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Abstract

Background
Commercialization of biosurfactant production is a big challenge due to high production cost.
Biosurfactant production can be made economic by using low cost agro-industrial wastes or byproducts
as media supplement. It also solves the problem of environmental pollution through waste management.
In the present study attempt was made to produce biosurfactant from Sphingobacterium thalpophilum
DP9 using various agro-industrial wastes or byproducts at optimum fermentation conditions evaluated
by traditional and statistical methods. Partial characterization of biosurfactant was also carried out
through qualitative chromatographic techniques; quantitative spectroscopic method and functional group
identi�cation by Fourier transform infrared spectroscopy.

Results
One factor at a time optimization experimentation showed highest emulsi�cation in media supplemented
with potato peel powder (43.12 ± 3.41%), urea (46.00 ± 3.09%), pH 7 (41.74 ± 1.15%) at 40% aeration
(47.41 ± 1.62%). 1% Inoculum (O.D.600=1.00) size favored highest emulsi�cation (26.39 ± 1.60%).
Plackett-Burman design experimentation showed carbon source (potato peel powder), nitrogen source
(urea) and temperature signi�cantly affect on biosurfactant production. Response surface
experimentation by central composite design showed interaction between nitrogen source and
temperature signi�cantly in�uenced on biosurfactant production. Validation of model was showed
increase in emulsi�cation from 43.62 ± 2.55% to 86.11 ± 3.47% on fourth day of incubation. Partial
characterization showed biosurfactant contains 439.58 ± 0.0129 µg/ml carbohydrate and 507.41 ± 
0.0064 µg/ml of protein. Lipid was absent in it. Fourier transform infrared spectroscopy chromatogram
showed peaks at 1652.17 cm− 1, 1541.01 cm− 1, 1463.71 cm− 1 and 722.32 cm− 1 which indicated
presence of peptide bond, peptide moiety, carbohydrate protons and primary as well as secondary
amines.

Conclusion
Potato peel powder, urea and temperature have signi�cant in�uence on biosurfactant production from
Sphingobacterium thalpophilum DP9. When potato peel powder and urea supplied at optimum level,
biosurfactant production was increased by two fold. Biosurfactant produced by S. thalpophilum DP9 was
belongs to glycoprotein class and as per our best knowledge, this is the �rst report on glycoprotein
biosurfactant produced from Sphingobacterium genus.

Background
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Biosurfactants are biologically produced surface active amphiphilic molecules which �nd their
applications in various industries viz. medical (Henkel et al. 2012; Radzuan et al. 2017), pharmaceutical
(Bhardwaj et al. 2013; Hu et al. 2015), petroleum (Henkel et al. 2012; Singh et al. 2019), food (Armendáriz
et al. 2019; Moshtagh et al. 2019), cosmetic (Vera et al. 2018; Joy et al. 2020) and personal health care
industries. They are superior to chemical surfactants because of their biodegradable (Makkar and
Cameotra 1997a), biocompatible (Rodrigues and Dourado 2014), non/less toxic (Rodrigues and Dourado
2014), action speci�c (Rosenberg et al. 1979) and stable nature (Kumaran et al. 2015). Major challenge
about the utilization of biosurfactant is the production cost at industrial level and demand of purity in
some sectors. For instance, the biosurfactant used for microbial oil enhanced recovery requires large
amount of biosurfactant with less purity, however, the biosurfactant employed for cosmetics and
personal health care products needs high purity as they might elicits immunological reactions (Mukherjee
et al. 2006; Helmy and Kardena 2011; Soares da Silva et al. 2017).

Major challenges for industrial production are high capital cost, less e�cient biosurfactant producing
strains, limited knowledge of genes and pathways for biosurfactant biosynthesis which may lead to
restricted gene manipulation in existing strains, less technological advances and less e�cient
downstream processing for biosurfactant puri�cation (Makkar and Cameotra 1997b; Thavasi et al. 2008;
Helmy and Kardena 2011; Yañez-Ocampo et al. 2017; Radzuan et al. 2018).

