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In order to assess the microbiological quality of Merguez and influence of temperature on the rate of 
contamination, from April 2 to May 12, 2016, a study was undertaken in two types of meat retailing in 
the region of M'Sila, Algeria. A total of 60 samples of Merguez were collected in ten sites from five 
markets and five independent butcher’s shops, for purposes of microbiological analysis. The majority 
of the samples were contaminated by coagulase positive staphylococci and thermotolerant coliforms. 
The average counting in both types combined trade were 2.0±0.2 log10 cfu/g for thermotolerant 
coliforms and 2.2±0.2 log10 cfu/g for coagulase positive staphylococci. However, all samples were free 
of Salmonella spp. and sulphite-reducing Clostridium. Compared to the days of sampling, both bacterial 
indicators counted in covered markets were significantly different from one day to another (p<0.05). 
However, no significant difference (p>0.05) were reported between daily concentration for these two 
groups of bacteria counted in samples from independent butchers. These results show disrespect the 
rules of good hygienic practices during preparation, storage and sale of Merguez. The potential 
consequences of the consumption of these foods on the health of consumers should motivate disease 
control measures. 
 
Key words: Algeria, thermotolerant coliforms, coagulase positive staphylococci, sulphite-reducing Clostridium, 
Salmonella, microbiological, covered markets, independent butchers, sausages, temperature. 

 
 
INTRODUCTION 
 
Merguez is a red colored, spicy lamb or beef-based North 
African fresh sausage. Merguez is regarded as food of 
choice because of their nutritive values. Its high contents 
in proteins and the nature of those made these products 
as essential food for  a  balanced  feed  ration.  Its  safety  

depends on the presence of factors such as relatively low 
water activity (aw) and low pH value. According to Shelef 
et al. (1997), acidity has a bacteriostatic effect on the 
evolution of germs. In parallel, water activity is a 
parameter that characterizes  the  water  content  of  food 
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stuffs and most bacteria develop well for Aw between 
0.995 and 0.980. Pathogens are inhibited for values 
below 0.94 except for Staphylococcus aureus (Akollor, 
1997).  

Nevertheless, like all fresh products, it deteriorates 
quickly in particular under bad conditions of storage. 

Thus putrefied Merguez was sometimes sold on the 
Algerian market. Moreover, because of its nutritional 
composition, it constitutes a rich medium very favorable 
to pathogens growth (Oumokhtar et al., 1998). It was 
often responsible of collective food borne diseases in 
Algeria (Mouffok, 2011).  

A better knowledge of the factors involved in the 
bacterial contamination of these meat products is 
necessary to provide reliable data which allow the 
improvement of the strategies of prevention and to 
facilitate the implementation of correct conditions 
throughout the chain production of Merguez. 

The main objective of this study was to evaluate the 
microbiological quality of the Merguez as a meat product 
largely consumed in Algeria, assessing consequently the 
hazards on public health. Moreover, high levels of 
contamination, during production and selling, obviously 
affect the hygienic quality of this sausage. 
 
 

MATERIAL AND METHODS 
 

Sampling  
 
During 6 weeks, from April 2 to May 12, 2016, we collected, one 
day a week, 60 samples of Merguez, from ten different retailing 
sites, located in M’Sila. The day of sampling varied each week 
(Saturday to Thursday) in order to achieve representative results. 
Two types of trade were targeted: independent butchers and 
covered markets (five points of retailing from each trade type). The 
temperature of storage was also recorded for each sample. The 
samples were taken within four hours after its exposure for selling. 
The samples (250 g) were conditioned in sterile bags, clearly 
labeled and identified, maintained in a refrigerator containing frozen 
cooling blocks. These bags are immediately sent to the quality 
control laboratory (DOUMI-C-Q-A-D) from M’Sila area. These 
samples were analyzed immediately upon their arrival. 
 
 

Microbiological analysis  
 

At the laboratory, each sample initially separated into 5 units then 
was cut out separately in small pieces in sterile Petri dish, a 
Stomacher sachet is tared and 25 g of each unit were weighed 
exactly there. Then, 225 ml of a solution of tryptone salt (TSE) 
(Pasteur Institute, Algeria) were introduced into the sachet. The unit 
was crushed during 2 to 3 min in Stomacher. The supernatant 
obtained after crushing was recovered in a sterile bottle (it is the 
stock solution (SM) of concentration 10-1). The latter was left at rest 
during 45 min, to allow the reactivation of the shocked or stressed 
microorganisms. 

Various dilutions were performed  using  TSE  (Pasteur  Institute, 

 
 
 
 
Algeria) starting from the stock solution in accordance with the 
standards ISO 6887-1 (Norme ISO 6887-1, 1999). 

The bacteria investigated and counted were the thermotolerant 
coliforms, the coagulase positive staphylococci, the sulfite-reducing 
Clostridium at 46°C and the Salmonella spp. (Arrêté interministériel, 
1998). 

The thermotolerant coliforms (TTC) were grown on Red Bile Agar 
supplemented with lactose (VRBL) (Pasteur Institute, Algeria), after 
incubation for 24 h at 44°C (Norme NF V08-060, 2009). 

The coagulase positive staphilococci (CPS) were cultivated in 
Baird Parker agar (Pasteur Institute, Algeria) supplemented with 
Egg yolk and potassium tellurite. The bacterial number is evaluated 
after an incubation of 48 h at 37°C, their identity was confirmed by 
Gram stain, and the enzymatic based research of catalase and 
coagulase (Norme NF V08-057-1, 2004).  

Sulfite-reducing Clostridium (SRC) at 46°C were counted after 
heating of the stock solution at 80°C for 10 min, then quickly cooled 
in order to destroy the vegetative forms of the clostridia and to 
activate their spores. After culture on the Tryptose-Sulfite medium 
with Cyclosérine (TSC) (Pasteur Institute, Algeria) at 46°C for 20±2 
h, only the characteristic colonies were counted (Norme NF V08-
061, 2009). 

Salmonella spp (SLM) were detected according to the 
experimental protocol indicated by ISO 6579; it consists of: A pre-
enrichment in buffered peptone water (BPW) (Pasteur Institute, 
Algeria). A double enrichment in 100 ml of Selenite Cystine broth 
(SCB) (Pasteur Institute, Algeria) and in 10 ml of Rappaport-
Vassiliadis (RV) (Pasteur Institute, Algeria). An insulation on 
Hektoen agar (Pasteur Institute, Algeria) for the SCB and an 
isolation on brilliant green agar (BGA) (Pasteur Institute, Algeria) for 
the RV. Then, Galleries Api 20E kits (Bio Merieux) were applied 
(Norme ISO 6579, 2002).   

All microbial counts were expressed as decimal logarithm of 
colony forming units per gram (log10 cfu/g). The results were 
compared with the criteria required by the Algerian inter-ministerial 
decree of January 24th 1998, related to the quality of foodstuffs. The 
maximum concentrations accepted for the counted bacteria are: 2 
log10 cfu/g for TTC, 2 log10 cfu/g for CPS, 1.5 log10 cfu/g for SRC 
and the absence of SLM (Arrêté interministériel, 1998). 
 
 

Statistical analyses  
 

The average bacterial burdens were calculated per day, taking into 
account the trade type and for each bacterium. The day of sampling 
(from Saturday to Thursday) and the temperature of storage were 
considered as sources of variations. The bacterial count was 
evaluated five times and the mean was taken into account in the 
statistical calculations. A factorial analysis of the variance was 
applied to compare the results of the enumeration of the bacteria 
between the two types of trade. It is also used to compare means of 
bacterial enumeration according to sampling day.  

The parametric Pearson’s correlation coefficient (r) was 
calculated to assess potential association between the average 
concentrations of counted bacteria and the temperature of storage 
at the moment of sampling. 

The test of Student was used for comparison between the 
average number of bacterial colonies with the threshold of 
acceptability for each type of bacterium. 

All calculations were carried out using STATISTICA software 
version 2007, after transformation decimal logarithmic of the results 
expressed as cfu/g to normalize the distribution. 
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Table 1. Variation of the quantity of bacteria in the analyzed Merguez according to both trade types (Average ± Standard deviation, 
expressed as log10 cfu/g). 
 

Type of trade TTC CPS SRC SLM 

Independent 
butchers 

IB1 1.8±0.2 2.1±0.1 Absent Absent 

IB2 2.0±0.3 2.1±0.2 Absent Absent 

IB3 2.1±0.1 2.3±0.1 Absent Absent 

IB4 2.0±0.1 2.1±0.2 Absent Absent 

IB5 1.8±0.4 2.1±0.3 Absent Absent 

Average 1.9±0.2 2.1±0.2 Absent Absent 
      

Covered markets 

CM1 1.9±0.1 2.3±0.2 Absent Absent 

CM2 2.1±0.3 2.3±0.2 Absent Absent 

CM3 2.1±0.3 2.3±0.1 Absent Absent 

CM4 2.0±0.1 2.3±0.1 Absent Absent 

CM5 1.9±0.3 2.3±0.2 Absent Absent 

Average 2.0±0.2 2.3±0.2 Absent Absent 
      

Average  2.0±0.2 2.2±0.2 Absent Absent 

CI (95%) [1.9; 2.0] [2.2; 2.3] Absent Absent 

NS<CR (%)  36 (60.0%) 10 (16.7%) 60 (100%) 60 (100%) 

NS>CR (%)  24 (40.0%) 50 (83.3%) 0 (0.0%) 0 (0.0%) 
 

CI (95%): Confidence interval in 95%; TTC, thermotolerant coliforms;, CPS, coagulase positive staphylococci; SRC, sulfite-reducing Clostridium; 
SLM, Salmonella spp., NS<CR, number of samples which present a bacterial burden lower than the criterion fixed by Algerian standards; NS>CR, 

number of samples which present a bacterial load higher than the criterion fixed by the standard; (%), prevalence.  

 
 
 
RESULTS 
 
Overall microbiological quality of the sampled 
Merguez  
 
Table 1 presents the rate of contamination of the samples 
by the various flora according to both types of trade in 
M’Sila. For a given bacterial marker, this table gives the 
average bacterial concentration of five samples of each 
type of trade considered, expressed as log10 cfu/g. In all 
the positive cases, only the average concentration of 
CPS in the two types of trade is significantly higher than 
the threshold of acceptability (p<0.01 for independent 
butchers and p<0.001 for covered markets), that is to say 
at the maximum tolerated concentration (criterion fixed by 
the standards). Out of the 60 samples, 40.0% present a 
load in thermotolerant coliforms higher than the fixed 
standards; their average concentration is 2.0±0.2 log10 
cfu/g.  

In the same way, 83.3% of the samples show a load in 
coagulase positive staphylococci higher than the 
standards, the average number is 2.2±0.2 log10 cfu/g.  

For the Salmonella spp. and the sulfite-reducing 
Clostridium, no bacterium was isolated at least during this 
survey. Therefore, 100% of the analyzed Merguez are in 
conformity. 

Compared to the types of commerce, CTT and SCP 
were less counted in independent butchers compared to 
the covered markets. 

The comparison of the results obtained in the two types 

of trade does not show a significant difference (p>0.05) 
except for the TTC.  
 
 
Daily variation of the bacterial indicators   
 
Table 2 presents the daily variation of the two bacterial 
indicators (TTC and CPS) per day of sampling. The loads 
of the Merguez in both bacterial indicators did not vary 
according to the day of sampling for independent 
butchers (p>0.05). However, they significantly increased 
from one day to another for the covered markets 
(p<0.05). 

In general, the higher bacterial concentrations were 
recorded on weekends for the covered markets as 
compared to independent butchers.   
 
 
Relationship between the bacterial indicators and the 
temperature of storage of the Merguez in the various 
points of sale   
 
The temperature of storage for the Merguez, recorded in 
the various sites interferes with the processes of 
contamination. Of a minimum of 10.4°C for independent 
butchers and of 12.2°C for the covered markets whereas 
the maximum is of 12.2°C for independent butchers and 
of 13.6°C for the covered markets. 

The average temperatures for storage, during the six 
weeks of the study were 11.4±0.6°C for independent
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Table 2. Daily variation of the two bacterial indicators counted by type of trade (Data were expressed in log10 
cfu/g).   
 

Thermotolerant coliforms (TTC) 

Day of sampling  Independent butchers Covered markets 

Saturday  2.1±0.1 1.8±0.3 

Sunday   2.0±0.2 1.9±0.3 

Monday   2.0±0.2 2.1±0.2 

Tuesday   2.0±0.2 2.0±0.2 

Wednesday  1.8±0.3 2.1±0.2 

Thursday   1.8±0.3 2.2±0.2 

Average  1.9±0.2 2.0±0.2 

CI (95%) [1.9; 2.0] [1.9; 2.1] 

Coagulase positive staphilococci (CPS) 

Day of sampling Independent butchers Covered markets 

Saturday  2.3±0.2 2.2±0.3 

Sunday   2.2±0.2 2.2±0.1 

Monday   2.1±0.3 2.3±0.2 

Tuesday   2.2±0.1 2.3±0.1 

Wednesday  2.1±0.2 2.3±0.2 

Thursday   2.0±0.2 2.4±0.2 

Average  2.1±0.2 2.3±0.2 

CI (95%)  [ 2.1; 2.2] [ 2.2; 2.3] 
 

CI (95%), Confidence interval in 95%.  

 
 
 

 
 

Figure 1. Weekly variation of storage temperature according to meat retailing type 
(independent butchers and covered markets).  

 
 
 
butchers and 12.8±0.5°C for the covered markets (Figure 
1).  

For the two types of trade, the temperature reduced 
irregularly during the six weeks but with values higher in 
covered markets. 

The bacteria for which the Pearson’s coefficients of 
correlation were high (r>0.5) were that between thermo-
tolerant coliforms and the temperature of storage in 
covered markets (r=0.7) and the coagulase positive 

staphilococci which appeared more correlated with the 
temperature of storage (r=0.8) in independent butchers. 
In this last case, one notes that the coefficient of 
determination (R

2
=0.7), remains higher, which indicates a 

real correlation. 
Moreover, there were two slightly weak correlations, 

the first one was negative (r=-0.4) between the coagulase 
positive staphylococci and the temperature for storage in 
covered markets and the other positive one (r=0.5)
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Table 3. Correlation between the results of numerations of the two bacterial indicators and the storing 
temperature. 
 

Independent butchers 

Relation between the parameters  COC (r) COD (R
2
) 

TTC- TS 0.5 0.2 

CPS-TS  0.8 0.7 

Covered markets 

Relation between the parameters  COC (r) COD (R
2
) 

TTC- TS  0.7 0.5 

CPS-TS  -0.4 0.1 
 

CPS, Coagulase positive staphylococci; TTC, thermotolerant coliforms; TS, temperature of storing; COC = 
coefficient of correlation (r); COD, coefficient of determination (R

2
). 

 
 
 
between the thermotolerant coliforms and the 
temperature of storage in independent butchers (Table 
3). 
 
 
DISCUSSION 
 
The main aim was to evaluate the microbiological quality 
of the Merguez sold in both meat retailing types in M’sila, 
as well as investigating the factors involved in the 
bacterial contamination. The microbiological quality of the 
Merguez was assessed according to Algerian criteria 
related to the microbiological specifications of these food 
products. In almost all cases, these meat products were 
strongly contaminated.  

The majority of our samples did not meet the criteria 
fixed by the Algerian standards recommended in this 
field, which signs bad conditions of hygiene at the time of 
manufacture and conservation of the Merguez. Only ten 
samples met the relevant criteria in Algeria at least in this 
study. 

The thermotolerant coliforms indicate a fecal 
contamination in general and their number is generally 
proportional to the degree of pollution by the faeces. 
They can judge the hygienic condition during or after the 
transformation of these foods (Giraud and Galzy, 1980). 
In 40% of our samples, their concentration is above the 
standard (Arrêté interministériel, 1998). The average of 
the enumerations of these fecal originated bacteria is 2.0 
log10 cfu/g. These results remain however very inferior 
than those reported by El Allaoui et al. (2012) in the town 
of Meknès in Morocco and Cohen and Karib (2006) in 
Casablanca which present averages of 4.6 and 3.7 log10 

cfu/g respectively. According to Mescle and Zucca 
(1998), the contamination occurs during the chopping 
and the manufacturing. These operations lead to a 
homogenisation of the flora of the various ingredients and 
to a modification of the structure of the products. That 
makes it possible the contamination of surface to be 
introduced into the mass.  

The coagulase positive staphilococci  are  regarded  as  

pathogenic bacteria and their presence in the foodstuffs 
denotes the bad conditions of handling during the 
preparation as well as the bad hygienic quality of material 
used (Salihu et al., 2010). The detection and the 
enumeration of these bacteria make it possible to 
evaluate the risk of the Merguez for the consumers, since 
they are the principal species which can possibly produce 
enterotoxins responsible of food poisoning (Joffin and 
Joffin, 1999). Our results (2.2 log10 cfu/g) are higher than 
those of Scagna et al. (2000) who reported an average 
level of contamination of 1.1 log10 cfu/g. Besides, they 
remain clearly inferior than those obtained by El Allaoui et 
al. (2012) in Morocco with an average of 4.3 log10 cfu/g. 
The majority of our samples (83.3%) are of bad quality 
giving that the Algerian criteria fix the threshold of 
contamination at 2.0 log10 cfu/g (Arrêté interministériel, 
1998). These results reveal a lack of respect of the good 
practices of hygiene and manufacture as well as 
temperature of storage. Moreover, the medical status of 
staff plays a fundamental role in the contamination of the 
foodstuffs by the coagulase positive staphilococci 
(International Biological Standards Commission Relating 
To Food, 1974). 

Sulfite-reducing Clostridium is bacteria which exist in 
two forms: Vegetative and sporulated form, very resistant 
bacteria which indicate a fecal contamination. Their 
research and enumeration in foodstuffs are 
recommended by the standards applicable to foodstuffs 
(Delarras, 2007). The microbiological criterion in Algeria 
concerning these bacteria being fixed at 1.5 log10 cfu/g 
(Arrêté interministériel, 1998). The totality (100%) of our 
samples is deprived of these bacteria. Therefore, they 
are in conformity as compared to the standards. Our 
results are close to those of Tapounie (1977) which found 
a rate of conformity of 99.2%. On the other hand, they 
are clearly inferior than those of El Allaoui et al. (2012) in 
Morocco with an average concentration of 4.9 log10 cfu/g. 
According to Roua (1988), sulfite-reducing Clostridium is 
not toxic except when they are introduced in great 
number. Moreover, they are usual hosts of the digestive 
tract of  the  man  and  animals.  The  concerned  food  is 
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meat and of meat products. 

With regard to Salmonella spp., all samples were in 
conformity with the microbiological Algerian standards, 
namely the total absence of this bacterial genus in 
Merguez. Our results were similar to those obtained by 
Seydi and Sylla (1996) in Dakar, but were clearly inferior 
to those of Elhag et al. (2014) in Khartoum who revealed 
that 97.5% of the studied sausage samples were 
contaminated by these bacteria. Many studies showed 
than the Salmonella can be isolated from various types of 
sausages (Abrahim et al., 1998; Mattick et al., 2002; 
Özbey et al., 2007). The high incidence of these bacteria 
could be due to the faeces contamination of the chopped 
meat used for the production of pork-butchery, 
contaminated water, the environment and bad hygiene of 
workers (Reid et al., 2002). It worth note that human is a 
natural host of Salmonella typhimurium (Karib et al., 
1994). 

