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ABSTRACT 

Aim: To evaluate the microbiological quality and toxicity potential of commonly 

consumed oral herbal liquid preparations (Agbo) in some areas of Abuja, Nigeria. 

Methods: Herbal liquid preparations (Agbo) were collected from different locations 

of the Municipal Area of Abuja, Nigeria. Samples were analyzed for elemental 

content using a flame atomic absorption spectrophotometer. Microbiological quality 

assessment was determined by suitability and sterility testing, and the contaminants 

were characterized to genera level. A portion of the samples (20 %) were subjected to 

in vitro hemolysis testing using mammalian (goat) blood. 

Results: Minerals like chromium and manganese were found to be absent, while 

calcium, copper, iron, potassium, sodium, magnesium, lead (Pb), and zinc were 

detected at variable concentrations. Eleven percent of the samples contained Pb above 

WHO permissible limit. Sixty percent of the samples were found to be contaminated 

with microbes like Bacillus, Staphylococci, Escherichia coli, Pseudomonas, Salmonella, 

and Proteus, besides, fungi like Microsporum, Rhizopus, Aspergillus, and yeast were also 

found. In vitro hemolysis showed that half of the samples had hemolysis values greater 

than 50%. One of the samples had a considerably high value (100 %) revealing the 

substantial extent of red blood cell lysis due to these Agbo preparations. 

Conclusion: This study is a pointer to the potential harm that the consumption of Agbo 

can cause as it is purported to be safe and regularly consumed in liberal amounts. 
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INTRODUCTION 

The use of herbal medicines has a long history. Presently, there 

has been increased interest in herbal medicines because of 

their fewer adverse effects compared to synthetic medicines. 

According to the World Health Organization (WHO), about 65– 

80% of the people living in developing countries rely majorly 

on plants for their primary health care. In developing countries 

like Ghana, Mali, Nigeria, and Zambia, the first-line treatment 

for about 60% of high-fever pediatric cases because of malaria 

is the use of herbal remedies administered at home.1 This 

significant dependence on herbal medicine can be attributed 

to the ease of acceptability of natural and indigenous products, 

relative cost-effectiveness, and inaccessibility or unavailability 

of modern health facilities. Some developed countries like 

China also use herbal medicines as part of their first-line 

treatment for various diseases. 

 

Despite the international diversity and adoption of herbal 

medicines in many countries, no international standards 

have been developed. .2 This has been attributed to the 

inappropriateness of policies that govern the regulation of 

the practices, practitioners, and the products because of 

categorization variations of these herbal remedies.3 The 

indiscriminate and unregulated use of herbal medicines could 

pose a health risk to the users.4 While there is significant 

research data on individual medicinal plants, however, only 

limited data demonstrate the safety of many polyherbal 

formulations. Besides, practices used in harvesting, handling, 

storage, production, and distribution could cause microbial 

contamination of herbal products.5 This has generated interest 

in the standardization of these phytotherapeutic agents with a 

specific focus on efficacy, safety, and quality.6
 

Oral liquid herbal remedies are the predominant available forms 

of herbal medications because of the ease with which they can 

be produced. In Nigeria, these oral liquid herbal formulations 

are popularly called Agbo, prepared by maceration of the plant 

materials in suitable solvents like water or alcohol, hand-filled 

into bottles, and hawked. The vendors would usually dispense 

portions into a cup as the “dose” required for the various 

common ailments treated like malaria, typhoid fever, sexually 

transmitted diseases, aphrodisiacs, diabetes, hypertension, 

weight loss remedies, etc. 