One of the possible solution for industrialization of biosurfactant production, is the use of agricultural
waste and/or by products as cheaper alternative production media supplements which lower the capital
cost and make the process economic (Nitschke et al. 2004; Rivera et al. 2019; Nogueira et al. 2020).
Moreover, it also serves the purpose of waste disposal to many agro, brewing and milk or milk product
based industries in addition to environmental concern (Mercade and Manresa 1994; Banat et al. 2014).
The choice of right agricultural waste and/or byproduct with correct balance of carbohydrate, lipid,
protein and other mineral salts is important not only to support organisms growth but also helps in
production of secondary metabolites like biosurfactants (Helmy and Kardena 2011). On the basis of such
background knowledge the present study was conducted to screen various agricultural wastes or
byproducts for the biosurfactant production at optimum fermentation conditions as per the traditional as
well as statistical method. These are the conventional but effective strategies for improvement of
production (Singh et al. 2019).

Methods
Microorganisms and its maintenance

In the present study, Sphingobacterium thalpophilum DP9 – Gram negative bacteria (GenBank accession
number: MG–000135) isolated in our laboratory from automobile workshop soil (Anand, Gujarat, India N
22°54’ and E 72°95’) was used.  The bacterial culture was maintain in Luria Bertani (LB) agar slants at 4
°C and was sub-cultured at every three month after con�rming purity of culture by Gram’s staining. 

Inoculum preparation, Medium composition and culture conditions
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Inoculum was prepared by adding a well isolated colony from L.B agar plate in to 100 ml of LB medium
maintained at 30 °C with 150 rpm shaking condition overnight. Next day, required amount of inoculum
(after O.D.600 reaches to 1.00) was added to production medium.

Bushnell–Haas medium (BHM) added with carbon and nitrogen source was used as production medium.
Media were sterilized by autoclaving 121 °C for 15 min. The screening of factors viz. carbon source,
nitrogen source, temperature, pH, inoculum size and aeration were carried out primarily by One–Factor–
At–Time (OFAT) method. Afterwards, Placket- Burman design made by Microsoft O�ce-2007 with Excel
add-on , was employed to screen signi�cant factor.    

Carbon source used were rice straw, corn straw, wheat straw, maize bran, wheat bran, potato peel powder,
cotton seed cake, sugarcane husk, ground nut husk, coconut oil cake, and sugarcane molasses.

Nitrogen sources used were urea, peptone, ammonium sulfate, ammonium nitrate, ammonium chloride,
sodium nitrate, yeast extract and malt extract.  

Screening of agricultural wastes or byproducts by One–Factor–at A –Time [OFAT] method

OFAT method was used to screen optimum carbon source (at 1% concentration), nitrogen source (0.1%
concentration), inoculum size (0.5 % to 4 % when 1.00 O.D.600), pH (5 to 11), temperature (25 °C to 45 °C)
and aeration ( by varying the headspace volume in 250 ml conical �ask by changing the medium volume
in the �ask by 10 % to 50 % v/v of �ask i.e. 250 ml as suggested by Abdel-mawgoud et al. 2008)). Carbon
sources and nitrogen sources were screened by separately added in 100 ml of production medium (i.e.
BHM). Screening of aeration was carried out by preparing production media with different volume viz. 25
ml, 50 ml, 75 ml, 100 ml, 125 ml and 150 ml in 250 ml Erlenmeyer �ask. Later on, pH, inoculum size and
temperature were screened sequentially. All media were kept under 150 rpm shaking condition and
response was checked for 10 days by emulsi�cation index (E24% test) as suggested by Shahaliyan et al.
(2015).

Plackett–Burman Design

Plackett–Burman design was used to �nd out important medium component (carbon or nitrogen source)
and production parameter (temperature and pH). Plackett-Burman design matrix also assumes that there
is no interaction between variables considered in present study in the range. It consents to explore up to
‘N–1’ variables with N experiments without inter-component interactions. In present study, four variables
were selected viz. potential carbon source, potential nitrogen source, pH and temperature. Each variable
was checked at two level (–1, +1 or low level and high level) as given in Table-1. Plackett-Burman design
matrix is a full factorial design and main effects of design is simply calculated as per the difference
between average value made at the high level values (+) of the factor and average of measurement at the
low level values (–). The critical factors are identi�ed through this experimental matrix and then Central
Composite Design (CCD) was used to obtain quadratic model.
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Table.1 The various media components including in Plackett-Burman experiments and their
corresponding higher, medium and lower concentration

Table.2   Plackett–Burman Design for biosurfactant production from S. thalpophilum DP9.

The linear approach was considered to be su�cient for screening

[Please see the supplementary �les section to view the equation.]

