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The use of lactic acid bacteria (LAB) in different food products has been driving the consumer market 
due to the potential probiotic action of these bacteria, which raises the foods to the status of functional 
foods. A selection of potential probiotic strains can be obtained from different food matrices and 
environments. However, these microorganisms must be confirmed as safe while retaining 
characteristics that make them technologically, functionally and physiologically capable of benefitting 
the food and health of the host. Characterisation of a potential probiotic strain should include 
knowledge of the source, pathogenicity, infectivity, virulence factors, viability during processing, 
storage stability, phage resistance, contribution to sensory properties, tolerance within the 
gastrointestinal tract, cell adhesion, antimutagenic, anticarcinogenic and antagonistic activity against 
gastrointestinal pathogens and immunomodulation. Desirable physiological effects of probiotic strains 
include aiding in lactose intolerance and prevention and reduction of diarrhoea, inflammatory bowel 
disease and allergies. In this context, this paper reviews the current literature referring to principal 
criteria for the selection of LAB for potential use as probiotics in foods. 
 
Key words: Lactic acid bacteria, screening, safety, functional foods. 

 
 
INTRODUCTION 
 
Probiotics are defined by FAO/WHO as live 
microorganisms which, when administered in adequate 
amounts, confer a health benefit on the host by improving 
the intestinal microbial balance (FAO/WHO, 2002). The 
value of consumption of lactic acid bacteria (LAB) 
appeared in the early 20th century when Metchnikoff 

suggested that the ingestion of these living microorga-
nisms, present in yoghurt, increased the longevity of the 
consumer. Metchnikoff attributed the positive effects 
observed on the host health to a reduction in the 
population of spoilage bacteria and/or of bacteria 
producing toxins in the digestive tract (Burgain et al.,
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2014). 

Interest is now growing in the development of novel 
foods containing probiotic microorganisms (Sidira et al., 
2015). The most frequently studied LAB for probiotic 
usage belong to the genera Lactobacillus and 
Enterococcus (Coman et al., 2012; Jensen et al., 2012; 
Gregoret et al., 2013; Babot et al., 2014). The majority of 
the commercialized and most studied probiotics have 
been isolated from dairy products and from the human 
gastrointestinal tract (GIT). In fact, LAB strains are 
already used in many probiotic dairy products (García-
Ruiz et al., 2014). However, commercial use of genres as 
probiotics in food requires screening of microorganisms 
and selected strains must meet safety, technological, 
functional and physiological requirements (Morelli, 2007; 
Vasiljevic and Shah, 2008). 

The safety criteria of a probiotic include a documented 
origin and a lack of characteristics such as pathogenicity 
and infectivity and, virulence factors including resistance 
to antibiotics and metabolic activity (Saarela et al., 2000; 
Muñoz-Atienza et al., 2014; Rubio et al., 2014). From the 
technological aspect, probiotic cultures must remain 
viable during processing and show storage stability and 
phage resistance, while contributing to good sensory 
properties of the products, such as the aromatic profile 
(Vasiljevic and Shah, 2008; Champagne et al., 2011). 
Fermentation by the culture should preserve and 
enhance the quality while beneficially altering the flavour 
of the food (Rivera-Espinoza and Gallardo-Navarro, 
2010), thereby generating a higher added-value product.  

As a functional criterion, probiotic strains must survive 
within the gastrointestinal tract; they must be able to 
tolerate the acidic conditions of the stomach, resist 
digestive enzymes and bile acid at the start of the small 
intestine, adhere to the intestinal mucosal surface and 
ensure clinically validated benefits to consumer health 
(Erkkilä and Petäjä, 2000; Cotter and Hill, 2003; Jensen 
et al., 2012). Desirable physiological requirements for 
probiotic cultures are antimutagenicity, anticarcinoge-
nicity, antagonism against gastrointestinal pathogens, 
promotion of immunomodulation and action on the 
metabolism of lactose and cholesterol (Zago et al., 2011; 
Burns et al., 2012; Ren et al., 2012). In this context, this 
paper reviews the current literature, referring to these 
principal criteria for the selection of LAB for potential use 
as probiotics in foods. 
 
 
SAFETY CRITERIA: ORIGIN, PATHOGENICITY AND 
VIRULENCE FACTORS 
 
Origin  
 

To act as a safe probiotic microorganism, a strain should 
be a species and genera normally present in the human 
GIT   (Kolozyn-Krajewska   and   Dolatowski,   2012). The  

 
 
 
 
selection of an appropriate strain for each food matrix is 
essential. The first step in the selection of a probiotic is 
the determination of its taxonomic classification, which 
may give an indication of the origin, habitat and 
physiology of the strain. All these characteristics have 
important consequences on the selection of novel strains 
(Morelli, 2007).  

The LAB, especially Lactobacillus and Enterococcus, 
are commonly used as probiotics (Barbosa et al., 2010; 
Tulumoğlu et al., 2014). They are classified as 
prokaryotic, Gram-positive, non-sporulating cells that 
have the common characteristic of producing lactic acid 
as a main or sole product of fermentation during the 
homofermentative or heterofermentative metabolism 
(Balciunas et al., 2013). A host of current scientific 
papers report selections of LAB from different sources 
(for example, vegetables, milk and meat) for potential 
probiotic use (Table 1). Although LAB are generally 
regarded as safe (GRAS), their capability of producing 
toxic compounds must also be taken into account. 
Furthermore, the use of enterococci, part of the LAB 
community, is still controversial due to the presence of 
virulence genes in some species. For these reasons, 
toxicity and pathogenic determinants must be assessed 
(Landeta et al., 2013). 
 

 

Pathogenicity  
 

The selection of microorganisms for use as probiotics 
must consider that some species of LAB can be 
pathogenic and infective. Some species of LAB can 
cause human diseases such as tooth decay, rheumatic 
complications, infectious endocarditis, septicaemia and 
vascular disease.  

The identification of potential pathogenic characteristics 
can facilitate the use of organisms for probiotic purposes 
(Harty et al., 1994). Most lactobacilli are non-pathogenic, 
so identification of inherent strain properties related to 
health risks can be difficult. Vesterlund et al. (2007) 
suggested studying the properties in probiotic strains that 
might indicate a potential health risk in populations and 
that are known virulence factors in ‘true’ pathogens; 
namely, the ability to adhere to immobilized human 
collagen type IV, fibrinogen or intestinal mucus, α- or β-
haemolysis, low induction of the respiratory burst in 
peripheral blood mononucleocytes and resistance to 
serum-mediated killing.  
 
 

Virulence factors 
 
Bacterial virulence factors may include secreted proteins 
(for example protein toxins and enzymes), and cell-
surface structures (for example capsular polysaccha-
rides, lipopolysaccharides and outer membrane proteins) 
and further   hydrolytic   enzymes   that   may contribute
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Table 1. Selection of LAB in different food matrix for potential probiotic use. 
 

Source Microorganism Product elaborated Reference 

Cheese 
L. delbrueckii, Lactococcus lactis, Leuconostoc 
mesenteroides and Streptococcus thermophiles 

Cheese Gaglio et al. 2014 

Artisan cheese L. lactis and E. faecalis Fresh cheese Coelho et al. (2014) 

Traditional fermented yak milk E. durans, L. fermentum and L. paracasei Fermented milk Ao et al. (2012) 

Siahmazgi cheese L. plantarum 
Dry-fermented 
sausage 

Kargozari et al. (2014) 

Indonesian local beef L. plantarum 
Fermented lamb 
sausages 

Arief et al. (2014) 

Salami L. curvatus Salami 
De Souza Barbosa et 
al. (2015) 

Pork sausage L. plantarum Sausage Dias et al. (2013) 

Artisanal dry sausages 
manufactured 

L. curvatus Cooked pork meat Rivas et al. (2014) 

Chinese dry-cured hams L. salivarius Fresh pork Luo et al. (2013) 

Industrially fermented olives L. pentosus and L. plantarum Green olives Blana et al. (2014) 

kimchi L. brevis, L. curvatus, L. plantarum and L. sakei Fermented sausage Paik and Lee (2014) 

Fermented caper berries L. plantarum Fermented caper Palomino et al. (2014) 

Infant faeces L. casei, L. paracasei and L. rhamnosus Fermented sausages Rubio et al. (2014) 
 

 
 

to the pathogenicity of the microorganism. Many genes 
encode virulence traits (e.g. secretion machineries, 
siderophores, catalases, regulators, etc.) that are also 
indirectly involved in pathogenesis and are equally 
important for bacteria to establish infection (Brogden et 
al., 2000; Chen et al., 2005). The identification of 
virulence genes in a potential candidate probiotic is 
especially important, since the possibility of horizontal 
transfer to other bacteria has become a concern in the 
food industry (Perin et al., 2014).  

Haemolysis is a common virulence factor among 
pathogens, facilitating iron availability to the microbe and 
causing anaemia and oedema in the host (Vesterlund et 
al., 2007). The haemolytic reaction is observed on blood 
agar supplemented with 5% defibrinated whole horse 
blood. A clear zone of hydrolysis around the colonies is 
indicative of β-haemolysis, a partial hydrolysis indicates 
α-haemolysis and no reaction indicates γ-haemolysis. 
The determination of haemolytic activity is required in 
recognition of the importance of assuring safety, even 
among a group of bacteria with GRAS status (FAO/WHO, 
2002). The absence of haemolytic activity should be a 
selection criterion for starter strains for use in dairy 
products (Giraffa, 1995). 

Regarding the safety of probiotic strains, antibiotic 
resistance is one aspect requiring analysis because of 
the serious concerns about the growing level of 
resistance to antibiotics in regular use in human medicine 
(Monteagudo-Mera et al., 2012). The antibiotic resistance 
genes can be passed by some LAB through conjugative 
plasmids, bacteriophages or transposons to other micro-
organisms by horizontal transfer. This type of transfer 

commonly occurs between bacteria in the gastrointestinal 
tract, with the potential to occur between innocuous 
species and harmful pathogens. If beneficial 
Lactobacillus species have antibiotic resistance genes, 
then those genes could possibly be transferred to other 
microbiota, including pathogens, living in the same niche 
(the GIT) (Shao et al., 2015). 

Selection criteria for probiotic microorganisms must 
include characteristics of intrinsic or natural resistance to 
antimicrobials because this is chromosomally encoded 
and, therefore, non-transmissible (Argyri et al., 2013). 
The intrinsic resistance of LAB to several antibiotics may 
be partially due to genes that encode multidrug 
resistance efflux pumps (MDR), which expel different 
types of antibiotics and other chemicals (dyes, organic 
solvents, detergents, biocides and metabolic products) 
(Muñoz et al., 2014). Four mechanisms are recognised 
that confer intrinsic resistance in bacteria to a given 
antibiotic: enzymatic inactivation or modification of the 
antibiotic, antibiotic removal by efflux pumps and outer 
membrane (OM) permeability changes, alteration of 
bacterial target sites and intracellular metabolic 
rearrangement. Most of these mechanisms have been 
observed and studied in various bacteria; however, no 
specific studies have dealt with these mechanisms in 
probiotics (LAB or Bifidobacterium) (Sharma

 
et al., 2014). 

The probiotic bacteria should not produce harmful 
substances during metabolic activities. One test is to 
determine whether the bacteria convert food components 
or biological secretions into secondary substances that 
are potentially harmful to the host. For example, some 
intestinal   bacteria   act   on   proteins and their digested 
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products to produce ammonia, indoles, phenols and 
amines (Ishibashi and Yamazaki, 2001). Toxic products 
such as biogenic amines can be derived from the 
decarboxylation of free amino acids arising from the 
catabolism of lactic acid; for example, by the 
decarboxylases enzymes of Lactobacillus spp. (Pereira et 
al., 2001). Excessive intake of these biogenic amines can 
have toxicological effects on human health, such as 
hypotension or hypertension, headache, nausea, allergic 
reactions, cardiac palpitation and even intracerebral 
haemorrhage and death in very severe cases (Shalaby, 
1996). However, selected LAB strains can act as amine 
removers; for example, Zhang et al. (2013) used 
Lactobacillus plantarum to decrease the accumulation of 
biogenic amines in silver carp sausage and achieved a 
significant reduction. Thus, the production of biogenic 
amines should be considered in the selection of 
microorganism for potential probiotic use due to the 
potential for triggering disorders in the host health 
(Pereira et al., 2001). 

The ability of the microorganism to produce D-lactic 
acid is reported as a selection criterion for probiotic 
strains; however, the strains should not produce 
quantities exceeding 2 g/l. The D isomer of this acid is 
not hydrolysed by human lactate dehydrogenase and can 
be damaging to health by triggering responses such as 
metabolic acidosis. Only strains that produce L-lactic acid 
isomer should be selected (Ammor et al., 2007; Ruiz-
Moyano et al., 2009). 

LAB play a role in reducing fat absorption by the body 
by lowering serum cholesterol through the activity of bile 
salt hydrolase (BSH), the enzyme responsible for bile salt 
deconjugation in the enterohepatic circulation (Anandharaj 
and Sivasankari, 2014). However, excessive metabolism 
of bile salts in the human small bowel can be detrimental, 
as secondary (dehydroxylated) bile salts are cytotoxic 
and co-carcinogenic, and can induce cellular lesions in 
the small intestine (Marteau et al., 1995). Begley et al. 
(2006) reported that microbial BSH activity may have 
various impacts on the host in the form of altered 
digestive functions, lowered cholesterol, cancer/activation 
of carcinogens and formation of gallstones. Thus, the 
desirability of BSH activity as a trait in a probiotic 
bacterium is not completely clear. Considering this 
aspect, the absence or limited extent of bile salt 
transformation capacity of bacteria added to food is 
suggested as a pre-requisite for labelling a product as 
GRAS (Marteau et al., 1995). 
 
 
TECHNOLOGICAL CRITERIA 
 
Viability during processing and storage 
 
In Brazil, fermented milks must show viability of LAB and 
Bifidobacterium   at   the end of the product shelf life of at  

 
 
 
 
least 10

7
 and 10

6
 CFU/g or mL, respectively (Brazil, 

2007). In the preparation of fermented foods, probiotics 
show optimum growth at temperatures within 40-42°C; 
temperatures above 45-50°C during processing are 
detrimental to probiotic survival (Tripathi and Giri, 2014). 
The viability during operations, storage and processing, 
the survival during intestinal transit and the health 
benefits for consumers are the main criteria for the 
selection of appropriate strains of probiotic bacteria 
(Talwalkar et al., 2004). The physiological state of the 
probiotic cultures added to a product can also be a major 
factor affecting the overall culture viability. In this respect, 
the induction of stress responses in probiotic strains can 
have a dramatic effect on the ability of the cultures to 
survive processing (such as freeze drying and spray 
drying) and gastric transit (Ross et al., 2005).  

Acid stress may significantly affect the viability of a 
culture (Shah, 2000). Consequently, dairy products are 
preferred for use as carriers of probiotic strains for 
enhancement of microbial survival in gastric juice, likely 
due to a buffering or protective effect (Ross et al., 2005). 
In general, Bifidobacterium cultures are less acid tolerant 
than Lactobacillus cultures and this is reflected by their 
reduced tolerance to human gastric juice. Tolerance to an 
acidic environment may also be a useful predictor of 
technological performance in fermented foods (Ross et 
al., 2005; Mättö et al., 2006). 

Many other factors influence the viability of probiotic 
microorganisms in food products during production, 
processing and storage. Identified factors include food 
parameters (molecular oxygen, water activity, presence 
of salt, sugar and chemicals like hydrogen peroxide, 
bacteriocins, artificial flavouring and colouring agents), 
processing parameters (heat treatment, incubation tem-
perature, cooling rate of the product, packaging materials 
and storage methods, and scale of production) and 
microbiological parameters (strains of probiotics, rate and 
proportion of inoculation) (Tripathi and Giri, 2014).  

Oxygen content and redox potential are also important 
factors for the viability of probiotic species (micro-
aerophilic and anaerobic) during storage (Shah, 2000). In 
the presence of oxygen, lactic acid bacteria are able to 
generate more hydrogen peroxide via the action of 
flavoprotein-containing oxidases, nicotinamide adenine 
dinucleotide oxidases (NADH) and superoxide dismutase 
(SOD) than they do under anaerobic conditions (Miller 
and Britigan, 1997; Kulisaar et al., 2002). Overall, oxygen 
affects probiotics in three ways: (i) it is directly toxic to 
some cells, (ii) certain cultures produce toxic peroxides in 
the presence of oxygen, and (iii) free radicals produced 
from the oxidation of components (e.g., fats) are toxic to 
probiotic cells (Korbekandi et al., 2011; Tripathi and Giri, 
2014). One solution is the addition of ascorbic acid 
(vitamin C), which can act as an oxygen scavenger 
(Shah, 2000).  

Another  factor that may affect the viability of  probiotics 
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is freezing. The freezing step in food processing is 
especially critical as it negatively affects both viability and 
physiological state of the bacteria. Lowering the 
temperature affects the structure and the properties of 
the cellular membrane. During freezing, the liquid phase 
moves to a liquid-crystalline phase, thereby reducing 
membrane fluidity. The formation of ice crystals induces 
mechanical damage that leads to cellular death. In 
addition, the crystallization of water leads to a cryo-
concentration of the solutes, which induces some osmotic 
damage (McGann, 1978; Foschino et al., 1996; Beal et 
al., 2001). However, the ability of lactic acid bacteria to 
survive freezing and storage differs with strain (Fonseca 
et al., 2000). Fonseca et al. (2000) demonstrated that 
small spherical cells of enterococci are more stable 
during freezing and freeze-drying as compared to the 
large rods of lactobacilli. Senz et al. (2015) reported that 
short rods were significantly more stable than elongated 
rods during freeze-drying because the cell membrane 
damage increased with the enhanced cell surface area 
due to extracellular ice crystal formation during freezing. 
The addition of various protective compounds to probiotic 
cultures can improve their viability during manufacture: 
examples include glucose to energize cells upon 
exposure to acid (Corcoran et al., 2005) and 
cryoprotectants such as glycerol or inulin to improve 
survivability during freeze-drying (Fonseca et al., 2000; 
Carvalho et al., 2004). 
 
 
Phage resistance 
 
Bacteriophages are a consistent and major threat to food 
fermentations, and particularly dairy fermentations, where 
infection of starter cultures may result in slow vats, low 
quality, inconsistent products and even complete 
fermentation failure (Whitehead and Cox, 1935; Mahony 
and Sinderen, 2014). Phages infecting LAB provide some 
of the most advanced model systems for (tailed) phage-
host interactions (Mahony and Sinderen, 2014). In recent 
years, a number of strategies based on strain diversity, 
bacteriophage-insensitive mutants, and plasmids bearing 
phage-resistance mechanisms (Barrangou et al., 2007) 
were designed and implemented to minimize both the 
presence of phages in the dairy industry and their 
economic impact on fermentation processes (Briggiler-
Marcó et al., 2014).   

Bacteria have developed a variety of natural defence 
mechanisms that target diverse steps of the phage life 
cycle, notably blocking adsorption, preventing DNA 
injection, restricting the incoming DNA and abortive 
infection systems (Barrangou et al., 2007). Briggiler-
Marcó et al. (2011) used two methodologies to isolate 
phage-resistant mutants: the agar plate (AP) and the 
secondary culture (SC) methods. Characterization of the 
phage    resistance    phenotype,   genetic   analysis   and  
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characterization of phage-resistant mutants identified a 
mutant MC4 that can be used in the manufacture of 
fermented milk. 

Clustered regularly interspaced short palindromic 
repeats (CRISPR) are hypervariable loci widely 
distributed in bacteria and archaea that provide acquired 
immunity against foreign genetic elements. CRISPRs 
represent a family of DNA repeats which typically consist 
of short and highly conserved repeats, interspaced by 
variable sequences called spacers, and are often times 
adjacent to cas (CRISPR-associated) genes (Sorek et al., 
2008; Horvath et al., 2009). The CRISPR-cas system 
may accordingly be exploited as a virus defence 
mechanism and also potentially used to reduce the 
dissemination of mobile genetic elements and the 
acquisition of undesirable traits such as antibiotic 
resistance genes and virulence markers. From a phage 
evolution perspective, the integrated phage sequences 
within CRISPR loci may also provide additional anchor 
points to facilitate recombination during subsequent 
phage infections, thereby increasing the gene pool to 
which phages have access (Barrangou et al., 2007). 
CRISPR loci appear to be a key distinguishing feature in 
LAB, from a phylogenetic and genome evolutionary 
standpoint. The ability of the CRISPR system to provide 
immunity against foreign genetic elements is essential 
and actively involved in the microbe's propensity to 
survive phage predation and to adapt to its environment 
(Horvath et al., 2009).   
 
 
Contribution of sensory properties to foods 
 
LAB are not considered as strongly proteolytic bacteria; 
however, a part of their proteolytic system has been 
extensively explored for the last few decades because it 
is essential for the optimal growth of LAB in milk (Lopez-
Kleine and Monnet, 2011). Intra- and inter-specific 
variability in acid production, autolysis and proteolysis are 
commonly reported for strains from natural sources 
(Franciosi et al., 2009).  

Proteolysis is considered one of the most important 
biochemical processes involved in the manufacture of 
many fermented products. In cheese manufacture, the 
proteolysis of casein is thought to play a pivotal role 
because amino acids resulting from proteolysis are the 
major precursors of specific flavour compounds, such as 
various alcohols, aldehydes, acids, esters and sulphur 
compounds. Bitterness, which results from the accumu-
lation of hydrophobic peptides (peptides rich in proline), is 
a serious quality concern facing the manufacture of 
Gouda and Cheddar cheeses (Smukowski et al., 2003; 
Smit et al., 2005; Savijoki et al., 2006). The correlation 
between the starter culture and the flavour of fermented 
sausages has been well established (Sidira et al., 2015). 
A number  of potential precursors are responsible  for the  
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flavour and odour, which may be produced by lipid 
hydrolysis and autoxidation, proteolysis and transforma-
tion of amino acids to aromatic compounds and 
carbohydrate metabolism (Ammor et al., 2007). Sah et al. 
(2014) showed that probiotics with proteolytic activity 
increased the generation of peptides with antioxidant 
potential and antimutagenic properties. Screening for 
proteinases, peptidases and aminopeptidases activities is 
therefore recommended. 

Exopolysaccharides (EPS) are biopolymers with wide 
distribution in nature. Their occurrence is well documen-
ted in all organisms (viz. animals, plants, fungi and 
bacteria) and they are involved in various biological 
functions such as storage of energy (starch), cell wall 
architecture (cellulose) and cellular communication 
(glycosaminoglycans) (Badel et al., 2011). Microbial EPS 
produced by LAB are receiving increasing attention 
because of their GRAS status (Ahmed et al., 2013; Li et 
al., 2014). The EPS can be used as food additives to 
improve texture, which aids the development of new food 
products with improved appearance, stability and 
rheological properties (De Vuyst et al., 2001).  

Lactobacillus produces EPS molecules in relatively 
large amounts (>100 mg/l), predominantly in media 
containing glucose. The viscosity and biological activity of 
an EPS depends on its molecular weight, sugar com-
position and primary structure (Kodali et al., 2009). The 
EPS can perform functions that go beyond technological 
characteristics; for example, Liu et al. (2010) and 
Nikolic et al. (2012) observed that EPS secreted by 
probiotic bacteria such as Bacillus licheniformis and 
Lactobacillus paraplantarum have immunomodulatory 
capacity, immunosuppressive and anti-inflammatory 
actions.  

Antitumor effects, reduced blood cholesterol and 
enhanced colonization of probiotic bacteria in the 
gastrointestinal tract have also been observed (Welman 
and Maddox, 2003). EPS may function as part of a 
defence mechanism against bacteriophages by preven-
ting their adsorption (Lamothe et al., 2002). 

LAB have evolved mechanisms to support various 
concentrations of NaCl that generally involve the 
absorption or synthesis of a limited number of solutes 
(Bremer and Kraemer, 2000). Ge et al. (2011) reported 
that osmotic stress may become the major inhibiting 
factor for bacterial growth and fermentation. Reale et al. 
(2015) added information on intra-species variability in 
osmotolerance in Lactobacillus casei, Lactobacillus 
paracasei and Lactobacillus rhamnosus and highlighted 
that osmotolerance is an important criterion for the 
selection of strains for technological applications. In 
particular, several strains isolated from cheese and 
human faeces appeared to be very tolerant of high NaCl 
concentrations and are worth investigating for their 
performance in fermented foods. Ammor et al. (2007) 
also affirmed that the  ability of a starter culture to compete 

 
 
 
 
with the natural microbiota of a raw material (sausage) 
and to undertake the expected metabolic activities is 
conditioned by its growth rate and survival in the 
conditions prevailing in the sausage, including rather high 
salt concentrations ranging from 2 to 15% in the final 
product. 

Gas production by LAB may be required in some 
products, such as kefir and some cheeses like Gouda, 
Edam and Danbo (Leite et al., 2013; Pedersen et al., 
2013). Gas production can increase the number and/or 
size of holes in semi-hard cheeses. Eye formation in 
cheese is a complex process that is influenced by a 
number of factors such as gas formation, gas diffusion, 
the presence of eye-forming nuclei, pH and elasticity of 
the cheese body, as well as technological parameters 
(Fröhlich-Wyder et al., 2013). Tammam et al. (2001) 
reported that the anaerobic production of CO2 by 
lactobacilli prevails in cheese. In contrast, heterofermen-
tative LAB are not suitable for sausage production 
because the formation of large amounts of carbon dioxide 
which leads to holes of different sizes in the product. In 
addition, these LAB produce concentrations of acetic acid 
that causes a pungent off-flavour (Buckenhüskes, 1993; 
Ammor et al., 2007).  

Aroma compounds play a major role in the perception 
of flavour, which is an important property for consumer 
choice of food products (Yee et al., 2014). Diacetyl (2,3-
butanedione) is a volatile product of citrate metabolism 
produced by lactic acid bacteria, and when taken in 
conjunction with the lactic acid and textural effects, 
enhances the sensorial profile of fermented foods 
(Rincon-Delgadillo et al., 2012; Xião and Lu, 2014). It can 
also inhibit pathogenic microorganisms by penetrating the 
targeted bacterial membranes and interfering with 
essential metabolic functions (Hor and Liong, 2014). High 
diacetyl levels are associated with a flavour imbalance, 
bitter taste and harsh aroma (Clark and Potter, 2007), but 
it is used as an ingredients in the formulation of many 
food products such as cottage cheese, margarine, 
vegetable oil spreads, processed cheese and sour cream 
to increase the levels of the naturally occurring buttery 
aroma associated with fermentation (Rincon-Delgadillo et 
al., 2012).  
 
 
FUNCTIONAL CRITERIA 
 
GIT tolerance  
 
Some LAB possess probiotic properties beneficial to 
human health. However, both gastric acid and bile salt 
have adverse influences on the survival and viability of 
ingested probiotics. Most microbes have a low rate of 
survival and viability in acidic conditions, such as those 
occurring in the human gastric environment, where pH 
values range from 1.5 to 3.5 (Huang et al., 2014).  
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Probiotic strains must be able to survive high 
concentrations of lysozyme in human saliva, the acid 
stress conditions and digestive enzymes (pepsin) of the 
stomach, and the bile in the upper intestine (Corzo and 
Gilliand, 1999; Marco et al., 2006; Liu et al., 2013). Acid 
resistance and bile tolerance are considered the basic 
criteria for screening potential probiotic strains (Liu et al., 
2013; Ren et al., 2014), and these features are the focus 
of several papers on the screening of potential probiotic 
strains. For example, Lactobacillus strains were found 
resistant to acidic conditions for 3 h, pH 2.5, and strains 
isolated from food samples were able to grow at a 
physiological concentration of bile for incubation periods 
of up to 4 h (Federici et al., 2014). L. plantarum N8, N9, 
ZL5 and L. casei ZL4 were resistant to simulated 
intestinal juice (Wang et al., 2014). L. acidophilus La-5 
and Bifidobacterium animalis subsp. lactis BB-12 in goat 
milk showed higher tolerance to simulated gastric fluid 
when tested in combination, suggesting a synergistic 
effect between strains (Ranadheera et al., 2014). L. 
fermentum, L. casei, L. paracasei and L. rhamnosus were 
able to grow in intestinal juice, and possibly showed a 
better resistance to bile acid at the beginning of the small 
intestine (Rubio et al., 2014). 

The capacity of lactobacilli to survive at low pH remains 
controversial (Ren et al., 2014). Mechanisms that may 
contribute to an adaptive acid tolerance response include 
the induction of a new pH homeostasis system and the 
synthesis of a new set of proteins known as stress 
proteins. Stress proteins can be transiently or constitu-
tively produced and contribute to the adaptive acid 
tolerance response. Proteins induced after heat shock, 
including the chaperonin class proteins DnaK and GroEL, 
have shown homology with proteins produced during acid 
shock. These proteins are capable of refolding heat-
denatured proteins into their native states and can protect 
proteins from denaturation during cellular stress (Foster, 
1993; Shah, 2000). Further, acid tolerance of microorga-
nisms involves multiple genes and mechanisms of 
protection and regulation (Patnaik et al., 2002; Ye et al., 
2013).  

Ye et al. (2013) reported that an error-prone whole 
genome amplification technique was successful in 
improving the acid tolerance of L. pentosus. The possible 
mechanisms for the increased acid tolerance of the 
generated mutants included decreased membrane 
conductivity to protons, increased proton extrusion or an 
increased buffering capacity of the cytoplasm. 

Resistance to bile salts is also an important property for 
probiotic strains (FAO/WHO, 2002). Ren et al. (2014) 
affirmed that the most bile-tolerant strains are strongly 
conducive for relieving the symptoms of lactose 
intolerance. This statement is in agreement with the study 
of Noh and Gilliland (1993), who asserted that the 
permeability of cells of L. acidophilus increases in 
presence of bile, thereby permitting more substrate to enter  

Júnior et al.          677 
 
 
 
the cells and increasing the β-galactosidase activity of 
whole cells.  

