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ABSTRACT

Ten common herbal medicines sold in Calabar Metlispoere evaluated for their phytochemical constitts,
possible contaminants and antibacterial propertising standard microbiological methods. A totakwélve (12)
different bacteria and five (5) fungi were isolat'dm the selected herbal medicines with Penicillispp. and
Candida spp. having the highest frequency of oenae 33.33% (7/21), followed by Bacillus spp. 2%8%5/21).
Aspergillus spp., Mucor spp. and Proteus spp.hatl a frequency of occurrence of 14.28% (3/21)vétmcterium
spp., Klebsiella spp. and Staphylococcus aureusehfidquency of occurrence of 9.52% (2/21). Esciingai coli,
Enterobacter spp., Fusarium spp., Lactobacillus.spicrococcus spp., Pseudomonas spp., Serratia apg
Staphylococcus epidermidis all had a frequencycotiorence of 4.76% (1/21). The mean total viabletbida count
for UMU was 27.7_+3.39 x 168 cfuml®, UAE 24.5 +4.98 x 18 cfuml®. The count for others was within the
acceptable limits. The phytochemical screening fed herbal medicines showed reducing compounds and
polyphenol to be present in much excess amount [+#+50% and 30% of the sampled herbal medicines
respectively. Alkaloids were present in excess am6tt) in 70% of the herbal medicines. Cardiac ¢igides
were present (+) in 90% of the herbal medicines @anh while saponin was absent (-) in 80% of thebake
medicines sampled. Tanin was present in 60% of silected herbal medicine. Phlobatanins, triperpenes
anthraquinones and hydroxylmethyl anthraquinoneevadsent (-) in 80%, 70%, 90% and 80% respectivéiye
herbal medicines sampled. The frequency of susiigtiof the test bacteria to herbal medicines widiebsiella
pneumonia, Pseudomonas aeruginosa and Staphylogs@toaus 70%, Salmonella typhii and E. coli 60%gtPus
vulgaris 40%, Streptococcus faecalis 20% and Miogmtis spp. 10%. AAP could not inhibit any of ths becteria
while DAH herbal remedy was effective against ladl test bacteria with zones of inhibition rangingni 9.50 to
20.88 mm. The MIC of the various herbal medicinas:WwCNB, EPL and UMU1000mgnif, GBM and AAP
625mgnif, OCB and UAE 565mgihl DAH herbal remedy and AMB 95mghaind NH2 herbal remedy 535mghl
The MBC for the herbal medicines was 1125rigiot NH2 herbal remedy and GBM; 1250mgrfibr OCB, UAE
and AAP. That of DAH herbal remedy and AMB was 2fi6fhand 300mgnl respectively while that of CNB, EPL
and UMU was>2000mgnit. This result reveals a high level of bacteria dnrdgi contaminants in herbal medicines
sold in Calabar and makes need for intervention.

Key words: Phytochemical, herbal medicine, Calabar metropolis

INTRODUCTION

Phytochemical comes from the Greek word "phyto"diamt. It refers to every naturally occurring chiesh present
in plants. Plants are also the source of many nmoplearmaceuticals (drugs). It is estimated that@pmately one
guarter drug contain plant extract or active ingeets obtained from plant substances [17].

Plants and herbs have been used by man to cusdsand heal injuries since time immemorial. beme years,
renewed interest has been shown in the use of matljglants and scientific studies are been desidne=xplain
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some of the curative phenomena associated witltitraal herbal remedies. Most drugs utilized by plecall over
the world are of plant origin [19] [12].

Herbal therapy is widely accepted and used astamative in the prevention and treatment of praisimd mental
disorders as well as infectious diseases and ardidoehaviours attributable to spiritual causese o its intrinsic
gualities, unique and holistic approaches as welits accessibility and affordability, it continues be the best
alternative health care available for the majooityhe global population, particularly for thosetie rural areas of
developing countries [15].

Among the successes achieved by herbal medicihatisnany drugs in clinical use today were disceddrom the
way plants were used in traditional communitiesafgles include quinine which was discovered from way
traditional communities in South America especidigru, Columbia and Bolivia, used plant speciethefgenus
Cinchonain managing fevers. Similarly, taxol is a moderry daerapy for ovarian cancer obtained frdraxus
brevifoliawhich was a traditional medicinal plant in Briti€mlumbia [10] [18].

In addition, herbal therapy is also seen as a mantaicthe problems associated with drug resistammng infective
agents. Mboya (2003) asserted that with increasiaigtance of microorganisms associated with iidfastdiseases,
and increasing environmental pollution which cdangtis selective pressure on microorganisms, henealicine

provides alternative sources for new drugs [13JusTkemphasis is now being laid on traditional megicas an
alternative to orthodox medicine more than eveot®fThis is especially true in developing coursttike Nigeria.

In Nigeria, the use of herbal medicine dates backé¢ earliest history of mankind, as in otheruna@$s worldwide.
Prior to the coming of orthodox medicine, most deaglied totally on the use of traditional medosall their
healthcare needs, these include the use of hembahal and mineral based herbal medicines ofteadlagith
spiritual ingredients such as incantations [16][12]

Presently, much research is been carried out bymeeutical industries in developed countries, thtrss kind of
work is not done in Nigeria, it means that huge swhmoney will be spent by our government in fatiw re-
import our own plant-derived drugs and plant exsac

MATERIALSAND METHODS

Study Site and Sample Collection

This study was carried out in Calabar, Cross R8tate, Nigeria. Cross River State is a coastat stasouth-south
region of Nigeria. It shares boundaries with BeBtete to the North, Enugu and Abia State to thetWeshe East
by Cameroun and to the South by Akwa- Ibom Statd the Atlantic Ocean. Calabar is located approxtyat
between longitude 80 Wand 80 2!E and latitude 40 38 and 40 58\. A total of ten (10) herbal medicines were
randomly selected and purchased for the reseawoh different locations in Calabar and codes sucb/sld, CNB,
OCB, EPL, UMU, UAE, NH2, GBM, AMB and AAP were girdo them, the ten samples were representativi of a
types in which there were powdered type, emulsype tind suspension type of herbal medicine. Sortteedierbal
medicine had NAFDAC registration number others db lmmve NAFDAC registration number. Some of thenpla
parts used in preparing some of the herbal medmiich as leaves ¢feinsia crinataand fruits ofElais guineensis
was bought from Calabar main market, Watt, usiadatal vernacular names (Atama and Eyop respégtiaad
based on the researchers familiarity as a flavgusisice in soup preparation and was further auiteet in the
Department of Botany, Biological Sciences, Univigrsif Calabar, Calabar, Nigeria. Test bacteriahpgens were
sourced for from the University of Calabar Teachihgspital (UCTH). The organisms were further idéeti and
confirmed using standard protocols for cultural amebrphological identification, as well as biochealic
characterization of isolates.

