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INTRODUCTION

In the Far North Region of Cameroon where the rate of extreme 
poverty is the highest in the country (41%), livestock production 
is one of the main activities and represents the second highest 
source of cash income to the rural populations after cotton [1,2]. 
In this region where breeding is a tradition for many native 
ethnic groups, infectious animal diseases including foot and 
mouth disease (FMD), constitute one of the mainhindrances to 
cattle productivity and production [3]. To treat this disease and 
to improve their yield, 69% of farmers use a variety of veterinary 
pharmaceutical medications and 25% of them use traditional 
medicine [4]. Herders who use veterinary drugs usually misuse 
them [4] and this would bring many consequences for animals 
and consumers [5,6].

Instead, the plants already very accessible, even used at 
uncertain doses are generally effective, easy to prepare and 
to administer, non-toxic, and little or no cost to herders [7]. 
They constitute a good alternative for the treatment of 
animals in this area. Indeed, in many countries in Africa, 
herbal medicines are more and more used to treat animal 
diseases [9,10]. Ethnobotanical documentation of medicinal 
plant used is generally an appropriate means of identifying 
potential sources of new drugs. Unfortunately, in this region 
of Cameroon, according to available literature, there is not 
yet information concerning the use of traditional medicine 
in animal clinics.

The aim of this study was to investigate the plants used for 
the treatment of FMD in cattle by livestock farmers in the Far 
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ABSTRACT
Aim: Plants used in the Far North Region of Cameroon by livestock farmers to manage foot and mouth disease 
(FMD) in cattle and the phytochemical composition and antioxidant potentials of two of them (Boscia senegalensis 
[BS] and Tapinanthus dodoneifolius [TD]) were investigated in this study. Materials and Methods: Ethno 
veterinary data were collected from 325 livestock farmers using semi-structured interviews from September 
2011 to April 2012. The 2,2-diphenyl-picrylhydrazyl radical scavenging activity and total phenolic content (TPC) 
were first performed with five different solvents to choose the best extract of each plant based on these two 
factors. To achieve our aim, the ferric iron reducing activity, hydroxyl radical scavenging activity (HRSA), free 
radical scavenging activity (FRSA), vitamin E and iron content were analyzed on extracts selected using current 
techniques. Results: The results showed that 12 plants of 8 different families are regularly used by farmers to 
manage FMD. It also demonstrated that acetone extract of TD and methanolic extract of BS are the extracts 
which showed the best total antioxidant activity (AA) and the best TPC. In general, TD show the best AA 
during the HRSA and FRSA analysis compared with BS. Similarly, TD content more phenolic compounds and 
tannins than BS. Both plants contain proteins, saponins, tannins, phenols, alkaloid, and polyphenols which are 
known to have many biological activities. Conclusion: These results support the AA of both plants and can 
justify their use by herders to treat FMD which is often followed by many secondary diseases.
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North Region of Cameroon and to evaluate the phytochemical 
composition and antioxidant potentials of both of them (Boscia 
senegalensis [BS] Lam. and Tapinanthus dodoneifolius [TD] 
[DC.] Danser).

MATERIALS AND METHODS

Study Area

A survey was conducted in the Far North Region of Cameroon 
[Figure  1] from September 2011 to April 2012 as previous 
described [4]. The region lies between 9° and 13° north and 
13° and 16° east with a total area of approximately 34,263 
km² [10,11]. The mean annual rainfall is 700  mm and the 
temperature ranges between 27 and 41°C [12]. This area has a 
semi-arid climate with a single rainy season and one dry season 
of 8  months [9]. Two phytogeographic zones characterize 
the region: Sudanian in the southern grades and Sahelian in 
the Logon floodplain [13]. The plants mentioned during the 
survey by famers were directly collected with their help and 
then identified by M. Hamawa, a botanist in the University of 
Maroua. Phytochemical screening of all the plants collected 
were done and a literature were found to select the best plants 
to study further.