The bile tolerance by LAB shows a generally greater 
sensitivity to the deleterious effects of bile in Gram-
positive than in Gram-negative bacteria. However, 
conditions encountered in the external environment or in 
the host prior to entry into the small intestine will 
determine the effects of bile on a strain. Exposure to 
various pH levels, temperatures and growth atmospheres 
may either ‘‘harden’’ bacteria to the effects of bile or 
alternatively increase their susceptibility. The presence of 
food in the intestine may also affect survival, as bacteria 
may not be exposed to bile in certain microenvironments 
created by the food matrix or food constituents may even 
bind bile acids and prevent them from exerting toxicity. 
Pre-exposure of bacteria to low bile acid levels may 
increase their tolerance to high levels. Pre-exposure to 
one stress may also confer protection against other 
stresses, a phenomenon termed cross-adaptation. Many 
stresses have similar effects on cellular physiology and 
may well cause induction of the same set of stress 
proteins. Many stress management response systems 
may possibly overlap and be interconnected (Begley et 
al., 2005). Therefore, the acid and bile tolerance in 
probiotic strains could likely involve similar mechanisms.  
 
 
Adherence to the intestinal epithelial cells 
 
The probiotic adhesion process involves various 
biophysical and biochemical properties of both probiotics 
and epithelial cell layers. These include electrostatic 
interactions, passive and steric forces, hydrophobicity, 
autoaggregation capacity and specific cellular structures 
such as external appendages. These properties vary 
among the probiotic strains and are reported as species-
specific characteristics (Schillinger et al., 2005; Collado et 
al., 2007; Ranadheera et al., 2014). Apart from surviving 
the passage into the gastrointestinal tract, the probiotic 
microorganisms must also be able to adhere and to 
colonize the intestinal epithelium in order to compete with 
pathogenic organisms (Monteagudo-Mera et al., 2012; 
Ranadheera et al., 2014). This competition can result in 
exclusion (Tuomola, 1999), thereby reducing the risk of 
diseases arising from pathogenic organisms (Chapman 
et al., 2014) and making this an important selection 
criterion. 

Strains of L. reuteri showed a high adherence capacity 
that could possibly enhance the epithelial barrier in vitro 
within 24 h (Jensen et al., 2012). L. pentosus E108, L. 
plantarum B282 and L. paracasei subsp. paracasei E94 
showed good adhesion to Caco-2 cells (Argyri et al., 
2013), while L. casei 12668-1 and E. faecalis 18156-3 
showed strong adhesion ability to intestinal cells (Federici 
et al., 2014). P. pentosaceus CIAL-86 showed excellent 
adhesion    and    good    anti-adhesion    activity   against  
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Escherichia coli CIAL-153 (García-Ruiz et al., 2014).  

Strains of L. plantarum N8, N9, ZL5 ZL4 and L. casei 
were able to exert a significant in vitro inhibitory activity 
against Campylobacter jejuni and effectively inhibited the 
adhesion and invasion of HT-29 cells by C. jejuni (Wang 
et al., 2014). The adhesion ability of Lactobacillus 
probiotics could promote good residence time in the 
intestine, exclusion of pathogens and interaction with 
host cells to protect epithelial cells and induce immune 
modulation (Ouwehand et al., 1999).  

The difficulties of studying bacterial adhesion in vivo led 
to the development of in vitro models for preliminary 
studies of adherent strains (Vesterlund et al., 2005). 
Tests such as hydrophobicity and autoaggregation are 
performed because these cell surface traits are 
considered necessary for adhesion. These traits facilitate 
temporary colonization as well as protection of the host 
system because of the biofilm formation over the host 
tissue. Some studies have shown that hydrophobicity and 
autoaggregation are important for promoting the 
colonization of probiotics in ecological niches such as the 
intestinal tract or the urogenital tract (Pelletier et al., 
1997; Del Re et al., 2000; Giaouris et al., 2009). 

Cell surface hydrophobicity is one of the physico-
chemical properties that facilitate the first contact 
between the microorganism and the host cells 
(Schillinger et al., 2005). The initial and reversible contact 
stage is mediated by a complex of physicochemical 
interactions, including hydrophobicity and charges, which 
are ubiquitously thought to be nonspecific but important 
properties (Pelletier et al., 1997). Isolates that exhibit high 
hydrophobicity values are associated with high capacity 
for autoaggregation and adherence to Caco-2 cells 
(Kotzamanidis et al., 2010). Lactobacillus that showed an 
affinity for an apolar solvent above 40% generally 
presented more elevated hydrophobic characteristics 
(Giaouris et al., 2009). Dias et al. (2013) and Ren et al. 
(2014) reported Lactobacillus strains with high 
hydrophobicity of 59% and 54.75%, respectively.  

The autoaggregation and coaggregation of probiotics 
are necessary processes for the occurrence of adhesion 
to the intestinal epithelium and the formation of barriers 
that prevent colonization by pathogenic microorganisms 
(Del Re et al., 2000). Aggregation is a phenotype related 
to cell adherence properties (Pelletier et al., 1997; Kos et 
al., 2003). According to Del Re et al. (2000), strains with 
values lower than 10% are designated as non-
autoaggregating. Strains of L. salivarius and L. plantarum 
showed high capacity for autoaggregation (Ren et al., 
2012). L. salivarius subsp. salicinius, L. acidophilus and 
L. plantarum showed relatively high values for 
autoaggregation (46, 45 and 34%, respectively) as 
compared to the reference L. rhamnosus strain (33%) 
(Ren et al., 2014). Four isolates of Lactobacillus showed 
autoaggregation values higher than 90% (Bautista-
Gallego et al., 2013).  

 
 
 
 

The coaggregation abilities of the Lactobacillus species 
with potential pathogens might prevent the colonization of 
the gut by pathogenic bacteria (Bao et al., 2010). Thus, 
probiotic strains should show the ability to coaggregate 
with the pathogenic strains tested, but the percentage of 
coaggregation is strain-specific (Collado et al., 2007). In 
general, lactobacilli have a higher coaggregation with 
Listeria monocytogenes (Dias et al., 2013). This property 
may be related to the formation of mixed species biofilms, 
as reported by Veen and Abee (2011) for L. 
monocytogenes and Lactobacillus. 
 
 
PHYSIOLOGICAL DESIRABLE CRITERIA 
 
Probiotics can improve the function of the immune 
system and general health of the host. This review 
examines the main effects of physiologically desired 
criteria for a probiotic strain. Some of the health effects 
are listed in Table 2. 
 
 
Lactose intolerance 
 
Primary lactose malabsorption, which is accompanied by 
a continuous drop in lactase activity during childhood and 
adolescence and hypolactasia in adulthood, is a normal 
physiological process in humans. It can result in 
gastrointestinal discomfort after consuming lactose-
containing products, a condition called lactose 
intolerance (LI).  

Symptoms can be unpleasant and include abdominal 
pain, bloating, flatulence and diarrhoea. Some dairy 
products, like cheese, contain little or no lactose, 
whereas yoghurt is often better tolerated than milk (De 
Vrese, 2014; Kies, 2014). The European Food Safety 
Authority (EFSA) gave a positive opinion on lactose-
reduced foods, the use of lactase-enzyme as a dietary 
supplement and yoghurt containing viable yoghurt-
bacteria (Kies, 2014). The ability of microorganisms to 
ferment the lactose in milk is an important techno-logical 
property (Zárate and Chaia, 2012). Accordingly, many 
studies have focused on the metabolism of lactose to 
potentially probiotic microorganisms (Iqbal

 
et al., 2010; 

Rhimi
 
et al., 2010; Zárate and Chaia, 2012). 

The lactose-hydrolysing enzyme β-galactosidase (β-D-
galactoside galactohydrolase, EC 3.2.1.23) is an enzyme 
that catalyses the hydrolysis of lactose (a disaccharide 
found abundantly in milk) to glucose and galactose 
(Ustok et al., 2010). Possible sources of the enzyme are 
plants, animal organs, bacteria, yeasts, fungi and moulds. 
Amongst these, the microbial sources are clearly 
preferable and are mostly used for both reactions 
because of their ease of fermentative production, high 
activities and generally good stability. β-Galactosidase 
has long been used as an important biocatalyst in the dairy

http://www.sciencedirect.com/science/article/pii/S0008621510001242
http://www.sciencedirect.com/science/article/pii/S0923250809001466
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Table 2. Some of the beneficial effects on the health of the host and mechanisms of probiotic strains reported in scientific studies.  
 

Health effect Mechanism Authors 

Relief lactose intolerance Action of the enzyme β-galactosidase De Vrese et al. (2014) 

Treatment and prevention of 
allergy 

Pre-hydrolyzing β-lactoglobulin  Pescuma et al. (2015) 

Decline in risk associated with 
tumor development 

Decreased levels of enzymes: β- glucuronidase, azoreductase, 
nitroreductase and activation of pro-carcinogens 

Vasiljevic and Shah (2008) 

Hypocholesterolemic effect BSH activity Peres et al. (2014) 

Inhibition of Helicobacter pylori 
and intestinal pathogens 

Secretion protein components or organic acid, decreases the 
ability of adhesion of H. pylori to gastric epithelial cells, reduces 
inflammation of the mucosa, and stabilizes the gastric barrier. 

Kabir et al. (1997); Zheng et 
al. (2014) 

Intestinal immunomodulating 
effect 

β-Supra-regulation of IL-6 in the cecum Lähteinen et al. (2014) 

Decreased HIV infection 
Exposure of the CD4 receptor by lactobacilli cells by inhibition of 
HIV-1 

Su et al. (2013) 

 
 
 
industry as well as in synthetic glycochemistry (Iqbal

 
et 

al., 2010). β-Galactosidases produced by pure and mixed 
cultures of Streptococcus thermophilus and Lactobacillus 
delbrueckii ssp. bulgaricus 77 were characterized as 
stable at the pH range of 7-9 and the temperature range 
of 20-37°C, retaining 80-90% of their initial activities. As a 
result, these enzymes could be considered as potential 
candidates for the hydrolysis of lactose in milk and milk 
products (Ustok et al., 2010). 

Rhimi et al. (2010) conducted a study where the gene 
encoding β-galactosidase from the dairy S. thermophilus 
strain LMD9 was cloned, sequenced and expressed in E. 
coli. The purified recombinant enzyme was a powerful 
biocatalyst for the lactose from whey extract, which is a 
cheap source of D-galactose and D-glucose. The 
relevant importance is seen when one considers that 
these monosaccharides are used in the production of 
low-calorie or hypocaloric sweeteners. Moreover, this 
protein efficiently cleaves lactose in milk, and may thus 
aid in overcoming the lactose intolerance problem 
generated by milk products. The LI disease affects nearly 
70% of the world population, so the consumption of 
treated products can be a good way to incorporate dairy 
foods and nutrients into the diets of individuals with 
lactose intolerance (Vasiljevic and Shah, 2008; 
Kailasapathy, 2013). 
 
 
Prevention and reduction of diarrhoea 
 
Disruption of intestinal microbiota by antibiotics is a major 
risk factor for diarrhoea and colonization by Clostridium 
difficile (Lawley et al., 2012). This is a common 
complication for most types of antibiotics, especially 
broad spectrum antibiotics such as clindamycin, beta 
lactams and 3rd generation cephalosporins. Rates of C. 

difficile infection have increased worldwide over the years 
(McFarland, 2009). 

Probiotics have several beneficial health applications, 
such as reduction of colonization of pathogens 
(Vandenplas et al., 2014). Diarrhoea can be prevented by 
interrupting one of the potential contributing mechanisms: 
competition to inhibit the related receptor for growth of 
pathogens (nutrients, adhesion site), production of 
defensin or bacteriocin, reduction of the pH of the gut and 
stimulation of the host immune system (Ng et al., 2009). 
The effectiveness of probiotics is specific to the species 
and strain of disease, so the chosen probiotic strain 
should be linked to the disease (McFarland, 2009). 

Studies with strains of L. plantarum, S. thermophilus 
and L. delbrueckii subsp. bulgaricus in BALB/c mice have 
shown their importance in strengthening the colonization 
resistance of the faeces bacteria, suppressing proliferation 
of opportunistic pathogens (including enteric bacterium 
and Enterococcus) and restoration of the microbiota 
balance (Tian et al., 2014). A mixture of Lactobacillus 
plantarum, Lactobacillus kefir, Lc. lactis, Kluyveromyces 
marxianus and Saccharomyces cerevisiae was tested in 
an animal model of infection by C. difficile and 
demonstrated the ability to prevent diarrhoea and 
enterocolitis triggered by C. difficile (Bolla et al., 2013). 
 
 
Prevention of inflammatory bowel disease 
 
Crohn’s disease (CD) and ulcerative colitis (UC) are the 
two major forms of inflammatory bowel disease (IBD) and 
both diseases lead to high morbidity and health care 
costs (Reiff and Kelly, 2010). Evidence suggests that an 
abnormality in the response of the innate and adaptive 
immunity  plays an important role in intestinal inflammation 
(Liu, 2009).  Probiotic cultures may reduce the  relapse of 

http://www.sciencedirect.com/science/article/pii/S0308814614013107
http://www.sciencedirect.com/science/article/pii/S002364381400139X
http://www.sciencedirect.com/science/article/pii/S0008621510001242
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the disease after treatment with steroids and/or surgery. 
Thus, the presence of a diverse microbial population in 
the gastrointestinal tract and changes that occur during 
IBD provide adequate support for the use of probiotics in 
the treatment of this disease (Fedorak and Demeria, 
2012).  

Huang et al. (2013) reported in vitro and in vivo anti-
inflammatory and immunomodulatory effects of L. 
plantarum K68 isolated from fu-tsai, a traditional 
fermented food in Taiwan. L. plantarum K68 ameliorated 
dextran sulphate sodium induced UC in BALB/c mice 
through its anti-inflammatory and immunomodulatory 
activities and may be effective in treating other inflame-
matory diseases. Juarez et al. (2013) also reported a 
beneficial effect of L. reuteri CRL1101 in decreasing 
tumor necrosis factor alfa (TNF-α) production in lipopoly-
saccharide-treated macrophages, indicating it to be a 
candidate probiotic for the prevention and control of 
systemic inflammatory diseases. 
 
 
Prevention of allergies  
 
The use of probiotics in treatment and prevention of 
allergies, allowing an adequate stimulation of the immune 
system, is once again an attractive proposition. Several 
authors have reported promising results that clearly 
support the efficacy of probiotics in the prevention of 
some allergic diseases, thereby justifying experimental 
trials with a focus on selection of strains to be used and 
the time of administration of these probiotics (Pelucchi et 
al., 2012). 

Prescott and Bjorkstén (2007) affirmed that allergic 
disease results from a fundamental failure of underlying 
immune regulation. Microbial exposure arguably provides 
the strongest environmental signal for normal postnatal 
maturation of the immune system and also induces the 
maturation of antigen presenting cells and T-regulatory 
cells, which are essential for programming and regulating 
the T-cell response. 

Lactobacillus rhamnosus GG reduced the prevalence 
of atopic eczema in children (Rautava et al., 2002). 
Specific probiotics may modulate early microbial coloni-
zation, which represents the first intervention target in 
allergic disease, together with their ability to reverse the 
increased intestinal permeability characteristics in 
children with atopic eczema and food allergy. Probiotics 
also enhance gut-specific IgA responses, which are 
frequently defective in children with food allergy. In 
addition, probiotics have the potential to alleviate allergic 
inflammation both locally and systemically. 

However, unfortunately, contradictory results among 
studies do not currently allow a recommendation for 
probiotic use in the prevention of allergy. These 
contradictions  arise  from  study  variations  such  as  the 
type of population studied in terms of age, type of allergic 

 
 
 
 
disease, disease stage, number of patients included, 
genetic background, environment (Butel, 2014). 
Therefore, a cautionary note should be made amidst the 
continuing public enthusiasm for probiotics until the 
results are more conclusive (Prescott and Bjorkstén, 
2007).  
 
 
Probiotics and Helicobacter pylori 
 
H. pylori is a pathogenic intestinal agent that causes 
infection over time, which can trigger chronic gastritis and 
peptic ulcer, and increase the risk of gastric 
malignancies. Probiotics do not seem to eliminate the 
population of H. pylori, but they can reduce the 
inflammation associated with these bacteria in both 
animals and humans (Vasiljevic and Shah, 2008; 
Kailasapathy, 2013). 

A recombinant L. lactis expressing Urease B could 
serve as an antigen-delivering vehicle for the 
development of an edible vaccine to control H. pylori 
Infection. Urease is an important virulence factor that is 
required for colonisation of the gastric mucosa by H. 
pylori as it catalyses the conversion of urea into 
ammonium and CO2, thereby raising pH close to 
neutrality. Urease B is an effective and common antigen 
of H. pylori and it has been widely investigated as a 
potential antigen for the development of prophylactic and 
therapeutic vaccines against H. pylori infection (Del 
Giudice et al., 2001; Zhang et al., 2014).  

LAB increases the eradication rate of H. pylori infection. 
They inhibit H. pylori growth through secretion of protein 
components or organic acid, decrease the adherence 
capacity of H. pylori to gastric epithelial cells, reduce 
mucosal inflammation and stabilize the gastric barrier 
(Kabir et al., 1997; Zheng et al., 2014). Zheng et al. 
(2014) reported that L. pentosus LPS16 had a broad 
spectrum action against H. pylori.   
 
 
Modulation of the immune system  
 
Probiotic cultures may influence the body's immune 
function. Evidence from in vitro systems and animal and 
humans models suggests that these microorganisms can 
increase both specific non-specific immune responses, 
possibly by the activation of macrophages, increased 
levels of cytokines, increased activity of natural killer cells 
and/or increased levels of immunoglobulins (Singh et al., 
2011; Kailasapathy, 2013). 

Lee et al. (2011) evaluated the activity of selected 
probiotic lactobacilli on immune function by measuring 
lymphocyte proliferation and IFN-γ. Strains of L. gasseri 
and L. plantarum induced higher release of interferon-γ 
cytokines.  L. fermentum LA12 and L. plantarum (CJMA1, 
CJLP56,  CJLP133,  CJLP243, BJ53 and  CJNR26) were 



 
 
 
 
 
more effective at inducing lymphocyte proliferation than 
the positive control. These strains were characterized as 
beneficial in terms of immune modulation. 

A popular Brazilian fresh cheese (Minas Frescal 
cheese) containing L. acidophilus LA14 and 
Bifidobacterium longum BL05 was fed for 2 weeks to 
adult Wistar rats. The authors concluded that this 
probiotic cheese may be a viable alternative to for 
enhancing the immune system and could be used to 
prevent infections, particularly those related to the 
physical overexertion of athletes (Lollo et al., 2012). 

Kotzamanidis et al. (2010) affirmed that L. reuteri 
DC421, L. rhamnosus DC429 and L. plantarum 2035 
strains exhibited regulatory activity of early immune 
responses in both air pouches and intestines that was 
characterized by stimulation of polymorphonuclear 
chemotaxis, phagocytic activity, combination of 
TLR2/TLR4/TLR9 signalling and secretion of a certain 
cytokine profile. The activation of these specific immune 
responses by these non-pathogenic microorganisms aids 
in achievement of homeostasis and provides the healthy 
host with a higher capacity to resist any inflammatory 
response. 
 
 
Reducing the risk associated with mutagenicity and 
carcinogenicity 
 
Antigenotoxicity, antimutagenicity and anticarcinogenicity 
are potential functional properties of probiotics that have 
received much attention recently. Substantial evidence 
has been obtained from in vitro and animal model studies 
that support significant anticancer effects of probiotics 
(Kailasapathy, 2013; Serban, 2014). Genotoxic sub-
stances or environmental or autobiotic agents generated 
within the body can induce genetic changes or damage, 
leading to mutations and carcinogenesis (Wogan et al., 
2004). The best candidates as antimutagens could be 
natural dietary components, including LAB (Ambalam et 
al., 2011). 

Butyrate is generated from lactate formed by LAB and 
Bifidobacterium (Duncan and Flint, 2013). Butyrate exerts 
potent effects on a variety of colonic mucosal functions 
such as inhibition of inflammation and carcinogenesis, 
reinforcement of various components of the colonic 
defence barrier and decreasing oxidative stress. In 
addition, butyrate may promote satiety (Hamer et al., 
2008). L. plantarum and Bifidobacterium Bb12 have 
intrinsic antigenotoxic potential and may have protective 
effects against the early stages of colon cancer (Burns 
and Rowland, 2004). 

A L. rhamnosus (Lr 231) strain isolated from human 
faeces possesses the ability to bind with acridine orange 
(AO), N-methyl-N’-nitro-N-nitrosoguanidine (MNNG) and 
2-amino-3,8-dimethylimidazo-[4,5-f]-quinoxaline  (MeIQx) 
but  not  4-nitro-o-phenylenediamine  (NPD),  indicating a 
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variation in binding and antimutagenic activity. 
Instantaneous binding of AO and MNNG by Lr 231 can 
assist in the rapid removal of mutagens and may thereby 
prevent their absorption in the intestine. The binding of 
MNNG and MeIQx by Lr 231 results in a modification of 
the spectrum of mutagenic agents, implying residual 
dysmutagenesis associated biotransformation and subse-
quent detoxification of mutagenic agents. Thus, a 
potential probiotic human strain of Lr 231 possesses the 
ability to bind, biotransform and detoxify mutagens, and 
this property can be useful in formulating fermented foods 
for removal of potent mutagens (Ambalam et al., 2011). 

Sah et al. (2014) reported that probiotic organisms had 
a statistically significant effect on proteolytic activity that 
enhanced the generation of peptides with potential 
antioxidant and antimutagenic properties, with good 
correlation between proteolytic and antioxidant or 
antimutagenic activities. The peptides generated by milk 
fermentation with Lactobacillus strains may contribute a 
variety of bioactive compounds that can have a positive 
effect on human health and could be applied 
commercially in new products or in the production of new 
anticancer peptides. 
 
 
CONCLUSION 
 
Probiotic strains can be selected from different 
environments and food matrices for incorporation into 
various food products, thereby increasing food 
functionality and promoting beneficial effects on 
consumer health. However, these effects require rigorous 
selection criteria for the establishment of probiotic strains 
that are safe and functional and that have desirable 
technological and physiological characteristics. Some 
screening methods were discussed in this review. 
Although knowledge has been gained from the existing 
trials and scientific publications, human studies are still 
needed to elucidate the mechanisms of interaction 
between strains and host, since probiotic effects may be 
strain specific. 
 
 
Abbreviations: LAB, Lactic acid bacteria; GIT, 
gastrointestinal tract; GRAS, generally regarded as safe; 
CFU, colony forming units; MDR, multidrug resistance; 
OM, outer membrane; CRISPR, clustered regularly 
interspaced short palindromic repeats; BSH, bile salt 
hydrolase; NADH, nicotinamide adenine dinucleotide 
oxidases; SOD, superoxide dismutase; AP, agar plate; 
SC, secondary culture; EPS, exopolysaccharides; EFSA, 
European Food Safety Authority;  CD, Crohn’s disease; 
UC, ulcerative colitis; IBD, inflammatory bowel disease; 
TNF-α, Tumor necrosis factor alfa; NPD, 4-nitro-o- 
phenylenediamine, MNNG, N-methyl-N’-nitro-N- 
nitrosoguanidine;  MeIQx,  2- amino-3,8-dimethylimidazo- 
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[4,5-f]-quinoxaline; AO, acridine orange. 
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The microbial diversity of a pooled milk sample (H) from healthy dairy cows in the Daqing region of 
Heilongjing Province in northeastern China was compared to that of four pooled milk samples (M1-M4) 
from dairy cows from the same area previously diagnosed with subclinical mastitis, based on the 
California mastitis test, using pyrosequencing of the metagenomic 16S ribosomal RNA genes. A total of 
22 759 valid sequences were obtained from the five pooled milk samples, and the average length of a 
valid sequence was 484 bp. The composition of the bacterial communities of the M1, M2, M3, and M4 
samples was significantly different from that of the H sample. The bacterial diversity of the M1 sample 
was highly similar to that of M2 sample; the bacterial diversity of the M3 sample was highly similar to 
that of M4 sample. The Streptococcus and Staphylococcus spp. were highly prevalent in the M1, M2, 
and M4 samples, and Pseudomonas spp. were highly prevalent in the M1, M2, and M3 samples. The 
levels of Acinetobacter, Lactococcus, and Flavobacteriaceae spp. in the M1, M2, M3, and M4 samples 
were lower than those of the H sample, which represents potential risk factors for subclinical mastitis. 
Our findings provide valuable information relevant to the prevention and treatment of subclinical 
mastitis in dairy cows in northeastern China. 
 
Key words: subclinical mastitis, microbial diversity, pyrosequencing. 

 
 
 
INTRODUCTION 
 
Mastitis is the inflammation of the mammary gland and 
udder tissue, and is a major endemic disease of dairy 
cattle in cows-producing countries. Dairy cow mastitis 
causes economic losses due to reduced milk production, 
discarded milk, premature culling, and increased anti-

biotic usage (Halasa et al., 2007). The incidence rate of 
subclinical mastitis can reach 36.4%~85.7% on some 
diary farms in China (Ding et al., 2011). Compared with 
clinical mastitis, subclinical mastitis causes greater 
economic losses because of delays in treatment caused 
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by the apparent lack of symptoms (Annapoorani et al., 
2007). 

Environmental microbial infections are considered to be 
the primary risk factors for mastitis in dairy cattle (Smith 
et al., 2005; Ericsson et al., 2009; Braem et al., 2012; 
Hogan and Smith, 2012). In previous decades, 
conventional bacterial culture, polymerase chain reaction 
(PCR), and PCR-denaturing gradient gel electrophoresis 
were widely used to identify and analyze the pathogenic 
bacteria associated with mastitis in dairy cattle (Kuang et 
al., 2009;Koskinen et al., 2010; Braem et al., 2011; Gurjar 
et al., 2012). In a recent study, Bhatt and others (2012) 
analyzed the microbiome signatures of milk samples from 
cows with subclinical mastitis using a shotgun 
pyrosequencing method, and Oikonomou et al. (2012) 
analyzed the microbial diversity of bovine mastitis-
associated bacteria using pyrosequencing of the 
metagenomic 16s ribosomal RNA genes (16SrDNA). 
Metagenomic sequencing strategies obtain substantial 
information regarding the microbial composition of milk 
samples from dairy cows with mastitis. 

The incidence of subclinical mastitis in dairy cows is 
closely related with environmental conditions. In different 
regions, the pathogenic bacteria associated with mastitis 
in dairy cattle may exhibit significant differences. In our 
current study, we used pyrosequencing of metagenomic 
16S rDNA to analyze the microbial diversity of milk 
samples from dairy cows with subclinical mastitis in the 
Daqing area of Heilongjiang Province in northeastern 
China. Our findings provide valuable information for the 
prevention and treatment of subclinical mastitis in dairy 
cattle. 
 
 
MATERIALS AND METHODS 
 
Milk sampling 
 
Twenty (20) milk samples (approximately 5 mL each) were 
collected aseptically in sterile centrifuge tube from Holstein cows 
with subclinical mastitis that were diagnosed using the California 
mastitis test (CMT) in 2013. The udder was washed thoroughly with 
potassium permanganate solution (1: 1000), and the teats were 
wiped with 70% ethyl alcohol prior to sampling. Based on their CMT 
rating, the CMT±, CMT+, CMT++, and CMT+++ cases were 
assigned to the M1, M2, M3, and M4 group, respectively, with five 
cows in each group. Milk samples from each cow were combined to 
form a pooled sample for the respective group. Milk samples were 
also collected from five healthy, unaffected cows from the affected 
dairy herd, and combined to form one pooled sample (H), which 
served as a control for the comparisons of microbial diversity. The 
H, M1, M2, M3, and M4 pooled samples were stored at -80°C. 
 
 
DNA extraction, PCR amplification, and pyrosequencing 
 
Genomic DNA was extracted from 1 ml of the H, M1, M2, M3, and 
M4 milk samples using the EZNA bacterial DNA isolation kit 
(Omega Biotek, Guangzhou, China), according to the 
manufacturer’s  instructions. The  extracted bacterial  genomic DNA  

 
 
 
 
was analyzed by electrophoresis on 1% agarose gel. The V1-V3 
region of the 16S rDNA in each sample, which contains a unique 
10-bp barcode sequence used for multiplexed pyrosequencing, was 
amplified using the 27F (5'-AGAGTTTGATCCTGGCTCAG-3') and 
533R (5'-TTACCGCGGCTGCTGGCAC-3') oligonucleotide primers 
(Oikonomou et al., 2012). The PCR was performed in triplicate 
using 5 μl of 5× buffer, 0.5 μl of extracted genomic DNA, 0.4 μM 
each primer, 2.5 U TransStart Fastpfu DNA Polymerase (TransGen 
Biotech, Beijing, China), 0.25 mM deoxynucleotide triphophates, 
and deionized water in a total volume of 25 µl. The protocol was 
optimized to reduce the number of cycles to ensure acceptable 
levels of accuracy and reliability in the subsequent data analysis. 
Thermal cycling was performed as follows: 95°C for 5 min; 25 
cycles of 94°C for 30 s, 55°C for 30 s, and 72°C for 30 s; and 72°C 
for 5 min. The PCR triplicates were pooled, and 2 μl of the pooled 
PCR products was analyzed on a 2% agarose gel. The PCR 
products were purified using a DNA gel extraction kit (Axygen, 
Hangzhou, China), and quantified using a QuantiFluor-ST 
Fluorometer (Promega, Madison, WI, USA). Pyrosequencing was 
performed from the A-end by a commercial service provider 
(Majorbio Bio-Pharm Technology, Shanghai, China) using a Roche 
454A sequencing primer kit on a Roche GS-FLX Titanium platform 
genome sequencer (Roche Diagnostics, Indianapolis, IN, USA). 
 
