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Abstract:

Biosurfactants are microbial substances which impact surface strain. The active investigation was completed for Achromobacter xylos
GSR21during biosurfactant generation in a two-stage fluid clump maturation framework. The most extreme glycolipid fixation (Pmax) and the
yield of biosurfactant per biomass (YP/X) in a 5-L bioreactor containing mineral salt medium (MSM) with expansion of 1% (v/v) vegetable oil
as carbon source medium were observed to be around 21.9 g.L-1 and 3.2 g.g-1, individually. Already detailed active models in fluid
frameworks, three-parameter Gompertz, Luedeking-Piret and Mercier conditions, exhibited sufficient decency of-fit (r2 >0.95) to active
information recorded for biomass development, nitrate utilization and glycolipid arrangement amid maturation. A twofold exponential
condition was created to show time-course information of reasonable cells announced as state shaping units (CFUs). This proposed condition
could precisely foresee the test information with r2 = 0.967 and give an effective articulation to plot microbial cell check design. Low
estimations of the standard blunder of gauge (SEE) and chi-square (x2) affirmed the satisfactory level for the exactness of fit. The 95%
certainty interims for motor parameters in every nonlinear model showed a thin range mimicking the accuracy of estimation. This motor
examination may work productively in the outline and scaling-up of the coming fluid natural bunch bioreactors which are to be connected to

the creation of biosurfactants.
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1. INTRODUCTION
Biosurfactants are significant microbial mixes with an extensive
variety of surface-dynamic highlights. They might be utilized as
frothing, wetting, solubilizing, antiadhesive and antimicrobial
specialists, emulsifiers, invulnerable controllers and resistant
modulators. They are potential possibility for some business
applications in the oil, pharmaceutical, biomedical, microbial
improved oil recuperation and nourishment handling [1-3].
Among vital surfactant gatherings, glycolipid delivered by
Achromobacter xylos strains have been the most broadly
examined. The glycolipid generation by Achromobacter xylos
under various conditions that improved creation yield, have
shown that the quality and amount of the delivered glycolipids are
affected by a few elements, for example, nitrogen and particle
fixation, pH, temperature, air circulation rate and the idea of
carbon source. Nonetheless, an absence of exhaustive impression
of the glycolipid creation energy and conduct of Achromobacter
xylos cells under controlled conditions at the bioreactor scale and
the nonappearance of individual similar examinations are among
the key issues in regards to lacking productivities and practical
generation of these biosurfactants [5]. A few examinations have
demonstrated that the higher yields of glycolipid are acquired
when Achromobacter xylos is developed on water immiscible
substrates as carbon sources, when contrasted with the miscible
ones [6-8]. By the by, dynamic models have just been introduced
for glycolipid creation with water solvent carbon sources,
however most as of late Medina-Moreno et.al. Recommended a
model to portray the microbial generation of biosurfactant
utilizing oleic corrosive as a substrate immiscible in water [4].
Howere both Monod write and Sigmoidal models, for example,
calculated and gompertz have already been connected to biomass
energy [9-12]. Williams and Luedeking-Piret created substrate
utilization conditions which have been broadly utilized as a part of
bacterial aging [13-14]. A few conditions have been already
settled to display microbial creation [15-17]. The present work
proposed to screen glycolipid generation by Achromobacter xylos
utilizing mineral salt medium (MSM) with expansion of 1% (v/v)
vegetable oil as carbon source in a controlled bioreactor
framework. Also, it concentrated on the motor displaying of
microbial creation and development at the bioreactor scale. In this
examination, 3-parameter Gompertz and Leudeking-Piret
conditions utilized by Chavez-Parga et al. [14] were connected to

display the time-course example of biomass development and
substrate use, separately. Moreover, time-course profile of
glycolipid creation was demonstrated by the condition of Mercier
et al. [15]. Besides, a novel active model which was not tended to
by past works was determined for demonstrating the reasonable
cell design after some time, which depended on a twofold
exponential condition. Building up a model for the time-course
profile of feasible Achromobacter xylos cells involves awesome
significance in showing upward pattern of glycolipid while
biomass development stops and reasonable cell checks drop.

