folic acid, and cyanocobalamin) on enzyme production.
 2. Materials and Methods
2.1 Sample collection: 30 Soil samples, collected from the 5 different  sites viz., Mulugu road, Hasanparthy, Narsampet, Kazipet and Janagaon, where the vegetable wastes were dumped which were obtained from different areas of in and around the Warangal city, Telangana state in sterile polythene bags and were immediately transferred to the laboratory for microbial assessment and analysis
2.2 Isolation of fungi: A wide range of fungi associated with the samples have different ecological functions. Most of the fungi can grow on artificial media in vitro.
Potato dextrose agar (PDA) medium containing (gm/L): potato infusion, 200; dextrose, 20.0 and agar, 15.0 was chosen as growth medium for preliminary isolation of fungi. All the above mentioned samples were exposed to atmosphere and suspended in sterile distilled water. These suspensions were stirred for 20 min before making serial dilutions. The dilution-plate method (Johnson and curl, 1972) was employed for the isolation purpose. After serial dilutions inoculum were spread on potato dextrose agar medium containing 0.08% streptomycin to avoid bacterial contamination. The plates were incubated in an inverted position at 28˚C for 7 days (Kaur and Kaur, 2014). Fungi growing on the agar plates were sub-cultured to purity from hyphal tips, colonies or spores and were preserved on potato dextrose agar slants under refrigeration condition at 4oC prior to use and maintained for identification and enzyme studies.
2.3 Primary screening of pectinolytic fungi: Selection and isolation of potential pectinolytic fungi were assessed by using 0.1 mL of inoculum from the enriched medium, they were plated on pectin agar media contains 0.2%, NaNO3; 0.1%, K2HPO4; 0.05%, MgSO4. 7H2O; 0.05%, KCl; 10 mg, FeSO4.7H2O; 3%, Sucrose; 0.001%, ZnSO4 and 0.001%, CuSO4 supplemented with 1% pectin (HiMedia) and streptomycin sulphate (35 µg/mL) to control the bacterial contamination (pH 7.0), incubated at 28±1ºC for 4-5 days. After 5 days of incubation, plates were flooded with iodine- potassium iodide solution (5.0 g potassium iodide and 1.0 g iodine in 330 mL of distilled water) and observed for zone of hydrolysis around the wells (Khairnar et al., 2009, Reddy and Sreeramulu 2012). This solution gives colour to medium containing pectin resulting in translucent halo round the wells.
2.4 Morphological identification of the fungi: The fungal isolates were identified based on their morphology, mycelia structure and spore formation as guidelines given in illustrated genera of imperfect fungi (3rd edition) by Barnett and Hunter (1972).
2.5 Pectinase production under submerged fermentation (SmF): Cultures grown in 250 mL Erlenmeyer flask containing 100 mL of pectin broth (pH 7.0), contains 0.2%, NaNO3; 0.1%, K2HPO4; 0.05%, MgSO4.7H2O; 0.05%, KCl; 0.01%, FeSO4.7H2O; 3%, sucrose; 0.001%, ZnSO4; 0.001%, CuSO4 and 1% of pectin were used for assay of pectinase and exo-polygalacturonase enzymes. After the sterilization of the Erlenmeyer flasks containing fermentation medium, young fungal mycelia of 3 days old cultures at the growing edges were used to inoculate aseptically. Inoculated flasks were incubated in the orbital shaker operating at 120-180 rpm at 28±1ºC for 16 days. 10 ml of incubated broth from the culture flasks was withdrawn at different time intervals. The supernatants obtained from the centrifugations were used as partially purified enzyme sources for assay and quantification of protein content.
2.6 Enzyme recovery: After incubation, the culture medium was filtered to remove mycelium using Whatmann No.5 filter paper, the filtrate was centrifuged at 5000 rpm for 10 min. The clear supernatant was used as the extracellular enzyme source.
2.7 Quantitative assay for exopectinase activity: The exopectinase activity was assayed by DNS method (Miller, 1959) using 1% pectin as substrate. Reaction mixture containing equal amounts of 1% pectin (1.0 mL) prepared in citrate buffer (0.05 M; pH 5.0) and partially purified enzyme (1.0 mL) was incubated at 50oC in water bath for 30 min. The reaction was terminated by addition of 3ml of 3,5-dinitrosalicilic acid (DNS) reagent and the contents were boiled for 15 min. After cooling the color developed was read at 540 nm. The amount of reducing sugar released was quantified using galactouronic acid as standard. Standard galacturonic was prepared by taking 100 mg galacturonic acid in 100 ml standard flask and made up the volume to 100 ml. A standard curve of D-galactouronic (1 mg/mL) was prepared under identical conditions to determine the reducing sugars formed. The enzymatic activity of filtrate was expressed as Unit per ml (U/ml), which is defined as the amount of enzyme, which liberates 1 μmole of reducing sugar per mL per minute under assay conditions.
Units/ml enzyme = (μmole of galacturonic acid equivalent released) (DF) (2)
(30) (X)

DF= dilution factor of enzyme
2= Total volume (in milliliter) of assay X=Volume (in milliliter) of enzyme used
30=Time of assay (in minute) as per unit definition
Total activity (units) Specific activity	=	Total protein (mg)

Total activity of the sample × 100 Recovery percentage	=	Total activity of the crude extract

Specific activity of the sample Purification fold	=	Specific activity of the crude


