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A B S T R A C T  

The ca pac ity for ex opolysac cha ride (EPS) biosyn the sis of a bac te r ial con sor tium cul ture was in ves ti gated. To 
ob tain max i mal EPS re cov ery, pH, car bon and ni tro gen sources, and in or ganic ions were op ti mized. At pH 8, 
the floc cu la tion in dex (FI) per cent age was 62.6%, vis cos ity was 1.38  ±  0.015  g  m −1 .s −1 , and 10.3  g/ L EPS was 
pro duced. How ever, the max i mum to tal EPS pro duc tion (12  g/ L), FI per cent age (70%), and vis cos ity 
(1.4  ±  0.01  g  m −1 .s −1 ) were achieved when am mo nium sul fate was used as ni tro gen source. Mean while, the 
high est EPS pro duc tion was re al ized when dex trose was se lected as car bon source with and with out crude oil. 
Dex trose ex hib ited sig nif i cant ad van tage over the four other car bon sources. Af ter 5 days of in cu ba tion with 
crude oil, the dex trose en hanced EPS pro duc tion to (14  g/ L) with a high FI per cent age (70.7%). Among the in - 
or ganic ions, the max i mum EPS pro duc tion (16.1  g/ L) was ob tained af ter adding 0.5% potas sium chlo ride to 
the cul ture medium, with a high vis cos ity of 1.44  ±  0.005  g  m −1 .s −1 . 

1 . Introduction 

Mi cro bial cells pro duce dif fer ent types of ex opolysac cha ride (EPS) 
dur ing their life cy cle. The EPS is rel a tively has sim ple struc ture, poly - 
sac cha ride struc tures in mi croor gan isms con tain var i ous shape and 
rigid ity, pri mar ily cap sule EPS is pro duced through the log phase of 
growth bac te ria, whereas dur ing the sta tion ary phase pro duced slime 
EPS ( Kumar et al., 2011 ). The chem i cal char ac ter is tics of EPS change 
with cul ture age, nu tri ent lev els, and growth con di tions ( Kumar et al., 
2007 ). EPSs are or ganic macro mol e cules with a high mol e c u lar 
weight and are nat u rally “sticky.” Bac te r ial EPSs, which are chem i - 
cally di verse, are im por tant in the in ter ac tion be tween bac te ria and 
their en vi ron ment ( Singha, 2012 ). The study of cul ture con di tions 
dur ing EPS pro duc tion can be of in ter est in op ti miz ing pro duc tion. In 
waste water treat ment sys tems, most mi cro bial ag gre gates, such as 
sludge flocs and biofilms, are pre sent in the form of ex tra cel lu lar poly - 
meric sub stances, e.g., EPSs ( Sheng et al., 2010 ). EPSs have been 
found to oc cur in enor mous va ri ety of unique forms; EPSs are closely 
as so ci ated with cells in the form of dis tinct cap sules or as slime that is 
sep a rated from the cell sur face. In mi cro bial cells EPSs are fre quently 
set up as the ex ter nal struc tures of prokary otic and eu kary otic. EPS 

pro duc tion by bac te ria is a highly com plex process and it is af fected 
by many dif fer ent pa ra me ters ( Vijayendra et al., 2008 ). EPS is con - 
sider to ren der many func tions, such as pro mot ing the first at tach - 
ment of cells to firm sur faces, the form ing and main te nance of mi cro - 
colonies and grown biofilm struc tures, and en hanc ing biofilm im ped - 
ance to eco log i cal stress ( Czaczyk and Myszka, 2007 ). Ex tra cel lu lar 
poly meric sub stances (EPS) pro duce from bac te ria have highly hy - 
drated that are mainly com posed of pro teins, poly sac cha rides and 
DNA, also pro tec tion against en vi ron men tal stresses such as salin ity 
and drought by sup port bac te r ial life in chem i cal re ac tions or nu tri ent 
en trap ment ( Costa et al., 2018 ). 