Comparing the two types of trade, no significant 
difference (P>0.05) was observed between independent 
butchers and the covered markets for the TTC. The daily 
loads concerning these two bacterial indicators did not 
vary from one day to another in independent butchers. 
But in the covered markets, these loads significantly 
varied from one day to another, it is because the 
conditions of hygiene fluctuate from one day to another. 
This variation proves an instability in the working method 
in the covered markets. In the same way, these strong 
bacterial concentrations are due to a failure of the cycle 
of cleaning-disinfection of the equipment of manufacture. 
In the majority of our markets, the material is only rinsed 
once at the end of day (Collobert et al., 2007). 

Moreover, these concentrations observed at the 
covered markets, slightly higher as compared to those 
counted in independent butchers, could be explained by 
the observations raised at the time of sampling. Indeed, 
one noted the bad respect of the conditions of hygiene in 
the covered markets in comparison to independent 
butchers. In the latter, the personnel wears gloves, the 
rooms of cutting and the schemes of work clean and are 
equipped with a wash-stand. The products are preserved 
at cold. Moreover, the case is separated from the place of 
preparation, which decreases certainly the likelihood of 
contaminations. On the other hand, the increase in the 
load in micro-organism in the samples taken at the 
covered markets testifies a bad condition of hygiene 
during manufacture of the Merguez. 

The storage temperatures of the Merguez exert a 
crucial effect on bacterial growth. Among the 60 samples, 
no one met the Algerian standards (+4°C) (Arrêté 
interministériel, 1998). These results reflect non respect 
of the chains of cold in these sale sites. This temperature 
(+4°C) is regarded as a threshold from which the bacteria 
can start to produce the toxins responsible of food borne 
diseases. So, the consumer is exposed at the real risk of 
intoxication and poisoning especially if the level of initial 
contamination is high and the time of consumption is long  

 
 
 
 
(Hennekinne, 2009). 

According to Christieans (2003), the temperature of 
storage of the Merguez presents an undeniable effect. A 
chain of cold well controlled prevents the growth of the 
pathogenic microorganisms and maintains constant a 
possible contamination.  

The correlation between the two bacterial indicators 
concerning the 60 samples and the storage temperature 
of Merguez showed the existence of two high positive 
correlations, one between the thermotolerant coliforms 
and the temperature of storage in covered markets 
(r=0.7) and the other between the coagulase positive 
staphilococci which appears correlated better with the 
temperature of storage (r=0.8) in independent butchers.  

According to De Buyser (1996), the coagulase positive 
Staphylococci multiply at temperatures ranging between 
6 and 46°C with an optimal temperature of 37°C and the 
toxins synthesis intervenes under conditions a little more 
restrictive than those necessary for the growth. The 
dejections of the bovines constitute the principal tank of 
the thermotolerants coliforms in particular of the 
Escherichia coli species which multiplies at temperatures 
ranging between 4 and 46°C, with an optimum of growth 
at 37°C, a pasteurization at 72°C during 15 s is sufficient 
to eliminate this bacterium. 

According to Daelmann and Van hoff (1975), the 
temperature of storage greatly influences the bacterial 
proliferation. Conservation at 10°C is not appropriate, but 
a storage in 2°C is possible during two to three weeks. 
Storage in 4°C is misadvised when the product contains 
the enterococci ones; because the proliferation of these 
bacteria is especially favored by these foodstuffs. The 
compliance with the rules of hygiene, preparation and 
conservation of the foodstuffs, medical education and 
monitoring of the personnel, constitute the main 
preventive actions (CMIT, 2014). 
 
 
Conclusion 
 
The present study reveals that in this topic the Algerian 
standards were not met. The variation of the bacterial 
load according to the day of sampling proves an 
instability in the working method in the covered markets, 
the most significant loads being recorded in weekend and 
are proportional to the quantity of the Merguez 
manufactured. The noted high bacterial burdens testify 
the bad hygiene at the retailing points and bad handling 
of the Merguez during and after manufacture. They 
constitute for the consumer a potential risk which will 
become real risk if errors are made during the 
preparation, in particular with regard to the temperature 
and the time of cooking. Moreover, the Algerian culinary 
practices imply intense torrefaction of the Merguez. 
However, it can be noticed a change in practice food and 
a development of the sector of the fast food. The hygienic 
quality of Merguez for sale could be improved by  setting- 



 
 
 
 
up of a policy of traceability of the meat in order to ensure 
healthiness throughout the production, storage and 
retailing chain. Moreover, the authorities in charge of the 
control of these foodstuffs should set up programs of 
health education and good practices of hygiene. 
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Pseudomonas aeruginosa strain KVD-HR42 exhibiting growth and biosurfactant production with 1% 
molasses as the sole carbon source was isolated from oil contaminated mangrove sediments. 
Optimization of media conditions involving variations in carbon, nitrogen sources, amino acids, pH, 
temperature, and NaCl% were evaluated with the aim of increasing biosurfactant productivity and 
surface tension reduction (STR). The highest biosurfactant production of 4.83 g/L was obtained when 
cells were grown in mineral salts media (MSM) supplemented with 1% (w/v) molasses, NaNO3, and 
leucine 0.1% (w/v) at 35±2°C at 150 rpm after 48 h. The results obtained from kinetics study indicated 
that biosurfactant production, E24%, and rhamnose concentration were growth associated. However, 
maximum biosurfactant production occurred in the exponential growth phase and detected an increase 
in E24% and rhamnose concentration. The Fourier transform infrared (FTIR) spectra confirmed the 
rhamnolipid nature of the biosurfactant. Stability studies revealed the thermostable activity of 
biosurfactant (110°C for 15 min) and could also withstand wide pH and NaCl ranges. Maximum oil 
biodegradation of 68% was achieved with 1% waste lubricant oil (WLO). The biosurfactant emulsified 
various hydrocarbons with varied efficiencies. However maximum E24% and E48% activity was exhibited 
with n-hexadecane (69.5 and 40%). The results reveal the potential of strain KVD-HR42 biosurfactant for 
the bioremediation of petroleum hydrocarbons in mangrove sediments. 
 
Key words: Pseudomonas aeruginosa, surface tension, molasses, crude oil, emulsification activity, 
biodegradation. 

 
 

INTRODUCTION 
 
Mangrove wetland ecosystems are important inter-tidal 
estuarine wetlands along the coastlines of tropical and 
subtropical       regions     exposed     to      anthropogenic 

contamination by polyaromatic hydrocarbons (PAHs) 
from tidal water, river water, and other land based 
sources. Elevated  concentrations  of  PAHs  (>10,000 ng 
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g/L dry weight) have been recorded in mangrove 
sediments (Ke et al., 2002). Mangrove’s exceptional 
features of high primary productivity, abundant detritus, 
rich organic carbon, and reduced conditions make them a 
preferential site for uptake and preservation of PAHs from 
anthropogenic inputs (Bernard et al., 1996). Such 
catastrophes make this preserved marine environment 
highly susceptible to an ecological catastrophe. Therefore, 
efficient strategies must be developed to monitor oil spills 
in such environments especially in pristine mangrove 
wetland ecosystems (Santos et al., 2011). Physical and 
chemical cleaning processes for decontamination of oil 
polluted areas have been inadequate in their application 
to synthetic counterparts. Despite decades of research, 
successful bioremediation of oil contaminated environ-
ment still remains a great challenge for the researchers 
(Perfumo et al., 2010). One of the most effective methods 
to treat oil-related contamination is the use of surfactants 
that disperse the oil and accelerate its mineralization 
(Makkar et al., 2011). The principle processes for their 
successful removal are currently believed to be microbial 
transformation and degradation (Gibson et al., 1975). 
Microorganisms are fundamental for the maintenance of 
primary productivity, conservation and recovery of 
mangroves and are directly involved in the 
biotransformation of nutrients, production of other 
metabolites, including antibiotics, proteins and enzymes 
and also serve as reservoirs for several molecules of 
biotechnological interest for example, bacteria that 
produce biosurfactants (Santos et al., 2011). 
Biosurfactants, produced by microorganisms (Nerurkar et 
al., 2009), are amphipathic surface active molecules 
containing hydrophilic and hydrophobic moieties that act 
by emulsifying hydrocarbons, increasing their 
solubilisation and subsequently rendering them available 
for biodegradation. They act by forming lipid micelles at 
the interface of immiscible liquids, such as water and oil 
by reducing surface and interfacial tension and blocking 
hydrogen bonding and hydrophilic/hydrophobic 
interactions (Darvishi et al., 2011). Biosurfactants can be 
glycolipids, lipopeptides, lipolysaccharides, 
polysaccharide-protein complexes, fatty acids, and lipids 
(Makkar et al., 2011). The rhamnolipids are class of 
biosurfactants that received great attention and were 
extensively reported to possess applications in 
commercial, therapeutic environmental, and biomedical 
(Dusane et al., 2010). Despite the fact that rhamnolipids 
are commercially applicable in various fields, their 
production at industrial scale was not yet exploited in 
commercial scale particularly because of their constraints, 
such as low yields, high production costs, expensive raw 
materials and inefficient product recovery methods (dos 
Santos et al., 2013). Therefore, these microbial derived 
rhamnolipids are desirable alternatives to synthetic 
counterparts, because of their selectivity, biodegradability, 
low toxicity and stability at extreme temperatures, pH 
levels, and  salt  concentrations  (Nerurkar  et  al.,  2009).   
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During our studies on biosurfactant producing bacteria, a 
Psuedomonas strain was isolated from mangrove 
sediments showing production of a biosurfactant in crude 
oil enriched conditions. This strain utilizes molasses as 
the sole source of carbon and produces a rhamnolipid 
biosurfactant. The current study reports the optimized 
process parameters using cheaper carbon sources for 
rhamnolipid biosurfactant production with the aim of 
increasing biosurfactant productivity, surface tension 
reduction, and its industrial applications with respect to 
remediation of oil from pristine mangrove sediments. 
 
 
MATERIALS AND METHODS 

 
Study area and sampling 

 
Oil contaminated mangrove sediment samples were collected from 
two sampling sites: (1) Machilipatnam; (2) Avanigadda. The study 
was carried from June 2011 to November 2011. The mangrove 
sediment samples (0 to 10 cm) were collected with a soil corer 
during low tides and transferred to precleaned polycarbonate 
bottles stored at -20°C and kept frozen prior to further analysis.  

 
 
Isolation and screening of biosurfactant-producing bacteria 

 
Biosurfactant-producing bacteria were isolated using enrichment 
technique described by Saikia et al. (2012). Morphologically, 
different individual bacterial colonies were screened and streaked 
on Zobell marine agar (ZMA) to obtain pure cultures of the isolates. 
Screening experiments were carried out by adding 10 m inoculum 
of each isolate and grown in 500 ml flasks containing 100 ml 
sterilized mineral salts medium (MSM) (Saikia et al., 2012) with 1% 
molasses as sole carbon source. The cultivations were performed 
in triplicate. The pH of the medium was adjusted to 7.0±0.2 and 
flasks were kept in a shaking incubator at 35±2°C and 150 rpm for 
6 days. Emulsification activity (E24%) was determined using n-
hexadecane as test hydrocarbon (Wu et al., 2008). Cetyl trimethyl 
ammonium bromide (CTAB) agar plate method was employed to 
qualitatively detect extracellular glycolipid-like biosurfactant 
production (Siegmund and Wagner, 1991). STR was used as a 
criterion for primary screening of biosurfactant producing isolates 
using digital tensiometer (KRUSS-Germany). Psuedomonas 
aeruginosa type strain DS10-129 (positive control strain) was used 
in the screening experiment. 

 
 
Scanning electron microscopy 

 
Scanning electron microscope (SEM) was used to examine 
morphological changes of the strain KVD-HR42 during biosurfactant 
production. Exponentially, grown cells in MSM supplemented with 
1% (w/v) molasses were analyzed for cell morphology. Samples 
were prepared as per the standard method described by Naik and 
Dubey (2011) and subjected to SEM analysis (Shimadzu-SSX-550). 

 
 
Biochemical characterization of strain KVD-HR42 

 
Pure culture of strain KVD-HR42 was obtained by sub culturing 
several times onto ZMA agar and stored at -80°C in tryptic soya 
broth   (TSB)   supplemented    with   30%   glycerol.  Morphological  
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characteristics were observed on ZMA and agar. Selected strain 
KVD-HR42 was identified by standard biochemical tests according 
to Bergey’s Manual of Systematic Bacteriology (Krieg and Holt, 
1984). 
 
 
Molecular identification and phylogenetic analysis of strain 
KVD-HR42 
 
The genomic DNA was extracted from a pure culture of selected 
bacterial isolate, polymerase chain reaction (PCR) amplification of 
16S rDNA fragment (~1.5 kb)  was carried out with universal primer 
set 27F (5’-GTTTGATCCTGGCTCAG-3’) and 1494R (5’-
CTACGGYTACCTTGTTACGAC-3’). The PCR was performed in an 
automated thermal cycler (Eppendorf, Germany). Purified PCR 
product was sequenced at 1st Base laboratories, Malaysia. The 
evolutionary history for aligned sequences was inferred using 
UPGMA method (Sneath and Sokal, 1973). The evolutionary 
distances were computed using Kimura 2-parameter method 
(Kimura, 1980) and Tajima's relative rate test (Tajima, 1993). The 
rate variation among sites was modeled with a gamma distribution 
(shape parameter=2). Evolutionary analyses were computed using 
MEGA 5.0 (Tamura et al., 2007). The sequences obtained from 
BLAST search were named after their accession numbers. 
 
 
Media optimization 
 
Medium optimization was evaluated in a series of experiments 
changing one variable at a time, keeping other factors fixed at a 
specific set of conditions by choosing optimal factors, namely, 
carbon sources, nitrogen sources, amino acids, temperature, pH 
and salinity for maximum production of biosurfactant, and STR. The 
carbon sources used were glucose, glycerol, molasses, soybean 
oil, diesel, n-hexadecane, used lubricant oil (ULO), and used 
vegetable oil (UVO) at a concentration of 1% (w/v). Beef extract, 
NaNO3, (NH4)2SO4, NH4Cl, NH4NO3, peptone, and yeast extract 
were employed as nitrogen sources at a final concentration of 1% 
(w/v). A medium without carbon and nitrogen source were treated 
as controls. Different amino acids, such as arginine, alanine, 
glutamic acid, methionine, cysteine, leucine, and valine were filter 
sterilized and then added to medium at a final concentration of 0.1 
% (w/v). For optimization of environmental variables, the strain 
KVD-HR42 was grown in MSM supplemented with 1% (w/v) 
molasses  and  NaNO3 incubated at different range of temperatures 
25, 30, 35, 37, 42, 50, and 60°C,  pH range 6.0, 6.5, 7.0, 7.5, 8.0, 
8.5, and 9.0 and NaCl concentration 0 to 6% (w/v), respectively. 
The dry cell weight was determined as per the method described by 
Raza et al. (2007). The data represented were the means of three 
replicates. 
 
 
Biosurfactant production kinetics 
 

Time-course studies were carried out in batch culture by determining 
the following key variables, viz. emulsification activity (E24%), 
biosurfactant productivity (g/L), rhamnose concentration (g/L), and 
bacterial growth kinetics (OD600). 5 ml of bacterial suspension 
(OD600=1) was transferred to a 2000 ml flask containing 500 ml of 
MSM supplemented with 1% (w/v) molasses and 1% (w/v) NaNO3 

with optimum parameters of pH 7.5, temperature 35±2°C and NaCl 
4% for 72 h at 150 rpm. Time course samples of culture medium 
were drawn in periodic time intervals and monitored for kinetic 
parameters including growth kinetics and emulsification activity, 
biosurfactant production, and rhamnose concentration (mg/ml). The 
culture broth was centrifuged at 9000 rpm at 4°C for 30 min. The 
supernatant was adjusted to pH 2 using 1 M sulphuric acid. The 
biosurfactant  was  extracted  using  equal  volumes  of  chloroform-  

 
 
 
 
methanol (2:1) mixture. The organic phase was separated and the 
solvent was evaporated to concentrate the biosurfactant. The 
biosurfactant was then dried using a rotary evaporator. The dried 
product was washed thrice with absolute ethanol for the complete 
removal of residual pigments (Aparna et al., 2012) and estimated 
as per the method described by Li et al. (1984). Emulsification 
index (E24%) of strain KVD-HR42 was determined by Wu et al. 
(2008). The concentration of rhamnose was estimated by phenol 
sulphuric acid method (Dubois et al., 1956). 
 
 
Characterization of rhamnolipids by IR spectroscopy 
 
Fourier Transform Infrared (FTIR) spectrometer (Perkin Elmer) was 
used to characterize the presence of rhamnolipids in crude extracts. 
Around 2 to 5 mg of the concentrated rhamnolipids was analyzed 
by FT-IR spectrum measurement in wave number range of 4000 to 
400 cm−1. 
 
 
Biodegradation assay of WLO 
 
Biodegradation experiment was conducted to study the impact of 
biosurfactant isolated from P. aeruginosa KVD-HR42 on WLO. 
Shake flask biodegradation experiments were carried out in 500 ml 
Erlenmeyer flasks with 100 ml of MSM. The experiment was 
conducted with 2 different sets: (1) positive control strain DS10-129 
and (2) test strain KVD-HR42. The overnight grown cultures 1% 
(v/v, 103 to 104 CFU m/L) were inoculated into MSM supplemented 
with biosurfactant (0.1%, w/v) and 2.0% (w/v) of WLO. Flasks were 
incubated in a rotary shaker at 150 rpm in dark at 35°C for 20 days. 
The residual WLO concentrations were determined by mixing oil 
samples with equal volume of petroleum ether to extract residual 
WLO. Then the extracted WLO was estimated spectro-
photometrically at 228 nm (Rahman et al., 2002). The percentage 
of degradation was estimated as the difference between initial and 
final concentration of the oil content in the medium. Uninoculated 
controls were kept to assess the natural weathering of oil and 
degradation. 

 
 
Stability of biosurfactant 
 
Thermal stability of the biosurfactant was determined by heating 
cell free culture supernatant at 30, 40, 50, 60, 70, 80, 90, 100, and 
110°C for 15 min. The effect of pH and salinity on stability of 
biosurfactant was evaluated by altering the pH (2 to 9) and 
concentrations of NaCl (2 to 9%) of the cell free culture supernatant 
and measuring the E24% and surface tension. 

 
 
Emulsification activity 
 
Emulsification activity was performed according to Wu et al. (2008). 
The emulsification index obtained with various hydrocarbons was 
expressed as the percentage of the height of emulsified layer (mm) 
divided by total height of the liquid column (mm) 
 
E24% = [(A0 - A)] / A0 × 100. 

 
 
Statistical analysis 
 
All measurements were expressed as Mean±Standard Deviation 
(SD) and Standard Error (SE) with each experiment conducted in 
triplicate. SPSS 11.0 software version was used in the statistical 
analyses. The criterion for significance was set at p < 0.05. 
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Figure 1. Photomicrograph of Pseudomonas aeruginosa strain KVD-HR42 with 
exposure to molasses using scanning electron microscopy- (SEM-magnification, 
15000X). 

 
 
 
RESULTS AND DISCUSSION 
 
Isolation, screening, and identification of strain KVD-
HR42 
 
The mangroves receive large inputs of crude oil from 
anthropogenic sources and potentially sequester a huge 
fraction in its sediments. Despite the fact that the 
mangrove ecosystems of Krishna estuary is away from 
the major ports, still the oil spill risk is moderate due to 
ship breakers, offshore oil wells, spillage from oil tankers 
and accidents (Ramasubramanian and Ravishankar, 
2004). Crude oil is also spilled during loading and 
unloading operations; further influencing the physico-
chemical conditions in different channels of the 
mangroves. Moreover, these selected sampling sites are 
land locked with a narrow outlet of the Krishna estuary. 
As a result, there is lack of water movement which may 
account for concentration of crude oil at these sites. 