M acr oscopic Examination
The colour, odour, visibility, taste and other nusmopic examination was carried out on the coltedierbal
medicine.

Microbiological Evaluation

The sterility of the preparations - that is thedarmedicines was evaluated before the commenceuofetite
phytochemical and antibacterial evaluation by phatit out on blood agar (BA), Cystine Lactose Hielgte
Deficient (CLED) agar, Sabourand Dextrose agar (5Brd nutrient agar (NA) plates and incubated With at
37°C for 24 hrs.for BA, without C&or the other media for 24hrs and 72hrs for the Silskes.
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Preparation of Media

All the media used for the researched which weteent agar, CLED agar, Saboraud Dextrose Agar (5045l
agar, Klinger Iron Agar (KIA), nutrient broth, bldaagar (BA), muller hinton agar etc. were prepaecording to
the manufacturer's instructions.

Phytochemical Screening of Herbal M edicines

The herbal medicines were screened qualitativelyevthe herbal medicine with the code AAP was soeekeboth
gualitatively and quantitatively for the presendetannin, alkaloids, cyanogenic glycosides, sapgnflavonoids,
steroids, terpenoids, phlobatanins, reducing suyasanthraquinones, using standard methods [Z1]L[96].

Preparation of Sensitivity Discs
Discs of about 6mm in diameter were made from WhatsNo.| filter paper using a paper puncher. Bagasf 100
discs was transferred into Bijou bottle and stzeii in an oven at 140°C for 60 minutes.

Reconstitution of Herbal M edicines

Different concentrations of each of the herbal miedi were prepared by reconstituting different wods of the
herbal medicine in minimum volume of sterile distl water. Required volume of herbal medicine wasethin
required volume of distilled water and reconstidute a uniform viscous mixture using a glass rotidaee the neat,
250mgmt*, 125mgmif* and 62.5mgm. The sterile prepared discs were then countedtiramixture. More discs
were added until the herbal medicine was completslgd up. The approximate concentration of the dierb
medicine absorbed by each discs was calculated tisgnformula below:

CE/N =CpD

Where:

CE = Concentration of reconstituted herbal medicine
N = Number of discs used

CpD = Concentration per disc.

Preparation of Inocula
From the stock cultures, which was maintained dnient agar slants at 4°C, colonies were transfieimeo nutrient
broth using sterile inoculating wire-loop and inatdd at 37°C for 24hrs, for each test bacteria.

Standardization of Inocula

The over-night broth cultures was diluted apprdphiaby gradually adding normal saline to it and tlensity of the
inocula standardized by comparison with 0.5 McHRatlastandard of Barium sulphate solution [7], whish
approximately 1.0 x focfuml™ [2].

Antimicrobial Screening of Herbal Medicines

The antimicrobial sensitivity testing of the herbatdicines was performed using disc diffusion meétbo Mueller-
Hinton agar [4]. The medium was prepared, stedljzoured into plates and allowed to set. 0.10ruoes of each
test bacteria from the standardized inoculants tvas inoculated onto the Mueller-Hinton agar plaassptically
and ensured that it was evenly distributed. Theimgus sterile forceps, discs impregnated with défe

concentrations of the herbal medicines, was placegach plate. The plates were allowed to stan@@dvlinutes at
room temperature for effective diffusion before ubation at 37°C for 24hrs [5]. After incubation,nes of
inhibition (diameter) formed on the medium was nueeg with a transparent meter rule and expressedliimetre

[19] to determine the antimicrobial effectivenesshe different concentrations of the herbal madisi[5].

Minimum Inhibitory Concentration (MIC)

MIC is defined as the lowest concentration wherevigible turbidity is observed in the tube (baatstatic
concentration). The minimum inhibitory concentratiaf the herbal medicines on test bacteria wasezhout using
tube dilution technique as described by Akinyesnal., (2005). Standardized suspension of the test bacteas
inoculated into a series of tubes of nutrient brabhtaining different concentrations of the herveddicines and
incubated at 37°C for 24hrs. MIC was then readr afieubation as the least concentration of the d&emedicines
that inhibited the growth of the test bacteria gdurbidity as an index.

Minimum Bactericidal Concentration (MBC)

The MBC is defined as the lowest concentration whner bacterial growth is observed. This was detegthby first
selecting tubes that showed no growth during Mi@dwaination, a loopful from each tube was then sultdred
onto agar plates and incubated at 37°C for 24hjs T8e least concentration of the Minimum Inhibitor
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Concentration (MIC) test at which no growth in théb-cultured plates was observed, and noted amithienum
bactericidal concentration (MBC).

Statistical Analysis

Data obtained from measurement of zones of inbibitif each herbal medicines on test organisms waressed as
mean = SE of triplicates. Two-way ANOVA factoriakperiment, using Complete Randomized Design (CRD)
design was used to analyze the effect of diffemmivents concentrations on antimicrobial activitiytioe test
sample.

Table 1: Macroscopically Description of the Selected Herbal M edicine Samples

Sample L NAFDAC
Code Description Registration
Number
DAH A thick black oily emulsion with bad smell. No
CNB Foul odour dirty green suspension with parsicle No
OCB Black solution, sweet but with little pungentedl. Yes
EPL Ginger-like smell, brown suspension with distpwn subnatant. Yes
UMu Pungent smelling brown suspension. No
UAE Pungent smelling greenish brown suspension. No
NH2 Sweet smelling dark coloured suspension Yes
GBM Sweet smelling clear pinkish solution Yes
AMB Sweet smelling, dark coloured solution. Yes
AAP Dried grinded powder made of plant parts (dalgdeaves or roots) with a chocking smell on irattiain. No

N/B: Sample AAP + hot water —®Foul smellingagrish suspension.