 
Bioinformatics analysis 
 
The trimmed sequences were clustered to operational taxonomic 
units (OTUs) at phylotype similarity level of 97% by using the 
furthest neighbor method in the Mothur software package 
(www.mothur.org). Rarefaction analysis was performed using 
Mothur, and the rarefaction curve was generated using the R 
software (R Foundation for Statistical Computing, Vienna, Austria). 
The Shannon diversities and the Chao1 richness estimations were 
calculated using Mothur. The microbial-community barplot was 
generated using the R software, based on the data in the tax-level 
files. A heatmap figure and Venn diagrams were constructed using 
the R software. The principal component analysis (PCA) was 
performed to demonstrate clustering using the VEGAN com-
putational tool in the R software. The similarity data were analyzed 
using the Jest method (Jaccard coefficient using richness 
estimators) and the Mothur software, and a similarity tree was 
generated using the R software. 
 

 

RESULTS 
 

Pyrosequencing of bacteria in milk from cows with 
subclinical mastitis 
 

The 16S rDNA in the H, M1, M2, M3 and M4 samples 
were analyzed by metagenomic pyrosequencing of the 
V1-V3 region. A total of 22 759 valid sequences were 
obtained from the five pooled PCR samples, and the 
average length of a valid sequence was 484 bp (Table 1). 
After trimming and quality control, 20 470 sequences 
were obtained, and the average trimmed sequence 
length was 498 bp, accounting for 89.95% of the valid 
sequences. The number of the trimmed sequences in the 
H, M1, M2, M3, and M4 samples ranged from 3747 to 
4464. A total of 1195 OTUs were obtained, with 97% 
sequence identity (0.03 cutoff distance) based on the 
Chao 1 and Shannon indices in Table 2. The OTUs ranged  

www.mothur.org
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Table 1. Valid sequences and trimmed sequences of bacterial 16S rRNA genes identified from milk samples 
with subclinical mastitis by pyrosequencing.   
 

Sample 

Valid sequences  Trimmed sequences 
Percent 

(trimmed/valid) Sequence 
no. 

Average 
length (bp) 

 
Sequence 

no. 
Average 

length (bp) 

H 5003 466  4339 496 86.72 

M1 4393 491  3995 501 90.94 

M2 4257 476  3747 498 88.02 

M3 4820 492  4464 498 92.59 

M4 4286 493  3925 498 91.58 

Total 22759 484  20470 498 89.95 

 
 
 

Table 2. Chao1 and Shannon indices for different cutoff distances (0.01, 0.03 and 0.05) and for different samples. 
 

Sample 
name 

Distance 
cutoff 

Number of 
samples/sequences analyzed 

Clusters 
(OTUs) 

Chao1 Shanon index 

H 

0.01 

1/4228 

446 1075 2.71 

0.03 236 404 2.27 

0.05 173 257 1.97 

      

M1 

0.01 

1/3963 

510 1168 4.00 

0.03 301 583 3.38 

0.05 233 383 3.2 

      

M2 

0.01 

1/3689 

452 1246 3.52 

0.03 260 550 2.93 

0.05 203 350 2.75 

      

M3 

0.01 

1/4449 

399 1168 2.37 

0.03 201 407 2.02 

0.05 145 291 1.83 

      

M4 

0.01 

1/3901 

382 1248 2.98 

0.03 197 448 2.58 

0.05 141 254 2.39 

 
 
 
from 197 to 301. The rarefaction curves showed a trend 
toward a saturation plateau, demonstrating the validity of 
the data with regard to a greater number of sequences 
producing fewer OTUs (Figure 1).  
 
 
Classification and analysis of bacteria in milk from 
cows with subclinical mastitis 
 
The bacterial community barplot of the H, M1, M2, M3, 
and M4 samples at the genera level are shown in Figure 
2. The bacterial genera in the H, M1, M2, M3, and M4 
samples included Acinetobacter, Lactococcus, 

Pseudomonas, Sphingobacterium, Streptococcus, 
Staphylococcus, Empedobacter, Chryseobacterium, 
Flavobacterium, and Brochothrix. The low-abundance 
bacterial genera in each sample were grouped as 
“others.” The relative abundance of bacterial genera 
among the five samples was significantly different, 
especially with regard to the levels of Streptococcus and 
Staphylococcus spp., which are commonly reported 
pathogens associated with mastitis in dairy cattle.  

The hierarchical heatmap was generated based on the 
identified bacterial community in the samples at the 
genera level (Figure 3). The heatmap of the five samples 
indicated the existence of two different groups, one of



 

 

690          Afr. J. Microbiol. Res. 
 
 
 

 
 

Figure 1. Rarefaction analysis of the H, M1, M2, M3, and M4 milk 
samples. Rarefaction curves of the OTUs clustered at a phylotype 
similarity level of 97%.  

 
 
 

 
 

Figure 2. Bacterial community barplot of the H, M1, M2, M3, and M4 milk samples at the genera level. The relative abundance 
(%) was calculated based on the number of sequences of each bacterial genera in each sample.  
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Figure 3. Heatmap figure of the bacterial-community composition of the H, M1, M2, M3, and M4 
milk samples. 
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Figure 4. Venn diagram of the OTUs of the H, M1, M2, M3, 
and M4 milk samples at a distance level of 3%.  

 
 
 

 
 

Figure 5. Scatter plot of the principal components analysis 
of the H, M1, M2, M3, and M4 milk samples. The PC1 and 
PC2 exhibited 88.42 and 7.53% of the variance, 
respectively. 

 
 
 
which included the H, M3, and M4 samples, and the other 
included the M1 and M2 samples. The bacterial 
community of the H sample from the healthy dairy cows 
did  not occupy  a separate  branch  in the heatmap,  and  

 
 
 
 

 
 

Figure 6. Similarity tree of the H, M1, M2, M3, and M4 milk 
samples. 

 
 
 
showed a high level of similarity with the M3 sample. The 
M1 sample had a high level of similarity with the M2 
sample; the M3 sample had a high level of similarity with 
the M4 sample. 

The shared communities among the five samples are 
depicted in the Venn diagrams in Figure 4. The shared 
OTUs of the M1, M2, M3, and M4 subclinical mastitis 
samples accounted for 4.9% of the 959 OTUs obtained 
for the four samples, of which the M1 and M2 samples 
shared the greatest number, at 116. The H, M1, M2, M3, 
and M4 samples shared 46 OTUs which accounted for 
3.85% of the 1195 OTUs obtained for the five samples, 
and the shared OTUs of the H and M2 samples is 109. 

The bacterial communities of the H, M3, and M4 
samples were grouped in the bottom left of the PCA 
graph along the PC1, whereas the bacterial communities 
of the M1 and M2 samples were scattered throughout 
different areas of the PCA plot (Figure 5). Compared with 
the M1 and M2 samples, the bacterial communities of the 
H, M3, and M4 samples were more similar, which was 
consistent with the results of the heatmap analysis. In 
addition, the structure of similarity tree of the H, M1, M2, 
M3, and M4 samples was consistent with the PCA plot 
and heatmap (Figure 6). 
 
 

DISCUSSION 
 

Among the genera comprising the bacterial communities 
in the H, M1, M2, M3, and M4 samples, Acinetobacter, 
Lactococcus, Empedobacter, Pseudomonas, and 
Chryseodobacterium spp. have been reported as 
bacterial isolates from raw cow’s milk (Hagi et al., 2013), 
and pathogenic Streptococcus, Staphylococcus, and 
Flavobacterium spp. have been reported in dairy cows 
(Rampon and Barbesier, 1960; Sela et al., 2007; Rato et  



 

 

 
 
 
 
al., 2013; Wang et al., 2013). In addition, Lactococcus is 
an increasingly reported cause of bovine mastitis 
(Plumed-Ferrer et al., 2013). However, Sphingobacterium 
and Brochothrix spp., which were also identified in the 
five samples, have not been previously reported in dairy 
cows with mastitis.  

Compared with the milk in the H sample from healthy 
cows, the proportions of Lactococcus (39.77%), 
Pseudomonas (16.78%), Streptococcus (9.01%), 
Staphylococcus (9.44%), Empedobacter (3.53%), and 
Flavobacterium (3.94%) were higher in the M1 sample, 
and the proportions of Lactococcus (24.42%), 
Pseudomonas (27.35%), and Streptococcus (7.73%) 
were higher in the M2 sample. In addition, the proportions 
of Acinetobacter (64.4%), Pseudomonas (11.37%), 
Empedobacter  (2.47%), and Sphingobacterium (5.46%) 
in the M3 sample were higher than those in the H 
sample, and the proportions of Sphingobacterium 
(15.12%), Streptococcus (5.61%), Staphylococcus 
(6.33%), Empedobacter (3.51%), and Chryseobacterium 
(4.74%) in the M4 sample were higher than those in the 
H sample.  

Streptococcus and/or Staphylococcus spp. were 
abundant in the M1, M2, and M4 samples, which is 
consistent with previous reports of Staphylococcus or 
Streptococcus associated with mastitis in dairy cattle 
(Saei et al., 2009; Kozytska et al., 2010; Piccinini et al., 
2010; Demon et al., 2012). Pseudomonas spp., which 
was highly abundant in the M1, M2, and M3 samples, 
were reported to be associated with an outbreak of 
mastitis. In addition, the relative abundance of 
Acinetobacter was significantly lower in the M1, M2, and 
M4 samples, compared with that of the H sample. The 
relative abundance of Lactococcus in the M3 and M4 
samples was lower than that of the H sample. Thus, the 
differences in the abundance of Acinetobacter and 
Lactococcus spp. may be related to the incidence of 
subclinical mastitis.  

The Flavobacterium, Empedobacter, and 
Chryseobacterium genera belong to the family 
Flavobacteriaceae, which primarily include environmental 
bacteria. The presence of Flavobacterium, 
Empedobacter, and Chryseobacterium in the milk of 
cows with subclinical mastitis might provide novel 
information for the pathogenic bacteria associated with 
mastitis in dairy cattle. The Gram-positive firmicutes are 
generally considered as contagious mastitis pathogens, 
and the Gram-positive bacteria Streptococcus and 
Staphylococcus are the most common cause of bovine 
mastitis in China (Yang et al., 2013; Alkasir et al., 2013). 
In our current study, Streptococcus and Staphylococcus 
had the higher relative abundance in the milk of cows 
with subclinical mastitis. However, these genera 
comprised only 0.07% to 9.44% of the total bacteria in 
each sample. The relative abundance of Streptococcus 
and Staphylococcus in milk  samples may  provide novel  
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understanding between these bacteria and both clinical 
and subclinical mastitis in dairy cattle.  

Oikonomou et al. (2012) reported that high numbers of 
anaerobic bacterial sequences were obtained from all of 
the mastitis cases in their study using pyrosequencing of 
metagenomic 16s rDNA, suggesting a possible role of 
anaerobic pathogens, such as Fusobacterium, in bovine 
mastitis. In our current study, Fusobacterium spp. was 
not found in any of the milk samples. Such differences in 
the prevalence of anaerobic pathogens in mastitis cases 
might be associated with geographical differences. 
Pseudomonas spp. were highly abundant in three of the 
milk samples from cows with subclinical mastitis, 
suggesting that Pseudomonas spp. are a common cause 
of subclinical mastitis, which is consistent with a previous 
study of the microbiome signatures of milk samples from 
cows with subclinical mastitis (Bhatt et al., 2012).  

The California mastitis test (CMT) is the most 
commonly used indirect method of evaluating somatic 
cell count. The ±, +, ++, and +++ scores of the CMT 
provide a qualitative assessment of subclinical mastitis in 
dairy cattle. In our current study, the M1, M2, M3, and M4 
milk samples, which represented the ±, +, ++, and +++ 
CMT scores, respectively, exhibited different bacterial-
community compositions. The M3 and M4 samples had 
similar bacterial communities, and the bacterial 
communities of the M1 and M2 samples were also 
similar. The bacterial-community composition of the H, 
M3, and M4 samples was clustered together in the PCA 
and the similarity tree. This finding suggests that 
subclinical mastitis may be caused by a variety of 
different pathogenic bacteria. Thus, other factors, such as 
viruses, may contribute to the development of subclinical 
mastitis.  

In conclusion, our pyrosequencing analysis of 
16SrDNA sequences revealed a high level of microbial 
diversity in the milk from cows with subclinical mastitis in 
northeastern China. Although the interpretation of our 
findings might be limited by the small number of milk 
samples tested and the small geographic area from 
which the milk was sampled, our results provide 
important basic information regarding microbial diversity 
that increase our understanding of the etiology of 
subclinical mastitis in dairy cattle. 
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Raw vegetables are major vehicles for the transmission of foodborne infections. In Ethiopia, there is a 
habit of consuming raw vegetables as salad, particularly tomato (Solanum lycopersicum L.), cabbage 
(Brassica oleracea L.), carrots (Daucus carota L.), lettuces (Lactuca sativa L.) and green peppers 
(Capsicum annuum L.) without adequate treatment. The objectives of this study were to assess the 
prevalence of some foodborne pathogens and to evaluate the growth potential of common foodborne 
bacterial pathogens. A total of 180 vegetable samples were purchased from different sites of Jimma 
town and analyzed following standard microbiological methods. In addition, prevalence of Salmonella 
and Staphylococcus aureus were determined. Similarly, different raw vegetables were challenged with 
test strains (Salmonella typhimurium ATCC 13311, Escherichia coli ATCC 25922 and Staphylococcus 
aureus ATCC 25923). The growth rates of test strains varied in various vegetables. Tomato samples 
were the most suitable for the growth of test strains. Salmonella and S. aureus were isolated from 23 
(12.8%) and 18 (10%) vegetable samples, respectively. Salmonella were most prevalent in lettuce but S. 
aureus was more prevalent in green pepper. The use of food grade chemicals to kill pathogens and 
reduce the microbial load before consumption is recommended.   
 
Key words: Challenge study, growth potential, bacterial pathogens, raw vegetables. 

  
 
INTRODUCTION 
 
Vegetables can be used as salad mixes, side dishes or 
ingredients in the meals. Fresh products that contain 
complex and colorful blends incorporating a wide variety 
of vegetable mixes and flavors would especially benefit 
from sales in all market segments. In general, as 
consumers continue to lead a healthy lifestyle, there are 

broad product development opportunities in this category. 
Currently, supermarkets and the food service outlets are 
the primary retail outlets for these products (Amoah et al., 
2009). Thus despite their nutritional and health benefits, 
outbreaks of human infections associated with the 
consumption  of  fresh or minimally processed vegetables  
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have increased in recent years (Beuchat, 2002). 

Since vegetables are produced in a natural environ-
ment, they are vulnerable to contamination by human 
pathogens. The majorities of diseases associated with 
fresh vegetables are primarily those transmitted by the 
fecal oral route, and therefore, are a result of contami-
nation at some point in the process (Johnston et al., 
2005). Vegetables could be contaminated with bacterial 
pathogens from human or animal sources including 
Salmonella, Shigella, E. coli O157:H7, Listeria 
monocytogenes, Staphylococcus aureus and 
Campylobacter, and resistance pathogens to different 
antimicrobials (Al-Binali et al., 2006; Simon et al., 2007; 
Allende et al., 2008; Elhariry, 2011).  As the result, 
vegetables have been associated with outbreak of 
foodborne disease in many countries.  

Foodborne bacterial pathogens commonly detected in 
fresh vegetables were coliform bacteria, Staphylococcus 
aureus and Salmonella spp. (Tambekar and Mundhada, 
2006). Coli forms are commonly used bacterial indicator 
of sanitary quality of foods and water and considered as 
an indicator of microbial pollution and they are common 
inhabitant of animal and human guts (Tortora, 1995).  
The presence of these bacteria poses a serious threat to 
public health with outbreaks arising from food and water 
that has been contaminated by human or animal feces or 
sewage. S. aureus is the third most common cause of 
confirmed food poisoning in the world and the illness is 
due to the ingestion of preformed enterotoxin produced in 
foods (Acco et al., 2003). 

Ethiopia has highly diversified agroecological zones 
which are suitable for the production of various types of 
vegetables. Vegetables are mainly grown by traditional 
farmers in home gardens. About 27% of the vegetable 
species recorded from home gardens in Ethiopia were 
consumed as raw or cooked (Asfaw, 1997). Particularly, 
in the urban parts of the country eating of raw vegetables 
becomes more common. Vegetable farmers around 
Jimma town supply vegetables to the local market; but 
the market place of Jimma town is not well organized.  
Vegetables are sold in front of shops besides with other 
goods and on street by street vendors. In addition, 
vegetables can be stored in poor quality containers and 
house before sell for at least one day. This can increase 
potential contamination of vegetables with animals and 
human’s feces, soil, dusts and other postharvest contami-
nants (Al-Binali et al., 2006). Contamination of vegetables 
are of special concern, because it is likely to be 
consumed raw, without any type of microbiologically 
lethal processing, thus posing a potential food safety 
problem.  

The present study was undertaken to examine the 
growth potential of common foodborne bacterial 
pathogens in some fresh vegetables particularly tomato 
(Solanum lycopersicum L.), cabbage (Brassica oleracea 
L.), carrot (Daucus carota L.), lettuce (Lactuca sativa L.), 
and green pepper (Capsicum annuum L.) samples collected 
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from different sites (Kochi, Agip and Merkato) and 
markets  (shops and street venders) of Jimma town. 
 
 

MATERIALS AND METHODS  
 
Description of the study area  
 
The study was conducted in Jimma town, which is located at 353 
km south west of Addis Ababa. The town's geographical 
coordinates are approximately 7°41' N latitude and 36° 50'E 
longitude. From a climatic point of view, abundant rainfall makes 
this region one of the best watered of Ethiopian highland areas, 
conducive for agricultural production (Alemu et al., 2011).  
 
 
Study design and study population  
 
The cross sectional study design was used. The sampling sites 
were Kochi, Agip, and Merkato.  The study periods were covered 
from September, 2011 to May, 2012.  
 
 
Sampling techniques 
 
A simple random sampling technique was used to address 
representative of the whole population. 
 
 
Data collection 
 

As the study has survey and experimental parts, data were 
collected using structured questionnaires. 
 
 
Collection of samples  
 
A total of 180 fresh vegetable samples were purchased at different 
sampling days from local markets of Jimma town, southwest 
Ethiopia. The samples consisted of 36 each of tomato (S. 
lycopersicum L.), cabbage (B. oleracea L.), carrots (D. carota L.), 
lettuces (L. sativa L.), and green peppers (C. annuum L.). All 
samples were collected using sterile plastic bags aseptically and 
immediately brought to the Postgraduate and Research Laboratory 
of Biology Department, Jimma University, for analysis. 
Microbiological analysis was conducted within 3 h of sample 
collection.  
 
 

Sample preparation 
 
For sample preparation, 25 g samples were aseptically removed 
from each sample, shredded into approximately 2 - 3 cm pieces  
using a sterile stainless steel knife  and vigorously shaken in 225 ml 
of sterile 0.1% (w/v) buffered peptone water (Oxoid) for 3 min 
separately to homogenize the samples (Shalini, 2010).   
 
 

Detection of pathogens 
Salmonella  
 
For detection of Salmonella, 25 g vegetable samples were added to 
225 ml buffered peptone water, vigorously shaken and the 

suspension was incubated at 37C for 24 h for metabolic recovery 
and proliferation of cells (Deza et al., 2003). From this, 1 ml of 
culture was transferred into separate tubes each containing 10 ml 

of selenite cystein broth. The broth was incubated at 37C for 24 h. 
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After secondary enrichment, culture from enrichment broth was 
separately streaked on plates of Xylose Lysine Desoxycholate 
(XLD) (Oxoid) medium.  Pink colonies with or without black centers 
from selective medium was picked, purified and tested 
biochemically (Cheung et al., 2007). 
 
 
S. aureus  
 
For detection of S. aureus, golden yellow colonies from MSA during 
staphylococci count were picked, purified and preserved.  
Coagulase test was done by two ways: slide coagulase test and 
tube coagulase test (Cheesbrough, 2006).  
 
 
Determination of growth potential of selected pathogens  
 
The growth potential of representative foodborne pathogens (such 
as S. typhimurium ATCC 13311, S. aureus ATCC 25923, and E. 
coli ATCC 25922) were assessed in tomato, cabbages, carrots, 
lettuce, and green pepper samples. These vegetable samples were 
chopped using food processor (NM- 343) to small pieces and 
homogenized. From the homogenate, 200 g of each fresh sample 

was steamed at 80C for 10 min to kill any vegetative cells which 
may be present in the samples. The test strains were activated for 
24 h to give an inoculums level of 10

2
 - 10

3
 CFU g

-1
. Then, 0.5 ml 

overnight culture of each standard inoculums of test strains were 
separately and aseptically inoculated to 50 g of each freshly 
prepared samples. Ten grams of each inoculated  samples were  
homogenized in 90 ml of buffered peptone water (BPW) and 0.1 ml 
of appropriate dilution were spread plated on xylose lysine 
desoxycholate (XLD) medium for S. typhimurium ATCC 13311, 
Mannitol salt agar (MSA) for S. aureus ATCC 25923 and  violet red 
bile agar (VRBA)  for Escherichia coli ATCC 25922. The survival 
and growth pattern of the test pathogens were evaluated through 
aseptically periodic withdrawal of portion of samples (10 g) 
aseptically at every 6 h intervals for 0 - 24 h and making of counts 
after incubation at 37 

0
C for 24 h (Muleta and Ashenafi, 2001; 

NACMCF, 2010). 

 

 
Statistical analysis 

 
The mean values of microbial count were analyzed by Microsoft 
excel 2010. In addition, the data obtained from the respondents 
were analyzed by SPSS version 16.  

 
 
Ethical consideration 

 
 
Ethical clearance was obtained from Research Review and Ethical 
committee of College of Natural Science, Jimma University.  
 
 

RESULTS  
 
General vegetable farm and management conditions  
 
The general characteristics of farm and management 
conditions of vegetables sold in Jimma town were 
summarized in Table 1. Vegetables sold in Jimma town 
were 100% cultivated in traditional farming methods by 
rural  farmers.  The  preferred  cultivation seasons  of  the 

 
 
 
 
vegetables were found out to be during dry season 
(41.1%) using irrigation.  The water sources for irrigation 
were river (63.3%) and well (36.7%). A large number of 
vegetable farmers (73.3%) used inorganic fertilizers 
although 26.7% used animal manure to increase the 
fertility of the farm land. The vegetable farmers used 
different materials to harvest the produce including sack 
(41.1%), hand basket (32.2%) and plastic bags (26.7%). 
The harvested vegetables were stored at different places 
before selling. About 62.2% of the vegetable farmers 
were stored in store room. However, 37.8% of the 
respondents stored vegetables simply on the floor in the 
vegetable farms (Table 1).   

Vegetables were transported from farm site to market 
by different means of transportation. Donkey were mostly 
used (35.6%) followed by horse cart (26.7%), car (23.3%) 
and humans back (14.4%). Sack and plastic bags were 
used as transporting containers while 64.4% of the 
respondents used sack and 35.6% of vegetable farmers 
and sellers used plastic bags. About 63.3% of the 
respondents placed vegetables on the bed in front of the 
shop for sell. On the other hand, 35.6% of vegetable 
sellers vended vegetables on street without using bed or 
plastic sheet. However, 1.1% of respondents used 
plastics to vend vegetables on floor. Vegetables were not 
availed to the consumers as soon as harvested. 
Therefore, 77.8% of the sellers stored vegetables for up 
to three days, whereas 22.2% stored for more than three 
days before sold to consumers. Over 54% of the 
respondents consumed vegetables without heat treat-
ment. However, 33.3 and 12.2% of the respondents 
consumed after heat treatment and treating with food 
grade chemicals, respectively (Table 1).  
 
 
Frequency of isolation of Salmonella spp. and S. 
aureus  
 
Among 180 vegetable samples analyzed, 23 (12.8%) 
samples were positive for Salmonella isolates (Table 2). 
With regard to frequency distribution in each vegetable 
type, Salmonella isolates were highly prevalent in lettuce 
(16.7%). The frequency distribution of Salmonella in both 
tomato and cabbage were equal (13.9%). On other hand, 
Salmonella were isolated in 11.1% of carrot samples. 
However, green pepper contained the least Salmonella 
isolates (8.3%) as compared to lettuce, cabbage, tomato, 
and carrot samples (Table 2).   

Of the total 180 vegetable samples, 18 (10.0%) were 
positive for S. aureus (Table 2). S. aureus was prevalent 
in each vegetable type. In most case, the levels of 
prevalence were different between vegetables. However, 
the prevalence of S. aureus in both cabbage and lettuce 
were equal (11.1%). S. aureus was most frequently 
isolated from green pepper (13.9%) followed by cabbage 
and lettuce. In carrot, the prevalence was 8.3% with least 
prevalence (5.6%) in tomato samples (Table 2).  
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Table 1. General vegetable farm and management conditions, Jimma 
town, south western Ethiopia, 2011/2012. 
 

Characteristics 
Respondents(n=90) 

Frequency Percent (%) 

Methods of cultivation 
  

Traditional 90 100 

Water source of irrigation 
  

River 57 63.3 

Well 33 36.7 

To increase fertility of  farm 
  

Inorganic fertilizers 66 73.3 

Animal manure 24 26.7 

Harvesting equipments 
  

Sac 37 41.1 

Hand basket 29 32.2 

Storage place before selling 
  

In store room 56 62.2 

On the floor in vegetable farm 34 37.8 

Transporting containers 
  

Sac 58 64.4 

Plastic bags 32 35.6 

How long do you store before sell 
  

1 day 5 5.6 

2 days 29 32.2 

3 days 36 40.0 

More than 3 days 20 22.2 

Consumption habit 
  

Without heat treatment 49 54.4 

With heat treatment 30 33.3 

With food grade chemicals 11 12.2 

 
 
 

Table 2. Prevalence of Salmonella and S. aureus in raw vegetables, Jimma town, south western Ethiopia, 2011/2012. 

 

Sample type  
Sample size 

(180) 
Number of Salmonella positive samples (%) Number of S. aureus positive samples (%) 

Tomato 36 5 (13.9) 2 (5.6) 

Cabbage  36 5 (13.9) 4 (11.1) 

Carrot 36 4 (11.1) 3 (8.3) 

Lettuce  36 6 (16.7) 4 (11.1) 

Green pepper 36 3 (8.3) 5 (13.9) 

Total 180 23 (12.8) 18 (10.0) 

 
 
 
Growth potential of common foodborne pathogens  
 
Growth potential of Salmonella typhimurium in some 
raw vegetables  
 
The growth potential of S. typhimurium ATCC 13311, E. 
coli ATCC 25922 and S. aureus ATCC 25923 were 

analyzed in tomato, cabbage, carrot, lettuce and green 
pepper over a period of  24 h. In challenge studies, the 
highest counts of S. typhimurium ATCC 13311 were 9.3 
log10 CFU g

-1
 with 24 h in tomato samples (Figure 1). 

Nevertheless, the lowest counts were 5.6 log10 CFU g
-1

 
in green pepper. The counts of S. typhimurium ATCC 
13311 in the remaining vegetable samples including
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Figure 1. Growth potential of Salmonella typhimurium ATCC 13311 in selected raw vegetables. 
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Figure 2.  Change in pH of selected vegetables challenged with Salmonella typhimurium ATCC 
13311.        

 
 
 

carrot, cabbage and lettuce were 8.2, 7.6 and 7.3 CFU g
-

1
, respectively. Counts of the test strain increased by 

about two log units in the first 6 h in each vegetable 
tested except in green pepper where it increased by 0.5 
log units. In the second 6 h the growth rate was 
decreased in cabbage, carrot and tomato with drop in pH. 
However, in the third 6 h the growth rate of S. 
typhimurium ATCC 13311 was increased when pH was 
relatively unvaried.  There were rising tendencies in pH 
during the last phase of 24 h incubation (Figure 2). 
Overall, the growth rate of S. typhimurium ATCC 13311 
was lower in green pepper than other vegetable samples 
(Figure 1).   

Growth potential of Escherichia coli in some raw 
vegetables 
 
Growth of E. coli ATCC 25922 was fast in the first 6 h in 
all vegetable samples with different growth rates and the 
highest counts were recorded in carrot (9.5 log10 CFU g

-1
)  

followed by  lettuce (9.4 log10 CFU g
-1

.) with  in 24 h 
(Figure 3). The growth rate of E. coli ATCC 25922 in 
lettuce was faster throughout 24 h of incubation than 
other vegetables. In contrast to this, E. coli ATCC 25922 
grew slowly in green pepper throughout the incubation 
time and the pH of green pepper decreased in every 6 h 
interval but increased thereafter in the last part of
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Figure 3. Growth potential of Escherichia coli ATCC 25922 in some selected raw vegetables. 
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Figure 4. Change in pH of selected vegetables challenged with Escherichia coli ATCC 25922.   

 
 
 
incubation period.  The counts of E. coli were increased 
in lettuce and carrot by three log units, in cabbage by two 
log units, and in tomato and green pepper by one log 
units at the first 6 h of challenge test. The growth rates of 
E. coli in tomato increased by two log units at the second 
and third 6 h of incubation period, with decrease in pH. 
However, the growth of E. coli ATCC 25922 in the 
cabbage decreased in the second 6 h and became 
increased in third and fourth 6 h in line with its pH. The 
growth patterns of E. coli ATCC 25922 in carrots were 
increased throughout challenge test while pH was varied 
with time (Figures 3 and 4).   

Growth potential of S. aureus in some raw vegetables 
 
In the first 6 h S. aureus ATCC 25923 grew faster in 
carrot than other vegetables (Figure 5). However, the 
growth of S. aureus ATCC 25923 decreased in the 
second and third 6 h with pH. In the last 6 h the counts 
were increased by two log units and its pH also increased 
to neutral. The maximum load of S. aureus was recorded 
in tomato (8.3 log10 CFU g

-1
) and the minimum was 

recorded in green pepper (5.6 log10 CFU g
-1

) with in 24 h 
of challenge test. The growth rate of S. aureus ATCC 
25923 was continuously increased until 12 h of challenge
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Figure 5. Growth potential of Staphylococcus aureus ATCC 25923 in some selected raw 
vegetables 
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Figure 6. Change in pH of selected vegetables challenged with Staphylococcus aureus ATCC 
25923  

 
 
 

tests in lettuce, but became slow as the pH decreased. 
The S. aureus ATCC 25923 counts were increased 
approximately by two log units for the first two 6 h.  S. 
aureus ATCC 25923 was grew faster in cabbage than in 
tomato in first two 6 h and counts of S. aureus ATCC 
25923 in tomato became higher than cabbage in the last 
two 6 h and followed similar patterns. Similarly, the pH of 
tomato and cabbage were varied with time of challenge 
test. In contrast to this, the growth rate of S. aureus 
ATCC 25923 in green pepper was very slow compared to 
other vegetables. In addition, the pH of green pepper was 
in acidic range for the first, second and third 6 h of 
challenge test (Figures 5 and 6).  
 