A total of 72 bacterial isolates were obtained from the 
mangrove sediment samples of Krishna estuary, out of 
which, fourteen isolates showed emulsification activity 
and STR potential. The strain KVD-HR42 produced 
excessive amounts of foam when grown on crude oil 
containing MSM and therefore STR indicates the ability of 
a biosurfactant to remove oil from mangrove sediments 
by reducing the capillary force responsible for holding 
crude oil and soil together (Calvo et al., 2009). 
Microscopic examination revealed that the strain was 
gram negative rod shaped with motility, oxidase, catalase, 

nitrate reduction, and arginine decarboxylase reaction 
positive. The enrichment culture technique using crude oil 
showed lowest percentages of positive isolates. 
Approximately 19 to 20% of isolates from the crude oil 
contaminated sediments were biosurfactant producers. 
These results may be attributed to the fact that high 
concentrations of crude oil did not select for bacteria able 
to produce biosurfactants. This is consistent with the 
reported dominance of used lubricant oil resistant 
bacteria in mangrove sediments (Saimmai et al., 2012). 
As depicted in SEM image (Figure 1), cell aggregation 
was observed in P. aeruginosa strain KVD-HR42, due to 
unique cell adaptation to molasses, suggesting the 
production of complex polymeric biosurfactants 
surrounding the cells that facilitate in cell to cell 
communication, thus promoting microbial interactions, 
quorum sensing, biofilm formation, and swarming motility 
(Franzetti et al., 2012). 

In the screening experiment, cell free supernatant of 
strain KVD-HR42, showed the highest surface tension 
reduction from 61.46±0.12 to 30.73±0.17 mN/m and 
emulsification activity (E24%) of 66.5% as compared to 
other isolates, respectively. The biosurfactant production 
was qualitatively determined by CTAB method evidenced 
from the formation of dark blue halos around the 
colonies, assuming that the surfactants secreted by 
selected isolates might be rhamnolipid-like biosurfactants 
(Table 1). Subsequently, based on the maximum STR, 
the 16S rRNA gene identification was done for the 
selected isolate KVD-HR42. The partial sequence  of 16S  



222          Afr. J. Microbiol. Res. 
 
 
 
Table 1. Screening of selected biosurfactant producing bacterial isolates for emulsification activity (E24%), Rhamnolipid Production & STR. 
 

Isolate name 
Emulsification 

activity (E24%) 

Rhamnolipid 
production 

Incubation  period  (No. of days)  for  surface tension  reduction (STR) 

0 1 2 3 4 5 6 

Control
a
 0 0 74.2±0.8 72.2±0.20 71.3±0.08 71.23±0.14 71.15±0.12 71.03±0.08 71.5±0.26 

*DS10-129
b
 68 +++ 62.46±0.12 42.43±0.14 31.73±0.17 32.30±0.15 33.74±0.11 34.92±0.46 35.32±0.23 

KVD-HS 42 - - 63.54±0.25 58.16±0.23 58.11±0.17 58.08±0.30 57.17±0.12 57.06±0.14 58.16±0.14 

KVD-HS 41 50.06 - 61.2±0.15 58.8±0.45 47.3±0.11 49.76±0.38 53.43±0.14 53.53±0.17 55.06±0.12 

KVD-HS 45 50.82 ++ 61.4±0.11 56.86±0.24 44.16±0.12 48.4±0.11 52.26±0.17 53.2±0.11 56.16±0.12 

KVD-HL 33 46.34 - 63.33±0.38 57.23±0.27 47.16±0.12 49.56±0.26 53.36±0.14 55.23±0.18 58.43±0.24 

KVD-HL 32 45.3 - 63.63±0.18 59.01±0.11 48.3±0.15 54.26±0.14 57.43±0.12 58.06±0.14 58.29±0.05 

KVD-HL 31 51.02 - 61.83±0.27 55.21±0.40 46.63±0.08 48.81±0.10 49.4±0.34 53.53±0.35 54.14±0.44 

KVD-HL 42 47.58 - 61.6±0.23 53.96±0.54 46.23±0.14 47.26±0.08 47.58±0.21 48.52±0.28 49.16±0.38 

KVD-HL 41 48.63 - 63.73±0.26 55.26±0.17 45.26±0.14 46.13±0.08 48.34±0.28 49.16±0.08 52.1±0.05 

KVD-HV 32 53.32 - 63.2±0.15 57.46±0.20 46.03±0.14 48.51±0.28 49.7±0.15 52.03±0.31 54.2±0.11 

KVD-HM 52 62.5 ++ 62.7±0.05 46.53±0.31 34.73±0.37 34.51±0.25 35.77±0.14 35.85±0.34 36.36±0.12 

*KVD-HR 42
c
 66.5 +++ 61.46±0.12 42.43±0.21 30.73±0.17 31.30±0.17 32.74±0.212 33.32±0.46 33.52±0.23 

KVD-HM 54 47.3 - 63.46±0.12 51.3±0.26 42.56±0.47 43.46±0.08 47.1±0.05 47.13±0.08 47.67±0.27 

KVD-DL 31 52.78 ++ 62.4±0.25 43.03±0.53 38.73±0.37 41.3±0.11 43.33±0.08 44.76±0.39 45.3±0.15 

KVD-DM 52 54.46 - 63.06±0.27 43.46±0.73 41.03±0.20 42.3±0.17 43.93±0.37 44.13±0.14 44.8±0.15 
 

aMedia control. bPositive control (Pseudomonas aeruginosa strain DS10-129). cTest (Pseudomonas aeruginosa strain KVD-HR42) present study. 

 
 
 

rRNA gene is available on GenBank with an 
accession number KJ872835. Figure 2 shows the 
UPGMA phylogenetic tree based on 16S rDNA 
sequences of the best biosurfactant producer 
strain KVD-HR42 isolated in this study and few 
other microorganisms previously reported in the 
literature as biosurfactant producers. The UPGMA 
algorithm showed that this strain formed a 
coherent cluster with the clade that comprised 
Pseudomonas species as supported by bootstrap 
confidence level of 99% and a phylogenetic tree 
was presented in Figure 2. Tajima's relative rate 

test was performed and its 
2
 test statistic was 

17.64 (P =0.00003) with 1 degree of freedom. P-
value less than 0.05 was often used to reject the 
null hypothesis of equal rates between lineages. 
The UGPMA tree showed  the  wide  phylogenetic 

diversity of the isolates which are distributed 
between the divisions of Actinobacteria, 
Firmicutes, Proteobacteria, and Archeabacteria. 
The strain KVD-HR42 has the highest similarity 
with gamma-subclass of Proteobacteria, in 
particular to the genus Pseudomonas spp. Of the 
Proteobacteria, most of the isolates reported from 
mangrove sediments falls in the cluster of γ-
Proteobacteria, as found in a previous study (De 
Sousa and Bhosle, 2012). Several strains of 
Pseudomonas spp. were previously isolated from 
various petroleum hydrocarbons and oil spillages 
(Saimmai et al., 2012; De Sousa and Bhosle, 
2012) and have been associated with a number of 
biotransformations of chemically-synthesized 
molecules (Nishino and Spain, 2006). In spite of 
its   ubiquity   and   an   affluence    of   fascinating 

metabolic capacities, relatively few reports have 
been published from the mangrove wetland 
ecosystems. The surfactant molecules produced 
by this genus can be different from one species to 
another. It is thus plausible to hypothesize that 
unique properties of this molecule may be related 
with the production of industrially important novel 
surface active compounds. Such biosurfactant 
moieties could be vital for containment of 
environmental pollution; due to the affinity of 
biosurfactants used in degradation of crude oil 
environmental polluters (Ozturk et al., 2012). 
 
 
Optimization of the production media 
 
Among  seven   carbon   sources   tested,  highest 
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Figure 2. Unrooted UPGMA phylogenetic tree based on 16S rRNA gene comparison of the bacterial strain featured in this study 
and microorganisms previously described in literature for biosurfactant production. Bootstrap probability values of <50% were 
omitted from the figure. Scale bar indicates substitutions per nucleotide position. GenBank accession numbers are given in 
parenthesis. 

 
 
 
biosurfactant production of up to 4.83 g/L

 
and dry cell 

weight of 4.04 g/L, were achieved using 1% v/v of 
molasses as sole carbon source (Figure 3). However, 
only glucose, had comparable influence (4.21 g/L and dry 
cell weight of 4.1 g/L) on the strain KVD-HR42 
biosurfactant production than other carbon sources 
tested. Addition of NaNO3 as sole source of nitrogen with 
a concentration of 1% (w/v) in molasses containing MSM 
resulted in the highest biosurfactant production (4.63 g/L) 
(Figure 3). Organic nitrogen sources including yeast 
extract, beef extract, and peptone had moderately 
comparable influence on biosurfactant production. The 
effect of various amino acids was also examined on 
strain KVD-HR42 to optimize biosurfactant production, 
dry cell weight, and STR. Interestingly, our data 
evidenced that addition of 0.1% (w/v) leucine as an 
auxiliary nitrogen source to MSM caused a significant 
increase in biosurfactant production yield more  than  two 

fold (4.67 g/L) compared to control (Figure 3). The 
biosurfactant production was also affected by pH of 
culture medium. When initial pH was set to 8.0 increases 
in surface tension, 35.4 mNm

-l
 was observed and 

biosurfactant production evidenced 3.18 g/L in culture 
medium. At pH <6.0, the biosurfactant production was 
decreased followed with an increase in STR (Figure 4). 
The optimum pH for growth and biosurfactant production 
was determined to be 7.5. Likewise, an increase in 
temperature up to 42°C did not cause significant effect on 
STR. However, at the highest temperature 60°C, STR 
was sternly decreased to 38.2 mNm

-l
. As shown in Figure 

4, there is an inverse relation between NaCl 
concentration and biosurfactant production yield. Gradual 
addition of 4 to 6% NaCl to molasses containing MSM led 
to a rigorous decrease in biosurfactant production 4.17 to 
2.82 g/L. At lowest level of NaCl (1% w/v), the production 
yield  reached  to  2.95  and  3.64 g/L  dry cell weight was  
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Figure 3. Optimization of Carbon (1%), Nitrogen (1%) and Amino acid (0.1%) for maximum biosurfactant production. The error bars 
represent mean ± standard deviation (n = 3). 

 
 
 
obtained under similar conditions. 

Our results also corroborate with several previous 
reports, emphasizing the utilization of industrial by-
products and vegetable oils such as cheese whey, 
molasses, peanut cake, olive oil mill effluents as cost-
effective alternative substrates for microbial growth and 
biosurfactant production (Onbasli and Aslim, 2009; Haba 
et al., 2003). The biosurfactant production kinetics of 
strain KVD-HR42 was strongly dependent on media 
composition, affecting its production yield. In shake-flask 
experiments, the change of carbon source employed, 
affected on dry cell weight and biosurfactant secretion. 
The preferred carbon source, molasses produced the 
highest biosurfactant yield. The highest production in 
MSM containing molasses may be due to its high 
hydrophobic rhamnolipid contents. Similar results have 
been obtained when Pseudomonas spp. grown on 
glycerol as sole source of carbon (Saikia et al., 2012). 
The  ability  of  KVD-HR42  strain  to  utilize  molasses as 

carbon source is a significant advantage as it provides an 
alternative use for glucose, provided that its biosurfactant 
production can be enhanced to economically viable 
values. Biosurfactant production with 1% carbon source 
reported in this study (4.83 g/L) was comparatively higher 
than previous reports on use of olive oil (2%), palm oil 
(2%), coconut oil (2%), soybean oil, safflower oil, and 
glycerol as carbon sources for biosurfactant production 
(Rahman et al., 2002). Preferences for complex 
compounds over simpler counterparts have been 
previously reported in P. putida strains (Basu et al., 
2006). The genus Pseudomonas is capable of using 
different substrates such as n-paraffins, molasses, and 
vegetable oils which are known as good carbon and 
energy sources to produce rhamnolipid type 
biosurfactants (Syldatk et al., 1984; Manresa et al., 
1991). The growth of microorganisms on hydrocarbons is 
frequently associated with the production of 
biosurfactants that can  assist  in  emulsification  of  these  
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Figure 4.  Optimization of pH, temperature, and NaCl% for maximum biosurfactant production. The error bars represent mean ± 
standard deviation (n = 3). 

 
 
 
hydrophobic substrates in growth medium (Calvo et al., 
2009). Syldatk et al. (1984) found an overproduction of 
rhamnolipids by Pseudomonas spp. which was caused 
by nitrogen limitation in the medium. Our results were in 
tune with a previous report, in which the highest 
rhamnolipid production was attained by Pseudomonas 
44Ti when grown on olive oil with sodium nitrate as sole 
nitrogen source (Manresa et al., 1991). These 
investigators also demonstrated that nitrogen restriction 
improved production of some biosurfactant, but changed 
the composition of biosurfactant as well. In this context, a 
similar study was conducted to investigate the effect of 
NaNO3 as nitrogen source on biosurfactant production 
kinetics (de Santana-Filho et al., 2015). These 
observations suggest that, the improved biosurfactant 
production by P. aeruginosa strain KVD-HR42 may be 
occurred as a result of uptake of leucine as substrate for 
surfactant biosynthesis, thus enhancing the  biosurfactant 

yield. However, previous studies revealed that, some 
amino acids are exceptional substrates as nitrogen 
sources for the production of surfactin by Bacillus subtilis 
(Sandrin et al., 1990). The effect of environmental 
variables, namely, temperature, pH, and NaCl%, on P. 
aeruginosa strain KVD-HR42, had a profound influence 
on surface tension, biosurfactant production, and dry cell 
weight and results are presented in Figure 4. Basic 
values >pH 8.0 were found to have exercised a more 
unfavourable effect on surface tension, biosurfactant 
production, and dry cell weight comparative to acidic pH 
values. However, in a recent report more prominent STR 
potential was observed at alkaline pH values in P. 
aeruginosa MA01 which could be attributed to formation 
of lipid vesicles (Khoshdast et al., 2011). The tolerance of 
biosurfactants to NaCl has been earlier reported as being 
restricted to NaCl 5% (Illori et al., 2005) and 15% 
(Darvishi et al., 2011). 
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Figure 5. Time course study of absorbance at 600 nm, biosurfactant production, rhamnose 
concentration and E24% by Pseudomonas aeruginosa strain KVD-HR42 in 1% molasses 
containing MSM. 

 
 
 
Biosurfactant production kinetics 
 
The optimized culture parameters were used for the time 
course study. Kinetic study revealed the dependence of 
each biochemical variable, namely, biosurfactant 
production (g/L), rhamnose concentration (mg/mL), 
growth (O.D600 nm), and emulsification index (E24%) on 
time of strain KVD-HR42 when supplemented with 
molasses and NaNO3 as carbon and nitrogen sources, 
respectively (Figure 5). The E24% plot, a measure of 
biosurfactant concentration, showed that insufficient 
surfactant was initially present after 12 h to form micelles 
in culture broth. According to the data obtained from time 
course study, it revealed that the biosurfactant production 
was growth associated and started secreting in early 
exponential phase after 18 h, detecting an increase in 
emulsification activity (E24%) and rhamnose 
concentration (mg/ml). Production yield after 72 h of 
incubation was only 2.46 g/L. The total amount of 
rhamnolipid accumulated was 0.35 mg/ml, respectively. 
However, maximum biosurfactant production occurred in 
the late exponential growth phase (48 h). Bacterial cell 
growth in aforementioned experiments conducted with 
molasses as sole carbon source revealed that cell growth 
was in its maximum at 48 h of incubation (Figure 5), 
which is comparable to the observation made in a study 
by Lotfabad et al. (2009). The decrease in E24% after 48 
h of incubation shows that biosurfactant biosynthesis 
stopped and is probably due to the production of 
secondary metabolites which could impede with emulsion 

formation and the adsorption of surfactant molecules at 
the oil-water interface (Bonilla et al., 2005). These results 
indicate that the biosurfactant biosynthesis using 
molasses occurred predominantly during the exponential 
growth phase, suggesting that the biosurfactant is 
produced as primary metabolite accompanying dry cell 
weight as evidenced in the growth-associated kinetics 
(Persson et al., 1988). Previous studies reported that 
rhamnolipid biosurfactant was produced during the 
logarithmic and stationary phases of bacterial growth and 
amount of production increased after then (Zhang and 
Miller, 1995). Onbasli and Aslim (2009) stated that 
Pseudomonas luteola and Pseudomonas putida 
produced rhamnolipid of 0.23 and 0.24 g/L at the 48th h; 
0.38 and 0.36 g/L at the 72 h, respectively. It is seen that 
the results in our study are similar to those of the 
mentioned studies. 
 
 
Identification of rhamnolipids by IR spectroscopy 
 
Based on the observations made from the resultant FTIR 
spectroscopy data (Figure 6), the broad band at regions 
3397 to 3534 cm

-1
  indicate the presence of hydroxyl 

groups (-OH) free stretch due to hydrogen bonding and 
N-H str modes. The broad observed in the regions (2958 
to 2854 cm

-1
) infers the presence of aliphatic, symmetrical, 

and asymmetrical CH3, CH2, and -C-H- vibrations in 
lipids. Further bands observed at 1736 and 1638 cm

-1 

points to the occurrence of carbonyl (C=O) stretching and  
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Figure 6. Fourier transform infrared spectrum of biosurfactant produced by Pseudomonas 
aeruginosa strain KVD-HR42. 

 
 
 
amide-I group. The other two peaks were observed 
between 1117 and

 
1046 cm

-1
 and indicates the presence 

of C-O-C group vibrations in the cyclic structures of 
carbohydrates. Moreover, the bands observed in regions 
805 to 904 cm

-1 
correspond to the glycosidic linkage type. 

In a study by Mehdi et al. (2011), similar results were 
found with the rhamnolipid biosurfactant.  
 
 
Stability characterization 
 
The results obtained from thermal stability analysis of 
biosurfactant over a wide range of temperature (30 to 
110°C) revealed that the biosurfactant from P. aeruginosa 
strain KVD-HR42 was shown to be thermostable (Figure 
7A). The biosurfactant was thermostable (up to 110°C for 
15 min) and caused a diminutive effect on the surface 
tension and emulsification activity. It was found that only 
20% of E24 becomes lost, when the biosurfactant was 
incubated at higher temperature. The surface tension 
reduction and E24% were relatively stable at the 
temperatures used (ST=32 mNm

-l
, E24%=44%, 

respectively). It is very interesting to note that the 
biosurfactant isolated may be used in microbial enhanced 
oil removal processes where high temperatures are 
prevailed. As can be seen in Figure 7B, the optimum pH 
for biosurfactant activity (ST=27.5 mNm

-l
) and 

emulsification capacity (E24%=49.32) was determined to 
be 7.0. However, the emulsification activity was 
significantly  reduced  between  pH  8.0  and  9.0.  Similar  

result had been reported for biosurfactants produced by 
B. subtilis TD4 and P. aeruginosa SU7 was also stable in 
a wide range of pH (Saimmai et al., 2012). Figure 7C 
demonstrated an increase in NaCl concentration; up to 
18% did not have a significant effect on E24. However, at 
the highest level of NaCl (24%), E24% dropped severely 
to 43.6% and surface activity was increased as well (48 
mNm

-l
). NaCl activated biosurfactant activity of many 

strains isolated from several environmental sources 
including mangrove sediments (Saimmai et al., 2013). 
More recently, biosurfactant produced by P. aeruginosa 
MA01 has shown good stability of surface tension and 
emulsion in the presence of NaCl up to 300 g/L

 
(Abbasi et 

al., 2012). Our findings indicate that the biosurfactant has 
potential application over a wide range of temperature, 
pH values and saline environment.  
 
