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Production of biosurfactant at mesophilic and thermophilic
conditions by a strain of  Bacillus subtilis
RS Makkar and SS Cameotra

Institute of Microbial Technology, Sector 39-A, Chandigarh-160036, India

The ability of a Bacillus subtilis  strain to grow and produce biosurfactant on different carbon and nitrogen sources

under thermophilic conditions (45 °C) was studied. The strain was able to reduce surface tension to 34 dynes cm -1
on 2% sucrose, and 32 dynes cm ™! on starch after 96 h of growth. The biosurfactant was stable at 100 °C and within
a wide pH range (3.0-11.0). Biosurfactant formation at mesophilic conditions (30 °C) was also studied. The organism

was able to produce the maximum amount of biosurfactant when nitrate ions were supplied as the nitrogen source.
The potential application of the biosurfactant in oil recovery from desert oil fields, acidic and alkaline environments
is demonstrated. The biosurfactant was identical to surfactin as confirmed by TLC and IR analysis.
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Introduction NacCl concentration and temperatures between 35 afd.45

Biosurfactants are amphiphilic compounds produced b);fre_t)bau dg .Acevado and Mcinnerney [25] reported emul-
microorganisms which either adhere to cell surfaces or ar ifying activity from thermophilic and extremely thermo-
hilic microorganisms. The bioemulsifier was effective

excreted extracellularly in the growth medium [8,27]. X .
Many microorganisms produce biosurfactants during%grgal__\{vffd r:tntgeemggrgljuraer;dupN?gJ&Soncentratlon up to

growth on a wide variety of substrates. In recent years inter- In this communication, we report optimization of media

oo a?)'gﬁg;?g;i”fﬁ has been e?]‘fgleg’}ﬁg Jue to thelr POShd growth conditions faBacillus subtilisfor biosurfactant
' roduction under thermophilic conditions.

drilling, and in the pharmaceutical and food processingp
industries [11,13]. Since the earliest reports on bacterial
surfactants [28], a variety of biosurfactants have beerMaterials and methods
described. These include glycolipids, phospholipids, “po'Organism

peptides, neutral lipids, fatty acids and lipopolysaccharide . - .
[5]. Several reports are available on the production of thes r?g'”#;;‘:gmggﬂzic nlu‘tﬁ;nlas L;Sre%_"? t&i&fswagggiy
biosurfactants on water-immiscible substrates, especiall hdia) plates 9 ' '

hydrocarbons [3,12]. Reports are also available on biosur-
factant production on water-soluble substrates [10]. Somﬁ/’e dia and cultivation conditions

species ofBacillus and of the yeastRhodotorula are Nutrient broth was used for preparation of the inoculum.

efficient biosurfactant producers on these water-solubl s ; :
compounds [10,24]. Surfactin, one of the most effectiveeti;gf;cC(();)T(],:r);(?t't'(inoOf theeggtrleer)]('irl;r((:)tthzuged WZS tz?)sr,];ollgvc\)/s.
biosurfactants, was isolated from the cell-free cultureNaCI 5.0g in allit?é gf distilled Water. T% rﬁal?e nutrie.ntg’

medium after growth oBacillus subtilison glucose [4]. .
: ; agar 15.0 g of agar was added to the nutrient broth. The
Pseudomonas rubescuégrobacterium tumefacienand cultures were grown in this broth for 6-8h at °&D

Glucobacter cerinusynthesize amino acid-containing lip- (OD 0.8-0.9). This was used as inoculum at the 2%
600 nm VY-0—VY.J).

ids during growth on water-soluble compounds [23]. : . .
. : . : v/v) level. For biosurfactant synthesis a mineral salt
Synthesis of biosurfactants by microorganisms has beehwedium with the following composition was utilized:

studied mainly in mesophilic environments using meso-KNO3 (0.3%), NaHPO, (0.22%), KHPO, (0.014%), NaCl

philic organisms. There are very few reports on blosurfact—(o_om%), MgSQ (0.06%), CaGl (0.004%), FeSQ

ant production by thermophiles. Thermophiles are of inter- . -
est pbecause gf their ppotential forpbiotechnologicaI(O'OOZ%) and 0.1 ml of trace element solution containing