2.8 Quantitative assay for exopolygalacturonase (Exo-PG): Exopolygalacturonases, activity was assayed by quantifying reducing sugars using DNS method (Miller, 1959). The Exo-PGase activity was determined using 1% polygalacturonic acid (PGA) as substrate, prepared in sodium acetate buffer (0.1M; pH 4.5). The reaction mixture (2 mL) contained equal amounts of enzyme (1.0 mL) and substrate (1.0 mL) and incubating at 50ºC for 30 min in a water bath. The reaction was stopped by addition of 3ml of 3,5-dinitrosalicilic acid DNS reagent and the contents were boiled for 15 min. The color developed was read at 540 nm. A standard curve of D-galactouronic acid (1 mg/mL) was developed under identical conditions to determine the reducing sugars released. The enzymatic activity was expressed as Unit per ml (U/mL), which is defined as the amount of enzyme, which liberates 1 μmole of galacturonic acid (reducing sugar) per mL per minute under assay conditions.
2.9 Quantitative assay for endopolygalacturonase (Endo-PG): Wood‘s viscometric method (Wood, 1955) was employed to estimate the endo-PG. Polygalacturonic acid (0.5%) was prepared by dissolving 0.5 g of polygalacturonic acid in 100 mL citrate buffer (pH 5.5). The reaction mixture for the estimation of endo-PG contained polygalacturonic acid (0.5%) substrate, citrate buffer (pH 5.5) and enzyme source in 4:1:2 ratios. The reaction mixture consisting of 12 mL of substrate, 4mL of enzyme and 1 ml of citrate buffer. The loss of viscosity was measured for every 10 min over a period of 30 min. The reaction mixture with heat killed (inactivated) enzyme and distilled water served as control. The percentage loss of viscosity was calculated by using the following formula.
[image: ]

Where,
V = percentage of loss of viscosity
ti = flow time of reaction mixture + inactive enzyme. ta = flow time of reaction mixture + active enzyme
t0= flow time of distilled water + active enzyme at ‗‗O‘‘ time
The Relative Enzyme Activity (REA) of endo-PG was calculated by dividing 1000 with time required for 50% loss of viscosity (t50) and in Relative Viscometric Units (RVU).
REA = 1000 / tv50

Where tv50 = time required in minutes taken for 50% loss of initial viscosity

2.10 Quantitative assay for endopectin lyase (Endo-PL): Endo-PL activity was assayed viscometrically as suggested by Wood (1955). 1% pectin was used as substrate in this assay. 4ml of culture supernatant and 0.8 ml of tris HCl buffer (pH 8.0) were added to 12 ml of pectin solution. Viscosity changes of reaction mixture were determined by using Ostwald viscometer. Initial reading time and the reading after 30 minutes of incubation were determined. The loss of viscosity was measured for every 10 min over a period of 30 min. The reaction mixture with heat killed (inactivated) enzyme and distilled water served as control. Enzyme activity was expressed in RVU units (Relative Viscometric Units).
2.11 Quantitative assay for pectin methyl esterase activity (PME): Pectin methyl esterase activity was estimated by the method suggested by Kertesz and Mccollocch (1950). PME activity can be measured either by measuring the amount of methanol released or increase in free carboxyl group by monitoring pH changes.
Pectin esterase activity was measured by increase in free carboxyl group by titrating against NaOH in the presence of a pH indicator like phenolphthalein. For assaying PME activity, 20 mL of 1% pectin (dissolved in 0.15M NaCl, pH-7.0) and 4 mL of enzyme extract were taken in a beaker and incubated for 1 hr. After incubation, the solution was titrated against the 0.02 N NaOH to reach pH 7.0 using phenolphthalein as indicator (colour change from colourless to pink). The heat killed enzyme extract was used as control.
Pectin esterase activity = Vs – V b (Normality of NaOH) × 100/Vt
Where, Vs-volume of NaOH used to titer sample (mL), V b-volume of NaOH used to titer blank (mL), V-volume of incubation mixture (mL), t-Reaction time (min). PME activity was expressed as milli equivalents of NaOH consumed min-1 ml-1 of enzyme extract under the assay conditions.