 
Biodegradation of WLO 
 
The strain KVD-HR42 was tested for its ability to grow in 
MSM with WLO as carbon source. The biodegradation of 
WLO in the laboratory scale experiment inferred that, 
maximum biodegradation was found with strain KVD- 
HR42 biosurfactant (68%), whereas the control strain 
depicted the maximum biodegradation of 65%, 
respectively (Figure 8). The supplementation of 
biosurfactant to the medium improved the biodegradation 
of WLO compared to the uninoculated control. Growth of 
microorganisms on hydrocarbons is often associated with 
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Figure 7. Effect of temperature (A), pH (B) and NaCl (C) on activity of crude biosurfactant produced by Pseudomonas aeruginosa strain 
KVD-HR42. 

 
 
 
the production of biosurfactants that can support in the 
emulsification of hydrophobic substances in the growth 
medium (Calvo et al., 2002). It is interesting to note that 
biodegradation capabilities involving biosurfactants are 
used for hydrocarbon remediation (Ozturk et al., 2012). 
 
 
Emulsification activity 
 
The biosurfactant produced by strain KVD-HR42 demon-
strated emulsification with a number of hydrocarbons 
(Figure 9). Among the aliphatics used, n-hexadecane 
served as the best substrate for emulsification and xylene 
served the best substrate among the aromatic compounds. 

The highest E24% and E48% were obtained with n-
hexadecane (69.5 and 40%), whereas the lowest values 
were obtained with toluene (52 and 33%). This results 
may be attributed to the fact that rhamnolipid enables to 
function as an emulsifier for immiscible substances. 
Moreover, a variety of different hydrophobic substrates 
were efficiently emulsified by P. aeruginosa strain KVD-
HR42 supernatant. It was reported in a study that n-
hexadecane was attracted to the cell surface of the 21 
BN strain of P. putida at a rate of 72% (Tuleva et al., 
2002). In a different study by Noordman and Janssen 
(2002), it was found that n-hexadecane was attracted to 
the cell surfaces of the strains of biosurfactant producer 
P. aeruginosa 18 UG2,  
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Figure 8. Percentage degradation of Waste lubricant oil (WLO). 
 
 
 

 
 

Figure 9. Comparative emulsification activity of the strain KVD-HR42 
biosurfactant with various hydrocarbons. The error bars represent mean ± 
standard deviation (n = 3). 

 
 
 

Acinetobacter calcoaceticus RAG1, Rhodococcus 
erythropolis DSM 43066, and Rhodococcus erythropolis 
ATCC 19558 at rates of 42, 81, 30, and 12%, 
respectively. The results indicated that the strain KVD-
HR42 biosurfactant was capable of effectively emulsifying 

both aromatic and aliphatic hydrocarbons, suggesting 
that it could be used for hydrocarbon remediation and oil 
recovery (Ilori et al., 2005). Extensive work has been 
done on the role of biosurfactants as effective factors for 
emulsification of hydrocarbons (Calvo et al., 2009). 
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Currently, there is an escalating interest in the 
identification of novel biosurfactants for environmental 
cleanup and bioremediation (Muthusamy et al., 2008). 
The frequency and occurrence of biosurfactant producers 
in PAH’s and hydrocarbon contaminated mangrove 
sediments has not been well researched, however, strain 
KVD-HR42 could play a pivotal role in biodegradation of 
PAH’s. Therefore, it is all the more necessary to study the 
structure–function relationships of the strain KVD-HR42 
biosurfactant and the factors that regulate its biosynthesis. 
The biosurfactant obtained from P. aeruginosa strain 
KVD-HR42 employing molasses as substrate having 
rhamnolipid content and STR potential may provide a 
promising focus for further investigations on its 
application as a compound with efficient biological activity 
for enhanced oil recovery management in mangrove 
sediments. The examination of the kinetic parameters, 
such as product yield formation should be taken into 
account to develop a high efficient production process. A 
precise chemical and structural analysis of strain KVD-
HR42 biosurfactant is currently in progress. 
 
 

Conclusion 
 

Considering the importance of mangrove wetland 
ecosystem and susceptibility of such areas to oil spills, 
the present study was taken up. In this study, the 
screening of biosurfactant producing bacteria, molecular 
strain characterization, media optimization, kinetics, 
stability studies, biodegradation potential, and 
emulsification activity of biosurfactant produced by 
mangrove sediment bacterium P. aeruginosa strain KVD-
HR42 and its importance with respect to remediation of 
oil from pristine mangrove sediments were demonstrated. 
Optimizing factors that affected growth in strain KVD-
HR42 with a potential for commercialization is of 
paramount importance. The results on biodegradation 
and emulsification activity revealed the potential use of 
this biosurfactant in bioremediation of hydrocarbon 
pollutants, which emphasized that biosurfactants could 
be synthesized from a cheaper carbon source like 
molasses. This approach will make the bioremediation 
process an economically and environmentally feasible 
technology. Strain KVD-HR42 therefore holds good 
potential for effective bioremediation of hydrocarbons in 
the mangrove wetland ecosystem and oil spill 
management. 
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The study involved 70 nasal swab collected from people suffering from sinusitis and consulted the Ear, 
Nose and Throat Unit in Al-Diwaniya Teaching Hospital, Iraq during the period from 12 June to 12 
August 2016 with ages ranging from 0-65 years old. The results showed that the number of nasal swabs 
that gave fungal growth was 36/70 (51.428%); highest percentage of fungal infection was recorded in 
ages ranging from 11-20 years old 8(80%), followed by above 60 years old 7(70%) and lowest infection 
was in 51-60 years old 3(30%) when compared. A total of 43 fungal isolates were identified and the 
isolates belong to 7 genera comprising of Penicillium  spp. with 16 isolates, Aspergillus  spp. with 14 
isolates (mainly A. niger= 7, A. flavus= 5 and A. fumigates= 2), Cladosporium  spp. with 4 isolates, 
Rhizopus  spp. 3 isolates, Sporothrix  schenckii 3 isolates, Mucor  spp. 2 isolates and Fusarium  spp. 1 
isolate. Penicillium  spp. occurred with the highest frequency percentage of (37.209%), followed by A. 
niger (16.279%) and A. flavus (11.627%) with significant differences when compared with other fungi 
isolated in this study while the lowest percentage frequency was recorded for Fusarium spp. (2.325%). 
Potassium sorbate and Sodium benzoate have high inhibitory activity against the growth of all fungi 
studied and increases in their concentration caused corresponding increases in their percentage 
inhibition of fungal growth which ranged at concentration 1000 mg/L of potassium sorbate and sodium 
benzoate between (90.7-94.5%) and (91.2-95.8%) respectively. 
 
Key words: Antifungal, potassium sorbate, sodium benzoate, sinusitis. 

 
 
INTRODUCTION 
 
Sinuses are cavities filled with air surrounding the eyes, 
nose inside the skull bones are associated cavity nose 
through small openings and these cavities lined with a 
membrane thinning secrete  mucus  and  the  lattice  cells 

remove mucus to get rid of foreign particles such as 
viruses, bacteria, fungi and dust (Rabago et al., 2005). 
Mucus discharge occurs naturally through small openings 
between the sinuses and  nose,  however  sinusitis  these 
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natural openings may be blocked and stops discharge 
process (Sari-Aslani et al., 2006; Nagar and Gautam, 
2015). Sinusitis can be defined as an inflammation of the 
mucous layer lining the sinus due to bacterial or fungal 
infection in the upper respiratory tract which can also 
occur secondary to viral infection of the upper respiratory 
tract which creates favorable conditions for the growth of 
bacteria and fungi (Wald, 1998). Fungal sinusitis can be 
classified according to the causal factor into two types: 
Noninvasive fungal sinusitis which occurs in two forms, 
the first form is Allergic fungal sinusitis caused by fungi 
such as Aspergillus  fumigatus, A. niger, Penicillium  spp, 
Curvularia  lunata, Sporothrix  schenckii and 
Rhinosporidium  spp, and is characterized by the 
presence of a black-green material known as Allergic 
mucin. The allergic mucin form calcified polyps mass 
which prevents sinus drainage. The second form of 
Noninvasive fungal sinusitis is called Mycetoma or 
Fungal ball, which is caused by A. fumigatus that grows 
on one side of the maxillary sinus producing purulent 
material like ceramic clay. The second type of sinusitis is 
Invasive fungal sinusitis which also occurs in two forms: 
Acute fulminant form which is a dangerous infections that 
have high mortality rate if not treated early and the 
etiology include some fungi such as Mucor spp., 
Rhizopus  spp., Absidia  spp., Rhizomucor  spp. and 
Mortierella  spp. The second form of Invasive fungal 
sinusitis is called chronic invasive fungal sinusitis that is 
caused by A. flavus and A. fumigates (Gillespie et al., 
1998; Schubert, 2004; Aribandi et al., 2007; Jiang et al., 
2008; Thiagarajan and Ramamoorthy, 2013). 

Fungal sinusitis occurs in young and medium-age 
individuals due to A. niger, A. fumigatus and Penicillium 
spp. infection especially in children or people who suffer 
from immunosuppression after exposure to spores that 
inhabit the respiratory tract while in the older age group, it 
is caused by Candida albicans and S. schenckii especially 
in people working in the mines, as well as peasants or 
people who use immunosuppressive drugs (Hildmann, 
1991; Dosa et al., 2002). The potassium sorbate which is 
a potassium salt of sorbic acid and has a molecular 
weight of 150.22 g/mol and sodium benzoate which is a 
sodium salt of benzoic acid and has a molecular weight 
of 144.10 g/mol are considered as the most important 
chemicals used largely as materials for food preservation 
which are Generally Recognized as Safe (GRAS) and 
they have high inhibitory effect for the growth of many 
micro-organisms such as bacteria and fungi that 
contaminate food, and they are also used in cosmetics, 
pharmaceuticals and various medical preparations 

(Guynot et al., 2005; Esfandiari et al., 2013). Previous 
studies on the use of potassium sorbate or sodium 

benzoate as inhibitors for the growth of micro-organisms 
in non-food areas are scanty. This marks the stimulus for 
this study with the aim of determining the inhibitory effect 
of potassium sorbate and sodium benzoate in vitro against 
the growth of fungi that cause inflammation of the sinuses. 
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MATERIALS AND METHODS 
 
Sample collection 
 
Seventy (70) nasal swabs were collected from people suffering from 
sinusitis using sterile cotton swabs. The samples were taken from 
12 June to 12 August 2016 from patients who consulted Ear, Nose 
and Throat Unit in Al-Diwaniya Teaching Hospital and were 
clinically diagnosed by a specialist doctor. The patients’ ages 
ranged from 0-65 years old and patients’ information, such as 
gender, age and infection status was recorded. All the swabs were 
transported immediately to the laboratory and cultured on the 
appropriate culture media. 
 
 
Isolation and identification of fungi 
 
The following culture media were used after sterilization with the aid 
of autoclave at 121°C for 15 min in order to isolate and diagnose 
fungi under study: Blood agar medium, Brain heart infusion agar 
and Sabouraud dextrose agar (SDA) containing (0.05 mg/ml) for 
both antibiotics Cycloheximide and Chloramphenicol. The Petri 
dishes containing Blood agar medium and Brain heart infusion agar 
were inoculated with nasal swabs and incubated at 37°C for 14 
days in order to isolate the fungus Sporothrix schenckii. Dishes 
containing SDA were also inoculated with nasal swabs and 
incubated at 25°C for three to four days for the purpose of isolating 
other fungi. The fungal growths were identified after purification 
using morphological and microscopic features of their taxonomic 
placement (Gow et al., 1997; De Hoog et al., 2000; Watanabe, 
2010). All pure fungal isolates obtained were saved in test tubes 
with a capacity of 20 ml containing slant SDA medium and 
maintained in refrigerator at 4°C until used. 
 
 
Effect of potassium sorbate and sodium benzoate in the 
growth of fungal isolates 
 
The method of Lopez-Malo et al. (2005) was used in this test. 
Spores suspensions of all pure fungal isolates under study was 
prepared, after cultivation on SDA slants and incubated at 30°C for 
seven days. The spores were harvested by adding 10 ml of 0.1% 
Twee 80 solution sterilized by filtration using Millipore filter paper 
0.45 μm. The number of spores harvested was calculated using 
Haemocytometer and the spores suspensions were adjusted by 
adding the same solution to obtain a final concentration of 1 x 106 
spore/ml. Then were prepared graded concentrations of potassium 
sorbate and sodium benzoate by added appropriate quantities of it 
to 10 flasks containing sterilized SDA separately and these 
concentrations were 200, 400, 600, 800 and 1000 mg/L, also used 
1 flask containing sterilized SDA with antifungal Amphotericin B at 
300 µg/ml, according to Shirazi et al. (2007), and then distributed all 
prepared media into Petri dishes with three replications for each 
concentration and then inoculated with 2 ml of spores suspensions 
of each fungus under study separately. After inoculation, the dishes 
were incubated at 30°C for 7 days; thereafter the inhibitions were 
evaluated by measuring the diameter of inhibition zone in 
millimeter. 
 

 
Statistical analysis and equations 

 
The percentages of fungal infection and frequency of fungi isolates 
of the same genera were calculated using the following equations: 
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The percentage of inhibition was calculated as described by 
Combina et al. (1999) using the equation: 
 

 
 
One way analysis of variance (ANOVA) was used to test 
significant differences between the rates by Duncan multiple range 
test at 0.05 probability level (Wayne, 1983). 

 
 

RESULTS 
 

Percentages of fungal sinusitis infection by age 
 

The results of the current study showed that the number 
of nasal swabs that gave fungal growth was 36 swabs of 
the total number of 70 swabs (51.428%), also found that 
highest percentage of fungal infection occurred in ages 
ranging from 11-20 years old, reaching 80%, followed by 
ages above 60 years old with 70% compared with other 
ages (Table 1). 
 
 

Isolation and identification of fungi 
 

In this study, 43 fungal isolates were obtained and 
identified as belonging to 7 genera comprising of 
Penicillium  spp. with 16 isolates, Aspergillus  spp. 14 
isolates (A. niger= 7, A. flavus= 5 and A. fumigatus= 2), 
Cladosporium  spp. 4 isolates, Rhizopus  spp. 3 isolates, 
Sporothrix  schenckii 3 isolates, Mucor  spp. 2 isolates 
and Fusarium  spp. 1 isolate. The highest frequency 
percentage of fungi was recorded for Penicillium spp. 
(37.209%) followed by A. niger and A. flavus with 
(16.279%) and (11.627%) respectively with significant 
differences compared with other fungi studied. The 
lowest frequency percentage was recorded for Fusarium 
spp. (2.325%) (Table 2). 
 
 

Effect of potassium sorbate and sodium benzoate in 
the growth of fungal isolates 
 

The results showed that the potassium sorbate and 
sodium benzoate have high inhibitory activity against the 
growth of all fungi studied and increasing their 
concentrations resulted in increased percentage of 
inhibition. At highest concentration of 1000 mg/L of 
potassium sorbate and sodium benzoate, the 
percentages of inhibition ranged between (90.7-94.5%) 
and (91.2-95.8%) respectively differing significantly 
(p<0.05) from other concentrations used. There was no 
significant differences (p>0.05) between inhibition by 
Amphotericin B (90.5-94.7%) at a concentration level of 
300 µg/ml against all fungi studied and inhibitions by 
other two substances (Table 3). 

 
 
 
 
DISCUSSION 
 

The high percentages of the fungal sinusitis infection in 
both, children and adolescents regarding to very high 
activity of the age group being frequently involved in 
outdoor activities thereby exposing them to contaminated 
environment. Under this condition, they inhale spores in 
large quantities into the upper and lower respiratory tract 
were the fungi establishes and grow to cause disease 
(Grewal et al., 1990; Manning and Holman, 1998). While 
in the older age the infection occur due to a defect in the 
immune system especially those who suffer from chronic 
diseases, who are taking immunosuppressive drugs and 
due to physiological changes such as dryness of mucous 
membranes lining the nose (which extends to the 
sinuses) with advancing age and thus increasing the 
possibility of the transmission of infection from the nose 
to the sinuses (Gungor and Adusumilli, 1998; Montanaro, 
2000; Prateek et al., 2013). The fungi Penicillium spp. 
and Aspergillus spp. were the most frequent isolates in 
fungal sinusitis infections in the USA (Liza et al., 1997). 
Also Tekin (2008) found that the fungus Penicillium spp. 
was the first pathogen associated with fungal sinusitis in 
Turkey with a score of 17 cases, followed by Aspergillus  
spp. with 15 cases, which this is consistent with the 
results of this study. Previous reports on the inhibitory 
effect of potassium sorbate and sodium benzoate against 
growth of fungi and production of toxins, showed that 
these substances have inhibitory effect on the growth of 
fungi by inhibiting both spores germination and growth of 
mycelium (Tsai et al., 1984; Marshall and Bullerman, 
1986; Palou et al., 2002; Heydaryinia et al., 2011). 
Similarly, Sofos and Busta (1991) found that the 
materials used in food preservation such as potassium 
sorbate and sodium benzoate control the growth of fungi 
by reducing its metabolism, denaturing fungal cell 
proteins or by changing the permeability of the cell 
membrane. In a recent study, potassium sorbate was 
found to have inhibitory effect on the growth of all fungi 
isolated from indoor airborne samples and the number of 
colony forming units was reduced by more than 88% 
compared with control media (Chin Ming et al., 2016). 
 
 

Conclusion 
 

Based on the results of this study, potassium sorbate and 
sodium benzoate at concentration 1000 mg/L have high 
inhibitory activity against the growth of all fungi isolated 
from patients with sinusitis and gave a similar effect to 
the effect of antifungal Amphotericin B at 300 µg/ml. 
Therefore, it is possible to use these substances in 
inhibiting the growth of pathogenic fungi in addition to the 
main use in food preservation. 
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Table 1. Percentages of fungal sinusitis infection by age of patients. 
 

Ages in years Number of swabs taken Number of swabs that gave fungal growth Fungal infection (%) 

0-10 10 5 50 

11-20 10 8 80 

21-30 10 4 40 

31-40 10 5 50 

41-50 10 4 40 

51-60 10 3 30 

Above 60 10 7 70 

Total 70 36 51.428 
 
 
 

Table 2. Percentages of frequency of fungi isolated from sinusitis infection. 
 

Fungi Number of isolates Percentages of frequency 

Aspergillus flavus 5 11.627  %
c
 

Aspergillus fumigatus 2 4.651  %
f
 

Aspergillus niger 7 16.279  %
b
 

Cladosporium spp 4 9.302  %
d
 

Fusarium spp 1 2.325  %
g
 

Mucor spp 2 4.651  %
f
 

Penicillium spp 16 37.209  %
a
 

Rhizopus spp 3 6.976  %
e
 

Sporothrix schenckii 3 6.976  %
e
 

Total 43 - 
 

Percentages of frequencies with the same letters did not differ significantly (p>0.05) between 
species of isolates. 

 
 
 
Table 3. Percentages of growth inhibition of fungal isolates using different concentrations of potassium sorbate and sodium benzoate. 
 