Table 2: Enumerated Uses and Dosages of the Herbal Medicines by its Manufacturers

Sample Code Expected Effects Dosage
One teaspoon into a teacup

DAH Enteric discomfort L
containing hot water.
CNB Neisseria gonorrhea and other sexually tratechibfections. One shot twice a day.
i. Detoxification of blood for optimal health antbrant energy. Adult, 3 table spoon daily|
oCB ii. Prevention of kidney and blood infections. Children, 1 teaspoonful after meal
iii. Normalization of the operation of the intestin preferable at night.

Adult, 2 shots twice daily
Effective for the treatment of Staphylococcus asyeminary tract infection| Adolescent 10-17yrs, one shot

thyphoid, cough-strept, Asthma bronchitis, enteBiandida albican. twice daily. Children 5-9yrs, twd
tablespoonfuls twice daily.
UumMu Internal heat and other feverish relieve. Engeaaly in the morning.
UAE Measles and other infections. Enema, early in the morning.
Adult, 10ml spoonful twice a day|.
NH2 Candidiasis and other infections. Children 8-15yrs, 5ml spoonful
twice a day.

3 months — 1yr, % teaspoon —|1
teaspoon 3-4 times daily. 1-5yr

Uy

Children and infant fevers, pain, windy gripes,ie flatulence and

GBM . . . . 1-2 teaspoon 3-4 times daily. 6-
restlessness; promptly render teething period giyfeild. 12yrs, 2-4 teaspoon 3-4 times
daily.
Reduces free radical damage and removal of unweanteéd in the body @agg daﬁtab:ﬁz?r?iznfu;n d(zn(i)r?wlt
AMB thereby aiding the immune system and the body'ktyalo resist disease$ -, . Y g and nig i
Children, 1teaspoon daily or as

and for any infections: example, Staphylococcadtibn. directed by physician.

AAP All kinds of infections, example, Staphylocotseaalded skin syndrome One shot twice daily.

RESULTSAND DISCUSSION

Ten (10) herbal medicines collected by purposiveloan sampling were analyzed for their microbialtaomnants,
phytochemical constituents and antibacterial ditizi One (10%) of the analyzed samples was pqweder (10%)
emulsion and the remaining eight samples (80%) Viguels (Table 1).

Blood detoxifier, reduction of free radical dameaged removal of unwanted toxin in the body thereloyng the
immune system and the body’s ability to resist aigeformed 20% of the herbal medicine productsénGalabar
herbal market, (They were OCB and EPL), 40% ofttbebal medicine analyzed were claimed to be effedibr
enteric discomfort (which were DAH herbal remed;E) UMU and UAE), 10% of the herbal medicine sardple
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apart from been effective for enteric discomfors leen claimed by the locale to be effective fertieatment of
measles popularly known as “atayayak” (which wasB)A

Twenty per cent (20%) of the herbal medicines aie ® be effective against candidiasis (they wiEPé and NH2
herbal remedy), 20% of the analyzed herbal medivires claimed to be effective against sexually gnaitted
infections (which were CNB and NH2 herbal remedif)% effective against internal heat (which was UMuhile
the rest (40%) of the herbal medicines sampled wisiened to manage urinary tract infection, asthbmanchitis,
infant fever and staphylococcal scalded skin sym@é® (they were EPL, GBM, AMB and AAP) (Table 2).

During the study, a total of twelve (12) bacteriarevisolated from the selected herbal medicinegpkaihrProteus
species was isolated from three of the herbal nmesic— which were CNB, EPL and AAP, giving a freqee of

occurrence of 14.28%seudomonas sppvas isolated from one of the herbal medicinesclwivas CNB giving a
frequency of occurence of 4.76%erratia sppwas equally isolated from one of the herbal medict which was
CNB, giving a frequency of occurence of 4.76%.

Staphylococcus epidermidigas found in one of the herbal medicine — CNBjrgjva frequency of occurence of
4.76%.Micrococcus sppwas found in one of the herbal medicine and wakied from OCB, giving a frequency
of occurence of 4.76%Bacillus spp was found in five (5) herebal medicines; theyevisolated from OCB, EPL,
NH2, GBM and AMB, giving a frequency of occurende28.81%.Flavobacterium sppwas isolated from OCB
and UMU, giving a frequency of occurence of 9.52¢ebsiella spp was isolated from EPL and GBM, giving a
frequency of occurence of 9.52%nterobacter sppwas found in one of the herbal medicines, it isatated from
UMU, giving a frequency of occurence of 4.67%, lie same veinStaphylococcus aureugas isolated from two
(2) of the herbal medicine, which were UMU and UAJing a frequency of occurence of 9.52Ractobacillus
spp was isolated from one of the herbal medicines AElUgiving a frequency of occurence of 4.76% and
Escherichia coliwas equally isolated from this same UAE herbal igied, giving a frequency of occurence of
4.76%. A pie chart depicting the frequency of oetwwe of bacteria isolated from the selected hermlicine is
presented in figure 1 as in the table 3.

Figure 1 Fregquency of bacteria isolated from the selected herbal medicines

B Proteus spp

B Pseudomonas spp

H Serratia spp

B Staphyloccus epidermidis

B Microccus spp

= Flavobacterium spp

mKlebsiella spp

u Enterobacter spp
Staphyloccus aureus

H Lactobacillus spp

u Escherichia coli
Bacillus spp
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B Penicillium spp
B Fusarium spp
= Candida spp

B Aspergillus spp
® Mucor spp

Figure 2: Frequency of fungi isolated from the selected herbal medicine

A total of five (5) different fungi were equallyakted from the selected herbal medicines sampledicillum spp
was isolated in seven (7) of the herbal medicittesy were DAH herbal remedy, CNB, OCB, NH2 herlmahedy,
GBM, AMB and AAP, giving a frequency of occurende38.33%.

Similarly, Fusarium sppwas found in one of the herbal medicines andai$ vsolated from DAH herbal remedy,
giving a frequency of occurence of 4.76@andida spp. was found in seven (7) of the herbal medicindsiciv
were DAH herbal remedy, CNB, EPL, UMU, UAE, AMB aAd\P, giving a frequency of occurence of 33.33%.
Aspergillus sppwas found in three (3) of the herbal medicinesas isolated from CNB, UAE and AAP, giving a
frequency of occurence of 14.28%. The last butthetleast fungi isolated waducor spp, it was isolated from
three (3) of the herbal medicines which were CNBLE&Nnd UMU, giving a frequency of occurence of B4 A
pie chart depicting the frequency of fungi isolatiemin the selected herbal medicine is presentdigime 2 as in the
table in table 4.