2.12 Soluble protein assay: The protein content of enzyme source was determined by the Lowry‘s method, as described by Lowry‘s et al. (1951) using bovine serum albumin (BSA) as a standard, absorbance was read at 660 nm using UV-VIS spectrophotometer.
2.13 Determination of fungal biomass: After the incubation period (4, 8, 12, and 16 days) the contents of the flasks were aseptically passed through pre-weighed Whatman No.1 filter paper to separate mycelial mat from culture filtrates. The filter papers, along with mycelial mat were dried at 70°C in an oven overnight and their weight recorded. The difference between the weight of the filter paper bearing mycelia mat and weight of pre-weighed filter paper represented fungal biomass, which was expressed in terms of dry weight of mycelia mat in micrograms (Acharya et al., 2008).
2.14 Optimization of cultural parameters for pectinase production under SmF: The production of high yields of an enzyme using SmF requires optimal environmental conditions to enhance maximum growth of the organisms and increased production of the enzyme. The optimization of medium composition (pH, temperature, carbon source, nitrogen source, surfactants and additives) was investigated in SmF.
2.15 Microorganisms: The microorganisms used in this work were the fungal strains of Aspergillus niger and Aspergillus flavus. These fungi were locally isolated from various regions of Warangal district, India. These strains were preliminary screened for pectinolytic activity on pectin agar media containing 1% pectin as sole carbon source and these were identified as the potential pectinases producers among 30 fungal isolates
2.16 Substrates for SmF: Cost of the production enzyme depends mainly on the cost of substrate. To make the process cost effective various types of cheap agroindustrial by products i.e., wheat bran, citrus peel, sugar cane bagasse, rice husk, potato peel, and orange peel were added to the production medium at concentration 1% and submerged fermentation was carried out by the selected isolates. The effect of various agroindustrial byproducts viz wheat bran, citrus peel, sugarcane bagasse, rice bran, potato peel, sugar cane, orange peel on the production of enzyme was studied. The production medium without any agroindustrial byproduct was used as control. The best agroindustrial byproduct for maximal enzyme production was selected and used at different concentration 0.50%, 1.00%, 1.50%, 2.00% and 2.50 % w/v in production medium.
2.17 Microorganisms cultivation to determine pectinolytic activity under SmF: For pectinase production under submerged conditions, pectin broth medium supplemented with wheat bran and citrus peel were used individually instead of pectin. Fungal inoculated culture flasks were incubated at 28˚±1oC under static conditions for upto 16 days.
2.18 Enzyme recovery: After incubation, the culture medium was filtered to remove mycelium using Whatmann No.5 filter paper, the filtrate was centrifuged at 5000 rpm for 10 min. The clear supernatant was used as the crude extracellular enzyme source.
2.19 Enzyme assays: The exopectinase activity and exopolygalacturonase activity were determined according to (Miller, 1959) DNS method as described earlier. The endopolygalacturonase activity and endo pectin lyase was assayed according to Wood‘s viscometric method (Wood, 1955). Pectin methyl esterase activity was estimated by the method suggested by Kertesz (1937).
2.20 Effect of growth factors: To study the effect of growth factors on pectinase production various growth factors like biotin, cyanocobalamine, thiamine, ascorbic acid, folic acid, pyridoxine and riboflavin at concentration of (w/v) 0.1% w/v were added to the production medium in SmF. The effect of concentration of best vitamin source for maximal enzyme production, it was used at different concentration 250, 500, 750 and 1000 ppm in the production medium. Inoculated flasks were incubated at temperature 28±1˚C for 16 days. Enzyme assay were carried out from enzyme source.
2.21 Statistical analysis: The enzyme activities are presented as Mean±SE of all values. Results obtained in this study were subjected to analysis of variance using one way ANOVA and difference between means were separated by Duncan Multiple Range Test using SPSS software 17.0 version. The results are presented in tables 1-8


3 Results and Discussion

In the current investigation, pyridoxine resulted in maximum exopectinase production whereas ascorbic acid caused significant reduction in enzyme activity This indicates that not all vitamins exerts a positive effect, and their influence is highly specific to metabolic pathway and fungal physiology. These findings are consistent with earlier reports showing that growth factors are not always essential but can enhance enzyme synthesis depending on type and concentration. For instance, studies on Aspergillus terreus reported that vitamin supplementation (especially riboflavin) significantly enhanced pectinase production, although it was not an absolute requirement for fungal growth (Sethi et al, 2016). Similarly, riboflavin and ascorbic acid were found to increase pectinase activity in Fusarium species, though the magnitude of effect varied (Purnachandra Reddy and Saritha, 2015)
Table 1 represents the effect of growth factors on pectinases production by A. niger under SmF using wheat bran. Maximum exopectinase production was obtained from the media supplemented with pyridoxine (0.618a±0.003 U/mL) on 12th day and significantly decreased exopectinase activity was observed with ascorbic acid (0.107f±0.005 U/mL) on 8h day of incubation. Highest exo-PG production was obtained in the media supplemented with pyridoxine (0.638a±0.001 U/ml) on 12th day and significantly decreased activity was observed with ascorbic acid (0.096g±0.005 U/mL) on 8th day of incubation.
Increased endo-PG activity was observed in the media supplemented with pyridoxine (266.0a±0.002 RVU) and significantly decreased enzyme activity was observed with ascorbic acid (16.0g±0.002 RVU) on 8th day of incubation. Similarly, highest endo-PL production was also observed in the media supplemented with pyridoxine (200a±0.003 RVU RVU) and very less endo-pl activity was observed with ascorbic acid (20.09g±0.003 RVU) under similar conditions. This was also true with PME production under similar incubation conditions. Protein concentration was recorded in the range of 1.9 mg/ml and dry weight in the range of 2.0 gm on 12th day of incubation. Final pH was recorded towards acidic side in the range between pH 5.0 and pH 6.0 on 8th and 12th day respectively.
Studies show that wheat bran is an effective substrate for enzyme production out performing other agro residues like rice husk and wheat straw in supporting fungal growth and enzyme activity (Yohanna et al., 2026)
The data presented in table 2 represents the effect of growth factors on pectinase production by A. niger under SmF using citrus peel. Highest pectinase production was obtained from the media supplemented with pyridoxine (0.876a±0.00 U/mL) on 12th day and significantly decreased exopectinase activity was observed with ascorbic acid (0.091g±0.003 U/mL) on 8th day. Similar result was also recorded with maximum exo-PG in pyridoxine (1.134a±0.001 U/mL) and minimum exo-PG in ascorbic acid (0.059h±0.002 U/mL) under similar conditions.
Increased endo-PG activity was observed with pyridoxine (45.0a±0.001 RVU) and significantly decreased endo-PG was observed with ascorbic acid (12.30g±0.001 RVU) on 8th day of incubation. This was also true with maximum endo-PL production with pyridoxine (63.29a±0.003 RVU) and minimum endo-PL production with ascorbic acid (7.44f± .003 RVU) under similar incubation conditions. The organism was failed to produce PME in the presence of growth factors on both incubation periods. Protein production was recorded in the range of 2.5 mg/ml and dry weight in the range of 2.2 gm on 12th day of incubation. Final pH was recorded towards acidic side in the range between pH 5.0 and pH 6.0 on 12th and 8th day respectively.

