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Abstract 
 

Herbal preparations are unsuspected sources of human exposure to pathogenic microorganisms, including those showing high resistance 

to antibiotics. In this study, we investigated the presence of bacteria belonging to the enterobacteriaceae family in herbal preparation and 

for the presence of the β-lactamase enzyme by established methods. The mean coliform and enterobacteriaceae counts ranged from 2.3 x 

103 to 1.1 x 106 cfu/ml and 2.3 x 103 to 6.5 x 104 cfu/ml respectively. The organisms were further identified to belong to the genus Esch-

erichia, Klebsiella, Citrobacter and Serratia. The antibiogramic activity shows that the bacterial isolates were mostly resistant to 

caftazidime, augmentin and cefuroxime. Only one of the Klebsiella specie further elicited extended spectrum beta lactamase (ESBL) 

activity against the cephalosporin antibiotics. There is therefore, increased need for microbiological and toxicological examination of 

herbal medicine to prevent outbreak of diseases. 
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1. Introduction 

Herbal preparations are crude products of various kind of medici-

nal plants which involve the use of a whole plant or any of its 

parts (leaf, stem, root, flower, or seed) and are presumed to be safe 

for human consumption (Stević et al., 2012). The use of herbal 

preparations is on the increase in most developing and developed 

nations, with approximately 65% to 80% of the world's population 

depending on herbal preparations for their primary health care 

delivery (Barnes, 2003). 

Despite the continued dependence and/or use of herbal prepara-

tions, there are reported cases of adverse health effects such as 

suspected carcinogenicity and/or hepatotoxicity as well as induced 

drug-metabolizing enzymes (Moreira et al., 2014). These effects 

may be due to the poor quality of herbal products or poor hygienic 

conditions maintained by its manufacturers, and remain a serious 

threat to patient hygiene (WHO, 2008). Despite the unexpected 

outcome with most herbal preparations, there exist controversies 

with the regulation, safety, and standardization of the products in 

different countries but in most cases, regulatory agencies are leni-

ent regarding proof of efficacy as well as hygiene, but instead, 

consider long standing folk use as evidence of safety and a waiver 

of a thorough toxicological and microbiological evaluation 

(Nworu et al., 2014). 

In addition to the potential toxicity of herbal preparations, they are 

reported to inadvertently contain different types of heavy metals in 

varying concentrations (Ting et al., 2013; Shaban et al., 2016). 

Pathogenic microorganisms, particularly the Enterobacteriaceae 

and multidrug resistant bacteria are also common contaminants of 

herbal preparations (Ting et al., 2013; Abba et al., 2009; Esimone 

et al., 2007). The occurrence of these organisms in herbal prepara-

tions further makes them a suitable medium and possible source of 

human infection. To this end, the current study was aimed at in-

vestigating the presence of bacteria belonging to the enterobacteri-

aceae family, and possessing the enzyme β-lactamase in herbal 

preparations sold in Benin City, Edo State, South-South Nigeria. 

2. Materials and methods 

2.1. Sample collection 

Ten liquid samples of herbal preparations (LHP) with different 

claims were collected from four locations (Uselu Market, Oregbe-

ni Market, Oliha Market and Oba Market) in Benin City, Edo 

State, Nigeria, between January and February, 2015. 

 

2.2.  Mean Enterobacteriaceae and coliform counts 

 

The mean enterobacteriaceae and coliform counts were deter-

mined as previously described (Omoruyi and Orieruo, 2016). 

Briefly, 1mL each of the serially diluted LHP was transferred to 

an already prepared Eosin Methylene Blue (EMB) and Mac-

Conkey agar plates in triplicate under aseptic conditions. The re-

spective agar plates were then incubated at 370C for 24 hrs. The 

resultant discrete colonies were counted and the mean Enterobac-

teriaceae counts recorded.  

2.3. Antibiotic susceptibility pattern of bacterial isolates 

The antibiogramic activities of these isolates were determined 

using the method described by Iyekhoetin et al. (2011). Briefly, 

Muller Hinton agar plates were prepared and appropriately la-

belled. These plates were inoculated with the standardized bacteri-

al broth cultures by spread plate technique. The inoculated plates 

were left to dry for 15 min. Commercially available antibiotic 
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discs were placed at adequate distances on each of the seeded agar 

plates with the aid of sterile forceps under aseptic conditions. The 

antibiotic discs were; ciprofloxacin CPX (5 µg), nitrofurantin NIT 

(30 µg), ofloxacin OFX (5 µg), cefuroxime, caftazidime CAZ (30 

µg), gentamicin (10 µg), cefixime (5 µg) and augmentin (30 µg). 