Where Y is the response in terms of protein assayed as per the method suggested by Lowery et al. (1951),
βi are regression coe�cients, � is the level of the independent variable. The experiments were conducted
three times and results were noted in mean ± standard deviation (Mnif et al. 2012; Anvari et al. 2015;
Ekpenyong et al. 2017).

Central Composite Design (CCD)

Following the screening of signi�cant media components by Plackett-Burman design, relationship among
the quantitative factors and the response (biosurfactant production) was carried out by central composite
design (CCD) under response surface methodology (RSM). Best response was evaluated by permutation
of the factor levels (El-Gherab et al. 2019). Signi�cant factor obtained after analysis by Plackett-Burman
design, was used to create CCD matrix and statistical analysis. Most optimum level, impact and
interaction of factors i.e. carbon source (X1), nitrogen source (X2) and temperature (X3) at three coded

level (–1, 0 and +1) as shown in the table-3 by full factorial (23) CCD using Design s (X2) and pH (X3)

were optimized by full factorial (23) central composite design (CCD) using Design Expert software® (Stat-
Ease Inc. Minneapolis, MN, USA, version–6.0.8). 23 full factorial design was generated in to 20
experimental runs. The experiments were carried out in 250 ml Erlenmeyer �asks containing 100ml of
medium. Each production medium was inoculated with 1% overnight grown bacterial cells (O.D.600 =
1.00) and incubated for four days. Interaction experimentations were designed as per CCD model based
on three factors. According to CCD design, second order polynomial regression equation was

[Please see the supplementary �les section to view the equation.]

Where, Y– Predicted response (Emulsi�cation index; indirectly biosurfactant production); β0– Intercept;
X1 – carbon source concentration (g/l); X2– Nitrogen source (%w/v); X3  – Temperature; β1, β2 and β3 –

linear co-e�cient; β12, β23 and β13 – interaction coe�cient; X1
2, X2

2, X3
2, X1X2, X2X3and  X1X3 –

interaction between the variables as signi�cant terms.

Experimental Validation of statistical model

From the response surface design the optimum experimental conditions were tested and validated three
times. Results were recorded as in terms of mean ± standard deviation.

Extraction and puri�cation of biosurfactants
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Cell free supernatant was collected from each �ask prepared as per the optimized and validated process
for biosurfactant production by centrifugation (6000 rpm for 20 min) and pH was set 2.00 using 6.0 N
HCl. Broth was preserved at 4 ºC till visible precipitates observed. Precipitates were collected by
centrifugation and kept for air drying. Biosurfactant was collected as dry powder by scraping.

Partial characterization

Qualitative analysis by thin layer chromatography

Biosurfactant produced from optimized medium was qualitatively analyzed through thin layer
chromatography for presence of carbohydrate, protein and lipid. Solvent systems used were ethyl acetate:
acetic acid: methanol: water (12:3:3:2); n-butanol: acetic acid: water (4:1:1) and chloroform: methanol:
water (65: 25: 4) for carbohydrate, protein and lipid, respectively. Carbohydrate was detected by treating
the TLC with α-naphthol followed by sulfuric acid. Protein was detected by spraying 0.3% ninhydrine
solution and for lipid content iodine vapor was used.  

Spectrophotometric qualitative test

Biosurfactant powder was dissolve in distilled water to get 10 mg/ml of concentration. Carbohydrate,
protein and lipid contents were estimated by phenol-sulfuric acid test, Folin-Lawry method and GPO/POD
method (according to diagnostic triglyceride kit procured from Sigma Dignostic Pvt. Ltd. Vadodara, India),
respectively.

Electrophoretic studies

Biosurfactant was further analyzed through sodium dodecyl sulfate polyacrylamide gel electrophoresis
(SDS-PAGE) followed by coomassie brilliant blue stain, silver stain. Native-PAGE followed by Periodic
acid-Schiff (PAS) stain as per the standard protocol.    

FTIR [Fourier- Tranform Infrared] spectroscopic study

Presence of chemical groups in biosurfactant was evaluated by Bruker FTIR (Alpha-T) spectrophotometer
(Bruker Optics Inc., USA and M/s Lab India Analytical Instruments Pvt. Ltd.). Brie�y, the pellet was made
with 1 mg dry biosurfactant grinded in 100 mg (�nal volume) of IR grade KBr under mechanical hydraulic.
KBr pellet without biosurfactant serve as control or blank. Both, KBr and biosurfactant were dried in hot
air oven at 65 °C for complete removal of moisture content overnight. Chromatogram generated by FTIR
spectrophotometer was compared with standard table and presence of possible chemical groups was
recorded.       