The result of the phytochemical screening of tHected herbal medicines sold in Calabar (tablenbs reducing
compounds and polyphenol to be present in muchssxamount (+ + +) in 50% and 30% of the herbal nirds
respectively while, alkaloids were present in escamount (+ +) in 70% of the herbal medicines. d@ar
glycosides were present (+) in 90% of the herbadioiees sampled, while saponins was absent (-0 8&f the
herbal medicines sampled. Tannin was present 4 6Dthe selected herbal medicine. Phlobataniiggrpenes,
anthraquinones and hydroxylmethyl anthraquinonegabsent (-) in 80%, 70%, 90%, and 80% respegtivethe
herbal medicine sampled.

DAH herbal remedy contained polyphenol presenticimexcess (+ + +), alkaloids and tannins preseekcess (+
+), phlobatanins present (+) while cardiac glycesidsaponins, flavonoids, reducing compounds,rpetees,
anthraquinones and hydroxylmethyl anthraquinonesewabsent (-). In CNB (herbal) medicine, reducing
compounds was present in much excess (+ + +), hehgl was present in excess (+ +), alkaloids, eardi
glycosides, tannins and flavonoids were presentwft)e saponins, phlobatanins, triterpenes, anthiremes and
hydroxymethyl anthraquinones were absent (-).
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Table5: Summary of the phytochemical composition of selected her bal medicines sold in Calabar
. . Sample | Sample | Sample | Sample | Sample | Sample | Sample | Sample | Sample | Sample Sample 10
SiNo Chemical Constituents 1 2 3 4 5 6 7 8 9 10 | (Ethanolic Extract)
1. Alkaloids ++ + + ++ ++ ++ ++ +++ ++ ++ +
2. Cardiac Glycosides - + + + + + + + + + +
3. Saponins - - - + - - + - - - B
4 Tannins ++ + - + - + + - B + T
5 Flavonoids - + + + - - + - R + ¥
6. Reducing Compounds - +++ +++ +++H + ++ ++ ++ +++  +++ ++
7. Polyphenol +4++ ++ - ++ ++ ++ ++ ++ ++ +++ +++
8. Phlobatanins + - - - R R T N N
9. Triterpenes - - - - B + - T T - N
10. | Anthraquinones - - - - + - - - - - B
11. Hydroxymethyl anthraquinongs - - ++ + - - - - R N R
KEY
+
PRESENT SAMPLE 1 --- DAH HERBAL REMEDY SAMPLE 6 --- UAE
+ PRESENT IN EXECESS 2---CNB 7 --- @HHERBAL REMEDY
PRESENT IN MUCH EXCESS " 3--0CB “ 8 --- GBM
+++
ABSENT 4 --- EPL 9 --- AMB
- “ 5--- UMU “ 10 --- AAP
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Table 3: Morphological and Biochemical Characteristics of Bacteria | solates

=
o4 . <)
5 X z
a < | o 9 &
L AT Q FERMENTATION OF SUGARS KIA MEDIUM Q
@) z %) wo|ow |y > v | g | w|2x x
o < w <|lw | e |Y%5|E : 0wl z<uw [e)
w 14 o _| < < 5 O - < TOW0
< rla|le|Q |2 |la| =W o< a
= = T < = = [a)] = o T = i Ll
< | ) ElX|E|lz]|o0 E |l & | xosx [ —
2|0 SO0l | =T |39 |w|”|Cuw w 3 O
0 o 8 s Z O pd - 0 e |l E|lwn |2 |pgw N
<) o) T < < — 2 S|l 5| ¢ I |29 %)
o ]
1 | Nil Nil Nil [ Nil | Nil | Nil [Nil |Nil |Nil Nl Nil Nil N il Nil Nil Nil | Nl [Nil [Nil -
2A | -ve Coco + - - + + - + + - - + + R + Proteus spp
i - Y +
Bacilli -
2B | -ve Rods + + + - + - + - + + R R - ) - Pseudomonas spp
2C | -ve Rods + - + - + + - - + + + + + Y Y - ] - Serratia spp
2D | +ve cocci + - - - - - + + + - + + Staphylococcus epidermidis
3A | +ve Cocci + |+ ) - - ) + ] 7 - - - - Micrococcus spp
3B | +ve Rods + - ) - + ) + + + + + + Bacillus spp
3C | -ve Rods + |+ - - - - - + - - ) Flavobacterium spp
4A | -ve Rods + - + - - + - + + + + + - Klebsiella spp
4B | -ve - + - - + + - + + - - - + + Y Y - + + Proteus spp
Coco bacilli ] RIRI + +
ac | +ve Rods + ) ) R " ; + + + + + + - Bacillus spp
5A | -ve Rods + - - + - + + + + +
; - Enterobacter spp
5B | tve Coccl * + + + * : * * * * Y |Y - - Staphylococcus aureus
s5c | -ve Rods + + ) ) ) ) ) + ) ) + Flavobacterium spp
6A | +ve Rods ) ) + Lactobacillus spp
6B | -ve Rods - + + + + - Escherichia coli
6C | +ve | Cocciin cluster|] * - ) Tl ) " ) " + + + + Y| Y |- " Staphylococus aureus
7 | +ve Rods + - - - + - + o+ + + + + Bacillus spp
8A | +ve Rods + - - - + - + + + + + + ) Bacillus spp
8B | -ve Rods + - + - - + - + - + + + + - + Klebsiella spp
9 | +ve Rods + - - - + - + + + + + + E Bacillus spp
10 | -ve Coco bacilli + - - + + - + + - - - + + R Y 4+ Proteus spp.
KEY
Y = Acid reaction
R = Red-pink (alkaline reaction)
+ = Positive
- = Negative
LAC = Lactose
GLU = Glucose
SucC = Sucrose