Plant Material

Plant materials used in this study were collected in June 
2013 from Petté (leaves of BS) and Tokombéré (twigs of 
TD) districts in the Diamaré and Mayo Sava Divisions 
respectively in Far North Region of Cameroon. TD were 
collected from host plant Acacia albida. These plants were 
then identified and authenticated in the National Herbarium 
in Yaoundé were the Voucher specimens already existed under 
the reference numbers 23137 SRF/Cam and 50271 HNC 
respectively for BS and TD. The samples were collected in 
the morning (around 7 am), cleaned with tap water and air 
dried under a shade before grinding it to powder using a desk 
top mill fitted with a 500 µm sieve. The dried samples were 
then pulverized in a mill. The powder obtained was then 

sieved using a sieve of mesh 500 µ in diameter. The obtained 
powders were then put in polyethylene plastic, sealed and 
stored at 4°C in a refrigerator until when they were needed 
for analysis. The first phytochemical screening for choosing 
the plants for this study was done in the Veterinary Diagnostic 
Laboratory (Iowa State University, US), while the remainder 
analysis were performed in the National Advanced School 
of Agro-industrial Sciences (University of Ngaoundere, 
Cameroon) in July and August 2013.

Determination of an Optimum Solvent Partition Procedure

An analysis was first conducted to determine the solvent that 
would allow us to have the best antioxidant activity (AA) and the 
highest quantity of total phenolic compounds for both plants. 
To this effect, we considered the 2,2-diphenyl-picrylhydrazyl 
(DPPH) radical scavenging activity of extracts as the indicator 
of potential AA of the extracts [14].

Extraction

Five different solvents were used including: water, 70% acetone 
(v/v), methanol, 80% methanol (v/v) and dichloromethane. 
They were used due to their properties and because they were 
available in our laboratory [15]. To obtain each extract, 25 g 
of ground plant sample were extracted by stirring with 250 mL 
of solvent at room temperature (around 25°C) for 24 h and 
filtering through Whatman #1. The volume of the extract 
was removed by evaporation and the lot stored in a sealed 
tube at 4°C until when needed. For the dried extracts (pure 
methanol and dichloromethane), 0.02 g of powder obtained 
after evaporation were mixed with 100 mL of methanol and 
added to obtain a solution of 0.2 μg/μL. As against the other 
extracts which still contained water (80% methanol extracts 
and 70% acetone), volumes were complemented to 100 mL 
with distilled water. For aqueous extracts of which the volumes 
obtained were >100 mL, the volume was complemented to 
200 mL with distilled water.

Determination of total phenol content (TPC) of the best 
extracts

TPC was determined using the Folin–Ciocalteu colorimetric 
method [16].

DPPH radical scavenging activity

The method described by Tepe et al. [17] was used. The AA 
of each extract was represented by IC50 parameter (substrate 
concentration required to cause the loss of 50% of the initial 
concentration of DPPH).

Determination of AA of the Best Extracts

Ferric iron reducing activity (FIRA)

The method described by Oyaizu [18] was used for this analysis.Figure 1: Study area in the Far North Region of Cameroon [4]
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Hydroxyl radical scavenging acti

This was conducted according to the method of [19] 
with some modifications described below. In a test tube, 
100 µL of extract, 500 µL of 5.6 mM 2-deoxy-D-ribose, 
200 µL of a premixture of 100 µM FeCl3 and 100 mM 
ethylenediaminetetraacetic acid (1:1 v/v) solution, 100 µL of 
1.0 mM H2O2, and 100 µL of 1.0 mM aqueous ascorbic acid 
were introduced. Tubes were well vortexed and incubated at 
50°C for 30 min. Thereafter, 1 mL of 2.8% trichloroacetic 
acid and 1 mL of 1% thiobarbituric acid were added to each 
tube and vortexed mixture and heated in a water bath at 
50°C for 30 min. The extent of oxidation (or deoxyribose 
degradation) was evaluated by measuring the absorbance 
of the solution at 532 nm. The percentage inhibition values 
were calculated from the absorbance of the control (Acontrol) 
and of the sample (Asample) using equation where the controls 
contained all the reaction reagents except the extract or 
positive control substance. Mannitol was used as standard. 
The AA of the extracts was expressed as equivalent mannitol 
(mg of manniol/g of powder) according to the following 
equation:

HRSA(%)=
A -A

A
×100control sample

control

Free radical-scavenging activity (FRSA) by the use of a stable 
ABTS radical cation

The FRSA was determined by ABTS radical cation decolorization 
assay modified by Re et al. [20]. The results were corrected for 
dilution and expressed in mg trolox per 100 g dry weight.