Agbo is affordable, available, and superstitiously believed to 

be more efficacious than conventional medications.7 However, 

the possible adverse effects that could arise because of the 

mixture of various plant parts, the interaction between these 

plant parts and the solvents, or the contamination from 

handling are often overlooked. The raw materials used in 

producing Agbo could be contaminated or adulterated with 

toxic heavy metals or overloaded with essential mineral 

elements during growth, development, processing, at the 

sales point, or by other anthropogenic activities such as the 

addition of manures, sewage sludge, fertilizers, and pesticides.8 

Besides, pathogenic microorganisms or natural toxins could 

also contaminate these products resulting in damage to vital 

excretory organs like the liver and the kidney.9,10
 

Studies have shown that some commonly consumed herbal 

remedies are contaminated with various microorganisms and 

residues that are outside the official permissible limits. 11–13 

The cell lysis capability of plants and their extracts has been 

shown in studies on the hemolytic and toxic effects of herbal 

preparations.14–17 These preparations are also frequently and 

regularly (daily in most cases) consumed by a significant 

proportion of the population in many African countries. It 

is therefore imperative to evaluate their quality and toxicity 

potential. The in vitro method of assessing hemolytic activity is a 

quick and effective initial determiner of any substance’s toxicity 

potential. The red pigmentation resulting from the lysis of red 

blood cells (RBCs) with consequent release of cellular contents 

into the surrounding fluids is an indication that the tested 

substance can cause extrinsic cell toxicity and cell death.18 

This involves the incorporation of the investigating sample into 

the suspension of erythrocytes and the determination of its 

ability to lyse the RBCs. The destruction of the RBC because of 

rupture of the membrane lipid bilayer and consequent release 

of the cellular components into the surrounding environment 

is the indicator of hemolysis and is evaluated as a marker for 

the safe use of such investigated materials. This selective 

index is a rapid tool for the toxicological assessment of such 

substances.19
 

This study aimed to assess the microbiological quality 

determine the mineral content, and hemolytic effect of 

commonly consumed Agbo circulating in the Municipal Area 

of Abuja, Nigeria. 

 
 

MATERIALS AND METHODS 

MATERIALS 

Nutrient agar and nutrient broth, Sigma-Aldrich, (St. Louis, 

MO) tryptic soy agar, tryptic soy broth, potato dextrose agar, 

potato dextrose broth were procured from Sigma-Aldrich (St. 

Louis, MO). Standard solutions of calcium (Ca), copper (Cu), 

chromium (Cr), iron (Fe), potassium (K), manganese (Mn), 

lead (Pb), and zinc (Zn), nitric acid (HNO3), mammalian (goat) 

blood, sodium dihydrogen orthophosphate was provided by 

BDH, chemicals Ltd. (Poole, England). Sodium citrate, sodium 

hydroxide pellets and, tween 80 used in this study were of 

analytical grades. 

Hundred Agbo samples were purchased from hawkers around 

the Municipal Area of Abuja, Nigeria and were coded as A1 to 

A100. These samples were stored in sterile bottles and were 

transported to the National Institute for Pharmaceutical Research 

and Development (NIPRD) laboratory for further analysis. 

 
METHOD 

Determination of mineral content 

Calibration standards were prepared from standard solutions 

of Ca, Cu, Cr, Fe, K, Mn, Pb, and Zn at 1000 µg/mL in 5% HNO3 

for the sample digestion. After which they were analyzed using 

the flame atomic absorption spectrophotometer (Model: GBC 

Avanta, version 2.0, GBC Scientific equipment, Hampshire, IL) 
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Table 1 Instrument operating condition for the analysis. Goat blood (50 mL) collected from a slaughterhouse was 

poured into an appropriate container containing trisodium 

citrate (2 %) and was immediately transported to the 

laboratory. The blood sample was centrifuged at 3500 rpm 

      for 10 min, the supernatant was discarded, and the sediments 

(erythrocytes) were rinsed with phosphate buffer solution (PBS; 

pH 7.4) twice by centrifuging for another 10 min. The resulting 

sediments (1 mL) were diluted to 50 mL PBS, and then 2 mL of 

the dispersion was mixed with the Agbo samples (1:1). These 

were incubated in the isotherm incubator (Thermo Fisher 

Scientific Co., Waltham, MA) at 37°C for 2 h. Later the incubated 

samples were centrifuged at 3500 rpm for 10 min and 0.2 mL 

of the supernatant was diluted to 3 mL with PBS and its 

absorbance was determined at 415 nm using an ultraviolet- 

visible spectrophotometer (Agilent). Preparations containing 

Tween 80 and PBS were used as positive and negative controls, 

respectively. The absorbance was used to calculate percentage 

based on the operating conditions mentioned in Table 1. The 

data obtained was processed using the Equation (1). 

Metal(µg/mL) = C × V (1) 

where C is the concentration of the sample analyte in μg/mL 

and V is the volume of the sample solutions in cm3. 