1981
Scholars Research Library



Agbo,B.E et al Arch. Appl. Sci. Res., 2012, 4 (5):1974-1990

Table4: Morphology and | dentification of Fungal |solates

COLOUR OF

ISOLATE COLOUR OF SUBSTRATE NATURE OF POSSIBLE
CODE AERIAL HYPHAE HYPHAE SPORE SHAPE ORGANISM
HYPHAE
1A Green Septate Round_ Penicillium spp.
1B Pink D B'Eok\;v n Septate GSporanglum Fusariumspp.
1C Creamy ark brown Septate reen concave Yeast
shape conidia
2A Yellow Brown Septate Ov?qlgoggmm Aspergillus spp.
2B Dark White Aseptate s oral; ium Mucor spp.
2C Creamy Septate P 9 Yeast
2D Green Brown Septate Round_ Penicillium spp
Sporangium '
3 Green Brown Septate Round_ Penicillium spp
Sporangium
Round
4A Creamy Septate Sporangium Yeast
4B Dark White Aseptate Round Mucor spp.
Sporangium
5A Dark White Aseptate Round Mucor spp
5B Creamy Septate Sporangium Yeast
6A Yellow Septate - Aspergillus spp.
6B Creamy Brown Septate Oval conidia Yeast
7 Green Brown Septate Round_ Penicillium spp
Sporangium
8 Green Brown Septate Rounq Penicillium spp
Sporangium
9A Creamy Septate Round Yeast
9B Green Brown Septate ; Penicillium spp
Sporangium
10A Yellow Brown Septate Oval conidia Aspergillus spp.
10B Green Brown Septate Round Penicillium spp
10C Creamy Septate Sporangium Yeast

OCB contained reducing compounds present in mucessx(+ + +), hydroxylmethyl anthraquinones present
excess (+ +), cardiac glycosides, alkaloids andoft@ids present (+) while saponins, tannins, podyyath,
phlobatanins, triterpenes and anthraquinones wesera (-). In EPL, reducing compounds were presemiuch
excess (+ + +), polyphenol and alkaloids were prege +), cardiac glycosides, saponins, tannirsydhoids and
hydroxymethyl anthraquinones were present (+) wiiill®batanins, triterpenes and anthraquinones algsent (-).
In UMU, alkaloids and polypphenol were presentxoess (+ +), cardiac glycosides, anthraquinonesraddcing
compounds were present (+) while saponins, tanrflaspnoids, phlobatanins, triterpenes and hydrosthyl
anthraquinones were absent (-). UAE was composedkafoids, reducing compounds and polyphenol pitese
excess (+ +), cardiac glycosides, tannins andrpetees present (+) while saponins, flavonoids, tpdtianins,
anthraquinones and hydroxymethyl anthraquinones absent (-).

Similarly, NH2 herbal remedy was composed of alikilpreducing compounds and polyphenol presertéess (+
+), cardiac glycosides, saponins, tannins, flavdsoand phlobatanins were present (+) while tritegge
anthraquinones and hydroxymethyl anthraquinones absent (-). GBM had alkaloids present in mucless¢+ +
+), reducing compounds and polyphenol were presemxcess (+ +), cardiac glycosides and triterpenese
present (+) while saponins, tannins, flavonoiddplpatanins, anthraquinones and hydroxhmethyl agtlinr@nes
were absent (-).

In addition, AMB were composed of reducing compaupcesent in much excess (+ + +), alkaloids anggbhanol
present in excess (+ +), cardiac glycosides an@rpenes present (+) while saponins, tannins, fiaids,
phlobatanins, anthraquinones and hyroxymethyl agthinones were absent (-). AAP contained reducing
compounds and polyphenol present in much excess«}; alkaloids present in excess (+ +), cardiacagides,
tannins and flavonoids present (+) while saponpigpbatanins, triterpenes, anthraquinones and kydmethyl
anthraquinones were absent (-). The ethanolic extricthe AAP gave quite a different phytochemicaiposition
result from the aqueous extracts. It had reducompounds present in excess (+ +) whereas, the aguedract
had it present in much excess (+ + +) also, alkalevere present (+) whereas the aqueous extradt pegsent in
excess (+ +). All other phytoconstituents of thePAWere the same as that of the aqueous extract.

The ten herbal medicines sampled for the reseasrie wowdered type, emulsion type and liquid typee Tiquid
and emulsion type were aqueous made, and as sithphytochemical screening was carried out diyegithout
any additional procedure. That of AAP was carrietl wsing its aqueous extract and ethanolic extafter which
guantitative determination of selected phytochetsieas determined for it.
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Flavonoids made up 18.40% of AAP phytoconstitueatkaloids 10.00% while reducing compounds made up
15.97% of it. Glycosides made up 0.90% while tasninade up 0.52% of it. The data obtained, throungh t
guantitative determination of phytochemical in AsPpresented in table 6.

Table 6: Percentage Composition of Crude Alkaloids, Tannins, Glycosides,
Flavonoids and Reducing Sugar in AAP

Name of Sample Alkaloids Tannins Glycosides Flavonoids Reducing
% % % % Sugar %
AAP 10.00 0.52 0.90 18.40 15.97

Antibacterial Activity of the Selected Herbal M edicines

The antimicrobial sensitivity testing of the herbatdicines was carried out using disc diffusionhtrndton Muller-
Hinton agar. Different concentrations of each oé therbal medicines were prepared, which were 500thgm
250mgmt*, 125mgmf* and 62.5mgnt, of which zones of inhibition were measured anfressed as its mean +
standard error. There were significant differenffes< 0.05) between the various herbal medicines dige the
study. The herbal medicines DAH herbal remedy, CRBB, EPL, UMU, UAE, NH2 herbal remedy, GBM, AMB
and AAP has the following mean zone of inhibitiggamstStaphylococcus aurel.88 + 3.60, 0.00 8.00, 9.63+
0.88, 0.00_+0.00, 8.00_+0.85, 2.63 40.25, 8.75_+0.98, 9.38_+1.06, 9.63_+1.06 and 0.00 ©.00 millimetres
respectively.

The significant difference (P < 0.05) between lileebal medicines DAH herbal remedy, CNB, OCB, EBMU,
UAE, NH2 herbal remedy, GBM, AMB and AAP were 110.62.48, 3.88 .34, 5.63 .43, 0.00 ©.00, 0.00 +
0.00, 5.75 #.36, 5.38 .35, 5.38+ 0.41, 5.50+ 0.43 and 0.08 0.00 millimetres respectively againstebsiella
pneumonia For Streptococcus, faecalithere were no significant difference betweendffect of herbal medicine
CNB, OCB, EPL, UMU, UAE, NH2 herbal remedy, AMB,c®AP on the tested microorganism, but there was
significant difference in the effect of DAH herbraimedy and GBM on the clinical isolates.

