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Abstract: 
 
Background: The use of herbal mixtures in the treatment of diseases is on the rise. Many of these herbal drugs 
are not produced under hygienic conditions and safety issues associated with herbal medicines may have an 
exacerbated impact in immunocompromised and elderly individuals. This study aimed to determine the microbial 
loads of locally prepared herbal mixtures and detect extended spectrum beta-lactamase (ESBL) genes in any 
isolated Gram-negative bacteria pathogen.  
Methodology: Fifty local herbal mixtures were purchased randomly from three locations in Sagamu town (Sagamu 
market, Ita-Oba Road and Isale Oko) in Ogun State, Nigeria. The mean total viable bacterial (MTVB), mean total 
coliform (MTC), and mean total fungal (MTF) counts were determined by the plate count method. The bacterial 
isolates were streaked on differential bacteriological media while the fungi isolates were grown on potato dextrose 
agar. The isolates were identified upon growth on culture media using conventional biochemical tests. Antibiotic 
susceptibility pattern of the isolates was determined using Kirby-Bauer disk diffusion technique. Phenotypic 
detection of ESBL was done by the modified double disc synergy test followed by amplification detection of blaTEM, 
blaCTX-M and blaSHV genes with polymerase chain reaction (PCR) assay.            
Results: Bacteria and fungi were isolated from 38 (76.0%) and 25 (50.0%) of the herbal samples respectively. Ten 
(20.0%) and 14 (28.0%) of the samples had mean bacterial and fungal load that exceeded 105CFU/mL or g, 
respectively. Nineteen (38.0%) of the herbal samples analyzed had total coliforms. Fifty-one isolates belonging to 
eight bacterial genera and 28 fungi isolates belonging to four fungal genera were obtained. Thirty-two (62.7%) of 
the bacterial isolates were Gram-negative while 19 (37.3%) isolates were Gram-positive. Staphylococcus aureus 
was the most common bacterial isolate (33.3%) while Aspergillus species was the most prevalent fungus (60.7%). 
Sixteen (84.2%) S. aureus and 26 (81.3%) Gram-negative isolates were multidrug resistant, and 6 (18.8%) of 32 
Gram-negative isolates were ESBL producers. ESBL-encoding genes were detected in 7 (27%) of the 26 multidrug 

resistant Gram-negative bacteria with TEM and SHV being the most prevalent 4 (14.8%) while CTX-M was identified 
in only one isolate.                              
Conclusion: This study reported the presence of microbial contaminants which exceeded the safety limits of 105 

CFU/g according to World Health Organization. The use of locally prepared herbal medicines poses a major health 
risk due to the lack of microbial quality standards. 
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Résumé: 

Contexte: L'utilisation de mélanges à base de plantes dans le traitement des maladies est en augmentation. Bon 
nombre de ces médicaments à base de plantes ne sont pas produits dans des conditions d'hygiène et les problèmes 
de sécurité associés aux médicaments à base de plantes peuvent avoir un impact exacerbé chez les personnes 
immunodéprimées et les personnes âgées. Cette étude visait à déterminer les charges microbiennes de mélanges à 
base de plantes préparés localement et à détecter les gènes de bêta-lactamase à spectre étendu (BLSE) dans 
n'importe quel agent pathogène bactérien à Gram négatif isolé.                        
Méthodologie: Cinquante mélanges d'herbes locales ont été achetés au hasard dans trois endroits de la ville de 
Sagamu (marché de Sagamu, Ita-Oba Road et Isale Oko) dans l'État d'Ogun, au Nigeria. Les nombres moyens de 
bactéries viables totales (MTVB), de coliformes totaux moyens (MTC) et de champignons totaux moyens (MTF) ont 
été déterminés par la méthode de comptage sur plaque. Les isolats bactériens ont été striés sur des milieux 
bactériologiques différentiels tandis que les isolats de champignons ont été cultivés sur gélose au dextrose de 
pomme de terre. Les isolats ont été identifiés lors de la croissance sur des milieux de culture à l'aide de tests 
biochimiques conventionnels. Le profil de sensibilité aux antibiotiques des isolats a été déterminé à l'aide de la 
technique de diffusion sur disque de Kirby-Bauer. La détection phénotypique des BLSE a été effectuée par le test de 
synergie à double disque modifié suivi de la détection par amplification des gènes blaTEM, blaCTX-M et blaSHV avec un 
test de réaction en chaîne par polymérase (PCR).                                           
Résultats: Des bactéries et des champignons ont été isolés de 38 (76,0%) et 25 (50,0%) des échantillons 
d'herbes, respectivement. Dix (20,0%) et 14 (28,0%) des échantillons avaient une charge bactérienne et fongique 
moyenne supérieure à 105 UFC/ml ou g, respectivement. Dix-neuf (38,0%) des échantillons de plantes analysés 
contenaient des coliformes totaux. Cinquante et un isolats appartenant à huit genres bactériens et 28 isolats de 
champignons appartenant à quatre genres fongiques ont été obtenus. Trente-deux (62,7%) des isolats bactériens 
étaient Gram-négatifs tandis que 19 (37,3%) isolats étaient Gram-positifs. Staphylococcus aureus était l'isolat 
bactérien le plus courant (33,3%) tandis que l'espèce Aspergillus était le champignon le plus répandu (60,7%). 

Seize (84,2%) isolats de S. aureus et 26 (81,3%) isolats à Gram négatif étaient multirésistants, et 6 (18,8%) des 
32 isolats à Gram négatif étaient producteurs de BLSE. Des gènes codant pour ESBL ont été détectés dans 7 
(27,0%) des 26 bactéries Gram-négatives multirésistantes, TEM et SHV étant les 4 les plus répandues (14,8%) 
tandis que CTX-M n'a été identifié que dans un seul isolat.                            
Conclusion: Cette étude a rapporté la présence de contaminants microbiens qui dépassaient les limites de sécurité 
de 105 UFC/g selon l'Organisation mondiale de la santé. L'utilisation de médicaments à base de plantes préparés 
localement pose un risque majeur pour la santé en raison de l'absence de normes de qualité microbienne. 