These findings are consistent with earlier reports focusing the importance of medium composition and growth factors in optimizing pectinase production. For instance (EI Enshasy et al., 2018) reported that optimization of medium components and environmental conditions significantly increased pectinase yield (up to 450 U/mL) in Aspergillus niger, emphasizing that nutrient supplementation plays a critical role in enzyme productivity. 
The observed higher enzyme production on the 12th day aligns with studies showing that pectinase production is growth-associated and typically reaches peak levels during the late exponential or early stationary phase (Burman et al., 2015) reported optimal pectinase activity after ~60–72 hours under optimized conditions, although variations in incubation time depend on substrate type and fermentation system.

To determine the effect of growth factors on pectinases production by A. flavus under SmF using wheat bran was shown in table 3. Maximum pectinase production was obtained from the media with pyridoxine (1.268a±0.003 U/mL) and significantly decreased exopectinase activity was observed with ascorbic acid (0.170f±0.003 U/mL) on 12th day of incubation. Highest exo-PG production was obtained when the media was supplemented with pyridoxine (1.056c±0.002 U/mL) on 8th day of incubation and significantly decreased exo-PG activity was observed with ascorbic acid (0.046f±0.002 U/mL) on 12th day of incubation.

Similarly, increased endo-PG activity was observed when media was supplemented with pyridoxine (119a±0.001 RVU) and significantly decreased endo-PG was observed with ascorbic acid (21.66e±0.333 RVU) under similar incubation conditions. This situation was also true with maximum endo-PL (116a±0.003 RVU) production in pyridoxine and very less endo-PL (11.33f±0.333 RVU) production with ascorbic acid under same incubation conditions. Similarly, highest PME production with pyridoxine (0.073a±0.001 meq of NaOH consumed/min/ml) and very less PME production with ascorbic acid (0.025g±0.001 meq of NaOH consumed/min/ml) was recorded on 8th day of incubation. Protein production in the range of 2.9 mg/ml on 8th day of incubation and dry weight in the range of 3.2 gm were recorded on 12th day of incubation. Final pH was recorded towards acidic side in the range between pH 5.0 and pH 6.0 on 12th and 8th day respectively.

These observations are consistent with previous studies highlighting the role of nutritional and environmental factors in regulating pectinase production. For example, optimization studies on Aspergillus flavus reported that enzyme yield is highly dependent on medium composition, incubation time, and nitrogen sources, with significant variation in activity under different conditions (Afzia et al., 2024)

In the present study the effect of growth factors on pectinases production by A. flavus under SmF using citrus peel was shown in table 4. Increased exopectinase (1.606a±0.002 U/mL) production was obtained with pyridoxine on 12th day of incubation and significantly decreased exopectinase (0.031c±0.008 U/mL) activity was observed with ascorbic acid on 8th day of incubation. Similarly, highest exo-PG (1.357a±0.001 U/mL) production was also obtained with pyridoxine and significantly decreased exo-PG (0.070c±0.003 U/mL) activity was also observed with ascorbic acid under similar incubation conditions.

Increased endo-PG (71.65a±0.002 RVU) activity was observed in media with pyridoxine and significantly decreased endo-PG (13.33g±0.002 RVU) was observed with ascorbic acid on 8th day of incubation. Similarly, maximum endo-PL (80.73a±0.003 RVU) was observed with pyridoxine and less endo-PL (5.0e±0.003 RVU) was observed with ascorbic acid under similar incubation period. This situation was also true with increased PME (0.025a±0.001 meq of NaOH consumed/min/mL) production with pyridoxine on 8th day but less production (0.011c±0.001 meq of NaOH consumed/min/mL) with ascorbic acid on 12th day. Protein production with similar value of 1.9 mg/mL and dry weight with similar value of 1.3 gm produced on 8th and 12th day of incubation. Final pH was recorded towards acidic side with pH 5.0 in all the incubations.

The present findings are consistent with recent reports identifying that substrate composition and nutrient supplementation are key factors influencing pectinase production. A study on Aspergillus niger under submerged fermentation demonstrated that physicochemical parameters and nutrient composition significantly affect enzyme yield, confirming that optimized media enhance pectinase production (Mat Jalil et al., 2023). This aligns with observation that pyridoxine supplementation enhanced enzyme activity.

