Ethnobotanical study and phytochemical screening of some plants used in the treatment of abdominal pain of infectious origin in Yaoundé (Central- Cameroon)



Abstract
Aim: An ethnobotanical study of some medicinal plants was carried out in several markets in the city of Yaoundé in central Cameroon, in the Mfoundi Department, after which chemical screening was carried out on some of them. The aim of this study was to show the different uses of plants in the treatment of abdominal pain of infectious origin.
Methodology and results: The method used was an ethnobotanical survey of adults present in the markets in the study area. The survey consisted of administering a semi-structured questionnaire to ascertain the multiple uses of plants by adults in various markets, and compiling a list of plants used to treat abdominal pain of infectious origin. Data was collected using semi-structured interviews. It resulted in the identification of 95 recipes involving 36 plant species divided into 30 genera and 22 botanical families. Garcinia kola and Garcinia lucida were used in 57 and 37 recipes respectively. The bark was the most frequently used part, accounting for 39.96% of the medicinal recipes. Decoction (41.05%) is the most commonly used method of drug preparation. The oral route is the most commonly used, accounting for 86.32% of cases. Phytochemical sorting of hydrolic and methanolic extracts of Garcinia kola, Garcinia lucida, Annickia affinis, Picralima nitida, Dacryodes edulis, Alstonia boonei, Rauvolfia vomitoria and Drypetes grossweileri revealed that the various drugs in these plants contain phenols, glycosides, saponins, tannins, flavonoids, alkaloids, steroids and anthraquinones, which give them various therapeutic properties.
Conclusion: These results can be considered as a source of information for scientific research in the field of pharmacology.
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1. Introduction 
A medicinal plant is a plant drug used for health purposes, at least part of which has therapeutic properties (ANSMPS, 2020). Frequently used in traditional medicine, medicinal plants are used by humans to treat a wide range of conditions, such as abdominal pain, which may be caused by drugs, surgery or even infection caused by microbes such as bacteria, yeast and viruses, and whose major complication is oxidative stress (Etame-loe et al., 2018). Most developing countries believe that these plants are generally safe and suitable for treating certain diseases (Ladoh-Yemeda et al., 2016). According to the World Health Organisation (WHO), 80% of these populations use traditional medicine to treat common ailments (WHO, 2014). Some 370,000 plant species have been identified worldwide, and almost 200,000 species with medicinal properties are found in tropical Africa (Creapharma, 2021; African medicinal plant research, 1993). Morocco already has 6,552 species of medicinal plants, while Cameroon has 8,500 species (Abderrazak, 2017; Tata et al., 2012). The discovery and use of modern medicines have led to some of the greatest successes in modern medicine, and this has slowed down the use of medicinal plants. However, the ever-increasing cost, the emergence of resistance, inaccessibility, toxicity and adverse effects associated with the use of these modern medicines have encouraged people to return to medicinal plants (Ladoh-Yemeda et al., 2016). With this in mind, the WHO has made the development and use of medicinal plants a priority. Of all the plant species listed in the world, only 2,000 to 3,000 have been the subject of scientific study (Fnac, 2021). The WHO's commitment was demonstrated by the adoption, by its regional committee for Africa, of a strategy for the promotion of traditional medicine in health systems (WHO, 2014). The WHO also recommends that developing countries initiate programmes for the identification, preparation, cultivation and conservation of medicinal plants. 
2. Materials and Methods
2.1. Study setting
Yaoundé is the capital of the Central Cameroon Region, situated at an altitude of 750 m, between 3°52'12 North Latitude and 11°31'12 East Longitude. It has a slightly temperate equatorial climate, with two seasons: a dry season from December to February and a rainy season from March to November. The average annual temperature is 23°C. Most of the vegetation in the city centre has disappeared due to urbanisation and deforestation. However, there are still forests in less urbanised areas. This is the domain of the dense humid forest, which is still green and semi-deciduous, although this plant formation is becoming increasingly degraded. The city of Yaoundé is populated mainly by Bantu, Bassa and Yambassa. The soils are ferralitic. They are generally very poor, with variable fertility potential (Figure 1) (M. Conseuls, 2024).
[image: ]
Figure 1: Study site (M. Conseuls, 2024)
2.2. Material
2.2.1.  Plant material
The plant material consists of species of Garcinia kola, Garcinia lucida as well as some species combined with Garcinia kola (41601 HNC), Garcinia lucida (5768 SRF-Cam) and used in the preparation of remedies used in the treatment of abdominal pain of infectious origin identified in some markets in the city of Yaoundé. These are Annickia affinis (51103 SRFK), Picralima nitida (1942 SRFK), Dacryodes edulis (29476 HNC), Alstonia boonei, Rauvolfia vomitoria (9253 SRF-Cam) and Drypetes grossweileri (5768 SRF-Cam). These plants have been certified at the Herbier National du Cameroun (HNC) in Yaoundé.
2.2.2. Technical equipment
Conventional equipment was used for the ethnobotanical survey. These included survey sheets, a notebook and a digital camera. Machetes and pruning shears were used to collect the samples. For phytochemical screening, we used test tubes, micropipettes and microplates, graduated cylinders, funnels, filter paper, cotton wool, an electric grinder, Wattman No. 1 paper, an oven, porcelain plates, a water bath and a sand bath. The equipment also included solvents (methanol 95° and distilled water) and reagents to detect the presence of the major phytochemical groups.
For sterols and polyterpenes, the reagents used were acetic anhydride and concentrated sulphuric acid. Ferric chloride (Fecl3) at 2% was used to characterise polyphenols. Hydrochloric alcohol diluted 2 times, magnesium chips and isoamyl alcohol were used to detect flavonoids. Catechic tannins were characterised using formaldehyde and concentrated hydrochloric acid. Sodium acetate and ferric chloride were used to characterize gallic tannins. Ammonia (0.1 N) was used to test for quinones. Finally, alkaloids were characterised using Dragendorff's reagent (potassium iodo-bismuth solution) and Burchard's reagent.
2.3. Methods
