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Abstract 

Background: Flora used by Maasai practitioners (MSPs) in traditional medicine (TM) and food 

system (FS) were investigated in Monduli District, Arusha, Tanzania. The objective of this study 

was to document the knowledge on flora used by MSPs in their FS and TM against gout-related 

and other ailments. 

Methods: Ethnobotanical knowledge held by 21 MSPs was investigated following standard 

approaches. Guided field walk, free listing, rigorous individual-interviews and local market 

surveys were employed to obtain information. Use value (UV) index, relative frequency of citation 

(RFC), specific RFC (RFCs), fidelity level (FL) and informant consensus factors (ICF) matrices 

were involved to determine the knowledge on flora used in Maasai FS and TM against gout-related 

and other ailments. 

Results: A total of 101 plant species in 83 genera and 47 families, used in Maasai FS and TM were 

recorded. Food, food processing or storage, and medicinal plant (MPs) flora accounted 29, 32 and 

80 species respectively. MPs treated more than 38 ailments. A high proportion of plants recovered, 

was trees 45.19%; while 88.79% were retrieved from the wild habitat. Roots were mostly used 

part (30.73%); preparations were made from fresh or dry material and 44-species involved 

decoction in meat broth or stock. The frequently route of delivery was oral, 85.19%. About 37.5% 

of the MPs were used to treat joints’ pain or inflammation (ICF = 0.52) whereas, mostly used was

Rapanea melanophloeos (FL = 1.00; RFCs = 0.29) followed by Withania somnifera (FL = 0.5; 

RFCs = 0.24). Withania somnifera frequently used against other gout-related ailments. Vangueria 

infausta and Olea europaea subsp. Africana uses in FS ranked the highest. 

Conclusion: The study area is very rich in flora biodiversity, and the flora is an integral part of the 

indigenous foods’ and health care systems. The flora is exposed to various destructive 

anthropogenic activities; thus, integrated conservation measures are required. The rich 

ethnobotanical knowledge held by MSPs, requires an in-depth study and documentation. 

Investigations of flora used in the FS, and TM, with high FL, and RFCs could contribute to future 

nutraceuticals and drug discovery against gout and other ailments. 

Keywords: Ethnobotany, Flora, Food, Gout, Maasai, Traditional medicine, Monduli 
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Background 

Flora used in indigenous food systems (FS) or traditional medicine (TM) play a significant role in 

promoting individual health and well-being particularly in the disadvantaged communities across 

the word [1–3]. For instance, globally, floral species used in folk medicine account 35,000 – 70,000 

species [1]. Besides, 60-80% of the developing countries rely on the medicinal flora while 30-49% 

of the population in developed countries such as China, Germany, Australia, USA and France, is 

extensively using medicinal flora [1]. In addition, some floral species are known to provide both 

nutritional and medicinal benefits while some are used in processing foods in the indigenous food 

systems [2–5]. Still, 25% of the contemporary allopathic drugs are derived directly from flora or 

synthetic analogies of different compounds isolated from medicinal flora [1]. Dependency of flora 

resources on such benefits is attributed by existing poverty, cultural conservatism and perceived 

efficacy, safety, easy accessibility and lower cost of the flora [6].  

Tanzania, one of the mega-biodiversity rich country and sixth topmost known biodiversity 

hotspots, is not left behind from such benefits of flora biodiversity [6–11]. The country is endowed 

with widespread diversity of species with at least 14,500 known and confirmed species [9] 

whereas, flora accounts 12, 667 species, and 1122 species of it are endemic while more than 375 

of the species are more threatened [6,9]. Despite the threats and endemism on some Tanzanian 

floral species, still the flora biodiversity supports large population living in both rural and urban 

area for their health and well-being [7,8,10,11]. An estimate of more than 60% (45 million people) 

of the Tanzanian population in both rural and urban areas, depends mainly on flora-based 

traditional medicines as a vital components of their primary health care and as a means of 

generating income [6,12]. In addition, about 69.1% (35 million) of the Tanzania population live in 

rural area and 80% of them depend on the flora  resources for such needs [6]. Moreover, some 

flora species are used as food sources or added in food to provide dietary and or medicinal role in 

the  indigenous peoples’ food systems [2,4,5].  

Traditional knowledge on flora biodiversity up to the current time is still held by many rural 

communities and is varying among them depending on their cultural reflections [1]. The cultural 

reflection can change individual view point about the environment and also guide interactions 

between human being and resources in the ecosystem [1,4]. Consequently, the traditional 

knowledge is varying from one culture to the other regardless being in the same ecosystem and 
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thus the varying benefits of their traditional knowledge [1]. This also suggest that community with 

strong uphold of their culture are likely to have broader traditional knowledge which is reflected 

in their characteristic cultural values such as those of Maasai [4,5].  

Maasai among other ethnic groups existing in Tanzania, have managed to keep many of their 

traditional life styles which support their livelihood [3,6]. Maasai nomadic life has allowed them 

to have an access of various biological resources, which has a significant contribution to their 

enormous ethnobotanical or traditional knowledge on their landscape [6]. Traditionally Maasai are 

pastoralists keeping cattle, sheep and goats, and sometimes donkeys which are used as a source of 

income and wealthy symbols [6]. In addition, Maasai depends on animals for foods such as blood, 

milk, meat and honey, though in recent days they consume other food sources like banana, beans, 

maize, potatoes, rice, and others [4–6]. 