Fungi 

Percent growth inhibition for potassium 
sorbate concentrations (mg/L) 

 
Percent growth inhibition for sodium 

benzoate concentrations (mg/L) 
Percent growth inhibition 

for Amphotericin B (µg/ml) 

200 400 600 800 1000  200 400 600 800 1000 300 

Aspergillus flavus 23.8h 37.6g 51.4e 82.7c 93.8a  24.6h 42.2f 57.3d 88.2b 94.3a 94.6a 

Aspergillus fumigatus 19.6h 25.8f 61.9d 78.6c 92.2a  22.7g 35.6e 62.8d 83.5b 92.5a 92.8a 

Aspergillus niger 25.4g 34.4f 60.5d 86.3b 93.9a  25.7g 41.8e 66.8c 87.1b 95.8a 94.7a 

Cladosporium spp 27.9h 39.3g 52.6e 79.2c 94.5a  28.2h 43.9f 58.8d 82.0b 94.0a 92.3a 

Fusarium spp 18.3i 25.0g 57.9e 80.5c 94.0a  23.3h 38.4f 65.3d 86.4b 93.8a 94.2a 

Mucor spp 26.5g 35.4f 60.4d 77.9b 92.6a  25.7g 39.5e 67.0c 79.3b 92.9a 91.3a 

Penicillium spp 20.6g 24.8f 67.7d 81.1c 90.9a  21.0g 28.7e 66.9d 84.9b 91.6a 91.6a 

Rhizopus spp 36.2h 44.5g 56.1e 76.0c 91.9a  34.8h 50.2f 63.9d 81.3b 91.2a 92.4a 

S. schenckii 24.1i 32.1g 62.3e 80.7c 90.7a  28.0h 37.6f 68.1d 84.2b 91.7a 90.5a 
 

Percentage inhibitions by various species of fungi with the same letter at a particular concentration and between concentrations are not significantly 
different (p>0.05) at 95% confidence level. 
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The world market for biosurfactants has grown gradually. However, the lack of competitiveness with 
chemical surfactants due to high cost of production remains a concern. Considering the need to reduce 
the costs of production, the aim of this work was to study the production and structural 
characterization of a biosurfactant produced by a strain of yeast Candida glabrata UCP 1556. The low-
cost medium containing agro-industrial wastes whey 40% (v/v) and 20% (v/v) corn steep liquor were 
used as substrates in submerged fermentation. Biosurfactant production was detected by surface 
tension, oil displacement test and Critical Micelle Concentration (CMC). The structural characterization 
was performed by Fourier transform infrared (FT-IR), gas chromatography-mass spectrometry (GC-MS) 
and ionic profile. The stability of emulsions and potential in reducing the viscosity also were 
investigated. The results showed that the biosurfactant reduced the surface tension to 28.8 mN/m with 
CMC of 2% and showed anionic profile. Additionally, the biosurfactant formed stable emulsions at 
temperature (0 to 120°C), pH (2 to 12) and NaCl (2 to 12%), reduced the viscosity of soybean oil (21.0 to 
18.5 Cp), cotton (39.5 to 26.4 Cp) and canola (34.8 to 29.3 Cp) and has oil dispersing capacity of 81.54%. 
The chemical structure of biosurfactant exhibited absorption in peaks characteristic of lipids 
represented at 1393 cm

-1
 (chain of fatty acids) and the presence of peptides was confirmed by the 

presence of the peak at 1662 cm
-1

. The biosurfactant is constituted by 58% of lipids and 36% of protein. 
The fatty acids of the hydrophobic portion of biosurfactant were capric acid (4.1%), palmitoleic acid 
(33.6%), steric acid (28.4%), oleic acid (22.6%) and linoleic acid (5.7%). The results demonstrated that C. 
glabrata can produce an anionic lipopeptide biosurfactant in low-cost medium with promising 
conditions for the production in large scale.  
 
Key words: Candida glabrata, lipopeptide, agro-industrial wastes, physicalchemical characterization. 

 
 
INTRODUCTION 
 
New prospects for industrial production are focused on 
biotechnological   processes    that    use    agro-industrial 

wastes as substrates in formulating alternative medium in 
fermentation    processes     for     producing    secondary 
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metabolites with a view to decreasing the costs of 
production (Accorsini et al., 2012; Antunes et al., 2013; 
Yasmin et al., 2016). In addition, this market shows 
promise to attract interest in the studies of biosurfactants 
that can be used as raw material in applications in the 
food-, agrochemical, cosmetics and pharmaceutical-
industries (Morikawa et al., 2000; Luna et al., 2009; 
Santos et al., 2016). 

Surfactants are used to reduce the tensions between 
two insoluble surfaces such as between liquids and 
solids/gases and enhance the solubility of insoluble 
substrates in aqueous solutions (Benincasa et al., 2004; 
Cameotra and Makkar, 2010; Araujo et al., 2016). Use of 
biosurfactants instead of synthetic surfactants can 
significantly reduce the manufacturing costs by using low-
cost substrates and efficient microorganisms to produce 
biosurfactants (Deleu and Paquot, 2004; Rufino et al., 
2016). Biosurfactants are amphipathic molecules 
comprising one hydrophobic part and one hydrophilic 
part; there is frequently a hydrocarbon chain in the 
nonpolar portion, while the polar portion may be ionic, 
anionic, cationic and non-ionic or amphoteric. The main 
classes of biosurfactants include glycolipids, lipoproteins, 
phospholipids, neutral lipids, hydroxylated fatty acids 
(Bialkova and Šubík, 2006; Nayak et al., 2009; Li et al., 
2016). Biosurfactants offer several advantages over 
synthetic surfactants, such as lower toxicity, higher 
biodegradability, stability over a wide range of pH and 
temperatures, and its ecological acceptability. These 
properties make them suitable for a wide range of 
industrial applications such as detergency, emulsification, 
lubrication, foaming, wetting, and solubilizing/dispersing 
insoluble substrates (Banat et al., 2000; Mulligan, 2005; 
Shahaby et al., 2015). 

Herein, we studied the efficiency of using agro-
industrial wastes as substrates to produce biosurfactants 
with the help of yeasts. Among the yeasts, Candida 
glabrata has been reported as a microorganism with a 
high biotechnological potential for producing secondary 
metabolites and has the potential to meet the demand of 
this market (Bialkova and Šubík, 2006; Luna et al., 2009; 
Nhlanhla et al., 2016). Thus we used agro-industrial 
wastes such as whey (WH) and corn steep liquor (CSL) 
as carbon and nitrogen sources and C. glabrata UCP 
1556 as yeast strain to produce a biosurfactant using 
low-cost medium followed by physiochemical 
characterization of biosurfactant. 
 
 

MATERIALS AND METHODS  
 
Microorganism and culture conditions 
 
C.  glabrata   UCP   1556  was   isolated   from   Caatinga  soil  from  

 
 
 
 
Pernambuco, kindly supplied from the culture collection of Catholic 
University of Pernambuco (UCP), registered in World Federation for 
Culture Collection (WFCC). The C. glabrata was grown in Yeast 
Mold Agar (YMA) according to the composition: yeast extract 0.3%, 
malt extract 0.3%, tryptone 0.5%, glucose 1%, agar 5.0%, and 
distilled water 100 ml. The inoculum was standardized by 
transferring the cells of C. glabrata to Yeast Mold Broth (YMB), 
same composition of YMA without agar, incubated for 24 h on a 
shaker at 150 rpm at 28°C to obtain 107 cells/ml. 
 
 
Agro-industrial substrates 
 
The production medium composed of agro-industrial wastes: corn 
steep liquor (CSL), a byproduct of corn processing industry and 
whey (WH) from the dairy industry of São Bento do Una, 
Pernambuco, Brazil. 
 
 
Biosurfactant production 
 
Biosurfactant was produced in medium containing WH (40%), CSL 
(20%) and minerals salts (calcium carbonate 0.12, magnesium 
sulfate 0.03). Erlenmeyer flasks containing 100 ml of medium were 
inoculated with 5% of inoculum of C. glabrata suspension of 107 
CFU/ml and incubated for 72 h at 28°C in orbital shaker at 150 rpm. 
After this period, the sample was centrifuged at 10.000 g for 15 min 
and then filtered using Whatman Number 1 filter paper (Sigma 
Aldrich, 2033 Westport Center Dr, St. Louis, MO 63146, EUA).   
 
 
Determination of surface tension and the CMC 
 
The surface tension of the cell-free metabolic liquid was monitored 
for 0, 4, 8, 12, 24, 48, 72, 96, 120, 144  until  168 h using a 
tensiometer (model Sigma 70, KSV Instruments Ltd., Finland) under 
the Du Nouy ring method at temperature (±28°C) (Kuyukina et al., 
2001). The CMC was determined with the isolated biosurfactant 
that was solubilized in water at different concentrations (0.001, 
0.01, 0.03, 0.05, 0.1, 1, 1.5, 2 and 2.5%) and then their surface 
tensions were measured. The upper limit of the CMC (Critical 
concentration of biosurfactant required for micelles formation) range 
was deemed to have been reached after a constant value of the 
surface tension was observed.  

 
 
Growth kinetics 
 
The kinetics of the growth of C. glabrata was assessed during 
incubation at 150 rpm and temperature at 28°C for 168 h. 
Duplicates aliquots from cultures were collected in the following 
intervals, 0, 4, 8, 12, 24, 48, 72, 96, 120, 144, and 168 h. The 
viability of yeasts was estimated by enumerating the number of 
yeasts  by the Pour-Plate technique using YMA, and the results 
were expressed in Log number colony forming units per ml of 
culture (Ln CFU/ml) (Vance-Harrop et al., 2003). 

 
 
Determination of glucose consumption and pH of the 
metabolic liquid  
 
The amount of  glucose  consumed  in  the cell-free metabolic liquid 
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was measured in a spectrophotometer by the enzymatic 
colorimetric method (LABTEST) using D-glucose as standard and 
absorbance at 500 nm and the pH was measured by an Orion 
potentiometer (Model 310) (Gusmão et al., 2010) . 
 
 
Determining the emulsification index 
 
The cell-free metabolic liquid was analyzed in accordance with the 
methodology described by Cooper and Goldenberg (1987). The 
hydrophobic substrates tested were vegetable oils, soybean, 
coconut and canola. The emulsification index was calculated by 
dividing the measured height of the emulsion layer by the total 
height of the mixture and multiplying by 100. Hexane was used as 
control of the hydrophobic substrate for emulsification. 
 
 
Stability studies 
 
Studies of stability were carried out using 50 ml of cell-free 
metabolic liquid at different temperatures (0, 5, 70, 100 and 120°C), 
pH (2 to 12) and NaCl (2 to 12%) after the emulsification index was 
measured. 
 
 
Isolation and purification of the biosurfactant 
 
The biosurfactant produced by C. glabrata was isolated by the 
precipitation method using acetone 1:1 (v/v) added to the cell-free 
metabolic liquid (Paraszkiewicz et al., 2002). The purification 
process was initiated with the crude biosurfactant (500 mg), 
solubilized in 4 ml of deionized water. Then, biosurfactant in 
aqueous solution was re-precipitated using acetone, and the 
process was repeated three times. The isolated biosurfactant was 
submitted to dialysis (dialysis bags width 25 mm and 16 mm 
diameter) against deionized water for 72 h at 5°C, and each was 
changed every 3 h. The purified biosurfactant was collected and 
freeze dried.  
 
 
Characterization of the biosurfactant  
 
The protein concentration in the isolated biosurfactant was 
estimated by using the total protein test kit from Labtest Diagnostica 
S.A., Brazil. The total carbohydrate content was estimated by the 
phenol-sulphuric acid method (Dubois et al., 1956). For the   lipids 
(Manocha et al., 1980), the fatty acids content on the hydrophobic 
portion of the biosurfactant was identified by converting it to methyl 
esters (Durham and Kloos, 1978). The methyl esters of fatty acids 
were suspended in n-hexane and analyzed by gas 
chromatography.  
 
 
Biosurfactant characterization by thin-layer chromatography  
 
The biosurfactant sample was dissolved in chloroform:methanol 
(1:1 v\v) and a 100 µl sample was applied on a TLC silica gel plate 
(Si 60 F254, 0.25 mm, Merck) and developed in a solvent system 
containing chloroform:methanol:acetic acid (65:15:2 v\v\v) (George 
and Jayachandran, 2009). The constituents of the biosurfactant 
were detected after spraying the TLC plate with ninhydrin, 
rhodamine and anthrone reagents. The ninhydrin reagent 0.05% 
w\v (methanol and water 1:1 v\v) heated at 100°C for 4 min used to 
detect amino acids and rhodamine 0.25% w\v (in 70% ethanol) to 
detect the presence of lipids (Yu et al., 2002). The anthrone reagent 
(1 g in 5 ml of sulfuric acid mixed with 95 ml of ethanol) was used to 
detect the presence of yellow spots which are indicative of 
glycolipid biosurfactant (Yin et al., 2009). The visualization of bands  

Lima et al.          239 
 
 
 
corresponding to the biosurfactant constituents were visualized in 
UV light (Yu et al., 2002; Yin et al., 2009).    
 
 
Analysis of the functional groups of the biosurfactant and 
Ionic charge 
 
The biosurfactant obtained was analyzed using a Fourier transform 
(FT-IR) spectrometer, recorded on Bruker IFS 66 apparatus, using 
potassium bromide (KBr) pellets and expressed in wave numbers 
(cm−1) ranging from 4000 to 400 cm−1. The ionic charge of the 
biosurfactant was determined using a DG-ZM3 meter, model Zeta 
Meter system 3.0+. 
 
 
Effect of biosurfactant on viscosity  
 
The effect of the viscosity of biosurfactant on vegetable oils such as 
soybean, cotton and canola was tested after adding 6 ml of each of 
these oils and 2 ml of 1% biosurfactant solution. The mixtures were 
vortexed for 2 min and after 20 min of rest the emulsions were read 
in a viscometer Model Brookfield TC-500 at 25°C using spindel No. 
41 at 100 rpm (Jara et al., 2013). 
 
 
Determination of the potential of biosurfactant in dispersing oil  
 
The identification of the production of the biosurfactant was 
performed with the test oil dispersion, 10 ml of deionized water and, 
subsequently, 0.5 ml of the engine oil were placed on Petri dishes 
of 10 cm diameter. 1 ml of cell-free metabolic liquid containing the 
biosurfactant was added to the center of the Petri dish containing oil 
and water. The halo formation (mm) characterized by a clear zone 
which indicates the presence of surface-active compounds and 
their ability to disperse hydrophobic compounds (Morikawa et al., 
2000). 
 
 
RESULTS AND DISCUSSION 
 
Biosurfactant production   
 
The biosurfactant production occurred in agro-industrial 
wastes (40% W and 20% CSL) based medium with 
excellent reduction of surface tension (28.8 mN/m) after 
72 h of cultivation. Our finding is consistent with previous 
studies were C. glabrata can be used as an organism to 
produce biosurfactants from agro-industrial wastes (Luna 
et al., 2009; Andrade et al., 2015). In addition, the data 
from this study were promising considering that Mulligan 
(2005) and Mesbaiah et al. (2016) affirm that efficient 
biosurfactants are capable of reducing surface tension to 
values below 30 mN/m.  
 
 
Evaluation of the surface tension and CMC 
 
The CMC is the surfactant concentration at which an 
increase in surface tension is observed. Thus, regardless 
of the surfactant concentration, a further decrease in the 
surface tension will not be observed once the CMC has 
been reached (Desai and Banat, 1997; Rufino et al., 
2014). In  this  study, the biosurfactant of C. glabrata was  
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Figure 1. Kinetics of growth, pH, surface tension and glucose consumption for biosurfactant isolated from C. 
glabrata grown in medium optimized with W (40%) and CSL (20%) as substrates cultured during 168 h.  

 
 
 
able of maintain stable values of surface tension after the 
addition of 2% of the sample. The biosurfactant produced 
in this work showed a smaller CMC value than those of 
other biosurfactants from yeasts described in the 
literature, as values of 2.5% (w/v) were found for 
biosurfactant from C. glabrata (Sarubbo et al., 2006). 
 
 
Kinetics of the growth profile of C. glabrata UCP 1556 
 
Figure 1 shows the maximum growth of C. glabrata in the 
medium containing renewable agro-industrial wastes 
(40% W and 20% CSL) after 48 h of cultivation in 
exponential phase and pH 6. On the other hand, the 
glucose consumption in production medium was detected 
after the first 24 h of cultivation of C. glabrata. For 
biosurfactant production after 72 h, occurred the 
maximum production in the stationary phase of growth 
with surface tension reduction to 28.8 mN/m (Figure 1).  
Our data confirmed that the biosurfactant are secreted 
into the culture medium in the stationary phase (Ramnani 
et al., 2005; Kuyukina et al., 2016).  
 
 
Yield of the biosurfactant and purification 
 
The yield of the crude biosurfactant produced by C. 
glabrata was 8 g/L after 72 h of cultivation. After the first 
purification, the yield reduced to 6.80 g/L and after the 
second  purification  to  5.60 g/L. The  yield  of  the  crude 

biosurfactant produced by C. glabrata in this study is in 
agreement with values reported by other studies 
(Morikawa et al., 2000; Rufino et al., 2007; Yadav et al., 
2016). 
 
 
Emulsifier property 
 
The results showed that the biosurfactant of C. glabrata 
was able of form consistent emulsions using soybean oil, 
cotton, canola and hexane with values of 75, 90, 80, and 
82%, respectively. Therefore, these results are very 
promising by characterizing the biosurfactant of C. 
glabrata as an excellent emulsifier once Alvarez et al. 
(2015) consider emulsifying agents those that are 
capable to form emulsions by Emulsification Index (IE 24) 
values above 50%.   
 
 
Stability studies 
 
Environmental factors such as pH, salinity and 
temperature also affect the activity and stability of 
biosurfactants. Therefore, it is important to study the 
influence of these parameters when considering specific 
applications for these compounds (Mulligan, 2005; Rufino 
et al., 2016). The biosurfactant produced by C. glabrata 
in the renewable agro-industrial wastes (40% W and 20% 
CSL) medium was stable in all different temperatures 
(Figure 2A),  range  of  pH  (Figure  2B),  and  in  different  
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Figure 2. Influence of pH (A), temperature (B) and NaCl (C) on emulsifying capacity of 
biosurfactant produced by C. glabrata grown in W (40%)  and CSL (20%) as 
substrates. 

 
 
 
NaCl concentrations (Figure 2C) using hydrophobic 
substrates (soybean, cotton and canola oils) for 
emulsification index values. The biosurfactant produced 
by  Candida  lipolytica  (Rufino    et    al.,   2007)    and   a 

biosurfactant produced by C. glabrata (Sarubbo et al., 
2006) cultivated with industrial residue have shown 
similar thermal stability in the temperature range tested 
from the results  obtained  in this study. The biosurfactant  



242          Afr. J. Microbiol. Res. 
 
 
 

 
 

Figure 3. Infrared spectroscopy (IS) beam with the Fourier transform (FT-IR) of C. glabrata isolate biosurfactant. 

 
 
 
produced in this work by C. glabrata have the potential 
application in several industrial products by maintaining 
its emulsifying properties proven by the maintenance of 
its activity after temperature exposure and high saline 
concentration and acid and alkaline conditions.  
 
 
Characterization of the biosurfactant 
 
The analysis demonstrated that the biosurfactant isolated 
from C. glabrata consists of 58% lipids and 36% protein. 
The presence of both protein units and lipids indicates 
that the sample is a lipoprotein. Similar results were 
observed using C. lipolytica, in medium supplemented 
with soybean oil, refinery residue, glutamic acid and 
yeast extract. This was able to produce a biosurfactant of 
lipoprotein type (50% protein and 20% lipid) (Yu et al., 
2002; Luna et al., 2009; Luna et al., 2016).  The presence 
of these compounds was confirmed by FT-IR and by thin-
layer chromatography (TLC), visualized with specific 
reagents for identification bands. The results 
demonstrated positive reactions to amino groups are 
using ninhydrin reagents and to lipids using rhodamine 
reagents, but negative to glycolipids using anthrone 
reagents.  

Analysis of the FT-IR spectrum of biosurfactant 
produced by C.  glabrata  (Figure 3)  revealed  absorption 

peaks at 2926 cm
-1

 indicating the presence of a C-H 
stretch containing compounds with fatty acids and lipids 
(Lambert et al., 1998). The peak at 1745 cm

-1
 is the 

stretching vibration of C = O of the ester functional group 
in lipids. The presence of peptides was confirmed by the 
peak 1662 cm

-1
 corresponding to stretching C = O 

(Forato et al., 2013). The peak 1393 cm
-1

 corresponds to 
the symmetrical stretching vibrations of -COO- group side 
chain of amino acids and fatty acids (Naumann, 2000).  