Some bac te ria pro duced EPS as aque ous so lu tion and have high 
vis cos ity this be hav ior can be pres ence of car boxylic acid groups, this 
is an im por tant role or re quire ment for the use of EPS in ap pli ca tions 
wa ter treat ment, (foods, bio med ical, oil re cov ery ap pli ca tion bio med 
cos met ics) ( Fusconi et al., 2010 ; Daud et al., 2019 ). 

Un der all con di tions bac te ria can pro duce EPS; how ever, the quan - 
tity and struc ture of EPS are de pen dent and in flu enced by nu tri tional 
and en vi ron men tal con di tions ( Xu et al., 2010 ). In gen eral, EPS pro - 
duc tion that is in flu enced by en vi ron men tal fac tors and struc ture 
( Kanmani1 and Yuvapriya, 2017 ), can be clas si fied into two groups. 
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Fig. 1 . Ef fects of dif fer ent pH val ues on FI per cent age and to tal EPS pro duc - 
tion of the con sor tium cul ture. Vari a tions in up per case and lower case let ters 
rep re sent sta tis ti cally sig nif i cant dif fer ences in FI per cent age and to tal EPS 
pro duc tion at a spe cific pH value ( P < 0.05 ). 

Table 1 
EPS pro duc tion and vis cos ity from con sor tium cul ture af ter 5 days of in cu ba - 
tion at 37  °C in 150  rpm on dif fer ent pH. 

pH Bound EPS g/L 
±SD 

Free EPS g/L 
±SD 

Total EPS 
g/L 

Viscosity g.m −1 .s −1 

±SD 

5 3.2  ±  0.26 0.33  ±  0.057 3.53 a 1.21  ±  0.015 
6 4.5  ±  0.3 0.26  ±  0.057 4.76 a 1.22  ±  0.015 
7 7.4  ±  0.64 0.36  ±  0.057 7.76 b 1.3  ±  0.01 
8 9.96  ±  0.35 0.31  ±  0.014 10.3 c 1.38  ±  0.015 
9 8.06  ±  0.81 0.43  ±  0.057 8.81 b 1.30  ±  0.005 

Let ters a, b and c: dif fer ent let ters shows sig nif i cantly dif fer ent of To tal EPS 
within dif fer ent pH by Tukey's test ( P < 0.05 ). 

(1) The first cat e gory in volves changes in stress con di tions that cause 
a trans fer in the mi cro bial com mu nity. Sub se quently, the num ber of 
EPS - producing bac te ria will in crease or de crease in the en tire bac te r - 
ial con sor tium, which has to ad just to the fresh en vi ron ment. (2) In 
the sec ond cat e gory, the ex ist ing bac te r ial com mu nity rereg u lates the 
path way of meta bolic EPS pro duc tion as re sponse or re ac tion to 
changes in con di tions ( Liu et al., 2004 ). The pre sent study aims to de - 
ter mine the po ten tial EPS pro duc tion from a bac te r ial floc con sor tium 
iso lated from the en vi ron ment un der dif fer ent pa ra me ter con di tions. 

2 . Materials and methods 

2. 1 . Preparation of the consortium culture 

Four sin gle bac te r ial iso lates, namely, Bacil lus cereus , Acine to bac ter 
bau manii , Pseudomonas aerug i nosa 28, and Pseudomonas aerug i nosa 
HNYM41, were used in gaso line degra da tion ( Almansoory, 2015 ). The 
iso lates as con sir tium put in 100  mL nu tri ent broth (NB) to grow and 
in cu bated in an or bital shaker at 37  °C, 150  rpm for 24  h ( Al - Baldawi 
et al., 2017 ). The cells were sep a rated via cen trifu ga tion at 4000  rpm 
(Ep pen dorf cen trifuge 5810R) 15  min, and the pel let was sus pended 
in 10  mL sodium chlo ride (NaCl; 0.85g) nor mal saline for prepa ra tion 
of stan dard in ocu lums, stan dard in oc u late were pre pared for every 
growth the iso late was mon i tored by mea sur ing the ab sorbance at 
550  nm (A550) by us ing spec tropho tome ter de vice (Genesys 10 UV 
Spec tronic Thermo, USA) to ad just its op ti cal den sity 0.5, cal cu late for 
all iso lates as 10% (v/ v) of stan dard in oc u late ( Almansoory et al., 
2019 ). The bac te r ial cul ture was in oc u lated in min eral salts medium 
(MSM), sub se quently, mixed cul ture was pre pared us ing the stan dard 
in oc ula of each bac terium at an ap pro pri ate vol ume. Then, 10% (v/ v) 
of stan dard in oc u late were trans ferred into 100  mL of MSM with 1% 
(v/ v) tapis crude oil as the sole or ganic source and in cu bated for 7 
days at 37  °C in shaker at 150  rpm ( Al - Baldawi et al., 2015 ). 