To study the effect of pyridoxine on production of pectinases, medium was supplemented with pyridoxine at different concentrations ranging from 250 ppm, 500 ppm, 750 ppm to 1000 ppm and the results are summarized in tables (5-8)
Critical perusal of the table 5 reveals a significantly enhanced exopectinase (0.620a±0.00 U/mL) activity was observed in 500 ppm pyridoxine by A. niger using wheat bran on 12th day of incubation. Similarly, highest exo-PG (0.505a±0.002 U/mL) activity was also recorded under similar incubation conditions. An increased endo-PG (43.0a±0.555 RVU) and endo-PL (32.50a±0.005 RVU) production was recorded in 500 ppm pyridoxine on 8th day of incubation. This was also true with PME (0.032a± 0.001 meq of NaOH consumed/min/mL) activity under similar incubation conditions.
These findings are consistent with recent studies emphasizing the importance of micronutrients and vitamins in regulating microbial metabolism. Pyridoxine has been shown to influence central metabolic pathways such as the TCA cycle and amino acid biosynthesis, thereby increasing microbial productivity under optimized concentrations (Tian et al., 2024). This supports the present observation that moderate pyridoxine levels (500 ppm) improved enzyme synthesis.
Present study illustrates that the increased exopectinase (0.936a±0.002 U/mL) activity was observed in 500 ppm pyridoxine by A. flavus using wheat bran on 12th day of incubation (table 6). Exo-PG (0.790a±0.001 U/mL) activity also recorded under similar incubation conditions. Maximum endo-PG (31.60a±0.002 RVU), endo-PL (52.60a±0.003 RVU) activity was noticed in 500 ppm pyridoxine on 8th day of incubation. This is also true with PME (0.035a±0.002 meq of NaOH consumed/min/mL) production under similar conditions.
The presence of inducer such as pectin or supplement like yeast extract can increased enzyme production and also cause repression at higher concentration as seen in Bacillus pumilus and A. niger studies (Tepe et al., 2020). A critical perusal of table 7 reveals that the enhanced exopectinase (0.670a±0.001 U/mL) activity was observed in 500 ppm pyridoxine by A. niger using citrus peel on 12th day of incubation period. Similar response was recorded with exo-PG (0.520a±0.003 U/mL) under same incubation conditions. An increased endo-PG (46.70a±0.351 RVU) and endo-PL (27.66a±0.290 RVU) activity was also observed in 500 ppm pyridoxine but on 8th day of incubation period. This was also true with PME (0.025a±0.001 meq of NaOH consumed/min/mL) activity under similar conditions.
The maximum pectinase activity often occurs between 3 to 5 days of fermentation under optimized conditions, which is somewhat earlier than 8 to12 day peak reported with pyridoxine supplementation, suggesting pyridoxine may extend or shift enzyme production phases. (Bukar et al., 2022)

Results from the table 8 it is evident that increased exopectinase (0.986a±0.003 U/ml) activity was recorded in 500 ppm pyridoxine by A. flavus using citrus peel on 12th day of incubation period. Maximum exo-PG (0.806a±0.003 U/mL) activity also recorded under similar conditions. A highest endo-PG (34.00a±0.577 RVU), enhanced endo-PL (54.33a±0.333 RVU) activity was also observed in 500 ppm pyridoxine but on 8th day of incubation period. This was also true with PME (0.049a±0.001 meq of NaOH consumed/min/mL) activity under similar conditions.

While direct studies on pyridoxine effect are limited in the provided literature, other nutrients supplements such as yeast extract, ammonium salts and minerals have been shown to significantly increased enzyme production by A. niger during SSF of citrus peel (Mamy et al., 2024)
It was observed that, pectinase production in the presence of growth factor is dependent on the physiology of the fungus medium composition and type of fermentation. Due to this these two fungi responded differently with wheat bran and citrus peel under SmF.

4 Conclusion

[bookmark: _Hlk219284361][bookmark: _Hlk198031404]This study demonstrates that the production of pectinases by Aspergillus species under submerged fermentation is significantly influenced by growth factors and substrate composition. The use of cost-effective agro-industrial substrates such as wheat bran and citrus peel were proved to be efficient for enzyme production. Among all the growth factors, pyridoxine at 500 ppm concentration exhibited the most pronounced stimulatory effect on pectinase production in A. niger and A. flavus. Optimization of fermentation parameters further increased enzyme yield, indicating the feasibility of improving production efficiency through controlled conditions. The results indicate that Aspergillus species possess significant potential for large-scale pectinase production. Overall, the findings support the development of an economically viable and sustainable approach for industrial enzyme production using low-cost substrates.
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Table 1. Effect of different growth factors on production of pectinases by A. niger under SmF using wheat bran

	Growth factors
	Incubation period (days)
	Final pH
	Dry mycelium wt. (gm)
	Exopectinase (U/mL)
	Exo-PG (U/mL)
	Endo-PG (RVU)
	Endo-PL (RVU)
	PME
(meq of NaOH consumed/ min/mL)
	Protein con. (mg/mL)

	Ascorbic acid
	8th

	5.0
	0.8
	0.107f±0.005
	0.096g±0.005
	16.0g±0.001
	20.09g±0.001
	0.016f±0.001
	1.5

	
	12th

	6.0
	1.2
	0.150g±0.003
	0.154f±0.001
	300a±0.003
	133a±0.002
	0.035a±0.001
	1.5

	Biotin
	8th

	5.0
	0.6
	0.491b±0.005
	0.493b±0.005
	22.2f±0.003
	27.0f±0.001
	0.022d±0.001
	1.2

	
	12th

	6.0
	1.1
	0.492b±0.003
	0.082g±0.001
	255b±0.003
	100b±0.002
	0.025bc±0.001
	1.5

	Control
	8th

	5.0
	0.5
	0.180e±0.005
	0.179f±0.005
	129.0c±0.003
	153.7b±0.001
	0.024c±0.001
	1.0

	
	12th

	6.0
	1.0
	0.322d±0.003
	0.518bc±0.001
	88.7c±0.003
	70.0de±0.002
	0.025bc±0.001
	1.3