Results And Discussion
 The perspective of maximizing biosurfactant yield can be ful�ll by utilizing agricultural waste or
byproducts which not only help to cut down the capital cost but also helps in waste management. In
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present study, we have screen eleven agricultural wastes or byproducts for their e�cacy as media
supplement. The right choice of agricultural waste is very important because the biosurfactant yield, its
type and purity is solely depends on the media constituents (Helmy and Kardena, 2011). Agricultural
waste or byproducts provides adequate balance of carbohydrate and lipid to the bacteria along with other
nutrients like protein, mineral salts etc. for their growth and also for production of secondary metabolites
like biosurfactant (Mercade and Manresa, 1994). Therefore, by using a single agricultural waste or
byproduct, the production of biosurfactant can be made economic. In present study, we have screened
eight different nitrogen sources for their impact on biosurfactant. They are either organic compound or
inorganic salt.

In order to maximize production two methods were adopted. First OFAT to screen effective carbon source,
nitrogen source, pH, temperature, % inoculum and aeration, which is followed by statistical approach i.e.
Plackett-Burman Design using Microsoft O�ce-2007 Excel add-on and CCD matrix using Expert Design
software for optimum concentration of media constitutes and cultural conditions (Nurfarahin et al.
2019).        

OFAT analysis

One factor at a time method for optimization is traditional technique used to screen effective agricultural
waste or byproduct.  The major advantage of this method is its simplicity (because it does not require any
statistical analysis) and results can be narrated by simple graphs (Hema et al. 2019). In present study,
among the all agricultural wastes or byproducts listed above highest emulsi�cation index was observed
in potato peel powder containing medium (E24% = 43.12 ± 3.41%), which was followed by deoiled
coconut oil cake (E24% = 31.00 ± 8.27%) and wheat bran (E24% = 31.47 ± 3.41%) (Fig.1(a)). Bacillus
subtilis DDU20161 was reported to produce 253.79 gm/L of biosurfactant when cultured in media
containing potato peel and pulp during 40 h of incubation time under stirred tank bioreactor (Pande et al.
2020); while potato peel signi�cantly effect on emulsi�cation of biosurfactant from Bacillus subtilis
SNW3 (Naeem 2018). The emulsi�cation index of biosurfactant produced by B. subtilis SNW3 strain was
15. 48% when bacteria were grown in media supplemented with potato peel (Naeem 2018).  In case of B.
licheniformis J1 potato peel was act as biostimulator to increase the petroleum oil degradation potential
(Jyoti and Rajesh 2018). According to Javed et al. (2019) potato peel is an economy booster for
developing countries because it is inexpensive waste of food processing industry and can support many
of the industries viz. backing industry, biogas production industry, lactic acid production industry, enzyme
production industry, bio-fertilizer industry, bio-fuels industry, bio-sorbent industry, pharmaceutical industry
and biosurfactant production industry.

Similarly, highest emulsi�cation index 46.00 ± 3.09 % was observed in media containing urea, followed
by yeast extract (E24% = 38.00 ± 0.10%) and ammonium sulfate (35.33 ± 0.90%) (Fig.1(b)). Serratia
nematodiphila produced 20% more glycolipid biosurfactant when it grown under media containing 0.1%
w/v of urea (Panjiar et al. 2020). Bacillus cereus produced biosurfactant effectively reduced surface
tension of water when it was cultured in presence of urea (Durval et al. 2018). Whereas, urea was less
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preferred by B. subtilis RSL2 for the production of biosurfactant (Sharma and Pandey 2020) while, for
Arthrobacter para�nes ATCC 19558 urea was preferable organic source for biosurfactant production
(Ezebuiro et al. 2019).