—1\- Y
applications in oil recovery in desert oil fields. Banat [2] (gL™): 2.329 ZnSQ7HO, 1.78 g MnSQ4H0, 0.56 g

; o d - H;BO;, 1.0 g CuSQ-5H,0, 0.39 g NaMo0,-2H,0, 0.42 g
isolated a thermophilid@acillus strain on a hydrocarbon- CoClL-6H,0, 1.0 g EDTA, 0.004 g NiGI6H,0 and 0.66 g
containing medium. Yakimoet al [26] reported isolation L g '

of a strain ofBacillus lichenformifrom a petroleum reser- KI. The respective carbohydrate (glucose, starch, sucrose,

. ; X sodium pyruvate, sodium acetate) was added to make the
0 L
voir which was able to produce surfactant optimally at 5A’ﬁnal concentration 2% (v/v). The hydrocarbon substrates
(dodecane, hexadecane, and pristane) were also added sep-
0 ) .
Correspondence: Dr SS Cameotra, Scientist, IMTECH, Sector 39—A,aratGIy _at 2/.0 (V/V) Concentratlo.n' The concentration .Of
Chandigarh-160036, India ammonium nitrate, urea, ammonium sulphate and sodium
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Growth studies were done in 1-liter flasks containing Stability studies
200 ml medium at 3 and 48C with shaking at Stability studies were done using the cell-free broth
200 rpm. For growth studies and biosurfactant productiorobtained by centrifuging the cultures at 12 368 for 25
at different pH values, the pH of the medium was adjustednin. Fifty millilitres of broth were heated in a boiling water
accordingly. Growth studies were done as mentioned abovieath for different time intervals and cooled to room tem-
using 2% sucrose as the carbon source. perature. Surface tension and CMD values at each point
Experiments were done in duplicate and results reportedvere measured. To study the pH stability of the cell-free
are the average from three independent experiments.  broth, the pH of the cell-free broth was adjusted to different
pH values and the surface tension was measured.

Biomass determination
Fifty-millilitre samples at different time intervals of fer- Results
mentation were centrifuged at 12 382 for 25 min.
Biomass obtained was dried overnight at A05and
weighed.

Growth characteristics and biosurfactant production

on different carbon sources

Bacillus subtilisMTCC 1427 was grown on different car-
o bon sources (Table 1). Biosurfactant production was moni-
Surface activities N . o tored by measuring the reduction in surface tension of the
Surface tension and critical micelle dilution (CMDand  cell-free broth. The surface tension at day 0 was 68 and 62
CMD™) were determined using a Du-Nouy Tensiometergynes cmt for sucrose and starch, respectively. Surface
(CSC No. 70535, CSC Scientific Co, Albany, USA). All tension reduction was greater with glucose, sucrose, starch
measurements were made on cell-free broth obtained bynd sodium pyruvate as carbon sources in comparison to
centrifuging the cultures at 123%2g for 25 min. For  other carbon sources viz sodium acetate and hydrocarbons.
CMD measurements the cell-free broth was diluted 10The strain was not able to grow or produce biosurfactant

times (CMD™) and 100 times (CMD¥) respectively. when sodium acetate and hydrocarbons were supplied as
carbon sources.
Biosurfactant isolation and purification Sucrose and starch were used as carbon sources to study

Bacterial cells were removed from surfactant-containingthe growth and biosurfactant production by the strain. A
medium by centrifugation (12 352g, 20 min). The super- 2% concentration of these two s_ubstrr_:ltes was found_ to be
natant was subjected to acid precipitation by adding 6 Neptimum for biosurfactant formatlon. Figures 1 and 2 |_IIus-
HCI to achieve a final pH of 2.0 and allowing a precipitate trate biosurfactant production and growth characteristics of

to form at £C. The precipitate thus obtained was pelletedthe Bacillus culture on 2% sucrose and 2% starch at@G0
at 12 352x g for 20 min, redissolved in distilled water, and 45C. Biosurfactant yield was maximum at 96 h of fer-

adjusted to pH 7.0, freeze dried and weighed. TheMmentation at 38C when 2% sucrose was used as a carbon
dried surfactant was extracted with  solvent Source. At this point biomass was maximum and surface