 
Suitability testing 

The herbal preparations were analyzed for growth promotion 

by bacteriostasis and fungistasis.20Aliquots of the samples 

(1 mL) were added to 19 mL Tryptic and Saboraud agar for 

bacteria and fungi, respectively, and were inoculated with 

100 µL of Staphylococcus aureus, Pseudomonas aeruginosa, 

Escherichia coli, Bacillus subtilis, Aspergillus niger, and Candida 

albicans of 102 cfu/mL. The plates were incubated for three and 

five days for bacteria and fungi, respectively and later observed 

for the growth of these test organisms. 

 
Sterility testing 

The sterility testing of the samples was carried out by direct 

inoculation. 20 One milliliter of each sample was diluted in 

sterile normal saline up to 10−6. About 0.5 mL each of 10−2, 

10−4, and 10 −6 dilutions were suspended into a sterile molten 

tryptic soy agar and potato dextrose agar for bacteria and 

fungi isolations, respectively. These plates were incubated at 

37oC for 14 days. Colonies that appeared post incubation were 

counted on the colony counter and recorded as total colony- 

forming bacteria. A presumptive bacteria colony was used 

for bacteria identification by Gram staining and biochemical 

analysis (catalase, indole, coagulase, oxidase, urease, 

citrase, triple sugar iron, and methyl red Voges–Proskauer 

tests). The isolated organisms were then inoculated on 

differential media: mannitol salt agar, MacConkey agar, 

eosin methylene blue, cetrimide, and salmonella shigella 

agar (Sigma-Aldrich). 

 
Hemolysis testing 

A sample of the preparation (Agbo) was used for the hemolysis 

testing, as previously mentioned with some modification.21
 

hemolysis by using Equation (2): 

 
H %=As-An/Ap-An (2) 

 
As = absorbance of test sample, An = absorbance of negative 

control, and Ap = absorbance of positive control 

 
RESULTS 

DETERMINATION OF MINERAL CONTENT 

The analysis showed that Ca, Cu, K, Fe, Mg, Na, Zn, and Pb were 

detected in 75, 89, 100, 96, 93, 100, and 83% of the samples, 

respectively (Figure 1). Cr and Mn were not detected in any of 

the samples (Table 2). 

 

MICROBIOLOGICAL QUALITY ASSESSMENT 

Four of the herbal preparations contained inhibitory substances 

as they did not support the growth and reproduction of test 

organisms. The substances were neutralized/inactivated by 

the serial dilution technique. 

The sterility testing of different herbal products analyzed by 

microbial load assay showed that 42 (61 %) of the products 

were contaminated with different bacteria species (Table 3). 

Total bacterial count in contaminated products ranged 

from 1.20 × 102 to 2.26 × 104. Bacterial colonies isolated 

and identified by colony morphology, growth description 

on differential media, and biochemical characteristics are 

presented in Table 3. Organisms isolated in different products 

were identified as Bacillus spp, Staphylococcus spp, Klebsiella 

spp, Salmonella, E. coli, and Proteus. Seventeen samples (25 %) 

were contaminated with different fungal and yeast species. 

The distribution and percentage of occurrence of the isolated 

organisms are shown in Figure 2. 

 
 

IN VITRO HEMOLYSIS 

Hemolysis (%) calculated from of the tested Agbo samples are 

shown in Table 4 and Figure 3. Blood cell lysis was found to be 

between 33 and 130% across the tested samples. 

 
Element 

Wavelength 

(nm) 

Slit 

width 

Lamp 

current 

Ca 422.70 0.50 5.00 

Cu 324.70 0.50 3.00 

Cr 428.90 0.20 6.00 

K 404.40 0.20 6.00 

Fe 248.30 0.20 7.00 

Mg 202.60 1.00 3.00 

Mn 403.10 0.20 5.00 

Na 589.60 0.50 5.00 

Pb 217.00 1.00 5.00 

Zn 213.90 0.50 5.00 
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Table 2 Elemental composition of the liquid herbal products (Agbo). 
 