Dissolve oxygen in�uences of biosurfactant production (Kronemberger et al. 2007). Effect of aeration on
biosurfactant was assayed by �lling different volume of media in 250 ml �asks and it was observed that 
40 % of aeration (100 ml media in 250 ml �ask) was most suitable (E24% = 47.41 ± 1.62%), which
followed by 30 % (E24% = 38.00 ± 2.30%) and 20% (E24% = 27.825 ± 1.73%) (Fig.2(a)). Bacillus
mojavensis A21 produced highest surfactin when cultured in 10% �ask (25 ml media in 250 ml of �ask)
while the production in decreased when culture was kept in 70% aeration ( 75 ml media in 250 ml �ask)
(Hmidet et al. 2017). Bacillus subtilis BS5 produced maximum surfactin 10% media containing �ask
where as production is decline sharply when media volume was increased from 10% (Abdel-mawgoud et
al. 2008). Optimum pH and temperature for maximum biosurfactant production was 7 (E24% = 41.74 ±
1.15%) and 30 °C (E24% = 44.00 ± 2.36%) (Fig.2(b) and (c)). Bacterial inoculum (O.D.600=1.00) size of
maximum biosurfactant production observed was 1% (E24% = 26.39 ± 1.60%) (Fig.2(d)).   

Therefore, potato peel powder and urea were used as carbon and nitrogen sources respectively, under
40% of aeration for further studies. Bacterial inoculum used was 1% with O.D.600=1.00, pH 7 and
incubation temperature was kept 30 °C.

Optimization by Plackett-Burman Design

Once the optimum media components and production parameter was screened by traditional OFAT
method, Plackett-Burma design was used for �nd out most in�uencing factor on biosurfactant production
among the carbon source, nitrogen source, temperature and pH. The design generated by Microsoft
O�ce-2007 with Excel add-on given in Table-2. The Plackett-Burman design for eleven experiments with
four variables (i.e. carbon source, nitrogen souse, temperature and pH) shown in Table-2. The protein
concentration (indirectly biosurfactant production) was considered as response. The results achieved
from the experimental run was noted as in Table-2 and it showed variation from 38.4 μg/ml (run no: 12)
to 265.9 μg/ml  (run no: 5). Data was subjected to statistical analysis using Microsoft O�ce-7 Excel add-
on, to calculate main effect, standard error F-value, p-value and 90% clearance. Analysis of the data
showed in Table-3. Components showed more than 90% clearance were considered as most in�uencing
factor on biosurfactant production.

From the obtained data it was clear that carbon source, temperature and nitrogen source showed
clearance value above 90% than i.e. 97.93%, 92.35% and 92.25%, respectively. Therefore, most
in�uencing factor was carbon source (in present study potato peel powder) followed by temperature and
nitrogen source (in present study urea). 

After �nding the critical factors i.e. potato peel powder, temperature and nitrogen source, response
surface methodology was used to study interactions between factors and to �nd out exact concentration
or values of the variables for biosurfactant production through CCD.
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Optimization of media component and production parameter by Central composite Design (CCD)

 Selected variables which gave signi�cantly in�uence on biosurfactant production were optimized.
Experiment was carried out using CCD which consisted of three levels i.e. low level, high level and central
point for each variable. The design and obtained values are described in Table-4. Highest response (E24%
= 50%) was obtained in run-4 (5 gm% potato peel powder, urea 1.5 gm% and temperature 45 °C) and
lowest response (E24% = 52%). ANOVA analysis was carried out to scrutinize the variability produced by a
factor. Regression analysis showed urea (X2) and temperature (X4) were signi�cant while potato peel
powder (X1) was insigni�cant (p < 0.05) variables. Linear positive co-e�cient values of all three variables
were non-signi�cant. The interaction between X2 – X4 (urea and temperature; p=0.0248) was signi�cant
while X1 – X2 (potato peel powder and urea) as well as X1 – X4 (potato peel powder and temperature)

were insigni�cant. The correlation co-e�cient R2 indicates accuracy of model and it was 76.94% and
adjusted R2 value was 56.19%. Second-order polynomial equation was used to study effect of factors on
E24% (indirectly biosurfactant production). The equation for present study was as follow:

[Please see the supplementary �les section to view the equation.]

      Here, Y is response i.e. E24% (indirectly biosurfactant production); X1 carbon source (potato peel
powder), X2 nitrogen source (urea) and X4 temperature.

To evaluate the optimum value of each factor for highest E24% (or biosurfactant production), 3D
response surface plots (Figure-3) were created in Design Expert software by plotting the response
function of two factors while keeping another at central point. The signi�cant interaction between X2 and
X4 was obtained from response surface plot.