Mots-clés: Médicaments à base de plantes, bactéries Gram-négatives, bêta-lactamase à spectre étendu,   
  contaminant microbien 

Introduction:  
 

 Herbal medicine is becoming more pop- 
ular around the world because of the easy ava- 

ilability of raw materials and low cost compared 
to synthetic industrial preparations (1,2). Her- 
bal drugs are used as a primary mode of treat- 

ment by up to 80% of the population in Africa 
and are still used to treat 70–80% of the popu- 
lation in many industrialized economies (3,4). 
Herbal materials may contain microbial conta- 
minants due to their origin. Microorganisms of 
different types are able to adhere to the 
leaves, stems, floral, seeds, and root systems 

from which herbal medicine can be prepared, 
and potential pathogens may be introduced 

during harvesting and processing (5,6). Conse- 

quently, the safety of medicinal herbs has bec- 
ome a serious public health problem (7), as 
consumers may become ill as a result of inges- 

ting herbs contaminated with pathogenic micro- 
organisms.    
 Microbial contamination of traditional 
medicinal herbs has long been recognized as a 

source of infections, which can result in gastro- 
enteritis, sepsis, blindness, and even death (6, 
8). The microbiological limit determination of 
herbal preparations is therefore required to 
ensure that the final product is free of health-
related risks (9). Herbal medicines in Africa 
harbor bacterial contaminants which are highly 

resistant to antibiotics (10). Several studies on 
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medicinal herbs have revealed the presence of 
pathogenic microbial strains that are resistant 
to multiple antibiotics which can be transferred 
to consumers if present in medicinal herbs (6, 
11). 

 The extensive use of herbal prepara- 
tions or medicines necessitates the assurance 
of long-term availability of high-quality, safe 
preparations of these herbs, particularly for 
rural or low-income populations, without jeop- 
ardizing patients’ health (7). A higher stan- 
dard of hygienic practices during production is 

required to minimize contamination (9,12). 
However, most African countries are finding it 
difficult to implement the World Health Organi- 
zation (WHO) safety policies regarding herbal 

medicines since herbalists continue to disre- 
gard safety concerns about herbal drug prepa- 

rations (12,13). The majority of herbal produ- 
cers in Nigeria lack the necessary skills to per- 
form quality control and resolve safety con- 
cerns with the products they produce (9).  
 Despite the growing number of herbal 
products in the market in Nigeria, there is still 
scarcity of information on microbiological qua- 

lity of herbal drugs in some regions and the 
genetic basis of resistance in these bacteria 
(9,10). Therefore, the goal of this study was to 
determine the level of microbiological contami- 
nation and the prevalence of extended spec- 
trum beta-lactamase genes in Gram negative 

bacterial contaminants of herbal preparations 

sold in Sagamu, Ogun state, Nigeria.  

Materials and method: 
 
Study site, design and sampling process 

 This cross-sectional study of herb prod- 
ucers was conducted in Sagamu town, Ogun 
State, Nigeria, between August and September 
2021. A total of 50 oral and local preparations 
(38 liquid and 12 solid indigenous herbal mix- 
tures) were purchased at random from 15 vol- 

untarily consented herb sellers at three loca- 
tions (Sagamu market, Ita Oba Road, Isale 
Oko). About 10ml of liquid and 5g of solid 
herbal medicines were collected into sterile 

screw-capped bottles and transported to the 
Pharmaceutical Microbiology Laboratory, Facu- 

lty of Pharmacy, Olabisi Onabanjo University, 
Sagamu within one hour for processing.  

Inclusion and exclusion criteria 

 The herb preparations included in the 
study were powder and liquid preparations 
meant to be taken orally and topically without 
further processing. Herbal medicinal products 

(in liquid and powder forms) that had under- 
gone additional processing or were adminis- 
tered through other routes were excluded. 

Informed consent 

 Each study participant gave informed 
consent. All of the information obtained during 
the study was kept private and confidentially. 

Determination of bacterial and fungi load  
 The determination of bacteria and fungi 
counts was done using the pour plate method. 
Ten-fold serial dilution of the samples was 
performed by placing 1 ml of liquid samples (or 

1 g of powdered samples) into 9 ml of physio- 
logical saline and allowed to soak for 1 hour. 
From the suspension, 1 ml was transferred to 
another tube containing 9 ml of physiological 
saline and thoroughly mixed. This dilution 
procedure was further repeated so that there 

were series of five tubes, giving serial dilutions 

of 10-1 to 10-5. An aliquot of 0.5 ml was pipet- 
ted from 10-5 dilution for each sample into the 
sterile Petri dishes. Thereafter, 20 ml of molten 
Nutrient agar, MacConkey agar and Potato 
Dextrose agar (PDA) was introduced into each 
of the Petri dish plates and swirled. The plates 

were allowed to solidify and then incubated at 
37°C for 24 hours for bacteriological analyses 
and for 5 days for fungal analysis. The study 
experiment was performed in duplicate. 
 After incubation, visible colonies on du- 
plicate agar plates were enumerated and recor- 
ded as mean colony forming units/ml (CFU/ 

ml). The mean total colony counts were calcu- 

lated using the formula; Mean total colony 
counts (CFU/ml) = Mean number of colony 
formed (x dilution factor) / Volume plated.  

Identification of bacterial isolates 

 A discrete colony of the bacteria to be 
identified was collected from cultured plates 
using sterile wire loop and sub-cultured on 
Mannitol salt agar, MacConkey agar, Eosin 
Methylene Blue agar and Salmonella-Shigella 

agar. The plates were incubated aerobically at 
37°C for 24 hours. After incubation, the iso- 
lates were transferred to Nutrient agar slants 
for further test. The conventional biochemical 
tests used to identify different bacterial species 

were sugar fermentation on triple sugar iron 

(TSI) agar, hydrogen sulphide production as 
well as citrate, methyl red, Voges-Proskauer, 
oxidase, indole and urease tests for Gram-
negative, and catalase and coagulase tests for 
Gram-positive bacteria (14). 

Identification of fungal isolates 

 The fungal morphology was studied 
macroscopically by observing the colony featu- 

res such as size, shape, color and hyphae. 
Microscopic examination of fungi was done by 
mounting a small portion of the colonies from 
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culture plate on a slide and staining with Lacto- 
phenol-in-cotton blue. The slides were obser- 
ved under the compound light microscope for 
characteristic conidia, conidiophores and arran- 
gement of spores (15,16). 