Maasai along with other cultural practices have long known for their use of flora in their food 

system and traditional medicine which is deep-rooted in their life [3–6]. Maasai utilize flora in 

their food system and traditional medicine when they are health and during sickness condition [4–

6]. Such dependency on flora in the food system and traditional medicine is attributed by the 

enormous knowledge they possess on nature as well as by their life in isolated areas where modern 

health care is inaccessible and unavailable [5,6]. Maasai are trained on the value of flora in their 

food system and traditional medicine since their childhood. In their age set system during ‘orpul’ 

festival of meat eating and healing, young boys and ‘Morans’, in addition to other skills and 

experiences, are thoroughly trained on flora used in the food system and traditional medicine [4–

6]. On the other hand Maasai girls gain such knowledge from their mothers and grandmothers as 

they spend a lot of time with them [4–6]. Such training prepares ‘Morans’ or girls before and after 

entering elders group, (allowed to get married) capable of taking family responsibilities  including, 

to ensure primary health care is provided at the household level through the use of flora in their 

food systems and traditional medicine [5,6]. 

Use of flora in indigenous food system and traditional medicine by Maasai has been linked with 

the low prevalence of some diseases including metabolic diseases such as gout in their 

communities [3,13]. Gout has been reported to be uncommon in Maasai community predominantly 

to those who uphold their traditional life styles in food system and tradition medicine [3]. Gout 

risks factors include consumption of food with high purine contents, drinking sweetened drinks, 
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alcohol particularly bear, genetic predisposition, health conditions such as diabetes, obesity, blood 

pressure, cancer, hyperlipidemia, kidney disease and some digestive system disorders [14–19] In 

contrast Maasai community regularly consume food sources such as meat from goat, cattle, and 

lamb with high purine content and fat yet gout is uncommon in their society especially those 

embracing their culture of using flora in their food system and traditional medicine [3]. In this 

respect flora used in Maasai food systems and traditional medicine have potential nutritional 

benefits and medicinal role in management of various human ailments including health conditions 

related to gout and its risk factors. 

However, Maasai traditional knowledge on flora used in their food system and traditional medicine 

is less researched and documented. Still such knowledge is threatened to be lost by the changes 

toward a more western lifestyles, poor relation between young and old generation, urbanization, 

and over exploitation of the resources [1,6,20,21] 

Therefore, this study aimed at conducting ethnobotanical survey to recover and document the 

traditional knowledge on flora used in Maasai food system and traditional medicine which manage 

various human ailments including gout related health conditions, in Maasai community of Monduli 

district, Arusha, Tanzania. 

Methods 

Description of the study area  

The study was mainly conducted in Monduli District and some part of Arusha rural (see figure 1). 

Monduli district is one of seven districts located in the northeastern part of Tanzania in Arusha 

region. District has an area of 6,419 sq. Km of which land area covers 6290.62 sq. Km and water 

covers 128.38 sq. Km; whereas, grazing land covers 3,983.855 sq. Km, arable land covers 

1,055.475 sq. Km and forest covers 374.965 sq. Km. Monduli district is bordered to the north by 

Longido District, to the east by Arusha rural district, to the south by Manyara region and to the 

west by Ngorongoro and Karatu district. Monduli Districts is situated between latitudes 3.00” to 

4.50’ South of the Equator and Longitudes 36.50’ to 36.45’ East of Greenwich Meridian. The 

district has 20 Wards and 62 villages. In this study ethnobotanical survey was conducted in seven 

villages. These villages included Lemiyoni, Makuyuni juu and Zaburi in Makuyuni ward; 
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Lossimingori in Lepurko ward; Mlimani in Monduli; and Imbibia and Engalaon villages in 

Mwandeti ward found in Arusha rural close to Monduli forest reserve (see figure 1). 

The district comprises of three climatic zones: highlands, flat and rolling plains, and rift valley 

zones. The zones are further categorized into two major agro-ecological zone: Highlands zone with 

average altitude of 2000 m and low land zone (flat and rolling plains) with altitude ranging from 

600 m to 1200 m above sea level. Monduli district is one of driest district in Tanzania and has a 

warm climate in low altitude areas and cool climate in high altitude areas. District temperature is 

ranging between 20 °C to 35 °C while rainfall is ranging from less than 500 mm in low lands to 

900 mm at high elevations. Soil characteristics of the district is classified based on the potential of 

land-use, into shallow soils with depth less than 40-50 cm, dee soils and deep freely soil drainage 

soil with depth more than 40-50 cm. The dominant soils are deep, freely drained clays with a 

moderate natural fertility status and occupy about 32% of the district. 

Major Ethnic group in the district is Wamaasai constitutes about 40% of the entire population and 

their main activities is livestock keeping. The second ethnic group is Waarusha constitutes about 

20% of the entire population and their main activities are livestock keeping and farming. The rest 

who are not indigenous of Monduli district constitutes 40% and their main activities are farming, 

trading and civil servants.  

The population size of the district is 158,929 people out of 1,694,310 people of Arusha region as 

per National census of 2012 [22]. Sex distribution of the district population showed that males are 

75,615 and females are 83,314 in number and the sex ratio was 91. Average house hold size is 4.7 

in the district. Monduli has one hospital, one health Centre, and 22 dispensaries. Furthermore, the 

study area has open markets were trading of various services and goods such as foods and 

traditional medicine are being conducted (figure 1) 
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Figure 1 Location of open markets and participants’ (MSPs) residence, selected as study site in 

Monduli District, Arusha Region, Tanzania

Reconnaissance survey and informant selection 

Ethnobotanical survey started on June 2020 and end up after two months in August 2020 while 

collection of voucher specimens went up to April, 2021. Two (2) to three (3) days before the 

interview started, local administrator or village leaders were consulted and the theme of the 

research was introduced to them, where it served as the basis for their recommendation on the 

participants to be included in the study. Their recommendations were guided by the set criteria 

used to include or exclude the participants in the study. This study aimed at determining and 

documenting flora used in Maasai food system and traditional medicinal with emphasis to those 

used in management or making gout uncommon in Maasai community; therefore, Maasai 

respondents with much experience and knowledge on flora used in food system and traditional 

medicine as well as those with experience on gout disease, were required. Elders or marriage 

people with strong uphold of their culture in Maasai community are expected to hold enough 
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knowledge and practices on flora used in food system and traditional medicine through their 

traditional training in ‘orpul’ festival as well as past experiences from their ancestors, and they 

have obligation to ensures primary health care is provided at family level. Participants were also 

included based on the age where the lowest age for a male participant was not below 30 years as 

it qualifies for being elder/married with enough ethnobotanical knowledge and experience as well 

as it was the age for risk of getting gout, and its experience. Female were included bases on married 

experience and or age at menopause which qualifies for enough ethnobotanical knowledge and 

experiences as well as age at risk of acquiring gout and its experiences. Twenty-one (21) MSPs 

(15 males and 6 females) were identified from total of seven (7) villages and their backgrounds 

were recorded (Table 1). The villages from which respondents were recruited are Mlimani, 

Lossimingori, Makuyuni juu, Zaburi and Lemiyoni found in Monduli district as well as Imbibia 

and Engalaoni found in Arusha rural district close to Monduli forest reserve as explained early. 