Zones of inhibition lesser than 14 mm were regarded as resistant 

(R), zones measuring 14 mm to 17 mm were indicated as interme-

diate (I), while, zones of inhibition greater than 17 mm were re-

ported as susceptible (S) for the respective isolates (Harley and 

Prescott, 2002). 

2.4. Extended spectrum β-lactamase activity (cephalo-

sporin/clavulanate combination disks) 

The ESBL potential of the bacterial isolates were performed ac-

cording to the method of Rawat and Nair (2010). Briefly, test 

isolates were exposed to the cephalosporin antibiotics; cefotaxime, 

ceftzidime and cefepime solely and with clavulanic acid. The 

elaborated inhibition zone around the cephalosporin disc com-

bined with clavulanic acid was then compared with the zone 

around the disc with the cephalosporin alone. The test was report-

ed as positive if zones of inhibition with clavulanic acid ˂ 5mm 

against the zone of inhibition without clauvlanic acid.  

3. Results and discussions 

Herbal preparations are continuous sources of therapeutics for 

humans worldwide, especially in developing countries. In addition 

to their therapeutic potentials, these preparations could also pose 

serious grave problems for its consumers with respect to their 

microbiological hazard. Such hazards may occur from human 

activities, either deliberately or inadvertently and thus contaminat-

ing the herbal product before, during or after processing, especial-

ly with the pathogenic Enterobacteriaceae. More worrisome, is the 

increased resistance of these potential isolates to antibiotics, par-

ticularly, the β-lactams. Thus, the current study was aimed at in-

vestigating the current situation in Benin City, Edo State, Nigeria. 

The results of the mean coliform and Enterobacteriaceae counts 

are presented in Table 1, and ranged from 2.3 × 103 cfu/ml to 1.14 

× 106 cfu/ml and 2.3 × 103 cfu/ml to 6.5 × 104 cfu/ml respectively. 

Three samples (G, H and I) out of the ten investigated did not 

produce any Enterobacteriaceae counts (Table 1). Incidentally, all 

three samples with negative outcomes were obtained in sealed 

packaged glass bottles, as against those (7) obtained from street 

vendors as herbal concoctions. Six bacterial isolates were charac-

terized and tentatively identified to their genus level, and included: 

1 Escherichia, 3 Klebsiella, 1 Citrobacter and 1 Serratia.  

 
Table 1: Mean coliform counts and mean enterobacteriaceae Counts 

(Cfu/mL) of Liquid Herbal Preparations 

Herbal prepa-

rations 

Mean coliform 

counts on MCA 
(cfu/ml) X 103 

Mean Enterobacteriaceae 

counts on EMB (cfu/ml) x 103 

A 1100.0 53 

B 7.3 36 
C  50 18 

D 79 36 

E 2.3  2.3 
F 10 65 

G Nil Nil 

H Nil Nil 
I Nil Nil 

J 160 6.7 

 

All bacterial isolates were mostly resistant to caftazidime, aug-

mentin and cefuroxime, but sensitive to ofloxacin, nitrofurantoin, 

ciprofloxacin, and exhibited intermediate sensitivity against gen-

tamicin (Table 2). Also, only one isolate (Klebsiella 2) elicited 

ESBL activity especially against the cephalosporin, ceftzidime in 

the presence and absence of clavulanic acid (Tables 3 and 4). 

 

 

Table 2: Antibiogram Profile of the Characterized Bacterial Isolates 

Bacte-

rial 
isolate 

CA
Z 

(30µ

g) 

OF
X 

(5 

µg)  

AUG(3

0µg) 

NH(30

µg)  

CP
X 

(5µ

g) 

CR
X 

(30µ

g) 

C

N 
(2

0 

µ
g) 

CX
M 

(5 

µg) 

Serratia R S R S S R I R 

Esche-

richia  
R S R S S R I S 

Citroba

cter 
R S R S S R I S 

Klebsie

lla 1 
R S R S S R I R 

Klebsie
lla 3 

R S R S S R I R 

Klebsie

lla 2 
R S R S S R I S 

KEY: CPX: Ciprofloxacin, NH: Nitrofurantin, OFX: Ofloxacin, CRX: 
Cefuroxime, CAZ: Caftazidime, CN: Gentamicin, CXM: Cefixime, AU: 

Augmentin, S: Sensitive, I: Intermediate, R: Resistant, S: Sensitive, I: 

Intermediate 

 

Table 3: Extended spectrum β-lactamase activity (mm) of bacterial iso-

lates in the Absence of clavulanic Acid. 