Antimicrobial susceptibility testing of isolates 

 The antibiotic susceptibility patterns of 
the bacterial isolates were determined using 
Kirby-Bauer disk diffusion technique (17).  
Standard conventional antibiotic discs such as 
levofloxacin (5µg), imipenem (10µg), azithro- 
mycin (15µg), gentamicin (10µg), cefuroxime 

(30µg), carbenicillin (100µg), cefotaxime (30 
µg), amoxicillin/clavulanic acid (30µg), cefep- 
ime (30µg), cephalexin (30µg) and ceftazidime 

(30µg) were used. All the isolates were first 
sub-cultured on nutrient agar and incubated 
overnight. Then, 3-4 colonies of each isolate 
were picked and suspended in sterile distilled 

water, to give turbidity equivalent to 0.5 
McFarland standards. The isolate suspension 
was inoculated on sterile Mueller-Hinton agar 
plates using a sterile swab stick. Antibiotic 
discs were placed on the surface of the 
inoculated agar plates and gently pressed down 
onto the agar with the aid of a sterile pair of 

forceps to ensure complete contact with the 
agar surface.     
 The plates were left on the bench for 
30 minutes to give time for the antibiotics to 

diffuse into the agar, and then incubated aero- 
bically at 37oC for 24 hours. The diameters of 

zone of growth inhibition were measured in 
millimeters, reported and interpreted as sensi- 
tive, intermediate or resistant using the Clinical 
and Laboratory Standards Institute perform- 
ance standards for antimicrobial susceptibility 
testing (17). 

Phenotypic detection of ESBL 

 ESBL detection was done by using the 

modified double-disc synergy test (MDDST). 
The bacterial colonies obtained were sub-cul- 
tured into Nutrient broth, and following incu- 
bation for 24 hours at 37°C, the broth cultures 

were further streaked on Nutrient agar and inc- 
ubated overnight, 3-4 colonies of each isolate 
were picked and suspended in sterile distilled 

water and serially diluted to give turbidity equi- 
valent to McFarland standards (1x108 cells/ml). 
The isolate suspension was inoculated on Mue- 
ller-Hinton agar plates using sterile swab stick. 

Amoxicillin-clavulanic acid (30µg) disc was 
placed at center of the plate, and discs contain- 
ing cefotaxime (30µg), cefepime (30µg), cefta- 
zidime (30µg) and cefixime (30µg) were pla- 
ced 2 cm (center to center) from amoxicillin-

clavulanic acid disc using a pair of sterile for- 
ceps. The plates were then incubated at 37oC 
for 24 hours. A clear extension of the edge of 
the zone of growth inhibition of the cephalo- 
sporin discs towards amoxicillin-clavulanic acid 
disc was interpreted as positive for ESβL pro- 
duction (17). 

Extraction of DNA from Gram-negative isolates 

 The bacterial chromosomal DNA was 
extracted by a boiling method (18). Briefly, 18-

24 hours culture from tryptic soy agar (TSA) 
was inoculated in 2 ml Luria Bertani broth (LB) 
and incubated for 18-24 hours. The LB broth 
was centrifuged (10 000 rpm/min for 10 min) 

and bacterial cells were suspended in 500 μl of 
phosphate buffer (100 mM, pH 7) to weaken 
the membranes and immersed in a boiling 
water-bath at 100°C for 15 min to release the 
genetic materials. The DNA was precipitated 
with 250 μl of absolute alcohol, washed twice 
in 1000 μl of 70% alcohol, and re-suspended in 

100 μl of sterile water (18). 

ESBL genes detection in Gram-negative isolates 

 The ESBL genes (blaTEM, blaSHV and 

blaCTX-M) were detected by PCR in a thermal 
cycler (Applied Biosystems, USA). The sequ- 

ences of the different primers are presented 
in Table 1. The PCR mix consisted of 1 μl of 
DNA, 12.5 μl of WizPure™ PCR 2x Master (Wiz- 
biosolutions, South Korea), 1 μl of each primer 
(0.2 pmol/μl) (Inqaba Biotechnical Industries, 
South Africa) and molecular grade water to 
make 25 μl final volume. Two PCR types were 

performed; a duplex PCR for blaTEM and blaSHV, 
and a simplex PCR for blaCTX-M (19,20). The 
amplification condition for blaTEM and blaSHV 
consists of initial denaturation at 94°C for 10 
min, 30 cycles of denaturation at 94°C for 40s, 
annealing at 50°C for 40s, and elongation 72°C 

for 1 min, with a final elongation step at 72°C 
for 7 min. The amplification condition for blaCTX-M 

consists of initial denaturation at 94°C for 10 
min, 30 cycles of denaturation at 94°C for 40s, 
annealing at 60°C for 40s and elongation 72°C 
for 1 min with a final elongation step at 72°C 
for 7 min. 
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Table 1: Primer sequences for amplification of ESBL genes 

 
ESBL genes Sequence (5’-3’) Amplicon size (bp) References 

TEM  F-GAGTATTCAACATTTTCGT 857 Maynard et al., (20) 

R-ACCAATGCTTAATCAGTGA 
SHV F-TCGCCTGTGTATTATCTCCC 768 Maynard et al., (20) 

R-CGCAGATAAATCACCACAATG 

CTX-M 
F-TTTGCGATGTGCAGTACCAGT AA 544 Edelstein et al., (19) 

R-CGATACGTTGGTGGTGCCATA 

 

 Separation of the amplicons in an elec- 
trophoretic tank with migration at 100 volts for 
1 hour was performed on 2% agarose gel 

stained with ethidium bromide (0.5µg/ml) to 
visualize the PCR products. A 100bp DNA 
marker was used as reference to determine the 

molecular size of each amplicon. After migra- 
tion, the various bands were observed under 
UV transillumination and photographed using a 
gel documentation and analysis system (Geno- 
Sens 1560).  

Statistical analysis:    
 The quantitative data were analyzed 
statistically using SPSS (version 20) statistical 
software. Variables were described using stan- 
dard descriptive statistics such as means, freq- 
uencies and percentages.  