	Cyanacobala
-mine
	8th

	5.0
	0.6
	0.234c±0.005
	0.393c±0.005
	133.3b±0.003
	75.33c±0.001
	0.024c±0.001
	1.1

	
	12th

	6.0
	0.8
	0.176f±0.003
	0.509bc±0.001
	51f±0.003
	25.0g±0.002
	0.017d±0.001
	1.4

	Folic acid
	8th

	5.0
	0.5
	0.180e±0.005
	0.166e±0.005
	76.6d±0.003
	48.57d±0.001
	0.018e±0.001
	1.1

	
	12th

	6.0
	0.7
	0.372c±0.003
	0.384e±0.001
	76.6de±0.003
	68.0de±0.002
	0.018c±0.001
	1.3

	Pyridoxine
	8th

	5.0
	1.4
	0.505a±0.005
	0.570a±0.005
	266.6a±0.002
	200a±0.003
	0.066a±0.001
	1.8

	
	12th

	6.0
	1.9
	0.618 a±0.003
	0.638a±0.001
	70de±0.003
	90c±0.002
	0.035a±0.001
	2.0

	Riboflavin
	8th

	5.0
	0.4
	0.202d±0.005
	0.268d±0.005
	54.4e±0.003
	39.6ef±0.001
	0.034b±0.001
	1.0

	
	12th

	6.0
	0.5
	0.202e±0.003
	0.487cd±0.001
	51f±0.003
	50.0f.±0.002
	0.017d±0.001
	1.0



Values are significant at P < 0.005
--No activity
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Table 2. Effect of different growth factors on production of pectinases by A. niger under SmF using citrus peel

	Growth factors
	Incubation
period (days)
	Final pH
	Dry
mycelium wt. (gm)
	Exopectinase (U/mL)
	Exo-PG (U/mL)
	Endo-PG (RVU)
	Endo-PL (RVU)
	PME
(meq of NaOH consumed/min/mL)
	Protein
con. (mg/mL)

	Ascorbic acid
	8th

	6.0
	0.9
	0.091g±0.003
	0.059h±0.002
	12.30g±0.001
	7.44f±0.003
	--
	1.2

	
	12th

	5.0
	0.9
	0.171g±0.001
	0.100h±0.003
	8.0e±0.003
	12.5f±0.002
	--
	1.8

	Biotin
	8th

	6.0
	0.8
	0.487b±0.003
	0.443b±0.002
	38.0b±0.001
	38.0a±0.003
	--
	1.1

	
	12th

	5.0
	0.8
	0.726b±0.005
	0.702b±0.005
	23.0b±0.003
	35.0b±0.002
	--
	1.7

	Control
	8th

	6.0
	0.6
	0.352c±0.003
	0.385c±0.002
	33.3c±0.001
	25.2c±0.003
	--
	0.9

	
	12th

	5.0
	0.7
	0.615c±0.005
	0.341de±0.005
	18.5c±0.003
	25.5c±0.002
	--
	1.5

	Cyanacobala
-mine
	8th

	6.0
	0.7
	0.279e±0.003
	0.256d±0.002
	33.3c±0.001
	20.3e±0.003
	--
	0.8

	
	12th

	5.0
	0.5
	0.241f±0.005
	0.122gh±0.005
	7.33f±0.003
	11.4g±0.002
	--
	1.4

	Folic acid
	8th

	6.0
	0.5
	0.178f±0.003
	0.128ef±0.002
	28.2d±0.001
	25.0c±0.003
	--
	1.0

	
	12th

	5.0
	0.7
	0.243e±0.005
	0.611cd±0.005
	13.30d±0.003
	15.18de±0.002
	--
	1.5

	Pyridoxine
	8th

	6.0
	1.6
	0.541a±0.003
	0.560a±0.002
	45.0a±0.001
	63.29a±0.003
	--
	1.9

	
	12th

	5.0
	2.2
	0.876a±0.003
	1.134a±0.001
	31.0a±0.003
	41.66a±0.002
	--
	2.5

	Riboflavin
	8th

	6.0
	0.5
	0.304d±0.003
	0.065g±0.002
	33.3c±0.001
	20.0e±0.003
	--
	0.7

	
	12th

	5.0
	0.3
	0.524d±0.005
	0.229ef±0.005
	6.0g±0.003
	12.5f±0.002
	--
	0.8



Values are significant at P < 0.005
--No activity



Table 3. Effect of different growth factors on production of pectinases by A. flavus under SmF using wheat bran

	Growth factors
	Incubation
period (days)
	Final pH
	Dry
mycelium wt. (gm)
	Exopectinase (U/mL)
	Exo-PG (U/mL)
	Endo-PG (RVU)
	Endo-PL (RVU)
	PME
(meq of NaOH consumed/min/mL)
	Protein
con. (mg/mL)

	Ascorbic acid
	8th

	6.0
	0.9
	1.091a±0.003
	0.597a±0.002
	31.15f±0.001
	22.20e±0.005
	0.025g±0.001
	1.2

	
	12th

	5.0
	1.8
	0.170f±0.003
	0.046f±0.001
	21.66e±0.333
	11.33f±0.333
	0.005e±0.002
	1.8

	Biotin
	8th

	6.0
	0.8
	0.987b±0.003
	0.443b±0.002
	78.0b±0.001
	60.0b±0.005
	0.049c±0.001
	1.1

	
	12th

	5.0
	2.1
	0.886b±0.003
	0.600d±0.001
	23.66d±0.333
	32.26d±0.333
	0.035b±0.002
	2.1