 

DISCUSSION 
 

The current study reveals the possible source of pre- and 

post-harvest contaminants of vegetables. In Jimma, 
farmers are cultivating vegetables following traditional 
farming system. Farmers cultivate vegetables during 
rainy season, dry season and throughout the year. Most 
of the time, they used water from river and well as source 
of water for irrigation purpose. Therefore, river could be 
the main source for contamination of vegetables during 
pre-harvest in the field since it could contain sludge from 
different towns and villages (Aycicek et al., 2006). 
Pathogens from irrigation water may survive in soil and 
contaminate vegetable which in turn be transported to 
consumers with the possibility of causing diseases 
(Halablab et al., 2011).  Other possible source of conta-
mination could be animal manure used by farmers to 
increase the fertility of farm land. In addition, harvesting 
equipments, storage place, mechanisms of transportation 
to  the  market,  placement in the  market,  and  length  of  



 
 
 
 
storage before selling could be the source of post-harvest 
contamination of vegetables (Natvig et al., 2002).  

The presence of S. aureus and Salmonella spp. in 
vegetables are dangerous to consumers. Salmonella spp. 
was isolated from higher number of lettuce (16.7%) than 
other vegetable samples. This may be due to having 
foliar surfaces with many folds and the fragility of leaves 
(Aycicek et al., 2006). In other report, too, Salmonella 
spp. was isolated from vegetables particularly lettuce 
samples (Rajkowski and Fan, 2008). The contamination 
of vegetables with human pathogen could occur during 
the growth of the produce using animal manure, conta-
minated water or cross contamination during the cutting 
as the cut of vegetable can harbor and support the 
growth of food borne pathogen due to nutrients leakage 
from plant cellular material (Eni et al., 2010). The 
presence of Salmonella in 25 g of sample examined is 
regarded as potentially hazardous to consumers, and is 
unacceptable for consumption (Cheung et al., 2007). In 
addition, S. aureus was isolated from higher number of 
green pepper (13.9%). In similar study, Eni et al. (2010) 
from Nigeria reported that S. aureus was the most 
frequently isolated pathogens from vegetable samples. 
Surface of vegetables may be contaminated by this 
organism through human handling and other 
environmental factors and can be able to survive for 
several weeks. Thus, contamination of vegetables during 
distribution and handling may allow bacterial growth and 
subsequently production of toxins which may represent 
potential risk to humans. Therefore, cleaning and use of 
the right types and concentrations of food grade 
chemicals for cleaning should be practiced to make the 
vegetables fit for consumption. The level of microbial 
contamination observed in vegetables of our study may 
be a reflection of poor storage conditions and how long 
these produce were kept before they were collected.   

Challenge studies showed that the pH of all vegetable 
samples inoculated with test strains before incubation 
was around neutral. However, it varies from 5.30 (carrot) 
- 7.73 (cabbage) throughout incubation period and there 
is a tendency to become neutral in the last phase of 24 h 
of incubation.  

The decrease in pH can be attributed to the production 
of acids by pathogens after decomposition of 
carbohydrate. Likewise, the increase in pH may also be 
due to an increase in bases from the decomposition of 
nitrogenous compounds by endogenous or microbial 
enzymes. To our knowledge, there has not been any 
report on growth dynamics of foodborne pathogens in 
vegetables; hence, comparison of our results with 
previous studies difficult.   

The growth rate of S. typhimurium ATCC 13311 in 
vegetables were fast in the first 6 h of challenge studies 
and became slow for the second 6 h as the pH of the 
samples decrease. However, its growth rate increased in 
the last phase of incubation period since the pH of the 
samples  raise  to  neutral.  Pathogens grow best  around  
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neutral pH; hence the growth patterns of Salmonella vary 
since pH changes of the samples depend on the 
metabolites produced by microbes. S. typhimurium ATCC 
13311 multiplied more than 100 folds in the vegetable 
samples with in 6 h except in green pepper. The 
infectivity of Salmonella varies with strain, the food 
vehicle, ages and health status of the patients (Elexson 
et al., 2011). However, in all vegetable samples S. 
typhimurium could attain the infective dose level within 6 
to 12 h where fewer than 100 viable cells are needed to 
be ingested to produce the disease syndrome.    

On other hand, the growth rate of E. coli ATCC 25922 
was steadily increased in tomato, carrot and lettuce.  
Regardless of pH change, E. coli ATCC 25922 was 
multiplied more than 1000 folds with in 12 h of incubation 
period and reached the infective dose. Even though the 
pH of carrot is less than other vegetable samples, E. coli 
ATCC 25922 attained maximum count (9.5 log10 CFU g

-

1
) in carrot with in 24 h of incubation period more than 

other test strains. This showed that E. coli ATCC 25922 
is more resistant to low pH (Don, 2008). 

Moreover, the growth of S. aureus ATCC 25923 was 
enhanced considerably in four vegetable samples such 
as tomato, cabbage, carrot, and lettuce and reached 
greater than 6 log10 CFU g

-1
 within 18 h. At this level, 

Staphylococcus could secret staphylococcal enterotoxin 
(Ghosh et al., 2004; Schelin et al., 2011). In the last 
phase of incubation period, the growth rate of S. aureus 
ATCC 25923 became nearly stable. The present study 
shows that, even though the pH range of vegetables 
were found between 5.30 – 7.73, the maximum count of 
the test strains were recorded within optimum pH range 
.In agreement with our study,  the growth potential of E. 
coli and S. typhimurium were analyzed in fruit juice by 
Yigeremu et al. (2001). They found that the maximum 
counts of pathogens were reached at pH ≥ 5.00.  

Generally, variation in growth rate of foodborne 
pathogens in various vegetable samples could be 
attributed to intrinsic factors including pH and aw. 
However, tomato is more suitable than other vegetable 
samples to support the growth of  S. typhimurium ATCC 
13311, E. coli ATCC 25922 and S. aureus ATCC 25923 
as it has high water activity. On other hand, green pepper 
was less suitable to support the growth of foodborne 
pathogens. Thus, green pepper could have some 
inhibitory components that can retard the growth rate of 
foodborne pathogens.  
 
 
Conclusion  
 
There was lack of awareness on feasible sanitation 
methods to prevent foodborne diseases associated with 
consumption of fresh vegetables. The possible source of 
contamination of vegetables could be irrigation water, 
animal manure used as fertilizers and water used to wash 
vegetables  as   most  sellers   wash  or  refresh  different  
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vegetables before selling them with the same water again 
and again.  

Out of the total 180 samples of different vegetables, 
Salmonella isolates were found from 23 samples with 
more prevalence in lettuce than other vegetable samples. 
Likewise, S. aureus were encountered from 18 samples 
with more prevalence in green pepper. This could be an 
indication of poor hygienic practice and frequent hand 
contact at the time of harvesting and in the market.  

The growth potential of S. typhimurium ATCC 13311, 
E. coli ATCC 25922, and S. aureus ATCC 25923 were 
faster in tomato samples than other vegetables. This 
could be due to high water activity (aw) of tomato 
samples.  
 
 
Recommendations 
 
To limit the introduction of pathogenic bacteria to 
vegetables through irrigation, the origin of irrigation water 
should be known. Where wells are used, such wells 
should be well maintained, and all irrigation sources 
should be monitored routinely for human pathogens.  

Manure used as fertilizer should be treated by 
composting to eliminate pathogenic microorganisms and 
farmers should be educated on the need to allow 
sufficient amount of time between the final manure 
application and harvest. 

Vegetable processors should be educated on the 
adverse effect of using untreated or polluted water for 
food processing as these could serve as sources of 
contamination.  

Consumers should treat raw vegetables with food 
grade chemicals to kill pathogens and significantly reduce 
the microbial load before consumption. 

The growth rate of foodborne bacterial pathogens was 
fast in fresh vegetables and can rich the infective dose 
after 6 h of incubation. Therefore, fresh vegetables 
should be consumed within less than 6 h of preparation. 

In the future, the effect of storage time and minimal 
processing on microbiological quality and safety of 
vegetables should be analyzed. Vegetables should reach 
consumers within short period of time after harvest. 
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Sorghum is an important cereal that is processed into a variety of foods and leisure beverages across 
the African continent. Low sorghum yields experienced in agriculture is a result of major production 
constraints such as soil nutrient deficiency and plant disease. It is important that the methods for crop 
production are of a sustainable nature as the chemical fertilizers in current use are detrimental to the 
natural environment. The aim of this study was to determine the effects of plant growth promoting (PGP) 
bacteria on growth of Sorghum bicolor. PGP bacteria isolated from the rhizosphere of Pennisetum 
glaucum (Pseudomonas stutzeri ACM2-32, Kosakonia cloacae FCM2-50, Bacillus subtilis ASM1-59 and 
Bacillus amyloliquefaciens LSM1-61) and S. bicolor (Stenotrophomonas maltophilia LCS2-11) plants in 
Kavango (Namibia), were used as peat-based inoculants to evaluate their effects on the growth of S. 
bicolor. The combination treatment T9 (B. amyloliquefaciens LSM1-61: K. cloacae FCM2-50: P. stutzeri 
ACM2-32) significantly (p = 0.032) enhanced the biomass of S. bicolor as compared to the water control. 
Single inoculants consisting of S. maltophilia LCS2-11, K. cloacae FCM2-50 and B. amyloliquefaciens 
LSM1-61 and combination inoculants T7, T8 and T9, enhanced S. bicolor root biomass as much as a 
commercial fertilizer control. These results indicate that the plant growth promoting bacteria induced a 
beneficial effect on growth of sorghum seedlings. The future work involves testing these promising 
inoculants on growth of these sorghum plants to maturity stage to determine effects on seed yield over 
three seasons in multi-location trials. 
 
Key words: Rhizosphere bacteria, peat based inoculants, plant growth promoting bacteria, Sorghum bicolor. 

 
 
INTRODUCTION 
 
Africa’s population might rise by 58% in 2030 (DESA, 
UN, 2013), consequently the demand for agricultural 
crops might increase significantly by then. The utilization 
of sustainable methods for enhancing harvest yield are 

gaining preference over the environmentally damaging 
agrochemicals which are currently being used. Solving 
agricultural concerns identified with the application of 
ecologically unfavourable fertilizers and the control of 
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Table 1. Source and plant growth promoting trait profiles of bacterial isolates. 
 

Bacterial isolate Site Plant rhizosphere PO3
-4

 solub. N2 fixation IAA Anti-fungal 

S. maltophilia LCS2-11* Lukas 2 Sorghum - + + - 

P. stutzeri ACM2-32 ATR Pearl millet + - + - 

E. cloacae FCM2-50 Field E Pearl millet - + ++ - 

B. subtilis ASM1-59 ATR Pearl millet - - ++ + 

B. amyloliquefaciens LSM1-61 Lukas 2 Pearl millet - - ++ + 
 

*Siderophore producing isolate; ATR coordinates - 17°53′49.75″ S 20°09′07.07″ E; Lukas 2 coordinates - 17°53′43.80″ S 
20°14′05.26″ E; Field E coordinates - 17°54′04.40″ S 20°14′14.34″ E. 

 
 
 

plant diseases can be fulfilled by using plant root 
associated bacteria (Akhtar and Siddiqui, 2011; Glick, 
2012). Various groups of bacteria found in the volume of 
soil affected by the presence of plant roots (Uren, 2007), 
also known as the rhizosphere, have been shown to be 
beneficial for the growth, yield and crop quality of plants 
(Orhan et al., 2006). These bacteria are able to colonize 
the rhizosphere and in some instances enter the roots of 
plants eventually inducing a beneficial effect on the host 
plant (Kloepper et al., 1980).  Mechanisms by the 
bacteria aimed at inducing plant growth promotion 
include production of antibiotics against pathogenic 
microorganisms, production of antifungal compounds, 
production of plant hormones, increasing the availability 
of soluble phosphorus, increasing iron availability to 
plants, nitrogen fixation and regulation of ethylene 
concentration (Lucy et al., 2004). 

The sorghum plant has the capacity to grow in 
moderately poor semi-arid and sub-tropical conditions of 
Africa (Taylor, 2003). Sorghum (Sorghum bicolor (L.) 
Moench) is an important crop throughout Western, 
Eastern and Southern Africa, that is used mainly for food 
and beverage production. Sorghum meal is used for 
making porridge and as an added substance to lower 
consistency and increase supplement and caloric 
thickness in porridge produced from other grains (Smith 
and Frederiksen, 2000; Ohiokpehai, 2003). In beer 
production, sorghum malt is used in the saccharification 
of the starchy substrate prior to fermentation (Smith and 
Frederiksen, 2000). Despite the genetic potential, 
generally low sorghum grain yields are experienced as a 
consequence of major constraints such as nutrient 
deficiency, soil water deficiency and plant diseases 
(Wortmann et al., 2009). 

Commercial inorganic fertilizers may offer a short term 
solution for crop production but the financial component 
and long term soil fertility concerns labels them as an 
unfavourable option (Namibia Resource Consultants and 
Vigne and Associates Consultants, n.d.). For those 
countries that do not manufacture fertilizers, as opposed 
to need to import them, bacterial inoculants can be used 
to produce local cereals and agricultural products at a 
reasonably less expensive cost. The utilization of 
rhizosphere related microorganisms offers an appealing 
option to agrochemicals considering the fact that their 

plant growth and crop yield enhancing capacities have 
been shown over the recent decades (Saharan and 
Nehra, 2011). This study was carried out to assess the 
effects of treating S. bicolor seed with peat based plant 
growth-promoting rhizobacterial suspensions. 
 
 

MATERIALS AND METHODS 
 
Bacterial isolates  
 
Native bacterial isolates (Stenotrophomonas maltophilia LCS2-11 
and Pseudomonas stutzeri ACM2-32, Enterobacter cloacae FCM2-
50, Bacillus subtilis ASM1-59 and Bacillus amyloliquefaciens LSM1-
61) exhibiting increasing nutrient availability, plant hormone 
production and anti-fungal capabilities were obtained from The 
Department of Biological Sciences, University of Namibia. The 
bacteria were isolated from the rhizospheres of pearl millet and 
sorghum plants that were grown in the fields of subsistence farmers 
along the Kavango River (Table 1). 

 
 
Preparation of treatments  
 
Bacterial isolates were grown in VM–ethanol broth at 28 ±2°C for 3 
days. The bacterial cell concentration was adjusted to OD660 = 0.9 
in 50 ml VM–ethanol broth volume, washed with sterile distilled 
water and resuspended in 50 ml of 0.85% NaCl. This procedure 
was repeated for some bacterial isolates depending on the number 
of treatments and number of replicates. Starke Ayres® palm peat 
was prepared according to the manufacturer’s instructions and 
dried overnight at 60°C. Approximately 50 g dry palm peat was 
placed into separate aluminium foil containers and sterilized via 
autoclaving. The palm peat was then aseptically transferred into 
Ziploc® plastic bags, moistened with 5 ml sterile distilled water per 
bag and kept at 4°C. 

The application of phosphate solublizers alone or in combination 
with nitrogen fixers is beneficial for the growth of cereal (Zaidi and 
Khan, 2005). Therefore, combination treatments were made up of 
one phosphate solubilizing isolate (P. stutzeri ACM2-32), a N2–fixer 
and an isolate with antifungal capability. The inoculum treatments 
were prepared according to Rose et al. (2011) with slight 
modifications. Treatments (Table 2) consisted of 50 g palm peat 
and 20 ml of bacteria solution, that is, 3 ml bacteria-0.85% NaCl 
suspension + 17 ml sterile distilled water for single bacterial 
treatments and 3 ml bacteria-0.85% NaCl suspension (×3 different 
isolates) + 11 ml sterile distilled water for combination bacterial 
treatments, whereas 3 ml 0.85% NaCl + 17 ml sterile distilled water 
was the control. After transferring the bacteria solutions to the palm 
peat enclosed in Ziploc® bags, the treatments were incubated for 3 
days at 30°C before applying to soil. The non-inoculum control 
treatments were a commercial fertilizer, Hygrotech Terra Nova
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Table 2. Comparisons of treatments for root masses, plant masses and 
root : shoot ratios. 
 

Treatment Root mass (g) Plant mass (g) Root : shoot ratio 

T1 0.09 ± 0.01
c 

0.31 ± 0.04
b 

0.39 

T2 0.05 ± 0.01
bc 

0.22 ± 0.06
b 

0.31 

T3 0.09 ± 0.03
c 

0.29 ± 0.02
b 

0.42 

T4 0.07 ± 0.05
bc 

0.17 ± 0.16
b 

0.86 

T5 0.09 ± 0.02
c 

0.39 ± 0.18
b 

0.33 

T6 0.07 ± 0.01
bc 

0.23 ± 0.11
b 

0.50 

T7 0.08 ± 0.00
c 

0.34 ± 0.08
b 

0.33 

T8 0.08 ± 0.04
c 

0.34 ± 0.30
b 

0.39 

T9 0.10 ± 0.03
c 

0.45 ± 0.04
ab 

0.28 

T10 0.14 ± 0.07
a 

0.83 ± 0.16
ac 

0.20 

T11 0.07 ± 0.09
bc 

0.18 ± 0.23
b 

0.58 
T12 0.19 ± 0.05

a 
0.39 ± 0.08

b 
0.95 

 

Data is presented as mean ±SD for root and plant masses and as decimal 
form for root mass : shoot mass. 

a
 = mean difference between treatment and 

peat + water is significant at the 0.05 level. 
b
 = mean difference between 

treatment and fertilizer is significant at the 0.05 level. 
c
 = mean difference 

between treatment and no peat is significant at the 0.05 level. T1 = LCS2-11 
(Stenotrophomonas maltophilia); T2 = ACM2-32 (Pseudomonas stutzeri); T3 = 
FCM2-50 (Enterobacter cloacae); T4 = ASM1-59 (Bacillus subtilis); T5 = LSM1-
61(Bacillus amyloliquefaciens); T6 = ASM1-59: LCS2-11: ACM2-32; T7 = 
ASM1-59: FCM2-50: ACM2-32; T8 = LSM1-61: LCS2-11: ACM2-32; T9 = 
LSM1-61: FCM2-50: ACM2-32; T10 = Fertilizer; T11 = peat + water; T12 = no 
peat. 

 
 
 
applied at 200 kg/hectare and a treatment with no peat. 
 
 
Application of treatments and planting sorghum seeds 
 
Plant pots (15 cm diameter x 12 cm depth) containing 1.6 kg of 
unprocessed arenosol type soil collected from a field (17°53′57.90″ 
S; 20°14′04.39″ E) were used in this study. Using a sterile trowel, 
treatments were transferred from the Ziploc® bags and mixed with 
soil in the plant pots. S. bicolor seeds bought from Rundu Open 
Market were surface sterilized by soaking in 70% ethanol for 5 min, 
then in 1.5% sodium hypochlorite for 1 min and rinsed three times 
in sterile distilled water. The seeds were dried for 2 h in sterile 
conditions and planted into the pots containing treatments.  There 
were two replicates for each treatment with one seed planted per 
pot. After 25 days, the dry mass was determined by drying plants in 
an oven (50°C) until the weight remained constant; the length and 
mass of shoots and roots were recorded.  
 
 
Specifics for greenhouse pot experiments  
 
The pot experiments were carried out at the University of Namibia 
Main campus’ (Windhoek) greenhouse facility for 25 days. The 
plant pots were arranged in a randomized block manner with two 
blocks. The plants were watered every day with an average 
atmospheric pressure of 1006.923 hPa, an average maximum 
temperature of 34.1°C and an average 13 h 26 m 58 s daylight 
length per day for the duration of the pot experiments. 
 
 
Statistical analysis 
 
SPSS statistics (SPSS, version 22.0.0.0, 2013) was used to analyse 

the data. Analysis of variance (ANOVA)\Kruskal-Wallis one-way 
analysis of variance procedure was performed followed by post hoc 
Fisher’s least significant difference (LSD). All analyses were tested 
at 5% level of significance.  
 
 

RESULTS AND DISCUSSION 
 
Three of the single inoculant treatments (T1, T3 and T5) 
and three combination treatments (T7, T8 and T9) had 
comparatively similar growth effects on sorghum root 
mass as the fertilizer treatment. Treatment T9 was able to 
enhance sorghum plant growth significantly as compared 
to the water control. Apart from inoculants T2 and T4, the 
remaining peat based bacterial suspensions evoked a 
valuable impact on the development of S. bicolor. 
 
 

PGP and biocontrol bacteria inoculation effects on 
sorghum 
 
Three of the single inoculant treatments (T1, T3 and T5) 
and three combination treatments (T7, T8 and T9) had 
comparatively similar growth effects on sorghum root 
mass as the chemical fertilizer treatment. Treatment T9 

was able to enhance sorghum plant growth significantly 
as compared to the water control. Though two of the 
single inoculants T2 and T4 did not bring about any 
improved growth on the plants, it was determinable that 
the peat based bacterial  suspensions elicited a beneficial 
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effect on the growth of S. bicolor. 

The results showed that single bacterial suspension 
treatments consisting of K. cloacae FCM2-50 (p = 0.089), 
S. maltophilia LCS2-11 (p = 0.089) and B. 
amyloliquefaciens LSM1-61 (p = 0.122) enhanced root 
growth of S. bicolor. The combination bacterial treat-
ments T7 (B. subtilis ASM1-59:  K. cloacae FCM2-50: P. 
stutzeri ACM2-32) and T8 (B. amyloliquefaciens LSM1-
61: S. maltophilia LCS2-11: P. stutzeri ACM2-32) also 
produced enhanced root growth on S. bicolor. Treatment 
T9 (B. amyloliquefaciens LSM1-61: K. cloacae FCM2-50: 
P. stutzeri ACM2-32) enhanced both S. bicolor root 
growth (p = 0.196) and whole plant biomass (p = 0.032). 
Unsurprisingly, the difference in mean root dry mass 
between the fertilizer and the water control was 
statistically significant (p = 0.044). K. cloacae FCM2-50, 
B. subtilis ASM1-59 and B. amyloliquefaciens LSM1-61 
are described as high producers of IAA, thus enabling 
root growth stimulation. Additionally, Kosakonia spp. are 
known to promote seedling root elongation via ACC 
deaminase activity (Li et al., 2000). 

The water control and the no peat treatments were 
significantly different (p = 0.003) with regard to sorghum 
plant dry mass. Sorghum plants that grew in the no peat 
control treatment often had greater and at times 
statistically significant than most of the inoculant treat-
ments. However, the average root-shoot ratio of 0.95 
(0.58 for water control) for sorghum plants in the no peat 
treatment suggests that nitrogen availability was lower in 
the no peat treatment as compared to the inoculation 
treatments. 

N2-fixing bacteria play a critical role in the accumulation 
of plant biomass by providing an environment where the 
plant acquires nitrogen for assimilation (Pilbeam, 2010).  
The root-shoot ratio of the plant is also determined by 
nitrogen availability. The average root : shoot ratio of T4 
(0.86) and the no peat treatment (0.95) were greater than 
that of the water control treatment (T11 = 0.58). The rest of 
the treatments had a smaller average root : shoot ratio as 
compared to the water control. A nitrogen deficiency 
often causes the growth of an increased root fraction so 
that the root system is allowed to increase nutrient 
acquisition (Pilbeam, 2010). As compared to the water 
control, the lower root-shoot ratios in plants treated with 
inoculations suggests that there was more nitrogen 
available as a result of the bacterial treatments. 

We can conclude from our data that bacterial treat-
ments were able to enhance sorghum growth, compa-
rable to that of the commercial fertilizer in terms of root 
biomass. K. cloacae FCM2-50: B. amyloliquefaciens 
LSM1-61: P. stutzeri ACM2-32 enhanced sorghum plant 
biomass. Enhancement of sorghum growth in terms of 
root biomass comparable to the level of commercial 
fertilizer was accomplished by single inoculants of S. 
maltophilia LCS2-11, K. cloacae FCM2-50, and B. 
amyloliquefaciens LSM1-61. Similarly, combination 
inoculants of  B. amyloliquefaciens  LSM1-61:  K. cloacae  

 
 
 
 
FCM2-50: P. stutzeri ACM2-32, B. amyloliquefaciens 
LSM1-61: S. maltophilia LCS2-11: P. stutzeri ACM2-32 
and B. subtilis ASM1-59: K. cloacae FCM2-50: P. stutzeri 
ACM2-32 promoted sorghum vegetative root growth.  
 
 
Conclusion 
 
From this study, it is concluded that PGP bacteria 
inoculants improve the growth of sorghum seedlings to 
level comparable to chemical fertilizers. These findings 
show the possibility of using bacterial inoculants as an 
inexpensive, effective and environmentally friendly alter-
native for increased agricultural crop productivity. An 
added advantage is that these PGP bacteria are 
ecologically adapted to the soils of this agro ecological 
zone as they were originally isolated from there.  The 
eventual goal is to prove that the inoculants facilitate and 
improve plant growth and increase grain seed yield in 
sorghum. By developing inoculants consisting of native 
PGPR and bio-control bacteria, we improve our potential 
to alleviate challenges of heavily depending on importing 
fertilizers in countries that do not have chemical fertilizer 
manufacturing companies like Namibia or where 
subsistence farmers do not afford the price of the 
chemical fertilisers. The advancement of field trials at 
multiple locations is a necessary step towards assuring 
the accomplishments of effective bacterial inoculants. 
These inoculants offer a cheap preferential option to 
support current and future sorghum based industries.  
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Fructooligosaccharides are gaining importance by leaps and bounce every day due to their low caloric 
value and accompanying health benefits for the consumer. Hence, newer potential sources for the 
fructosyltransferase (Ftase) enzyme are thoroughly scrutinized. The present work was carried out for 
preliminary and secondary screening of the microbial isolates for determination of the Ftase producing 
potential. Three classes of microorganisms’ viz. molds, yeasts and bacterial isolates were qualitatively 
screened. The preliminary screening revealed molds as the most potent group exhibiting greater zone of 
hydrolysis in the range of 0.30 ± 0.10 to 2.58 ± 0.10 cm. The secondary screening of 20 selected mold 
isolates was performed in liquid batch culture. Four isolates identified as Aspergillus niger, Aspergillus 
flavus, Aspergillus stallus and Aspergillus versicolor exhibited higher fructosyltransferase : invertase 
ratio which is most critical for the synthesis of fructooligosaccharides due to higher transferase activity 
and low hydrolytic activity. A. niger exhibited highest Ftase activity, 36.88 ± 0.23 IU/mg. A. flavus 
produced 21.45 ± 0.33 IU/mg of Ftase. A. stallus produced 18.09 ± 0.14 IU/ mg and A. versicolor was 
found to produce 23.78 ± 0.12 IU/mg of Ftase without any cultural medium optimization. 
 
Key words: Prelimnary screening, secondary screening, fructosyltransferase, fructooligosaccharides. 

 
 
INTRODUCTION 
 
Functional foods like fructooligosaccharides are gaining 
prime importance in the health market because they 
provide multiple health benefits like low caloric value, 
promoting growth of Bifidobacteria in colon (prebiotic 
property), low glycemic index and low carcinogenicity in 
aid of basic nutrition (Dominguez et al., 2013; Moore et 
al., 2003 and Slevin et al., 2014). The most popular 
functional food coming into the lime light is fructo-
oligosaccharides (FOS) obtained from sucrose.  

FOS are oligosaccharides of fructose containing single 
glucose unit. They are produced by action of fructosyl-
transferase (Ftase) on sucrose. FOS are mainly com-

posed of 1-kestose, nystose and β- fructofuranosyl 
nystose (2→1) position of sucrose (Sangeetha et al., 
2005). 

The sucrose is biologically transformed into FOS either 
by using microorganism itself (Chien et al., 2001; 
Sanchez et al., 2010) or by enzymes derived from them 
(Fawkia et al., 2009).  

Scientists are constantly attempting to isolate new 
strains of microorganisms having higher potential for 
production of the enzyme. Since screening is an 
elaborate time consuming and tedious process, very few 
attempts have been made to indigenously isolate the
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microbe from environment and subject them to screening 
(Madlova et al., 1999; Reddy et al., 2010; Fernandez et 
al., 2007). The objective of the present study was to 
screen the filamentous fungi, yeast and bacteria to 
enable their usage in industries.  
 
 
MATERIALS AND METHODS 
 
Preliminary screening of the isolates  
 
Thirty one yeasts, forty two bacteria and fifty four molds isolated 
from previous work (Belorkar et al., 2013) were selected for 
prelimnary screening on basis of their colony size as compared to 
their counterparts in the plates containing selective medium 
(sucrose- 30.0, NaNO3- 2.5, MgSO4.7H2O-0.5, KH2PO4-1.5 and 
Agar agar powder -20 at pH 5.50). The basal medium (20 ml in a 
100 ml Erlenmeyer flask) used for cultivation of fungi during 
prelimnary screening contained (g/L): Sucrose- 10.0, NaNO3- 2.5, 
MgSO4.7H2O -0.5 and KH2PO4-1.5 at pH 5.50. 
 
 
Screening for yeast isolates 
 
The modified method of Maugeri and Heernalsteens (2007) was 
followed in which the medium was replaced by the above defined 
basal medium at pH 5.50. Loop full of cells were inoculated into 10 
ml of basal medium in test tubes and cultivated at 25°C for 24 h. 
After adequate development of the cultures, they were transferred 
into 500 ml flasks containing a further 100 ml of the same medium, 
and cultivated at 25°C for 72 h .The cells were removed by 
centrifugation at 6000 ×g (10 min, 4°C), and the cell-free 
supernatants were used to screen for transfructosylating activity by 
plate method containing selective medium. The conditions 
maintained were for support of fructosyltransferase production. 
 