Results:      

Microbial load of herbal mixtures  
 Twenty-three (46.0%) of the 50 herbal 

samples were alcohol based, 15 (30.0%) were 
water based, while 12 (24.0%) were in powd- 
ered form. Of the 50 samples, 43 (86.0%) had 
bacterial and fungal growth while 7 (14.0%) 
had no bacterial or fungi growth. The microbial 
loads of the herbal mixtures are presented in 

Table 2. Bacterial and fungal growths were 
observed in 38 (76.0%) and 25 (50.0%) of the 
herbal samples respectively. Ten (20.0%) of 
the samples had bacterial load that exceeded 

the safety limit (≤ 105 CFU/ml or g) set by the 
World Health Organization (WHO), while 14 
(28.0%) samples exceeded the safety limits for 

fungal growth. Of the herbal samples analyzed, 
19 (38.0%) were positive for total coliforms.  
 The highest total mean bacterial load 
was 2.6x107 CFU/ml (sample O) while the least 
total mean bacterial load was 1.0x104 CFU/ml 
(sample TA). The highest total coliform count 
and total fungal count were 9.0x106 CFU/g and 

4.4x107 CFU/g respectively (sample F), while 
the least total coliform count was 1.3 x 104 

CFU/ml (sample AA) and the least total fungal 
load was 2.0 x 104 CFU/ml (sample DA). 

Bacterial isolates     
 Fifty-one bacterial isolates were obtai- 
ned from the 38 herbal samples consisting of 

seven bacterial genera. Thirty-two (62.7%) of 
the isolates were Gram-negative while 19 (37. 
3%) were Gram-positive. Staphylococcus aur- 
eus was the most frequent bacterial pathogen 
17 (33.3%), followed by Pseudomonas aerugi- 
nosa 9 (17.6%), and Acinetobacter baumannii 
was the least frequent species (Table 3). 

Fungal isolates  

 Twenty-eight fungal isolates belonging 
to four genera (Aspergillus, Rhizopus, Penici- 
llium and Alternaria) were identified in 23 her- 

bal mixtures. Aspergillus species was the most 

frequently isolated species (60.7%), followed 
by Rhizopus species (25%) (Table 4). 

Antibiotic resistance profile of bacterial isolates 
from herbal mixtures 

 Fig 1 shows the antibiotic resistance 
profile of bacterial isolates. Acinetobacter spe- 

cies was the most resistant isolate with 100% 
resistance to cefuroxime, cefotaxime, cefep- 
ime, cephalexin and ceftazidime, followed by 
Shigella species with 100% resistance to cefur- 
oxime, cefotaxime, cephalexin and ceftazidime. 

Antibiotic resistance pattern of multi-drug 
resistant (MDR) isolates 

 Sixteen (94.1%) of the 17 S. aureus 
were multidrug resistant (resistant to three or 

more classes of antibiotics) while 26 (81.3%) 
of the 32 Gram-negative isolates were multi- 
drug resistant. All Escherichia coli (n=6, 100%) 
and Klebsiella oxytoca (n=6, 100%) isolates 
were multidrug resistant, while 7 (77.7%), 6 
(85.7%), 4 (80%) and (50%) of K. pneumo- 

niae, P. aeruginosa, Salmonella and Shigella 
species respectively were MDR (Table 5). 
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Table 2: Bacterial and fungal load of herbal mixtures  

 
S/N Sample Sample Sample Mean total viable bacterial 

count (CFU/ml or g) 
Mean total coliform 
count (CFU/ml or g) 

Mean total fungal 
count (CFU/ml or g) 

 

1 A 2.4 x 105 - 1.4 x 106 

2 B 3.0 x 105 - 4.0 x 105 

3 C 1.0 x 105 2.0 x 105 1.0 x 105 

4 D 3.3 x 106 - - 
5 E - 1.2 x 106 1.4 x 107 

6 F 1.52 x 107 9.0 x 106 4.4 x 107 

7 G 1.24 x 107 8.0 x 105 1.2 x 106 

8 H - 2.0 x 105 1.6 x 106 

9 I 1.6 x 107 4.0 x 105 1.22 x 107 

10 J 6.0 x 105 2.0 x 105 2.0 x 107 

11 K 1.4 x 105 1.0 x 106 1.2 x 106 

12 L 8.0 x 105 - 6.0 x 105 
13 M 2.0 x 105 - 4.0 x 105 

14 N 8.0 x 105 - 1.48 x 107 

15 O 2.6 x 107 2.2 x 106 3.32 x 107 

16 P - - 2.0 x 107 

17 Q - - 1.76 x 107 

18 R - - 2.4 x 106 

19 S 3.6 x 105 - - 

20 T 1.7 x 105 - - 
21 U 4.4 x 105 1.8 x 105 - 
22 V 2.7 x 105 - - 

23 W 2.3 x 105 - - 

24 X 5.2 x 105 - - 

25 Y - - 2.0 x 104 
26 AA 3.9 x 105 1.3 x 104 - 
27 BA - - - 
28 CA 2.6 x 105 - - 
29 DA 1.6 x 105 - 2.0 x 104 
30 EA 1.4 x 105 1.6 x 105 7.0 x 104 
31 FA 1.3 x 104 - - 
32 GA - - - 
33 HA 9.0 x 104 - - 
34 IA 2.1 x 105 1.7 x 105 - 
35 JA 1.5 x 106 1.1 x 106 - 
36 KA 2.4 x 105 1.3 x 105 1.5 x 107 
37 LA - - - 
38 MA 2.0 x 104 - - 
39 NA 1.1 x 105 0.9 x 105 - 

40 OA 1.7 x 105 0.4 x 105 - 
41 PA 1.2 x 107 - 1.2 x 105 
42 QA 1.8 x 106 - 6.0 x 104 
43 RA 1.0 x 105 - - 
44 SA - - - 
45 TA 1.0 x 104 - 1.4 x 105 
46 UA - - - 
47 VA - - 2.7 x 105 
48 WA 3.2 x 107 2.8 x 106 - 
49 XA 2.2 x 104 - - 
50 YA 1.9 x 106 2.5 x 104 - 

CFU/ml or g = Colony forming unit per ml or gram; - = No Growth  
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Table 3:  Bacteria isolates recovered from the herbal mixtures 