The survey was carried out among adults in the Elig-edzoa, Essos, Nvogt-bi, Acacias, Kolbisson, Mokolo, Madagascar, Ekounou, Tongolo and Odza markets in Yaounde, using a survey form. The inclusion criterion for this study was that any person present in these different Yaounde markets at the time of the study had knowledge of the traditional use of plants and signed the consent form before the questionnaires were administered. Data was then collected by means of interviews using a semi-structured questionnaire drafted for the purpose. The questionnaire focused on knowledge of plants and the various therapeutic practices used to treat abdominal pain of infectious origin. After the interviews, plant samples were collected and photographs were taken at the site to help identify the plants. The data collection method used was based on ethnobotanical surveys. It consisted of drawing up a semi-structured questionnaire and a direct interview to understand the multiple uses of the species among the population surveyed. The interviews were conducted with an interpreter-guide in case we came across people who did not understand French. Samples of Garcinia kola, Garcinia lucida as well as Annickia affinis, Picralima nitida, Dacryodes edulis, Alstonia boonei, Rauvolfia vomitoria and Drypetes grossweileri used in the preparation of remedies were collected. For each plant surveyed, the vernacular name, the organ used and its use were requested. The locations chosen for the surveys were the Elig-edzoa, Essos, Nvogt-bi, Acacias, Kolbisson, Mokolo, Madagascar, Ekounou, Tongolo and Odza markets in Yaoundé. The surveys took place from November to December 2023. This period corresponds to the end of the rainy season. The samples collected were identified at the Cameroon National Herbarium in Yaounde. The names in local languages were clarified during the surveys.
For this study, eight (8) of the recipes identified and used by the respondents to treat abdominal pain of infectious origin were reproduced in the laboratory: four (4) recipes consisting of a single plant and four (4) recipes consisting of a combination of several plants. Two types of extraction were used: aqueous and methanolic. For combined plants, the extraction was carried out on the plant combinations and on each isolated plant.
Plant drugs were harvested and then dried in the laboratory in the shade at room temperature. After drying for two (2) weeks, they were pulverised using an electric grinder. Each fine powder (grind) underwent an aqueous extraction and a methanolic extraction. For combined plants, the extraction was carried out on the plant combinations and on each isolated plant. The isolated powders or those obtained after combining several plants (according to the recipes collected) were macerated in water in the proportions 200g of powder to 600 mL (w/v) for 48 hours; the mixture was stirred 3 to 4 times a day to maximise yield. The mixture was then filtered using coffee filter paper and Wattman No. 1 paper and the filtrates obtained were oven dried at 40°C.
Extraction by methanolic maceration was carried out for isolated plants and combined plants (according to the recipes collected from the respondents) as described above for aqueous extraction by maceration. The mixture was filtered using coffee filter paper and Wattman No. 1 paper, and the filtrate obtained was evaporated using a rotary evaporator (BÜCHI R-200) at 65°C. The crude extracts were recovered using dry, sterile bottles, and dried in an oven at a temperature of 40°C for complete evaporation of the residual solvent.
2.4. Phytochemical screening
A few classes of secondary metabolites were sought in the extracts (aqueous and methanolic) of the selected plants, using the classic methods of characterisation by colour reactions described by Harbone and Takaidza (Harbone, 1998; Takaidza, 2018). Solutions showing positive reactions indicated the presence of the secondary metabolites detected in the extract.
2.4.1.  Flavonoids: Shinoda test
A mass of 5 mg of extract was dissolved in 1 ml of methanol. The mixture was then treated with 0.05 g of magnesium chips and 3 drops of concentrated H2SO4. The presence of flavonoids was demonstrated by the appearance of a pink-orange or purplish colour.
2.4.2.  Alkaloids: Meyer test
A 5g mass of extract was placed in a test tube in the presence of 5 ml of an aqueous solution of hydrochloric acid (50% V/V). The mixture was treated with three drops of Meyer's reagent. The formation of a white or yellowish precipitate indicated the presence of alkaloids.
2.4.3. Saponins
A mass of 5 g of extract was dissolved in 5 ml of distilled water, then boiled for 5 minutes. After cooling, the contents of each 15x160 mm test tube were shaken vigorously for 30 seconds, then left to stand. The presence of saponins is indicated by the appearance of a persistent foam more than one cm high.
2.4.4.  Triterpenes and steroids: Liebermann-Burchard test
Five (5) mg of extract was dissolved in a tube containing 1 ml of methanol and 0.2 ml of each of the following reagents was added: glacial acetic anhydride, concentrated H2SO4. The presence of triterpenes and steroids was marked by the appearance of purple or greenish colouration respectively.
2.4.5.  Anthraquinones
A 5 g mass of extract was dissolved in a 4 ml mixture of ether-chloroform (1:1 v/v). The resulting solution was treated with 4 ml of 10% (W/V) sodium hydroxide solution. Quinones were identified by the presence of a red coloration.  
2.4.6. Phenols
 A mass of 5 g of extract was dissolved in 3 ml of ethanol, then the mixture was given 3 drops of iron III chloride 10% (V/V). The appearance of a violet-blue or greenish colour indicated the presence of phenols.
2.4.7.  Tannins
A 5 g mass of extract was boiled for 5 minutes in a tube containing 5 mL of water. After cooling, the mixture was treated with 5 mL of 2% (W/V) NaCl and 5 mL of 1% (W/V) gelatin. The appearance of a precipitate confirmed the presence of tannins.
2.4.8.  Glucosides
Dissolve a few milligrams of the product in ethanol in a test tube and add a 1% ethanolic solution of α-naphthol. After homogenisation, slowly drip a few drops of concentrated H2SO4 onto the wall of the test tube. The appearance of a violet-red ring at the interface indicates the presence of sugars.
2.5. Data analysis
The forms obtained at the end of the survey were analysed. The various plants and recipes were counted. This phase was followed by encoding the information relating to each herbarium sample in an Excel database. The data was then analysed using Excel 2013 and the diagrams were drawn.
3. Results
3.1.  Sociodemographic characteristics of respondents
This study enrolled 150 adults in several markets in the city of Yaounde in the Central Cameroon Region, 90 of whom were male and 60 female. Their mean age was 46.17 ± 20.69 years, with a minimum of 20 years and a maximum of 77 years. Table I summarises the socio-demographic characteristics of the respondents. The respondents were divided into 4 age groups. Analysis of Table I shows that the majority of respondents were in the 51 to 77 age group. All respondents had attended school, with 14.66% having reached primary level, 69.33% secondary level and 16% university level. As for the origin of their knowledge, the majority (60%) had been initiated into the practice of traditional medicine within the family, while 40% had been initiated outside the family.
[bookmark: _Hlk182383354]Table I: Socio-demographic characteristics of respondents
	Characteristics
	Frequency (%)