            It was clear from the 3D plots that, interaction between X1-X2 and X1-X4 the center point of carbon
source is 3.2 gm%. Beyond this concentration the predicted value of E24% was increased but, technically,
the values of E24% never go beyond 100%. Therefore, values of variables were selected in such a way
that response resided below 100%. Similarly, as the values of nitrogen source goes near to 4 mg% and
temperature near to 28 °C, the response or value or E24% was predicted approximately to be 100%. Hence,
for validation purpose, the E24% (response) was predicted 100% under optimized condition and veri�ed
by experimentation carried out in triplicates. Under un-optimized conditions, the E24% was 43.62 ± 2.55%;
which was increased after optimization to 86.11 ± 3.47%. The achieved results proposed considerable
accuracy in developed model and model validation under the prescribed conditions.

            The data are comparable with the results reported in case of B. aryabhattai strain ZDY2 by
(Yaraguppi et al. 2020). Author documented that, B. aryabhattai ZDY2 produced 2.51 fold higher
biosurfactant under optimized media when supplied with 4.0% cruide oil, 0.7% yeast extract and 3.0 %
NaNO3. Bacillus subtilis SPB1 produced 1.65 fold higher biosurfactant with optimized media
supplemented with glucose, urea and K2HPO4 at 15 g/L, 6 g/L and 1g/L of concentration respectively
(Mnif et al. 2012). Optimum conditions for biosurfactant production by B. subtilis N3-1P was 7% v/v
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brewery waste, 6.22 mg/L NH4NO3 containing media with pH 6.41 which was maintained at 27 °C
(Moshtagh et al. 2019).

Partial characterization of biosurfactant

Biosurfactant produced by S. thalpophilum DP9 from optimized media was extracted simply by acid
precipitation. Partial puri�ed biosurfactant was analyzed for presence of carbohydrate, protein and lipid
qualitatively by TLC and quantitatively by spectrophotometric methods. Thin layer chromatography
results indicated presence of carbohydrate (Rf = 0.71) and protein (Rf = 0.31). Lipid was absent in the
biosurfactant. Spectroscopic qualitative analysis revealed that biosurfactant contain 439.58 ± 0.0129
 μg/ml of carbohydrate and 507.4 ± 0.0064 μg/ml of protein, while lipid was absent. On the basis of
qualitative and quantitative tests, it was assumed that the biosurfactant was glycoprotein in nature.

            Glycoprotein nature of biosurfactant was con�rmed by PAS staining Native-PAGE gel. Moreover,
the size of the protein part present in biosurfactant was evaluated by SDS-PAGE electrophoresis followed
by Coomassie Brilliant Blue (CBB) staining and Silver staining. Approximate size of protein part carried by
biosurfactant was found between 42 kDa to 51 kDa. We assumed that it was near to 48 kDa of size. The
presence of single band in all three staining i.e. PAS staining, CBB staining and silver staining at almost
same place indicated that the biosurfactant obtained was relatively pure. Further purity can be con�rmed
by High Pressure Liquid Chromatography (HPLC). Results are contradictory to previous reports. Burgos-
Díaz et al. (2011) have reported that the Sphingobacterium stain 6.2S produces mixture of biosurfactant
which belongs to lipopeptide, phospholipud or glycolipid. Similarly, Noparat et al. (2014) have
documented that S. spiritivorum AS43 produced lipopeptide biosurfactant which having 50.2% lipid and
38.5% or protein in its structure. To our best knowledge, this is the �rst report of glycoprotein
biosurfactant production from Sphingobacterium genus.  

FTIR analysis

Molecular composition of partially puri�ed biosurfactant was carried out by Fourier transform infrared
spectroscopy. Weak stretching peak at 3292.61 cm–1 indicated presence of stretching vibrations from –
NH of peptide (Noparat et al. 2014). Strong peaks at 3009.51 cm–1 and 2927.05 cm–1 indicated –CH
stretching vibrations from –CH2 and –CH3 group of aliphatic chain (Burgos-Díaz et al. 2011; Noparat et

al. 2014; Yaraguppi et al. 2020). Stretching at 1746.68 cm–1 indicated presence of ester or carbonyl –C=O
of –COOH (Yaraguppi et al. 2020) and 1463.71 cm–1 described –C–O–H planner bending of carboxylic
acid or carbohydrate protons (Panjiar et al. 2020) or –C–O stretch of ester (Burgos-Díaz et al. 2011).
1652.17 cm–1 peak indicated presence of –CO–N bond stretching (Noparat et al. 2014) or –N–H
stretching of –NH3