A.A (%) = (ODinitial –Aassay)/ODinitial × 100

Determination of Total Flavonoid

The method of aluminum trichloride [21] was used to 
determine the total flavonoids content.

Determination of Total Tannins

This analysis was conducted following the method described 
by Makkar et al. [16].

Determination of Vitamin E

The vitamin E content was assessed by the spectrophotometric 
method as described by De Leenheer et al., and Milne et al. [22,23], 
with some modifications described below. Briefly, 1 g of powder 
was mixed with 30 mL of the solution of hexane/acetone (30/70). 
The mixture was successively heated to reflux for 1 h, cooled 
and filtered using the Whatman #1. The filtrate was washed 
with distilled water in a separating funnel and the lipid phase 
was collected in an Eppendorf.

For each sample, 0.1 g of oil were diluted in ethanol, transferred 
to tanks and their optical density were read at 522 nm. Trolox 
was used for calibration.

Determination of Iron Content

This assay was carried out according to the method of [24].

Phytochemical Screening

This analysis was performed using the best extracts selected 
after the previous analysis (TPC and FIRA) according to classic 
laboratory methods as described by [15,25-27].

Statistical Analysis

Data were presented as mean ± standard deviation. One-way 
analysis of variance followed by Duncan’s multiple range 
test was performed using Statgraphics 5.0. (Windows, www.
statgraphics.com) to compare this data. A probability level of 
0.05 was accepted as being significant.

RESULTS

Survey Result

The results of the survey showed that 12 plants of 08 different 
families were used to treat FMD in the Far North Region of 
Cameroon. The parameters of use of each plant is summarize in 
Table 1. It is also important to note that the number of plants 
give here is less than the real number of plants used, because 
many farmers refused to tell us the local name of what they use. 
It revealed that the Mimosaceae family is the most widely used 
(23% or 3 of 13). The parts used are generally administered in 
macerated form (46% or 6 of 13) but may sometimes be given in 
association with salt. Administration to the animal is generally 
by the oral route (77% or 10 of 13). The doses are not generally 
defined and no undesirable secondary effects have been 
reported. During the survey, farmers said to use these plants 
alone or in combination with some elements like salt, urine of 
the animal that will be treated, honey, natron, tchoukouri, and 
kilbou (calcium carbonate). Among the 25% of herders who use 
the traditional medicine to manage FMD [4], 28%, 23%, 15% 
and 13% respectively use calcium carbonate, urine, salt and 
honey in association or not.

Selection of the Best Solvent

As tabulated in Table  2, the TPC fluctuate from 0.207 to 
8.578  g/100  g diabetes mellitus (DM). For the leaves, it is 
the extraction with methanol which gave the highest TPC 
(3.539 ± 0.258 g/100 g DM) while the dichloromethane had 
the lowest value of TPC (0.207 ± 0.01 g/100 g DM). Instead 
of TD the best TPC was recorded when using methanol 
(8.578 ± 0.532 g/100 g DM).

As the TPC, the IC50 were also significantly (P < 0.05) varied from one 
solvent to another with values that range from 1.41 ± 0.50 mg/mL 
(methanolic extract of BS) and 357.12 ± 37.35 mg/mL (80% 
methanolic extract of BS). The IC50 of the leaves methanolic 
extract was significantly lower than that of the water extract 
(11.35 ± 1.86 mg/mL). But for TD it is the 70% acetone extract 
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which had an IC50 (84.79 ± 13.11 mg/mL) significantly lower than 
that of water (108.10 ±17.42 mg/mL) (P < 0.05).