	Gender
Male
Female 
	 
60% 
40% 

	Age
[20-30] 
[31-40] 
[41-50] 
[51-77] 

	 
5.33% 
24.66% 
34.66% 
35.33% 

	Region of origin
West
Littoral
Central
North West
South
North
	 
26.66% 
12.66% 
46% 
11.33% 
0.66% 
2.66% 

	Year of experience
]1-2] 
[3-4] 
]4-5[ 
                                                    > 5 
	 
0.66% 
9.33% 
5.01% 
85% 

	Nature of knowledge acquisition
Hereditary
Learning
	 
60% 
40% 

	Education 
Primary
Secondary
Higher
	
14.66% 
 69.33% 
      16% 

	Language 
          French
          English
          French and English
	 
81.33% 
14% 
9.33% 



3.2. Botanical characteristics
A total of ninety-five (95) recipes were recorded, involving thirty-six (36) plant species divided into thirty (30) genera and twenty-two (22) botanical families. Garcinia kola and Garcinia lucida were used in fifty-seven (57) and thirty-seven (37) recipes respectively (fig. 2).

Figure 2: Different plants identified
The most represented family is the Clusiaceae with 46.81%, followed by the Apocynaceae and Annonaceae with 09.04% and 05.85% respectively (fig. 3).

Figure 3: Different families identified
3.3.  Parts of plants used
An analysis of Table II shows that bark and seeds are the parts most frequently used in the preparation of medicinal recipes, accounting for 39.96% and 26.60% respectively (Figure 4).

Figure 4: Spectrum of the different plant parts used to prepare the recipes

3.3.1.  Plant preparation methods
Several methods of medicinal preparation are used. Decoction (41.05%), mastication and powder (17.89%) are the most common. Lastly, maceration (08.42%) (fig. 5).




Figure 5: Frequency of different methods of preparing remedies



Table II: Botanical and ethnomedicinal characteristics of the plants surveyed
	Families
	Scientific name of plant
	Parts used
	Status of use
	Method of use
	Method of preparation
	Route of administration
	Duration of treatment
	Type of treatment
	Number of citation 

	Anacardiaceae
	Mangifera indica L.
	Bark
	Fees 
	Association 
	Decoction
	Oral
	Evry day
	Curative
	01

	Annonaceae

	Annickia affinis (Exell) Versteegh & Sosef

	Bark
	Fees
	Association
	Maceration
	Oral

	5 days
	Curative
	10

	
	
	Seed
	Fees /Dry
	
	Decoction

	
	Each day
	
	

	
	
	Bark

	Fees 
 
	
	
	
	Evry day
	
	

	
	
	
	
	
	
	
	2 weeks
	
	

	
	
	
	
	
	
	
	2 weeks
	
	

	
	
	
	
	
	
	
	5 days
	
	

	
	
	
	
	
	
	
	5 days
	
	

	
	
	
	
	
	
	
	5 days
	
	

	
	
	
	
	
	
	
	5 days
	
	

	
	
	
	
	
	
	Oral and anal
	2 weeks
	
	

	
	Xylopia aethiopica (Dunal) A.Rich.
	Fruit
	Dry
	Association
	Decoction
	Oral
	Single socket
	Preventive and Curative
	01

	Apocynaceae

	Alstonia boonei De Wild.

	Bark

	Fees

	Association 
 
	Decoction

	Oral 
	Evry day
	Curative

	

	
	
	
	
	
	
	
	2 weeks
	
	

	
	
	
	
	
	
	
	5 days
	
	

	
	
	
	
	
	
	
	5 days
	
	

	
	Picralima nitida (Stapf) T.Durand & H.Durand
	Bark
	Fees / Dry
	Association
 
	Decoction
	Oral

	Each day
	Curative

	10

	
	
	Fruit 
	Dry
	
	Powder
	
	1 month
	
	

	
	
	Fruit
	Fees/Dry
	
	Decoction

	
	5 days
	
	

	
	
	Fruit
	Fees 
 
	
	
	
	2 weeks
	
	

	
	
	Bark
	
	
	
	
	5 days
	
	

	
	
	Fruit
	
	
	
	
	5 days
	
	

	
	
	Fruit
	
	
	
	
	5 days
	
	

	
	
	Bark
	
	
	
	
	5 days
	
	

	
	
	Fruit
	
	
	
	
	5 days
	
	

	
	
	Fruit
	
	
	
	
	5 days
	
	

	
	Rauvolfia vomitoria Afzel.

	Bark

	Fees 

	Association 

	Decoction

	Oral
	2 weeks
	Curative
	02

	
	
	
	
	
	
	
	5 days
	
	

	Araliaceae
	Panax ginseng C.A. Mey.

	Root 
	Fees
	Association
	Decoction
	Oral
	5 days
	Curative
	02

	Arecaceae

	Elaeis guineensis Jacq.

	Trunk
	Fees 
	Association
	Chew / Drink
	Oral
	If required
	Curative
	02

	
	
	
	
	
	Decoction
	
	Evry day
	
	

	Asteraceae
	Ageratum conyzoides L. 
 
	Leafy stem

	Fees 
 
	Association
 
	Decoction

	Oral
	5 days
	Curative

	03

	
	
	
	
	
	
	Oral and anal
	3 weeks
	
	

	
	
	
	
	
	
	Oral
	2 weeks
	
	

	
	Vernonia amygdalina Delile
	Leaf 
	Fees 
	Association
	Pate
	Oral
	As required
	Curative
	02

	
	
	
	
	
	Decoction
	
	5 days
	
	

	Bombacaceae
	Adansonia digitata L.
	Bark
	Fees
	Association
	Maceration
	Oral
	5 days
	Curative
	01

	Caricaceae

	Carica papaya L.
	Seed
	Dry
	Association
	Paste
	External application
	2 weeks
	Curative
	02

	
	
	
	Fees 
	
	Decoction
	Oral
	5 days
	
	

	Clusiaceae

	Garcinia kola Heckel

	Seed
	Fees /Dry
	Only
	Chew  
	Oral
	5 days
	
Curative
	54

	
	
	Racine
	Fees
	Association
	Infusion
	Oral
	5 days
	
	

	
	
	Seed
	Fees
	Association
	Chew
	Oral
	If pain
	
	

	
	
	
	Fees
	Only
	Chew
	Oral
	5 days
	
	