2. 2 . Determining the flocculation index (FI) 

Con sor tium cul ture iso lates were grown in 100  mL NB. Stan dard - 
ized in oc ula were pre pared as de scribed by ( Almansoory, 2015 ). 
Then, 10% stan dard in ocu lum was in oc u lated into 25  mL NB and in - 
cu bated at 37  °C at 150  rpm. Af ter 24  h, the sam ples growth were al - 
lowed to stand and sta ble then mea sured af ter 5, 10, 30, and 60  min 
(in di cated as A t ). The sam ples were cen trifuged at force 650  g im me - 
di ately for 2  min, and the op ti cal den sity at 550  nm of the su per - 
natant (up per layer) was mea sured and in di cated as A s . The per cent - 
age of FI (%FI) was cal cu lated us ing Equa tion (1) ( Malik et al., 2003 ; 
Sannasi et al., 2009 ). All tests were per formed in trip li cate. 

(1) 

2. 3 . Extraction of free and bound EPSs 

Bac te r ial cul tures were grown in MSM with 1% crude oil and then 
in cu bated at 37  °C at 150  rpm for 7 days. Bac te r ial cul tures were cen - 

Fig. 2 . Ef fects dif fer ent sources of ni tro gen on the FI per cent age and EPS pro duc tion of the con sor tium cul ture. Vari a tions in up per case and lower case let ters 
rep re sent sta tis ti cally sig nif i cant dif fer ences in FI per cent age and to tal EPS pro duc tion ( P < 0.05 ). 
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Table 2 
EPS pro duc tion and vis cos ity af ter 5 days of in cu ba tion un der dif fer ent 
sources of ni tro gen. 

Nitrogen 
sources 

Bound EPS g/L 
± SD 

Free EPS g/L 
± SD 

Total 
EPS 

Viscosity 
g.m −1 .s −1 ± SD 

Tryptone 6.06  ±  0.20 2.80  ±  0.06 8.86 a 1.33  ±  0.01 
Peptone 5.06  ±  0.15 2.90  ±  0.26 7.96 a 1.30  ±  0.01 
Ammonium 

nitrate 
4.60  ±  0.10 1.33  ±  0.23 5.93 b 1.29  ±  0.01 

Yeast 3.50  ±  0.49 1.40  ±  0.36 4.9 c 1.38  ±  0.01 
Urea 6.13  ±  0.15 2.40  ±  0.06 8.56 a 1.36  ±  0.01 
Ammonium 

sulfate 
8.36  ±  0.45 3.76  ±  0.15 12.12 d 1.40  ±  0.01 

Ammonium 
chloride 

6.46  ±  0.07 0.35  ±  0.07 6.81 e 1.29  ±  0.01 

Let ters a, b, c, d and e: dif fer ent let ters shows sig nif i cantly dif fer ent of To tal 
EPS within dif fer ent sources of ni tro gen Tukey's test ( P < 0.05 ). 

Table 3 
EPS pro duc tion and vis cos ity af ter 5 days of in cu ba tion un der dif fer ent 
sources of car bon with crude oil ad di tion. 