 
Sample 

Codes 

Mean concentration of mineral elements (µg/mL) 
   

Ca Cu Cr K Fe Mg Mn Na Pb Zn 

A1 ND 0.58 ND 13.64 4.95 42.03 ND 14.43 3.55 1.80 

A2 40.53 0.23 ND 23.92 3.04 88.06 ND 8.76 ND 0.45 

A3 36.11 0.61 ND 20.08 1.81 5.72 ND 15.06 7.13 0.23 

A4 24.86 0.55 ND 18.11 1.92 58.59 ND 14.70 7.13 ND 

A5 17.11 0.64 ND 29.82 3.43 22.20 ND 7.23 ND ND 

A6 57.28 0.63 ND 15.30 ND 33.27 ND 12.35 ND 0.03 

A7 4.36 0.58 ND 17.11 ND ND ND 14.39 ND 0.60 

A8 60.18 ND ND 34.77 1.71 40.26 ND 7.81 ND 0.12 

A9 15.95 0.62 ND 18.34 2.40 26.76 ND 12.21 ND 0.27 

A10 ND 0.79 ND 25.96 2.83 49.23 ND 7.34 ND 0.73 

A11 ND 0.31 ND 3.79 1.17 21.83 ND 5.65 ND ND 

A12 ND 0.75 ND 18.95 2.75 ND ND 14.41 7.13 0.86 

A13 6.23 2.48 ND 18.66 12.14 23.96 ND 11.74 ND 0.99 

A14 8.00 0.19 ND 16.17 1.74 52.97 ND 10.19 ND 0.57 

A15 ND 1.32 ND 17.41 5.32 7.05 ND 9.80 ND 1.21 

A16 36.80 ND ND 12.86 3.82 2.97 ND 27.86 ND 0.25 

A17 13.93 0.78 ND 2.22 6.98 47.31 ND 16.87 ND 0.72 

A18 0.55 0.22 ND 19.51 5.00 120.43 ND 13.72 3.55 1.90 

A19 ND ND ND 31.95 2.97 23.23 ND 11.70 ND ND 

A20 15.80 0.51 ND 20.41 9.16 41.34 ND 9.93 ND 1.90 

A21 ND 0.44 ND 19.16 3.94 45.21 ND 2.99 ND 0.29 

A22 47.16 0.76 ND 15.49 2.01 3.88 ND 31.21 ND ND 

A23 10.73 0.11 ND 15.99 2.51 65.21 ND 7.43 ND ND 

A24 21.62 0.73 ND 20.08 20.93 121.90 ND 8.33 ND 1.00 

A25 35.21 0.59 ND 32.95 1.70 27.22 ND 28.42 ND 0.43 

A26 17.13 0.55 ND 12.34 15.36 50.44 ND 17.88 ND 0.91 

A27 19.86 0.82 ND 9.76 1.05 32.41 ND 13.90 7.13 ND 

A28 18.50 0.63 ND 20.84 13.42 102.35 ND 13.36 ND 5.00 

A29 24.63 0.60 ND 17.21 2.25 62.81 ND 12.26 ND 0.02 

A30 8.52 0.74 ND 19.03 4.24 44.53 ND 13.81 7.13 0.25 

A31 36.36 0.62 ND 19.44 3.69 77.38 ND 14.41 ND 0.65 

A32 35.26 0.64 ND 41.59 5.02 80.21 ND 21.50 3.55 0.97 

A33 ND 0.53 ND 23.58 4.93 50.44 ND 14.71 ND 2.65 

A34 8.28 0.96 ND 19.90 2.04 46.07 ND 8.48 ND 2.19 

A35 33.95 0.67 ND 47.26 0.25 30.08 ND 8.12 3.55 0.30 

A36 ND 0.80 ND 39.39 2.31 2.34 ND 8.38 ND ND 

A37 ND 2.23 ND 14.39 5.44 55.18 ND 9.37 ND 4.67 

A38 9.35 1.32 ND 22.12 20.27 67.68 ND 30.55 7.13 2.07 

A39 62.66 0.58 ND 9.13 2.49 69.55 ND 4.57 ND 0.07 

A40 4.05 0.48 ND 15.51 2.90 80.87 ND 12.49 ND 1.29 
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Sample 

Codes 

Mean concentration of mineral elements (µg/mL) 
   