+ from peptide group (Burgos-Díaz et al. 2011) which gave con�rmation of presence of

peptide bond (Hema et al. 2019). Peak at 1541.01 cm–1 designated to –NH bond at deformation mode
combined with –CN stretching or aliphatic and peptide like moiety (Noparat et al. 2014). Peaks at
1378.85 cm–1, 1239.47 cm–1 and 1164.67 cm–1 were observed due to ester –CO bond stretching, –CH
stretching and lactones –C–O bond stretching or pyranose –C–O–C– symmetric stretching, respectively
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(Hema et al. 2019;  Yaraguppi et al. 2020;  Panjiar et al. 2020). Peak at 1099.02 cm–1 indicated the stretch
of –C–N group of aliphatic amines or –C–O–H stretch of alcohol or phenol or –C–O of ester, ether,
alcohol or carboxylic acids. 77=22.32 cm–1 peak occurred due to vibrations of primary or secondary
amines or due to methylene scissoring vibrations of protein moiety (Yaraguppi et al. 2020). Hence, from
the FTIR chromatogram (peaks at 1652.17 cm–1, 1541.01 cm–1 , 1463.71 cm–1 and 722.32 cm–1 ) the
presence of peptide bond, peptide moiety, carbohydrate protons and primary as well as secondary amines
were con�rmed which again indicated that the biosurfactant is belongs to glycoprotein class.      

Conclusions
To make the biosurfactant production economic, agro-industrial waste or byproducts can be use as
media supplement. In present study, eleven carbon agro-industrial waste or byproducts used as carbon
sources and eight (organic as well as inorganic) nitrogen sources were screen for better biosurfactant
production by conventional one factor at a time method. Other parameters screened by OFAT were pH,
temperature, inoculum size and aeration. OFAT experimentations showed potato peel powder and urea
were good carbon and nitrogen sources for biosurfactant production when it supplied in media with 40%
of aeration and pH 7. Inoculum size for optimum biosurfactant production was 1% (v/v OD600 = 1.00) and
temperature was 30 °C. To �nd out most signi�cant factor in�uencing on biosurfactant production
Plackett-Burman matrix design was used. Results showed, out of four variables (potato peel powder, urea,
temperature and pH) considered carbon source, nitrogen source and temperature were most in�uencing
factors on biosurfactant production. Later on interactions studies was carried out to �nd optimal level of
variables for maximum biosurfactant production. Study showed nitrogen and temperature were
signi�cantly effect on biosurfactant production. Experimental validation based on second order
polynomial equation for quadratic model showed, biosurfactant production increased to 86.11 ± 3.47%
(emulsi�cation) from 43.62 ± 2.55% (emulsi�cation) when supplied with 3.2 gm% potato peel powder as
carbon source and 4.0 gm% urea as nitrogen source and incubated at 28 °C for four days. Qualitative
analysis by thin layer chromatography showed presence of carbohydrate and protein moiety in
biosurfactant, which was con�rmed by quantitative analysis which showed presence of 439.58 ± 
0.0129 µg/ml carbohydrate and 507.41 ± 0.0064 µg/ml protein part. Lipid was absence in it. Native-PAGE
staining followed by PAS staining con�rms that the biosurfactant was glycoprotein in nature. SDS-PAGE
study reveals that protein moiety have approximately 48 kDa of size. FTIR chromatogram picks occurred
at 1652.17 cm− 1, 1541.01 cm− 1, 1463.71 cm− 1 and 722.32 cm− 1 which indicated presence of peptide
bond, peptide moiety, carbohydrate protons and primary as well as secondary amines which also
con�rms glycoprotein class of biosurfactant from S. thalpophilum DP9. As far as our best knowledge this
is the �rst report for production of glycoprotein biosurfactant from Sphingobacterium genus.

Abbreviations
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Tables
Table: 1 The various media components including in Plackett-Burman experiments and their

corresponding higher, medium and lower concentration levels.
Variable codes Media  Constituents Units High  (+1) Low (-1)

X1 Carbon Source (potato peel powder) gm% 5 1

X2 Nitrogen Source (urea) mg% 1 0.1

X3 pH pH 9 5

X4 Temperature °C 45 25

 

Table: 2 Plackett-Burman experimental designs for 11 variable and the corresponding
responses in µg/ml.
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Run Independent Variables Response