According to the analysis conducted using a Zeta 
Potential Meta 3.0 +, biosurfactant showed an anionic 
character, -12.8 nV. Other biosurfactants produced by 
Candida species also display an anionic character when 
submitted to the same test (Luna et al., 2013). The 
anionic surfactants most widely used commercially are 
subdivided into carboxylate esters and sulfated (esters) 
widely used in household cleaners and cosmetics (Karray 
et al., 2016). 

The fatty acids present in the hydrophobic portion of 
the biosurfactant produced by C. glabrata were identified 
by conversion to methyl esters and are reported in Table 
1.  

The study composition of the fatty acid of the isolated 
biosurfactant produced by C. lipolytica analysed by Gas 
Chromatography revealed the presence of C12:0 
(75.34%), C8:0 (7.96%), C18:1 (6.36%), C16:1 (4.23%), 
C14:0 (3.85%) and C16:0 (2.25%) (Luna et al., 2013).  



 
 
 
 

Table 1. Composition of fatty acids of biosurfactant of C. glabrata 
(UCP 1556). 
 

Composition of fatty acids UCP 1556 (%) 

Capric acid (C8:0) 4.1 

Palmitoleic acid (C16:0) 33.6 

Stearic acid (C18:0) 28.4 

Oleic acid (C18:1) 22.6 

Linoleic acid (C18:2) 5.7 

 
 
 
Viscosity reduction 
 
The biosurfactant produced by C. glabrata reduced the 
viscosity of soybean (21.0 to 18.5 Cp), cotton (39.5 to 
26.4 Cp) and canola (34, 8 to 29.3 Cp) oils. The effect of 
reducing the viscosity of oils and the high potential to 
form emulsions of our biosurfactant can be applied to 
manufacturing cosmetics (Bhardwaj et al., 2016). 
However, further studies are required to assess the 
suitability of this to be used in cosmetics. The hexane 
was uses as control of the hydrophobic substrate. 
 
 
Oil spreading determination 
 
Spreading oil tests were conducted to confirm the 
presence of the surfactant due to its dispersion ability. 
The biosurfactant produced by C. glabrata in medium 
constituted by agro-industrial wastes (40% Whey and 
20% corn steep liquor) showed oil dispersion of 81.54% 
and formation of the halo with 53 mm diameter. The 
control used in this study was the triton-X (chemical 
surfactant) that promoted 95.38% dispersion of water in 
engine oil resulting in the formation of a halo of 62 mm 
diameter. Thus, the data demonstrate excellent capacity 
dispersant of oil by the biosurfactant produced by C. 
glabrata in this study. 
 
 

Conclusion 
 
The biosurfactant produced by C. glabrata UCP 1556 
yeast from whey and corn steep liquor is an anionic 
biosurfactant with great surface tension reduction, 
emulsification and dispersion properties of petroleum 
derivatives. The promising future of biosurfactant 
production using renewable agro-industrial substrates 
represent 30% of low-cost for final bioproduct. In addition, 
more studies need to enhance the lipopeptide 
biosurfactant property of this product especially in 
cosmetic industry. 
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A farm to fork approach was used to establish the prevalence and risk of microorganisms in a 
carbonated soft drinks factory in south eastern Nigeria. Raw materials, intermediate and finished 
products were collected from 19 microbiological control points in a processing environment and 
analysed using membrane filtration over a 12 month period. Yeasts and other heterotrophic bacteria 
increased during the rainy season but there was no significant difference (p>0.05) in the proliferation of 
organisms among the analysed months.  Although, organisms were not detected in finished products, 
there was 100% prevalence for yeasts and bacteria in the processing areas with high sugar activity. No 
mould, Pseudomonas aeruginosa or Escherichia coli were isolated. Overall, a 5 by 5 risk matrix showed 
that heterotrophic bacteria, yeasts or mould had low risk of reaching undesirable numbers.  In addition 
to the prevalence investigation carried out in the processing environment, 864 properly stored bottles 
of the same brand of carbonated soft drink in trade were purchased from different commercial locations 
over 12 months and screened. No yeasts mould or coliform bacteria were isolated from the sampling 
carried out. In conclusion, heterotrophic bacteria and yeasts thrive more on equipment than 
intermediate or finished products in the process environment studied and the risks of product spoilage 
or people getting ill was generally low and may  remain so, if good manufacturing and proper after sales 
handling of the products are observed. Study highlights the need to focus on areas of high sugar 
activity, to control undesirable organisms and further work is required to establish how 
microorganisms survive and form biofilms on bottling equipment after sanitation. 
 
Key words: Heterotrophic, yeasts, bacteria, prevalence, carbonated soft drinks, risk, biofilms, bottling 
equipment. 

 
 
INTRODUCTION  
 
Non-alcoholic carbonated soft drinks (CSD) are consumed 
in all corners of the globe and are served  in  most  social 

functions. The preference of consumers for a particular 
soft drink is greatly influenced by the  beverage's  specific
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attributes (Redondo et al., 2014). The drink may be up to 
98% water and may contain preservatives and carbon 
dioxide to prevent the proliferation of microorganisms 
(Juvonen et al., 2011). According to Kregiel (2015), 
microbial contamination of soft drinks may originate from 
the raw materials, factory environment, microbiological 
state of the equipment and lack of hygiene. Filamentous 
fungal and bacterial pathogens do not pose any risk due 
to the presence of carbon dioxide, low pH and 
preservatives but yeasts and aciduric bacteria can 
survive and cause spoilage (Azeredo et al., 2016).   

In the developed world, high microbial load in soft 
drinks is rare and hardly reported possibly due to strict 
compliance with hazard analysis and critical control point 
programs (HACCP) running in processing plants. 
However, in the developing world some studies have 
shown that carbonated soft drinks are loaded with 
bacteria. Akond et al. (2009) found that carbonated soft 
drinks commercially available in Bangladesh contained 
coliform bacteria even though all samples were under the 
permissible limit for heterotrophic plate counts. 
Heterotrophic microorganisms require only carbon for 
energy and they include most bacteria found in the food 
processing environment especially Escherichia coli, 
yeasts, and mould (Health Canada, 2012).  Heterotrophic 
count is not a pathogen indicator but it is used for general 
detection of any form of contamination (Amanidaz et al., 
2015). The microbial limits for water and other foods are 
normally set by World Health Organisation (WHO) or 
health authorities of a country after several validation 
trials in the laboratory.  

Prevalence of microorganisms in a food processing 
environment is aided by the formation of biofilms. Biofilms 
have been described as accumulated mass of 
microorganisms and their extracellular matrix on a solid 
surface (O'Toole et al., 2000).The process of adhesion to 
surfaces includes a reversible phase and an irreversible 
molecular phase (Donlan and Costerton, 2002). 
Acccording to Winkelströter et al. (2014) the biological 
cycle of biofilms depends on the organism and includes 
developmental phases such as initial attachment, 
maturation, maintenance, and dispersal. It is generally 
known that biofilms are difficult to remove from a food 
processing facility and may remain in the environment for 
a long period due to resistance to sanitizing agents 
(Chmielewski and Frank, 2003). Biofilm formation is a 
concern for the food industry because the colonization of 
food processing surfaces can lead to contamination of 
products and cause food poisoning or spoilage 
(Olszewska, 2013). This can cause huge economic 
losses to members of the public and the factory involved. 

Contaminants and heavy metal assessment of 
commercial carbonated soft drinks samples in Nigeria 
have been carried out (Engwa et al., 2015) but the 
microbial profile has not been extensively reported. From 
literature search, the reports of analysis for process 
environment where carbonated soft drinks  are  produced  

 
 
 
 

 
 

Figure 1. Flow chart showing different steps in 
the carbonated soft drink production process. 

 
 
 
in Nigeria are rare.  Therefore, the main aim of this study 
was to establish the source, frequency and level of 
heterotrophic microbial contamination at different points 
within a carbonated soft drink bottling process. Also, the 
risk of contamination within the process environment and 
the prevalence of microorganisms in commercial 
products were evaluated. 
 
 
MATERIALS AND METHODS  
 

Carbonated soft drink production process 
 

Study was carried out in a CSD bottling facility in south east Nigeria. 
The production process of the carbonated beverage studied is 
shown in Figure 1. The main raw materials used are treated water, 
granulated sugar, carbon dioxide and beverage concentrate. 
Granulated sugar is mixed with water to get simple syrup after which 



 
 
 
 
the simple syrup is filtered and mixed with concentrate to get more 
viscous final syrup. The final syrup is then blended with carbonated 
water and filled in washed returnable glass bottles with the aid of 
vent tubes after which, a final product inspection is carried out 
before warehouse storage. Products are sent to shops and then 
released for sale. A microbiological monitoring program is in place 
for sampling from several points. The microbiological program 
focuses on areas of microbial activity or absence of activity and 
microbial identification to genus level rather than classical multiple 
step identification are performed.  
 
 
Sample collection 
 
All the 19 sampling locations used covered the raw materials, sugar 
and treated water as well as intermediate products (simple and final 
syrup). They were sampled 3 times a month on different days over 
a 12 month period. Blended beverage and carbonated water were 
collected from the blender while bottled products were collected 
from the production line after filling. Random samples (three each) 
were collected at first, second and third turns of the filler in the start 
of the production run. Samples were also collected from the 
warehouse after 5 days storage. Cotton wool swab samples in 
triplicate were collected from processing equipment namely, simple 
and final syrup tank, polishing filter tank, blender and sugar mixing 
tank. Swabbing was carried out with a stainless steel rectangular 
template (8 x 5 cm). Filler swab was carried out on the vent tube 
which is a product contact component in the filler by swabbing 5 
times for each test. The internal surface of the neck of washed 
bottles was also swabbed (10 circular strokes per bottle).  

Swabs were broken off into 100 mL of 0.9% sodium chloride 
(NaCl) in sterile water contained in 100 mL conical flasks for 
bacteria count, 20 mL for yeast and mould count in universal bottles 
and then allowed to stand for 3 h before membrane filtration was 
carried out. Sugar granules were collected at random from sugar 
bags with a sterile spatula, during production of simple syrup with 
Whirl-Pak sampling bags (Nasco, Wisconsin, USA). A mixture was 
obtained by mixing 20 g of sugar with 200 mL of 0.9% NaCl in 
sterile water using 250 mL conical flasks. Liquid samples from 
water and all other intermediate and finished products were 
collected with Whirl-Pak sampling bags and analysed within 1 h 
after collection. In all liquid samples three replicates of 100 mL were 
used for bacteria count whereas 20 mL replicates were used for 
yeasts and mould analysis. For analysis of commercial CSD 
samples, 3 cases consisting of 24 bottles each were purchased 
from reputable commercial shops monthly and screened for the 
presence of heterotrophic microorganisms. 
 
 
Prevalence and heterotrophic counts 
 
Industrial standard membrane filtration (Hallasa and Monisa, 2015) 
was used to analyse factory and commercial samples. Filtration 
was carried out with a sterile multi-branched stainless steel 
manifold and filter holder system with different nutrient pad media 
sets (Sartorius, Göttingen, Germany) according to manufacturer’s 
instructions. The nutrient pad media sets included tryptone glucose 
extract media for total bacteria count, tergitol triphenyltetrazolium 
chloride media pad for coliforms and enterobacteria, centrimide 
nutrient pad for Pseudomonas Spp. and other non-faecal 
pathogenic bacteria and Schaufus Pottinger nutrient pad for yeasts 
and mould. The membrane filter was attached to a nutrient pad 
after filteration and incubated at 25°C for 5 days for yeasts and 
mould and 37°C for 24 h for bacteria. Membrane filters of 0.65 µm 
was used for yeasts and mould whereas 0.45 µm membrane filter 
was used for bacteria.  

Incubation of cells on centrimide media was carried out at 42°C 
for 48 h. Colonies that emerged  were  counted  as  colony  forming 
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units (CFU) per 100 mL or 20 mL of membrane filtration sample.  

The percentage prevalence was calculated from the number of 
times the organism occurred in all samples (108 tested per sample 
point), of a sample point tested during the 12 month study.  
 
 
Risk analysis 
 
A 5 by 5 risk matrix (Cox, 2009) was used to estimate risk from 
likelihood (L) and severity or consequence (C) of counts obtained. 
Consequence or severity was assigned to bacteria and yeast 
counts based on where the organism occurred (Table 1) and Risk 
(R) of contamination was calculated by multiplying the values of 
likelihood and consequence (R=L x C). It is common to use broad 
categories to capture impact in a matrix (UN, 2012) and the risk 
scores may overlap (ISO, 2009).  

In this study, risk scores in the range of 1 to 8, 9 to15 and 16 to 
25 were regarded as low, medium and high risk, respectively as 
previously described (RAO, 2016). The risk rating used the, 
factory’s stricter counting standard of 25 CFU/100 mL for 
heterotrophic bacteria as a reference point rather than generally 
known 500 CFU/mL (Health Canada, 2012). For yeasts and mould, 
Nigeria Industrial Standards (SON, 1992) stricter limit of 1 CFU/mL 
was used as a reference point instead of the maximum 5 CFU/mL 
(Sartorius, 2016) advised by the manufacturers of the membrane 
filtration kit. 
 
 
Statistical analysis 
 
Means, correlation and analysis of variance were determined using 
Minitab 17 software (Minitab Inc., PA, USA). Statistical significance 
cut off was set at p < 0.05. 

 
 

RESULTS AND DISCUSSION 
 

In the factory studied, any growth trend is monitored and 
is relied upon for corrective actions. There is less 
emphasis on statistical significance of microbial counts 
mainly because statistical significance does not 
necessarily establish practical significance (Murtaugh, 
2014). The isolation of heterotrophic bacteria (Table 2a) 
and yeasts (Table 2b) showed that, the highest 
prevalence (100%) for both organisms was detected from 
syrup mix and simple syrup tank. None of these groups of 
organisms were detected in the finished products that 
contained carbon dioxide and prevalence was highest 
(100%) in areas of high sugar activity. 

In Nigeria, the rainy season is between March and 
October, and the sales of CSD plummet, when sales go 
down, production is scaled down in the factory and the 
equipment remains idle for long periods. According to 
Watkinson (2008), a variety of microorganisms may 
remain and slowly accumulate on processing equipment 
even when the equipment appear clean and while 
processing equipment is idle, significant number of 
bacteria may develop even though the equipment has 
been cleaned and disinfected. There was an increase (up 
to 50%; Table 2) in count for both groups of organisms, 
during the rainy season months of March to September 
but no significant difference (p > 0.05) was observed in 
the count of organisms between all months  evaluated.  It  
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Table 1. Categories used for risk assessment of microbial contamination. 
 

Assessment   Score 

(i) Likelihood (L)  

Yeast (cfu/20 ml) Bacteria count (cfu/100 ml)  

0-4 0-5 1 

5-8 6-10 2 

9-12 11-15 3 

13-16 16-20 4 

17-20 or more 21 or more 5 

   

(ii) Consequence or severity (C)  

Occurrence in:  

Raw material  1 

Equipment   2 

Intermediate product e.g. syrup  3 

Blended beverage before bottling  4 

Bottled beverage  5 

   

(iii) Risk (R) = Likelihood (L) x Consequence or severity (C)*   
 

*Cox (2009). 

 
 
 

Table 2a. Average heterotrophic bacteria count and percentage prevalence (%) in different samples over 12 months. 
 

Sample source 
Counts* 

Jan 
Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Prevalence (%) 

Sugar mixing tank swab 80±2.0 40±1.2 65±.0.9 69±0.2 42±0.6 60±0.1 80±0.3 90±0.2 77±1.3 75±1.1 63±0.2 78±0.3 100 

Simple syrup tank swab 132±2.5 126±1.8 120±0.4 110±0.3 133±1.4 150±0.1 165±0.1 185±0.4 131±1.1 128±1.2 114±1.5 122±0.5 100 

Final syrup tank swab 14±2.0 0 0 0 0 0 0 0 0 0 0 0 11 

Beverage Blender swab 5±0.6 1±0.0 1±0.1 2±0.1 0 0 2±0.0 3±0.3 1±0.0 0 0 0 58 

Polishing filter tank swab 10±1.0 9±0.4 2±0.2 1±0.0 0 2±0.0 5±0.1 6±1.2 3±0.1 2±0.0 1±0.0 1±0.0 94 

Filler swab 6±1.0 15±0.8 22±0.6 25±0.4 15±0.1 10±0.2 26±1.5 22±1.4 18±0.2 12±0.2 9±0.4 11±0.2 100 

Washed glass bottles swab  0 0 1±0.0 0 5±1.5 1±0.0 2±0.0 2±0.0 1±0.0 1±0.0 1±0.0 0 67 

Treated Water 0 0 0 0 0 0 0 0 0 0 0 0 0 

Filler Rinse water  2±1.0 3±0.1 1±0.0 1±0.0 9±0.5 7±0.1 10±0.5 11±0.2 14±0.5 16±0.4 2±0.0 6±0.1 92 

Sugar crystals 0 0 0 0 0 0 0 0 0 0 0 0 0 

Simple syrup before filteration 22±1.5 30±1.1 22±0.1 34±0.3 28±0.1 35±0.2 56±0.5 44±0.4 32±1.3 38±0.5 28±1.4 22±1.2 100 
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Table 2a. Contd. 
 

Simple syrup after filteration  18±1.5 14±0.5 12±0.2 17±0.6 20±0.4 22±0.2 38±0.1 19±0.3 12±1.2 10±0.3 15±1.1 10±0.5 100 

Final syrup 2±0.0 0 0 0 0 0 0 0 0 0 0 0 8 

Carbonated water 0 0 0 0 0 0 0 0 0 0 0 0 0 

Blended beverage before bottling 0 0 0 0 0 0 0 0 0 0 0 0 0 

Finished product, Ist turn of filler 0 0 0 0 0 0 0 0 0 0 0 0 0 

Finished product, 2nd turn of filler 0 0 0 0 0 0 0 0 0 0 0 0 0 

Finished product, 3rd turn of filler 0 0 0 0 0 0 0 0 0 0 0 0 0 

Warehouse finished product  0 0 0 0 0 0 0 0 0 0 0 0 0 
 

*Liquid samples = CFU 100/mL; Sugar granules = CFU 20/g; Swab samples = CFU/40cm
2
; Anova = p>0.05 between months.  

 
 
 
Table 2b. Average heterotrophic yeast count and percentage prevalence (%) in different samples over 12 months.  
 