2. MATERIALS AND METHODS
2.1 Chemicals, Microorganism and Maintenance:
All chemicals were obtained from HiMedia Leading Biosciences
(Secunderabad, Telangana, India).Mineral salt medium was given

from microbiology research facility professional
(KLEF).Vegetable oil was given from srirama chain stores
(Vijayawada, India). The Achromobacter xylos GSR21

(JQ746488) strain, initially segregated from soil tests, was utilized
all through this examination. The bacterial cells were kept up as
glycerol societies (70:30 (v/v) blend of naturally developed cells
and 0.85% (v/v) glycerol arrangement in water at - 70°C.

2.2 Inoculum Preparation:

To set up an inoculum, a 1 mL test from the glycerol stock culture
of Achromobacter xylos GSR21was immunized into 7 mL of LB
soup [19] in a 50 mL-bird of prey tube and hatched overnight at
30°C, with shaking at 200 rpm. From that point, an aggregate
volume of 1 mL was exchanged to 50 mL of LB soup in a 250
mL-shake flagon and kept overnight at 30°C and 200 rpm. Cell
pellets were first gathered by centrifugation of the way of life
medium at 2,147xg for 20 min and afterward suspended in a
predefined volume of mineral salt medium (MSM) with expansion
of 1% (v/v) vegetable oil [8] to achieve an optical thickness of
(OD ) of 1. Suitable volumes of the seed societies filled in as
inoculum for beginning up the bunch development in the
bioreactor.

2.3 Culture Medium Composition and Cultivating Conditions:
All developments were done at 30°C of every a 5-L blended tank
bioreactor containing 3.5 (I) of MSM and 2.5% (v/v) inoculum.
The bioreactor was outfitted with a coordinated procedure control
framework for temperature, pH, pO2 and wind stream. Frothing
was controlled physically by raising and bringing down the air
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circulation and fomentation rates conversely. To control the froth
level and abstain from flooding the bioreactor, air circulation rate
was lessened from 1 to 0.5 volume of air for each volume of fluid
per min (vwm) thus unsettling rate was raised from 250 to 300
rpm, to adjust for drop in the broke down oxygen (DO) and keep
it higher than 10%. Without a doubt, an additional impeller with
rectangular cutting edges calculated at 45°, was mounted on a
typical pivot with the mixing impeller situated at a separation of
around 8 cm from, to break the froth that was created. In addition,
one drop of antifoam was included when froth volume filled all
the void spaces over the fluid level in the bioreactor.

2.4 Sampling and Analytical Methods

At certain time interims, tests were pulled back for disconnected
examination of bacterial development, biosurfactant creation and
nitrate arrangement. Feasible cell checks (CFU per milliliter) were
evaluated by plating the fitting bacterial serial weakenings onto
LB agar and brooding the plates at 37°C for 24 h. The way of life
suspension was blended enthusiastically with n-hexane 1:1 (v/v)
and centrifuged (4,830xg, 4°C, 30 min) to isolate the biomass,
watery and natural dissolvable [5]. The natural dissolvable stage
was evacuated and the cell pellets were washed once with
physiologic serum arrangement centrifuged (4,618xg, 4°C, 30
min) and dried till steady weight. Nitrate fixations were resolved
in the fluid stage by applying the marginally altered technique for
Jagessar and Sooknundun [20], in which ammonium hydroxide
arrangement was supplanted with 12N potassium hydroxide
arrangement [21]. To keep away from obstruction by nitrite amid
nitrate investigation, nitrite focus levels ought to be kept beneath
0.2 mg.L . Consequently, nitrate focuses were estimated in
appropriate serial weakenings of the watery stage whose nitrite
fixation was checked by the lvanov spectrophotometric strategy
utilizing a blend of sulfanilic corrosive and 1-naphthylamine [22].
Glycolipids were measured in the watery stage utilizing a
corrosive precipitation and dissolvable extraction technique that
utilized ethyl acetic acid derivation [23]. All measures were led in
triplicate. As needs be, the information introduced here are the
number-crunching midpoints of no less than three recreates and
the mistake bars speak to the standard deviations.

