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Abstract: This study elicited the utilization of the cheapest agro-industrial waste as the major substrate for 

Biosurfactant production. The fermentation medium was formulated by supplementing the substrates, 

Homogenized Potato peel extract (HPPE) and Curd whey. The utilization of substrates and the biosurfactant 

activity were accessed. The utilization of the HPPE till 96hrs was found to be significant with the yield of 3.78 ± 

0.4 (g/l) and Emulsification index of 60.07± 0.2 (%) respectively. The biosurfactant production was also 

optimized using the formulated Curd whey medium. The influence of various parameters such as C/P ratio, 

different metal ions with its synergistic effect, Concentration of Metal ions, Combined C/P ratio with metal ions 

were determined. The biosurfactant activity was observed to be satisfactory with the surface tension of the 

optimized Curd whey medium as 33.93 ± 0.3 (mN/m). Thus the formulated production medium using HPPE and 

Curd whey was suggested for the biosurfactant production using Pseudomonas aeruginosa PBS29. 
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I. INTRODUCTION 

High population and the eco-society setup in this 21
st
 century are generating the huge amount of 

agricultural waste as well as municipality waste materials. In most developed and developing countries, disposal 

of those huge waste materials is highly possible with the aid of microorganisms by implementing them as the 

substrate for different product productions using microorganisms, because the landfills may end up in many 

environmental and health hazards. As per FAO, the generation of agricultural waste from the European Union is 

about 700 million tons every year. The recent approaches in many researchers are concentrating on the agro-

based substrates. An Agro-industrial waste is believed to be the credible substrate for biosurfactant production 

and improves the management of waste disposal (Makkar et al., 2011). In fact, the agro-industrial waste has also 

been recognized as the low-cost substrates with ample nutritive source. These are the renewable resource 

employed for the biosurfactant production as mentioned in the past (Das and Mukherjee, 2007; Nitschke et al., 

2004; Fox and Bala, 2000). In precise, choice of the agro-industrial waste needs to balance the nutritive source 

for the microorganism during biosurfactant production. The chemical constituent of Potatoes comprises 80% 

water, 17% carbohydrates, 2% protein, 0.1% fat and 0.9% vitamins, inorganic minerals and trace elements 

(Makkar and Cameotra, 2002). 

The most significant and cost-effective agro-industrial waste include vegetable/ frying oil waste, 

residual waste from oil processing mill, dairy waste, whey, molasses, cassava wastewater (Das and Mukherjee, 

2007; Zhu et al., 2013), Rice water and Potato processing effluent (Banat et al., 2014) Potato peel (Das and 

Kumar, 2018) etc., to make the biosurfactant production economical. There are several bacteria including 

Pseudomonas (Pacwa-Płociniczak et al. 2014; Sivasubramani and Selvaraj, 2017), Bacillus (Joshi et al., 2013), 

Pseudomonas aeruginosa, Staphylococcus aureus, Klebsiella (Sneha et al., 2012; Jain et al., 2013), Serratia 

rubidaea (Nalini and Parthasarathi, 2017) and certain fungi like Candida lipolytica (Santos et al., 2014; Rufino 

et al., 2014) have been reported for the biosurfactant production. There are different microorganisms involved in 

the biosurfactant production and based on which the substrate or the production medium is formulated.  This 

study employed the Potato peel extract and the curd whey to study the optimized conditions for Biosurfactant 

production using Pseudomonas aeruginosa PBS29. 
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II. MATERIALS AND METHODS 
2.1. Microorganism and Fermentation condition 

The potent strain selected for the study was Pseudomonas aeruginosa PBS29 (Poonguzhali et al., 

2017). The cultural condition employed in the study for fermentation was 2% inoculum at pH 7 and incubated at 

37̊ C for about 7 days in a rotary shaker with 120 rpm unless specific. The seed culture used for the study was 

overnight grown culture of Pseudomonas aeruginosa PBS29 (GenBank accession number MG273769) in 

Mineral salt agar medium. 