Three respondents (MSPs) were local midwifes, two traditional healers, and the rest were normal 

elders in the community and all of them mostly working with flora used in FS and TM. Their ages 

ranged from 30 to 97 years (mean = 66.90: SD = 17.98). The knowledge held by respondents was 

recorded based on their preferences. Most frequently mentioned human ailments of public health 

importance around the area were also investigated with respect to the symptoms of the diseases as 

confirmed by their indigenous knowledge. Ailments of public health importance are diseases or 

conditions that are threat to public health and those can be identifiable on an individual or at a 

community level.  
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Table 1: Demographic data of the MSPs in FS and TM in Monduli District, Arusha Region, 2021.  

Demographic data (N=21) Frequency (%) 

Gender 

 Male 15 (71)

 Female 6 (29)

Education status 

 Non-formal 11 (52)

 Basic reading and writing skills only (adult education) 3 (14)

 Elementary school (STD I - IV/VII) 7 (33)

Ethnicity 

 Maasai 21 (100)

Occupation of MSPs 

 Agro-pastoralist (AGP) 18 (86)

 Agro-zerograzing (AGZ) 3 (14)

 Traditional Healer (TH) 2 (10)

 Traditional Midwife (TMW) 3 (14)

Years of Experience (range) AGP AGZ TH TMW

 < 10 years (least experience was 8 years)  1 (5) 0 0 0

 10 - 20 years 4 (19) 0 0 0

 More than 20 years 13 (62) 3 (14) 2 (10) 3 (14)

Ethnobotanical data collection 

Rigorous individual interviews and extended discussions with the MSPs, guided field walk, free 

listing and market survey were the main data collection methods used in this study. Bennett’s 

Golden Rules for ethnobotanical fieldwork were followed to ensure effective interaction with 

MSPs. Standard pre-prepared questionnaires were used to record the information given by MSPs 

about the local name of the MP, the part (s) used, preparation methods, disease (s) treated, the 

route of delivery, possible side effects and antidotes used. Plant growth habitat, habit, conservation 

status, potential threats, and management prospects of the reported MPs were also included in the 

study interview guide. The checklist used was translated into the local language (Maasai), and the 
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responses of the MSPs in the data collection tool. All interviews and discussion were conducted 

in Maasai or Swahili by the principal investigator with the assistance of a translator of Maasai 

language to Swahili or English and vice versa. Each MSPs was visited and interviewed two or 

three times to ensure consistency of the information provided. The local market survey was carried 

out at four open marketplaces (Ngaramtoni, Monduli, Makuyuni and Meserani) found in the study 

area (see figure 1). In the market survey name of the plant, part used and the purpose it was sold 

were recorded. 

Plant specimen collection and identification 

Following the records of ethnobotanical information, voucher specimens of the flora were 

collected from the wild (W), home garden (HG) and farms (FM) under the guidance of MSPs from 

June through August 2020 and end up in April, 2021. GPS was used to record data on geographical 

coordinates and altitude. The specimens were numbered and the Maasai name of the species were 

recorded, pressed, and properly dried in the field. Appropriate documentation was made with 

photographic pictures of the area and the mature individual plant at the site of collection. The 

identification of specimens was carried out using Flora of Tropical East Africa [23] by an 

assistance of the botanist and his team members at the National herbarium of Tanzania. Specimens 

with labels were finally deposited at the National Herbarium (TPRI) in Tanzania.

Data Analysis 

Data analysis was carried out using both the classical ethnobotanical systematic investigation and 

a numerical quantitative approach in order to evaluate the importance of the mentioned plant 

species in the investigated area. The quantitative study was carried out by calculating the following 

ethnobotanical indices: 

Use categories. Plants used in the study area were classified into categories by adopting the 

method developed by cook [24]. Plants were broadly classified into different use categories which 

included: medicinal, food, food processing or storage, and other uses based on the use reports in 

the study area. Each time a plant was mentioned as “used” was considered as one “use report”. If 

one informant used a plant to treat more than one disease or for more than one use in the category 

it was considered as a single use report [24] 
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Use value (UV) index. The index is a quantitative measure which facilitates evaluation of the 

relative importance of each species known locally based on its relative use among informants [24–

26]: 

UV =  
∑𝑈i

N

where Ui represents the number of use reports cited by each informant for a given species and N 

denotes the total number of informants. However, the use value does not distinguish between 

single or multiple use purpose of a plant species. Use values are high when there are many use 

reports for a plant species, signify that the species is important, and approach zero (0) when there 

are few reports related to its uses. 

Informant consensus factor (ICF). This measure was used to test the homogeneity of knowledge 

among informants [24,27]: 

ICF =
𝑁ur − 𝑁s𝑁ur − 1

where Nur denotes the number of use reports for a particular use category and Ns denotes the number 

of species or taxa used for a particular use category by all informants. Informant consensus factor 

(ICF) values are low, close to zero (0) if plants are chosen randomly or if there is no exchange of 

information about their use among informants or there is disagreement among the informants 

which may be due to having different experiences and keeping information with strict secrecy 

[24,27]. Informant consensus factor (ICF) approach to one (1) when there is well-defined selection 

criterion in the community and/or if there is information exchange between informants or when 

there is only one or few species reported by the majority of informants [24,27]. 