2.5 Data Processing and Mathematical Model Description
Trial information were fitted to the proposed models to evaluate
the motor model parameters utilizing MATLAB 7.5 by limiting
nonlinear slightest squares bend fitting. A numerical joining order
in MATLAB, known as ode45, was connected to unravel the
differential conditions utilizing the Runge-Kutta strategy. In spite
of the fact that the calculated model has been generally utilized
for cell mass development energy, it didn't function admirably in
this examination. A change of the established capacity that was
presented by Gompertz for populace development, in 1825 [24]
and the 3-parameter Gompertz condition utilized by Chavez-Parga
et al. [14], were connected to scientifically display the biomass

development as the accompanying articulation (Eq.1);
ax

E=kX"“—aX (1)

Where X is the biomass concentration (g.L™ ), k and a are kinetic
parameters relating to initial specific growth rate (h™) and growth
inhibition (h™), respectively. x implies the specific growth rate (h"
%) and t denotes the time (h). Nitrate consumption by
Achromobacter xylos GSR21 was interpreted by the Luedeking-
Piret differential equation that neglects the amount of substrate
used for product formation [14], The equation is given below as
Eq.2:

dN _ 1 dx

dt RX/NE - mNX (2)

Where N is nitrate concentration (g.L™), Ry refers to ratio of
biomass to nitrogen and my represents the maintenance
coefficient (h™') indicating the amount of nitrate needed for
energy, or maintenance requirements.

The kinetics of glycolipid formation was based on the equation
suggested for lactic acid production [16] and is presented below as
Eq. 3:

dap

EZPrP(l_P/Pmax) (3)

Where P is the biosurfactant concentration (g.L™), P Shows
maximum concentration of biosurfactant (g.L™) and P, is the ratio
of the initial volumetric production rate (r ) to the initial product
concentration Py(h ).

2.6 Developing a Double-exponential Model for Viable Cell
Kinetics:

Albeit both feasible cells and biomass are of a similar kind, the
pattern in suitable cell checks was mostly not at all like the
biomass profile. The pattern in cell mass (Fig. 1) seemed to have
expanded exponentially, like that portrayed by the Gompertz
condition. The feasible cell design exhibited in Figurel can be
separated into two phases. The primary stage, communicating cell
development demonstrated an always expanding bend and the
second one showing cell lysis, spoke to a continually decrease
with no evident S-shape. Accordingly, a solitary exponential
capacity of time couldn't satisfy the time-course profile of feasible
cell tallies demonstrating a non-monotonic example after some
time. Be that as it may, scientific demonstrating of feasible cell
energy is a testing issue in numerical science and empowers
building up another numerical strategy. With a specific end goal
to conquer this issue, feasible cell active information were fitted
to a twofold exponential articulation of the frame appeared in Eq.

(4), by a slightest squares method, utilizing MATLAB:

% = kgce™%" + kjce” "t —a.c 4)

Where c is the viable cell count (cell/mL), kq; and k; are kinetic
parameters pertaining to initial specific growth in cell number and
lysis rates (h™), respectively. Oy and o are the specific growth in
cell number and lysis rates (h™),respectively and a; is a kinetic

parameter relating to cell count inhibition (h™).

2.7 Statistical Analysis:

Quantitative assessments were done to check the legitimacy of the
proposed models. Standard mistake of gauge (SEE) and chi-
square (x2) were evaluated to mind the consistency between the
test dynamic information and relating model-anticipated esteems
[25]. Certainty interims were considered to look at the unwavering
quality of the assessed parameters. The MATLAB worked in
capacities were utilized to perform measurable examination.

The standard blunder of gauge, as a measure of mistake amid
expectation, was utilized to show how precisely every condition
predicts applicable esteems. This is outlined in Eq. 5 [25-26]:

n 2

lel(Ml,eﬁ;}; Ml,pTe) (5)

Where Mg, and Miye are experimental and model predicted
values at the i"" data, respectively. n is the number of data points
and ds is the degree of freedom or the number of independent
variables in the regression model.

The chi-square (x°) test was applied to determine the goodness of
fit between the observed and calculated data. Chi-square is the
sum of the squared difference between experimental (exp) and
predicted data (pre) divided by the predicted data in all possible
categories [25]. The mathematical equation is given as Eq. 6 [25,
27]:

Miexp—Mipre

x? =y, Peotne) ©)

To meet the model robustness, X2 should not exceed the
corresponding critical value shown by X2 , as presented in Eq.7
[25]:
X¢=X{ ,(n-1-0) )

Where n is number of data points, & and a number of model
parameters and significance level, respectively. Assuming that the

SEE =
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level of significance (a) is 0.05 and with respect to number of data
points in this study (17), XZ calculated by XZ245(16 —6)
regarding the number of parameter for each model. The
confidence intervals of the best-fit values of nonlinear regression
were provided through the MATLAB statistics toolbox. The
confidence intervals reflect the uncertainty associated with the
parameter estimate or in other words, the precision of a parameter
estimate. A 95% confidence interval means that the true value of
the fitting parameter has a 95% probability of falling within the
confidence interval [24].