 

2.2. Selection of Agro-industrial waste and Substrate Preparation 

The agro-industrial waste opted for the study was Potato peel and Curd whey.  The homogenized 

potato peel extract was prepared by modifying the method of Kulkarni et al., (2015). Potato peel was washed 

with tap water twice and then with distilled water to remove the impurities at the surface. Further, it was 

blanched with hot water (at 80̊ C for about 15 min) and homogenized using a blender. The content of fine paste 

(in different percentage described below) obtained was then mixed well with sterile distilled water and filtered 

through muslin cloth. The extract was further filtered using Whatman filter paper no.1. The Mineral salt broth 

for fermentation was prepared in the liquidized form of the final extracted material. The curd whey was 

supplemented in the different ratio in the Mineral salt agar medium and the fermentation was promoted. 

Similarly, the Curd whey was initially filtered through double layer muslin cloth and then using Whatman filter 

paper no. 1 and supplemented in the Mineral salt medium for fermentation. 

 

2.3. Biosurfactant production using Potato peel as the substrate 

The Mineral salt agar medium was supplemented with the different concentration of homogenized 

potato peel extract (HPPE) and the biosurfactant production using Pseudomonas aeruginosa PBS29 was 

evaluated employing the fermentation conditions specified above. The sample was drawn at the regular time 

interval and analyzed the following. The total carbohydrate, reducing and non reducing sugars were analyzed 

during biosurfactant production. The substrate concentration was estimated as total reducing sugars using the 

dinitrosalicylic acid method according to Miller, (1959) and expressed in g/l. Emulsification index (E24%), 

Biosurfactant production (g/l) and the dry cell biomass (g/l) were also determined at different time interval 

(ranging from 12, 24, 36, 48, 60, 72, 84 and 96 hrs respectively). 

 

2.4. Study on Biosurfactant production using Curd whey 

The Mineral salt medium (MSM) was supplemented with different concentrations (2, 4, 6, 8, 10%) of 

curd whey (v/v). The influence of various factors on the biosurfactant production was also determined for the 

formulation of curd whey medium. Emulsification index (E24%), Biosurfactant production (g/l), dry cell 

biomass (g/l), Surface tension and surface tension reduction were evaluated. 

 

2.4.1. Effect of Phosphorous and C/P ratio 

The effect of phosphorous source on biosurfactant production was assessed in the medium containing 

MSM with 4% Curd whey. The phosphorous source such as Potassium dihydrogen phosphate and Dipotassium 

hydrogen phosphate were supplemented at the concentration range of 1, 1.5, 2, 2.5 and 3 g/l (w/v). The effect of 

C/P ratio on the biosurfactant activity at the concentration of 10:1, 10:2, 10:3, 10:4 and 10:5 were also 

determined. 

 

2.4.2. Effect of Metal Ions 

The salts of metal ions (w/v) were initially dissolved in deionized water, then filtered sterilized through 

Millipore filter (0.22 μm) and suspended in the sterilized medium throughout the study to obtain the appropriate 

concentrations as mentioned below. The influence of different metal ions (at the concentration of 0.01g/l) such 

as Magnesium, Ferrous, Manganese, Zinc and Calcium ions on the biosurfactant activity were determined by 

supplementing them in the production medium individually in the form of FeSO4.7H2O, MgSO4.7H2O, 

MnSO4.7H2O, ZnSO4.7H2O and Cacl2 respectively. 

 

2.4.5. Synergistic effect of Metal Ions 

The synergistic effect of metal ions such as FeSO4+MgSO4, FeSO4+MnSO4, FeSO4+ZnSO4, FeSO4+Cacl2, 

MgSO4+MnSO4, MgSO4+ZnSO4, MgSO4+Cacl2, MnSO4+ZnSO4, MnSO4+Cacl2 respectively was assessed by 

supplementing those combined metal ions in the production medium for evaluating the biosurfactant activity. 