(Protein µg/ml)X1 X2 X3 X4 D1
* D2

* D3
* D4

* D5
* D6

* D7
*

1 1 -1 1 -1 -1 -1 1 1 1 -1 1 184.65

2 1 1 -1 1 -1 -1 -1 1 1 1 -1 284.4

3 -1 1 1 -1 1 -1 -1 -1 1 1 1 74.65

4 1 -1 1 1 -1 1 -1 -1 -1 1 1 186.9

5 1 1 -1 1 1 -1 1 -1 -1 -1 1 265.9

6 1 1 1 -1 1 1 -1 1 -1 -1 -1 185.9

7 -1 1 1 1 -1 1 1 -1 1 -1 -1 115.15

8 -1 -1 1 1 1 -1 1 1 -1 1 -1 84.9

9 -1 -1 -1 1 1 1 -1 1 1 -1 1 52.9

10 1 -1 -1 -1 1 1 1 -1 1 1 -1 59.9

11 -1 1 -1 -1 -1 1 1 1 -1 1 1 62.9

12 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 38.4

* Dummy Variable

 

Table-3 Analysis of Plackett- Burman Design for Biosurfactant Production

Variables Code Effect Mean

Square

Mean Square for

error

F

values

P

values

90%

clearance

Carbon

source

X1 123.125 15159.766 493.76 30.70 0.02 97.93

Nitrogen

source

X2 63.542 4037.543 8.18 0.08 92.25

pH X3 11.292 127.502 0.26 0.84 16.09

Temperature X4 63.958 4090.668 8.28 0.43 92.35

* Statistically significant at 90% of probability level. (Note: Only mean values of response

were considered for calculation )
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Table-4 Central composite design of three variables and predicted as well as obtained
values for biosurfactant production in terms of E24% 

Run  Potato peel powder
(gm %)

 Urea
(gm %)

 Temperature
(°C)

Response (E24%)
Predicted

Values (Y’)
Actual

Values (Y)
1 3.5 1 35 30.40 30
2 3.5 0.16 35 24.37 25
3 2 0.5 25 25.86 30
4 5 1.5 45 24.34 50
5 2 1.5 25 27.37 22
6 3.5 1 35 24.84 42
7 5 0.5 25 46.33 25
8 0.98 1 35 48.30 25
9 3.5 1 35 22.62 35
10 3.5 1 35 19.22 31
11 6.02 1 35 27.96 15
12 3.5 1 35 43.88 20
13 5 0.5 45 28.61 30
14 5 1.5 25 46.22 25
15 2 0.5 45 30.45 28
16 3.5 1 18.18 30.45 31
17 3.5 1 35 30.45 25
18 2 1.5 45 30.45 47
19 3.5 1 51.82 30.45 42
20 3.5 1.84 35 30.45 45

 

Table-5 ANOVA analysis for Response Surface Quadratic model for biosurfactant
production in terms of E24%  
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Source Sum of Squares DF Mean Square F Value Prob >  F    

Model 1323.842 9 147.0936 3.707858 0.0266 significant
X1 13.9809 1 13.9809 0.352423 0.5659    

X2 305.9119 1 305.9119 7.711266 0.0196    

X4 374.3329 1 374.3329 9.435987 0.0118    

X1
2 163.609 1 163.609 4.124169 0.0697    

X2
2 53.89803 1 53.89803 1.358633 0.2708    

X4
2 87.51186 1 87.51186 2.205953 0.1683    

X1X2 10.125 1 10.125 0.255226 0.6244    

X1X4 6.125 1 6.125 0.154396 0.7026    

X2X4 276.125 1 276.125 6.960414 0.0248    

Residual 396.7077 10 39.67077        

Lack of Fit 103.2077 5 20.64155 0.351645 0.8620 not significant
Pure Error 293.5 5 58.7        

Cor Total 1720.55 19          

Std. Dev. 6.298474 R-Squared 0.76943  

Mean 31.15 Adj R-Squared 0.561916  

C.V. 20.21982 Pred R-Squared 0.293496  

PRESS 1215.576 Adeq Precision 6.532098  

 

Figures
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Figure 1

Figure 2

Screening of (a) carbon source and (b) nitrogen source for biosurfactant production
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Figure 3
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Figure 4

Optimization of (a) aeration, (b) pH, (c) temperature and inoculum size for biosufactant production

Figure 5
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Figure 6

3D response surface plots of interation between (a) carbon sourse and temperature, (b) carbon source
and nitrogen source, (c) nitrogen source and temperature
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