3. RESULTS AND DISCUSSION

3.1 Kinetic Behavior in the Batch System: glycolipid creation
by Achromobacter xylos GSR21was achieved three times, in a 5-
L bioreactor framework utilizing mineral salt medium (MSM)
with expansion of 1% (v/v) vegetable oil as carbon source. The
regular time course profile of nitrate utilization, cell development
and glycolipid creation are portrayed in Figure 1. In light of these
outcomes, the majority of the nitrate was devoured amid the initial
50 h of development when microscopic organisms developed
exponentially and produced a biomass of 5.9 g.L-1 (Fig. 1). From
that point, cells entered stationary stage however out of the blue
cell mass uncovered a developing example with a delicate slant
after 110 h and took after a level and steady pattern after 140 h. It
was combined with a gentle lessening in the quantity of suitable
cells and soak increment in glycolipid creation between 110 h and
140 h, amid the development time frame. This marvel appears to
have started from cell lysis and arrival of biosurfactant and
different parts into the way of life medium. Generous glycolipid
generation was identified toward the finish of the exponential
period of development, as likewise showed by Nitschke et al.
[28]. This may be followed back to the nonattendance of nitrate
particles, achieving a predefined carbon-to-nitrogen proportion
[29] and additionally accomplishing the high cell thickness which
is an essential factor for glycolipid articulation by Achromobacter
xylos through the majority detecting system [30-31]. Glycolipid
creation proceeded up to 168 h of development and in this manner
climbed inconspicuously to a most extreme of around 21.9 g.L-1,
after 180 h. outwardly, after 24 h of development, froth began to
show up, which appeared uncongested at to start with, however
progressively advanced into the reduced frame with the advance
in development, prompting a flooding circumstance in the
bioreactor framework in spite of the activity of the mechanical
froth breaker. To control the intemperate froth and keep the
bioreactor from flooding, a drop of antifoam was added to the
framework at roughly 28, 92 and 119 h of development, when
froth ascended in the aging vessel.

Table 1A: Model parameters estimated by minimizing nonlinear least
squares curve fitting of kinetic data for Achromobacter xylos
GSR21growing in MSM?®

calculated by Egs. (1) - (4) for Achromobacter xylos
GSR21growing in MSM medium.

Trial information were fitted to important models utilizing the
nonlinear minimum squares relapse. The relapse parameters were
delineated in Table 1A&1B, which demonstrate that the scientific
models portray the trial information sensibly, with r2 of 0.997 and
0.967 for biomass development and nitrate utilization,
individually. The Rx/N estimation of 3.275 g.g-1, as evaluated by
Eqg.2 was equivalent to the tentatively ascertained estimation of
R_(XN)=AX/AN(3.14 g.g"(- 1)) where X and N are contrasts
between the underlying and last biomass and nitrate focuses,
individually. A low upkeep coefficient (mN) of 0.001 h-1 showed
that the vitality of substrate digestion which isn't associated with
biomass combination was little, hence prompting a high cell
thickness amid nitrate consumption. Figure 2c confirmed that the
Mercier display depicted the time course profile of glycolipid
creation well, with a r2 of 0.975, yet slight contrasts were
additionally clear at prior circumstances. Thinking about the
outcomes in Figurel, most extreme glycolipid focus (Pmax) was
21.9 g.L-1, which came very near 21.8 g.L-1 , as anticipated by
the Mercier condition. The yield factor in connection to biomass
was tentatively gotten as roughly 3.2 g.g-1 utilizing the
Y_(P&)=AP/AX condition and the outcomes appeared in Figurel,
where P and X speak to contrasts between the underlying and last
item and biomass fixations, individually. Aging by
Achromobacter xylos GSR2lin SOM in a 5-L bioreactor
demonstrated a high biosurfactant yield when contrasted with
YP/X esteems detailed in past works [32-33]. The twofold
exponential model was found in all cases to give a uniquely
superb fit to the feasible cell motor information (Fig. 2d), with
r2=0.967.

Table 2: VValidating measures estimated by statistical analysis of
kinetic models parameters for Achromobacter xylos GSR21growing in

Biomass Growth Nitrate concentration

k m a r R M r?