	Control
	8th

	6.0
	0.6
	0.752d±0.003
	0.85ef±0.002
	53.3c±0.001
	45.2c±0.005
	0.030f±0.001
	0.9

	
	12th

	5.0
	2.5
	0.620c±0.003
	0.736b±0.001
	37.66b±0.333
	52.66c±0.333
	0.019c±0.002
	2.5

	Cyanacobala
-mine
	8th

	6.0
	0.7
	0.479g±0.003
	0.756g±0.002
	53.3c±0.001
	22.20e±0.005
	0.053b±0.001
	0.8

	
	12th

	5.0
	3.0
	0.506d±0.003
	0.626c±0.001
	26.66c±0.333
	61.93b±0.333
	0.019c±0.002
	3.0

	Folic acid
	8th

	6.0
	0.5
	0.678f±0.003
	0.828ef±0.002
	38.2d±0.001
	25.0de±0.005
	0.029e±0.001
	1.0

	
	12th

	5.0
	2.2
	0.456e±0.003
	0.100e±0.001
	5.66f±0.333
	21.10e±0.333
	0.009d±0.002
	1.1

	Pyridoxine
	8th

	6.0
	1.6
	0.841c±0.003
	1.056c±0.002
	119.0a±0.001
	116.0a±0.005
	0.073a±0.001
	2.9

	
	12th

	5.0
	3.2
	1.268a±0.003
	0.817a±0.001
	49.83a±0.333
	71.33a±0.333
	0.015a±0.001
	2.8

	Riboflavin
	8th

	6.0
	0.5
	0.704e±0.003
	0.965d±0.002
	33.3e±0.001
	30.0d±0.005
	0.0036d±0.001
	0.7

	
	12th

	5.0
	3.2
	0.456e±0.003
	0.600d±0.001
	21.66e±0.333
	11.33f±0.333
	--
	2.1



Values are significant at P < 0.005
--No activity


Table 4. Effect of different growth factors on production of pectinases by A. flavus under SmF using citrus peel

	Growth factors
	Incubation period (days)
	Final pH
	Dry mycelium wt. (gm)
	Exopectinase (U/mL)
	Exo-PG (U/mL)
	Endo-PG (RVU)
	Endo-PL (RVU)
	PME
(meq of NaOH consumed/min/mL)
	Protein con. (mg/mL)

	Ascorbic acid
	8th

	5.0
	0.8
	0.031c±0.008
	0.070c±0.003
	13.33g±0.002
	5.0e±0.003
	--
	0.4

	
	12th

	5.0
	0.8
	0.125g±0.002
	0.197g±0.001
	36.66d±0.333
	24.0d±0.001
	0.011c±0.001
	0.4

	Biotin
	8th

	5.0
	0.9
	0.063ab±0.008
	0.120b±0.003
	43.03a±0.333
	37.0b±0.003
	0.015a±0.001
	0.6

	
	12th

	5.0
	0.9
	0.463d±0.002
	0.520d±0.003
	33.03e±0.333
	37.0c±0.001
	0.015b±0.001
	0.6

	Control
	8th

	5.0
	0.4
	0.063ab±0.008
	0.073d±0.003
	42.10b±0.333
	22.0d±0.001
	0.004c±0.001
	0.6

	
	12th

	5.0
	0.4
	0.563c±0.002
	0.673c±0.003
	42.0c±0.333
	22.0e±0.001
	0.004d±0.001
	0.6

	Cyanacobala
-mine
	8th

	5.0
	0.5
	0.056b±0.008
	0.010ef±0.003
	32.33e±0.002
	22.0d±0.001
	0.002d±0.001
	0.5

	
	12th

	5.0
	0.5
	0.756b±0.002
	0.810b±0.003
	32.33f±0.333
	12.2f±0.001
	0.002e±0.001
	0.5

	Folic acid
	8th

	5.0
	0.2
	0.025d±0.005
	0.006ef±0.001
	20.0f±0.002
	23.0c±0.003
	0.002d±0.001
	0.7

	
	12th

	5.0
	0.2
	0.325e±0.002
	0.406e±0.001
	20.0g±0.333
	43.0a±0.001
	0.002e±0.001
	0.7

	Pyridoxine
	8th

	5.0
	1.3
	0.070a±0.008
	0.015a±0.003
	71.65a±0.002
	80.73a±0.003
	0.025a±0.001
	1.9

	
	12th

	5.0
	1.3
	1.606a±0.002
	1.357a±0.001
	43.03b±0.333
	40.0b±0.001
	0.022a±0.001
	1.9

	Riboflavin
	8th

	5.0
	0.2
	0.017e±0.005
	0.001f±0.001
	15.0g±0.333
	--
	--
	0.4

	
	12th

	5.0
	0.2
	0.217f±0.002
	0.201f±0.001
	15.0h±0.333
	--
	--
	0.4



Values are significant at P < 0.005
--No activity

Table 5. Effect of pyridoxine concentration on production of pectinases by A. niger under SmF using wheat bran

	Growth factor (Pyridoxine)
	Exopectinase (U/mL)
	Exo-PG (U/mL)
	Endo-PG (RVU)
	Endo-PL (RVU)
	PME
(meq of NaOH consumed/min/mL)

	
	8th day
	12th day
	8th day
	12th day
	8th day
	12th day
	8th day
	12th day
	8th day
	12th day