 

2.4.6. Effect of Combined C/P ratio with Metal Ions and Concentration of Metal Ions 

The various concentrations of metal ions based on the high influence over the biosurfactant production were 

selected for the further study. For which, metal ions such as MgSO4 and FeSO4 ranging from 0.2, 0.4, 0.8, 1.6 
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mM were supplemented in the production medium and determined its biosurfactant activity. The combined 

effect of C/P and the metal ion such as low C/P + MgSO4, High C/P + MgSO4, low C/P + FeSO4 and High C/P 

+ FeSO4 respectively were analyzed for biosurfactant activity by supplementing in the MSM with 4% Curd 

whey. 

 

2.5. Analysis 

The dry cell weight, Emulsification index (E24%), Surface tension and ST reduction were evaluated as 

previously described (Poonguzhali et al., 2017). The biosurfactant production was determined as specified in the 

study of Poonguzhali et al., (2018). The growth kinetics of Pseudomonas aeruginosa PBS29 during 

biosurfactant production on the substrates Potato peel and Curd whey were also determined. All the experiments 

were performed as the batch culture in triplicate and the results were reported in Mean ± Standard deviation 

using Microsoft Excel 2013.  

 

III. RESULT AND DISCUSSION 
The present study has concentrated on the utilization of agro-industrial waste such as Homogenized 

Potato peel extract (HPPE) and Curd whey as the cheapest substrate for the biosurfactant production using the 

strain Pseudomonas aeruginosa PBS29. The Homogenized potato peel substrate used in the study was starchy 

rich material and an inexpensive source, while the Curd whey was lactose rich material. The increase in demand 

for the biosurfactant improved the necessity for the economical production which can possible with the cheapest 

sources. When concentrating on the low-cost substrate, agro-industrial waste plays a promising role in 

biosurfactant production. 

In the current investigation, the optimized concentration of HPPE was identified based on the levels of 

the substrate to be supplemented in the media constituents. When assessing the concentration (ranging from 2%, 

4%, 6%, 8% and 10%) of HPPE supplemented in the Mineral salt medium, 2% HPPE (Figure 1) found to 

exhibit the better biosurfactant activity compared with other concentrations. Utilization of potato peel (at 2%) by 

Pseudomonas aeruginosa PBS29 (Figure 2) has shown the significant increase in biosurfactant yield of 3.78 ± 

0.4 (g/l) and Emulsification index of 60.07± 0.2 (%) respectively till 96 hrs (Table 1) and not much difference 

thereafter. This investigation demonstrated the growth kinetics of Pseudomonas aeruginosa PBS29 when grown 

on the substrates HPPE and Curd whey (Table 2). The present findings revealed the growth kinetics of 

Pseudomonas aeruginosa PBS29 on the biosurfactant yield may vary based on the substrate utilization (YP/S) 

and production to dry cell biomass (YP/X), which was in accordance to the suggestion of Rane et al., (2017).  

However, the study of Noh et al., (2014) reported that the product yield on biomass was calculated as 

the ratio of biosurfactant concentration to the corresponding biomass and not by the highest biomass obtained. 

Moreover, it was inferred from literature that not much study was carried out the biosurfactant (rhamnolipid) 

production using Potato peel as substrate by Pseudomonas aeruginosa rather biosurfactant production was 

obtained by Bacillus species implemented Potato peel as substrate (Sharma et al., 2015; Das and Mukherjee, 

2007; Fox  and Bala, 2000). Only few studies reported the rhamnolipid type of biosurfactant using Potato peel 

(Das and Kumar, 2018; Ansari et al., 2014). 

According to (Kaskatepe and Yildiz, 2016), Whey was the most abundant byproduct generated from 

the dairy industries constituting of 75% lactose, 15% protein and other components like vitamins and minerals. 

In the present study, Curd whey was supplemented in the Mineral salt medium (Figure 3) in the varied ratio 

(2%, 4%, 6%, 8% and 10% respectively) and confirmed the ratio of 4% to be used for further optimization of 

the Curd whey medium. The phosphorous source such as Potassium dihydrogen phosphate and Di-potassium 

hydrogen phosphate in the production medium was altered from 1 to 3 g/l and observed its influence on the 

biosurfactant activity. It was observed that there was the difference in the biosurfactant activity by altering the 

phosphorous source and the concentration of 2g/l was found to have an optimal biosurfactant activity (Figure 4). 