Fidelity level (FL). This measure provide the ratio of informants who independently reported their 

use of a species for the same major purpose to the total number of informants who mentioned the 

species for any use [27]: 

FL (%) =
𝑁𝑝𝑁 × 100
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Where Np is the number of informants that claim the use of a plant species for a particular purpose 

(e.g., treating a particular disease), and N is the total number of informants that use the plant species 

for any use such as treating a particular disease [27]. 

Relative frequency of citation (RFC). The index of relative frequency of citation (RFC) was 

determined by employing the following formula: 

RFC =
FC

N

where FC is the number of informants reporting use of a particular species and N is the total 

number of informants [25]. 

Specific Relative Frequency of Citation (RFCs). This study ought to determine and compare 

relative importance of plant species used for the same specific purpose in the study area; therefore, 

the RFCs was computed by employing the following formula: 

RFC𝑆 =  FL × RFC =
𝑁𝑝𝑁 ×

FC

N𝐍𝐨𝐭𝐞:     𝑁 = FC

Most reliable flora used in FS and TM considered to be effective for the common human illness 

or health condition or role performed were identified based on the agreement among the MSPs 

using the free list data that show degree of consensus among them. 

Results 

Flora reported by MSPs in indigenous FS and TM 

Results provide the following information for each species: botanical family, scientific name, 

vernacular name, habitat, habit, part used, route of administration, use value, relative frequency of 

citation, preparation and application, and illness/disease condition treated or role performed (Table 

2). This study documented one hundred and one (101) plant species distributed in 47 families and 

83 genera in the study area (Table 2). Twenty-two (22) families were represented by two (2) or 

more flora species, whereas twenty-five (25) families were represented by only single species each 

(Table 2). The most represented family were Euphorbiaceae and Fabaceae with 8 species each; 
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followed by Solanaceae (6 species); Boraginaceae, Rhamnaceae, Rutaceae and Verbenaceae (5 

species each); Anacardiaceae, (4 species); and the remaining families each represented by at most 

three (3) species (Table 2). Most of the ethnobotanical species constituted trees (T) which 

accounted 45.19 % (47 species), followed by shrubs (Sb) 24.04% (25 species) (Fig. 1). Most of 

the species (88.79%) were sourced from the wild environment, followed by home gardens (HG) 

7.48% (Fig. 2). 

Figure 1 Species distributions (a) and percentages (b) on habit of flora used in the study area 
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Figure 2 Habitat percentages of flora used in the study area 

The species recorded in this study have different uses; whereas, medicinal uses accounted for 

53.69% (80 species) at ICF of 0.71, followed by food processing or storage accounted for 21.48% 

(32 species) at ICF of 0.82, food source accounted for 19.46% (29 species) at ICF of 0.79, and 

other additional uses such as glue, soap, axe handle, veterinary and ritual purpose, accounted for 

5.37% (8 species) at ICF of 0.56 (Fig. 3 and Table 2). Most of the species used, theirs plants parts 

have more than one uses which were varying from plant to plant (Table 2). 

The most commonly used plants for food sources included Vangueria infausta (FL = 1.00; RFC = 

81%); followed by Ximenia caffra and Dovyalis abyssinica each with (FL = 1.00; RFC = 52%) 

and in all cases fruits were used. Furthermore, it was found that 58.62 % (17 species) of the plants 

used as food sources were also used for medicinal purpose (Table 2). Some of which shared 

common parts for food and medicinal uses while for others, their parts were different for the uses 

(Table 2). Ximenia caffra apart from being a food source plant, it barks and roots are used as a 

medicine for treating various health conditions including joints’ pain (Table 2). 

Furthermore, food processing or storage in this study, included cleaning and preventing 

contamination, stirring, preservation, providing taste, appetite, odor, flavor, color or viscosity of 
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the food, dissolving fats or coagulate animal blood, holding cooked food, grinding food staffs and 

storing food (Table 2). In this study it was found that the most commonly used plant for food 

processing or storage was Lagenaria siceraria (storing liquid food) with FL of 1.00 and RFC = 

100%; followed by Olea europaea subsp. Africana which is used for fumigating storage container 

(calabash), preservation, providing odor and taste of liquid foods (FL = 1.00; RFC = 100). In 

addition: Lippia javanica (FL = 1.00; RFC = 0.57); Grewia bicolor (FL = 0.75; RFC = 57%); 

Ficus thonningii (FL = 1.00; RFC = 52%); and Clausena anisata (FL = 0.80; RFC = 48%) were 

also frequently used for their roles (Table 2). Moreover, it was found that 56. 25% (18 species) of 

the plants used for food processing or storage materials were also used for medicinal purpose 

(Table 2). Thirteen (13) of these plants shared common parts for medicinal and food processing 

uses while the remaining species their parts were different for the uses (Table 2). Among these 

plants the following species namely, Acacia nilotica, Combretum zeyheri, Cordia sp, Croton 

dichogamus, Cyphostemma subciliatum, Ocimum gratissimum, Piper capense, and Ximenia caffra 

shared the common parts for food processing and treatment of various health conditions including 

joints’ pain and inflammation, ‘OSUPETAI’ and ‘OLGILA’ (Table 2).  

Still, this study recorded some plants with highest use value. Withania somnifera (L.) Dunal 

(Olesayet) had the highest UV of 2.67 followed by Lagenaria siceraria (Molina) Standl 

(Oltulet/engotii) with UV of 2.48, and Olea europaea subsp. Africana (Mill.) P. S. Green 

(Oloirien) with UV of 1.95 (Table 2). Use value of the remaining plants are detailed in table 2. 
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Figure 3 Species distributions (a) and uses percentages (b) on categories of uses for flora in the 

study area 

Degree of MSPs’ agreement on flora used in the study area 

Selection of flora used in FS and TM by the MSPs depends profoundly on their prior gaining of 

knowledge from well-organized training in meat eating festival ‘orpul’, elders, parents or cross 

communication with other MSPs in the community. Furthermore, MSPs apprehended that 

historical narratives or experiences were taken into account in choosing the best or the most 

effective flora in their FS and TM to avoid the plants that are reported to have serious side effects 

or consequence to human life.  