Ca Cu Cr K Fe Mg Mn Na Pb Zn 

A41 47.53 ND ND 17.50 5.18 40.51 ND 7.34 ND 0.66 

A42 ND 0.39 ND 7.03 0.05 49.93 ND 12.69 ND ND 

A43 28.98 0.59 ND 16.99 4.97 22.91 ND 1.43 ND 0.50 

A44 8.94 1.08 ND 21.20 7.75 59.86 ND 28.87 ND 1.23 

A45 12.26 0.92 ND 19.52 8.73 25.22 ND 14.98 3.55 0.80 

A46 4.78 0.67 ND 13.85 32.17 9.12 ND 13.09 3.55 8.29 

A47 6.65 ND ND 18.82 5.31 59.27 ND 19.14 ND 0.44 

A48 2.51 0.73 ND 17.00 6.24 9.60 ND 11.68 ND 0.45 

A49 21.50 ND ND 43.75 1.90 ND ND 7.38 7.13 0.46 

A50 23.70 0.73 ND 11.92 1.17 28.60 ND 6.09 ND 0.15 

A51 6.86 0.48 ND 20.21 5.20 24.13 ND 12.52 ND 0.44 

A52 1.13 0.50 ND 19.93 2.37 105.94 ND 14.06 10.69 0.18 

A53 46.98 0.52 ND 15.95 2.55 14.66 ND 15.91 ND 0.31 

A54 36.26 0.27 ND 20.38 5.89 77.07 ND 30.28 ND 1.47 

A55 ND 0.57 ND 32.07 ND 35.78 ND 0.06 ND ND 

A56 36.38 0.70 ND 15.57 3.92 62.98 ND 2.63 ND ND 

A57 6.65 0.59 ND 7.16 ND 48.49 ND 11.92 ND 0.52 

A58 ND 0.76 ND 35.18 3.90 43.09 ND 5.64 ND 0.30 

A59 15.38 1.06 ND 20.39 15.93 119.67 ND 10.00 ND 1.29 

A60 32.73 0.49 ND 10.73 2.47 77.33 ND 8.49 3.55 0.16 

A61 18.63 ND ND 6.59 4.72 87.34 ND 8.10 ND ND 

A62 24.15 0.40 ND 13.06 2.98 ND ND 9.71 ND ND 

A63 9.35 0.70 ND 19.09 7.14 74.63 ND 13.74 ND 0.42 

A64 47.88 0.61 ND 10.31 9.61 0.05 ND 29.54 ND 0.59 

A65 18.00 0.64 ND 13.80 5.84 16.15 ND 5.35 ND 1.24 

A66 25.61 0.71 ND 11.79 1.40 49.32 ND 10.13 ND 0.11 

A67 ND 0.75 ND 5.392 4.78 75.96 ND 8.90 ND 0.52 

A68 4.98 0.91 ND 20.31 8.16 29.08 ND 12.98 ND 0.81 

A69 13.72 0.79 ND 20.31 19.08 ND ND 11.21 ND 0.66 

A70 19.31 0.15 ND 16.10 2.41 61.09 ND 29.93 ND 0.14 

A71 ND 0.34 ND 20.08 2.99 98.69 ND 14.69 7.13 0.84 

A72 33.83 0.75 ND 14.11 6.02 54.54 ND 9.18 ND 8.02 

A73 45.41 0.55 ND 6.56 8.78 12.39 ND 13.86 3.55 ND 

A74 7.63 0.45 ND 5.48 8.62 55.25 ND 15.02 3.55 0.45 

A75 ND ND ND 42.42 2.90 54.05 ND 14.13 ND ND 

A76 ND 0.65 ND 24.09 2.96 3.64 ND 0.33 ND 0.29 

A77 ND 0.34 ND 20.50 4.38 111.60 ND 11.05 ND 5.65 

A78 10.81 0.86 ND 19.83 4.69 26.65 ND 25.48 7.13 0.47 

A79 0.73 0.60 ND 14.56 2.62 22.81 ND 31.59 ND ND 

A80 4.36 0.82 ND 17.81 5.65 1.65 ND 30.41 3.55 1.42 

A81 20.99 0.67 ND 20.19 8.83 67.07 ND 8.87 ND 0.86 

(Continued) 
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Sample 

Codes 

Mean concentration of mineral elements (µg/mL) 
   