(chloroform : methanol; 65 :15). The extract was driedtension, CMD?, CMD™? were minimum. At 43C

with the aid of a rotary evaporator under vacuum. Themaximum biosurfactant yield, though less in comparison to
material thus obtained was used for further analysis. ~ 30°C, was achieved in 72 h of fermentation and remained

almost stationary until 96 h and decreased thereafter.
Growth characteristics and biosurfactant production were
X . similar at 30C and 48C. When starch was used as carbon

The protein content of cell-free broth was estimated accordg, ica at the optimal concentration of 2%, aP@GDthe

ing to the method of Lownet al [14] using BSA as stan- 5yimum reduction in surface tension was achieved within
dard. Lipid content was determined gravimetrically by ,,, of fermentation (30 dynes c#. However, the CMD*

weighing the pooled di-ethyl ether extracts of cell-free gy cyip2 value reduction was achieved only after 48 h
broth. Residual substrate concentration (total sugars) was

estimated by the anthrone reaction [19].

Biochemical analysis

Table 1 Effect of carbon source in the mineral salt medium on surface
tension of the cell-free broth measured after 48 h of growth

Emulsification index (E.,) and sand pack test

For estimation of the emulsification index, 6 ml of motor Carbon source Surface tension Surface tension
oil was added to 4 ml of the culture broth in a graduated (dynes cm?) at 30C  (dynes cr) at 45C
tube and vortexed at high speed for 2 min. The emulsion

stability was determined after 24 h. The,Bvas calculated ~control 68 68

by measuring the emulsion layer thus formed. The potenti lljuccrgzg 2288 ﬁ

application of the product in MEOR was evaluated usingsiarck 29 31

the sand pack technique described by Abu Ruwatal  Sodium pyruvate 32 32

[1]. A glass column (40.& 2.5 cm) was packed with 100 g Sodium acetate 56 65

of acid-washed sand. The column was then saturated witﬁg)s(;ad”:wne 5520 5513

100 ml of kerosene oil. The potential of the isolated surfacpggecane 47 53

tant for oil recovery was estimated by pouring 100 ml of

aqgueous solution of bi(_)surfaCtant (1 mgtplinto the col-  asyrface tension of uninoculated medium was 62 dynes.cm
umn. The amount of oil released was measured. bSurface tension of the uninoculated medium was 56 dyne& cm




Production of biosurfactant by Bacillus subtilis
RS Makkar and SS Cameotra

-‘5 ~‘25 a 5 25
£ ®
{ = 'a
~ —_—
§ 443 420 3 <
B o - -4 a5 20
= g - [ =
@ 3 N E £ =
'a £ X © 2 3
= 43%& 415 PR3 -
© a £ g 38 4158
A 3 © 5 5 3
- — af
f =3 = > 2 4
a n ] = %]
8 : 3 £ @ <
-2z 410 > El
B > 3 z 122 1103
o ~ ‘0 = ~ B
‘@ 2 & o 20 0
5 © k] A =
0] "
[= £ £ «
418 45 o g
© S = 4158 45
Q m v 2
£ g =
a £
-0 -0 w
40 0
o 24 48 72 96 120
Time (h)
45 25 b
T 14 925
> = g
] S 2 =
g 14 120 3 S
= g - o — 420
« o S 'a 3
g LS B Poe
b5 433 415 § o R
- ° 3 51592
i B 2] g a F
2 o = g @
5 ~ 5 g 12 @ 0
R 42~ 4 b —
e 23 1072 S 5.3
9 % 2 - = 1103
12] o —
=3 < a = o
< g it ® 9
] o g 0 =
8 418 -5 @ -1 E
S = o 5
= @ 2
SN A 8
0 A" | | % 4y Jo E —
0 24 48 72 96 120 0 L & h——p A 0 0
Time(h) 0 24 48 72 96 120
Time(h)

Figure 1 Growth, biosurfactant production and surface activity profiles

of Bacillus subtilisMTCC 1427 grown in mineral salt medium with 2% Figure 2 Growth, biosurfactant production and surface activity profiles
sucrose as carbon source at (a)@@nd (b) 45C. The samples were taken  of Bacillus subtilisMTCC 1427 grown in mineral salt medium with 2%

every 24 h, centrifuged and cell-free broth was used for determination ogtarch as carbon source at (af30and (b) 48C. The samples were taken
surface tensione), CMD values (CMD*, VV; CMD?, V), biomass M), every 24 h, centrifuged and cell-free broth was used for determination of
biosurfactant estimation/y) and residual sugar analysi®). surface tensione{), CMD values (CMD?, V; CMD2, ¥), biomass M),

biosurfactant estimation’) and residual sugar analysi®).