Isolate Cefotaxime Ceftzidime Cefepime 

Klebsiella 1 0 11 29 

Klebsiella 2 24 15 30 

Serratia 0 0 27 
Escherichia 2 0 30 

Citrobacter 29 0 35 

Klebsiella 3 5 1 37 

KEY:Inhibitory zones >5 mm indicates ESBL activity 

 

Table 4: Extended spectrum β-lactamase activity (mm) of bacterial iso-

lates in the Presence of clavulanic Acid. 

Isolates Cefotaxime ceftzidime Cefepime 

Klebsiella 1 0 11 28 

Klebsiella 2 27 24 33 

Serratia 0 0 31 
Escherichia 2 0 31 

Citrobacter 29 0 35 

Klebsiella 3 8 1 37 

KEY: Inhibitory zones > 5mm indicates ESBL activity 

 

The detection of lactose fermenting and non-lactose members of 

the Enterobacteriaceae in seven of the sampled liquid herbal drugs 

is a worrisome phenomenon as the presence of these Gram nega-

tive bacteria especially the faecal coliform is suggestive of poor 

sanitary conditions under which these drugs are processed.  

Also disturbing is the fact that all the liquid herbal medicinal 

preparations examined in this study had no indication of both the 

manufacturing and expiring dates. Therefore, it was difficult to 

ascertain whether the herbal concoctions were within their appro-

priate safe use period during the sampling time. The potential 

sources of bacterial contamination of these hawked herbal prepa-

rations could be the sanitary state of the personnel or manufactur-

er(s) as potential pathogen could be introduced as well as unhy-

gienic environment where herbal products are produced. Nakajima 

et al. (2005) reported that the presence of microbial contaminants 

in herbal preparations could reduce or even inactivate the thera-

peutic activity of the products and has the potential to adversely 

affect patient taking the medicine. Similarly, Bauer (1998) report-

ed that in order to improve the microbiological safety of herbal 

preparations, there is need to observe basic hygiene practices dur-

ing preparation. Also, standardization of some physical character-

istics such as moisture content and pH, and the assessment of mi-

crobiological contamination levels are desirable (Bauer, 1998). 

Herbal preparations in Nigeria have previously been reported to be 

contaminated mainly by Gram positive bacteria. In one of such 

studies, Oleghe et. al. (2011) isolated Staphylococcus aureus and 

Corynebacterium diphtheria from different herbal preparations 

sourced from different states in Nigeria. 

The isolation of Escherichia from LHP is similar to the report of 

Abba et al. (2008) who reported E. coli in powdered herbal medic-
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inal preparations sourced from several herbal retail outlets in dif-

ferent parts of Kaduna metropolis, Northern Nigeria. The isolation 

of Klebsiella sp is also in keeping report with the report of 

Onyambu et al. (2013). In that study, they observed the presence 

of this bacterium in unregistered herbal drugs sold in five Kenyan 

provinces (Nairobi, Central, Rift Valley, Nyanza and Western). 

Antibiotic susceptibility study on the Gram negative bacterial 

contaminants of the herbal products indicated that the isolates 

exhibited multiple drug resistance as they were mostly resistant to 

at least three of the antibiotics; Caftazidime, augmentin and ce-

furoxime. This trend could suggest the widespread distribution of 

antibiotic resistant bacteria in locally prepared herbal formulations 

and is in contrast with the observation by Edberg et al. (1986). The 

expressed ability of the Gram negative bacterial isolates cultured 

from the herbal formulations to elicit extended spectrum β-

lactamase (ESBL) activity is both novel and of public health rele-

vance. Rupp and Fey (2003) reported that ESBLs are clinically 

significant and patients infected with ESBL-producing Enterobac-

teriaceae experience a greater likelihood of poor outcome if they 

are treated with inappropriate antibiotics. The authors also stated 

that ESBL-producing Enterobacteriaceae have been responsible 

for numerous outbreaks of infection throughout the world and 

pose challenging infection control measures.  

4. Conclusion 

The study revealed the presence of viable and culturable ESBL 

producing Enterobacteriaceae in seven of the ten sampled liquid 

herbal preparations. Consumption of these contaminated drugs 

could result in the development of infections especially in immun-

ocompromised individuals. There is therefore, increased need for 

microbiological and toxicological examinations to prevent the 

outbreak of diseases. 
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