Ca Cu Cr K Fe Mg Mn Na Pb Zn 

A82 ND ND ND 8.51 3.83 27.03 ND 5.38 10.69 0.32 

A83 54.10 0.63 ND 0.54 4.92 45.57 ND 13.15 ND 1.57 

A84 32.66 0.51 ND 11.87 0.14 58.73 ND 26.59 ND 0.20 

A85 10.35 1.09 ND 18.98 3.73 62.79 ND 11.02 ND 1.12 

A86 ND 0.66 ND 7.46 5.15 1.88 ND 7.47 ND 0.82 

A87 ND 0.75 ND 4.24 0.73 ND ND 21.61 ND 0.14 

A88 ND ND ND 3.94 0.55 111.60 ND 8.24 ND 2.38 

A89 ND 0.32 ND 17.72 1.87 76.43 ND 15.29 ND 1.08 

A90 4.98 0.61 ND 15.48 3.08 45.56 ND 11.53 ND 0.11 

A91 ND 0.46 ND 18.49 2.83 22.57 ND 7.44 ND 0.43 

A92 ND 1.02 ND 8.53 4.02 1.915 ND 15.84 ND 1.06 

A93 8.86 0.64 ND 20.16 0.05 6.44 ND 9.99 ND ND 

A94 7.98 0.88 ND 18.37 3.66 32.88 ND 8.91 ND 1.29 

A95 43.03 0.55 ND 13.50 3.28 28.73 ND 1378.14 ND 0.82 

A96 29.53 1.00 ND 19.07 17.73 12.29 ND 15.79 ND 1.69 

A97 30.47 0.94 ND 31.64 0.46 67.54 ND 7.70 7.13 0.14 

A98 50.91 1.11 ND 20.05 4.80 108.22 ND 6.25 ND 0.08 

A99 31.90 0.56 ND 8.54 5.07 24.50 ND 11.06 ND 0.95 

A100 ND 0.51 ND 17.34 1.93 32.30 ND 14.67 ND 0.03 

ND, not detected. 

 

DISCUSSION 

DETERMINATION OF MINERAL CONTENT 

Cr and Mn were absent in all the samples, while Ca, Cu, K, Fe, Mg, 

Pb, Na, and Zn were detected in various concentrations. Eleven 

percent of the sample contained Pb above WHO permissible 

limit (10 µg/ml) which is lower than what was reported in 

an earlier solid herbal preparation (33%).22 Contamination 

with Pb was linked to the plant raw materials or water used 

in processing. Pb toxicity results in several health challenges 

ranging from colic, anemia, headache, convulsions, chronic 

nephritis of the kidneys, brain damage and central nervous 

system disorders. Other elements (Cu, Zn, Ca, K, Na, Fe, Mg) 

were found to be below WHO permissible limits.23,24
 

 

MICROBIOLOGICAL QUALITY ASSESSMENT 

The herbal medicinal products were found to be grossly 

contaminated by aerobic spore-forming bacteria, fungi, and 

pathogenic-and indicator bacteria such as E. coli, Proteus, 

and Salmonella species (Table 3). A total of 42/69(61 %) 

herbal products were contaminated with bacteria of eight 

genera, namely Bacillus, Staphylococci, Klebsiella, E. coli, 

Salmonella, Pseudomonas, and Proteus species. Bacillus spp. 