 
Screening for molds isolates 
  
The molds were cultivated on basal medium at pH 5.5 with sucrose 
as the substrate. Screening was carried out under static conditions 
at 28°C for 72 h. All the experiments were conducted in triplicates. 
The supernatant was centrifuged at 6000 ×g (10 min, 4°C). The 
cell-free supernatant was used to screen for transfructosylating 
activity by plate method containing selective medium.  
 
 
Preliminary screening of Ftase production by fungi  
 
Wells were made aseptically by using cock borer in the Petri plate 
containing selective media (sucrose- 30.0, NaNO3- 2.5, 
MgSO4.7H2O -0.5, KH2PO4-1.5 and Agar powder -20 at pH 5.50). 
Two hundred microliter of cell-free supernatants of the yeast and 
mold cultures were individually (crude enzyme) loaded into the well 
and kept for incubation at 28°C for 12 h. Staining was carried out by 
spraying triphenyltetrazolium chloride (TTC) reagent to the agar 
plate and kept for incubation of 20 min in the dark. After washing 
with the 0.1 M acetate buffer (pH-5), the extracellular production of 
fructosyltransferase was confirmed by the appearance of the red 
zone (measured in cm) around the well according to the protocol 
reported by Reddy et al. (2010). 
 
 

Screening for bacteria 
 
To  select  strains of  bacteria, the isolates  were plated in  selective 
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media plates and incubated for 48 h and subjected to TTC staining 
directly to measure the zone of hydrolysis described by Kim et al. 
(2000). 
 
 

Secondary screening  
 

Assay of fructosyltransferase activity  
 

Quantitative assay of fructosyltransferase was based on the 
procedure used by Yun et al. (1997). The filterate was taken as a 
crude enzyme with 50% sucrose solution as a substrate at 5.50 pH 
(0.1 M sodium acetate buffer). The mixture was incubated for 1 h at 
60°C. The reducing sugars were estimated by Dinitro-salicylic acid 
reagent. The enzymatic reaction was terminated by keeping the test 
tube at 100°C in a water bath for 10 min. One unit of enzyme 
activity was defined as the amount of enzyme producing 1 µmol of 
glucose under experimental conditions.  
 
 

Assay of hydrolytic activity  
 

Sucrose hydrolytic activity was measured according to the method 
described by Sangeetha et al. (2003). The filtrate was taken as a 
crude enzyme with 0.50% sucrose solution as a substrate at 5.50 
pH (0.1 M sodium acetate buffer). The mixture was incubated for 1 
h at 60°C. The reducing sugars were estimated by dinitro-salicylic 
acid reagent. The enzymatic reaction was terminated by keeping 
the test tube at 100°C in a water bath for 10 min. One unit of 
sucrose hydrolytic activity was considered as the amount of enzyme 
required to produce 1 µmol of glucose under experimental 
conditions.  
 
 

Determination of protein concentration  
 

The protein content was determined following Lowry et al. (1951).  
 
 

Biomass concentration  
 

Biomass concentration was determined in g/100 ml volume of 
fermentation medium. The biomass obtained by filtration of the 
fermentation broth was washed thrice with distilled water, air dried 
and weighed. 
 
 

Statistical analysis  
 

All the experiments were conducted in triplicate. The results were 
expressed in Mean ± SE. One-way ANOVA using SPSS 16.0 was 
performed to analyze the variance in preliminary screening. 
 
 

Identification of the selected isolates 
 

These four isolates were then identified morphologically by 
lactophenol cotton blue staining and found to be SSFM1 as 
Aspergillus niger NFCCI2736, SSFM2 as Aspergillus flavus 
NFCCI2734, SAFM30 as Aspergillus stallus, RSCDS48 as 
Aspergillus versicolor gr.  
 
 

RESULTS AND DISCUSSION  
 

Preliminary screening  
 

Thirty one (31) yeast isolates, forty two bacterial isolates
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Figure 1A. Zone of hydrolysis (cm) for mold isolates. Same legends represent the zone of hydrolysis of the isolates not significantly 
different. 

 
 
 

 
 

Figure 1B. Zone of hydrolysis exhibited by identified isolates during preliminary screening. Same legends represent the 
zone of hydrolysis of the isolates not significantly different. 

 

 
 
and 54 molds isolated during the previous study were 
subjected to prelimnary screening. The zone of hydrolysis 
for molds, yeasts and bacteria are presented in Figures 
1A, 2 and 3, respectively. The mold isolates proved to be 
the most potential Ftase producers. The zone of 
hydrolysis developed after TTC staining is represented in 
Figure 1B  

The mold isolates exhibited highest zone of hydrolysis 
ranging from 0.30 ± 0.10 to 2.58 ± 0.10 cm. The largest 
zone of hydrolysis was recorded for isolate SSFM1 (2.58 
± 0.10 cm) and smallest zone was recorded for SAFM 27, 
SAFM 35, BM 37 and WY 44. The zone of hydrolysis 
recorded for molds was found to be similar to the findings 
of Reddy et al. (2010). Yeasts have been consistently 
reported to be potent producers of Ftase since the 
pioneering work of Bacon and Edelman (1950) inves-
tigating action of invertase on sucrose. Similarly, isolation 

of potent bacterial strains like Psuedomonas sp. No. 65 
from soil has been reported by Kim et al. (1997). 

The zone of hydrolysis for yeast isolates was found to 
be in the range of 0.15 ± 0.01 to 0.58 ± 0.01 cm as given 
in Figure 2. The maximum zone of hydrolysis was 
exhibited by RSCDS 24, the value being to 0.58 ± 0.01 
cm. The zone of hydrolysis for bacterial isolates was 
found to be in the range of 0.12 ± 0.01 to 0.54 ± 0.10 cm. 
The maximum zone of hydrolysis exhibited was SSFB2, 
the value being 0.54 ± 0.10 cm as given in Figure 3. The 
bacterial and yeast isolates exhibited less potential for 
fructosyltransferase production as compared to results of 
Kim et al, (1997) and Maugeri and Hernalsteens (2007), 
respectively . 

In this study, highest range of zone of hydrolysis was 
found to be of filamentous fungi among the three classes 
of microbes, similar to the results reported by Yun (1996).
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Figure 2. Zone of hydrolysis in cm for yeast isolates. Same legends represent the zone of hydrolysis of the isolates not 
significantly different. 

 
 
 

 
 

Figure 3. Zone of hydrolysis in cm for bacterial isolates. Same legends represent the zone of hydrolysis of the isolates not 
significantly different. 

 
 
 

The filamentous fungi were therefore, selected for 
secondary screening in this study as well.  
 

 

Secondary screening for determination of 
extracellular Ftase and invertase production 
 

The comparison of zone of hydrolysis of the three 
microbial groups was subjected to preliminary screening 
directed in the present study towards selection of molds 
for secondary screening. Twenty (20) mold isolates were 

selected for secondary screening in liquid basal medium 
depending upon their zone of hydrolysis namely SSFM1, 
SSFM2, SSFM5, BM8, SSFM9, SSFM11, SSFM12, 
GDRM13, SAFM19, SAFM21, SAFM24, SAFM26, 
SAFM28, SAFM29, SAFM30, SAFM31, RSCDS36, 
SSFM39, RSCDS48 and RSCDS52. 

The average values of biomass production, Ftase 
production and invertase (Inv) production by the isolates 
are presented in Table 1. The most vital parameter in 
screening experiments for Ftase production is the Ftase :
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Table 1. Biomass production, extracellular fructosyltransferase (Ftase) and Invertase (Inv) activity reached in liquid batch fermentation under 
static condition. 
  

Isolate Ftase (IU/ml) Inv (IU/ml) 
Protein 

(mg/ml) 
Ftase (IU/mg protein) 

Inv (IU/mg 
protein) 

Ftase/In
v ratio 

Biomass (g/ 
100 ml/ 72 h) 

SSFM1* 35.98 ± 0.10 22.02 ± 0.10 0.98 ± 0.006 36.88 ± 0.23 22.56 ± 0.26 1.63 27.60 ± 0.15 

SSFM2* 20.39 ± 0.28 13.49 ± 0.10 0.95 ± 0.006 21.45 ± 0.33 14.19 ± 0.07 1.51 17.85± 0.05 

SSFM5 7.87 ± 0.10 12.40 ± 0.10 1.25 ± 0.002 6.30 ± 0.07 9.92 ± 0.06 0.63 9.25 ± 0.20 

BM8 8.53 ± 0.31 10.22 ± 0.10 1.20 ± 0.002 7.12 ± 0.25 8.53 ± 0.09 0.83 9.70 ± 0.15 

SSFM9 6.90 ± 0.18 15.36 ± 0.10 1.32 ± 0.004 5.21 ± 0.12 11.60 ± 0.11 0.44 8.60 ± 0.15 

SSFM11 4.42 ± 0.27 21.96 ± 0.18 1.18 ± 0.002 3.71 ± 0.24 18.59 ± 0.15 0.20 7.65 ± 0.55 

SSFM12 5.63 ± 0.18 16.33±0.18 1.06 ± 0.004 5.33 ± 0.19 15.46 ± 0.23 0.34 7.40 ± 0.15 

GDRM13 5.81 ± 0.18 8.77 ± 0.10 1.35 ± 0.006 4.31 ± 0.14 6.51 ± 0.08 0.66 7.60 ± 0.15 

SAFM19 6.78 ± 0.10 19.24 ± 0.18 1.37 ± 0.006 4.93 ± 0.07 13.99 ± 0.19 0.35 7.85 ± 0.15 

SAFM21 5.14 ± 0.10 6.23 ± 0.10 0.96 ± 0.006 5.36 ± 0.07 6.49 ± 0.13 0.82 7.30 ± 0.20 

SAFM24 5.69 ± 0.10 25.83 ± 0.10 1.12 ± 0.002 5.07 ± 0.09 23.03 ± 0.12 0.22 7.70 ± 0.05 

SAFM26 6.96 ± 0.10 13.13 ± 0.10 1.08 ± 0.004 6.42 ± 0.07 12.11 ± 0.06 0.53 8.75 ± 0.25 

SAFM28 9.74 ± 0.10 16.82 ± 0.10 1.34 ± 0.004 7.27 ± 0.09 12.55 ± 0.08 0.58 9.75 ± 0.20 

SAFM29 5.38 ± 0.10 7.139 ± 0.10 1.02 ± 0.006 5.29 ± 0.12 7.00 ± 0.14 0.75 7.40 ± 0.20 

SAFM30* 18.57 ± 0.10 13.67 ± 0.10 1.03 ± 0.006 18.09 ± 0.14 13.31 ± 0.13 1.36 21.30 ± 0.10 

SAFM31 1.86 ± 0.18 5.76 ± 0.10 1.25 ± 0.004 1.50 ± 0.13 4.65 ± 0.15 0.32 8.05 ± 0.40 

RSCDS36 5.14 ± 0.10 10.67 ± 0.10 1.23 ± 0.004 4.20 ± 0.10 8.75 ± 0.09 0.47 7.30 ± 0.16 

SSFM39 6.23 ± 0.10 15.55 ± 0.10 1.09 ± 0.004 5.73 ± 0.11 14.31 ± 0.08 0.40 8.25 ± 0.16 

RSCDS48* 29.65 ± 0.10 28.37 ± 0.10 1.25 ± 0.002 23.78 ± 0.12 22.76 ± 0.12 1.04 28.30 ± 0.02 

RSCDS52 5.20 ± 0.10 16.58 ± 0.10 1.02 ± 0.002 5.12 ± 0.09 16.27 ± 0.13 0.31 7.30 ± 0.20 
  

All values presented in the table are mean ± SE. *Identified isolates (SSFM1 identified as Aspergillus niger; SSFM2 identified as A. flavus; SAFM 30 
identified as A. stallus; RSCDS 48 identified as A. versicolor). 
 
 
 

Inv ratio (Hidaka et al., 1988; Hidaka 1988). The Ftase : 
Inv ratio was also determined for each mold and was 
found to be desirable in SSFM1 (1.63), SSFM2 (1.51), 
SAFM30 (1.36) and RSCDSM48 (1.04). In the earlier 
screening experiments, the ratio was reported between 
0.3-15.9 (Fernandez et al., 2007; Patel et al., 1994; 
Reddy et al., 2010). The ratio determines the efficacy of 
transferase activity for synthesis of FOS. The extra-
cellular Ftase production has been reported to be in the 
range of 0.053 IU to 660 IU/ml (Maiorano et al., 2008). 

The four molds selected from the twenty molds 
subjected to secondary screening which exhibited high 
Ftase/Inv ratios was recorded for SSFM1 (1.63), SSFM2 
(1.51), SAFM30 (1.36) and RSCDS48 (1.04).  

All the 20 mold isolates selected exhibited Ftase 
production to varying degree ranging from 3.71 ± 0.24 to 
36.88 ± 0.23 IU/mg. A. niger exhibited highest Ftase 
activity, 36.88 ± 0.23 IU/mg. A. flavus produced 21.45 ± 
0.33 IU/mg of Ftase. A. stallus produced 18.09 ± 0.14 IU/ 
mg and A. versicolor was found to produce 23.78 ± 0.12 
IU/ mg of Ftase. 
 
 

Conclusion 
 

As FOS has already been given GRAS status, the molds 
will  be promising tool for production of Ftase enzyme  for 

synthesis of FOS. The results of the present screening 
experiments revealed microbes especially molds to be 
source exhibiting potential for Ftase production which is 
gaining importance in food industry for synthesis of 
prebiotics. The urge of researchers to search for newer 
Ftase producing microbes can only be quenched with 
such screening experiments. The present study revealed 
higher Ftase : Inv ratio of the isolates which can be even 
enhanced upon optimization of cultural medium. Further 
optimization experiments will be carried out to boost the 
Ftase production levels for maximization of FOS 
synthesis. 
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Isabgol (Plantago ovata Forks.) is one of the important cash crops in arid and semi-arid regions of India. 
The husk of Isabgol seeds are primarily used as laxative in medicinal preparations. The cultivation of 
Isabgol crop is very much dependent on soils and weather conditions as this crop is highly susceptible 
to many biotic and abiotic stress parameters. Soil microbial population is involved in many direct and 
indirect interactions with crop plants. The type of microbes present in the soils also affects the plant 
health. Soil samples from the rhizospheric zone of the plants were collected from Barmer, Jalore and 
Ajmer Districts of Rajasthan State in western arid region of India. The soil EC and pH (1:2.5) recorded 
were in the range of 0.12 to 0.46 dS/m and 7.4 to 8.9, respectively, depicting neutral to alkaline soils, the 
macro nutrient viz; N, P, K were found to be in the range of 128.0 to 192.54, 19.4 to 80.4 and 149.8 to 
338.8 kg/ha, respectively. The DTPA extractable micronutrients Cu, Zn, Mn and Fe were in the range of 
0.29 to 3.50, 0.26 to 1.5, 0.51 to 4.51 and 1.0 to 5.38 ppm, respectively, in the soil samples of Isabgol 
growing regions of Rajasthan. Total viable count (TVC) gives a quantitative idea about the presence of 
microorganism such as bacteria and fungi in samples. The total bacterial count of soil microorganisms 
varied from 0.8x10

7
 to 1.96x10

7
 cfu/g whereas, total fungal count varied from 1.52x10

6
 to 2.85x10

6
 cfu/g. 

Beneficial microorganism population in terms of total Azotobacter count (0.1x10
5
 to 1.0 x10

5 
)
 

psuedomonads counts (3.33x10
5
 to 5.8x10

5
 cfu/g) and phosphate solubilizing bacterial count (0.1x10

3
 to 

1.0x10
3
 cfu/g) varied highly in different soils.  

 
Key words: Isabgol (Plantago ovata Forks.), bacterial count, fungal count, N, P, K, macronutrients, 
micronutrients. 

 
 
INTRODUCTION 
 
Isabgol (Plantago ovata and Plantago psyllium) is grown 
as a cash crop in Gujarat, Punjab and Rajasthan. India is 

the largest producer and exporter of this crop in the 
world. The seed husk is used to cure inflammation of the 
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mucus membrane of gastrointestinal and genito-urinary 
tracts, chronic constipation, dysentery, duodenal ulcers, 
gonorrhea and piles. It is also used in calico printing, 
setting lotions and food industry (Dhar et al., 2005). 
Isabgol is an irrigated rabi crop which remains in the field 
for about four months. The crop is grown in marginal, 
light, well-drained sandy-loam to loamy soils having pH 
between 7 and 8. It requires a cool climate and dry sunny 
weather as light showers cause seed shedding. Isabgol 
makes a moderate demand for nutrients. Usually, 25 kg 
of each N and P per hectare is given at plantation. The 
crop is given 1 or 2 hand-weedings during the entire 
growing period. The plants are about 50 cm high and 
each plant gives out between 25 to 100 tillers, depending 
upon the fertility of soil and weather conditions and a 
good crop may yield about 800-1000 kg of seeds per 
hectare (Aishwath and Ram, 2008). The plant bears the 
flowering spikes in about 60 days after sowing and 
matures in the next 2 months. The yellowing of the lower 
leaves is an indication of maturity, confirmed by pressing 
a spike between two fingers when the mature seeds 
come out. The crop is harvested close to the ground in 
the early morning hours to avoid loses owing to seed 
shedding. The harvested material is stacked for 1 or 2 
days, made to be trampled by bullocks, winnowed and 
the separated seed crop is collected. Seeds are 
processed through a series of grinding mills to separate 
the husk. About 30% husk by weight is thus recovered. 
The current level of production in the country is estimated 
at 90,000 tonnes. Isabgol production is primarily limited to 
Rajasthan and Gujarat. Some areas in Haryana, Bihar 
and Madhya Pradesh are also reported to be under 
Isabgol cultivation, though production in these areas is 
negligible. In India, Rajasthan’s share is 61,000 tonnes 
(67%) and Gujarat accounts for 29,000 tonnes (33%) for 
total national Isabgol production and Rajasthan state 
accounts for 95,000 hectares area under this crop with 
Jalore, Barmer and Jaisalmer districts being the major 
production centers (Maiti and Mandal, 2000). 

Application of biofertilizers leads to sustainability of our 
cropping system that is under threat due to continuous 
and excessive use of chemical fertilizers and other 
agrochemicals. Beneficial rhizospheric microorganisms 
for plants that are better known as plant growth 
promoting rhizobacteria (PGPR) favours plant growth by 
fixation or solubilization of plant nutrients and the 
production of growth stimulants. PGPR may facilitate 
plant growth and development both directly and indirectly. 
Direct stimulation may include providing plants with fixed 
nitrogen, phytohormones, iron that has been sequestered 
by bacterial siderophores, and soluble phosphate, while 
indirect stimulation of plant growth includes preventing 
phytopathogens (biocontrol) and thus, promote plant 
growth and development (Bashan, 1998; Glick, 1995). 
Isolating of native strains adapted to the environment and 
their study may contribute to the formulation of inoculants  

 
 
 
 
to be used in region specific crops. The present 
investigation was undertaken with a view to study the 
physical and chemical properties, its microbial diversity 
and isolation of rhizospheric bacteria and to work out the 
microbiological profile of rhizospheric soils. 
 
 
MATERIALS AND METHODS 
 
Estimation of biochemical characteristics of soil samples  
 
Thirteen (13) soil samples (P1 to P13) from two Agro-eco sub 
regions viz. 2.1 and 2.3 (NBSS Publ. 51) under Western plain hot 
arid ecosystem desert soils (Jaiselmer and Barmer) with 100-300 
mm rainfall, 1700-2000 potential evapo-transpiration, 25-30°C 
mean temperature, LGP <60 days and Western plain (Jalore) hot 
arid ecosystem desert soils with 300-450 mm rainfall, 1800-1900 
potential evapo-transpiration, 24-27°C mean temperature and LGP 
60-90 days, respectively were collected during the crop growth 
stage of pre-flowering in rabi season so that maximum microbial 
activity under plant root influence could be observed from the 
rhizospheres of Isabgol growing soils of Barmer, Jalore and 
Jaiselmer districts of Rajasthan (Table 1). Soil samples were 
analyzed for electrical conductivity (EC) and pH using aqueous soil 
extract (2:1), organic carbon (Walkley and Black, 1934), NH4

+
-N 

(Keeney and Nelson, 1982); 0.5M NaHCO3-P (Olsen et al., 1954) 
neutral 1 N NH4OAc-K (Hanway and Heidel, 1952) and DTPA-
extractable Fe, Zn, Cu and Mn (Lindsay and Norvell, 1978). The 
soils of Jalore, Barmer and Jaiselmer were classified taxonomically 
at suborders as Typic Torripsamments, Typic Calciorthids and 
Typic Camborthids (Soil Survey Staff, 2010). Location of sample 
sites under Isabgol cultivation in different districts of Rajasthan and 
their soil classification are presented in Table 1. 
 
 
Estimation of microbial characteristics of soil samples  
 
The rhizospheric soil samples collected from Isabgol fields were 
used for making serial dilutions upto 10

-7.
 Ninety milliliters of the 

diluents was measured into bottles used for serial dilution 
containing 10 g soil of each sample. The mixture was shaken using 
a horizontal shaker (Remi Make, India) for 30 min. Further dilutions 
were made and desired dilutions were pour plated in Petri dishes 
containing selective and non-selective growth media. The total 
aerobic mesophilic bacterial count and total mesophilic fungal count 
was determined using nutrient agar and Rose Bengal agar medium 
using standard microbiological methods. The isolation of 
rhizospheric bacteria on selective nutrient agar medium and other 
media were carried out for total viable bacterial count and total 
viable fungal count. Different beneficial microbial population 
selective and specific growth media such as Rose Bengal dextrose 
agar media for fungal population, Pikovskaya’s agar medium for 
total phosphate solubilizing (PSB) bacteria, King’s B medium for 
Pseudomonas and Azotobacter medium for Azotobacter were 
employed. Total viable microbial count of theses soil samples were 
estimated by serial dilution technique using nutrient agar medium 
for bacterial count and Rose Bengal Agar medium for fungal count. 
All the bacterial growth media employed in this study were procured 
from Hi-media, India. 
 
 

RESULTS AND DISCUSSION 
 
Plant rhizosphere soils are known to be the preferred
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Table 1. Location of sample sites under Isabgol cultivation in different districts of Rajasthan. 
 

Sample 
no. 

 District Village/location  
Agro-ecological 

region 
Soil taxonomy 

P1 Jalore Kharwa, Bhinmal-A 2.3* Typic Camborthids 

P2 Jalore Kharwa, Bhinmal-B 2.3 Typic Camborthids 

P3 Jalore Kharwa, Bhinmal-C 2.3 Typic Calciorthids 

P4 Jalore Ghaseri, Bhinmal 2.3 Typic Camborthids 

P5 Jalore Hadetar, Sanchoor-A 2.3 Typic Torripsamments 

P6 Jalore Hadetar, Sanchoor-B 2.3 Typic Torripsamments 

P7 Jalore Hadetar, Sanchoor-C 2.3 Typic Calciorthids 

P8 Barmer Sajitada-A 2.1* Typic Camborthids 

P9 Barmer Sajitada-B 2.1 Typic Camborthids 

P10 Barmer Nmibli 2.1 Typic Calciorthids 

P11 Barmer Bhukha 2.1 Typic Camborthids 

P12 Jaiselmer Fatehgarh, Sam 2.1 Typic Torripsamments 

P13 Jaiselmer Pokharna 2.1 Typic Torripsamments 
 

2.1*- Western plain hot arid ecosystem desert soils (Jaiselmer and Barmer) with 100-300 mm rainfall, 1700-2000 potential 
evapo-transpiration, 25-30°C mean temperature, LGP <60 days; 2.3* Western plain (Jalore) hot arid ecosystem desert 
soils with 300-450 mm rainfall, 1800-1900 potential evapo-transpiration, 24-27°C mean temperature, LGP 60-90 days. 

 
 
 
ecological niche for various types of soil microorganisms 
due to rich nutrient availability. Physio-chemical proper-
ties like pH, EC, are indictors of soil quality for 
understanding the nutrient status of soil and also its 
correlation with prevailing microbial population. The 
Isabgol cropping areas of Rajasthan falls under two agro-
ecological regions viz; Western plain hot arid ecosystem 
desert soils (Jaiselmer and Barmer) with 100-300 mm 
rainfall, 1700-2000 potential evapo-transpiration, 25-30°C 
mean temperature, LGP <60 days and Western plain 
(Jalore) hot arid ecosystem desert soils with 300-450 mm 
rainfall, 1800-1900 potential evapo-transpiration, 24-27°C 
mean temperature, LGP 60-90 days (Table 1). Majority of 
soil samples under the present investigation falls under 
Typic Camborthids followed by Typic Torripsamments. 
Biochemical properties of soils under Isabgol cultivation 
in different districts of Rajasthan are presented in Table 
2. Soil properties of the samples (P1 to P13) exhibited 
variations with respect to different soil sample sites. The 
electrical conductivity of the soils are in the range 0.12-
0.46 dS/m and the hydrogen ion concentration between 
7.4 - 8.9 thereby depicting neutral to slightly alkaline soils 
which is in confirmity with earlier findings for soils of 
coriander crops in Rajasthan (Mishra et al., 2013). 
Organic carbon content of the soils ranged from 1.6 to 
4.1 g/kg across the soils (P1 to P13). In the surface soil 
samples from Jalore districts (P1 to P7) it was in the 
range 1.8 to 3.3 g/kg, 1.6 to 4.1 g/kg in the soils of 
Barmer district and 1.8 to 3.3 g/kg in Jjaiselmer district 
soils. Conclusively the soil organic carbon content was 
low at all the sites being the inherent characteristic of the 
soils of the arid and semi-arid regions. The soil texture 

varied between sandy loam to loamy sand. The available 
nitrogen content was low in all the soils with the lowest 
value in P13 (128.0 kg/ha) and highest in P5 (192.5 
kg/ha). The P2O5 content in the soil samples P1, P2, P3, 
P5, P7 and P12 was in the lower range, medium in P4, 
p10 and P11 whereas slightly high in P8, P9 and P13. 
The K2O content in soils P1, P2 and P3 was low (149.8-
160.2 kg/ha) and medium in the rest of the soils (P4 to 
P13; 209.4 to 338.8). The slightly higher values for K2O 
content was obtained in the soils of Barmer and 
Jaiselmer districts.  

The concentration of DTPA extractable micronutrients 
was in the medium to higher range in almost all the soil 
samples. DTPA-Cu concentration in the soils was 
medium for Jalore district (P1 to P4) and higher in rest of 
the soils from Barmer and bordering areas of Jaiselmer 
district. Highest DTPA-Cu content was observed in the 
Typic Camborthids of Barmer district, the DTPA-Zn 
concentration in the soil samples varied from 0.26 to 1.5 
ppm, the lowest being in Typic Torripsamments of 
Jaiselmer (P13) and highest in the Typic Camborthids of 
Barmer (P11). The soils from Jalore (P1 to P4) and 
Jaiselmer district (P13) were low in DTPA-Zn content, 
whereas rest of the soils has medium values for DTPA-
Zn concentration (Hand Book of Agriculture, ICAR). Rest 
of the soils can be grouped under marginally deficient 
category in terms of DTPA-Mn and DTPA_Fe. Similar 
results were also reported by Chattopadhyay et al. (1996) 
and Shyampura and Sehgal (1996) for the arid and semi-
arid soils of Rajasthan, India. 

Electrical conductivity is an important factor in 
determining the salinity/sodicity or both in the soils. It
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Table 2. Biochemical properties of soils under Isabgol cultivation in different districts of Rajasthan. 
 

Sample 
no. 

Soil EC 
(dS/m) 

Soil pH 

(1:2.5) 

Organic carbon 
(g/kg) 

Surface 
texture 

Soil taxonomy 
Macro nutrients (kg/ha) Micronutrients (ppm) 

N P2O5 K2O Cu Zn Mn Fe 

P1 0.21 8.2 3.30 Sandy loam Typic Camborthids 163.1 27.2 160.2 0.31 0.48 3.83 3.83 

P2 0.33 8.3 2.80 Sandy loam Typic Camborthids 189.1 23.1 158.7 0.29 0.42 3.21 3.80 

P3 0.24 8.9 3.00 Loamy sand Typic Calciorthids 155.7 19.4 149.8 0.30 0.45 3.27 3.74 

P4 0.19 8.2 3.00 Sandy loam Typic Camborthids 188.4 63.1 241.1 0.32 0.53 3.55 3.79 

P5 0.38 8.1 1.80 Loamy sand Typic Torripsamments 192.5 34.6 212.9 1.55 0.84 2.63 5.38 

P6 0.17 8.0 2.10 Sandy loam Typic Torripsamments 189.2 29.4 209.4 1.45 0.78 2.32 5.29 

P7 0.46 8.3 2.70 Sandy loam Typic Calciorthids 187.5 31.4 231.1 1.63 0.84 2.68 4.98 

P8 0.38 7.4 2.30 Sandy loam Typic Camborthids 163.8 80.1 222.1 1.26 0.86 2.41 5.12 

P9 0.12 8.1 2.40 Loamy sand Typic Camborthids 178.4 79.8 214.9 1.56 0.91 2.37 5.34 

P10 0.17 8.3 4.10 Sandy loam Typic Calciorthids 165.6 43.1 338.8 1.23 0.81 2.18 5.76 

P11 0.26 8.1 1.60 Loamy sand Typic Camborthids 153.4 35.6 315.2 3.50 1.50 4.51 2.21 

P12 0.20 8.2 1.80 Sandy loam Typic Torripsamments 135.2 33.2 274.2 0.44 0.31 3.65 3.47 

P13 0.36 8.2 2.30 Sandy loam Typic Torripsamments 128.0 61.1 299.8 0.51 0.26 0.51 1.00 

 
 
 
represents the availability of salts in the soil. 
Increase in electrical conductivity of soil, 
increases the availability of soluble salts to the 
plants and thus effect on soil fertility status of the 
soil which in turn may affect plant health. The pH 
of soil plays an important role in the occurrence 
and dominance of a particular group of micro-
organism. Soil microorganisms, just like higher 
plants depends entirely on soil for their nutrition, 
growth and activity. The major soil factors which 
influence the microbial population, distribution and 
their activity in the soil are nutrients, moisture, 
temperature, aeration, pH (H-ion concentration) 
and salt concentration (Knight et al., 1997). All 
these factors play a great role in determining not 
only the number and type of organism but also 
their activities. Variations in any one or more of 
these factors may lead to the changes in the 
activity  of  the  organisms  which ultimately  affect  

the soil fertility level.  
Microorganism requires a favorable nutritional 

and physical environment to grow and multiply. 
Isolation of microorganisms was done by using 
serial dilution methods followed by purification 
using Gram’s staining and repeated streaking on 
nutrient agar media. These steps are essential to 
obtain well separated discrete colonies in different 
selective media. Total viable aerobic bacterial 
count of the samples ranged from 0.8x10

7
 to 

1.96x10
7
 cfu/g soil while the total aerobic fungal 

population varied from 1.52x10
6
 to 2.85x10

6
 cfu/g 

soil. The maximum soil bacterial population was 
observed from soil sample of P8 locality in district 
Barmer. Similarly, maximum fungal population 
was recorded from Isabgol field soil samples of 
Nibla locality in Barmer district while minimum 
was observed from Gasedi, Bhinmal locality in 
Jalore district (Table 3).  