AA

Table 3 shows the summary of the results of AA of both plants. The 
reduction of ferrous ion (Fe3+) to ferric ion (Fe2+) is measured by 
the intensity of the resultant blue-green solution which absorbs at 
700 nm. It shows that the reducing power of methanol extract of BS 
is much more pronounced (16.850 ± 1.340 mg ascorbic acid/g of 
powder) than that of acetone extract of TD. On a contrary the ability 
of leaves to stabilize the radical cation ABTS0+ was significantly 
less (523.62 ± 0.86 µM Trolox/100 g DM) than the one of the 
acetone extract of TD (1460.10 ± 3.90 µM Trolox/100 g DM). It 
also came out that deoxyribose was significantly more protected by 
the acetone extract of TD (6.557 ± 0.017 mg mannitol/100 g DM) 
than methanol extract of BS (2.786 ± 0.409 mg mannitol/100 g 
DM). We also noted a significative difference between the different 
types of techniques used to evaluate the AA of the plants studied. 
Indeed, for both plants, the best activity was noted when using the 
trolox equivalent antioxidant capacity.

Some Important Elements Content of BS and TD

The levels of flavonoids measured was 305.463 ± 4.453 mg ethoxyquin 
(EQ) of quercetin/100 g DM for BS and 80.894 ± 1.684 mg EQ of 
quercetin/100 g DM for TD but this plant contained significantly 
more tannins (8.429±0.011 g EQ tannic acid/100 g DM) [Table 4]. 

Our results also showed that the methanol extract of BS contained 
more vitamin E (5.740 ± 0.562 mg trolox/100 g MS) and iron 
(0.478 ± 0.015 mg/100 g DM) than the acetone extract of TD.

Phytochemical Screening

Phytochemical analysis showed that extracts of both plants 
contain flavonoids, tannins, phenol, polyphenols compounds, 
glycosides, proteins, triterpenes and alkaloids [Table 5].

DISCUSSION

It became clear from the survey conducted that many plants are 
used to treat FMD. This can be explained by the fact that, FMD 

Table 1: Overview of plants used for the treatment of cattle affected by FMD
Scientific name Families Local name (Fulfulde) Parts used Administered form Administration route

A. nilotica Mimosaceae Gawari Leave Decoction Oral
A. nilotica Mimosaceae Gabde Fruit Maceration Oral
A. seyal Mimosaceae Bulbi Stem back Maceration+salt Oral
T. dodoneifolius Loranthaceae Yowtéré caski Stem Maceration Oral
K. senegalensis Meliaceae Daleehi Stem back Maceration+salt/gruel Oral
B. senegalensis Capparaceae Buldumhi Leave Decoction Oral/injection
T. aestivum L. Gramineae Alcamari corn Maceration+honey Dermal
A. indica Meliaceae Ganyi Root Maceration Dermal
C. limon Rutaceae leemon Fruit Juice Oral
V. paradoxa Sapotaceae Kareti Fruit Butter Oral
T. indica Fabaceae Jabbe Fruit Juice Oral
Sorgho sp. Poaceae Gawari Seed Malt Oral
Z. mays Poaceae Maasarji Stem Ash Dermal

FMD: Foot and mouth disease, A. nilotica: Acacia nilotica, A. seyal: Acacia seyal, T. dodoneifolius: Tapinanthus dodoneifolius, K. senegalensis: Khaya 
senegalensis, B. senegalensis: Boscia senegalensis, T. aestivum: Triticum aestivum, A. indica: Azadirachta indica, C. limon: Citrus limon, 
V. paradoxa: Vitellaria paradoxa, T. indica: Tamarindus indica, Z. mays: Zea mays

Table 2: TPC and DPPH radical scavenging activity
Solvents Plants Standards

B. senegalensis T. dodoneifolius AC BHT

TPC (g/100 g DM) IC50 (μg/mL) TPC (g/100 g DM) IC50 (μg/mL) IC50 (μg/mL)

Dichloromethane 0.207±0.018c / 0.333±0.011d / 18.27±0.45β 22.38±0.10γ

Methanol 3.539±0.258a 1.41±0.50aπ 8.578±0.532a /
80% Methano 1.412±0.079b 357.12±37.35dφ 3.6015±0.097c 116.29±3.07aɳ