This study showed that some plants such as Olea europaea subsp. Africana and Lagenaria 

siceraria were used by all (RFC = 100%) of the MSPs for food processing (preservation and 

flavoring agent) and storage purpose respectively, followed by Vangueria infausta used by 81% 

of the MSPs as the most commonly used food source (Table 2). In addition, evading plants with 

side effects or negative consequences to human life was evident in the choice of Albizia 

anthelmintica (Emukutan). Existence of two species of Emukutan was reported. One Emukutan 

(‘Orong’ujinia’ in Maasai / ‘Fisi’ in Swahili) which has spots on the back and its backs is brittle, 
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kills human instantly when eaten and always is fenced with thorns as a sign of killing history. The 

other normal Emukutan (Albizia anthelmintica) with smooth (no spots) and non-brittle back which 

can be made into a rope, is used for medicinal purpose as reported in this study. Furthermore, both

Albizia anthelmintica and Embelia schimperi (Olchani onyokie) with FL of 0.36 and 0.90 

respectively, have history or experience of inducing abortion in pregnant women while Embelia 

schimperi with FL of 0.90 can further induce excess menstrual flow and causes infertility in 

women; thus, care is taken in using the MPs by considering pregnancy and menstrual cycle or 

menopause status in women to avoid the side effects.  

Computation of ICF values has shown varying degree of agreement among informants on illness 

treated, health conditions induced or roles performed by the flora used in the study area. Two (2) 

floral species inducing ‘abortion or excess menstrual flow’ (Table 2) had the highest ICF of 0.90 

followed by those (6 species) used to treat intestinal worms or parasites (Table 2) with ICF of 

0.773 (Table 3). The remaining illness or health conditions are detailed in Table 2 and Table 3. 

Moreover, reports of other use categories showed that some flora (4 species) used for food 

preservation, taste and flavor (Table 2) had the highest ICF of 0.93 (Table 3) followed by those (2 

species) used to stop thirst with ICF of 0.833 (Table 2 and Table 3) and those (32 species) used 

for food processing or storage purpose (Table 2) had ICF of 0.815 (Table 3). In addition, some 

flora (29 species) used as a source of food had ICF of 0.791 (Table 2 and Table 3). Likewise, some 

flora (8 species) used for other additional uses such as veterinary, gluing materials and canning 

stick had ICF of 0.563 (Table 2 & Table 3). 

Diseases treated and Treatment approaches managed by MPs of the study area 

This study recorded more than 38 different human illness or health conditions (Table2 & Table 3) 

treated or induced by MPs used in the study (Table 2). The most prevalent diseases or health 

conditions managed by the MPs was intestinal worms or parasite (ICF = 0.77); followed by 

increasing confidence or angriness (‘MORI’) and increasing libido, energy or strength each with 

(ICF = 0.71); inducing vomiting (ICF = 0.69); and constipation or stomach gas, cough and food 

digestion each with ICF of 0.67 (Table 3). Besides, health conditions that are accounted for higher 

number of species used in their management included ‘OSUPETAI’/ ‘OLGILA’ treated by 33 

species (41.3%) of the MPs with ICF of 0.58; followed by diuresis (cleanse kidney) induced by 32 
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species (40.0%) of MPs with ICF of 0.63; joints’ pain and or inflammation treatment by 30 species 

(37.5%) of MPs with ICF 0.52 (Table 2 & Table 3).  

On the other hand, the study recorded three (3) main approaches for treating the most common 

diseases. These included diuresis or frequent urination, which more often results into a white urine, 

an indicator for cleansing kidney as per respondents, the second was diarrhea while the third was 

vomiting. Diarrhea was induced by 13 species with ICF of 0.57 while vomiting was induced by 5 

species with ICF of 0.69.  

The most frequently used MP in inducing diarrhea was Albizia anthelmintica (FL = 0.91; RFCs = 

0.48). This was followed by Croton megalocarpus (FL = 1.00; RFCs = 0.19), and Rapanea 

melanophloeos (FL = 0.5; RFCs = 0.14). Albizia anthelmintica was used in treatment of stomach 

worms, malaria or fever, ‘OSUPETAI’, detoxify swallowed poison and increasing body heat 

(Table 2). Croton megalocarpus was used in treatment of stomach worms, ‘OSUPETAI’, joints 

and back pain (Table 2). Rapanea melanophloeos used for worms, ‘OSUPETAI’, gonorrhea, boil, 

pain and swelling on ankles or knee, and wounds treatments (Table 2).  

Moreover, the most frequently used MP in inducing vomiting was Albizia anthelmintica (FL = 

0.54; RFCs = 0.29), followed by Rumex usambarensis with (FL = 0.80; RFCs = 0.19). Rumex 

usambarensis is used to detoxify food poisoning or swallowed poison, treat ‘OSUPETAI’, stomach 

ulcers, infertility and clean uterus (Table 2). 