Sample source Counts* Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Prevalence (%) 

Sugar mixing tank swab 18±1.1 14±0.4 56±0.1 66±0.2 52±0.1 60±0.3 77±0.6 64±1.1 57±1.3 40±0.2 33±0.2 29±0.2 100 

Simple syrup tank swab 12±1.5 4±1.7 66±0.5 74±1.9 72±0.5 45±0.1 79±0.2 86±0.2 62±0.6 28±0.4 22±0.2 28±1.2 100 

Final syrup tank swab 5±1.0 0 0 0 0 0 0 0 0 0 0 0 25 

Beverage Blender swab 5±1.0 0 0 0 0 0 0 0 0 0 0 0 8 

Polishing filter tank swab 8±0.5 0 0 0 0 2±0.0 2±0.2 1±0.0 0 0 0 0 33 

Filler swab 6±0.6 0 0 0 0 0 0 1±0.0 0 0 0 0 17 

Washed glass bottles swab  0 0 1±0.0 0 5±0.3 1±0.0 2±0.0 2±0.0 1±0.0 1±0.0 1±0.0 0 67 

Treated Water 0 0 0 0 0 0 0 0 0 0 0 0 0 

Filler Rinse water  1±0.0 2±1.0 1±0.0 0 6±0.3 5±0.2 8±0.4 6±0.5 6±0.2 10±0.2 1±0.0 4±0.1 94 

Sugar crystals 0 0 0 0 0 0 0 0 0 0 0 0 0 

Simple syrup before filteration 14±2. 17±0.6 12±0.4 24±0.3 21±0.1 23±0.4 22±0.4 27±1.4 16±1.1 21±0.4 12±0.5 14±0.3 100 

Simple syrup after filteration  8±1.2 5±1.0 4±0.1 17±0.5 10±0.1 15±0.3 9±0.5 9±0.2 5±0.3 10±1.1 8±0.1 5±0.1 100 

Final syrup 0 0 0 0 0 0 0 0 0 0 0 0 0 

Carbonated water 0 0 0 0 0 0 0 0 0 0 0 0 0 

Blended beverage before bottling 0 0 0 0 0 0 0 0 0 0 0 0 0 

Finished product, Ist turn of filler 0 0 0 0 0 0 0 0 0 0 0 0 0 

Finished product, 2nd turn of filler 0 0 0 0 0 0 0 0 0 0 0 0 0 

Finished product, 3rd turn of filler 0 0 0 0 0 0 0 0 0 0 0 0 0 

Warehouse finished product  0 0 0 0 0 0 0 0 0 0 0 0 0 
 

*Liquid samples = CFU 100/mL; Sugar granules = CFU 20/g; Swab samples = CFU/40 cm
2
;Anova = p>0.05 between months. 
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has been explained (Zeraik and Nitschke, 2012) that, 
environmental conditions can influence the complex 
process of bacterial adhesion to inert surfaces. Hence, 
the higher counts between March and September among 
the months analysed for microbial count (Table 2) may be 
due to, the prolonged period that the bottling equipment 
was kept idle which allowed microorganisms to 
proliferate. Another contributing factor could be the 
seasonal differences in temperature and water activity 
experienced during rainy or dry season because, 
temperature and water activity affects growth rate of 
bacteria (Medveďová et al., 2009). 

In the high sugar activity areas, correlation analysis 
showed that there were similarities in bacteria (r=0.73; 
p<0.05) and yeast (r=0.72; p<0.05) growth patterns of 
samples from simple syrup before and after filtration 
(Table 2). Counts of swab samples from sugar mix tank 
and the simple syrup tank showed low similarities for 
bacteria (r=0.41; p<0.05) while the highest similarity was 
observed for yeast (r=0.93; p<0.05). This indicates that, 
microbial growth persisted and remained consistent in 
intermediate products and on bottling equipment. Lawlor, 
et al. (2009) has noted that yeasts and aciduric bacteria 
can survive and grow in the physical and chemical 
conditions of a CSD and its bottling equipment. 
Furthermore, persistence of microrganisms observed in 
this study is common in food processing environment and 
may be attributed to biofilm persistence (Coughlan et al., 
2016). The layers of biofilms matrix contain sub-
populations of bacteria and these contaminations could 
be enhanced, if more than one microbial species is 
responsible for the formation of the biofilm matrix (Singh 
et al., 2012). This has been shown by Roder et al. (2015) 
after co-cultures of bacteria isolated from a food 
processing facility, were used to show enhanced biofilm 
formation. The interspecies interactions observed in this 
study and the nature of biofilm formed will need to be 
investigated. 

No mould, Pseudomonas aeruginosa or E. coli were 
isolated during the 12 months period the study was 
carried out. It was found that in filler swabs and washed 
glass samples, bacteria was more prevalent (Table 2). All 
the products purchased monthly over a 12 month period 
from different trade locations did not show any growth on 
the nutrient pads used. Soft drink producers have the 
problem of preventing contamination in the manufacturing 
process and if microorganisms are allowed to proliferate, 
they can distort the taste of soft drinks and possibly 
cause illness. The lack of growth in sugar granule 
samples and growth in the sugar mix tank indicates that, 
equipment where sugar was processed is prone to 
contamination. Results (Table 2) indicated that filtration of 
the simple syrup reduced bacteria and yeast count. 
Theoretically, it would be beneficial to repeat the filtration 
process to reduce number of organisms further during 
production, but this will not be practicable because of the 
time it will take  to  filter  large  volumes  of  syrup  usually  

 
 
 
 
prepared. The prevalence (100%) of bacteria and yeasts 
in areas of high sugar concentration is most likely, due to 
the fact that the organisms had access to nutrient and 
growth requirements (Sperber, 2009), in areas where 
sugar was used regularly. The lack of growth in samples 
with carbon dioxide was most likely due to low oxygen 
availability, under the fungistatic and bacteriostatic 
environment caused by the carbon dioxide inherent in the 
finished products (Wareing and Davenport, 2007). It may 
also be due to metabiosis because it has been shown 
that, bacteria and fungi can form a range of physical 
associations that depend on various modes of 
communication for their development and function (Frey-
Klett et al., 2011).   

The filling machine sanitation status was shown by the 
filler rinse water and the maximum yeast count obtained 
(Table 2b) was slightly higher than counts obtained 
previously (Nwaiwu and Ibekwe, 2006), when filler 
components were evaluated for their contamination 
potential. The rinse water showed the true sanitation 
status of the filler prior to the beginning of beverage 
production because it flowed over filler components like 
vent tubes in the filler before it was captured for analysis. 
Yeasts and bacteria detected in the rinse water indicates 
presence of microorganisms in the filler but, the number 
was not sufficient to overcome the carbon dioxide barrier 
in the finished products which was evidenced by lack of 
growth in all nutrient growth pads used for testing finished 
products. The commercial samples were free of mould, 
yeasts and bacteria because the carbon dioxide and 
preservatives in the product were able to prevent the 
organisms, inherent in the product from getting to 
detectable thresholds. This suggests that detection may 
only be possible with initial enrichment of the CSD 
sample and longer incubation after plating. In line with 
this study, commercial carbonated water has been 
analysed elsewhere (Saleh et al., 2008) and no bacteria 
were detected in the water.  In another study by Aljaloud 
(2016) on commercial non- alcoholic energy drinks, it was 
found that most of the carbonated energy drinks analysed 
did not contain harmful bacteria and total bacterial counts 
for most of the samples were less than 1 log CFU/mL). 
As pointed out by Ashurst (2009), the main factor in 
determining shelf life for carbonated beverages, is the 
retention of carbon-dioxide in finished products. 

Efiuvweuwere and Chinyere (2001) found that 
incidence of Bacillus spp. in carbonated soft drink held in 
open-air was, remarkably increased for samples stored at 
over 30°C by approximately 103% when they compared 
trade samples stored at different temperatures. In 
contrast to lack of microbial growth for commercial 
samples purchased in this study, Oranusi et al. (1994) 
detected contaminants in 50% of samples analysed in an 
investigation while the other half showed no growth. In 
another study, Okpalugo et al. (2008) found that only 
35% of samples were without growth and concluded that 
there were a lot of differences in the microbial  content  of  
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Table 3. Risk of contamination rating for bacteria and yeasts based on likelihood and consequence (severity). 
 

Sample source 
Likelihood 

Consequence 
Risk  score Risk rating 

Bacteria Yeast Bacteria Yeast Bacteria Yeast 

Sugar mixing tank swab 5 5 2 10 10 Medium Medium 

Simple syrup tank swab 5 5 2 10 10 Medium Medium 

Final syrup tank swab 1 1 2 2 2 Low Low 

Beverage Blender swab 1 1 2 2 2 Low Low 

Polishing filter tank swab 1 1 2 2 2 Low Low 

Filler swab 1 1 2 2 2 Low Low 

Washed glass bottles swab  1 1 2 2 2 Low Low 

Treated Water 1 1 1 1 1 Low Low 

Filler Rinse water  1 2 3 3 6 Low Low 

Sugar crystals 1 1 1 1 1 Low Low 

Simple syrup before filteration 5 5 3 15 15 Medium Medium 

Simple syrup after filteration  4 2 3 15 6 Medium  Low 

Final syrup 1 1 3 3 3 Low Low  

Carbonated water 1 1 3 3 3 Low Low 

Blended beverage before bottling 1 1 4 4 4 Low Low 

Finished product, Ist turn of filler 1 1 4 4 4 Low Low  

Finished product, 2nd turn of filler 1 1 4 4 4 Low Low  

Finished product, 3rd turn of filler 1 1 4 4 4 Low Low  

Warehouse finished product  1 1 5 4 4 Low Low  
 

Risk rating based on risk scores; 1-8 = low risk; 9-15 = medium risk; 16-25 = high risk.  

 
 
 
different production batches of CSD.  In Nigeria, it is not 
uncommon to see CSD displayed in open air for sale in 
direct sunlight. Also retailers sometimes exhibit poor 
handling of products by stacking cases roughly and 
cause the metallic crown corks of the product to shift. In 
some cases, products with compromised crown cork may 
lose carbon dioxide and facilitate the growth of yeast and 
bacteria.  None of these undesirable practices were 
encountered in this study and may have contributed in 
part to the non-detection of microbial growth, in 
commercial samples. A link between environmental 
contamination and prevalence of microorganisms has 
been suggested (Shanker et al., 2012), hence further 
studies need to be carried out, taking into consideration 
the different environment where CSDs are sold.  

The analytical method employed in evaluation of soft 
drinks for microbial content by other workers and the 
source of samples could also explain the differences in 
the results of the analysis of commercial samples in this 
study. In the aforementioned studies, the retail outlets 
where the samples, were purchased appear to be small 
outlets where handling and good warehouse practices 
may not be standard and products are left in open air. If a 
product becomes compromised for any reason, bacteria 
can grow within a few hours and cause increased 
detection during sampling. This has been demonstrated 
by Park and Chen (2009) who found that, soft drinks 
sampled after the 4h holding period had relatively higher 
counts than those sampled initially. 

Microbial risk assessment can be used to manage the 
risk posed by food pathogens (FAO/WHO, 2009). 
According to Cox (2008) when risk matrixes are used to 
evaluate risks, categorization may require subjective 
interpretations and careful explanations should be given 
to reduce subjectivity in the matrix used for risk 
quantification. The limits adopted by the factory based on 
local regulation (SON, 1992) were used as a reference 
point and the risk rating (Table 3) showed that in most 
sample points, there was low risk of contamination. In 
agreement with the prevalence counts (Table 2), only 
areas with high sugar processing showed a medium risk 
of contamination. The quantification of risks with the 
matrix employed is not absolute and the emphasis was 
on the quality control perspective brought to the study in 
line with HACCP principles. As suggested by Pickering 
and Cowley (2010), a hazard management process may 
lead to timely decision making and a better use of 
resources. In this case, more attention should be paid to 
areas of high sugar activity where most of the bacteria 
and yeast occurred. 

The factory studied uses a stricter limit for occurrence 
of microorganisms after sampling, to ensure that 
corrective actions are taken before the organisms 
proliferate and easily reach detectable thresholds in the 
final product. This approach ensures that they stay within 
the local, national and international permissible limits 
(500 CFU/mL). In addition to the growth retardation effect 
of   carbon   dioxide   on   microorganisms,    most    CSD  
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manufacturers around the world maintain high sanitation 
and good manufacturing practices. This may be why in 
spite of billions CSD served daily around the world, it is 
rare to see reports of sporadic outbreak of microbial 
infection after consumption. Further work which takes into 
consideration the equipment design and factory 
personnel hygiene practices, while exploring how yeast 
and bacteria survive on the equipment during idle 
periods, will contribute in maintaining low risk of 
contamination in the process environment. 
 
 
Conclusion 
 
Overall, the heterotrophic count especially for bacteria 
was far less than known limits (500 CFU/mL) which 
suggest good sanitation practices and low risks of 
product spoilage. A definitive finding is that, heterotrophic 
bacteria and yeasts thrived more on equipment than 
intermediate or finished products in the process 
environment analysed.  
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Fecal contamination of drinking water is a major problem in rural communities of Ethiopia, where 
surface water sources like rivers, wells, and lakes are used for drinking. In spite of these problems, few 
data exist on the microbiological safety of water sources in these settings. Therefore, the aim of this 
study was to investigate the microbiological safety of drinking water from the sources and households 
in selected communities of Shashemane rural district, Ethiopia. A descriptive analytic study was used 
to examine the bacteriological quality of drinking water from sources and household containers. Data 
on water collection and storage practices were collected using structured questionnaires. Water 
samples were collected according to the WHO Guidelines for drinking water quality assessment from 
surface and ground water sources which are used directly for drinking purpose in the community. 
Water samples were examined for total coliforms and fecal coliforms using the most probable number 
methods. The detection of Escherichia coli, Salmonella, Shigella, and Vibrio cholerae were assessed by 
biochemical tests. Total coliforms were detected in higher proportion in all water source samples. Fecal 
coliform contamination was detected in all water sources, except in hand pipes. E. coli, Salmonella and 
Shigella species were detected in water samples from river and wells.  Total coliforms, fecal coliforms, 
E. coli and Salmonella spp. were also detected in water samples from households. The bacteriological 
load of the sampled water from source and households was found to be higher than the maximum value 
set for drinking water. Therefore, enabling the community access to potable water through encouraging 
construction of toilets, creating proper domestic and animal waste disposal system and rendering 
health education and sanitation practices for the community is recommended. 
 
Key words: Diarrhea, drinking water, Ethiopia, fecal coliforms, Shashemane, total coliforms. 

 
 
INTRODUCTION  
 
Access to safe drinking water is one of the basic human 
rights and is enormously crucial to health. For a nation to 

maintain optimal health and development, there has to be 
a continual supply of safe drinking water to its population. 
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However, drinking water is also the most important source 
of gastroenteric diseases worldwide, mainly due to the 
fecal contamination of raw water, failure in the water 
treatment process or recontamination of drinking water at 
source and point of use (WHO, 2003; Pironcheva, 2004; 
Wright et al., 2004; Clasen et al., 2006, 2007;  Miner et 
al., 2016). 

About two thirds of drinking water consumed worldwide 
is derived from various surface water sources like: lakes, 
rivers and open wells. Hence, it can easily be 
contaminated microbiologically by sewage discharges or 
fecal loading by domestic or wild animals (WHO, 2003). 
As a result, water related diseases continue to be one of 
the major health problems globally (JMP, 2008). It is 
estimated that globally 80% of all illnesses are linked to 
use of unsafe and microbiologically poor water quality 
(WHO, 2002; Mpenyana-Monyatsi et al., 2012). 

In developing countries, about 1.8 million deaths per 
year are attributed to unsafe water, sanitation and 
hygiene, mainly through infectious diarrhea (WHO, 2002). 
Diarrheal disease remains a major killer in children. It is 
estimated that 17% of all child deaths under the age of 5 
years in developing countries result from diarrheal 
diseases (WHO, 2003). Hence, lack of safe drinking 
water supply, basic sanitation and hygienic practices is 
associated with high morbidity and mortality from feco-
orally transmitted diseases. 

About 1.1 billion people have no access to safe 
drinking water and diarrheal disease is highly endemic in 
these societies. This underlines the need for safe drinking 
water. However, the effectiveness of interventions aimed 
at improving the quality of drinking water alone may not 
solve the problem because people can become infected 
with organisms that cause diarrhea through multiple 
pathways. Even in developed countries with improved 
water supplies, diarrhea is often endemic (Wright, 2004; 
Colford et al., 2006; Roy et al., 2006; Clasen et al., 2007; 
Johnson et al., 2016). For example, it has been reported 
that environmental interventions have shown 15 to 17% 
median reduction in diarrhea from water quality 
Interventions (Clasen et al., 2007). This indicates that not 
only water improvements at the source or collection point 
(protected wells, boreholes, and tap stands) but also 
improvement at household level and other sources are 
equally important to minimize the risk of water born 
diarrhea (Zvidzai et al., 2007).  

In Ethiopia, with a population of 75 million, more than 
half of the population has no access to safe water. It is 
estimated that about 35 million people do not have 
access to sanitation services and half of the population of 
the country are suffering from water related diseases 
(UNICEF, 2008). 

 

Ethiopia is one of the developing countries with a 
population of 75 million where only 52 and 28% of its 
population has access to safe water and sanitation 
coverage, respectively (MoWR,  2007).  For  this  reason,  
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60 to 80% of the population suffers from water-borne and 
water-related diseases (MoH, 2007). This burdens the 
country with enormous financial and social costs to take 
care of such a huge number of people suffering from 
these debilitating infections. 

It was also estimated that over half a million children 
under the age of five die every year from diarrhea related 
diseases. In other words, for every five children born, one 
will die from diarrhea before they reach their 5th birthday 
(UNICEF, 2008; Clasen et al., 2007).  

In developing countries such as Ethiopia, most of the 
rural communities are poverty-stricken, lack access to 
potable water supplies and rely mainly on river, stream, 
well and pond water sources for their daily water need. 
Water from these sources is used directly by the 
inhabitants and the water sources are fecally 
contaminated and devoid of treatment (WHO, 1993). 
Consequently, a significant proportion of residents in rural 
communities of Ethiopia are exposed to water-borne 
disease and their complications.  

These pathogenic contaminants are derived from 
homeotherms including human beings and resulted in 
contamination of drinking water sources in areas with 
poor standards of hygiene and sanitation. The sanitation 
crisis heightens when it is accompanied by poor health 
protection system associated with poor life standard 
(Nath, 2003).  

Microbiological water quality can also be deteriorated in 
the course of collection, transport, and home storage. 
Thus, access to a safe source alone does not ensure the 
quality of water that is consumed. Furthermore, a better 
water source does not lead to full health benefits in the 
absence of improved water storage and sanitation 
(Clasen et al., 2007). Hence, the objective of this study 
was to assess the bacteriological quality of drinking water 
from sources and households in the study area and to 
highlight the possible associated risk factors.   
 
 
MATERIALS AND METHODS 
 
Study area description  
 
Shashemane district is found in West Arsi Zone of Oromia Regional 
State, Ethiopia. It is located at 250 km south of Addis Ababa on the 
way to Moyale-Keniya. The Woreda (district) is located within an 
altitude range of 1700 to 2727 m above sea level with annual 
rainfall record of 750 to 1200 mm/year. Drinking water and latrine 
coverage of the Woreda is 54 and 67%, respectively. The Woreda 
has 2 health centers and 36 health post which give service for the 
inhabitants of 37 rural kebeels (local administrative units). 
 
 
Demographic characteristics of the study area  
 
According to the 2012 national housing and population census, the 
population of the study area is estimated to 286,287 with 139,673 
males and 147,114 females. There are 28,161 households with an 
average family size of 5.4 per household. 
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Table 1. Bacteriological analysis of drinking water samples from different sources.  
 

Raw water 

samples  

Total colifom 

(MPN/100 ml) 

Fecal colifom 

(MPN/100 ml) 
E. coli Salmonella spp. Shigella spp. Vibrio cholera 

Rivers 270  - 1600 70  - 1600 P P P ND 

Wells 67 - 1366 1 - 213 P P P ND 

Springs 2 - 70 4 - 27 ND ND ND ND 

Hand pipe 2 - 9 ND ND ND ND ND 

Point of use 1 - 140 1 - 21 P P ND ND 
 

P: Present, ND: not detected. 
 
 
 

Study design and sampling frame  
 
A descriptive analytic study was used to examine the bacteriological 
quality of drinking water from sources and household containers. 
Data on water collection and storage practices were collected using 
structured questionnaires. Among 37 kebeles, 5 representative 
kebeles were selected purposively.  The selection was based on 
the existence of diarrheal disease for the last five years in the area. 
In addition, geographical location was considered to attain 
representative kebeles. Availability of different types of sources of 
water for consumption was also considered. For water sample 
collection from each sample kebele, simple random sampling 
method was used. 
 