Carbon sources With 
crude oil 

Bound EPS 
g/L ±SD 

Free EPS g/L 
± SD 

Total 
EPS g/L 

Viscosity 
g.m −1 .s −1 ±SD 

Sucrose 7.5  ±  0.60 2.4  ±  0.26 9.9 a 1.54  ±  0.01 
Dextrose 11.1  ±  1.10 2.9  ±  0.20 14.0 b 1.57  ±  0.03 
Glucose 3.2  ±  0.20 2.2  ±  0.15 5.4 c 1.35  ±  0.01 
Fructose 2.8  ±  0.15 2.2  ±  0.10 5.0 c 1.33  ±  0.01 

Let ters a, b and c: dif fer ent let ters shows sig nif i cantly dif fer ent of To tal EPS 
within dif fer ent sources of car bon with crude oil ad di tion Tukey's test ( P < 
0.05 ). 

trifuged un der 10000  g for 15  min in tem per a ture 4  °C, and 10  mL of 
the su per natant was pre cip i tated with 30  mL ethanol by in cu bat ing at 
−20  °C for 24  h. Cen trifuged the liq uid un der 10000  g for 15  min to 
re move the su per natant. Bound EPS was ex tracted from the cell pel let 
us ing the EDTA method ( Sheng et al., 2005 ). The pre cip i tate from the 
free and bound EPSs was dried at 105  °C for 24  h and weighed 
( Eboigbodin and Bigges, 2008 ). 

2. 4 . Effects of pH levels, carbon and nitrogen sources, and inorganic ions 
on FI percentage and EPS production 

The FI per cent age, vis cos ity, and EPS pro duc tion of the con sor tium 
cul ture were in ves ti gated af ter 5 days un der the ef fects of car bon and 
ni tro gen sources and op er a tional pa ra me ters (i.e., pH and in or ganic 
ions with 0.5% con cen tra tion). Dif fer ent pH lev els (5.0, 6.0, 7.0, 8.0, 
and 9.0) were ini tially tested and mea sured by pH me ter (Mem mert, 
Ger many). The ef fect of dif fer ent car bon sources (5%), such as glu - 
cose, dex trose, fruc tose, and su crose, added to the cul ture medium 
was also in ves ti gated. To se lect the best car bon source that can pro - 
duce the high est FI per cent age and EPS amount, dif fer ent ni tro gen 
sources (e.g., am mo nium sul fate, am mo nium ni trate, tryp tone, pep - 
tone, urea, yeast, and am mo nium chlo ride) were ex plored. More over, 
the ef fects of var i ous in or ganic ions, such as potas sium chlo ride (KCl), 
cal cium chlo ride (CaCl 2 ), man ganese chlo ride (MnCl 2 ), and zinc chlo - 
ride ( ZnCl 2 ), were in ves ti gated by adding 0.5% con cen tra tion of each 
ion to the cul ture medium. All ex per i ments were con ducted in trip li - 
cate to en sure the pre ci sion of the ob tained data with and with out the 
ad di tion of crude oil. (IQ Sci en tific In stru ments, Spec trum Tech nolo - 
gies, Plain field, USA). 

2. 5 . Statistical interpretation 

The ef fects of pH lev els, ni tro gen sources, and in or ganic ions on FI 
per cent age and to tal EPS pro duc tion were sta tis ti cally an a lyzed us ing 

IBM SPSS Sta tis tics (ver sion 21 for Win dows, IBM Cor po ra tion, 
U.S.A.). Sig nif i cant dif fer ences in the ef fects of var i ous ni tro gen 
sources on FI per cent age and to tal EPS pro duc tion were de ter mined 
us ing one - way ANOVA ( P < 0.05 ), whereas post - hoc Tukey's test was 
per formed for mul ti ple com par isons. Mean  ±  stan dard de vi a tion (SD) 
was de ter mined in trip li cate for all the ex per i ments. In ad di tion, two - 
way ANOVA was adopted to com pare the ef fects of car bon sources, 
in clud ing su crose, dex trose, glu cose, and fruc tose, on FI per cent age 
and to tal EPS pro duc tion with and with out crude oil hy dro car bons. In 
ad di tion, post - hoc mul ti ple com par i son of means was con ducted us ing 
Tukey's method at 95% con fi dence in ter val or P < 0.05 . 