Furthermore, this study showed that some of the disease conditions are understood, defined and 

explained in a unique way by MSPs in their indigenous health care system. This indigenous health 

care system of the study area is apparent from the local vocabularies applied to the diseases or 

health conditions described by the respondents. For instance, ‘OSUPETAI’ with RFC of 95.2% is 

the health conditions characterized by the following symptoms with their FL (%) value in the 

bracket: swelling on a skin with an opening and discharging pus, boil (10%); swelling and or pain 

on legs (15%), ankles (10%) knee (30%) tooth gum (5%), and nipples (5%); pain on waist (30%), 

joints (10%), muscles (5%), back (35%); body tiredness or weakness (25%); gonorrhea, obstructed 

urination associated with pain and discharge of blood and pus from the urinary tracts, as well as 

waist pain (47.6%); edema, a swollen part when pressed retain dimples or pits (20%); sudden and 

severe pain and warmth on ankle, finger and knee joint especially during the night (5%); reduced 
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libido (10%); pain and coldness feeling on bones (10%); tonsillitis (5%); and headache on one side 

of the head in cold weather (5%).  

‘OSUPETAI’ is reported to be caused by the following with their FL value in the bracket: sexual 

intercourse (55%) between a man and a woman which results in mixing blood between them; 

whereas, a condition for infection could be a virgin woman, a prostitute non-pregnant woman with 

a sperm deposit in her womb, or a woman in her menstrual cycle or a male infected with 

‘OSUPETAI’. In addition, it is also caused by urine of small worms (‘Minyoo ya safura’ in Swahili) 

in the body (10%); drinking of soda or eating roast food or lack of physical exercise (10%); eating 

food without taking herbs (15%) or eating food without cleaning the body through diarrhea or 

frequent urination (10%).  

‘OSUPETAI’ is classified by the MSPs based on the part of the body affected or the effect of the 

disease. The following are the categories of ‘OSUPETAI’ with their FL values in the bracket: 

‘OSUPETAI’ of the bones, ‘loloik’ in Maasai (30%); muscles ‘OSUPETAI’ (15%); joints’ 

‘OSUPETAI’ (15%); and urinary tract or gonorrhea ‘OSUPETAI’ (45%). 

Equally, other health conditions included ‘OLGILA’ with RFC of 38.1%. It is reported to be 

characterized by the following symptoms with their FL in the bracket: body weakness and pain on 

joints such as knee, fingers as well as pain of the back and waist (38.1%). The disease is caused 

by the following: modern way of roasting meat which involve the use of salt and direct fire 

resulting into smoke and ashes on the meat (4.8%); lack of exercise or eating without working, 

just sleeping (4.8%); and coldness weather (4.8%). In addition, ‘ENAPORSESENI’ is the health 

condition which in Swahili is referred to as ‘ngiri’ while in English is hernia, is characterized by 

stomach grumbling or pain on umbilical cord. Besides, ‘OROROBI’ is another health condition 

characterized by flue, cough and fever. Other common medicinal function or illness are detailed 

in the Table 2 and Table 3. 

Parts of the flora used by MSPs 

In this study it was found that various parts of the plants separately or in combination were used 

to treat particular illnesses or to perform specific roles (Table 2) as described by MSPs. Roots were 

the most commonly used part accounted for 55 species with 30.73% of uses and 213 use reports, 
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followed by fruits accounted for 35 species with 19.55% of uses and 171 use reports (Fig. 4). Other 

parts are detailed in figure 4 and Table 2. 

Figure 4 Species distributions (a), number of use reports (b) and usage percentages on parts of 

flora used in the study area 

Preparation and routes of delivery of flora used in Maasai FS and TMs 

Preparation of the flora used in Maasai FS and TMs was reported to involve decoction, infusion, 

squeezing, oozing, smoke or ashes, chewing and swallowing, beating on a body part particularly 

on the skin. The decoctions were used alone or mixed with other materials (medium) or mixed 

with other herbal decoctions. Materials (medium) mixed with the herbal decoctions included meat 

broth or stock, milk, melted tallow, clarified butter, blood, castor oil, honey and other plant parts 

such as Aloe sp roots. The decoction of the flora particularly MPs, when mixed with meat broth or 

stock, it is often in mixtures with other herbal decoction though a decoction for a single herb could 

be mixed alone with the meat broth or stock and drunk to realize its specific medicinal purpose. 

The decoction of the mixture of MPs when used alone or added into the medium such as meat 

broth or stock and honey was used to realize multiple medicinal roles, each performed by a specific 

components’ MP. In addition, some herbal decoction was mixed with medium like meat broth or 
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stock and milk to realize some roles such as dissolving fats, add taste, flavor, increasing viscosity 

of the mixture (Table 2). On the other hand, medium used in infusion preparation included coco-

cola soda, table salt solution, fat, margarine, honey, sugar solution, meat broth or stock, milk, 

porridge, melted tallow or clarified butter, hot water or tea (Table 2). Mixing of herbal medicine 

with medium as explained above was reported to have advantages in balancing the strength or 

reducing side effects that mighty associate with the herbs, facilitating its diffusion into the body 

and increasing its efficacy in treating a disease or realizing targeted effect on the health condition. 

However, some of the herbs were used alone or in decoction without mixing with other medium 

especially when the herb is considered safe for such use condition. 

The most common preparation was decoction in meat broth or stock accounted for 44 species 

(55%) of MPs followed by herbal decoction alone accounted for 24 species (30%) of MPs. 

Chewing and swallowing accounted for 35 species; whereas, 29 species (82.9%) of the plant used 

as food sources of which 17 species (58.6%) of them had both medicinal and food uses. The 

remaining preparations are detailed in (Fig. 5 & Table 2). The most common route of delivery for 

the preparations was oral accounted for 92 species (85.19%), followed by nasal 8 species (7.41% 

each) see (Fig. 6). Some of species were found to be used, through more than one route of delivery 

(Table 2). 