The Phosphate limitation led to the decreased cell dry biomass and also exhibited a variation in the biosurfactant 

activity too. In coherence, Mulligan et al. (1989) demonstrate the reduction in surface tension when the 

phosphorous source has been depleted.  

The present findings correlated with the suggestion of Clarke et al., (2010), who also insisted the 

limitation of phosphorous source triggered the rhamnolipid production by lowering the cell growth.  Thereby the 

analysis of the C/P ratio at 10:2 had an impact on the biosurfactant production (Figure 5). In a similar 

investigation of Batista et al., (2010), demonstrated the low C/Mg with the low C/P in the production media 

influenced the biosurfactant production using Candida tropicalis but also suggested that the biosurfactant yield 

found to be unchanged. 

Among the various metal ions, Magnesium sulfate (MgSO4) and then Ferrous sulfate (FeSO4) found to 

have a significant effect over the biosurfactant production (Figure 6). The effect of metal ions varied based on 

the metal ion employed, concentration (Figure 7) and the synergistic effect of the metal ions in the medium 

(Figure 8). The metal ions as trace elements in the medium enhanced the biosurfactant production to a great 
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extent (Wei et al., 2007). Certain study remarked that iron and other metal ions need to be supplemented in the 

production medium for an increased biosurfactant production (Zhi et al., 2013). In fact, Joshi et al., (2015) 

declared that maximum cell growth was observed with MgSO4 at 5mM concentration and also insisted on the 

doubling of the cell growth with the metal ion, ZnSO4 but not much with FeSO4 and Cacl2. The variation in the 

present findings may be due to the production strain and the fermentation conditions.  

Furthermore, the enhance biosurfactant production was also reported by the fungi Aspergillus ustus and 

Pleurotus djamor by implementing ferrous sulfate in the medium (Velioglu and Urek, 2015). The report of 

Venkataramana & Karanth (1989) revealed the increase in C/P ratio stimulated the cell growth and rhamnolipid 

production as well as established that the divalent iron decreased the rhamnolipid production. In this study, as 

for the growth of the microbial cell concern, increase by its cell biomass (dry weight) was observed till a 

specific concentration of the phosphorous and then decreased further, which was in acceptance by Guerra-

Santos et al., (1984). 

Despite the report stating that the supplementation of metals to the medium has not provided evidence 

to influence the production of biosurfactants by Torulopsis bombicola (Cooper and Paddock, 1984), the current 

investigation prescribed the low C/P ratio along with the metal ion (MgSO4) exhibiting the decreased surface 

tension (33.93 ± 0.3 mN/m) of all the parameters tested using Curd whey as the substrate (Figure 9). The similar 

interesting finding was reported by Oren and Litchfield (1994) insisting on the magnesium ions for the credible 

increase in the biosurfactant production.  However, Kanna et al., (2014) reported the effect of metal ions such as 

Ca
+
, Mg

+
 and Fe

+
 in reducing the surface tension to an appreciable amount. The analysis regarding the C/P ratio 

combined with the metal ion, Magnesium in the form of MgSO4.7H2O influencing the biosurfactant production 

(3.67 ± 0.2 g/l) using the Curd whey as substrate and thereby this study provided a clear-cut investigation of 

those parameters individually as well as the combined effect. 