 
S/N Isolated bacterial species No of isolated bacteria Percentage of isolated 

bacteria 

1 Pseudomonas aeruginosa 9 17.6 
2 Klebsiella oxytoca 2 3.9 
3 Klebsiella pneumoniae 7 13.7 
4 Escherichia coli 6 11.7 
5 Salmonella species 5 9.8 
6 Shigella species 2 3.9 

7 Acinetobacter baumannii 1 1.9 
8 Staphylococcus aureus 17 33.3 
9 Staphylococcus saprophyticus 2 3.9 

Total 51 100 

 
Table 4:  Fungi isolates recovered from the herbal mixtures 

 
S/N Isolated fungal species No of isolated fungi Percentage of isolated 

fungi 

1 Aspergillus species 17 60.7 
2 Rhizopus species 7 25.0 
3 Penicillium species 3 10.7 
4 Alternaria species 1 3.6 

Total 28 100 

 
 
 

 
LEV = Levofloxacin, IMP = Imipenem, AZM = Azithromycin, GM = Gentamicin, CRX = Cefuroxime, CAR = Carbenicillin, CTX= Cefotaxime,                                  

AUG = Augmentin, CFP = Cefepime, CLX = Cephalexin, CAZ = Ceftazidime 

Fig 1: Percentage antibiotic resistance profile of isolates from herbal mixture 
 

Prevalence of ESBL in Gram-negative bacterial 
isolates 

 Six (18.8%) of the 32 Gram-negative 
isolates were positive for ESBL production by 
the phenotypic detection method. The isolates 

were Pseudomonas aeruginosa (n=1), A. bau- 
mannii (n=1), Salmonella species (n=1), K. 
pneumoniae (n=1), and E. coli (n=2) as shown 
in Table 6. Figs 2 and 3 showed PCR amplifi- 

cation of blaTEM, blaSHV and blaCTX-M genes. 
ESBL-encoding genes were detected in 7 
(27.0%) of the 32 multidrug resistant Gram-
negative bacteria, with blaTEM and blaSHV being 

the most frequent 4 (14.8%), while blaCTX-M 
was identified in only one isolate. The blaTEM 
gene was detected in P. aeruginosa, K. pneum- 
oniae and E. coli, blaSHV was detected in P. 
aeruginosa, A. baumannii, Salmonella species 
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and E. coli, while blaCTX-M was detected only in 
K. pneumoniae. Co-occurrence of blaTEM and 
blaSHV was detected in one E. coli isolate while 
co-occurrence of blaCTX-M and blaTEM was detec- 
ted in one K. pneumoniae. All the 6 isolates 

positive for phenotypic ESBL production carried 
ESBL-encoding genes while one isolate that 
was negative for phenotypic ESBL production 
carried blaSHV gene as shown in Table 6. 

 
Table 5: Antibiotic resistance profile of multidrug resistant bacterial isolates 

 

Isolate code Isolates Resistant profile 

A1 Staphylococcus aureus CRX, AUG, CLX 

D1 Staphylococcus aureus LEV, AZM GM, CRX, CAR, CTX, CAZ 
F1 Staphylococcus aureus IMP, CRX, CAR, AUG, CLX, CAZ 
G1 Staphylococcus aureus LEV, GM, CRX, CAR, CTX, AUG, CFP, CLX, CAZ 
H1 Staphylococcus aureus AZM, CRX, CTX, CLX, CFP, CAZ 
S Staphylococcus aureus LEV, AZM, CRX, CTX, AUG, CFP, CLX, CAZ 
T Staphylococcus aureus LEV, CRX, CTX, AUG, CFP, CLX 
X Staphylococcus aureus LEV, CRX, CAR, CTX, CFP, CLX, CAZ 

CA2 Staphylococcus aureus CAR, AUG, CLX 
FA Staphylococcus aureus LEV, CRX, CAR, CFP, CAZ 
XA Staphylococcus aureus CRX, CAR, CTX, AUG, CFP, CLX, CAZ 
K2 Staphylococcus aureus CRX, CAR, CTX, AUG, CFP, CAZ 
M1 Staphylococcus aureus AZM, GM, CRX, CAR, CTX, AUG, CLX, CFP, CAZ 
MA Staphylococcus aureus CRX, CAR, CTX, AUG, CLX 
QA Staphylococcus aureus CRX, CAR, CTX, AUG, CFP 
TA Staphylococcus aureus LEV, CRX, CAR, CTX, CFP, CAZ 
B2 Pseudomonas aeruginosa CRX, CAR, AUG, CFP, CLX 
E3 Pseudomonas aeruginosa CRX, CAR, AUG, CLX 
DA Pseudomonas aeruginosa LEV, IMP, AZM, GM, CRX, CAR, CTX, AUG, CLX 
U2 Pseudomonas aeruginosa AZM, CRX, AUG, CLX 
AA1 Pseudomonas aeruginosa LEV, AZM, CRX, CAR, CTX, AUG, CLX 
CA1 Pseudomonas aeruginosa LEV, AZM, GM, CRX, CAR, CTX, AUG, CLX 
HA Pseudomonas aeruginosa LEV, IMP, GM, CRX, CAR, CTX, AUG, CLX 
AA2 Klebsiella oxytoca CRX, CAR, CTX, AUG, CLX, CFP, CAZ 

L Klebsiella oxytoca CRX, CTX, CLX, CFP, CAR 
O2 Klebsiella pneumoniae AZM, GM, CRX, CTX, AUG, CFP, CLX, CAZ 
JA Klebsiella pneumoniae IMP, GM, CRX, CAR, CTX, AUG, CLX, CFP 
KA Klebsiella pneumoniae AZM, GM, CRX, CAR, CTX, AUG, CLX, CFP, CAZ 
W Klebsiella pneumoniae LEV, AZM, GM, CRX, CAR, CTX, AUG, CLX, CAZ 
WA Klebsiella pneumoniae LEV, CRX, CAR, CLX 
NA Klebsiella pneumoniae LEV, AZM, GM, CRX, CAR, CTX, AUG, CFP, CLX 
A2 Escherichia coli IMP, GM, CRX, CAR, AUG, CLX, CFP 
M2 Escherichia coli LEV, IMP, AZM, GM, CRX, CAR, CTX, AUG, CLX, CFP, CAZ 
EA Escherichia coli CRX, CTX, CLX, CAZ, CFP 
U1 Escherichia coli CAR, CTX, CLX, CAZ, CFP 
OA Escherichia coli AZM, CRX, CTX, AUG, CLX, CFP, CAZ 
YA Escherichia coli LEV, CRX, CAR, AUG, CFP, CLX, CAZ 
I3 Salmonella species CRX, CAR, CTX, AUG, CFP, CAZ 
IA Salmonella species CRX, CAR, CFP, CLX, CAZ 
V Salmonella species LEV, IMP, GM, CRX, CAR, CTX, AUG, CLX, CAZ 
RA Salmonella species LEV, IMP, GM, CRX, CAR, CTX, AUG, CLX, CAZ 
J Shigella species AZM, GM, CRX, CAR, CTX, AUG, CLX, CFP, CAZ 