	
	
	Bark
	Dry
	Association

	Powder
	Oral
	5 days
	
	

	
	
	Seed

	Fees
	
	Maceration
	Oral
	3 days
	
	

	
	
	
	Fees
	
	Powder
	Oral
	1 month
	
	

	
	
	
	Dry
	
	Powder
	Oral
	3 week
	
	

	
	
	
	Fees
	Only
	Chew
	Oral
	5 days
	
	

	
	
	
	Fees
	Only
	Chew
	Oral
	Single socket
	
	

	
	
	
	Fees
	Association
	Maceration
	Oral
	Amendment
	
	

	
	
	
	Dry
	
	Chew / Drink
	Oral
	If required
	
	

	
	
	Bark /root
	Fees /Dry
	
	Decoction

	Oral and anal
	Take 5l
	
	

	
	
	Bark
	Dry

	
	
	Oral
	Amendment
	
	

	
	
	Seed
	
	
	
	Oral
	Take 5l
	
	

	
	
	Seed
	
	
	
	Oral and anal
	5 days
	
	

	
	
	Seed
	Fees
	
	
	Oral
	5 days
	
	

	
	
	Bark
	Dry
	
	
	Oral
	5 days
	
	

	
	
	Seed
	Fees
	
	
	Oral and anal
	1 month
	
	

	
	
	Seed
	Dry
	
	Powder
	Oral

	1 month
	
	

	
	
	Bark
	Dry
	Only
	Powder
	
	5 days
	
	

	
	
	Seed
	Fees
	Only
	Powder
	
	2 week
	
	

	
	
	Seed
	Dry
	Association

	Powder
	
	5 days
	
	

	
	
	Bark
	Fees
	
	Decoction
	
	5 days
	
	

	
	
	Seed
	Fees 
	
	Decoction
	
	5 days
	
	

	
	
	Seed
	Fees 
	
	Maceration
	
	2 weeks
	
	

	
	
	Seed
	Fees 
	
	Infusion
	
	1 week
	
	

	
	
	Seed
	Dry
	
	Powder
	
	5 days
	Preventive and Curative
	

	
	
	Bark
	Dry
	
	Powder
	
	5 days
	Preventive and Curative
	

	
	
	Seed
	Dry
	
	Trituring
	
	5 days
	Preventive and Curative
	

	
	
	Bark
	Dry
	
	Decoction
	
	5 days
	Curative

	

	
	
	Seed
	Dry
	
	Application 
	
	5 days
	
	

	
	
	Seed
	Fees 
	Only
	Chew
	
	5 days
	
	

	
	
	Seed
	Fees 
	Association
	Pate
	
	As required
	
	

	
	
	Seed
	Fees 
	Only
	Chew
	
	5 days
	
	

	
	
	Seed
	Fees 
	Only
	Chew
	
	5 days
	
	

	
	
	Bark
	Fees 
	Association
	Decoction
	Oral and anal
	2 weeks
	
	

	
	
	Seed
	Fees 
	Only
	Chew
	Oral
	Every day
	
	

	
	
	Seed
	Fees 
	Only
	Chew
	Oral
	3 days
	
	

	
	
	Seed
	Fees 
	Only
	Infusion
	Oral
	5 days
	
	

	
	
	Seed
	Fees 
	Only
	Chew
	Oral
	5 days
	
	

	
	
	Bark
	Fees 
	Association
	Decoction
	Oral
	5 days
	
	

	
	
	Seed
	Fees 
	Association
	Decoction
	Oral
	5 days
	
	

	
	
	Seed
	Dry
	Association
	Maceration
	Oral
	2 weeks
	
	

	
	
	Seed
	Fees 
	Association
	Chew
	Oral
	1 day
	Preventive
	

	
	
	Seed
	Fees 
	Only
	Chew
	Oral
	5 days
	Curative

	

	
	
	Bark
	Fees 
	Association
	Decoction
	Oral
	1 week
	
	

	
	
	Bark
	Fees 
	Association
	Paste
	Oral
	2 weeks
	
	

	
	
	Seed
	Dry
	Association
	Drink
	Oral
	5 days
	
	

	
	
	Seed
	Dry
	Association
	Drink
	Oral
	5 days
	
	

	
	
	Seed
	Dry
	Association
	Powder
	Oral
	1 month
	
	

	
	
	Seed
	Dry
	Only
	Powder
	Inhalation
	5 days
	
	

	
	
	Seed
	Fees 
	Association
	Decoction
	Oral
	1 month
	
	

	
	Garcinia lucida Vesque

	Bark
	Dry
	Association
	Powder
	Oral

	5 days
	Preventive and Curative
	36

	
	
	Bark
	Dry
	Only
	Decoction
	
	5 days
	Curative

	

	
	
	Bark
	Dry
	Association
	Decoction
	
	3 days
	
	

	
	
	Bark
	Fees 
	Association
	Decoction
	
	1 month
	
	

	
	
	Bark
	Fees/Dry
	Association
	Decoction
	
	5 days
	
	

	
	
	Bark
	Dry
	Association
	Paste
	
	5 days
	
	

	
	
	Fruit
	Dry
	Association
	Paste
	External application
	2 weeks
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	Bark
	Fees 
	Association
	Decoction
	Oral

	1 month
	
	

	
	
	Bark
	Dry
	Only
	Powder
	
	1 month
	
	

	
	
	Bark
	Dry
	Association 
	Decoction
	
	3 days
	
	

	
	
	Fruit
	Dry
	Association 
	Powder
	
	5 days
	
	

	
	
	Bark /fruit 
	Fees 
	Association 
	Decoction
	
	2 weeks
	
	

	
	
	Bark
	Fees 
	Association 
	Decoction
	
	2 weeks
	
	

	
	
	Bark
	Dry 
	Only
	Chew
	
	5 days
	
	

	
	
	Bark
	Fees 
	Association 
	Decoction
	
	5 days
	
	

	
	
	Bark
	Fees 
	Association 
	Decoction
	
	5 days
	
	

	
	
	Bark
	Dry 
	Only
	Powder
	
	5 days
	
	

	
	
	Leaf 
	Fees
	Association
	Decoction
	Oral and anal
	2 weeks
	
	

	
	
	Bark
	Dry 
	Association
	Maceration
	Oral

	 
	Preventive
	

	
	