70% Acetone 0.213±0.024c 282.26±4.39cψ 3.695±0.103bc 84.79±13.11bλ

Water 1.476±0.027b 11.35±1.86bɦ 4.011±0.336b 108.10±17.42bρ

Values with different letters of the French alphabet in the same column are significantly different (P<0.05), Mean±SEM; n=3, letters of the Greek 
alphabet represent the correlation coefficient of the standard obtained (π0.9824, φ0.9055, Ψ0.9901, ɦ0.8614, ɳ0.9750, λ0.9342, ρ0.9022, β0.9041, 
γ0.9595), /Values inferior to zero, BHT: Butylated hydroxytoluene, AC: Ascorbique acid, DM: Dry matter, SEM: Standard error of mean

Table 3: Antioxidant activities of plants
Plants P value

B. senegalensis T. dodoneifolius

HRSAα 2.786±0.409b 6.557±0.017a 0.0001
FRSAβ 523.62±0.86a 1460.10±3.90b 0.0000
FIRAφ 16.850±1.340a 0b 0.0000

Values with different letters in the same row are significantly different 
(P<0.05), Mean±SEM, n=3, α: mg mannitol/100 g DM (0.9669); 
βµM trolox/100 g DM (0.9904), φmg ascorbic acid/g of powder 
(R²=0.9726), HRSA: Hydroxyl radical scavenging activity, FRSA: Free 
radical scavenging activity, FIRA: Ferric iron reducing activity, 
B. senegalensis: Boscia senegalensis, T. dodoneifolius: Tapinanthus 
dodoneifolius, SEM: Standard error of mean
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which is a viral disease is generally followed by many secondary 
diseases [28]. Thus, the plants used by farmers of our study 
may help on treating secondary infections or symptoms or to 
boost the immune system because the majority said they saw an 
improvement on the health of the animals treated. Indeed, one 
plant can be a source of different biological active compounds, 
this is why one plant can be used to treat many diseases [29]. 
The knowledge of medicinal plant use among the livestock 
farmers is said to have been developed gradually over a period 
of practical experience and are generally transmitted from one 
generation to another.

The results showed that for BS, it is the methanol extract that 
showed the best total AA and the highest amount of TPC. 
This could be explained by the fact that generally methanol 
allows the extraction of anthocyanins, flavones, simple phenols, 
polyphenols, etc. [30], which are groups of compounds that the 
quantities in a plant were correlated to the AA [31-34]. The 
results also show that, when TPC increases, IC50 increases also. 
This shows that for this plant, it is the phenolic compounds 
that are responsible for the total AA. This confirms the 
findings of [33]. In the case of TD there is no correlation 
between TPC and total AA. It is the 70% acetone extract that 
shows the best AA and yet it has lower TPC than methanol and 
water extract. This could indicate that for this species it is not 
only phenols that are responsible for its AA. Indeed, acetone 
in addition to extract phenols, can also extract flavonols [30] 

for which the AA is well documented [33]. In addition, being 
mixed with water, the acetone may also allow removal of tannins 
and other phenolic compounds [35].

The results showed that the parts of the plants study have a 
good activity against free radical in comparison with some 
plants already used for the FMD and its secondary diseases 
treatment [36,37]. It also came out that, the best activity of both 
plants is noted when testing the FRSA by use of a stable ABTS 
radical cation. This may suggest that, the best mechanism of the 
AA of the plant extracts is the capacity to pick up free radical 
and stabilize the radical cation. Therefore, both plant extracts 
may contain more antioxidant compounds of first class which 
are the compounds which convert highly reactive radicals into 
stable molecules [38]. They can completely stop a reaction until 
the radicals are fully consumed. The antioxidants of this class 
are phenolic compounds [39]. Hence, our extracts may contain 
the phenolic compounds responsible for their AA, which is also 
verified by the results of Table 4. These polyphenols which act 
via the trapping of reactive oxygen species by reduction and 
the formation of inert complexes with iron and copper ions 
are capable to protect polyunsaturated lipids against oxidation 
phenomenon, generators of radicals and lipid aldehydes 
responsible for the development of several diseases [40].

The analysis obtained revealed the high concentration of both 
the tannins and flavonoid contents. The beneficial effects of 
several flavonol glycosides and various flavonoid-rich extracts 
of various plants are already known to have AA [41]. These 
suggest that in the present study, there may also be  a correlation 
between the rich tannins and flavonoid contents of the extract 
and its potent AA.