LEV = Levofloxacin, IMP = Imipenem, AZM = Azithromycin, GM = Gentamicin, CRX = Cefuroxime, CAR = Carbenicillin, CTX= Cefotaxime,                     

AUG = Augmentin, CFP = Cefepime, CLX = Cephalexin, CAZ = Ceftazidime 

 
Table 6: Detection of extended spectrum beta-lactamase (ESBL) genes in Gram negative isolates 

S/N Isolate code Isolates ESBL genes MDDST 

CTX-M SHV TEM 

1.  B2 Pseudomonas aeruginosa - - + + 
2.  G2 Acinetobacter species - + - + 
3.  IA Salmonella species - + - + 

4.  JA Klebsiella pneumoniae + - + + 
5.  OA Escherichia coli - - + + 
6.  YA Escherichia coli - + + + 
7.  CA1 Pseudomonas aeruginosa - + - - 
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    MDDST- Modified double-disc synergy test 

 

            
        L = Molecular weight marker; 2 = Acinetobacter species, 3 = K. pneumoniae, 4 = Acinetobacter species, 5 = Salmonella species,                                                       

 6 = E. coli, 7 = P. aeruginosa, 8 = K. oxytoca, 9 = E. coli, 10 = K. pneumoniae, 11 = E. coli, 12 = P. aeruginosa 

  Fig 2: PCR amplification of blaSHV (768 bp) and blaTEM (857 bp) genes  

 

                 

 L = Molecular weight marker; 2-7 = 2 = P. aeruginosa, 3 = Acinetobacter species, 4 = Acinetobacter species,    

    5 = K. pneumoniae, 6 = E. coli, 7 = E. coli 

   Fig 3: PCR amplification of blaCTX-M gene (543 bp) 

Discussion: 
 

 Both traditional and modern medicine 
use medicinal plants as a source of raw mate- 
rials. Plant materials have been in use as home 

remedies, over-the-counter drugs, and bioph- 
armaceutical ingredients in both the developed 
and developing worlds (4). Medicinal herbs are 
the major source of primary health care for 

most rural populations, particularly in develop- 
ing countries (3,4). Plant-based medicines are 
increasingly being integrated into primary 
health care systems in developing countries but 
safety concerns are being overlooked (21,22). 
The production of herbal medicines by unli- 

censed vendors with no or limited educational 
backgrounds, as well as a lack of food hygiene 
knowledge, have contributed significantly to 
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the high rate of bacterial contamination of her- 
bal drugs (23). Furthermore, most medicinal 
plants are prepared in open environment under 
unsanitary conditions, which leads to contami- 
nation with pathogens that are harmful to the 

public (24,25). The risk of microorganisms 
such as coliform and others being present in 
pharmaceutical products, including herbal med- 
icines, is determined by the nature of the pro- 
duct, the intended use, and the possibilities for 
end user harm (26,27). The inability to prevent 
moisture levels in herbal medicines during 

transportation and storage, as well as the tem- 
peratures of liquid forms and finished herbal 
products, may have resulted in the proliferation 
of microorganisms (22). 
 Several studies have reported bacterial 
counts in herbal materials and herbal medi- 

cines (28,29). Bacterial and fungal contamina- 
tions are common, particularly in locally pro- 
duced herbal medicines, with CFU/g levels exc- 
eeding the recommended WHO standards of 
≤105 CFU/ml (22), demonstrating increased 
risks in the intake of these products (22). In 
this study, 20.0% and 28.0% of herbal medi- 

cine preparations exceeded the safety limits for 
bacterial and fungal growths respectively, indi- 
cating that consuming these products poses a 
risk. Herbal medicines in liquid pharmaceutical 
form for oral use had the highest microbial 
contamination and were the most commonly 

consumed products among the elderly (25).  

 The locally sold herbal mixtures in our 
study showed a wide variety of potential patho- 
gens such as S. aureus, P. aeruginosa, K. 
pneumoniae and E. coli that have been impli- 
cated in many diseases. The presence of E. 
coli, Salmonella and Shigella species in liquid 

herbal preparations makes them unfit for 
human consumption according to the WHO 
guidelines (12). Previous studies from Nigeria 
also identified the presence of S. aureus, P. 
aeruginosa, Salmonella species and other coli- 
forms in herbal mixtures from Abuja, Nigeria 
(9,30). The mean total viable bacterial counts 

(range of 1.0x104-3.2x107 CFU/ml) and mean 

total fungi count (range of 2.0x104-4.4x107 
CFU/ml or g) obtained in this study are higher 
than the study of Ya'aba et al., (9) who repor- 
ted a range of 2.0x101-6.7x103 CFU/ml for 
bacteria and 1.0x101-3.0x101 CFU/ml for fungi. 
However, in a study from Jos, Nigeria, Dashen 

et al., (30) reported a higher mean total viable 
bacterial count of 1.0x106–1.4x107 CFU/ml. 
Aspergillus species was the most predominant 
fungal isolate from this study. Previous studies 
have reported the presence of fungi in herbal 
medicines (29,31,32). The contamination of 

herbal preparations by fungi has been attribu- 

ted to contamination by dust following storage 
in moist conditions (33).  
 According to a meta-analysis on anti- 
biotic-resistance in medically important bacte- 
ria isolated from commercial herbal medicines 