	Fruit
	Fees 
	Association
	Decoction
	
	5 days
	Curative

	

	
	
	Bark
	Fees 
	Association
	Decoction
	Oral and anal
	2 weeks
	
	

	
	
	Bark
	Fees 
	Association
	Decoction
	Oral
	5 days
	
	

	
	
	Bark
	Fees 
	Association
	Decoction
	Oral
	5 days
	
	

	
	
	Bark
	Dry
	Association
	Maceration
	Oral
	5 days
	
	

	
	
	Bark
	Fees 
	Association
	Maceration
	Oral
	5 days
	
	

	
	
	Bark
	Fees 
	Association
	Decoction
	External
	5 days
	
	

	
	
	Bark
	Dry
	Only
	Powder
	Oral
	5 days
	Preventive
	

	
	
	Bark
	Fees 
	Association
	Decoction
	Oral
	5 days
	Curative

	

	
	
	Fruit
	Fees 
	Only
	Chew
	Oral
	5 days
	
	

	
	
	Bark /fruit 
	Dry
	Only
	Chew
	Oral
	If pain
	
	

	
	
	Bark
	Dry
	Association
	Maceration
	Oral
	5 days
	
	

	
	
	Bark /fruit 
	Dry
	Association
	Powder
	Oral
	Single socket
	
	

	
	
	Bark /fruit 
	Dry
	Association
	Decoction
	Oral
	Single socket
	Preventive and Curative
	

	
	
	Fruit
	Fees/Dry
	Only
	Powder
	Oral
	Single socket
	Preventive
	

	
	
	Bark
	Dry
	Association 
	Powder
	Oral
	Single socket
	Preventive and Curative
	

	Costaceae
	Costus afer Ker Gawl.
	Leafy stem
	Fees 
	Association
	Decoction
	Oral
	1 month
	Curative
	

	Fabaceae
	Glycyrrhiza glabra L.
	Seed
	Fees
	Association
	Decoction
	Oral and anal
	1 month
	Curative
	

	
	Glycyrrhiza glabra L.
	Bark
	Dry
	Association
	Powder
	Oral
	1 month
	Curative
	

	
	Glycyrrhiza glabra L.
	Leafy stem
	Dry
	Association
	Decoction
	Oral
	5 days
	Curative
	02

	
	
	Leafy stem
	Fees 
	
	
	
	1 month
	
	

	
	Trigonella foenum-graecum L.
	Fruit 
	Oil 
	Association
	Application 
	External application
	Convenience
	Curative
	

	Lamiaceae

	Ocimum gratissimum L.
	Leafy stem
	Fees 
	Association

	Decoction
	Oral

	5 days
	Curative

	05

	
	
	
	
	
	Maceration
	
	2 weeks
	
	

	
	
	
	
	
	Infusion
	
	1 week
	
	

	
	
	
	
	
	Decoction
	
	5 days
	
	

	
	
	
	Dry
	
	Decoction
	
	3 days
	
	

	Lauraceae
	Persea americana Mill.
	Core
	Fees
	Association 
	Powder
	Oral
	1 month
	Curative
	02

	
	
	Noyau
	Dry
	
	
	
	5 days
	
	

	Liliaceae
	Allium cepa L.

	Bulb
	Fees 
	Association
	Decoction
	Oral
	Evry day
	Curative
	02

	
	
	
	
	
	Paste
	
	2 weeks
	
	

	
	Allium sativum L.
	Pod
 
	Dry

	Association

	Trituring
	Oral

	5 days
	Preventive and Curative
	05

	
	Allium sativum L.
	
	
	
	Maceration
	
	2 weeks
	Curative

	

	
	Allium sativum L.
	
	
	
	Drink
	
	5 days
	
	

	
	Allium sativum L.
	
	
	
	Drink
	
	5 days
	
	

	
	Allium sativum L.
	
	
	
	Powder
	
	1 month
	
	

	
	Allium tricoccum Blanco
	Bulb
	Dry
	Association

	Decoction

	Oral and anal
	5 days
	
	03

	
	Allium tricoccum Blanco
	Leafy stem
	Fees 
	
	
	Oral
	5 days
	
	

	
	Allium tricoccum Blanco
	Bark
	
	
	
	Oral
	Convenience
	Preventive
	

	Malvaceae

	Cola acuminata (P. Beauv.) Schott & Endl.
	Seed
	Fees 
	Association
	Infusion
	Oral
	1 week
	Curative
	01

	
	Cola nitida (Vent.) Schott & Endl.
	Bark

	Fees 
	Association
 
	Decoction
	Oral

	5 days
	Curative

	04

	
	
	
	Dry

	
	Maceration
	
	5 days
	
	

	
	
	
	
	
	Powder
	
	Single socket
	
	

	
	
	
	
	
	Powder
	
	Single socket
	Preventive and Curative
	

	
	Cola pachycarpa L.
	Seed
	Dry

	Association

	Powder
	Oral

	3 week
	Curative

	03

	
	Cola pachycarpa L.
	Bark
	
	
	Decoction
	
	5 days
	
	

	
	Cola pachycarpa L.
	Bark
	
	
	Decoction
	
	5 days
	
	

	Moringaceae

	Moringa oleifera Lam.
	Seed
	Dry
	Association
	Maceration
	Oral

	Amendment
	Curative
	03

	
	
	Leaf
	
	
	Decoction
	
	Take 5l
	
	

	
	
	Bark
	
	
	Decoction
	
	5 days
	
	

	Putranjivaceae

	Drypetes gossweileri S.Moore 
	Bark
	Fees
	Association 
	Maceration
	Oral
	5 days
	Curative
	09

	
	
	Bark
	Dry
	
	Decoction
	Oral and anal
	Take 5l
	
	

	
	
	Bark
	Dry
	
	
	Oral
	Amendment
	
	

	
	
	Bark
	Dry
	
	
	Oral
	5 days
	
	

	
	
	Seed
	Fees
	
	
	Oral
	5 days
	
	

	
	
	Bark
	Dry
	
	
	Oral
	5 days
	
	

	
	
	Seed
	Fees
	
	
	Oral and anal
	1 month
	
	

	
	
	Bark
	Fees 
	
	
	Oral
	Evry day
	
	

	
	
	Bark
	Fees 
	
	
	Oral
	5 days
	
	

	Rutaceae

	Citrus aurantiifolia (Christm.) Swingle
	Fruit 
	Dry
	Association
	Maceration
	Oral
	Amendment
	Curative
	02