Dosage of the therapy was administered by MSPs based on sex, age, fitness status, health history, 

duration of the sickness, presence or absence of pregnancy and other related factors. For instance, 

Albizia anthelmintica and Embelia schimperi preparations were reported to cause abortion in 

pregnant women; thus, pregnant women should avoid their uses. In addition, Embelia schimperi

preparations were reported to induce excess menstrual flow; thus, women before menopause 

should not use the medicine. Furthermore, in case of overdose or excess diarrhea induced by 

Albizia anthelmintica preparation, porridge and fresh milk mixture were drunk to stop diarrhea 

and restore the lost energy. The reported dosage measurements included drops, palm, tea spoon, 

table spoon, ‘Molel’ (¼ L), ‘Neing’asha or Laiser’ (½ L), ‘Leseri or Tumberi’ (1 L) and any locally 

accessible measuring material. The amount of MP drunk, chewed and swallowed, eaten, applied 

externally and the duration of the therapy application were varying among the MSPs. 
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Figure 5 Species distributions on mode of preparations or application of flora used in FS and TM 

by MSPs in the study area 

Figure 6 Species distributions (a) and usage percentages (b) on route of delivery of flora used in 

FS and TM by MSPs in the study area 
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d, route of administration, use value, relative frequency of citation, mode of preparation 
ra used by MSPs in Monduli Districts, Arusha, 2021 (continued) 
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Table 3 Results of informants’ consensus factor (ICF) for the illness treated or role performed by 

flora used in FS and TM by MSPs in Monduli District, Arusha 
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Table 3 Results of informants’ consensus factor (ICF) for the illness treated or role performed by 

flora used in FS and TM by MSPs in Monduli District, Arusha (continued) 

Abbreviation: Sp, species; URPT, use reports; ICF, informants’ consensus factor 

MPs Used in Management of Health Conditions Associated with Gout 

This section presents findings of health conditions associated with gout as reported by respondents 

as well as it was pointed out early in the background of this study. MPs used in the management 

of the health conditions are also presented in this section. The health conditions included 

‘OSUPETAI’, inducing diuresis, joints’ pain and inflammation, pressure, diabetes and digestive 

system disorders. Some of these health conditions were linked with gout condition by some MSPs. 

In this section, where necessary, MPs are presented in figures by their vernacular names and 

collections numbers which can be used to refers their scientific names in Tables 2. 
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Thirty (30) species of MPs were reported to be used by MSPs in management of joints’ pain and 

or inflammation at ICF of 0.52 (Table 2, Table 3 & Fig. 7). This health condition was linked to 

gout by some respondents, only 2 (9.52%) of the them who claim to know gout. The respondents 

reported that gout symptoms included pain and inflammation on joints such as knee, in step, fingers 

and ankles especially when stretching the joints, as well as difficult in walking and standing upright 

easily. The respondents further reported that gout is caused by age (getting older above 60-years), 

eating roast meat every day (particularly of goat) without taking any herbal medicine, adding salt 

to the meat and roasting it on metal wires. These symptoms were managed by the MPs as detailed 

in this section.  

The most frequently used MPs in management of joints’ pain was Rapanea melanophloeos

(Iloodwa / Engodwai) with RFCs = 0.29 and FL of 1.00; followed by Embelia schimperi (Olchani 

onyokie) and Withania somnifera (Olesayet) each having RFCs of 0.24 and FL of 0.50; Combretum 

zeyheri (Ormaroroi-oibor) with RFCs of 0.19 and FL of 0.80; and Commicarpus plumbagineus

(Orng’eriandus), Croton megalocarpus (Ormarbait) and Harrisonia abyssinica (Endundulu) with 

RFCs value of 0.14 each and FL of 1.00, 0.75, 0.38 respectively (Fig. 7). 

Figure 7 Fidelity level, FL (a) and specific relative frequency of citation, RFCs (b) of MPs used 

in management of joints’ pain by MSPs 
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Furthermore, this study found that 26.7% (8 species) of the MPs used in management of joints’ 

pain were also used in the management of joints’ inflammation. The species had ICF of 0.50 in 

management of joints’ inflammation. The most commonly used MPs in management of joints’ 

inflammation was Withania somnifera (Olesayet) with RFCs and FL of 0.24 and 0.50 respectively. 

This was followed by Caesalpinia decapetala (Ormashinga), Commicarpus plumbagineus

(orng’eriandus) and Embelia schimperi (Olchani onyokie) with RFCs of 0.10 each and FL of 0.67, 

0.67, and 0.20 respectively. The other MPs used in management of joints’ inflammation were 

Acacia sp. (Osiyamalei), Cyphostemma subciliatum (Olorondo), Harrisonia abyssinica 

(Endundulu) and Rhamnus staddo (Engokola), and with RFCs value of 0.05 each, and FL value of 

1.0, 0.5, 0.13, and 0.11 respectively (Fig. 8). These MPs used in management of joints’ 

inflammation were also used in joints’ pain management (Table 2). 

Figure 8 Fidelity level, FL (a) and specific relative frequency of citation, RFCs (b) of MPs used 

in management of joints’ inflammation by MSPs. 

Moreover, 33 MPs were reported to be used in management of ‘OSUPETAI’ or ‘OLGILA’ with 

ICF of 0.58 (Table 3). The most commonly used MPs in treatment of ‘OSUPETAI’ or ‘OLGILA’ 

was Withania somnifera (Olesayet) with RFCs and FL values of 0.43 and 0.9 respectively; 
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followed by Aloe sp Mast (Osukuroi), a common ingredient in ‘opururua’ (Table 2) with RFCs

and FL value of 0.29 and 1.00 respectively.  

On the other hand, 66.7% (22 species) of the MPs, used in the management of ‘OSUPETAI’ or 

‘OLGILA’ were also found to be used in the management joints’ pain and or inflammation. These 

species had ICF of 0.63 in management of ‘OSUPETAI’ or ‘OLGILA’. In this case the most 

frequently used MPs in management of ‘OSUPETAI’ or ‘OLGILA’ was Withania somnifera

(Olesayet) with RFCs and FL values of 0.43 and 0.9 respectively; followed by Rapanea 

melanophloeos (Iloodwa), Rhamnus Prinoides (Orkonyil), and Harrisonia abyssinica 

(Endundulu) with RFCs of 0.24 each, and FL value of 0.83, 0.63, and 0.63 respectively (Fig. 9); 

Lepidotrichilia volkensii (Engilelekuru) and Embelia schimperi (Olchani onyokie) with RFCs of 

0.19 each, and FL value of 1.00 and 0.40 respectively; and Combretum zeyheri (Ormaroroi-oibor) 

with RFCs and FL value of 0.14 and 0.60 respectively (Fig. 9). The remaining MPs used in the 

management of ‘OSUPETAI’ or ‘OLGILA’ are detailed in (Table 2 & Fig. 9). 