in Africa from 2000 to 2021, E. coli was the 
most frequently reported MDR species, follo- 
wed by S. aureus (10). All the bacterial isolates 
from herbal mixtures by Ayansina and Akinsola 
(29) were multidrug resistant. In our study 
however, 84.2% of Gram-positive isolates and 
81.3% of Gram-negative isolates were multi-

drug resistant. Yesuf et al., (28) reported that 
all E. coli from herbal preparations were sensi- 
tive to gentamicin and ciprofloxacin, whereas 
our study found that all E. coli were sensitive 

to levofloxacin but only 66.7% were sensitive 
to gentamicin. Resistance to ceftazidime was 

found in all K. oxytoca, A. baumannii and 
Salmonella species in our study, which agrees 
with the findings of Ayansina and Akinsola 
(29), who reported all P. aeruginosa, E. coli, 
Klebsiella, and Salmonella isolates in their 
study to be ceftazidime resistant (29). Resis- 
tance to cefuroxime was seen in all P. aerugi- 

nosa, E. coli, Klebsiella, and Salmonella species 
(29) in our study, with resistance ranging from 
78 to 86%.    
 The detection of blaTEM, blaSHV, and 
blaCTX-M among bacterial isolates recovered 
from herbal mixtures in our study agrees with 

the findings of Ayansina and Akinsola (29), 

who also detected blaTEM and blaCTX-M genes in 
bacterial isolates recovered from Nigerian 
herbal mixtures. The presence of multidrug-
resistant Gram-negative bacteria isolates car- 
rying ESBL-genes in herbal mixtures is a major 
source of concern, because of the potential risk 

of more difficult-to-treat ESBL infections in 
consumers of these herbal preparations, as 
well as the risk of transfer of ESBL genes, that 
can be carried on mobile genetic elements such 
as plasmids, transposons and integrons, from 
one isolate to another (34). Furthermore, high 
proportion of elderly people in Nigeria who use 

herbal medicines to treat a variety of ailments 

may be at increased risk of infections by ESBL-
producing and multi-drug resistant bacterial 
pathogens, with dire consequences.  

Conclusion: 
 

 From the finding of our study, local 
herbal preparations are not sufficiently safe to 
consume, because of high degree of contami-
nation with pathogenic microorganisms that 
are resistant to most commonly used anti- 
biotics in our environment. As a result, herbal 

mixtures prepared locally in an unsanitary env- 
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ironment or sold without regulatory approval 
are not safe for human consumption. It is 
recommended that proper hygienic conditions 
be maintained throughout the entire prepara- 
tion process. 

 

Authors’ contributions: 
 

 OBO* conceived and designed the 
study; OBO* and OEA coordinated the experi- 
ment; OBO*, SEA and OBO carried out the 

study experiments; OBO* drafted the manu- 
script and analyzed the data; and OEA did 
necessary editing of the manuscript. All auth- 
ors read and approved the manuscript. 

Source of funding: 
 

 No funding was received for the study  

Conflict of interest: 
 
 No conflict of interest is declared  
 

References: 
  
1. Kebede, D., Alemayehu, A., Binyam, G., and 

 Yunis, M. A historical overview of traditional 

 medicine practices and policy in Ethiopia. 
 Ethiop J Hlth Dev. 2006; 20 (2): 127–134.                    

2. Olisa, N. S., and Oyelola, F. T. Evaluation of use of 

 herbal medicines among ambulatory hypertensive 

 patients attending a secondary health care facility 

 in Nigeria. Int J Pharm Pract. 2009; 17 (2): 101–

 105.                                           

3. World Health Organization, Traditional Medicine 

 Strategy 2002–2005, WHO, Geneva, Switzerland, 

 2002.                                                  
4. Oreagba, I. A. Oshikoya, K. A., and Amachree, M.  

 Herbal medicine use among urban residents in 

 Lagos, Nigeria. BMC Compl Altern Med. 2011; 11: 

 117.                               

5. Danladi, A., Inabo, I., Yakubu, E., and Olonitola, 

 S. Contamination of herbal medicinal products 

 marketed in Kaduna metropolis with selected 

 pathogenic bacteria. Afr J Trad Compl Altern Med. 

 2009; 6 (1): 70–77.                          

6. Khattak, F. Microbiological quality assessment of 
 commercially available medicinal plants in 

 Peshawar city, Pakistan. Pakistan J Botany. 2012; 

 44 (4): 1203–1208.                          

7. Kigen, G. K., Ronoh, H. K., Kipkore, W. K., and 

 Rotich, J. K. Current trends of traditional herbal 

 medicine practice in Kenya: a review. Afr J 

 Pharmacol Therap. 2013; 2 (1): 32- 37.                          

8. Whitcher, J. P., Srinivasan, M., and Upadhyay, M. 

 P. Corneal blindness: a global perspective. Bull 
 World Health Organ. 2001; 79 (3): 214-221.                         

9. Ya’aba, Y., Izebe, K. S., Mohammed, S. B., Chuku, 

 A., Abdulmumin, A. R., and Abarike, M. C. 

 Microbial Contamination of Liquid Herbal 

 Preparations Marketed in Parts of Abuja 

 Metropolis, Nigeria. Dutse J Pure Appl Sci. 2020; 6 

 (2): 39-50                                           

10. Walusansa, A., Asiimwe, S., Nakavuma, J. L. 

 Ssenku, J. E., Katuura, E., Kafeero, H. M. et al. 

 Antibiotic-resistance in medically important 
 bacteria isolated from commercial herbal 

 medicines in Africa from 2000 to 2021: a 

 systematic review and meta-analysis. Antimicrob 

 Resist Infect Contr. 2022; 11: 11
 https://doi.org/10.1186/s13756-022-01054-6                     

11. Esimone, C. O., Oleghe, P. O., Ibezim, E. C., Okeh, 

 C. O., and Iroha I. R. Susceptibility-resistance 

 profile of micro-organisms isolated from herbal 

 medicine products sold in Nigeria. Afr J Biotechnol. 

 2007; 6: 2766–2775.                                   

12. WHO. World Health Organization guidelines for 

 assessing quality of herbal medicines with 

 reference to contaminants and residues. Geneva: 
 World Health Organization. 2007.                          