 

IV. CONCLUSION 
This study has provided the better understanding of the utilization of Agro-industrial waste such as 

potato peel and Curd whey as the cheapest source for the effective biosurfactant production employing the 

production strain Pseudomonas aeruginosa PBS29. The biosurfactant production of 3.78 ± 0.4 g/l and was 

significant till 96hrs using the potato peel medium. While the Curd whey resulted in 3.67 ± 0.2 g/l of 

biosurfactant production. The influence of the phosphorous source at 2g/l and the metal ion MgSO4 (at 0.4 mM) 

was identified with its potent combined activity of low C/P ratio with MgSO4. The formulated medium using 

potato peel and Curd whey has proved its efficacy in biosurfactant production and hence recommended for large 

scale production. These agro-industrial wastes are surplus, cost-effective and abundantly available feedstock 

that would better provide the economical biosurfactant in the global market.  
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Table 1. Utilization of potato peel at different time interval with the effective biosurfactant production 

Time 

(hrs)  

Total 

carbohydrate 

utilized (g/l)  
Reducing 

sugars 

utilized (g/l)  

Non-reducing 

sugar utilized 

(g/l)  

Cell 

Biomass* 

(g/l)  

BS 

production 

(g/l) 

Emulsification 

Index (%) 

0 33.14 ± 0.1  17.36 ± 0.1  18.23 ± 0.1  ND  ND  ND 

12 31.47 ± 0.1  14.52 ± 0.2  17.58 ± 0.2  0.57 ± 0.2  0.19 ± 0.1  17.44± 0.1 

24 29.61 ± 0.2  12.02 ± 0.1  16.41 ± 0.1  0.68 ± 0.1  1.07 ± 0.2  28.63± 0.2 

36 28.32 ± 0.2  10.43 ± 0.1  15.83 ± 0.1  0.93 ± 0.1  1.58 ± 0.1  31.14± 0.1 

48 27.83 ± 0.1  9.67 ± 0.3  14.62 ± 0.1  1.12 ± 0.2  1.71 ± 0.1  34.71± 0.3 

60 26.01 ± 0.1  8.21 ± 0.2  14.13 ± 0.1  1.37 ± 0.1  2.16 ± 0.1  37.56± 0.1 

72 25.84 ± 0.3  6.11 ± 0.1  13.18 ± 0.2  1.69 ± 0.1  2.84 ± 0.2  43.52± 0.3 

84 24.11 ± 0.1  5.64 ± 0.2  12.47 ± 0.1  2.11 ± 0.3  3.45 ± 0.1  50.21± 0.3 

96 23.75 ± 0.2  5.12 ± 0.1  12.01 ± 0.1  2.23 ± 0.1 3.78 ± 0.4   60.07± 0.2 

The values are represented in Mean ± standard deviation, * - Dry cell weight, ND – Not determined. 

Table 2. Growth Kinetics of the Biosurfactant production using the agro industrial waste as substrates 

Substrate  BS yield (g/l) YP/S (g/g) YP/X (g/g) 

Homogenized Potato peel 

extract 3.78 ± 0.4 0.213 ± 0.004 1.28 ± 0.02 

Curd whey 3.67 ± 0.2 0.192 ± 0.003 1.12 ± 0.004 

BS yield - biosurfactant yield, YP/S - biosurfactant yield on the substrate utilization, YP/X - biosurfactant 

production to dry cell biomass. 

https://doi.org/10.1016/j.ejbt.2013.12.006
https://doi.org/10.1016/j.bcab.2014.02.004
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Figure 1. Influence of the Homogenized potato peel extract (HPPE) on Biosurfactant activity  

 
 

 

Figure 2. Utilization of the Homogenized potato peel extract as substrate influencing the Biosurfactant 

activity at different time interval 

 
 

 

Figure 3. Influence of Curd whey as substrate on Biosurfactant activity 
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Figure 4. Phosphorous source in the Curd whey medium influencing the biosurfactant activity 

 
 

Figure 5. C/P ratio in the Curd whey medium influencing the biosurfactant activity 

 
 

 

 

Figure 6. Various Metal ions in the Curd whey medium influencing the biosurfactant activity 
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Figure 7. Synergistic effect of Metal ions in the Curd whey medium influencing the biosurfactant activity 

 
 

Figure 8. Concentration of Metal ions in the Curd whey medium influencing the biosurfactant activity 

 
 

Figure 9. Combinned effect of C/P and metal ion in the Curd whey medium influencing the biosurfactant 

activity 
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