was found in 69 % of the samples (Figure 2) and was the most 

common bacteria contaminant with others at varying levels 

of occurrence. The mean bacteria level of the herbal products 

was found to be above the WHO recommended limit for 

aerobic spore-forming bacteria like Bacillus.25
 

Seventeen of the 69 (20 %) herbal products were 

contaminated by different fungi. The colonial and microscopic 

characteristics of fungi isolated from the herbal remedies are 

as presented in Table 3 and identified on Sabouraud dextrose 

agar as Aspergillus, Rhizopus, Microsporum, Candida, and 

Saccharomyces species. A previous study showed that some of 

the fungi isolated from these herbal products could be from the 

soil, raw materials, water, equipment, and the environment.26 

Indicator organisms like E. coli, Salmonella, Pseudomonas, and 

Proteus are generally known to multiply in potable, distilled, 

and deionized water and serve as an index of possible human 

pathogen contamination.11,27 The Fungi species produce potent 

mycotoxins that have been implicated in carcinogenicity, 

dermatitis, hepatotoxicity, and nephrotoxicity.28, 29
 

Fourteen of the tested samples were not contaminated by 

bacteria or fungi. Antibacterial susceptibility screening showed 

that 12 of these samples had antibacterial effect against 

S. aureus, E. coli, P. aeruginosa, S. typhi, and Streptococcus 

pyrogenes at 50% aqueous concentration. Majority of the 

herbal products analyzed were contaminated with bacteria 

and fungi species, and samples with no contaminants were 

possibly extracted with alcohol which could be responsible 

for the inhibition of microbial growth elicited by the tested 

samples. 
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Table 3 Number and types of bacteria and fungi present in Agbo samples. 
 

Sample 

code 

 
Types of bacteria 

Bacteria colony 

count 

 
Types of fungi 

A1 Bacillus spp. 2.20 × 102
 – 

A2 Bacillus spp. 5.20 × 102
 – 

A3 Bacillus and Staphylococcus spp. 6.00 × 102
 – 

A4 Bacillus spp. 4.80 × 102
 – 

A5 Bacillus and Salmonella spp. 2.30 × 103
 – 

A6 Bacillus and Salmonella spp. 1.40 × 102
 Aspergillus niger spp. 

A7 Bacillus spp. 9.00 × 102
 – 

A8 Bacillus spp. 2.60 × 102
 – 

A9 Bacillus, Klebsiella, and other coliforms 1.08 × 104
 Rhizopus oryzae 

A10 Bacillus spp. 2.60 × 104
 Aspergillus spp. 

A11 Bacillus spp. 1.20 × 102
 – 

A12 Escherichia coli and Klebsiella spp. 3.60 × 103
 Microsporum gypseum, R. oryzae, and A. 

fumigatus 

A13 Bacillus spp. 2.00 × 102
 Aspergillus spp. 