The effects of DAH herbal remedy, CNB, OCB, EPL, UMJAE, NH2 herbal remedy, GBM, AMB and AAP on
Pseudomonas aeroginogere: 13.63 £.18, 0.00 +0.00, 3.38 0.34, 5.88 #).41, 0.00 +0.00, 1.88 0.25, 1.75 +
0.50, 1.88 +0.75, 5.13 40.35 and 0.00 -©.00 millimetres respectively. Fdficrococcusspp, the effect of the 10
herbal medicines - DAH herbal remedy, CNB, OCB, EBMU, UAE, NH2 herbal remedy, GBM, AMB and AAP
were 9.50 +2.83, 0.00 +0.00, 0.00 +0.00, 0.00_+0.00, 0.00 +0.00, 0.00 +0.00, 0.00 +0.00, 0.00 +0.00, 0.00 +
0.00 and 0.00 ©.00 millimetres respectively.

That of Proteus vulgarisvas: 10.63 .42, 0.00 +0.00, 6.75 40.71, 0.00 +0.00, 0.00 +0.00, 0.00 #.00, 0.00 +
0.00, 8.88_+1.44, 3.75_+2.35, and 0.00_-©.00millimetres respectively. In the case 8&Imonellatyphii, the
antibacterial activity profile of the selected harimedicine: DAH herbal remedy, CNB, OCB, EPL, UMUAE,
NH2 herbal remedy, GBM, AMB and AAP to it were: 83.+2.80, 0.00 +0.00, 8.50 +0.65, 0.00 +0.00, 0.00 +
0.00, 2.00 40.50, 8.25 +0.65, 8.00 #0.73, 8.63 +1.12 and 0.00 ©.00millimetres respectively. WitEscherichia
coli, they were: 12.50 .09, 0.00 .00, 4.00 .41, 5.5 +0.43, 5.75 +0.43, 0.00 .00, 3.88 .44, 0.00 +0.00,
3.75 +0.45 and 0.00 ©.00millimetres respectively. Table 7 shows the zonkembibition of the growth of the
tested clinical bacteria using selected herbal oiees. According to table 8, some of the herbaHinires
evaluated showed the same or almost the same pbidsbition as that of orthodox antibiotics. Meéaa that they
can be effectively used for the treatment of dissasmused by these test bacteria if only the manuxs of these
herbal medicines will follow Good Manufacturing Etise (GMP) in order to bring the contaminants te i
permissibly limit.
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Table7: Susceptibility of Test Bacteria to Selected Herbal Medicines

Herbal Medicine Sample Code Number
Test Bacteria 1 2 3 4 5 6 7 8 9 10

Staphylococcus aureus 20.88 + 3.0°  0.00 + 0.00° 9.53+0.88° 0.00+0.00° 8.00+0.85° 2.63+0.25° 8.75+0.98° 9.38+1.06° 9.63+1.01°  0.00+0.00°
Klebsiella pneumonia  11.00+2.48° 3.88+0.34° 5.63+0.43° 0.00+0.00° 0.00+0.00° 5.75+0.36° 5.38+0.35° 5.3840.41° 5.50+0.43°  0.00+0.00°

Streptococcus faecalis  17.75+1.55°  0.0040.00° 0.00 +0.00° 0.0040.00° 0.0040.00° 0.0040.00° 0.0040.00° 11.25+1.18° 0.0040.00°  0.0040.00°
Pseudomonas seroginoss  13.6342.18°  0.0040.00°  3.38+0.34°  5.88+0.34° 0.00+0.00° 1.8840.25° 1.7540.50° 1.88+0.75 5.1340.35°  0.00+0.00°
Micrococcus spp. 9.50+2.83*  0.0040.00°  0.0040.00° 0.0040.00° 0.0040.00° 0.00400° 0.00+00°  0.0040.00° 0.0040.00° 0.004+0.00°
Proteus vulgaris 10.63+1.42° 0.0040.00°  6.7540.71°  0.00+0.00¢ 0.0040.00° 0.00+0.00° 0.0040.00° 8.88+1.44° 3.7542.35°  0.0040.00°
Salmonella typhii 15.63+2.80° 0.00+0.00° 8.5040.65°  0.00+0.00° 0.00+0.00° 2.00+0.50° 8.25+0.65 8.00+0.73° 8.63+1.12°  0.00+0.00d
Escherichia coli 12.50+1.09° 0.0040.00°  4.0040.41° 5.50+0.43 5.75+0.43° 0.00+0.00° 3.88+0.44° 0.0040.00° 3.75+0.45° 0.00+0.00°

Mean (average) zone of inhibition with same letleseperscript signifies no significant differendeile mean (average) zone of inhibition with differkettered superscript signifies that there wagdicant difference in the
anti-bacterial effect of the herbal medicine to test bacteria.

KEY

1 - DAH herbal remedies 6 - UAE

1 - CNB 7 - RHerbal remedy
2 e OCB 8 - B

4 e EPL 9--- AMB

| Je— UMU 10 --AAP

Table 8:Antibacterial Activity of Selected Antibiotics (Control) to Test Bacteria

Mean Zones of Inhibition (mm)
Test Bacteria * +ve/-ve Controls

CN CPX SXT W
Staphylococcus aureuls 20 + 1.4 18 +0.5 18 +0.8 NA
Streptococcus faecalig 19 0.8 18+2.0 17+2.2 NA
Micrococcusspp 12+1.4 24+2.7 14+1.2 NA
P. aeruginosa NA 27+0.58 NA NA
Escherichia coli 2112 24+0.58 1105 NA
Samonella typhi 18+ 0.5 27+1.2 NA NA
K. pneumonia 28+0.5 25+0.8 18+1.2 NA
Proteus vulgaris 25+7.2 23+1.7 NA NA

Data are expressed as mean +*standard error (SHEjmfcate trials. Values with different supergaracross the rows are statistically significaRt€ 0.05). *CN (gentamycin 10 pg), CPX (ciprofloxa80 pg), SXT (septrin
30 pg) = positive controls and W (water) = negatdamtrol. NA = No activity.
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Figure 3: Theantibacterial profile of selected herbal medicineto test bacteria
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Table 9: Summary of theMIC and MBC Regimes of Evaluated Herbal M edicinesto Test Bacteria

TEST BACTERIA 1 (mzml™) 2 (mgml™) Imegml™) 4(mem™) S(meml™) 6 (mgml™) T(mgml™) 8 (meml™) 9(mgm™) 10 {mgml™)
MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC
Escherichia coli 125 230 =1000 =2000 125 =300 =1000 =2000  =1000 =2000  =1000 =2000 =1000 =2000 230 230 125 300 =1000 =2000