3 . Results and discussions 

3. 1 . Effects of different pH values on EPS production 

Nouha et al. (2017) re ported floc cu la tion in dex of EPS has been 
one of the key prop er ties for ap pli ca tion biopoly mer in dif fer ent field 
and the stud ies are in ves ti gated avail able which have the im por tant 
struc ture func tion re la tion ship be tween EPS func tional com po si tion 
and floc cu la tion in dex. The floc cu la tion ac tiv ity has been mod eled by 
var i ous mech a nisms, and the floc cu lants ac tiv ity of high - molecular 
weight EPS. As shown in Fig. 1 , the con sor tium cul ture pro duced a 
high amount of EPS (10.3  g/ L) at pH 8. EPS pro duc tion in creased 
with in creas ing pH value. In par tic u lar, in creases of 62%, 54%, 44%, 
24%, and 14% were recorded at pH 8 com pared with at pH 9, 7, 6, 
and 5, re spec tively. These re sults in di cate that the con sor tium cul ture 
pre fer a ba sic en vi ron ment to achieve max i mum EPS pro duc tion. Fig. 
1 shows that an in crease in EPS pro duc tion in creases FI per cent age. 
The FI per cent age at pH 8 was 62.6%, and 10.3  g/ L EPS was pro - 
duced this is agree ment with Hereher et al. (2018) in ves ti gated in - 
creased EPS pro duc tion with in creased pH un til ar rival at 9. There - 
fore, FI is rel e vant to EPS pro duc tion. On the ba sis of the re sults of 
Malik et al. (2003) , the con sor tium cul ture used in our study ex hib - 
ited good floc cu la tion at pH 7, 8, and 9 (i.e., 50% or more), but only 
par tial floc cu la tion at pH 5 and 6 (20% – 50%). Thus, pH 8 was se - 
lected in the pre sent study to fur ther in ves ti gate the EPS pro duc tion 
of the con sor tium cul ture. A low EPS pro duc tion by bac te r ial cells at a 
low pH (at 5 and 6) may in crease the acid ity of the medium, thereby 
caus ing acid stress on bac te r ial cells as re ported by Zhang et al. 
(2011) . 

The ac tiv ity of floc cu la tion for EPS pro duced by the con sor tium 
cul ture at pH 9 (as 49.3% at 10  mg/ L EPS) is bet ter than that pro - 
duced by Pseudoal teromonas sp. SM9913 iso lated by Li et al. (2008) . 
Floc cu la tion ac tiv ity is an im por tant step in achiev ing good biore me - 
di a tion of pol lu tants. In pol lu tion treat ment, the use of non - 
flocculating bac te ria in creases tur bid ity and de creases the ef fi ciency 
of treat ments ( Malik et al., 2003 ). The ef fects of var i ous pH val ues of 
the medium on EPS pro duc tion and vis cos ity are pre sented in Table 1 . 
A high vis cos ity was ob tained at pH 8. The vis cos ity of the cul ture 
medium is de pen dent on EPS pro duc tion. In creased EPS pro duc tion 
in creases the vis cos ity of the medium. Liu et al. (2011) re ported that 
vis cos ity in creases with pH be cause of the higher ion iza tion de gree of 
the car boxy late group in EPS. By con trast, a de crease in vis cos ity is 
re lated to the high ac cu mu la tion of al kali on a neg a tively charged 
poly sac cha ride. Sta tis ti cal analy sis showed no sig nif i cant dif fer ence at 
pH 5 and 6 in FI per cent age and to tal EPS pro duc tion (P  =  0.68 and 
P  =  0.77, re spec tively). How ever, sig nif i cant dif fer ences were ob - 
served at pH 7, 8, and 9 (P  =  0.002, 0.000, and 0.000, re spec tively). 
These re sults in di cate that neu tral to al ka line me dia are bet ter for FI 
and to tal EPS pro duc tion. 
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Fig. 3 . Ef fects dif fer ent sources of car bon on the FI per cent age and EPS pro duc tion of the con sor tium cul ture with and with out crude oil. Dif fer ences in up per case 
and lower case let ters rep re sent sta tis ti cally sig nif i cant dif fer ences in FI per cent age and EPS with and with out crude oil us ing spe cific nu tri ents ( P < 0.05 ). 