	
	
	
	Fees
	
	Drink
	
	5 days
	
	

	
	Citrus sinensis (L.) Osbeck
	Fruit 
	Fees
	Association
	Maceration
	Oral
	2 weeks
	Curative
	02

	
	
	
	
	
	Drink
	
	5 days
	
	

	Sapotaceae
	Vitellaria paradoxa C.F.Gaertn.
	Fruit
	Oil 
	Association
	Application 
	External application
	Convenience
	Curative
	01

	Solanaceae

	Capsicum annuum L.
	Fruit
	Dry
	Association
	Powder
	Oral
	1 month
	Curative
	02

	
	
	Seed
	
	
	Paste
	External application
	2 weeks
	
	

	
	Nicotiana tabacum L.
	Leaf 
	Fees
	Association
	Scrub
	Topical
	5 days
	Curative
	01

	
	
	
	
	
	Decoction
	Oral
	Convenience
	Preventive
	

	Talinaceae
	Talinum fruticosum (L.) Juss.
	Bark
	Dry
	Association 
	Powder
	Oral
	Single socket
	Preventive and Curative
	01

	Zingiberaceae
	Aframomum citratum (J.Pereira) K.Schum.
	Fruit
	Dry
	Association
	Decoction
	Oral
	Amendment
	Curative
	01

	
	Curcuma longa L.
	Rhizome 
	Dry
	Association
	Application 
	Oral
	5 days
	Curative
	01

	
	Zingiber officinale Roscoe
	Root 
	Fees 
	Association
	Decoction
	Oral
	Evry day
	Curative

	04

	
	
	Rhizome 
	Dry
	
	Maceration
	
	2 weeks
	
	

	
	
	
	Dry
	
	Drink
	
	5 days
	
	

	
	
	
	Dry
	
	Powder
	
	1 month
	
	














3.3.2.  Route of administration
Several routes of administration have been identified as commonly used to administer medicinal plants. The oral route is the most commonly used, accounting for 86.32% of cases. This can be explained by the fact that this is the easiest method.

Figure 6: Route of administration of medicines derived from collected plants
3.4.  Identification of chemical groups responsible for therapeutic effects
Phytochemical sorting revealed the presence of the main chemical groups in the methanoic (Table III) and hydrolic (Table IV) extracts. Phytochemical exploration focused on Garcinia kola and Garcinia lucida and six other associated plants: Annickia affinis, Picralima nitida, Dacryodes edulis, Alstonia boonei, Rauvolfia vomitoria and Drypetes grossweileri.
[bookmark: _Hlk191892297][bookmark: _Hlk191892765]Table III: Qualitative chemical composition of methanolic extracts
	Extraits Extracts
	EE 
	FE
	GBK 

	EBK 
	EK 

	EJ  
	EP 
	EF  
	EQ 

	FQ
	MM 

	A  
	B  
	C 
	D  

	Phenols 
	+ 
	+ 
	+ 
	+ 
	+ 
	+ 
	+ 
	+ 
	+ 
	+ 
	+ 
	+ 
	+ 
	+ 
	+ 

	Flavonoids 
	+ 
	+ 
	+ 
	- 
	+ 
	+ 
	+ 
	+ 
	+ 
	+ 
	+ 
	+ 
	+ 
	+ 
	+ 

	Alkaloids
	+ 
	- 
	+ 
	+ 
	+ 
	+ 
	- 
	+ 
	+ 
	+ 
	+ 
	+ 
	+ 
	+ 
	+ 

	Glycosides 
	+ 
	+ 
	+ 
	+ 
	+ 
	+ 
	+ 
	+ 
	+ 
	+ 
	+ 
	+ 
	+ 
	+ 
	+ 

	Triterpenoids
	+ 
	+ 
	+ 
	+ 
	- 
	+ 
	+ 
	- 
	- 
	+ 
	+ 
	+ 
	- 
	+ 
	+ 

	Steroids
	+ 
	- 
	- 
	- 
	- 
	+ 
	- 
	- 
	- 
	- 
	- 
	- 
	- 
	- 
	- 

	Saponins 
	+ 
	+ 
	+ 
	+ 
	+ 
	+ 
	+ 
	+ 
	+ 
	+ 
	+ 
	+ 
	+ 
	+ 
	+ 

	Anthraquinones 
	- 
	+ 
	- 
	- 
	- 
	- 
	- 
	- 
	+ 
	- 
	- 
	- 
	+ 
	- 
	- 

	Tannins 
	+ 
	+ 
	+ 
	+ 
	+ 
	+ 
	+ 
	+ 
	+ 
	+ 
	+ 
	+ 
	+ 
	+ 
	+ 


Legend: + =present : - =absent; EE=Garcinia lucida bark; FE=Garcinia lucida seed; EBK=Garcinia kola bark; GBK=Garcinia kola seed; EJ=Annickia affinis bark; EK=Alstonia boonnei bark; FQ=Picralima nitida fruit; EQ=Picralima nitida bark; EP=Drypetes gosweilleri bark; EF=Dacryodes edulis bark; MM=Rauvolfia vomitoria bark; A= EJ+FQ+EK+MM; B= EBK+EJ+EF+FQ; C= EE+FE; D= EBK+EJ+EP.