 

Sample size determination  
 
For water sample collection from the selected kebeles, a judgment 
sampling method was used. Accordingly, a total of 135 water 
samples (93 from source and 42 from households) were collected 
for bacteriological examination. For risk factor assessment, the 
sample size was determined by single population proportion 
formula. Accordingly, 291 households were selected randomly for 
interview.  
 
 

Water sample collection  
 
Water samples were collected according to the WHO Guidelines for 
drinking water quality assessment (WHO, 1993). The samples were 
collected from surface and ground water sources (protected and 
unprotected wells, hand pipes, rivers and springs) that are used 
directly for drinking purpose in the community. Water samples were 
also collected in the same area from household containers. Closed 
sterilized 500 ml glass containers were used to collect samples 
aseptically. Before taking sample from hand pipes, the hand pipes 
water was flushed for 5 min and then the mouth of the hand pipe 
was sterilized with a spirit of lamp flame and then cooled by running 
water. Sample from hand dung wells were collected by attaching a 
piece of string to the sampling bottle together with a clean heavy 
material that sink down the bottle into the well and unwinding the 
string slowly. Stored water samples were collected after 1 to 3 h of 
storage using the usual cups households use to draw the water 
from the storage container. All samples were transported to the 
laboratory on ice, kept at 4°C and analyzed within 2 h. The samples 
were drawn for 5 months (October 2012 to February 2013). 
 
 

Microbiological analysis  
 

Microbiological  analyses  of  water  samples   were   performed   as 

described in Standard Methods for the Examination of drinking 
water (WHO, 1996; APHA, 2005). Total and fecal coliforms were 
determined by the most probable number (MPN) per 100 ml sample 
using multiple tube fermentation technique including presumptive, 
confirmed and completed phases (APHA, 2005).  For samples 
which gave positive results for coliforms test, further identification 
was done using an IMVIC test as described by Niemi et al. (2003). 
The isolation of Salmonella and Shigella was done using pre-
enrichment and enrichment techniques (APHA-AWWA, 1998). 
Double enrichment in alkaline peptone water was used for isolation 
of Vibrio cholera as described elsewhere.  
 
 
Water sanitation survey  
 
Using random sampling methods, representative samples of 
households were selected from each farmer’s kebeles to assess 
the knowledge and hygienic practices of the community with 
respect to the bacteriological water quality. Standard and structured 
questionnaire were developed for the purpose of data collection.  
Questionnaires were made to the household head. Core points 
included in the questionnaires were: demographic details of the 
respondent, personal and domestic hygiene practices, water 
handling and usage, source and method of water collection, 
information regarding defecation (availability of toilet and their 
usage), and concepts of diarrheal diseases. The questionnaires 
were set according to Banda et al. (2006).  
 
 
Statistical methods  
 
Descriptive analysis, which included mean, proportions, 
percentages as well as descriptive graphs and tables were used. 
The bacteriological counts recorded were compared with the WHO 
guidelines for drinking water. 

 
 
RESULTS  
 
Prevalence of indicator organisms in water sample 
from sources 
 
Total coliforms (TC) were detected in all samples taken 
from all surface waters (rivers and springs), wells and 
hand pipe water samples. The MPN/100 ml analysis of 
total coliforms ranges from 270 to 1600 and 67 to 1366 
for rivers and wells, respectively (Table 1). 

Fecal coliforms  (FC)  were  detected  in  27/27  (100%) 
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Table 2. Prevalence of indicator organisms and pathogens detected in water samples from source and households at 
contamination level at source.    
 

Indicator organism  
Water sample source 

River water, n=27 Spring, n =27 Well, n=36 Hand pipe, n=3 

Total coliforms (TC) 27 (100) 5 (83.0) 36 (100) 2 (66.7) 

Fecal coliforms (FC) 27 (100) 1 (16.7) 33 (91.6) 0 (0.0) 

E. coli  24 (88.8) 0 (0) 33 (91.6) 0 (0.0) 

Salmonella spp.  8 (29.6) 0 (0.0) 8 (22.2) 0 (0.0) 

Shigella spp. 3 (11.1) 0 (0.0) 3 (8.3) 0 (0.0) 

V. cholera  0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 

 
 
 
Table 3. Prevalence of indicator organisms and pathogens detected in water samples from source and households at contamination level 
at point of use. 
 

Sample 
villages 

Sample 
size 

T C 

[n (%)] 

FC 

[n (%)] 

E. coli 

[n (%)] 

Salmonella 
spp. [n (%)] 

Shigella spp. 
[n (%)] 

V. cholera 
[n (%)] 

Edola  7 7 (100) 4 (57.14) 2 (28.5) 0 (0.0) 0 (0.0) 0 (0.00) 

B. Guracha 7 5 (71.4) 1 (14.28) 1 (14.28) 0 (0.0) 0 (0.0) 0 (0.0) 

Chabi 7 5 (71.4) 2 (28.57) 1 (14.28) 0 (0.0) 0 (0.0) 0 (0.0) 

K. Rogicha 7 7 (100) 6 (85.7) 4 (57.14) 1 (14.28) 0 (0.0) 0 (0.0) 

Sole 7 7 (100) 5 (71.4) 2 (28.5) 0 (0.0) 0 (0.0) 0 (0.0) 

Awasho 7 7 (100) 7 (100) 4 (57.14) 1 (14.28) 0 (0.0) 0 (0.0) 

Total  42 38 (90.5 18 (42.8) 14(33.3) 2 (4.76) 0 (0.0) 0 (0.0) 

 
 
 
and 33/36 (91.6%) water samples from rivers and wells 
water, respectively (Table 2). Excessive fecal coliform 
bacteria were found along the course of the river stream. 
The level of fecal coliform bacteria ranges from 70 to 
1600 MPN/100 ml and 1 to 213 MPN/100 ml in rivers and 
wells water samples, respectively (Table 1).  Fecal 
coliforms were not detected in any samples taken from 
hand pipe water, while from spring water sources, only 
one out of 6 (16.6%) samples was found positive for FC 
test (Table 2). Escherichia coli was detected in 24/27 
(88.8%) and 33/36 (91.6%) in water samples collected 
from rivers and wells, respectively (Table 2). 
 
 
Prevalence of water borne bacterial pathogens in 
water samples from various water sources 
 
Potential enteric bacteria such as Salmonella and 
Shigella species were isolated from various water 
sources in the area particularly from river water sources.   

From 27 river water samples tested, Salmonella spp. 
were detected in 8/27 (29.6%), while Shigella spp. were 
detected in 3/27 (11.1%). Salmonella spp. were detected 
in 8/36 (22.2%) of water samples from the well water 
sources, while 3/36 (8.3%) of water samples from the 
wells were positive for Shigella spp. (Table 2). 

Salmonella spp. were more frequently isolated from the 
rivers. Salmonella spp. and Shigella spp. were not found 
in samples from springs and hand pipe water samples. In 
all samples tested Vibrio cholera was not detected (Table 
2). 
 
  
Contamination of drinking water at point of use 
 
Risk levels of bacterial indicator organisms as well as 
pathogens in water samples from the household water 
containers were investigated (Table 3). From a total of 42 
water samples collected from the households, 38/42 
(90.5%), 18/42 (42.8%), 14/42 (33.3%) and 2 (4.76%) 
samples were positive for: TC, FC, E. coli and Salmonella 
spp. respectively (Table 3). The average count of TC, FC 
and E. coli were beyond the recommended value by 
WHO which is 0 cfu/100 ml of sample. The results have 
shown that there is fecal contamination of stored 
household water in most surveyed households. 
 
 
Water handling practices of the community in the 
study area 
 
It was observed that 142/291 (48.8%) of the  respondents 
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use traditional clay pots to collect water from the source, 
while 149/291 (51.2%) of them is used Jerican (plastic 
container) to collect water from the source. In the present 
study, 72% the respondents cover their containers with 
different materials after filling the container with water 
(Table 4). It was found that some of the households 
dipped leaves into the containers as a cover, while they 
transport the filled water containers to their home. 
Fingers come in contact with water in the filled-up 
containers to deep leaves during transportation. From 
291 households interviewed, only 37% of the respondents 
cleaned their container before transferring water from 
collection to storage containers. Mixing of the collected 
water with old stored water was observed in most of the 
households and cleaning of the storage container is not 
practiced at the time of mixing. Those households which 
use hand dung well use rubber material to withdraw 
water from the well. Once they withdrew enough water for 
their daily consumption, they put the rubber material on 
the ground near the well and they re-use it whenever they 
need without any proper care (Figure1). It was also found 
that the same river water is used for bathing and drinking 
both for human and livestock (Figure 2).  
 
 
Availability of hygienic facilities and the hygienic 
practice of the community in the study area  
 
Among the 291 households interviewed, only 143 (49.1%) 
of them had latrine houses even though most latrine 
houses were not functional. From the interviewed 
households, 148/291 (50.9%) of them defecate in open 
fields, while 143/291 (49.1%) of them use a toilet. Only 
130/291 (44.7%) of study subjects exercise hand 
washing after defecation (Table 4). 

Regarding the knowledge and sanitary practices of the 
respondents, it was found that, among 291 households, 
only 103/291 (35.4%) of them knew that water can 
transmit diarrheal disease, while 188/291 (64.6%) of the 
households did not know whether water can transmit 
diarrheal disease or not. Out of these interviewed 
households, only 45/291 (15.5%) households believed 
that fecally contaminated water can cause diarrheal 
disease. Only 73/291 (25.1%) of the interviewed 
individuals understood that unsanitary hands can 
contaminate drinking water. About 100/291 (34.4%) of 
households responded that unclean containers can 
contaminate their drinking water and only 23/291 (7.9%) 
households knew that uncovered containers could be a 
source of water contamination (Table 4). 
 
 
DISCUSSION  
 
According to World Health Organization guideline (WHO, 
2003), total coliform counts must not be  detected  in  any 

 
 
 
 
100 ml of drinking water samples. Therefore, results of 
total coliforms obtained in the present study showed that 
all examined samples from wells (100%) and most 
surface water (92%) exceeded the recommended values 
and not safe for drinking.  Although, the WHO guideline 
for drinking water does not allow any detection of fecal 
coliforms and E. coli, in our study, it was found out that 
92.6% of well water samples are contaminated with fecal 
coliforms, while 54.1% surface water samples are 
contaminated with E. coli. The contamination of these 
water sources is probably due to poor protections and 
exposure to contamination by human and domestic 
wastes. The behavioral and hygienic practices of the 
community might also be contributing to this high load of 
indicator organisms. During the survey it was observed 
that communities in the study area practice open field 
defecation, bathing and washing closes in rivers and the 
same water source is used for domestic animals (Figure 
2). The river is located in sloppy area and most wells are 
found at lower elevation compared to the fields used for 
open defecation. Hence, fecal matter produced by the 
cattle and human inevitably reaching the water sources 
and increased the contamination.  

Spring water was found less contaminated by coliforms 
and none of them were contaminated with E. coli. The 
low prevalence of coliforms and the absence of E. coli in 
spring water sample might be due to the geographical 
protection of springs from animal wastes. In addition, 
most springs in the area are located under the stones 
where it flows from a narrow outlet between the stones 
and as a result the probability of being contaminated by 
human or animal is low. The continuous flow of the spring 
water may also contribute for its low contaminations by 
washing away the microbes.  

Salmonella and Shigella spp. were isolated from 
various water sources especially from rivers. The sources 
of contamination are probably due to human and animal 
feces and the introduction of microorganisms by birds 
and wild animals. The high prevalence of bacterial 
pathogens in river water sources might be due to 
behavioral practices related to use of the river water 
sources for bathing, washing cloth and disposing of 
wastes into the river. The high prevalence of Salmonella 
spp. isolation from surface water sources might be due to 
manure from free-grazing domestic animals and wild 
species that can spread onto adjacent fields. The 
bacteria from the manure enter surface waters with the 
correct combination of topography and flood. The non-
detection of pathogen in some well water sample might 
be a reflection on the depth of the well among several 
other contributing risk factors. The detection of these 
enteric pathogens from drinking water in the study area 
will put the community at high risk of diarrheal diseases. 
Secondary data collected from the health centers in the 
study area (data not shown) indicate that there is high 
prevalence  of   diarrheal   diseases.   Consequently,  this  
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Table 4. Sanitation knowledge and practice of the respondants. 
  

Sanitation practice/sanitation knowledge /water collection and storage containers used   n % 

Presence of toilet at home  (n=291)   

 Yes  143 49.1 

No  148 50.9 

   

Hand washing after toilet with soap/water alone  (n=291)   

Yes  130 46.7 

No  161 53.3 

   

Open air defecation practice  (n-291)   

Yes  148 50.9 

No 143 49.1 

   

Knowledge that water transmit diarrheal diseases   

Yes  103 35.4 

No 188 64.6 

   

Knowledge that fecally contaminated water can cause diarrheal disease   

Yes  45 15.5 

No  246 84.5 

   

Knowledge that unsanitary hand can contaminate  drinking water    

Yes  73 25.1 

No  218 74.9 

   

Knowledge that unclean container can contaminate  drinking water   

Yes  100 34.4 

No  191 65.6 

   

Knowledge that uncovered   container can contaminate  drinking water    
 

Yes  23 7.9 

No  268 92.1 

   

Knowledge that  water can be contaminated both at source and point of use   

Yes  76 26.1 

No 215 73.9 

   

 Getting information about water handling practice    

Yes  86 29.6 

No 205 70.4 

   

 Type of water collection container    

Clay pots 142 48.8 

Jeri can  ( plastic material)  149 51.2 

   

Covering water during transportation    

Yes  210 72.2 

No 81 27.8 

   

Containers rinsing before collection   
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Table 4. Contd. 
 

Yes 107 36.8 

No  183 63.2 

   

Responsible body for water collection   

Mothers 183 62.9 

Father  3 0.01 

Son  54 18.6 

Daughter  51 17.5 
 

n: Total number.  

 
 
 

A 

B 

C 

 

 
 

Figure 1. Well water source: (A) container used for water holding and storage, (B) well, and (C) rubber 
material used to withdraw water from the well.  

 
 
 
might be due to the significant contribution of 
contaminated water consumption by the community. 
Hence, this result underlines the need for proper action. 

The microbiological analysis of water at point of use in 
the study area indicates that 90.5% of samples were 
contaminated with total coliforms, while 42.8 and 33.3% 
of them contaminated with fecal coliforms and E. coli, 
respectively. About 4.8% of the samples were also 
contaminated with Salmonella spp. Mixing of the 
collected water with old stored water was observed in 
most  of  the  households  and  cleaning  of   the   storage 

containers is not practiced at the time of mixing. The use 
of clay pots for water storage might also expose the 
water for contamination since it would not properly cover. 
The use of uncovered water containers is also likely to 
increase water contamination between source and point-
of-use as hands are dipped into vessels to scoop cupful 
of water. Contamination through hands, unwashed 
containers and use of uncovered vessels would result in 
water quality deterioration from source to point-of-use.  
When water is transported from source to home, different 
types of material including leaves are  used  to  cover  the  
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Figure 2. The same water source is used for humans and animals (bathing and drinking). 

 
 
 
container which contributes to further contamination. 
Containers and hands are likely to have been pre-
contaminated in the homes in which animals are in the 
same room where water is stored.  

The community in the study area uses the same 
material for water withdrawal from the storage and for 
drinking which may lead to a high probability of 
contamination. In spite of these mentioned risks, it was 
observed that contaminated water is consumed with 
remarkable frequency in these rural communities without 
treatment of water to any degree. 

The poor water quality observed in storage containers 
may be the cumulative effect of collection and storage 
practices. Fecal pathogens from hands and household 
utensils appeared to contribute to point-of-use 
contamination, which highlights the need for improved 
personal and domestic hygiene practices. As long as 
water storage remains a fact of life in communities like 
rural communities around Shashemane, immediate 
action should be taken to address these risks. In most 
rural areas, households collect and  store  water with  low 

microbiological quality from rivers and wells and these 
waters were found highly contaminated. Furthermore, the 
contamination continues at all households included to this 
study at the point of use.  

It was found that majority of the community exercised 
open field defecation in the study area. Similarly, it was 
reported that among study subjects interviewed in 
Southern Ethiopia, which is adjacent to the Shashemane 
district, almost all of them exercise open filed defecation 
(Teferi, 2007).  

In rural areas of Ethiopia, most people practice open 
defecation, a tradition that has remained widespread due 
to inadequate hygiene awareness, lack of technical 
knowledge on the part of villagers, inadequate policy, 
investment and implementation. They use the 
surrounding fields, bushes and even their household 
compounds for defecation. They practice open defecation 
without understanding the potential health risks of fecal-
related diseases transmission. This shows that community 
health education is still not exhaustive in the area. 

The outbreak of acute watery diarrhea in the study area 
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in 2007/2008 motivated the villagers to build few toilets, 
but their use was not sustained for various reasons: the 
construction of the latrine houses was performed by 
mass campaign aiming at controlling the incidence of the 
outbreak which resulted in poor quality construction 
toilets. Poor construction methods mean that people are 
afraid of collapse; badly maintained latrines have created 
a perception of dirtiness leading to fears of becoming ill 
due to escaping toxic and smelly gases. 

The sanitation and hygienic practices are essential in 
attempt to protect from diarrheal disease. The rural 
community in the study area does not have enough basic 
knowledge and awareness about the relationships 
between water quality and diarrheal disease. It is 
believed that better community sanitation reduces the 
concentration of thermo-tolerant coliforms by two orders 
of magnitude which lead to a 40% reduction in diarrhea. 
Further, providing private excreta disposal would be 
expected to reduce diarrhea by 42%, while eliminating 
excreta around the house would lead to a 30% reduction 
in diarrhea (Vanderslice and Briscoe, 1995). Hence, 
water handling and hygienic practices should be an 
integral part of health education even if treated water is 
provided as the water contamination history does not 
wind up at the source only.  

In this study most drinking water sources tested were 
found to be contaminated. The sources of contamination 
in the area have been identified as coming from human 
and/or animal wastes. The waste is entering the water 
course and these highly contaminated water sources are 
being heavily extracted by the villagers. Other source of 
contamination was possibly due to poor management of 
water and poor sanitation practices which promote cross-
contamination at household level. This situation 
continues to expose inhabitants to high risk health 
problems, particularly, to the serious outbreaks of 
diarrheal disease which is commonly reported in the 
study area since 2007.  

In view of the aforementioned findings and risks, we 
strongly recommend that attention be focused on 
ensuring a supply of safe drinking water and improving its 
management from the source to the storage point. 
Education dealing with water management and 
empowering the community with simple and sound 
technologies aimed at reducing deterioration of their 
drinking water should be an integral component of water 
supply.   

Hygienic practices at household level may be improved 
by covering containers, avoiding children and animals at 
water points in rooms where water is stored. Home 
treatment of water and 2-cups system to withdraw water 
for consumption should be encouraged. The health 
extension workers should educate the community 
members about the correct use and storage of water, the 
need for safe sanitation facilities, personal and environ-
mental hygiene and diarrheal disease transmission,   

 
 
 
 
aiming at reliable behavioral change. 

Common management of the rural water can be 
adopted by extending hygiene education and avoiding 
illiteracy from the rural areas in general. Thus, proper use 
of solid waste disposal and sustainable use of latrine 
would be the option that has to be encouraged by 
community though teaching. Sanitation and hygiene 
education promotion should be done regularly, repeatedly 
and continuously to adopt hygienic behavior or practice 
on latrine utilization among the community. Monitoring 
activities by the extension health workers and others is 
very crucial to sustain and to bring impacts on the health 
of the community.  
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