Table 4 
EPS pro duc tion and vis cos ity af ter 5 days of in cu ba tion un der dif fer ent 
sources of car bon with out crude oil ad di tion. 

Carbon sources 
Without crude oil 

Bound EPS 
g/L ±SD 

Free EPS g/L 
± SD 

Total 
EPS g/L 

Viscosity 
g.m −1 .s −1 ± SD 

Sucrose 4.30  ±  0.15 3.26  ±  0.23 7.60 a 1.39  ±  0.01 
Dextrose 8.50  ±  0.30 3.10  ±  0.10 11.60 b 1.40  ±  0.01 
Glucose 4.36  ±  0.89 3.00  ±  0.26 7.36 a 1.20  ±  0.01 
Fructose 6 .00  ±  0.79 3.03  ±  0.56 9.03 c 1.35  ±  0.01 

Let ters a, b and c: dif fer ent let ters shows sig nif i cantly dif fer ent of To tal EPS 
within dif fer ent sources of car bon with out crude oil ad di tion Tukey's test ( P 
< 0.05 ). 

3. 2 . Effects of different nitrogen on EPS production 

The ef fects of seven sources from ni tro gen on pro duc tion of EPS 
and FI per cent age are di gested in Fig. 2 . The max i mum to tal EPS pro - 
duc tion (12  g/ L) and FI per cent age (70%) were achieved when am - 
mo nium sul fate was used as ni tro gen source. Am mo nium sul fate ex - 
hib ited con sid er able ad van tage over the six other ni tro gen sources. 
When am mo nium sul fate was added as ni tro gen source, to tal EPS pro - 
duc tion in creased by 16.8% ( Fig. 2 ) com pared with that of the con trol 
at pH 8 ( Fig. 1 ). Berekaa (2014) re ported that us ing am mo nium sul - 
fate as ni tro gen source can in crease the EPS pro duc tion of Bacil lus sp. 
More over, in creas ing EPS pro duc tion by adding am mo nium sul fate in - 
creased FI per cent age by ap prox i mately 9.9%. The vis cos ity of the 
cul ture medium also in creased slightly with in creased EPS pro duc tion 
( Table 2 ) by adding am mo nium sul fate. Nichols et al. (2009) in ves ti - 
gated that the vis cos ity of a medium de pends on sugar (car bon 
sources) and EPS con tents. Sta tis ti cal analy sis showed a highly sig nif i - 
cant ef fect of am mo nium sul fate as ni tro gen source on EPS pro duc tion 
and FI per cent age ( P < 0.001 ) com pared with other ni tro gen sources. 

3. 3 . EPS production by consortium culture under carbon sources 

A wide va ri ety sources of car bon, in clud ing su crose, dex trose, glu - 
cose, and fruc tose, were used with and with out crude oil hy dro car - 
bons to pro duce EPS. Fig. 3 shows the ef fects of adding dif fer ent car - 
bon sources on EPS pro duc tion and FI per cent age with or with out 1% 
crude oil. The re sults in di cated that af ter 5 days of in cu ba tion, dex - 
trose yielded high EPS pro duc tion (14  g/ L) and FI per cent age 
(70.7%). It demon strated sig nif i cant ad van tage through the four 
sources of car bon. Main tain ing dif fer ent parts of the floc struc ture de - 
pended of the spe cific role for lay ered struc ture, EPS on dif fer ent lay - 
ers, be cause flocs are shear sen si tive, the sep a ra tion of EPS on dif fer - 
ent parts of the floc is nor mally cat e go rized ( Ding et al., 2015 ). 