Klebsiella preumonia  62.3 =123 =1000 =2000 230 =300 =1000 =2000 =1000 =2000  =1000 =2000 =1000 =2000 =1000 =2000 =625 =623 =1000 =2000

Micrococous spp. 6235 125  =1000 =2000 =1000 =2000 =1000 =2000 =1000 =2000 250 =300 125 250 =1000 =2000 125 250 =1000 =2000
Proteus vulgariz =623 300  =1000 =2000 =1000 =2000 =1000 =2000 =1000 =2000 250 =300 <6235 =300 =1000 =2000 125 =300 =1000 =2000
FPreudomonas
aeroginesa <6235 125 =1000 =2000 =1000 =2000 =1000 =2000 =1000 =2000 =1000 =2000 125 =300 =1000 =2000 125 =300 =1000 =2000
Salmorella phii <6235 125  =1000 =2000 =1000 =2000 =1000 =2000 =1000 =2000 125 =500 300 300 =1000 =2000 <625 <623 250 =500
Staphylococcus
QUFELS 625 125  =1000 =2000 =1000 =2000 =1000 =2000 =1000 =2000 =1000 =2000 =1000 =2000 =1000 =2000 =625 123 =1000 =2000
Strepiococcus
Jhecalis <625 123 =1000 =2000  =1000 =2000 =1000 =2000 =1000 =2000  =1000 =2000 =625 230 =1000 =2000 =623 230 240 =300
KEY
MIC --- Minimum Inhibitory Concentration 1 --- DAH herbal remedy 5---UMU 9 --- AMB
MBC --- Minimum Bacteriocidal Concentration -2ENB -6UAE 10 --- AAP
Mgmf* “Miligram per millilitre 3---0CB 7 --- NH2 herbal remedy
Spp. ---Species 4 --- EPL 8 --- GBM
1986
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Figure 4: Effect of the herbal medicine concentrationson test bacteria
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The minimum inhibitory concentration (MIC) of DAHetbal remedy for the different test bacteria ranigetiveen
62.5 — 125 mgnl that of CNB, EPL and UMU was $000 mgmif. The herbal medicine OCB and UAE has its
MIC between the range of 125 -1900 mgnif, while that of NH2 herbal remedy ranged betwees25 - >100
mgmi. Also, the MIC of GBM and AAP ranged between 2501000 mgmil and that of AMB ranged between <
62.5 to 125mgmt.

The minimum bactericidal concentration activity (KB of the herbal medicines for different bacterdaged
between 125 — 250 mgihfor DAH herbal remedy, 2000 mgmif for CNB, EPL and UMU, >500 - 3000 mgmif
for OCB, UAE and AAP. Also, the MBC of NH2 herbamedy and GBM ranged between 250 2600 mgmif
while, that of AMB ranged between < 62.5 — 125 mgfflable 9).

Effect of Concentration of Herbal M edicine on Test Bacteria

All test clinical isolates were sensitive to thelda medicines. Four varying concentration of tleebal medicines
that is 500mgmt, 250mgmit, 125mgmf* and 62.5mgmt formed the factor A used for the statistical asislyOut

of the four varying concentration of the herbal mitks, 500mgmt concentration gave better results for all the test
bacteria.

There were significant differences in the effecttioé concentration of the herbal medicine Staphylococcus
aureususing the mean zone of inhibitionS:E, which were 10.1 2.81, 7.1 +1.74, 5.1 +1.11 and 4.75 ©.53
millimetres respectively. That dflebsiella pneumoniavas 5.95 +1.86, 5.95 +0.51, 5.1 +0.34 and 0.00 ©.00
millimetres for 500mgmt, 250mgmt, 125mgmf* and 62.5mgmt.

The concentration effect of the herbal medicineStreptococcus faecaligave a mean zone of inhibition of 3.8 +
1.57, 3.15 +1.45, 2.65 +1.11 and 2.00 4.07 millimetres while that d?’seudomonas aeroginosere 6.75 +2.12,
3.80 +1.29, 2.85 #1.29 and 0.00 ©.00 millimetres an#licrococcus spp2.35 +1.12, 1.45 +40.67, 0.00 .00 and
0.00 +0.00 millimetres for 500mgni| 250mgmt', 125mgmi* and 62.5mgmt.

The other test bacteriaRProteus vulgarisSalmonellayphii andEscherichiacoli gave a mean zone of inhibition of
5.1 +1.49, 4.15 #.00, 2.75 0.99, 0.00 .00, 6.75 +2.24, 5.15 #1.43, 4.6 +0.81, 3.9 +0.49, 5.65 +1.54, 5.6 +
1.19, 2.9 +1.01 and 0.00 6.00 millimetres for 500mgmn|] 250mgmt*, 125mgmf" and 62.5mgmt (Table 10).

TABLE 10: Effect of the Herbal M edicine Concentration on Test Bacteria

Test bacteria Concentrations (mghnl

500 250 125 62.5

Staphylococcus aureus 10.1 2.8F 7.1+1.74 5.1+1.1f 4.75+0.53
Klebsiella pneumonia  5.95+1.86 5.95+0.5F 5.1+0.34 0.00+0.00
Streptococcus faecalis 3.8 +1.57 3.15+1.48 2.65+1.11° 2.00+1.07
Pseudomonas aeroginosa.75 +2.17 3.8+1.29 2.85+1.29 0.00 +0.0¢'
Micrococcus spp. 2.35+1.17 1.45+0.67 0.00+0.00 0.00 +0.0¢f
Proteus vulgaris 51+1.49 4.15+1.00 2.75+0.99 0.00 +0.0¢
Salmonella typhii 6.75+2.24 5.15+1.43 4.6+0.81 3.9+0.49
Escherichia coli 565+1.54 56+1.19 2.9+1.0° 0.00+0.00

In the rows, mean zones of inhibition with saméeletd superscript signifies that there was no fagmit difference
in the effect of the concentrations on test baateWhile mean zones of inhibitions with differemttéred
superscript signifies that there were significaiffedence in the effect of the concentrations @t teacteria.

Medicinal plant materials carry a large number éérobes originating from the soil. Micro-organismwisvarious
kinds normally adhered to leaves, stems, flowe¥sds and roots. Additional contaminants may alsmtreduced
during harvesting, handling and production of vasicherbal remedies since no conscious efforts adento
decontaminate the herbs other than washing them.