of fermentation. At 48C, the pattern of biosurfactant pro-

duction was similar to that obtained at°&0) but with lower

yield. As evident from Figures 1 and 2, a major amount ofat a pH range of 3.0-11.0 with a minimum deviation in

substrate was utilized by the strain within 24 h of growth. surface tension and CMD values. At pH 3.0 a negligible

The strain was able to grow and produce biosurfactant dbss in activity (4 dynes cm) was observed.

a wide range of pH (pH 4.5-9.0) as shown in Table 2. When the cell-free broth was heated in a boiling water
bath for different time intervals it retained its surface

Effect of nitrogen source on biosurfactant production activity (27—-28 dynes cm) even after heating for 60 min.

Choice of nitrogen source affects the biosurfactant pro-The biosurfactant isolated by acid treatment had a lipid con-

duction as depicted in Figure 3. In nitrogen-depletedtent of 30% and protein content of 1%. No significant

medium the least reduction in surface tension was achieveghange in lipid and protein content of the broth was

while sodium nitrate and potassium nitrate were the twoobserved after heat and pH treatments. The critical micelle

best sources of nitrogen of the five sources testedconcentration (CMC) of the biosurfactant was found to

Ammonium salts in the form of ammonium nitrate and be 40 mg L.

ammonium sulphate were not utilized for biosurfactant pro- The Emulsification Index (E) value of the biosurfactant

duction. was found to be 33.33 with mobile oil demonstrating its
capacity to emulsify oil. The biosurfactant solution was
Studies on the properties of the biosurfactant able to recover 56% of the oil adsorbed to the sand in the

The cell-free broth was both pH and thermally stable aolumn. This indicates its potential use in MEOR
shown in Table 3. The biosurfactant activity was retained(Microbial Enhanced Oil Recovery). The biosurfactant iso-
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100 Table 3 pH and thermostability of cell-free broth @acillus subtilis 51
9 MTCC 1427. The organism was grown in minimal medium supplemented
- % with 2% sucrose at 3C for 48 h
gﬂ e (@) pH studies
= 8F  F :
5 £ g pH of cell-free Surface tension CMD CMD™
E : E 3 broth (dynes crmt) (dynes cm®)  (dynes cm?)
e Z =
60 g . - 3.0 32 36 40
= 5 £ E 5.0 28 32 35
£ s 2 2 6.0 28 31 35
o s £ 2 7.0 28 31 34
= ] 8.0 29 31 35
& 40 ST 100 30 32 35
v 11.0 31 35 38
(o]
=
=
Yook (b) Thermostability studies
Time of heating Surface tension CMD CMD™2
at 100C (min) (dynes crmt) (dynes cm*)  (dynes cm?)
0
0 27 30 34
Figure 3 Effect of nitrogen source in mineral salt medium on surface 5 27 30 34
tension measured after 48 h of growth. The organism was grown°@ 30 1 27 30 34
(m) and 45C (D) for 48 h, centrifuged and cell-free broth used for deter- 5 27 31 34
mination of surface tension. 40 28 31 35
60 28 31 35

Table 2 Growth and production of biosurfactant Bacillus subtilisat

extreme pH conditions. The organism was grown in minimal medium sup-

plemented with 2% sucrose at ®D

pH  Time Surface tension Biomass Biosurfactant
(days)  (dynescr) (gL (gL
45 1 29 2.78 0.316
2 30 2.98 0.260
3 30 3.82 0.272
4 30 3.67 0.240
9.0 1 29 1.17 0.294
2 29 2.60 0.808
3 29 2.61 0.760
4 29 2.20 0.688

lated from 30C and 45C growth gave similar results for

both E, value and sand pack oil recovery.