	250ppm
	0.300b±0.001
	0.525b±0.001
	0.286c±0.005
	0.486b±0.002
	38.6b±0.555
	12.3c±0.333
	24.0b±0.005
	11.46b±0.002
	0.015c±0.001
	—

	500ppm
	0.515a±0.001
	0.620a±0.001
	0.356a±0.005
	0.505a±0.002
	43.0a±0.555
	24.0a±0.333
	32.5a±0.005
	12.90a±0.002
	0.032a±0.001
	—

	750ppm
	0.242c±0.001
	0.385c±0.003
	0.250b±0.005
	0.400c±0.002
	25.0c±0.555
	15.0bc±0.333
	21.0c±0.005
	8.0d±0.002
	0.020b±0.001
	—

	1000ppm
	0.215d±0.001
	0.322d±0.003
	0.130d±0.005
	0.260b±0.002
	20.6d±0.555
	12.5bc±0.333
	14.5d±0.005
	7.5c±0.002
	0.005d±0.001
	—


Values are significant at P < 0.005
-- No activity

Table 6. Effect of pyridoxine concentration on production of pectinases by A. flavus under SmF using wheat bran

	Growth factor
(Pyridoxine)
	Exopectinase (U/mL)
	Exo-PG (U/mL)
	Endo-PG (RVU)
	Endo-PL (RVU)
	PME
(meq of NaOH consumed/min/mL)

	
	8th day
	12th day
	8th day
	12th day
	8th day
	12th day
	8th day
	12th day
	8th day
	12th day

	250ppm
	0.190c±0.005
	0.750b±0.002
	0.315c±0.003
	0.625b±0.001
	28.0ab±0.002
	15.5b±0.001
	39.0b±0.003
	18.6c±0.001
	0.029b±0.002
	—

	500ppm
	0.525a±0.005
	0.936a±0.002
	0.390a±0.003
	0.790a±0.001
	31.6a±0.002
	17.0a±0.001
	52.6a±0.003
	21.0a±0.001
	0.035a±0.002
	—

	750ppm
	0.232b±0.005
	0.770b±0.002
	0.355b±0.003
	0.525c±0.001
	28.0ab±0.002
	12.26c±0.001
	27.0c±0.003
	20.0b±0.001
	0.021c±0.002
	—

	1000ppm
	0.180d±0.005
	0.545c±0.002
	0.198d±0.003
	0.430d±0.001
	24.0c±0.002
	11.0d±0.001
	24.0d±0.003
	15.0d±0.001
	0.016b±0.002
	—


Values are significant at P < 0.005
-- No activity


Table 7. Effect of pyridoxine concentration on production of pectinases by A. niger under SmF using citrus peel

	Growth factor
(Pyridoxine)
	Exopectinase (U/mL)
	Exo-PG (U/mL)
	Endo-PG (RVU)
	Endo-PL (RVU)
	PME
(meq of NaOH consumed/min/mL)

	
	8th day
	12th day
	8th day
	12th day
	8th day
	12th day
	8th day
	12th day
	8th day
	12th day

	250ppm
	0.320b±0.001
	0.520b±0.001
	0.206c±0.003
	0.486b±0.003
	43.66b±0.333
	14.33c±0.233
	11.46c±0233
	22.33b±0.333
	0.010c±0.001
	--

	500ppm
	0.530a±0.001
	0.670a±0.001
	0.366a±0.003
	0.520a±0.003
	46.70a±0.351
	23.66b±0.333
	27.66a±0.290
	22.66a±0.333
	0.025a±0.001
	--

	750ppm
	0.260c±0.001
	0.390c±0.003
	0.286b±0.003
	0.406c±0.003
	36.86c±0.466
	12.66c±0.166
	12.93b±0.520
	15.66c±0.333
	0.012b±0.001
	--

	1000ppm
	0.250d±0.001
	0.350d±0.003
	0.156d±0.003
	0.293d±0.003
	27.76d±0.333
	11.23d±0.333
	11.46c±0.233
	13.66d±0.333
	--
	--


Values are significant at P < 0.005
-- No activity

Table 8. Effect of pyridoxine concentration on production of pectinases by A. flavus in SmF using citrus peel
	Growth factor
(Pyridoxine)
	Exopectinase (U/mL)
	Exo-PG (U/mL)
	Endo-PG (RVU)
	Endo-PL (RVU)
	PME
(meq of NaOH consumed/min/mL)

	
	8th day
	12th day
	8th day
	12th day
	8th day
	12th day
	8th day
	12th day
	8th day
	12th day

	250ppm
	0.213c±0.003
	0.796c±0.003
	0.326c±0.003
	0.630b±0.003
	32.6b±0.333
	13.26b±0.466
	42.66b±0.333
	24.6b±0.305
	0.035b±0.001
	--

	500ppm
	0.543a±0.003
	0.986a±0.003
	0.406a±0.003
	0.806a±0.003
	34.0a±0.577
	15.8a±0.266
	54.33a±0.333
	25.6a±0.333
	0.049a±0.001
	--

	750ppm
	0.276b±0.003
	0.806b±0.003
	0.383b±0.003
	0.556c±0.003
	28.6c±0.333
	12.26c±0.266
	33.6c±0.333
	23.3c±0.333
	0.022c±0.001
	--

	1000ppm
	0.213d±0.005
	0.586d±0.003
	0.206d±0.003
	0.453d±0.003
	21.9d±0.520
	7.10d±0.1000
	25.6d±0.333
	22.6d±0.333
	--
	--



Values are significant at P < 0.005
-- No activity
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