Total viable count (TVC) gives a qualitative idea 
about the presence of microorganism such 
as bacteria, yeast and mold in a sample on 
different agar media. To isolate plant growth 
promoting rhizobacteria specific growth media 
such as Azospirillum semi-solid agar media 
Azotobactor agar media, King’s B Media and 
Pikovaskaya agar media were used to enumerate 
the rhizobacteria on the basis of their ability to 
grow in the given media. The colonies grown on 
these specific growth media were enumerated 
and bacterial cultures were selected and isolated 
on the basis of different colony morphologies 
through subculture technique. Microorganism 
requires a favorable nutritional and physical 
environment to grow and multiply. Isolation of 
microorganisms was done by using serial dilution 
methods followed by purification using Gram’s 
staining and repeated streaking on nutrient agar
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Table 3. Microbial properties of Isabgol growing soils from Rajasthan. 
  

Sample 
no. 

District  Village/location  

Total viable microbial count (CFUs/g) 

Bacteria Fungi Azotobactor Pseudomonads 
Phosphate 

solubilizing bacteria 

P1 Jalore  Kharwa, Bhinmal-A 1.1X10
7
 1.62X10

6
 0.3X10

5
 4.6X10

5
 0.7X10

3
 

P2 Jalore  Kharwa, Bhinmal-B 0.9X10
7
 1.28X10

6
 0.7X10

5
 5.2X10

5
 0.4X10

3
 

P3 Jalore  Kharwa, Bhinmal-C 1.2X10
7
 1.70X10

6
 0.1X10

5
 5.6X10

5
 1.0X10

3
 

P4 Jalore  Ghaseri, Bhinmal 1.2X10
7
 1.52X10

6
 0.8X10

5
 3.8X10

5
 0.1X10

3
 

P5 Jalore  Hadetar,Sanchoor-A 1.3X10
7
 2.12X10

6
 1.0X10

5
 3.3X10

5
 0.8X10

3
 

P6 Jalore  Hadetar,Sanchoor-B 1.8X10
7
 1.78X10

6
 0.6X10

5
 3.8X10

5
 0.9X10

3
 

P7 Jalore  Hadetar,Sanchoor-C 1.9X10
7
 1.58X10

6
 0.3X10

5
 4.3X10

5
 0.3X10

3
 

P8 Barmer  Sajitada-A 1.96X10
7
 2.40X10

6
 0.8X10

5
 5.8X10

5
 0.7X10

3
 

P9 Barmer  Sajitada-B 0.96X10
7
 2.40X10

6
 0.5X10

5
 3.4X10

5
 0.6X10

3
 

P10 Barmer  Nmibli 1.9X10
7
 2.85X10

6
 0.7X10

5
 4.5X10

5
 0.9X10

3
 

P11 Barmer Bhukha 0.96X10
7
 1.53X10

6
 0.6X10

5
 4.3X10

5
 0.1X10

3
 

P12 Barmer Fatehgarh, Sam 0.90X10
7
 2.25X10

6
 0.4X10

5
 3.5X10

5
 1.0X10

3
 

P13 Jaiselmer  Pokharna 1.0X10
7
 2.10X10

6
 0.9X10

5
 4.1X10

5
 0.7X10

3
 

 
 
 
media. These steps are essential to obtain well separated 
discrete colonies in different selective media. Pure 
cultures were preserved on nutrient agar slants stored at 
4°C in a refrigerator and further used for estimation of 
various plant growth promotion characteristics. Microbial 
count on nitrogen free Azotobacter medium revealed the 
population of Azotobacter in Isabgol field soil samples 
which varied from 0.1x10

5
 to 2.0x10

5 
cfu/g. The 

Pikovskaya medium containing tricalcium phosphate as 
sole source of phosphorus for bacterial growth provided 
the rough estimate of phosphate solubilizing bacterial 
(PSB) population and it ranged from 0.2x10

3
 to 4.8x10

3
 

cfu/g and Pseudomonads population on Kings B medium 
varied from 3.3x10

6
 to 5.8x10

6
 cfu/g soil among the 

collected soil samples of Isabgol crop (Table 3).  
It is well established that inoculation with diazotrophic 

bacteria like Rhizobium, Azotobacter and Azospirillum 
enhances the plant growth as a result of their ability to fix 
nitrogen. Growth promotion may be attributed to other 
mechanisms such as production of plant growth 
promoting hormones in the rhizosphere and other PGP 
activities (Bhashan and Bashan, 2005). 

Sakthivel and Karthikeyan (2012) had studied thirty 
rhizospheric soil samples collected from commercially 
grown Coleus forskohlii from Perambalur and Salem 
districts of Tamil Nadu. The results obtained showed that 
among the 30 isolates of Perambalur and Salem districts 
the range was from 4.00-9.22x10

6 
and 4.66-10.00x10

6
 for 

Azospirillum spp., 3.00-7.66x10
6
 and 3.88-8.00x10

6
 for 

Bacillus spp, 4.66-12.00x10
6
 and 4.88-13.00x10

6
 for 

Pseudomonas spp. and 2.22-8.00x10
6
 and 3.66-9.00x10

6
 

for Azotobacter spp., respectively, for the two districts. In 
the present investigation, the population of Isabgol plant 
beneficial rhizobacteria was found lower than reported by 

Sakthivel and Karthikeyan (2012) which may be due to 
different agro-ecological condition prevailing in the 
Rajasthan as compared to Tamilnadu. In addition to plant 
growth promoting traits, these bacterial strains must be 
rhizospheric competent, able to survive and colonize in 
the rhizosphere soil (Grover et al., 2009). During the past 
couple of decades, the use of plant growth promoting 
rhizobacteria (PGPR) for sustainable agriculture has 
increased tremendously in various parts of the world. 
Significant increases in growth and yield of agronomical 
important crops in response to inoculation with PGPR 
have been repeatedly reported (Biswas et al., 2000; 
Asghar et al., 2002; Vessey, 2003).  

A general concept has been developed, where 
bacterial strains were identified that were able to colonize 
plant roots, stimulate plant growth, and/or reduce the 
incidence of plant disease. Importance of native strains 
and ecological specificity while selecting the microbial 
inoculants for a specific environment is also realized. 
Isolation of microorganisms, screening for desirable 
characters, and selection of efficient strains and 
production of inoculums are important steps for making 
use of this microbe-based technology.  
 
 
Conclusions 
 
Though the soils of Jalore, Barmer and Jaiselmer fall 
under the arid region of India and are poor to medium in 
terms of major and minor nutrients availability, the crop of 
Isabgol thrives well. The nutrient requirement of Isabgol 
crop can still be fulfilled by these soils and thus Isabgol 
cultivation is a good proposition for these areas. Plant 
growth promoting rhizo-bacterial population can also con- 
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tribute significantly towards nutrient availability. Total 
count of phosphate solubilizing bacteria, free living 
nitrogen fixing bacteria and Pseudomonads estimated for 
different soil samples recorded significant differences 
among the samples of different locations. Thus it can be 
concluded that the diverse agro-climatic conditions of this 
semi-arid Rajasthan offers a great potential of further 
microbiological exploration for novel microbes and 
especially nitrogen fixers and phosphate solubilizing 
bacteria for application in Isabgol and other agricultural 
crops.  
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The use of fungi for the production of enzymes has been widely investigated, but there are few reports 
concerning the use of these organisms isolated from the Amazon Region for the production of 
hydrolytic enzymes. Considering the importance of hydrolases for different industrial applications, this 
work aimed to select Amazon fungi for the production of cellulase, protease, pectinase, amylase and 
xylanase. In order to verify the potential of the Amazon isolates for the production of these five 
hydrolytic enzymes, growth on solid media containing specific substrates was performed. The 
qualitative assay revealed that among 40 Amazon fungi, 16 produce cellulase; 13 present proteolytic 
activity; 13 have pectinase activity, 27 produce amylase and 16 present xylanolyitc activity. Two 
amylase producers were grown in liquid media in order to access their amylolytic activity. Fungi 
isolated from aloe vera presented higher amylase production within 48 h of cultivation on potato starch 
broth.   
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INTRODUCTION 
 
The enormous impact of fungi on biotechnology has been 
well-established. These organisms have been used for 
the production of foods, antibiotics, alcohols, enzymes, 
organic acids, and numerous pharmaceuticals. Its 
morphological and physiological diversity includes 
microscopic molds and yeasts, as well as macroscopic 

mushrooms and truffles. The microscopic species are, 
however, best known for their biotechnological 
applications (Bennett, 1998).  

Besides their importance as decomposing agents on 
forestry ecosystems, fungi are responsible for degrading 
a wide variety of wood products and providing all kinds of 
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food and industrialized goods, as well as petroleum 
derivatives (Selosse et al., 2004). These abilities result 
from the fact that these organisms produce several 
degradative enzymes, which are secreted into the 
environment. Due to its absorptive mode of nutrition, a 
large amount of powerful hydrolytic enzymes are 
synthesized, and thus, various fungi species are used for 
the production of industrially-important hydrolases (Alves 
et al., 2002).  

The food, feed, agriculture, paper, leather, and textile 
industries are well-suited for enzyme technology because 
products, as well as raw materials, consist of 
biomolecules, which can be produced, degraded, or 
modified by enzymatic processes (Mussato et al., 2007). 
The detergent and starch industries consume the 
greatest amounts of enzymes (Abrahão Neto, 2007).  

The industrial importance of hydrolases exceeds that of 
other classes of enzymes. Hydrolytic enzymes can be 
produced by different species, either in liquid or solid 
media (Jecu, 2000). These degrading proteins can act on 
various substrates, depending on its industrial 
application. Cellulases, proteases, glucoamylases, 
xylanases, pectinases, hemicellulases, lipases, and 
amylases are the hydrolytic enzymes most applied in 
industrial processes (Silva et al., 2005a). 

Fungal extracellular enzymes may be produced in 
liquid or solid media. The use of solid media permits a 
fast screening of large populations of fungi, allowing the 
detection of specific enzymes (Alves et al., 2002). 

Considering the enormous microbiological potential of 
the Amazon Region and the growing applicability of 
fungal hydrolytic enzymes, the screening of Amazon 
appears to be an interesting approach to finding novel 
hydrolase producers. Hence, the aim of this study was to 
select Amazon fungi for the production of five industrially-
important hydrolytic enzymes: cellulase, protease, 
pectinase, xylanase and amylase using solid media 
assays, as well as to access the enzymatic activity of 
most promising isolates. 
 
 
MATERIALS AND METHODS 
 
Amazon fungi  
 
Endophytic and phytopathogenic isolates belonging to the Graduate 
Program in Biotechnology and Natural Resources from UEA were 
used in this investigation. Endophytic fungi isolated from the 
tucumã palm (Astrocaryum aculeatum), spiked pepper (Piper 
aduncum), uxi (Endopleura uchi), and manioc (Manihot esculenta) 
were investigated. Phytopathogenic isolates were obtained from 
aloe vera (Aloe vera) and peach palm (Bactris gasipaes). Wood-
degrading fungi were kindly provided by Professor Ademir Castro e 
Silva of UEA. The coded isolates and the information relating to 
their origin are in Table 1.    
 
 
Fungi maintenance  
 
Stock cultures of the isolates were maintained on PDA (potato 
dextrose  agar) dishes at  4°C. To  maintain the cells’ viability,  fungi 

 
 
 
 

Table 1. Identification code for Amazon fungi evaluated 
for hydrolytic enzymes production and their respective 
origin. 
 

Strain Code Type
a 

Host Tissue 

UEA_018 PT Aloe vera leaf 

UEA_025 PT Aloe vera leaf 

UEA_033 PT Bactris gasipaes fruit 

UEA_042 EP Astrocaryum aculeatum seed 

UEA_064 EP Pipper aduncum root 

UEA_076 EP Endopleura uchi fruit 

UEA_094 WD Amazon wood stems 

UEA_097 WD Amazon wood stems 

UEA_099 WD Amazon wood stems 

UEA_102 WD Amazon wood stems 

UEA_105 WD Amazon wood stems 

UEA_107 EP Manihot esculenta stems 

UEA_108 FT Aloe vera leaf 

UEA_116 WD Amazon wood stems 

UEA_121 WD Amazon wood stems 

UEA_122 WD Amazon wood stems 

UEA_123 WD Amazon wood stems 

UEA_128 WD Amazon wood stems 

UEA_129 WD Amazon wood stems 

UEA_130 WD Amazon wood stems 

UEA_131 EP Manihot. esculenta stems 

UEA_140 WD Amazon wood stems 

UEA_143 WD Amazon wood stems 

UEA_155 EP Pipper aduncum stems 

UEA_165 EP Pipper aduncum stems 

UEA_166 EP Pipper aduncum leaf 

UEA_204 WD Amazon wood stems 

UEA_206 WD Amazon wood stems 

UEA_207 WD Amazon wood stems 

UEA_208 WD Amazon wood stems 

UEA_212 WD Amazon wood stems 

UEA_214 WD Amazon wood stems 

UEA_219 WD Amazon wood stems 

UEA_220 WD Amazon wood stems 

UEA_221 WD Amazon wood stems 

UEA_229 WD Amazon wood stems 

UEA_233 WD Amazon wood stems 

UEA_235 WD Amazon wood stems 

UEA_237 WD Amazon wood stems 

UEA_239 WD Amazon wood stems 
 

a
EP = Endophytic; PT = Phytopathogenic; WD = Wood-

degrading. 
 
 
 

were periodically transferred to new PDA dishes, incubated at 30°C 
for 5-7 days and stored at 4°C, being used as required. 
 
 
Inoculum 
 
The  inoculum was prepared in PDA dishes, from the stock  culture, 



 
 
 
 
being incubated at 30°C for five to seven days. The Petri dishes 
containing specific substrates for the enzyme assays were 
inoculated with a disc of around 7.0 mm diameter from the PDA 
medium culture.   
 
 
Solid media composition 
 
For assessing the cellulase production of Amazon fungi, the solid 
media was prepared with 1.8% (v/w) agar, 1.0 % (v/w) 
carboxymethylcellulose, and 0.1 M sodium acetate buffer solution 
pH 5.0. For protease assay a solid media containing 1.8% (v/w) 
agar, 1.0 % (v/w) gelatin, 1.0 % (v/w) skin milk, and 0.1 M citrate-
phosphate buffer solution pH 5.0 was prepared. For identifying 
pectinase-producing-fungi the solid media was prepared with 1.8% 
(v/w) agar, 1.0 % (v/w) citric pectin, and 0.1 M sodium acetate 
buffer solution pH 5.0. Amylase production was verified using a 
solid media containing 1.8% (v/w) agar, 1.0 % (v/w) corn starch, 
and 0.1 M citrate-phosphate buffer solution pH 5.0 (Teixeira, 1994). 
Xylanase activity was evaluated on a solid media prepared with 
1.8% (v/w) agar, 1.0 % (v/w) birch wood xylan, and 0.1 M sodium 
acetate buffer solution pH 6.0 (adapted from Silva et al., 2005b). 
After autoclaving at 121°C for 15 min, the culture media was cooled 
to approximately 60°C and transferred to Petri dishes for rapid 
cooling.  
 
 
Solid media enzymatic assays 
 
The Petri dishes containing the specific substrates were inoculated 
with the Amazon isolates. The dishes were incubated at 30°C for 5-
10 days and periodically observed for the evaluation of fungal 
growth. Before the isolate colonizes one-third of the Petri dish, the 
presence of a translucent halo around the fungi, which confirms the 
hydrolytic activity, was verified. A control dish was also prepared 
where there was no fungal inoculation. All assays were carried out 
in triplicate. 
 
 
Halo detection on solid media 
 
The halo formation around the fungi indicates the production of 
hydrolytic enzymes. Protease production could be directly 
identified, through the presence of a translucent halo in the solid 
media. For detecting the halo to confirm the production of cellulase, 
pectinase, amylase, and xylanase, a revealing solution was used, 
according to the methodology described by Teixeira (1994). In 
order to verify the halo related with the pectinase production, a 5.0 
M hydrochloric acid (HCl) solution was used. For amylase halo 
detection, a 0.1 M iodide solution was employed, and to verify 
cellulase and xylanase activities, a 0.1% (v/w) Congo red solution 
was used.       
 
 
Amylase activity assay 
 
For amylolytic activity detection, two fungi isolates that presented 
positive results for amylase production were cultivated in liquid 
media containing potato (200 g/L) and sucrose (20 g/L). PDA 
fragments (6 x 6 mm) containing fungi mycelia were inoculated on 
liquid media and kept at 30°C, 150 rpm, during 7 days. Aliquots 
were withdrawn from the culture broth in 24 h intervals and used for 
the enzymatic activity assay. Amylolytic activity was accessed 
through the methodology described by Miller (1959), using maltose 
as the standard. One unit of enzymatic activity was defined as the 

amount of enzyme capable to release one mol of maltose per 
minute. 
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RESULTS AND DISCUSSION 
 

Growth of Amazon fungi on solid media containing 
the specific substrates 
 

In general, the Amazon isolates presented sufficient 
growth on the five specific substrates used on the 
composition of solid medium, reaching the edge of the 
Petri dish. Phytopathogenic fungi have shown the fastest 
growth, while wood-degrading isolates took longer to 
reach one-third of the plate. The mycelium of 
phytopathogenic fungi reached the desired distance (7.5 
cm) from the center of the Petri dish after 5 days of 
culture, while wood-degrading isolates took twice this 
time. The ability of Amazon fungi to grow on different 
carbon sources indicates that these isolates are a 
versatile microorganism, which suggests that they are 
capable of producing the investigated hydrolytic 
enzymes.      
 

 

Hydrolytic enzymes production 
 

The results for the qualitative assays performed on solid 
media for the production of hydrolytic enzymes by 
Amazon fungi are presented in Table 2. The 40 fungal 
isolates were submitted to the hydrolytic tests to verify 
the production of cellulase, protease, pectinase, amylase 
and xylanase. Of these, 16 fungi demonstrated cellulase 
activity, 13 produced protease, 13 are capable of 
producing pectic enzymes, 27 presented amylase 
activity, and 16 were shown to be xylanase producers. 
The percentual distribution of the hydrolytic enzyme 
production among the 40 tested Amazon fungi is 
presented in Figure 1. 

It can be observed in Figure 1 that of the 40 Amazon 
fungi evaluated in this work, 32% presented amylolytic 
activity. Of these, isolates UEA_018, UEA_025, 
UEA_097, UEA_099, UEA_105, UEA_107, UEA_130, 
UEA_131, UEA_155, UEA_208, UEA_214, UEA_221, 
UEA_235, and UEA_239 presented larger halos, which 
suggest that these fungi may have higher amylase 
activity than the other isolates (Alves et al., 2002). 
Amylase (EC 3.2.1.1) are extracellular endo-enzymes 
that randomly catalyze the hydrolysis of internal α-1,4-
glucosidic linkages in starch and related glucans. This 
enzyme is widely used in various industrial processes, 
including the production of isomerized sugar and biofuel 
from starch, bakery applications, textiles and paper 
industries, pharmaceuticals, and detergents (Tamamura 
et al., 2014; Sahnoun et al., 2015). Therefore, seeking 
new sources of this hydrolytic enzyme has appeared as 
an interesting research approach.  

Regarding the xylanase production, 19% of the 
Amazon isolates showed positive results. UEA_033, 
UEA_042, UEA_130, UEA_204, and UEA_206 formed 
larger halos in the solid media, indicating higher xylano-
lyitc activity of these isolates. Xylanases (EC3.2.1.8)
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Table 2. Production of hydrolytic enzymes by Amazon fungi
a
. 

 

Isolate Cellulase
 

Protease Pectinase Amylase Xylanase 

UEA_018 + + + + + 

UEA_025 + + + + + 

UEA_033 - - - + + 

UEA_042 + + - - + 

UEA_064 - - - - - 

UEA_076 - - - - - 

UEA_094 - - - + - 

UEA_097 - - - + - 

UEA_099 - + - + + 

UEA_102 - - + + - 

UEA_105 - + - + + 

UEA_107 - - - + + 

UEA_108 - - - + - 

UEA_116 - - - - + 

UEA_121 + - - + - 

UEA_122 + - - - - 

UEA_123 + - - + - 

UEA_128 + - + - - 

UEA_129 + + + + + 

UEA_130 - + + + + 

UEA_131 + + + + + 

UEA_140 + - - + + 

UEA_143 - - - - - 

UEA_155 - - + + - 

UEA_165 + - + - - 

UEA_166 - - - - - 

UEA_204 + - - + + 

UEA_206 + + - + + 

UEA_207 - - - - - 

UEA_208 - - - + - 

UEA_212 - + + - - 

UEA_214 - - - + - 

UEA_219 - - - - - 

UEA_220 - - + + - 

UEA_221 - - - + - 

UEA_229 + + - + + 

UEA_233 + - - + + 

UEA_235 - - - + - 

UEA_237 - + + - - 

UEA_239 + + + + - 
 

a
Positive tests indicate halo formation. 

 
 
 

act on -1,4 linkages of xylan, the most abundant 
constituent of hemicellulose (Collins et al., 2005). A great 
variety of microorganisms have been reported as 
xylanolytic enzymes producers, among which fungi are 
the most interesting ones (Silva and Carmona, 2008). 
Applications of xylanases with or without concomitant use 
of cellulase include the bioconversion of lignocelluloses 

to sugar, ethanol and other useful substances, 
clarification of juices and wines, cellulose pulp production 
for paper industry, extraction of coffee and vegetable oil, 
and nutritional value improvement of silage and green 
feed (Collins et al., 2005).  

Fungi isolated from Amazon forest have been 
assessed for xylanase production. Medeiros et al. (2003) 



 
 
 
 

 
 

Figure 1. Percentual distribution of fungal isolates obtained 
from Amazon region according to its hydrolytic activity. 

 
 
 

isolated and evaluated 10 fungal species from the 
Amazon forest for their capacity to produce xylan-
degrading enzymes. The authors found that the best 

producing strains of -xylanase were Penicillium 
corylophilum, Aspergillus niger and Trichoderma 
longibrachiatum. These strains were used in bleaching of 
eucalyptus kraft pulps and showed promising results 
(Medeiros et al., 2007). 

Cellulase detection assays demonstrate that 19% of 
the Amazon fungi assessed can be considered as a 
source of this enzyme. Of these, UEA_042, UEA_122, 
UEA_128, UEA_129, UEA_131, UEA_165, UEA_204, 
UEA_206, UEA_229, and UEA_239 provided larger halos 
when compared to the other cellulase producing-fungi. 
Cellulase represents a complex mixture of hydrolytic 
enzymes with different specificities, which act over 
cellulolytic substrates, hydrolyzing glycosidic linkages, 
and converting them into glucose (Castro and Pereira Jr, 
2010).  

The most important source of microbial cellulases for 
industrial processes includes the fungal genera 
Aspergillus, Penicillium and Trichoderma. Cellulases and 
other enzymes capable to degrade plants cell wall are 
often used on clarification of fruit juices and wines, as 
well as on oil and fruit extraction. The feed industry 
employs cellulases for improving the digestibility of plants 
used for animal feed, and the textile industry uses these 
enzymes for removing the excess of indigo dye from 
jeans (Silva, 2008). Delabona et al. (2012) used a new 
strain of Trichoderma harzianum, isolated from the 
Amazon rainforest for the on-site production of cellulases 
to hydrolyze pretreated sugar cane bagasse. The 
Amazon strain showed outstanding results on cellulase 
production, when compared to Trichoderma reesei.  

Proteolytic and pectolytic activity was verified within up 
to 15% of the assessed isolates. Larger halos indicating 
higher   protease  activity  were  verified  for  the  isolates  
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UEA_018, UEA_025, UEA_129, UEA_130, UEA_131, 
UEA_212, UEA_237, and UEA_239. Proteases break 
peptide linkages, a process named proteolytic cleavage, 
which is a common mechanism involved at digestion and 
blood coagulation. Proteinases have different industrial 
applications, especially on food, leather, detergent and 
textile industries (Ladeira et al., 2010). On leather 
industry proteases are used for removing the fur and for 
the partial degradation of keratin and elastin. Peptidases 
are also used on pharmaceutical formulations, such as 
antibiotics and analgesics. (Abrahão Neto, 2007). Fungi 
and yeast have been reported as protease producers for 
industrial applications. Ito et al. (2007) evaluated the 
protease production of a Beauveria bassiana Brazilian 
strain, which presented stability at 60°C. Neves et al. 
(2006) isolated 50 yeasts from Amazon Region and 
performed a screening for protease production. An 
Amazon Candida intermedia strain exhibited the higher 
proteolytic activity and did not present pathogenesis.  

Among the pectinase producers, Amazon fungi 
UEA_018, UEA_025, UEA_102, UEA_128 and UEA_130 
formed larger halos, suggesting the higher hydrolytic 
activity of these isolates. Pectinase are the enzymes 
responsible for the degradation of pectin, a complex 
molecule that occurs as structural polysaccharide in the 
middle lamella and the primary walls of young plant cells 
(Yadav et al., 2009; Pedrolli and Carmona, 2010). Pectic 
enzymes have a wide range of applications in food 
industry, especially in fruit juice extraction, and 
clarification (Pedrolli et al., 2008). Other applications of 
pectinases include wine making, oil extraction, 
pharmaceutical, paper, feed and textile fields (Martínez-
Trujillo et al., 2011). It has been reported that microbial 
pectinases account for 25% of the global food enzymes 
sales (Jayani et al., 2005). Pectic enzymes used in the 
fruit juice industries and wine making often come from 
fungal sources, especially from Aspergillus niger (Pedrolli 
et al., 2008). Therefore, the isolation of new efficient 
pectinase producing microorganisms, the selection of 
optimum conditions for its production, and the 
biochemical characterization of these proteins represent 
an essential research field for the development of more 
competitive industrial processes (Marchi et al., 2006). 

As shown in Table 2, the Amazon isolates UEA_018 
and UEA_025, phytopathogenic fungi isolated from aloe 
vera, as well as the isolate UEA_129, a wood-degrading 
fungus, and the isolate UEA_131, endophytic fungi 
isolated from manioc, presented positive results for all 
five hydrolytic assays. These fungi showed to be the 
most versatile among the investigated Amazon isolates. 
On the other hand, the isolates UEA_064, UEA_076 
UEA_143, UEA_166, UEA_207, and UEA_219 do not 
produce the tested hydrolytic enzymes (Table 2). The 
halo formed by the isolate UEA_239 in four enzymatic 
assays can be seen in Figure 2. 

Among the five hydrolytic enzymes tested here, the 
isolates UEA_094, UEA_097, UEA_108, UEA_208,
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Figure 2. Hydrolytic activity of Amazon fungi UEA_239. Presence of the halo indicating the production of (a) protease, (b) 
amylase, (c) pectinase and (d) cellulase. 

 
 
 

 
 

Figure 3. Amylolytic activity of Amazon fungi UEA_018 () and 
UEA_025 () during liquid media culture on potato starch broth.  

 
 
 
UEA_214, UEA_221, and UEA_235 showed only 
amylolytic activity. The isolate UEA_116 presented only 
xylanase activity and the fungus UEA_122 produced only 
cellulase. These Amazon isolates demonstrate a 
hydrolytic specificity, which can be very interesting for 
industrial applications, since its extracellular enzymes 
would act specifically over the desired substrate. It is 
worth mentioning that the amylase producing isolates 
UEA_097, UEA_208, UEA_214, UEA_221, and 
UEA_235 presented higher enzymatic activities, which 
suggest that these Amazon fungi are potential candidates 
for use as amylase sources. The same can be observed 
for the cellulase-producing isolate UEA_122, which 
presented high enzymatic activity.       

The Amazon fungi assessed in this work for cellulase, 
protease, pectinase, amylase, and xylanase activities 
were previously tested for lipase production (Zanotto et 
al., 2009). The isolates that presented the higher hydro-
lytic activities in the present study did not present lipase 

synthetic activity in the former work. However, these 
isolates presented positive results in degrading 
tributyrine, indicating the presence of lipases and/or 
esterases with hydrolytic activity.       
 
 
Amylase activity  
 
Since most of the tested fungi (31.8%) presented 
amylolytic activity, the isolates UEA_018 and UEA_025, 
phytopathogenic fungi from aloe vera, which presented 
the most intense starch degrading halos, suggesting a 
prominent amylase production, were selected for 
amylase activity detection. The results for the quantitative 
assay performed on liquid media containing potato starch 
are presented in Figure 3. 

It can be noticed in Figure 3 that UEA_018 presented 
the highest amylolytic activity after two days of cultivation 
(33.1 U/mL). After that, the enzymatic activity dropped and 
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reached a minimum value within eight days of growth. 
The same behavior was observed for isolate UEA_025, 
which presented a higher value of amylolytic activity (50.5 
U/mL in one day of growth). The lowering of amylase pro-
duction was observed probably due to the consumption 
of potato starch (inductive carbon source used for 
amylase production).  