A14 Bacillus, Klebsiella, and Salmonella spp 3.82 × 103
 A. flavus 

A15 Bacillus and Salmonella spp. NG R. Oryzae, Microsporum spp, and A. flavus 

A16 NG 2.20 × 103
 – 

A17 NG 2.26 × 104
 R. oryzae 

A18 NG NG – 

A19 Bacillus spp 8.00 × 102
 – 

A20 NG NG – 

A21 NG NIL – 

A22 Bacillus subtilis and Klebsiella and Staphylococcus spp. NG – 

A23 NG 7.00 × 102
 – 

A24 Bacillus spp NG – 

A25 Bacillus spp NG – 

A26 NG NG – 

A27 Bacillus spp 3.00 × 104
 – 

A28 Bacillus spp Uncountable – 

A29 Bacillus spp 8.00 × 102
 – 

A30 Bacillus spp 2.90 × 1 03
 – 

A31 Bacillus spp 2.00 × 102
 – 

A32 NG NG – 

A33 B. subtilis and Staphylococcus spp Pseudomonas 4.00 × 103
 Candida albicans 

A34 NG NG – 

A35 Bacillus, Klebsiella, Salmonella, Proteus, Staphylococcus, 

and Pseudomonas spp 

Uncountable Microsporum spp and A. niger 

A36 Bacillus, Salmonella, and Proteus spp. 1.10 × 103
 – 

A37 B. subtilis and others Bacillus spp. Uncountable – 

A38 B. subtilis 6.00 × 102
 – 

A39 B. subtilis and other bacillus spp. Uncountable – 

(Continued) 
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Sample 

code 

 
Types of bacteria 

Bacteria colony 

count 

 
Types of fungi 

A40 B. subtilis 1.00 × 103
 – 

A41 NG NG – 

A42 B. subtilis NG – 

A43 B. subtilis 4.00 × 102
 – 

A44 B. subtilis and other bacillus spp. 2.305 × 104
 – 

A45 B. subtilis, Salmonella, Klebsiella and E. coli Uncountable – 

A46 Bacillus spp. and Klebsiella. Uncountable – 

A47 Bacillus spp. 4.00 × 102
 – 

A48 NG NG Saccharomyces and C. albicans 

A49 B. subtilis and Proteus. Uncountable R. oryzae 

A50 B. subtilis 2.60 × 103
 Saccharomyces 

A51 B. subtilis 2.46 × 104
 – 

A52 B. subtilis 4.00 × 102
 – 

A53 B. subtilis 2.60 × 103
 – 

A54 NG NG – 

A55 B. subtilis 1.60 × 103
 – 

A56 NG NG – 

A57 NG NG – 

A58 B. subtilis 5.00 × 102
 – 

A59 NG NG – 

A60 NG NG – 

A61 NG NG C. albicans 

A62 B. subtilis 2.00 × 102
 – 

A63 B. subtilis 9.00 × 102
 – 

A64 B. subtilis and E. coli Uncountable – 

A65 B. subtilis 4.10 × 103
 – 

A66 B. subtilis 4.60 × 103
 – 

A67 B. subtilis and E. coli 1.90 × 103
 C. albicans 

A68 B. subtilis and other bacillus spp. 3.47 × 104
 – 

A69 B. subtilis 2.00 × 103
 – 

NG, no growth. 

 

EVALUATION OF IN VITRO HEMOLYSIS 

In this study, absorbance values were used to demonstrate 

the degree of cell rupture in the incubated suspension. Tween 

80 and PBS were used as the positive and negative response 

indicators to show the extent of cell rupture in the absence of 

the Agbo samples. 

The results showed varying absorbance values ranging from 

0.076 to 2.479 for the tested samples (Table 4). All the herbal 

products caused cell lysis with absorbance values higher than 

that of the negative control (0.076). One of the samples had 

an absorbance value (2.479) higher than that of the positive 

control (1.881), indicating a substantial level of cell lysis, and 

four of the samples had values (1.094 to 1.234) close to that of 

 

 
the positive control. These outcomes shows that all the herbal 

formulations tested caused cell rupture but to varying degrees, 

which is a cause for concern, as there is a high possibility that 

these samples will cause toxicity, including hemolysis, when 

ingested. 

Hemolysis of all the samples was between 33 and 131%, with 

about half of them causing more than 50 % hemolysis (Figure 3). 

Sample A3 was found to have considerably high potential for 

toxicity based on the degree of hemolysis (130.08 %). 

Plants contain many constituents, and some of them possess 

properties that induce hemolysis of RBCs in humans. This 

effect is attributed to the disruption of the RBC membranes 

and idiosyncratic fragility of the cell membrane which could 
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Table 4 Absorbance and hemolysis of Agbo samples. consumption of Agbo and increased regulatory activity to safe 

guard the user’s health. 
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lead to hemolytic anemia.30,31 Hemoglobin released during the 

process of hemolysis produces vasoactive and redox-active 

proteins that are toxic to the vascular, myocardial, central 

nervous tissues, and these eventually induce anemia with 

other diseases.32
 

A relationship has been reported between the chronic 

consumption of onion and hemolytic anemia observed in rats, 

and dogs and was attributed to the ability of some of their 

constituents to damage the cell membrane. 33–35 Benjamin 

et al.36 showed that incubation of human RBCs in saline tea 

extracts caused alterations in the blood cell membrane. This 

was proved by the report of a young adult whose hemolytic 

profile decreased after chronic consumption of the herbal tea. 

Consumption of large doses of the leaf extract of Gingko biloba 

has been found to cause cell fragility and destroy RBCs. Another 

study showed that daily consumption of a weight-loss product 

containing green leaf extract caused a substantial decrease 

in platelet count.37,38 The effect of sub-chronic consumption 

of a herbal formulation has been shown to cause anemia in 

rats, while copious administration of the aqueous extract of 

Viola tricolor resulted in glucose-6-phosphate-dehydrogenase 

deficiency.39,40
 

CONCLUSION 

This study of oral liquid herbal formulations marketed in Abuja 

municipal areas showed the presence of a toxic element (Pb) in 

concentrations above the official permissible level. Most of the 

herbal products were contaminated with bacteria and fungi 

species. All the Agbo samples were toxic to mammalian (goat) 

blood cells, causing hemolysis. With one having remarkably 

high hemolysis (130.08 %), an indication of a high potential 

toxicity. This article underscores the need for caution in the 
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Fig.1: Distribution of mineral elements in Agbo samples 

 

Fig.2: Distribution of bacteria contaminants in tested samples 

 

 

Fig.3: Hemolysis (%) of Agbo samples 
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