Phyto-pharmaceutical drugs or any orthodox pharotézad product to be used internally in the humaranimal
body should be sterile to avoid infecting the usiethe product with the contaminant. According igufe 1 and 2,
isolating bacteria and fungi respectively in sucineguency does not mean that they are normal fiéthe plants
used to prepare the medicines, they are the condamts.

Table three and four shows the bacterial and fulogals respectively of the sampled herbal medicitrese, one
can see that UMU (herbal medicine) had a bactkral of 27.7 +3.39 x 18 cfuml™ followed by UAE with 24.5 +
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4.98 x 16 cfumr*which are on the high side, whereas the world heatjanization, British Pharmacopoeia and the
United State Pharmacopoeia have recommended ttdengibrobial limits in non-sterile pharmaceuticabgucts
which include 16 cfuml™ bacteria and focfumi™® fungi. The other sampled herbal medicines were abmeet this
limit to some extent. The possible reason why thergbial load of UMU and UAE were high, may be fraheir
environment where they were harvested, method eparation or they were been preserved in a contdetn
vessel. Microbial contaminants of herbal medicirgyralso occur through handling by personnel whoirdeeted
with pathogenic bacteria during harvest/collectiointhe herb, post-harvest processing and the matuiag
process. This could be controlled by implementiagtlpractice guidelines such as GACP and GMP [1].

Other reasons for the contamination of the hertedioine could be that the water used in piagaor diluting
the juice extract of the plant part used for thalitiee contained the contaminating bacteria, ohéffinal product-
the suspension of the solution of the herbal madigras stored in improperly washed containers [@9Jn CNB in
which the seller has to fetch rain water to rirfee d¢ontainer before dispensing the herbal medicirike researcher
who pretended to be down with an ailment.

The World Health Organisation survey indicated thabut 70-80% of the world population particulaity
developing countries like Nigeria rely on non-comtignal medicines mainly of herbal origins for therimary
health care [24][1]. This is because herbal medgiare accessible and cheap. Therefore the gaalitysafety of
herbal preparations are also of great concern.\Whk (1993) explained that quality is the basis egroducible,
efficacy and safety of herbal drugs, and to ensueestandard of research on herbal medicines, uhéty) of the
plant materials or preparation is of utmost impoct

The phytochemical studies of selected herbal neekc sold in Calabar showed the presence of atkgloi
glycosides, reducing compound in about 70% of #mdl medicines as been present in excess, prasémiresent
in much excess respectively. Saponin was foundib &f the herbal medicine. Tanins and flavonoidsewfeund
in 40% of the herbal medicine while polyphenol @sd in 80% of the herbal medicine. Phlobatartirigrpenes,
anthraquinones and hydroxymethyl anthraquinoneg feemd in 20%, 30%, 10% and 20% of the herbal oiedi
studied respectively.

In this study, DAH herbal remedy showed greatarezoof inhibition to all the clinical bacteria wittones of
inhibition ranging from 9.5-20.88mm across the oai meaning that DAH herbal remedy had broad spectf

activity to both gram positive and gram negativetbdaa. The phytochemical constituent of such Hentedicine

could be research into further in other to us@ itdmbating the ever increasing multidrug resisasicbacteria to
antibiotic. This finding is similar to that carriedit by Mbotoet al, (2009).

OCB had the second largest zone of inhibition f6%70f the test bacteria with mean zone of inhibitranging

from 4.00-9.63mm, while AAP had the least zonenbibition to all the test bacteria.

There were significant differences in the antibaateactivity of DAH herbal remedy t&taphylococcus aureus
than do the other herbal medicines going throughvirious rows in table 7. There were no signifiaifferences

in the antibacterial effect of OCB, UMU, NH2 herlsamedy, GBM and AMB t&taphylococcus auredgnce the
superscripth. Along the Streptococcugaecalisrow, there were no significant differences in #féect of CNB,

OCB, EPL, UMU, UAE, NH2 herbal remedy, AMB and AA®it.

NH2 herbal remedy was effective agaiBsaphylococcus aureus, Klebsiella pneumonia, Psaeodas aeroginusa,
Salmonella typhii and E. colgiving wide zones of inhibition going through tb@umn of table 7. This was because
natural honey was part of the ingredient used @paring the herbal medicine. This is similar teesearch carried
out by Mbotoet al, (2009).

OCB and AMB were effective again§taphylococcus aureus, Klebsiella pneumonia, Psedam aeroginusa,
Proteus vulgaris, Salmonella typhii and E. dodicause aloe vera was part of the herbal plamt imspreparing the
herbal medicine. This is also similar to the wodad by Tapselét al, (2006) and Mustaphet al., (2009). Aloe
vera has been known as herbal medicine for healmgnds, cuts, burns etc.

The concentrations of the various herbal medichb a varying effect on the test bacteria. Taldb®ved that at

500mgmi* the herbal medicine exhibited greater effect anttst bacteria. Meaning that according to onetlybo
weight, one can double or reduce the concentratidine drug for effective treatment and to avoitbxication.

The results presented in this study on the steolfithe herbal medicines showed that even thowghat medicines

are specifically formulated and hygienically pregghto meet NAFDAC specification, there are incespagsences

of environmental contaminants in the final prodddtis poses a great public health problem to the wsers and

called for routine supervision and/or inspectiorthese herbal drug manufacturers by SON-Standagdr@ation
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of Nigeria or NAFDAC for continual conformation their standard at all times in order to cope oestrthese cases
of contaminants.

In conclusion, | would strongly recommend the ubéerbal medicine for use in the Nigeria healtht@ecsince it
has proved to be better in handling the multidegjstant microbes, accessible and cheap. The gingtitients of
the selected locally produced herbal medicines watrmined and it showed that it have antimicrgbial
antimutagenic, anticarcinogenic, antiproliferatamd vasodilatory actions. The bacterial load ofgllkected locally
produced herbal medicine were equally determinedyhich that of UMU and UAE exhibited a bacteriahd
above that set by the World Health Organizatioritigr Pharmacopoeia and the United States Pharroatnp
while that of the other herbal medicines were ablmeet the recommended tolerable microbial linmitson-sterile
pharmaceutical products. However, further phytodbahbenefits of these herbal medicines shoulddw linto,
and further research should be carried out on theotoxins, pesticide and toxic heavy metal contamis of the
herbal medicines sold in Calabar, Nigeria.
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