Table IV: Qualitative chemical composition of aqueous extracts
	Extraits 
	EE 

	FE  
	GBK 
 
	EBK 
 
	EK 

	EJ 
	EP  
	EF  
	EQ 
 
	FQ 
 
	MM 
 
	A 
 
	B  
	C  
	D

	Phenols 
	+ 
	+ 
	+ 
	+ 
	+ 
	+ 
	+ 
	+ 
	+ 
	+ 
	+ 
	+ 
	+ 
	+ 
	+ 

	Flavonoids 
	+ 
	+ 
	+ 
	+ 
	+ 
	+ 
	+ 
	+ 
	+ 
	+ 
	+ 
	+ 
	+ 
	+ 
	+ 

	Alkaloids 
	+ 
	+ 
	- 
	+ 
	+ 
	+ 
	- 
	+ 
	+ 
	+ 
	- 
	+ 
	- 
	- 
	+ 

	Glycosides 
	+ 
	+ 
	+ 
	+ 
	+ 
	+ 
	+ 
	+ 
	+ 
	+ 
	+ 
	+ 
	+ 
	+ 
	+ 

	Triterpenoids 
	+ 
	- 
	+ 
	+ 
	- 
	+ 
	- 
	+ 
	- 
	- 
	+ 
	- 
	+ 
	- 
	+ 

	Steroids 
	- 
	- 
	+ 
	- 
	- 
	+ 
	- 
	- 
	- 
	- 
	- 
	- 
	- 
	- 
	- 

	Saponins 
	+ 
	+ 
	+ 
	+ 
	+ 
	+ 
	+ 
	+ 
	+ 
	+ 
	+ 
	+ 
	+ 
	+ 
	+ 

	Anthraquinones 
	- 
	+ 
	- 
	- 
	- 
	- 
	- 
	- 
	+ 
	- 
	- 
	- 
	- 
	- 
	- 

	Tannins 
	+ 
	+ 
	+ 
	+ 
	+ 
	+ 
	+ 
	+ 
	+ 
	+ 
	+ 
	+ 
	+ 
	+ 
	+ 


Legend: + =present : - =absent; EE=Garcinia lucida bark; FE=Garcinia lucida seed; EBK=Garcinia kola bark; GBK=Garcinia kola seed; EJ=Annickia affinis bark; EK=Alstonia boonnei bark; FQ=Picralima nitida fruit; EQ=Picralima nitida bark; EP=Drypetes gosweilleri bark; EF=Dacryodes edulis bark; MM=Rauvolfia vomitoria bark; A= EJ+FQ+EK+MM; B= EBK+EJ+EF+FQ; C= EE+FE, D= EBK+EJ+EP.
Phenols, glycosides, saponins and tannins are present in the methanoic extracts of the various plant parts used. Phenols, flavonoids, glycosides, saponins and tannins are present in the aqueous extracts of the various plant parts. Alkaloids are present in all extracts except for the methanoic extracts of Garcinia lucida seeds and Dacryodes edulis bark and the aqueous extracts of Garcinia kola seeds and Dacryodes edulis bark. Steroids and anthraquinones are less present in the various extracts. All the other plant extracts contained at least seven (07) secondary metabolites identified during this screening. It was also found that all the extracts contained secondary metabolites that could justify their antimicrobial properties.
4. Discussion
The aim of this study was to identify the plant species used in the treatment of infectious abdominal pain in the city of Yaoundé. The ethnobotanical survey was carried out among 150 adults in the Central Cameroon Region, 90 of whom were men and 60 women. It was found that knowledge of a recipe in traditional medicine is above all a family secret that is passed down from generation to generation through customs and oral tradition. It is therefore necessary to be of a mature age and to have a certain amount of confidence in order to have access to the knowledge of this medicine. This is the main reason why this profession is practised by older people. A total of two (2) species of the Garcinia genus were identified during the survey: Garcinia kola with a citation percentage of 63% followed by Garcinia lucida with a citation percentage of 37%. The predominance of Garcinia kola could be explained by the fact that it is a plant very well known to the population.
More than half of those surveyed use it for health care. It is also sold on the streets (by street vendors), in neighbourhoods and through travel agencies. This result is in line with that of Codjia et al., who showed that Garcinia kola is a plant that is highly prized by the population, as it is said to improve the lives of homeowners through the income it generates (Codjia et al., 2018). In terms of recipe composition, the survey revealed that 74% of recipes were made from a single plant, while 26% were prepared in combination with other medicinal plants or substances that could facilitate their therapeutic effects or administration. The predominance of the use of a single plant is due to its effectiveness. Plants have several bioactive compounds (tannins, phenols, flavonoids, alkaloids, glucosides, saponins) responsible for their therapeutic effect(s). The work of Ngbolua et al., has shown that medicinal plants are used much more frequently on their own because of their multiple secondary metabolites, which make them very effective (Ngbolua et al., 2019), which corroborates our results. The combination of several plants can be explained by the fact that plants taken together can produce different effects, such as a synergistic effect, an antagonistic effect, an additive effect or a potentiating effect.
According to the respondents, a single part of the plant can be used to solve several health problems. Several parts of plants in the Garcinia genus are used, in particular seeds, barks, roots and seeds. The high frequency of use of seeds and barks can be explained by the ease and speed of harvesting and their availability on the market, but also because they are sometimes the storage site for the secondary metabolites responsible for the plant's biological activities. These results corroborate those of Salhi and colleagues, who showed that secondary plant metabolites are also present in their aerial parts (Salhi et al., 2010). Some plants were used without any preparation, while others had to be prepared before use. This is justified by the fact that consumption of the plant in its natural state prevents any loss or denaturation of its properties, while decoction allows greater extraction of metabolites and destroys or reduces the toxicity of certain plants (Salhi et al., 2010). Medicinal plants were most often administered orally, which would suggest that the oral route is the preferred route in traditional medicine.
The work of Ambe and colleagues has shown that the oral route is the most commonly used for the administration of medicinal plants (Ambe et al., 2015), which corroborates our results. Plants of the Garcinia genus are used in traditional medicine for preventive or curative purposes in relation to several health problems described by the population. This could be justified by the fact that these plants contain several active principles responsible for their beneficial therapeutic effects in healthcare. These results corroborate those of Abderrazak and colleagues, who showed that the action of plants is due to the various active principles they possess, and these active principles are flavonoids, tannins, phenols and glucosides (Abderrazak, 2017). Plants therefore possess multiple active principles or secondary metabolites which are responsible for their various biological activities, such as antifungal, antioxidant and antimicrobial activities.
Photochemical analysis of the extracts revealed qualitative differences of varying degrees in the different groups of secondary metabolites identified. The results showed the presence of several bioactive compounds. Some compounds are known for their antimicrobial and antioxidant properties, such as terpenoids, flavonoids, tannins and polyphenols (Lacmata et al., 2012). These compounds are present in both single and combined plant extracts, thus justifying the antimicrobial and antioxidant activities in combinations and single plant extracts. However, the lack of colouration for some bioactive compounds and the weak colourations observed for others can therefore be explained by a low concentration of active ingredients. These differences may also be due to environmental factors, the chemical composition of the soil, the age of the plant and the nature of the solvent used, or to the low activity of these active ingredients due to a probable effect other than the expected effect caused by other secondary metabolites. This result corroborates that of Ipona et al, who showed that the environment influences plant quality (Ipona et al., 2023).
The work of Lacmata et al., showed that Garcinia kola and Garcinia lucida barks contain alkaloids, flavonoids and phenols, which corroborates the results obtained in this work and that of Dah-Nouvlessounon et al. (Lacmata et al., 2012 ; Dah-Nouvlessounon et al., 2015). They also showed in their work that sterols, terpenes and saponins were absent, which does not corroborate with the results obtained in this work. These differences can be explained by the difference in detection methods for these compounds, as well as by the difference in harvesting locations. It should be noted that tannins are present in the various Garcinia kola seed extracts. This result corroborates the results of this work and that of Dah-Nouvlessounon on seeds of the same species (Dah-Nouvlessounon et al., 2015). However, in Nigeria, it has been reported that Garcinia kola sheaths do not contain tannins (Dah-Nouvlessounon et al., 2015), which does not corroborate the results of this work. This may be explained by the different maturity stages of the seeds.
5. Conclusion
This study shows that Garcinia kola and Garcinia lucida are used in Yaoundé to treat abdominal pain of infectious origin. The most commonly used species is Garcina kola. The diversity of indications, the various organs used, and the methods of preparation and administration, show that practitioners of traditional medicine in the study area have a good knowledge of plant diversity. The plants listed constitute a panel that can serve as a starting point for biological screening and antioxidant and anti-inflammatory tests in the laboratory.
Ethnobotanical surveys carried out in a number of Yaoundé markets show that plant species are used as medicinal plants in various forms to treat a range of ailments. The therapeutic effects are produced by various chemical compounds, including phenols, flavonoids, alkaloids, glycosides, triterpenoids, steroids, saponins, anthraquinones and tannins. The presence of these compounds in these species would justify the use of these plants in traditional pharmacopoeia. In fact, according to several authors, these molecules are the basis of several pharmacological properties. Although it would be possible to carry out further phytochemical studies on all the plants and to evaluate bacterial and fungal strains, we believe that the initial objective of this study, which was to list the plants used to treat illnesses in Yaoundé and then to carry out a phytochemical sorting to identify the chemical substances that could justify the various medicinal plant activities, has been achieved.
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Percentage (%)	Clusiaceae	Apocynaceae	Annonaceae	Liliaceae	Putranjivaceae	Malvaceae	Zingiberaceae	Asteraceae	Fabaceae	Lamiaceae	Rutaceae	Solanaceae	Moringaceae	Araliaceae	Arecaceae	Caricaceae	Lauraceae	Anacardiaceae	Bombacaceae	Costaceae	Sapotaceae	Talinaceae	46.808510638297875	9.0425531914893611	5.8510638297872344	5.3191489361702127	4.7872340425531918	4.2553191489361701	3.1914893617021276	2.6595744680851063	2.6595744680851063	2.6595744680851063	2.1276595744680851	2.1276595744680851	1.5957446808510638	1.0638297872340425	1.0638297872340425	1.0638297872340425	1.0638297872340425	0.53191489361702127	0.53191489361702127	0.53191489361702127	0.53191489361702127	0.53191489361702127	Famillies