13. Ekor, M. The growing use of herbal medicines: 

 issues relating to adverse reactions and challenges 

 in monitoring safety. Front Pharmacol. 2014; 4: 

 17.                          

14. Cheesbrough, M. District laboratory practice in 

 tropical countries. New York, USA: Cambridge 

 University Press. 2006: 62– 70                       

15. Nagamani, A., Kunwar, I. K., and Manoharachary, 

 C. Hand book of soil fungi, I. K. International Pvt. 
 Ltd, 2006.                                                        

16. Gaddeyya, G., Niharika, P. S., Bharathi, P. and 

 Kumar, P. K. R. Isolation and identification of soil 

 mycoflora in different crop fields at SalurMandal. 

 Adv Appl Sci Res. 2012; 3: 2020-2026.                  

17. Clinical and Laboratory Standards Institute (CLSI). 

 Performance Standards for Antimicrobial Suscepti- 

 bility Testing, M100, 2021.                     

18. Diagbouga, S., Salah, F. D., Sadji, A. Y., et al. 
 Detection of High Prevalence of TEM/SHV/CTX-M 

 Genes in ESBL Producing and Multidrug Resistant 

 Klebsiella pneumoniae and Klebsiella oxytoca. J. 

 Clin Diagn Res. 2016; 4:130.    

 doi: 10.4172/2376-0311.1000130                    

19. Edelstein, M., Pimkin, M., Edelstein. I., and 

 Stratchounski, L. Prevalence and molecular epide- 

 miology of CTX-M extended-spectrum β- lactamase 

 -producing Escherichia coli and Klebsiella 

 pneumoniae in Russian hospitals. Antimicrob 
 Agents Chemother. 2003; 47: 3724–3732

 doi: 10.1128/AAC.47.12.3724-3732.2003.                      

20. Maynard, C., Fairbrother, J. M., Bekal, S., et al. 

 Antimicrobial resistance genes in enterotoxigenic 

 Escherichia coli O149:K91 isolates obtained over a 

 23-year period from pigs. Antimicrob Agents 

 Chemother. 2003; 47(10): 3214–3221.  

 doi: 10.1128/AAC.47.10.3214-3221.2003.                 

21. Umair, M., Altaf, M., and Abbasi, A. M. An 
 ethnobotanical survey of indigenous medicinal 

 plants in Hafizabad district, Punjab Pakistan. PLoS 

 One.2017;2

 doi.org/10.1371/journal.pone.0177912.                      

22. World Health Organization. WHO guidelines for 

 selecting marker substances of herbal origin for 

 quality control of herbal medicines. In: WHO 

 Expert Committee on Specification for Pharma- 

 ceutical Preparations: Fifty-first report. Geneva: 
 World Health Organization; 2017: Annex 1 (WHO 

 Technical Report Series, No. 1003).                  

23. Muinde, O. K., and Kuria, E. Hygienic and sanitary 

 practices of vendors of street foods in Nairobi, 

 Kenya. Afr J Food Agric Nat Dev. 2005; 5 (1): 1-

 14                      

24. Zank, S., and Hanazaki, N. The coexistence of 

 traditional medicine and biomedicine: A study with 

 local health experts in two Brazilian regions. PLoS 

 One. 2017; 12 (4): e0174731                    
25. de Sousa Lima, C. M., Fujishima, M. A. T., and de 

 Paula Lima, B.  Microbial contamination in herbal 

 medicines: a serious health hazard to elderly 

 consumers. BMC Complement Med Ther. 2020; 20 

 (1): 17.                                        

26. Mullika, T. C., Puvapan, P., Noparatana, N., and 

 Lek, R. Y. Evaluation of Microbiological Quality of 

https://doi.org/10.1186/s13756-022-01054-6


Microbial quality of herbal mixtures   Afr. J. Clin. Exper. Microbiol. 2022; 23 (3): 257-268 

 

268 
 

 Herbal Products in Thailand. Thailand J Phyto- 

 pharm. 2003; 10 (2): 2-4                     

27. Arani, N. M., Chaleshtori, R. S., and Mahmoud, R. 
 K. Microbial Quality of Some Medicinal Herbal 

 Products in Kashan, Iran. J Herbal Med Pharmacol. 

 2014; 3 (2): 113-117.                      

28. Yesuf, A., Wondimeneh, Y., Gebrecherkos, T., and 

 Moges, F. Occurrence of potential bacterial 

 pathogens and their antimicrobial susceptibility 

 patterns isolated from herbal medicinal products 

 sold in different markets of Gondar town, 

 Northwest Ethiopia. Int J Bacteriol. 2016; 
 1959418. https://doi.org/10.1155/2016/1959418                    

29. Ayansina, A., and Akinsola, A. O. Microbial quality 

 and antimicrobial evaluation of some herbal 

 concoctions in a Rural Town in Nigeria. World J Biol 

 Pharm Hlth Sci. 2020; 4 (3): 48–58                     

30. Dashen, M. M., Ogaji, A. O., Cirfat, N. A., et al. 

 Bacteriological quality of some liquid herbal 

 preparations sold within Jos Metropolis, Nigeria and

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 antibiotic susceptibility of the isolates. Sci 

 World J. 2020; 15 (2): 69-72                       

31. Elshafie, A. F., Al-Rashdi, T. A., Al-Bahry, S. N., 
 and Bakheil, C. S. Fungi and aflatoxins associated 

 with spices in Sultanatic of Oman. Mycopathologia. 

 2002; 155: 155 – 160.                        

32. Okunlola, A., Adewoyin, B. A., and Odeku, O. A. 

 Evaluation of pharmaceutical and microbial 

 qualities of some herbal medicinal products in 

 South Western Nigeria. Trop J Pharma Res. 2007; 

 6: 661–670.                       

33. Domsch, K. H., Gams, W., and Anderson, T. H. 
 Compendium of Soil Fungi, 1 & 2. Academic Press, 

 London. 1998                                            

34. Kurittu, P., Khakipoor, B., Aarnio, M., et al. 

 Plasmid-borne and chromosomal ESBL/AmpC 

 genes in Escherichia coli and Klebsiella pneumoniae 

 in global food products. Front  Microbiol. 2021; 12: 

 125. 

https://doi.org/10.1155/2016/1959418