0.945 0.207 0.004 0.997 3.012 0.004 0.985

Table 1B: Model parameters estimated by minimizing nonlinear least
squares curve fitting of kinetic data for Achromobacter xylos
GSR21growing in MSM?®

MSM?
95% Confidence
Models SE 2 robust param level

E ness eters lower Upper

bound bound

k 0.86 1.0303

Biomass 04 09

concentration 12 154 229 " 0.1065 0.3078
a -0.0009 0.009

Nitrate 02 04 2.885 314

. 249

Consumptlon 05 514 m -0.0009 0.009
Glycolipid 26 64 4 pr- 00404 0.1654
production o 78 pmax  19.949  23.951
kg 20.898 26.197

ag 0.0292 0.0489

04 0.0

Cell count 57 718 17.8 kl -30.63 -15.99
al 0.01801  0.02811

ac -0.0911 0.0712

Glycolipid Concentration Viable cell counts

pr(h-l) Prmax r kg ay ki a ac r

0.102 219 0.975 2354 | 0039 | -23.31 | 0.023 | -0.0099 | 0.967

3.2 Determination of Kinetic Parameters: Figure 2 (a-d)
presents the observed data as well as the predicted values

“a" Parameters were identified in nomenclature
“a” is the level of significance=0.05

3.3 Kinetic Model Validation: Standard mistakes of gauge
demonstrating low esteems in Table 2 cleared the relative
integrity of attack of the proposed models. The consequences of
the chi-square (x2) investigation for various proposed models
delineated in Table 2 were beneath the applicable basic chisquare
(X_C"2 ). Thusly, there was no critical distinction between the
trial information and the ones produced by the models.
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Figure 1: Time-course profile of biomass growth, viable cell counts, nitrate consumption and glycolipid production during
Achromobacter xylos GSR21growing in MSM. Results represent the average of three independent experiments.
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Figure 2A: Representation of experimental and predicted data for biomass growth
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Figure 2B: Representation of experimental and predicted data for Nitrate consumption
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Figure 2C: Representation of experimental and predicted data for glycolipid production

12
10 -
*»
8 - l- = <= Experimental
\
3 £ - -+ Predi
E 6 - :. 2 - - Predicted
Sl .?."t
Py
U4
0 . . .
0 50 100 150 200
Time,mints

Figure 2D: Representation of experimental and predicted data for viable cell counts during Achromobacter xylos GSR21growing
in MSM

The thin certainty interims for the evaluated show parameters
exhibited in Table 2 meant the low vulnerability of fitting
parameter esteems. It was inferred that these qualities and model
expectations are not extremely touchy to the specific example
utilized for building the model. The width of the certainty interim
is a measure of the vulnerability about the situation of the genuine
estimation of the assessed parameter and a wide certainty interim
implies that information don't characterize that parameter
extremely well. Therefore, the tight widths at high certainty level
are alluring. The limitation of the got certainty interims rendered
the parameters to lie in the assessed certainty locales, with 95%
possibility. Correlation between the outcomes given in Tables 1A,
1B and 2 demonstrated that the computed estimations of the
model parameters fell in the certainty zone.

Predicted data showing in figures (2a-2d) were calculated by
using the equations (1-4), respectively. Results represent the
average of three independent experiments.

CONCLUSION
The outcomes (Pmax, YP/X) acquired for Achromobacter xylos
GSR21growing in MSM (in a 5-L bioreactor) under controlled
conditions, showed this strain as a solid biosurfactant maker when
contrasted with the already revealed glycolipid makers. The
proposed models were prepared to do precisely foreseeing the test
comes about relating to cell development, nitrate usage and
glycolipid generation, with r2 >0.95. Time course profiles of

suitable cell tallies were effectively displayed utilizing the twofold
exponential approach, with r2= 0.967. The SEE and chi-square
investigations uncovered a fairly fantastic decency of fit between
the proposed models and the watched information. The width of
the built certainty interims were restricted and exhibited that the
genuine estimations of the fitting parameters would have a
likelihood of 95% to lie in certainty area. All in all, all numerical
conditions were measurably adequate to portray the dynamic
examples for Achromobacter xylos GSR21under the conditions
specified previously. Additionally studies ought to be done to
build up the conditions stretching out parameters to indicate the
mass transport impacts and interface associations.
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