EPS was in creased by 14  g/ L when dex trose was added as a car bon 
source. Many stud ies have demon strated the in flu ence of var i ous 
sources of car bon on pro duced EPS ( Miqueleto et al., 2010 ; Papinutti, 
2010 ). Car bon source is very im por tant fac tors that af fect EPS pro duc - 
tion ( Wang et al., 2006 ). The vis cos ity of the cul ture medium was also 
in creased to 1.57  g  m −1 .s −1 by 14  g/ L EPS ( Table 3 ). The com po si tion 
of the medium has been reg is tered to play very im por tant role in EPS 
pro duc tion; more over, floc cu la tion ac tiv ity can be af fected by some 
fac tors, such as sources of car bon and ni tro gen, in cu ba tion con di tions, 
tem per a ture, and pH ( Yilmaz et al., 2012 ; Onbasili and Aslim, 2009 ). 
The ad di tion of su crose and dex trose as car bon sources for the two 
cases (with and with out crude oil) yielded sig nif i cantly dif fer ent re - 
sults ( P < 0.05 ) on FI per cent age, whereas the ad di tion of glu cose 
and fruc tose ( P > 0.05 ) did not based on the re sults of the two - way 
ANOVA. With re gard to EPS pro duc tion, the ad di tion of fruc tose and 
glu cose as sources of car bon for the two cases (with and with out 
crude oil) yielded sig nif i cantly dif fer ent re sults (P  <  0.05), whereas 
the ad di tion of su crose and dex trose ( P > 0.05 ) did not. 

Fig. 3 shows the ef fects of adding dif fer ent sources of car bon on 
pro duced EPS and FI per cent age with out crude oil hy dro car bons. The 
re sults in di cated that af ter 5 days of in cu ba tion, dex trose still ob - 
tained high EPS pro duc tion and FI per cent age. How ever, EPS amount 
de creased by ap prox i mately from 14  g/ L to 11.6  g/ L, with an FI per - 
cent age of 51.3% in the ab sence of crude oil hy dro car bons Table 4 . 
The re sults in di cate the ef fects of crude oil hy dro car bons on EPS pro - 
duc tion as a car bon source. 

Wang et al. (2018) in ves ti gated pro duced EPS by Ae ro coc cus Uri - 
aee qui un der dif fer ent sources of car bon; the high est yield was gated 
when d - glucose was used as the sources of car bon. Lee et al. (1997) 
re ported that Bacil lus polymyxa can use all the car bon sources (fruc - 
tose, su crose, lac tose, glu cose, galac tose, and starch) to pro duce EPS. 
Un der the afore men tioned con di tions, the max i mum amount of EPS 
and broth vis cos ity re ported 8.90  g/ L and 6551  g  m −1 .s −1 re spec tively, 
which were the first showed high amount val ues of EPS from a bac te - 
ria. The EPS so lu tion of ex hib ited more vis cos ity, in ter est ing styling 
thin ning pos ses sion, con sid er able tol er ated high tem per a tures, high of 
pH, and a wide range salin ity, this is agree ment with Patel and 
Prajapati (2013) EPS pro duced in bac te ria are play role in the pro tec - 
tion of the bac te r ial cell against ad verse con di tion in the en vi ron ment 
such as toxic com pounds des ic ca tion, stress, an tibi otics or (e.g. toxic 
metal ions, sul phur diox ide, and ethanol. 

3. 4 . Influences of inorganic ions 

The ef fects of dif fer ent in or ganic ions, such as KCl, cal cium CaCl 2 , 
MnCl 2 , and ZnCl 2 , were also in ves ti gated by adding 0.5% con cen tra - 
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Fig. 4 . Ef fects of 0.5% con cen tra tion in or ganic ions on the FI per cent age and EPS pro duc tion of the con sor tium cul ture. Dif fer ences in up per case and lower case 
let ters rep re sent sta tis ti cally sig nif i cant dif fer ences in FI per cent age and to tal EPS pro duc tion with dif fer ent min eral salts ( P < 0.05 ). 

Table 5 
Ef fects of var i ous in or ganic ions on EPS pro duc tion and vis cos ity af ter 5 days 
of In cu ba tion. 