According to Hashemi et al. (2015), the microbial 

production of -amylase is greatly influenced by the 
components of the culture medium, especially the carbon 
and nitrogen sources. Saleem and Ebrahim (2014) 
verified the maximum production of Rhizopus stolonifer 
amylase after six days of incubation on starch and a 
decreased enzymatic production with further incubation, 
as observed in this study. Chimata et al. (2010) reported 
that Aspergillus MK07 produced most amylase after 5 
days of incubation on wheat bran. Both studies were 
carried out at 30°C culture, the same temperature used 
here, and therefore, suggesting that the Amazon fungi 
have a faster amylase production, a very interesting 
characteristic for industrial enzyme production. 
 
 

Conclusion 
 
With this study it was possible to demonstrate the great 
potential of the Amazon fungi as hydrolytic enzymes 
suppliers for a large range of industrial applications. Most 
of the tested isolates produced amylase and the most 
promising amylolytic producer showed rapid enzyme 
production in liquid media. Further investigations are 
necessary in order to establish optimum parameters for 
the production of these enzymes in a larger scale. 
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The supply of pipe borne water in Nigeria has over the years become grossly inadequate or totally non-
existent. This has led many people to seek alternative sources of water from streams, springs and 
especially hand-dug wells. This study was carried out to investigate the bacteriological quality of water 
from hand–dug wells in Ibadan city. This was done by investigating bacterial indicator of water quality in 
samples collected from 50 hand-dug wells and three bore holes from five different local government 
areas within Ibadan Municipal city and examined for total coliform and faecal coliform. Water samples 
from 96% of the wells were found to be contaminated with both total coliform and faecal coliform. The 
total coliform counts and fecal coliform counts ranged between 0 to 160x10

3
/100 ml and 0 to 22x10

3
/100 

ml, respectively. The predominant bacterial isolates include Escherichia coli (38.5%), Klebsiella spp. 
(16.9%), Staphylococcus aureus (13.8%) and Enterobacter spp. (9.2%). While antibiotic susceptibility to 
nitrofurantoin (96.9%), gentamycin (93.6%) and streptomycin (93.3%) was high, it was low in ampicillin 
(37.8%) and to a lesser extent in Cotrimoxazole(66.7%). 24.1% of the isolates were multidrug resistant 
with about seven patterns observed. Hand-dug wells in the area of study were highly contaminated with 
pathogenic bacteria and this exposes consumers of water drawn from these wells to the risk of 
contracting various waterborne diseases. 
 
Key words: Bacterial pathogens, coliforms, hand dug well, water borne, disease. 

 
 
 INTRODUCTION 
  
Water is indispensable to the human life for drinking and 
for domestic purposes. A decrease in the availability of 
fresh water is fast becoming a global problem especially 
in the developing nations due to urbanization, indus-
trialization and rapid population growth. The reality is that 
as world population rapidly increases, necessitating an 
increase in demand for water, the amount available per 
person are getting smaller (Lamikanra, 1999).  

About half of the Nigerian population is without access 
to potable water supply (NWSR, 2011). Apart from 
shortages in supply of potable water, absence of basic 
sanitary and hygiene practices has led to frequent 
outbreaks of water borne diseases with high incidences 
of morbidity and mortality. In many urban cities in Nigeria, 
pipe-borne water supply is grossly irregular or totally 
absent. 
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In Ibadan, the largest city, West Coast of Africa, only 
about 22.6% of the population was being served by the 
municipal water system (ADB, 2008; Ince et al., 2010). 
This situation has led to many homes relying on alter-
native sources of water such as hand dug well to meet 
domestic needs. Most of the wells are poorly constructed 
due to poverty and lack of proper technology. Since there 
is really no formal guideline or regulations for the 
construction of wells in the city, it is not unexpected that 
water obtained from these wells will vary in quality. 
Contamination of ground water may be due to faulty well 
construction and improper well location (Osho and 
Fagade, 2000). 

Besides, overcrowding, poor sanitary practices and the 
unhygienic methods of drawing water from wells exposes 
those who depend on wells for their domestic water 
source especially for drinking to health risks associated 
with consumption of non-potable water. The major source 
of water pollution is faecal matter of human or animal 
origin through which intestinal pathogens such as 
coliforms and faecal Streptococci gain entrance into the 
water. The consumption of untreated contaminated water 
can result in waterborne diseases, which include cholera, 
typhoid, amoebic and bacillary dysentery and other 
diarrhoeal diseases. The WHO estimates that water-
related diseases are responsible for 80% of all illnesses 
and death in the developing world with 1.8 million deaths 
annually from water borne diseases; 90% being children 
less than 5 years old (Prüss-Üstün et al, 2008) 

According to Nigeria Water Sector Roadmap (NWSR) 
an estimated 194,000 of children under 5 years old die 
annually in Nigeria due to cholera, diarrhoea and other 
related water borne diseases (NWSR, 2011). Results 
from studies carried out in different parts of the country 
(Akinyemi et al., 2006; Idowu et al., 2011; Odeyemi et al., 
2011) show that water sources for domestic purposes 
have disturbing levels of microbial pollution and this has 
implications for the prevalence of waterborne diseases. 

In order to meet the target 7C of the MDG and her long 
term development goals of becoming one of the top 20 
economies by the year 2020, the government has 
identified improvement in adequate water supply and 
sanitation as key areas. According to the finding in a 
recent study, 63.74% of the population in Moniya, a 
suburb of Ibadan gets water from hang-dug well, 10.68% 
from pipe borne water and 25.58% from borehole 
suggesting that hand-dug well is the main source of water 
supply in the city (Owoeye, 2013). Since hand-dug well 
has become a major source of water supply in Ibadan 
municipality, it is necessary to carry out frequent 
evaluation of well water quality to investigate the health 
risk (in terms of microbial contamination by pathogens) to 
which the consumers are subjected with a view to 
formulate policies and design strategies that would 
improve its water quality. 

The present study investigates the presence of coli-
forms and faecal streptococci in hand-dug wells in Ibadan 

 
 
 
 
city, Nigeria as well as the susceptibility of resulting 
bacterial isolates to commonly prescribed antibiotics. 
 
 

MATERIALS AND METHODS 
 
Study sites  
 
Ibadan is located within the southwestern Nigeria between the 
coordinate 7° 23′ 47″ N, 3° 55′ 0″ E. The capital city of Oyo State 
and the third largest metropolitan area by population in Nigeria after 
Lagos and Kano with a population of over 3 million, Ibadan is also 
the largest metropolitan geographical area located 128 km inland 
northeast of Lagos and 530 km southwest of Abuja, the federal 
capital. The principal inhabitants of the city are the Yorubas. Ibadan 
is densely populated with many unplanned neigbourhoods and is 
poorly drained leading to flooding during periods of heavy rains 
(Ajayi et al., 2012). Due to absence of sewage systems and 
sewage treatment facilities, untreated sewage are indiscriminately 
discharged into the environment. Dug wells are the main source of 
water in the study areas. To ensure geographical spread 5 zones 
based on the five local government areas within Ibadan municipality 
were selected as sampling areas. The local government areas are 
Ibadan North; Ibadan North-West; Ibadan North-East; Ibadan 
South-East; Ibadan South-West. The depth and the sanitary 
condition of the surrounding of each well were noted. Two methods 
of raising water from the wells by users were either by rope and 
bucket or pump (electric or hand-pump). 
 
 
Study design 
 
Water from a total of 50 dug wells randomly selected (10 from each 
local government area) geographically spread across five local 
government areas in Ibadan city and 3 bore holes were sampled 
and investigated for their bacteriological quality. The antibiotic 
susceptibility of the isolates was also determined to ascertain 
effective drugs that could be used for treatment of waterborne 
diseases. 
 
 

Sample collection 
 
Water samples were collected into 200 ml bottles by dipping sterile 
bottle into the well with the aid of previously disinfected sinker and 
rope. Samples were stored in ice box immediately after collection 
and were processed in the laboratory within 1-2 h after collection. 
 
 
Bacteriological analysis 
 
Determination of bacterial counts 
 
The standard plate count method was used to determine the total 
viable bacterial population. Nutrient agar was used as culture 
medium and colonies for total viable counts were counted using a 
Stuart scientific colony counter. The five tubes most probably 
number (MPN) technique (APHA, 2006) was used to estimate the 
coliform density. Differential tests were carried out in brilliant green 

lactose bile broth (BGLBB) incubated at 44C for 18-24 h. 

 
 
Isolation of bacteria 
 
Samples were inoculated onto nutrient agar, MacConkey agar, 
mannitol salt agar and eosine methylene blue (EMB) agar, and 
plates incubated at 37°C for 24 h. Pure cultures were subjected to
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Table 1. Viable Bacterial Counts of well water samples. 
 

Sample 
Total viable count cfu/ml x 10

3
 

Ibadan North Ibadan North-West Ibadan North-East Ibadan South-East Ibadan South- West 

1 0.01 0.41 ND 0.66 0.05 

2 0.23 0.20 ND 0.10 0.30 

3 0.12 9.30 ND 0.05 0.27 

4 0.04 43.00 ND 0.23 6.50 

5 5.50 1.00 ND 0.02* 3.70 

6 2.10 54.00 ND 13.00 0.002* 

7 0.90 31.00 ND 1.10 0.21 

8 0.006 0.06 ND 0.60 1.50 

9 0.15 0.22 ND 1.20 1.40 

10 0.01 100 ND 4.00 0.20 

11 0.03 - ND 0.20 5.00 
 

*Borehole sample; ND, not determined. 
 
 
 

Table 2. Coliform count of well water samples. 
 

Sample 
Total viable count cfu/ml x 10

3
 

Ibadan  North Ibadan North-West Ibadan North-East Ibadan South-East Ibadan South- West 

1 0.28 9.00 17.00 16.00 0.07 

2 1.60 2.20 0.00 2.40 0.52 

3 1.60 5.00 0.70 0.70 0.13 

4 0.35 5.00 0.20 5.00 0.50 

5 16.00 16.00 0.22 0.00* 1.70 

6 0.04 50.00 0.04 16.00 1.10 

7 0.50 20.00 16.00 1.10 0.02* 

8 0.17 4.00 3.00 8.00 3.00 

9 5.00 30.00 0.00* 16.00 2.30 

10 2.40 50.00 - 160.00 0.20 

11 1.30 - - 0.00 2.30 
 

*Borehole sample. 
 
 
 

Gram staining, oxidase test, catalase test, motility test, coagulase 
test (for suspected Staphylococcus) and growth on Triple Sugar 
Iron (TSI) agar. Bacterial pathogens were then characterized by 
colonial growth on suitable media and standard biochemical tests 
as described by Cowan and Steel (1993)  
 
 
Antibiotic susceptibility testing (AST) 
 
The Kirby-Bauer agar disc diffusion technique was used to test the 
isolates for antibiotic sensitivity. Antibiotic discs tested were from 
Abtek Biological Ltd, Italy and included Colistin (25 μg), nitrofuratoin 
(200 μg), tetracyclines [tetracycline (25 μg) , β-lactams [ampicillin 
(25 μg) folic acid synthesis inhibitor [cotrimoxazole (25 μg)], 
quinolone [nalidixic acid (30 μg)], aminoglycoside [gentamicin (10 
μg)] and streptomycin 25 (μg). 
 
 

RESULTS  
 

Water samples from the wells in the 5 Local government 
areas were grossly contaminated with bacterial pathogens.  

The total viable counts ranged from 0.002 to 100 x10
3 

cfu/ml (Table 1). There was no significant difference in 
counts between study locations (p=0.073). The indicator 
organisms were totally absent in one well each from 
location 3 and 4 and 2 of the 3 boreholes. The total 
coliform counts ranged from 0 to 160x10

3
/100 ml (Table 

2) while the faecal coliform counts ranged from 0 to 
22x10

3
/100 ml (Table 3). WHO recommends total 

absence of coliform and fecal coliform in 100 ml of 
drinking water (WHO, 2010). 

 While the difference in total coliform counts between 
the locations were not significant (p= 0.243) the fecal 
counts between the locations were significantly different 
(p=0.03). Both total viable count and faecal coliform count 
were highest in location 2 (mean counts of 23.92x10

3
 and 

8.41x10
3 

respectively) and lowest in location 5 (mean 
counts of 1.41x10

3
 and 1.02x10

3
 respectively), while the 

total coliform count was highest in location 4 (mean count  
of 22.52x10

3
) and lowest in location 5 (Mean count of
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Table 3. Faecal Coliform count of well water samples. 
 

Sample 
Faecal Coliform count/100 ml X 10

3
 

Ibadan North Ibadan North-West Ibadan North-East Ibadan South-East Ibadan South- West 

1 0.14 9.00 17.00 9.00 0.02 

2 1.60 2.20 0.00 1.30 0.52 

3 0.23 0.70 0.70 0.70 0.08 

4 0.17 1.70 0.20 5.00 0.50 

5 1.70 3.50 0.14 0.00* 0.80 

6 0.04 22.00 0.04 16.00 1.10 

7 0.22 20.00 3.50 1.10 0.00* 

8 0.07 4.00 3.00 8.00 2.30 

9 2.20 8.00 0.00* 3.30 2.30 

10 2.40 13.00 - 22.00 0.20 

11 0.80 - - 0.00 0.20 
 

*Borehole sample. 

 
 
 

Table 4. Bacterial counts with respect to site. 
 

Parameter  Study site            Mean counts (CFU/ml) SE mean StDev Range (CFU/ml) 

Total viable counts 

 Ibadan North 1.56X103 0.74 2.33 0.01-6.00x10
3
 

 Ibadan North West 23.92X103 10.59 33.49 0.06-100 x103        

 Ibadan North East - - - - 

 Ibadan South East 2.10x103 1.27 4.01 0.02-13x10
3
 

 Ibadan South west 1.41X103 0.67 2.12 0.002-6.5x10
3
 

Total coliform counts    

 Ibadan North 2.79X10
3 

1.54 4.88 0.04-16.0010
3
 

 Ibadan North West 19.12X10
3 

5.82 18.42 2.2-50.00x10
3
 

 Ibadan North East 3.72X10
3
 2.15 6.80 0.0-17x10

3
 

 Ibadan South East 22.52X10
3 

15.42 48.75 0.0-160x10
3
 

 Ibadan South West 0.95X10
3 

0.33 1.05 0.07-3.00x10
3
 

Faecal coliform counts      

 Ibadan North 0.88 X103 0.31 0.97 0.04-2.4 x10
3
 

 Ibadan North West 8.41 X103 2.42 7.65 0.7-22.00 x10
3
 

 Ibadan North East 2.46 X103 1.67 5.27 0.0-17.00 x10
3
 

 Ibadan South East 6.64 X103 2.32 7.33 0.0-22.00 x10
3
 

 Ibadan South West                1.02X103 0.39 1.23 0.0-3.5 x10
3
 

 
 
 
0.95x10

3
) (Table 4)  

A total of 65 isolates were obtained with fifty-eight (58) 
fully identified and grouped into seven genera. The most 
predominantly isolated organisms are Escherichia coli 
(38.5%), Klebsiella spp (16.9%), Staphylococcus aureus 
(13.8%), and Enterobacter spp (9.2%) (Table 5). 

Table 6 shows the susceptibility of the isolates to 
common antibiotics. The most active antibiotics were 
nitrofurantoin (93.6%) and gentamicin (93.3%). 
Streptomycin (89.9%), tetracycline (86.1%) and nalidixic 
acid (79.2%) were also highly effective. Ampicillin 
(37.8%) was the least potent antibiotics against the 

pathogens. 14 (24.1%) of the 58 isolates used for the 
antibiogram were multidrug resistant (resistance to 3 or 
more antibiotics). E. coli showed 3 multidrug resistance 
patterns Amp, Col, Nal ,Nit, Cot, Str, Tet; 

 
Amp, Cot ,Str 

,Tet
  

and Amp ,Cot,
 
Str 

 
while Klebsiella spp. showed 2 

resistance patterns Amp ,Cot ,Str,Tet
  
and Amp ,Cot, Tet 

(Table 7). 
 
 
DISCUSSION  
 
Water quality issues are health related issues because it
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Table 5. Frequency of isolation of bacteria pathogens from study locations 
 

Isolate 
Ibadan  
North 

Ibadan 
North-West 

Ibadan   

North-East 

Ibadan  
South-East 

Ibadan  
South-West 

Total % 

Escherichia coli 4 5 6 6 4 25 38.5 

Klebsiella spp. 2 3 4 2 0 11 16.9 

Staphylococcus 
aureus 

2 0 2 4 1 9 13.8 

Enterobacter spp. 1 1 2 1 1 6 9.2 

Proteus spp 0 1 0 1 1 3 4.6 

Flavobacterium spp. 0 1 0 1 0 2 3.1 

Unidentified 2 1 1 1 2 7 10.8 

Pseudomonas 
aeruginosa 

1 0 0 0 1 2 3.1 

Total 12 12 15 16 10 65 100 

 
 
 

Table 6. Susceptibility of isolates to antibiotics (in %). 
 

Isolate  
Antibiotics 

AMP COL GEN NAL NIT COT STR TET 

Esherichia coli 50 95.5 100 96 68.2 68.2 77.3 90.1 

Klebsiella spp. 55.6 100 100 100 100 66.7 88.9 66.7 

Enterobacteria spp. 33.3 100 100 100 100 66.7 83.3 100 

Proteus  spp. 0 0 100 0 100 0 100 100 

Pseudomonas aeruginosa 50 50 100 100 100 100 100 100 

Staphylococcus aureus ND ND 60 ND ND 100 ND 60 

Total 37.8 69.1 93.3 79.2 93.6 66.9 89.9 86.1 
 

ND, Not determined. 

 
 
 

Table 7. Resistance patterns of isolates. 
 

Isolate resistance patterns Number of isolates with resistance patterns 

E. coli  

Amp,Col, Nal, Nit, Cot, Str, Tet 1 

Amp, Cot, Str, Tet 2 

Amp, Cot, Str,  5 

   

Klebsiella spp. 
Amp, Cot, Str, Tet 1 

Amp, Cot, Tet 3 

   

Enterobacteria spp. Amp, Cot, Str, 1 

   

Proteus Amp, Col,Nal
 
,Cot, 1 

Total  14 

 
 
 
is important in promoting health and reducing global 
disease burden. This study reports the bacteriological 
quality of hand dug well- a major source of water supply 
in Ibadan city. The information from this report would 
assist  in  strengthening  efforts to improve the  quality  of 

water available in the study areas.  
Out of the 50 hand dug wells studied, 48 (96%) were 

found to be contaminated with both total and faecal 
coliforms. Total viable bacterial counts (0.002-100 × 10

3
 

CFU/mL), total coliform counts (0-160 × 10
3
 CFU/mL),
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Table 8. Depth of well-studied in meters. 
 

Sample Ibadan North Ibadan North-West Ibadan North-East Ibadan South-East Ibadan South-West 

1 9.6 9.6 9.0 U 9.0 

2 8.4 8.4 12.6 15.0 7.2 

3 6.3 6.0 6.3 12.0 8.1 

4 9.0 6.6 7.2 4.5 7.2 

5 5.7 U 13.5 Borehole 9.0 

6 7.5 4.8 12.6 U 8.1 

7 9.0 U 9.9 11.7 Borehole 

8 5.4 9.0 6.3 3.60 13.5 

9 10.2 U Borehole 6.3 5.7 

10 8.1 U U 5.4 2.1 
 

U= Unknown. 

 
 
 
and fecal coliform (0-22 × 10

3
 CFU/mL) were high (Table 

1). TVBC levels in 40% of the wells studied exceeded the 
recommended limit of 1x10

2
 CFU/ml. Water sample from 

all the wells did not meet the WHO standard set for 
potable water that recommends total absence of coliform 
and fecal coliform in 100 ml of drinking water (WHO, 
2010). 

High TVBC, total coliforms and fecal coliforms counts in 
water sample from hand dug well have also been 
reported in recent studies within Nigeria (Osho and 
Fagade, 2000; Akinyemi et al., 2006; Idowu et al., 2011; 
Odeyemi et al., 2011) and in other developing countries 
(Akoachere et al., 2013; Gwimbi, 2011). High counts of 
indicator bacteria suggest heavy pollution of water with 
fecal matter. This finding has great implications for public 
health. Using water from these wells for domestic 
purposes such as drinking, cooking and washing of fruits 
and vegetables could predispose users to water borne 
diseases such as diarhoea, cholera and dysentery. A 
number of interplaying factors could be responsible for 
the poor bacterial quality of water from the wells in the 
study area of this work. The potential reasons for the high 
presence of microbiological contaminants in the wells 
may be poor sanitation conditions and practices such as 
washing laundry near water sources, using dirty con-
tainers to collect water from the wells or plunging of 
bucket directly from the ground into the well. The use of 
bucket and rope in fetching water from hand dug wells 
and sitting wells close to sanitary facilities have been 
reported to contribute significantly to high pollution of 
wells resulting in deterioration of its water quality 
(Ayantobo et al., 2012). 

The use of electric pump, apart from eliminating 
contamination from use of bucket, is almost always 
accompanied with proper sealing of the well. The fecal 
coliform counts between the locations were significantly 
different (p=0.03). This may indicate that there is a wide 
variation in the hygiene behaviours  by the household in 
the study locations. 

Another factor that could be  of importance to the purity 

of well water is the depth of the well (Table 8). The fact 
that no form of microbial contaminant was obtained from 
the three borehole samples in this study supports the 
view that very deep wells would yield water with better 
bacterial purity than shallow wells. 

E. coli (38.5%) the predominant isolate is a major 
public health concern as its presence is not only an 
indication of recent contamination with fecal matter but 
the possible presence of other dangerous intestinal 
pathogens. Certain pathogenic strains of the organism 
such as the enteropathogenic O157:H7 implicated in 
several out breaks of bloody diarrhea (Geldreich et al., 
1992) have been detected in water. Other major 
pathogens present were enteric organisms such as 
Klebsiella spp. (16.9%), Enterobacter spp. (9.2%), P. 
aeruginosa (3.1%), Proteus spp. (4.6%) and S. aureus 
(13.8%). Their isolation further confirms the contamina-
tion of water with fecal material and the possible 
presence of other waterborne enteric pathogens such as 
viruses and protozoa. The high number of pathogenic 
enteric bacteria associated with water samples from the 
hand dug wells studied contradicts the widely held 
believe that underground water is relatively free of 
microorganism and is thus fit for consumption. The most 
effective of the antibiotics tested was nitrofurantoin 
(96.3%). Other agents with high activity against the 
isolates are Gentamicin (93.6%) and Streptomycin 
(93.3%) which is aminoglycosides antibiotics available 
only as injections. This factor and the relative high cost 
compared to other antibiotics might have discouraged 
indiscriminate purchase and misuse. High sensitivity of 
Gentamicin in this study compares with findings from 
another study where it has also been reported to be 
strongly active against bacterial pathogens isolated from 
well water samples. (Akoachere et al., 2013; Odeyemi et 
al., 2011). 

However, susceptibility to commonly use antibiotics 
such as ampicillin (37.8%) and to a lesser extent 
cotrimoxazole (66.9%) was low indicating that most of the 
isolates are resistant to them. This may not be unconnected  



 
 
 
 
with indiscriminate use of these drugs without 
prescription because they are easily accessible. This 
finding corroborates previous reports of low susceptibility 
to ampicillin, penicillin and cotrimoxazole in enteric 
pathogens isolated from water samples (Akoachere et al., 
2013; Odeyemi et al., 2011). Seven patterns of multidrug 
resistance were observed in about 24.1% of the isolates. 
This compares with a similar report of about 33.4% 
multidrug resistance isolates from well water sample in 
another study( Akoachere et al., 2013). This high level of 
multidrug resistance may be an indication of rampant 
antibiotic misuse among the population due to self-
medication and relative access to the drugs without 
prescription. The isolation of many of this multidrug 
resistance isolates from sources that serves as drinking 
water to so many communities is of public health 
significance because it can easily serve as reservoir 
through which antibiotic resistance traits can spread to 
other bacterial population. 

However, the study confirms previous reports of a 
relatively high prevalence of bacteriological contamina-
tion of private wells the world over. Specifically, the study 
has revealed that majority of the people in Ibadan city 
who depend on well water for drinking and cooking are at 
risk of contracting waterborne diseases. There is need for 
public awareness campaign to encourage routine 
disinfection of hand dug wells being used as water 
sources and to educate the general populace about the 
importance of good sanitary practices. This will reduce 
the risk of exposure among the population to waterborne 
infections from the use of well water. 
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The presence of Salmonella spp., Escherichia coli and coliforms from the field to the packing process of 
bell pepper was evaluated. A total of 900 samples including bell pepper, worker hands, surfaces, and 
hand-washing fruits were collected from 11-sampling sites of a farm. From the total samples analyzed, 
2.6, 3.0, and 53.7% contained Salmonella spp., E. coli and coliforms, respectively. The highest 
percentage of positive samples with Salmonella and E. coli occurred at the field and packing house, 
respectively; while coliforms levels increased, as it approached to the final packing process. E. coli 
O157:H7 was not detected in any of the analyzed samples, however Salmonella enterica serovar 
Typhimurium was found during the packing process of the produce. Good agricultural practices from 
the field to the packinghouse should be implemented; it is also imperative to emphasize hand washing 
and contact surface disinfection to ensure the safety of the final produce. 
 
Key words: Microbial tracking source, Salmonella, hand washing, surface contact, packinghouse, bell pepper 
(Capsicum annuum). 

 
 
INTRODUCTION 
 
Fresh produce production, particularly from Latin 
American countries, has the potential to meet most of the 

growing global demand for fruit and vegetable products. 
There is a need to increase food production to feed an 
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ever-growing world population, as FAO has predicted that 
global food production will need to increase by 50% over 
current levels by 2050 (FAO, 2009). However, the 
globalization of the food supply may introduce new food 
safety risks and the potential widespread dissemination 
of contaminated food. Even thought, produce-related 
outbreaks in the United States declined by 42% over a 
10–year period from 2002-2011, a sharp increase in 
produce-related foodborne illnesses occurred in 2008, 
due to a large multi-state Salmonella outbreak involving 
peppers and tomatoes that sickened over 1,535 people 
(CSPI, 2014). Salmonella enterica serovar Saintpaul was 
the causative agent of this outbreak, and was isolated 
from serrano and jalapeño peppers from two 
packinghouses in Tamaulipas, Mexico (Mody et al., 
2011). Since then, the FDA has documented different 
commodities in Mexico contaminated with Salmonella 
spp. including cucumber, jalapeño peppers, serrano 
peppers, papaya, spinach, Mangoes and coriander 
(CDC, 2012; FDA, 2012). Additionally, two more 
documented outbreaks in which cantaloupes and 
peppers were implicated proved that Salmonella could 
have originated from field and farm operations in Mexico 
(CDC, 2002; CDC, 2008). Several others tracking-type 
investigations have located Salmonella and E. coli 
O157:H7 in different points of the food production chain 
such as water, contact surfaces, fresh produce (melon, 
orange, parsley and bell pepper), worker hands, animals, 
and soil (Castillo et al., 2004; Mukherjee et al., 2004; 
Duffy et al., 2005; Gallegos-Robles et al., 2008; Cooley et 
al., 2014). 

As the overall consumption of fresh produce has 
increased, the amount of produce imported into the U.S. 
market has also increased. In 2008, nearly 3 million 
metric tons of fresh vegetables were imported from 
Mexico to the USA, representing more than one-half of all 
revenues from US vegetable imports (ERS, 2009; FAS, 
2009). Culiacan is the capital of Sinaloa and is located in 
the Northwestern part of Mexico. This particular region is 
rich in vegetable produce farms that export several crops 
to the United States each year, particularly tomatoes and 
bell peppers (CIAD, 2006; Estrada-Acosta et al., 2014). 
In an effort to examine microbial contamination in this 
region, a comprehensive study to determine the presence 
of bacterial pathogens and the identification of critical 
points during the production chain is needed. Therefore, 
to address these data needs, the goals of this study 
were: 1) to evaluate the incidence of E. coli, coliforms, 
and Salmonella spp. from the harvesting to the final 
packaging process of bell pepper, and 2) to characterize 
the isolated strains of E. coli and Salmonella spp.  
 
 

MATERIALS AND METHODS  
 
Sampling collection 
 
Samples were weekly collected during the growing season of 
November  2006  to December 2007  from  an agricultural  packing- 

Soto-Beltran et al.          719 
 
 
 
house operation in the Northwestern region of Mexico. The 
packinghouse owner in the study gave its consent to participate and 
to collect samples during the growing season. Samples were 
collected from the field and the packinghouse facility including fresh 
fruits, food contact surfaces, hand washing water, and worker 
hands. Table 1 shows the number of samples collected and 
locations from each commodity. Fresh produces were collected 
directly from the plant during harvesting, and from the field 
containers at the field. In the packinghouse, produce samples were 
collected from the unloading ramp, brushing, sorting, and waxing. 
Finally, produces were also collected from the packing bins and 
packing containers. Samples from worker hands (picker, sorter and 
packer) were collected both before and after 3h of continue labor. 
The contact surface areas of the packinghouse equipment were 
taken from the unloading ramp, roller, conveyor belts, and packing 
bin. All samples were stored at 5°C and transported to the Centro 
de Investigacion en Alimentacion y Desarrollo Laboratory in 
Sinaloa, Mexico for immediate processing. Microbial analyses were 
initiated within 24h of sample collection.  
 