Tannins form a group of phenolics compounds resulting from 
polymerization of flavonoids units [42]. The tannin content 
of both plants can be considered higher when compared with 
plant materials used by herders to treat animal and human 
diseases [43-46]. These compounds are also known for their 
antioxidant and antitumor [47-49] which may help to treat 
the signs of FMD.

Similarly, the flavonoids which constitute the most important 
groups of phenols in plants [50,51] were found in high quantity 
in leaves. The amount of flavonoids contained in the extracts 
studied is very high compared to some plants used for the 
treatment of inter-digital lesions in animals [52]. In fact this 
symptom is one of the main characteristics of FMD when 
animals are affected. Studies made in 1986 by Selway [53] and 
2 years later by Thomas [54] already show that several flavonoids 
have antiviral effects, this makes us think that these group of 
compounds may contribute in the mechanisms of recovery 
of health of animals affected by FMD. They are also a good 
antioxidants, antimicrobial, antibacterial, anti-inflammatory, 
antiviral, antitumor, etc. [55-59].

The amount of vitamin E and iron obtained from plant 
extracts are not negligible since by definition, vitamins and 
trace elements are needed just in few quantities in the body. In 
addition, vitamin E is known among all the other vitamins as 

Table 4: Total tannins, flavonoid, Iron and vitamins E content 
of B. senegalensis and T. dodoneifolius

Plants P value

B. senegalensis T. dodoneifolius

Flavonoidα 305.463±4.453a 80.894±1.684b 0.0002
Tanninsβ 1.372±0.081b 8.429±0.011a 0.0000
Vitamin Eφ 5.740±0.562a 0.814±0.010b 0.0001
Iron (mg/100 g DM) 0.478±0.015a 0.379±0.022b 0.0003
Water content (%) 6.93±0.15a 5.63±0.25b 0.0001
Ash (%) 9.99±0.20b 7.81±0.21a 0.0002

Values with different letters in the same row are significantly different 
(P<0.05); Mean±SEM; n=3; α: mg EQ of quercetine/100 g DM 
(R²=0.9866), βg EQ tannic acid/100 g DM (0.961), φmg trolox/100 g 
MS, ρUI/g of powder, B. senegalensis: Boscia senegalensis, 
T. dodoneifolius: Tapinanthus dodoneifolius, SEM: Standard error of mean

Table 5: Phytochemical composition of the alcoholic extracts 
of B. senegalensis and T. dodoneifolius
Chemical compound Plants

B. senegalensis T. dodoneifolius

Flavonoid ‑ +
Phenols + +
Polyphenols compound + +
Tannins + +
Alkaloid (Hager’s test) ‑ +
Alkaloid (Dragendoff test) + +
Triterpenes + ‑
Glycosides + ‑
Protein + +
Saponins + +

+: Present, ‑: Absent, B. senegalensis: Boscia senegalensis, T. dodoneifolius: 
Tapinanthus dodoneifolius
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the best antioxidant with vitamin C [60]. The quantity found 
may contributed to improve the health of the cattle treated 
because it is well k that a low vitamin E status in cows reduce 
the immune response and likely increase the incidence of 
certain diseases. This prove it importance for the contribution 
to animal health [61]. Its AA are generally done by inhibiting 
lipid peroxidation in biological membranes [62]. Iron is also 
known to have AA [63].

The ash content ranged from 8 to 10%, which is significant and 
shows that our extracts could be a potential source of other 
minerals. These minerals, which according to several studies 
are however very involved in maintaining the health of the 
animal [64,65], could contribute for the treatment of cattle 
affected by FMD.

CONCLUSION

It appears form this study that 12 plants of 8 different families 
are regularly used by livestock farmers. Both the plants analyzed 
have a good AA and contain phenolic compounds, flavonoid, 
tannins, vitamin E and iron in non-negligible quantity. In 
addition, the screening shown also that they contain alkaloid, 
triterpenes, proteins and saponins. All these compound are 
known to have many biological activities. This can justify their 
use by herders to treat animal disease. The plants studied 
here can be seen as a potential source of useful drugs. Further 
studies on these plants are ongoing in order to isolate, identify, 
characterize and elucidate the structure of the bioactive 
compounds.
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