Inorganic ion Bound EPS g/L 
±SD 

Free EPS 
g/L± SD 

Total EPS 
g/L 

Viscosity 
g.m −1 .s −1 ± SD 

Potassium 
chloride 

8.60  ±  0.95 7.50  ±  0.17 16.1 a 1.44  ±  0.01 

Calcium 
chloride 

2.96  ±  0.15 4.80  ±  0.20 7.6 b 1.29  ±  0.01 

Manganese 
chloride 

5.60  ±  0.60 2.96  ±  0.15 8.5 c 1.33  ±  0.01 

Zinc chloride 6.96  ±  0.51 2.90  ±  0.20 7.8 b 1.35  ±  0.01 
Control (MSM) 6.20  ±  0.36 0.48  ±  0.05 6.7 d 1.30  ±  0.01 

Let ters a, b and c: dif fer ent let ters shows sig nif i cantly dif fer ent of To tal EPS 
within dif fer ent in or ganic ions Tukey's test ( P < 0.05 ). 

tion of these ions to the cul ture medium. Max i mum EPS pro duc tion 
(16.1  g/ L) was achieved when KCl was added to the cul ture medium 
( Fig. 4 ). We se lected KCl on the ba sis of the re sult. 

Wang et al. (2011) used dif fer ent in or ganic ions to en hance EPS 
pro duc tion by Bacil lus thuringien sis 27. In their study, B . thuringien sis 
27 pro duced 15.36  g/ L EPS when 0.5% NaCl was added to the cul ture 
medium. In our study, the con sor tium cul ture ex hib ited higher EPS 
pro duc tion when KCl was used. In ad di tion, FI per cent age was in - 
creased to 86%, whereas Wang et al. (2011) ob tained only 80.4%. 
Ions are known to con sid er ably in flu ence of the EPS vis cos ity. Vis cos - 
ity de creased a lit tle from 1.57  g  m −1 .s −1 to 1.44  g  m −1 .s −1 . When 
0.5% salts were added, the EPS vis cos ity de creased slightly. The ap - 
par ent vis cos ity was 1.44  g  m −1 .s −1 when KCl was used ( Table 5 ). The 
re sults showed that the EPS pro duced by the con sor tium cul ture could 
re main sta ble when dif fer ent salts were added; thereby in di cat ing that 
so lu tion for EPS can ex hibit per fect salt re sis tance ( Liu et al., 2011 ). 
As shown in Fig. 4 , the ef fects of dif fer ent in or ganic ions clearly pre - 
sented sta tis ti cally sig nif i cant dif fer ences in FI per cent age and to tal 
EPS pro duc tion ( P < 0.05 ). 

In sum mary, pro duced EPS by Strep to coc cus ther mophilus ST1 de - 
pended on chem i cal con di tions, such as the first pH and com po si tion 
of the cul ture and sources of car bon and ni tro gen. Pa ra me ters ap pro - 
pri ate for the growth of S. ther mophilus ST1 were showed to be fa vor - 
able for pro duced EPS. The op ti miza tion of chem i cal pa ra me ters for S. 
ther mophilus ST1 sig nif i cantly in creased pro duces EPS by 130%. The 
vis cous EPS so lu tion na ture by S. ther mophilus ST1 (as re ported in pre - 
sent study) in di cates the pos si ble ap pli ca tion of EPS pro duc tion to im - 
prov ing the phys i cal prop er ties ( Zhang et al., 2011 ). Some re searcher 
in ves ti gated high vis cos ity for EPS so lu tion is strong be hav ior, good 
ther mal and pH sta bil ity, and high salt re sis tance demon strate good 

po ten tial for ap pli ca tions in en vi ro ment ( Liu et al., 2011 ; Sheng et al., 
2010 ). 

4 . Conclusions 

In con clu sion, this study used var i ous pa ra me ters to en hance the 
EPS pro duc tion of a bac te r ial floc con sor tium un der dif fer ent con di - 
tions. The ad di tion of var i ous sub stances, such as am mo nium sul fate 
(as ni tro gen source) and dex trose (as car bon source), in creased to tal 
EPS pro duc tion, FI per cent age, and vis cos ity with and with out crude 
oil. The max i mum EPS pro duc tion (16.1  g/ L) was achieved when 
0.5% KCl was added to the cul ture medium. In ad di tion, FI per cent age 
in creased to 86%. 
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