Percentage (%)


%	Bark	Seeds	Fruit	Leafy stem	Leaf	Pod	Bark/fruit 	Root	Rhizome 	Bulb	Core	Trunk	Bark/root	39.361702127659576	26.595744680851062	11.170212765957446	6.3829787234042552	3.1914893617021276	2.6595744680851063	2.1276595744680851	2.1276595744680851	2.1276595744680851	1.5957446808510638	1.0638297872340425	1.0638297872340425	0.53191489361702127	Parts of plants used

Percentage (%)


%	Decoction	Chew  	Powder	Maceration	Paste	Infusion	Application 	Drink	Scrub	Trituring	41.05263157894737	17.894736842105264	17.894736842105264	8.4210526315789469	5.2631578947368425	3.1578947368421053	2.1052631578947367	2.1052631578947367	1.0526315789473684	1.0526315789473684	


%	Anale	Application externe	Externe 	Inhalation	Orale	Orale et anale	Topique	2.1052631578947367	2.1052631578947367	1.0526315789473684	1.0526315789473684	86.315789473684205	6.3157894736842106	1.0526315789473684	

Percentage (%)	Garcinia kola Heckel	Garcinia lucida Vesque	Annickia affinis (Exell) Versteegh 	&	 Sosef	Picralima nitida (Stapf) T.Durand 	&	 H.Durand	Drypetes gossweileri S.Moore 	Alstonia boonei De Wild.	Ocimum gratissimum L.	Allium sativum L.	Glycyrrhiza glabra L.	Cola nitida (Vent.) Schott 	&	 Endl.	Zingiber officinale Roscoe	Ageratum conyzoides L. 	Allium tricoccum Blanco	Cola pachycarpa L.	Moringa oleifera Lam.	Rauvolfia vomitoria Afzel.	Panax ginseng C.A. Mey.	Elaeis guineensis Jacq.	Vernonia amygdalina Delile	Carica papaya L.	Persea americana Mill.	Allium cepa L.	Citrus aurantiifolia (Christm.) Swingle	Citrus sinensis (L.) Osbeck	Capsicum annuum L.	Nicotiana tabacum L.	Mangifera indica L.	Xylopia aethiopica (Dunal) A.Rich.	Adansonia digitata L.	Costus afer Ker Gawl.	Trigonella foenum-graecum L.	Cola acuminata (P. Beauv.) Schott 	&	 Endl.	Vitellaria paradoxa C.F.Gaertn.	Talinum fruticosum (L.) Juss.	Aframomum citratum (J.Pereira) K.Schum.	Curcuma longa L.	28.191489361702128	18.617021276595743	5.3191489361702127	5.3191489361702127	4.7872340425531918	2.6595744680851063	2.6595744680851063	2.6595744680851063	2.1276595744680851	2.1276595744680851	2.1276595744680851	1.5957446808510638	1.5957446808510638	1.5957446808510638	1.5957446808510638	1.0638297872340425	1.0638297872340425	1.0638297872340425	1.0638297872340425	1.0638297872340425	1.0638297872340425	1.0638297872340425	1.0638297872340425	1.0638297872340425	1.0638297872340425	1.0638297872340425	0.53191489361702127	0.53191489361702127	0.53191489361702127	0.53191489361702127	0.53191489361702127	0.53191489361702127	0.53191489361702127	0.53191489361702127	0.53191489361702127	0.53191489361702127	Plants

Percentages (%)
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