Chemical characteristics of the biosurfactant
For detection of purified biosurfactant, the most suitableant production. The organism was not able to grow or pro-

solvent system was CHEICH;OH:H,O (65:15:1).

factants are synthesized by microorganisms grown on
water-immiscible hydrocarbons [9,10], but there are many
reports of biosurfactant production on water-soluble sub-
strates such as glucose, glycerol and ethanol [4,16]. In the
present study conditions were standardized for the
maximum biosurfactant production bBRacillus subtilis
MTCC 1427 at mesophilic and thermophilic growth con-
ditions. A number of studies have indicated that the type
of medium and growth conditions can influence the type
and yield of the biosurfactant. In this regard we studied the
influence of both carbon and nitrogen sources. The carbon
source, particularly the carbohydrate, has a major effect on
the type of glycolipids formed. Glucose, fructose and
sucrose lipids are formed b&rthrobacter paraffineusand
several species @@orynebacteriumNorcardia andBrevi-
bacteriumduring growth on the corresponding sugar [21].
The Bacillus strain used in this study was able to utilize
glucose, sucrose, starch and sodium pyruvate for biosurfact-

duce biosurfactant when sodium acetate and hydrocarbons

Developing the TLC gave white dry spots when sprayedwere presented as the carbon sources. Growth and biosur-
with distilled water with R values similar to surfactin factant production byacillus subtiliswas studied in mini-
(Sigma, St Louis, MO, USA). The IR spectrum of the pur- mal medium supplemented with sucrose and starch as car-
ified biosurfactant at mesophilic and thermophilic con-bon sources at a concentration of 2%.

ditions was similar (overlapping) to the spectra obtained The nitrogen source in the medium influences the pro-
with pure surfactin, indicating that the surfactant obtainedduction of biosurfactant [5].Arthrobacter paraffineus

was surfactin.

Discussion

showed a preference for ammonium salts and urea as the
nitrogen source [6]. Robedt al [18] while investigating
rhamnolipid production by’seudomonad4Ti on olive oll
reported that sodium nitrate was the best nitrogen source.

Most of the work on biosurfactant production by micro- Similar results have been noted fBseudomonas aerugi-
organisms has been in mesophilic environments, the orgamosa [17] andC. tropicalisliP-4 [20]. In the present study

isms mainly belonging to the generAcinetobacter
PseudomonaandBacillus The majority of known biosur-

we found that both sodium nitrate and potassium nitrate are
the preferred nitrogen sources (Figure Bacillus subtilis
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B8

MTCC 1427 was not able to utilize ammonium ions, but 6 Duvnajale Z, DG Copper and N Kosaric. 1983. Effect of nitrogen
exhibited a preference for nitrate ions. Ammonium ions
inhibited the utilization of nitrate ions for biosurfactant pro-
duction as observed by less reduction in surface tension
when ammonium nitrate was provided as nitrogen source.7
Nitrogen was required for the biosurfactant production as

is

nitrogen in the medium, reduction in surface tension was

evident from the observation that when there was no

not observed. 9

Of the several envisioned industrial applications of the

biosurfactants the greatest potential use is by the oil indus-

try. For applications in the oil industry the biosurfactant *

produced byB. subtilisMTCC 1427 has potential with gz 14
value of 33.33 against diesel oil and sand pack recovery of
56%. The high stability of the biosurfactant (at a wide pH
range and temperature) and the ability of the organism to

grow at extremes of pH and at thermophilic temperatur

(45°C) makes it very suitable for the extreme conditions
encountered in the application field. Moreover, the ability13
of the organism to produce biosurfactant on molasses (a

substrate added

in oil wells as a rich source of

carbohydrate) makes the organism itself a possible cand'&—4
date forin situ oil recovery [15].

ant by TLC shows it to be similar to surfactin. The simi-
larity of the surfactant with standard surfactin was con-

firmed by IR analysis. There are reports frthrobacter

16

paraffineus [7] and Pseudomonasp DSM-2874 [22] of ;5
alteration in the composition of biosurfactants due to tem-
perature of growth. However, we did not observe any
change in composition of the biosurfactant when the straid8 Robert M, ME Mercade, MP Bosch, JL Parra, MJ Espuny, MA Man-
was grown at 4%C.

Biosurfactant production by the strain at°@sand its

stable nature suggest its possible use in desert oil fields. Iy
addition, the ability of the organism to grow and produce
biosurfactant over a wide range of pH could be of potentiak0
application in acidophilic and alkalophilic environments.
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