 
Microbiological sampling procedure 
 
Each sample was collected and analyzed as follows: fresh 
produces from each location were obtained using sterile, 
disposable gloves and were individually placed into Ziploc

®
 bags 

previously sterilized with UV light. 195 mL of buffer peptone water 
2% (BPW) (Difco) were added to each 100 g sample of bell pepper. 
Each worker rinsed their hands during 30 s in 200 mL of sterile 
phosphate buffered saline (PBS) at pH 7. Then, 10 mL of BPW 
(Difco), were added to 40 mL of PBS and stored at 5°C until 
analysis. Approximately, 2,500 cm

2
 of each contact surface was 

swabbed using a sterile sponge (Whirl Pack
®
 Hydrated Speci-

Sponge
®
 Bag) of 3.8 x 7.6 cm in 5 mL of BPW (Difco), followed by 

addition of 195 mL of BPW 2%. Finally, 800 mL of hand washing 
water were collected in a 1 L sterile plastic bottle, and 2mL of 
thiosulphate at 10% were added to neutralize any chlorine 
presence. All samples were manually homogenized and processed 
for enumeration of E. coli, coliforms and Salmonella spp. as 
described by APHA (2001). 
 
 
Escherichia coli and coliforms 
 
Quantification of E. coli and coliforms was performed using the 
membrane filtration technique (APHA, 2001). Aliquots of 1 and 10 
mL of BPW from each bell pepper produce and sponge samples 
were added to 50 mL of sterile distilled water and filtered by a 
cellulose membrane of 47 mm in diameter and 0.45 µm pore size 
(GN-6 Metricel

®
, Pall Corp., NY, USA). For each hand washing 

water sample 100 mL were filtered under the same conditions. After 
filtration, each membrane was placed on ECC agar 
(CHROMagar

TM
ECC, Paris, France) and the plates were incubated 

at 42.5°C for 24 h. Colonies were quantified according to its 
morphological characteristics: E. coli and Coliforms-like colonies 
(blue and mauve colonies, respectively). A recovery efficiency of ≤1 
CFU/mL was calculated for this experiment. Additionally, from the 
medium selective plate, two or more E. coli colonies were 
transferred onto tryptic soy agar (TSA) (Difco) and incubated at 
35°C for 24 h. The isolates were stored at -20°C in glycerol (10%) 
for further molecular analysis. 
 
 

Salmonella spp. enrichment and isolation 
 
The same BPW culture used for E. coli isolation was used for 
Salmonella culturing according to Castillo et al. (2004) with some 
modifications. Briefly, 70 mL of the bell pepper produce pre-enrich-
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Table 1. Number of samples classified by locations. 
 

Sample type Source Number Sample location 

Bell peppers (N=568) 

Field 

66 Plant 

63 Harvest 

61 Field containers 

Packinghouse 

63 Unloading ramp 

62 Brushing 

61 Sorting 

60 Waxing 

66 Packing bin 

66 Packing container 
    

Workers hands (N=186) 

After washing hands (N=98) 

36 Picker 

31 Sorter 

31 Packer 

After 3 h of labor (N=88) 

38 Picker 

27 Sorter 

23 Packer 
    

Surface contact area (N=132) Packinghouse equipment 

33 Unloading ramp 

33 Roller 

33 Conveyor belts 

33 Packing bin 
    

Hand washing water (N=14) Packinghouse 14 Water  
    

Total  900  

 
 
 
ment broth was incubated at 37°C for 24 h. For each surface 
contact and hands sample, 10 mL BPW was added to 90 mL of 
universal pre-enrichment broth (UPB) (Difco) and incubated at 37°C 
for 24 h. For each water sample, a volume of 100 mL was filtered 
through a cellulose membrane of 47 mm diameter and 0.45 µm 
pore size (GN-6 Metricel

®
, Pall Corp., NY, EUA), and placed in 8 

mL of UPB, stirred for 1 min and incubated at 37°C for 24 h. For 
enrichment, 1 mL of the pre-enriched BPW or UPB were added to 
10 mL tetrathionate broth (TTB) (Difco) and incubated at 42.5°C for  
6 h followed by post-enrichment adding 1 mL of enriched TTB to 10 
mL of M broth (Difco) and incubated at 37°C for 24 h. The post-
enriched M broth-PCR positive samples were streaked on xylosa 
desoxycholate (XLD) Agar (Bioxon) and incubated at 37°C for 24 h. 
The method showed a recovery efficiency of ≤1 CFU/g and ≤1 
CFU/mL. 
 
 
Salmonella spp. detection and confirmation 
 
Two or more Salmonella spp. presumptive colonies were isolated 
and identified by molecular analysis (a total of 50 isolates). PCR 
was performed according to Chiu and Ou (1996) with some 
modifications noted below. The DNA template was produced as 
follows: 1.5 mL post-enrichment M broth was centrifuged (13,200 x 
g for 5 min). The pellet was suspended twice in 400 µL sterile 
nanopure water and centrifuged under the same conditions listed 
above. The pellet was suspended in 200 µL of sterile nanopure 
water and heated for 5 min in boiling water to lyse bacterial cells 
and release DNA. The presence of Salmonella spp. was evaluated 
in lysed cells using the PCR, described as follows, the primers used 
were INVA-1 (5'-ACAGTCCTCGTTTACGACCTGATT-3´) and 
INVA-2 (5'-AGACGACTGGTACTGATCGATATT-3') that 

corresponds to a specific region of virulence invA gene of 
Salmonella spp. of 244 bp. The PCR mixture (25 µL) consisted of 
1X PCR amplification buffer (Promega, Madison WI), 1.5 mM 
MgCl2, 400 µM dNTPs, primers INVA-1 and INVA-2 1 µM each, 
1.25 U Taq polymerase (Promega), 13.875 µL of nanopure water 
and 1 µL of lysed cells. The PCR amplification conditions was 
produce as follows: one cycle at 94°C for 10 min, 30 cycles 
consisting of 95°C for 30 s to denature DNA, 56°C for 0.5 min to 
align the DNA primers and 72°C for 2 min for DNA extension. 
Amplification was performed in an Eppendorf

TM
 thermocycler. PCR 

products were visualized by electrophoresis with tris-acetate-EDTA 
buffer in 1% agarose gel stained with ethidium bromide. Finally, the 
PCR-positive isolates for Salmonella spp. were sent to the 
Bacteriology Department at National Institute of Epidemiological 
Diagnosis and Reference in Mexico City for serotyping. 
 
 
Detection of pathogenic Escherichia coli 
 
Isolates were examined and screened by PCR according to López-
Saucedo et al. (2003) as follows: DNA template was extracted from 
suspended cells grown on TSA, cleaned in nanopure water and 
lysed at 100°C. The primers used to identify pathogenic strains of 
E. coli were lt and st for enterotoxigenic E. coli (ETEC), bfpA and 
eaeA for enteropathogenic E. coli (EPEC), eaeA and stx1 for 
enterohemorrhagic E. coli (EHEC) and, stx2 and ial for 
enteroinvasive E. coli (EIEC), which originated DNA fragments of 
450, 190, 324, 384, 150, 255 and 650 pb, respectively (López-
Saucedo et al., 2003). The PCR mixture consisted of 1X buffer, 
MgCl2 1.85 mM, dNTPs 184 µM, primers lt (5.0 pM), st (6.47 pM), 
bfpA (2.5 pM), eaeA (3.88 pM), stx1 (3.88 pM), stx2 (2.5 pM), ial 
(10.25 pM), 0.625 U of DNA Taq polymerase (Promega), 2 µL of
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Table 2. Presence of Salmonella spp., Escherichia coli and coliforms on samples collected in a bell pepper 
packinghouse. 
 

Source 
No. of positive samples (%)

†
 

Salmonella spp.
††

 Escherichia coli Coliforms 

Bell peppers 15 (2.6%) 17 (3.0%) 305 (53.7%) 

Worker hands 25 (13.4%) 24 (12.9%) 121 (65.1%) 

Surface contact area 5 (3.8%) 9 (6.8%) 92 (69.7%) 

Hand washing water 0 (0.0%) 2 (14.3%) 5 (35.7%) 

Total (N=900) 45(5.0%) 52 (5.8%) 523 (58.1 %) 
 

†
Percentage of positive samples based on total samples analyzed; 

††
Positive samples by PCR. 

 
 
 

Table 3. Presence of Salmonella spp., Escherichia coli and coliforms on bell peppers collected from the field and 
packinghouse. 
 

Source of bell pepper sample No. of samples analyzed 
No. of positive samples (%)

†
 

Salmonella spp.
††

 Escherichia coli Coliforms 

Plant 66 0 (0.0%) 0 (0.0%) 14 (21.2%) 

Harvest 63 6 (9.5%) 1 (1.6%) 18 (28.6%) 

Field containers 61 5 (8.2%) 1 (1.6%) 26 (42.6%) 

Unloading ramp 63 2 (3.2%) 3 (4.8%) 38 (60.3%) 

Brushing 62 0 (0.0%) 3 (4.8%) 39 (62.9%) 

Sorting 61 1 (1.6%) 3 (4.9%) 38 (62.3%) 

Waxing 60 0 (0.0%) 4 (6.7%) 41 (68.3%) 

Packing bin 66 1 (1.5%) 2 (3.0%) 48 (72.7%) 

Packing container 66 0 (0.0%) 0 (0.0%) 43 (65.2%) 

Total 568 15 (2.6%) 17 (3.0%) 305 (53.7%) 
 

†
Percentage of positive samples based on total samples analyzed; 

††
 Positive samples by PCR. 

 
 
 

lysed cell and nanopure water to reach a total volume of 25 µL. The 
amplification was performed in an Eppendorf

TM 
thermocycler with 

the following cycling conditions: 1 cycle at 50°C for 2 min, 1 cycle at 
95°C for 5 min, 45 cycles to denature DNA at 95°C for 45 s, primers 
aligning at 50°C for 45 s and DNA extension at 72°C for 45 s; and a 
final extension step at 72°C for 10 min. The PCR products were 
visualized by electrophoresis through 2.5% agarose gel stained 
with ethidium bromide (López-Saucedo et al., 2003). 

 
 
Statistical analysis 

 
Descriptive statistics were performed to quantify the presence of E. 
coli, coliforms, and Salmonella spp. using Minitab version 14 
(MINITAB version 14.1, 2003). 

 
 
RESULTS AND DISCUSSION  
 
A total of 900 samples were collected from the field to the 
packinghouse during the growing season of November 
2006 to December 2007. Among the 900 samples, 568 
were bell pepper produces, 186 worker hands, 132 
surface contact areas and 14 hand washing water. Table 
1 specifies the number of samples classified by location. 
From the total samples analyzed. 5.0, 5.8, and 58.1% 
showed  contamination with Salmonella spp., non-patho- 

genic E. coli and coliforms, respectively.  
E. coli and coliforms were found in 14.3 and 35.7%, of 

the hand washing water samples (Table 2), with 
concentrations ranging from 7.1±1.6 to 17.2±41.2 log 
CFU/100mL, respectively. The study showed higher 
levels of coliforms than the one specified by the Mexican 
Official Norm (NOM-127-SSA-1994), which establishes 0 
CFU/100mL. Thus, making the water neither acceptable 
for human consumption nor for hand washing due to 
possible cross contamination. On the other hand, 
Salmonella was not detected in any of the hand washing 
water samples analyzed.  

In order to identify critical points of contamination on 
fresh produces, microbial levels on specific sampling 
locations from the field to the packinghouse were 
analyzed (Table 1). Coliforms were detected in 53.7% 
(Table 2) of the fresh produce sample locations with 
means ranging from 1.29 to 2.24 log CFU/100g. It was 
shown that coliform levels on fresh produce increased 
from the field and throughout packing, with 21.2% 
positive samples in the fresh produces obtained before 
detached from the plant, 42.6% in the container from 
harvest to field, and 60.3% from the field containers to 
the unloading ramp (Table 3). Coliforms levels showed 
an increased in the brushing and waxing step (62.9 and 
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Table 4. Presence of Salmonella spp., Escherichia coli and coliforms on worker hands from the field and 
packinghouse. 
  

Source of worker’ hands sample 
No. of positive samples (%)

†
 

Salmonella spp.
††

 Escherichia coli Coliforms 
Sampling time Operator 

Washing hands before labor 

Picker 5 (13.9%) 0 (0.0%) 16 (44.4%) 

Sorter 6 (19.3%) 10 (32.3%) 27 (87.1%) 

Packer 6 (19.3%) 5 (16.1%) 27 (87.1%) 

Subtotal (N=98) 17 (17.3%) 15 (15.3%) 70 (71.4%) 

After 3 h of labor 

Picker 0 (0.0%) 0 (0.0%) 6 (15.8%) 

Sorter 4 (14.8%) 4 (14.8%) 23 (85.2%) 

Packer 4 (17.4%) 5 (21.7%) 22 (95.7%) 

Subtotal (N=88) 8 (9.1%) 9 (10.2%) 51 (58.0%) 

 Total (N=186) 25 (13.4%) 24 (12.9%) 121 (65.1%) 
 

†
Percentage of positive samples based on samples analyzed. 

††
Positive samples by PCR. 

 
 
 
68.3 percentage of samples, respectively). Johnston et 
al. (2005) coincide with our study since they also found 
an increase in coliforms levels from harvest through 
packing, with an increase occurring also at the rinse step. 

Only 3% of the fresh produce was positive for E. coli 
(Table 2). Fresh produce sampled at the field (plant, 
harvest and field containers) contained 1.06% of E. coli, 
and the produce collected at the packinghouse had 4.0% 
being the waxing operation one of the most contaminated 
(Table 3). The levels of E. coli increased at the uploading 
ramps in the packinghouse with a range of 0.3 log to 1.6 
log CFU/100g. Salmonella spp. levels remained 
consistently low with 2.6% of the positive samples among 
the harvest, field container, unloading ramp, sorting, and 
packing bins (Table 3). Unlike E. coli, Salmonella-positive 
samples were distributed at the field and only a few on 
the packinghouse points. The results of this study 
coincide with that of Mukherjee et al. (2004) that reported 
numbers of 2.3% of produce contaminated with 
Salmonella, however, some studies such as Gallegos-
Robles et al. (2008) have reported higher levels (37%) of 
bell pepper produces contaminated with Salmonella. One 
drawback is the fact that both studies used a smaller 
amount of samples as the one reported in this study, thus 
large number of samples need to be sampled to 
determine the behavior of the pathogen.  

A total of 186 worker hands were analyzed as follows: 
98 samples after workers washed their hands before 
labor started and 88 samples were taken after 3 h of 
labor (Table 4). The results showed the presence of 15.3 
and 71.4% of E. coli and coliforms before labor, 
respectively. The levels of E. coli and coliforms after 
washing hands were 1.76±0.73 and 2.77±0.94 log, 
respectively. Copper sulfate was used at the field as a 
hand washing disinfectant solution to reduce the 
presence of microorganisms from hands, however, E. coli 
and coliforms remained present after washing hands. 

This can be related to inadequate hygienic practices, 
including the use of contaminated water, lack of or 
insufficient sinks and manual faucets infrastructure. 
According to Montville et al. (2002) it is imperative to 
apply an efficient technique for washing hands before 
starting working with fruits and vegetables. This 
technique may include a continuous training by the food 
safety staff (FDA, 1998). A hand washing technique 
recommended by Jimenez et al. (2007) consist in 
washing hands with an antibacterial soap for 30 s, rinsing 
with water for 15 s, drying with paper towels and rubbing 
with an alcohol-based gel to reduce at least 3.5 log of 
Salmonella on hands. On the contrary, contamination 
during the first 3 h of work showed 10.2 and 58% of 
contaminated hands with E. coli and coliforms, 
respectively. This may be due to the transfer of bacteria 
through direct contact with contaminated surfaces and 
fresh produce. Additionally, around 20% of worker hands 
before starting to work were contaminated with coliforms 
with a concentration of 1.8±0.9 log CFU/hands but 
showed no coliforms after 3h of work; while 53% were 
contaminated with coliforms at a higher concentration 
3.0±1.0 log CFU/hands and the contamination continued 
after 3 h of labor (data not shown). This may be due to 
the carryover of the bacteria from hands to workers, fresh 
produce, or surface contact areas. Additionally, the 
residual bactericidal effect of copper sulfate applied 
during hand washing before starting the labor can also be 
related to the absence of coliforms after 3 h of labor. 

The presence of Salmonella spp. was detected in 
17.3% of worker hands before starting to work, including 
hands of pickers, sorters and packers (Table 4). After 3 h 
of work, only 9.1% of the sample hands were 
contaminated; the pickers hands were not included 
(Table 4). Salmonella showed a slightly increase 
throughout postharvest handling, suggesting a potential 
transfer of the pathogen from contaminated hands to
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Table 5. Presence of Salmonella spp., Escherichia coli and coliforms on 
contact surface areas of packinghouse equipment. 
 

Surface contact  
No. of positive samples (%)

†
 

Salmonella spp.
††

 Escherichia coli Coliforms 

Unloading ramp 0 (0.0%) 3 (9.1%) 29 (87.9%) 

Roller 0 (0.0%) 2 (6.1%) 17 (51.5%) 

Conveyor belts 3 (9.1%) 0 (0.0%) 21 (63.6%) 

Packing bin 2 (6.1%) 1 (3.0%) 25 (75.8%) 

Total  (N=132) 5 (3.8%) 6 (4.5%) 92 (69.7%) 
 

†
Percentage of positive samples based on samples analyzed; 

††
Positive 

samples by PCR. 

 
 
 
fresh produce. Jimenez et al. (2007) reported that about 
0.21% of the bacteria are transferred from contaminated 
hands to pepper produce. S. enterica serovar 
Typhimurium was confirmed by serotyping in 50 of the 
isolated strains. 

Microbial contamination on surface contact areas, 
including E. coli and coliforms increased from harvest 
throughout packing. E. coli and coliforms were found in 
4.5 and 69.7% of the total surface contact areas 
analyzed, respectively (Table 4). The levels of conta-
mination ranged from 1.45±1.15 log CFU/400cm

2
 and 

1.23±0.83 log CFU/400cm
2
 for E. coli and coliforms, 

respectively. The highest frequency of E. coli (9.1%) and 
coliforms (87.9%) was found in the unloading ramp with 
concentrations of 2.05±1.02

 
and 1.63±0.98 log 

CFU/600cm
2
, respectively. E. coli and coliforms were 

constant from unloading ramp through the boxes ready 
for distribution. Salmonella spp. was present in 9.1 and 
6.1% of conveyor belts and packing bins sample (Table 
5). Nine of the isolated strains were confirmed as S. 
enterica serovar Typhimurium.  

Duffy et al. (2005) also found the presence of 
Salmonella and E. coli in unloading ramps and conveyor 
rollers at fresh produce packinghouse in Texas. 
Additionally, Montville and Shaffner (2003) demonstrated 
the transfer of bacteria from surface contact areas to 
lettuce (Lactuca sativa L.). The findings of the present 
study suggest that surface contact areas are an important 
source of microbiological contamination of bell pepper 
produce in the packinghouse. 

Pathogenic E. coli was not detected in any of the 900 
samples tested. However, S. enterica serovar 
Typhimurium was confirmed in worker hands and surface 
contact areas. S. enterica serovar Typhimurium is one of 
the most frequently isolated strains worldwide, 
specifically in Mexico (Gutiérrez -Cogco et al., 2000; 
Wasyl et al., 2006). López-Cuevas et al. (2009) found 
Salmonella Typhimurium, as well as Infantis, Anatum, 
Agona, Oranienburg, Minnesota in agricultural water in 
the Culiacan region. Similarly, Estrada-Acosta et al. 
(2014) found Salmonella Oranienburg in the Culiacan 
river. These findings highlight the needs for microbial 

determination numbers to determine the impact of the 
pathogen in water. The presence of S. enterica serovar 
Typhimurium in worker hands and contact surface areas 
eventually causes illness to consumers. Infections and 
outbreaks with S. enterica serovar Typhimurium have 
been linked to consumption of contaminated food such as 
vegetable salads (Doré et al., 2004; Wasyl et al., 2006). 
 
 
Conclusions   
 
Microbiological contamination of bell pepper produce 
gradually increased during handling in the production 
system from the time fruit is harvested in the field to its 
packaging process, being the surface contact areas the 
main vehicles of transmission of microorganisms to the 
produce. This study shows that water used for washing 
hands, worker hands, and surface contact areas were the 
main source of contamination. Procedures such as good 
agricultural practices, good Manufacturing practices, and 
HACCP can minimize but not eliminate foodborne 
pathogens in agricultural products. Thus, the study 
demonstrates the presence of contamination that 
suggests the need for both the improvement of the good 
agricultural practices and the evaluation of alternative 
disinfectants. Further studies including a larger number of 
participating farms assessing the presence and 
persistence of other bacterial indicators and virulence, as 
well as fingerprints data of each of the microorganism 
detected to determine the relationship and source of 
contamination are needed. 
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The study investigates the effects of Eichhornia crassipes (water hyacinth) infestation based on 
coliform loads which are pollution indicator organisms. These dams have fish and the waters are 
commonly used for domestic purposes without any treatment hence it is necessary to check their 
status. Sampling was done on 25 small water bodies and from which water samples were taken for 
microbial determination. Membrane filtration method was used to enumerate fecal coliforms by use 
lauryl sulphate broth and incubated at 44 ± 0.5°C for 18 to 24 h. The results show that water bodies 
infested by water hyacinth harbored higher levels of fecal coliforms compared to those devoid of the 
weed. The high fecal coliform levels have negative impacts on the lives of communities using these 
water bodies. In addition, it reduces native species and disrupts food chains and nutrient cycle. The 
small water bodies within the Lake Victoria basin need frequent monitoring in order to give the relevant 
authorities concrete information for proper sensitization to the communities. Water hyacinth should 
also be properly managed so that it does not chock dams that are used for domestic and fishing 
activities. 
 
Key words:  Coliform load, infestation, pollution, local community, Eichhornia crassipes. 

 
 
INTRODUCTION 
 
Most of the small water bodies in the Lake Victoria basin, 
Kenya, were constructed by colonial government in the 
far flung areas to provide water for the adjacent 
population and their animals (Kaufman, 1992). Currently, 
others have risen after excavation pits left over after 
quarry activities especially during road constructions, and 

then filled with water during rainfall seasons.  Besides 
provision of water, recent studies have revealed that 
these ecosystems also form important refugia for some 
biota, some of which are not found in Lake Victoria. 
Currently, water hyacinth has found its way into a number 
of these habitats either chocking them or displacing the 
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native macrophytes. Water hyacinth (Eichhornia 
crassipes) has been grouped as one of the top 10 worst 
weeds in the world (Shanab et al., 2010; Gichuki et al., 
2012; Patel, 2012). It is characterized by rapid growth 
rates, extensive dispersal capabilities, large and rapid 
reproductive output and broad environmental tolerance 
(Gichuki et al., 2010; Zhang et al., 2010).  In Africa for 
example, water hyacinth is listed by law as a noxious 
weed in several countries, it is the most widespread and 
damaging aquatic plant species. The economic impacts 
of the weed in seven African countries have been 
estimated at between US$20 to 50 million every year. 
Across Africa costs may be as much as US$100 million 
annually (UNEP, 2012). E. crassipes is considered a 
health hazard because it is associated with several 
pathogenic organisms and vector diseases (Sitoki, 2001). 
The ecological status of an aquatic body is a function of 
the type and diversity of aquatic biota, the water quality 
and pollution while the high counts of fecal coliforms 
reflect the presence of other dangerous pathogenic 
micro-organisms that may threaten lives of the water 
users (Getabu et al., 1999). Since these dams are great 
importance to the local communities, their status in terms 
of portability needs to be well known. This study thus was 
a step towards providing baseline data on the quality of 
these waters and the potential health problems that may 
await the consumers. In doing so, total feacal coliform 
which is the most basic test for bacterial contamination in 
water pollution (Gram, 1997) was used. 
 
  
MATERIALS AND METHODS 
 
Study area and Sampling stations 
 
All the small water bodies (SWBs) sampled were within Lake 
Victoria basin and were carefully selected to represent both high 
and low altitude. They were found at both southern and northern 
parts of the basin (Figure 1). 
 
 
Sampling 

 
During the expedition, a total of 25 small water bodies were 
surveyed and their representative samples collected for 
microbiological analysis. A dinghy was used to access the water 
bodies for the sampling of various parameters. 

 
 
Microbial determination 

 
The membrane filtration method was used during sample analysis 
for enumeration of coliform bacteria. A standard amount of 
sample/aliquot of 1 to 100 ml depending on the water turbidity was 
filtered through a 0.45 µm pore size sterilized membrane filter pad 
and the filter placed face up on the culture plate containing lauryl 
membrane sulphate broth and incubated at 18 to 24 h at 44°C with 
the use of Del agua water testing kit (OXFAM Delagua). The 
bacterial colonies growing on the cultured membranes were 
counted,  and  bacteriologically  characterized. The coliform  counts  
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were expressed in colony forming units/ 1000 ml. 
 
 

Data analysis 
 
Statistical analysis was performed by using Minitab version 14 and 
PAST statistical softwares. Descriptive statistics was first done to 
determine the central tendency and dispersion of the data. The 
results for descriptive statistics were represented in table and 
charts. The coliform counts per station were then log transformed 
and subjected to one way analysis of variance (ANOVA) to test if 
the variation between the dams was significant at 95% confidence 
level. Duncan’s Multiple Range Test was further done for the 
purpose of pairwise comparison and to test if water hyacinth 
actually caused a variation. 
 
 

RESULTS AND DISCUSSION 
 

Out of the 25 sampled small water bodies, 4 SWBs had 
water hyacinth with feacal coliform counts >300 cfus 1ˉ¹, 
8 SWBs had other water weeds with feacal coliform 
counts < 100 cfus 1ˉ¹ and the rest  had neither water 
hyacinth nor weeds  with no feacal coliform counts 
recorded. The four water hyacinth infested SWBs with 
high bacterial counts were, Korowe (1075 cfus), Kobodo 
(1795 cfus), Stella (845 cfus), and Kachila (TNTC).  The 
8 SWBs infestated with other water weeds and low 
bacterial counts were, Yenga, Mauna, Mwer, Kalenyjuok, 
Oyombe, Bande, Kosiga and Achune. The remaining 
thirteen non-infestated SWBs did not record any bacterial 
count (Table 1).   

None of the dams without water hyacinth recorded a 
count exceeding 200 cful

-1
. While all dams with hyacinth 

recorded counts above 800 cful
-1

 (Figure 2). The low 
Coliform count dams were either infested with other water 
weeds or reeds with exception of Achune dam that did 
not have any buffer zone and had very high infiltration 
and siltation effect.   

One way ANOVA on the log transformed data showed 
significant variation between the stations with water 
hyacinth (F = 18.33, P = 0.0001). Post hoc test grouped 
the SWBs with water hyacinth (Kobodo, Korowe, and 
Stella dams) in one sub-set while the rest were scattered 
in other sub-sets. This is possibly an indication that there 
is a common factor influencing the three. The variation in 
numbers between hyacinth infested and non-infested 
dams can be a clear indication of hyacinth influence 
together with other factors like surface run-off for the 
case of non-buffered ones. According to the World 
Environmental Protection Agency, surface water bodies 
infested by water hyacinth are at risk of being 
contaminated by pathogenic and non-pathogenic micro-
organisms.  The results obtained from the study agrees 
with EPA’s (1989), research findings,  because the 
calculated mean results from the tested bacteriological 
parameters (Korowe, Kobodo, Stella and Kachila) 
produced > 300 cfus in the mentioned dams (Figure 2), 
thus unfit for human drinking.   



 
738          Afr. J. Microbiol. Res. 
 
 
 

 

 

 
 

Figure 1. Map of Lake Victoria basin showing the small water bodies (SWBs) surveyed. 
 
 
 

Based on human drinking water specifications (FAO 
and WHO), the values in all the dams that recorded the 
bactarial counts were on the higher side because coliform 
bacteria in drinking water should be zero coliform per 
100ml of water.  

The low bacteriological counts in samples from other 
dams (Achune, Oyombe, Bande, Kosiga, Mwer, Mauna 
Kalenyjuok and Yenga) infested by other aquatic plants 
was attributed to several factors. Some of the possible 
factors include presence of algae and absence of water 
hyacinth. According to Villamagna (2009) and Parhad 
and Rao (1974), water hyacinth causes decrease in 
algae in the system and inturn decreases pH and 

dissolved oxygen concentration thus, resulting in the 
increase of fecal coliforms. The absence of water 
hyacinth therefore leads to increase in algae which inturn 
reduces coliform loads. The presence of feacal coliforms 
in these dams could have thus been attributed to lots of 
pollutants brought in through anthropogenic activities 
such as domestic washing and crop cultivation. Other 
possible sources are very high infiltration and siltation 
effect, and lack of buffer zones observed around some of 
these water bodies. The results concur with  findings 
reported by Mujingni (2012), FAO, (2009), and Narayan 
and Parveev (2000)  that  water hyacinth infested water 
bodies harbour higher number of microorganisms than
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Table 1. Number of coliforms in each dam sampled (Yes and No means 
presence or absence of hyacinth respectively while TNTC, means the 
growth was too numerous to count). 
 

Site Status/hyacinth infestation Mean cfu./1000 ml 

Yenga Dam No 55 

Mauna Dam No 65 

Mwer Dam No 50 

Kalenjuok Dam No 155 

Ufinya Dam No 0 

Lake Kanyaboli No 0 

Lake Sare No 0 

Ochot Dam No 0 

Opoda Dam No 0 

Korowe Dam Yes 1075 

Oyombe Dam No 75 

Kobodo Dam Yes 1795 

Bande Dam No 10 

Olasi Dam No 0 

Kokech Dam No 0 

Stela Dam Yes 845 

Uriri Dam No 0 

Kosiga Dam No 15 

Achune Dam No 110 

Gesibei Dam No 0 

Kijauri Dam No 0 

Damside Dam No 0 

Harambee Dam No 0 

Ahero Dam No 0 

Kachila Dam Yes TNTC 
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Figure 2.  Coliform counts of some dams sampled within Lake Victoria basin (Dams not represented in the figure did 
not have any Colony Forming Units). 
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non- infested waters.   
 
 

Conclusion and Recommendation 
 

From  the  results, it  is  clearly  seen  that water  hyacinth 
infestation had a direct influence on coliforms levels. It is 
therefore recommended that: 
 
1. Water hyacinth in these four dams be removed and 
water treated for the safety of the consumers, 
2. An experimental survey be done to check colonization 
pattern, rate and microbial diversity  shifts. 
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