Figure 9 Fidelity level, FL (a) and specific relative frequency of citation, RFCs (b) of MPs used 

in management of ‘OSUPETAI’ by MSPs. 
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Equally, 32 MPs (Table 2) were found to be used by MSPs in inducing diuresis (cleanse kidney) 

with ICF of 0.63 (Table 3) while 59.4% (19 species) of the MPs were also used in treatment of 

joints’ pain and or inflammation. The most commonly used MPs in inducing diuresis was Withania 

somnifera (Olesayet) with RFCs and FL value of 0.43 and 0.90 respectively. This was followed 

by Rhamnus Prinoides (Orkonyil) with RFCs and FL value of 0.33 and 0.88 respectively; Iloodua

and Rhamnus staddo  (Engokola) with RFCs of 0.24 each and FL value of 0.83 and 0.56 

respectively; Chenopodium schraderianum  (Olekukunu) and Piper capense (Olerubat) with RFCs 

of 0.19 each and FL value of 1.00 and 0.80 respectively; Helinus mystacinus (Olesupeni) and 

Acacia nilotica (Orkiloriti) with RFCs of 0.14 each and FL value of 0.43 each (Fig. 10). These 

MPs were also used in treatment of joints’ pain and or inflammation. Besides, other MPs 

commonly used in inducing diuresis but not reported in treating joints’ pain and or inflammation 

included Vepris simplicifolia (RFCs = 0.24; FL = 0.63), followed by Carissa spinarum (RFCs = 

0.19; FL = 0.67), and Scutia myrtina (RFCs = 0.14; FL = 0.50). The remaining MPs that induce 

diuresis are detailed in (Table 2 and Fig. 10). 

Figure 10 Fidelity level, FL (a) and specific relative frequency of citation, RFCs (b) of MPs used 

to induce diuresis (cleansing kidney) by MSPs 
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Besides, this study recorded three (3) MPs used in treatment of blood pressure and diabetes. These 

plants included Asparagus setaceus, Tragia ukambensis and Hydnora abyssinica with ICF of zero 

(0) in treatment of the disease conditions. The MPs were used in combination to treat pressure and 

diabetes (Table 2) 

In addition, other MPs were used in treatment of constipation or stomach gas and food digestion 

disorders. Three (3) species of MPs were used in treatment of constipation and stomach gas or 

bloating at ICF of 0.67; whereas, the most frequently used MPs, was Physalis peruviana (FL = 

1.00; RFCs = 0.14) followed by, Ocimum gratissimum (FL = 0.75; RFCs = 0.14) see (Table 2 and 

Table 3). On the other hand, food digestion was facilitated by five (5) species (Table 2) with ICF 

of 0.67 (Table 3); whereas, Acacia nilotica (FL = 1.00; RFCs = 0.33) was the most frequently used 

MP. 

Market value of the flora used in Maasai FS and TMs 

Market survey was conducted in the selected common open markets which included, Makuyuni, 

Monduli, Meserani, and Ngaramtoni to assess the market value of the flora cited in the interviews 

conducted at the respondents’ residence (figure 1). The findings showed that the majority (66.7%) 

of flora observed in the open markets were cited during the interviews and collected from the field 

around the respondents’ residence area. The remaining (33.3%) of the observed flora were cited 

in the interviews done at the respondents’ residence but their sample and voucher specimens were 

not collected for identification due to the reasons that were out of rich of this study. Flora observed 

in the open markets their parts were sold for medicinal purposes. Most of the medicinal purposes 

to which each floral part was sold, it was the same as that reported in the interviews done at the 

respondents’ residence, except Acacia nilotica was reported to additionally be used for cleaning 

blood (Table 2 & Table 4). This survey also showed that some MPs used in management of joints’ 

pain and inflammation occupy space in the market and are one of the commodities with value in 

the open markets (Table 4). 
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Table 4 Description on parts used, purpose of selling for the floral parts sold at Ngaramtoni, 

Makuyuni, Meserani and Monduli open markets in the study area. 
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Table 4 Description on parts used, purpose of selling for the floral parts sold at Ngaramtoni, 

Makuyuni, Meserani and Monduli open markets in the study area (continued) 

Discussion 

Flora used in indigenous food systems (FS) or traditional medicine (TM) have been playing an 

important role in promoting individual health and well-being particularly in the disadvantaged 

communities across the word [1,2]. Such flora is vital and often undervalued part of health care, 

and their application in indigenous FS or TM is evident in almost every country in the world 

[1,2,4,5]. The demand for its services is currently increasing mainly in form of alternative 

nutraceuticals or medicine. It is the main source of healthcare, and sometimes the only source of 

care, due to its closeness to the ordinary rural communities and its accessibility and affordability 

in view of the rising of healthcare costs [1,2,4,5]. The use of such flora has been linked to some of 
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the diseases for instance gout, being uncommon in certain communities like Maasai with strong 

uphold of cultural values in their FS and TM, though, they are exposed to similar risk factors like 

other communities with no such values where the disease is common. Tanzanians particularly 

Maasai to a large extent depend on flora used in indigenous FS and TM for their primary health 

care due to limited access to functional modern healthcare facilities, affordability, cultural 

acceptability of traditional medicine practices and practitioners, perceived efficacy against certain 

types of diseases, and the belief that such flora has low side effects [2,4,5,27]. As a result of 

improved access to contemporary medicine, poor relation between young and old generation, 

environmental degradation such as overgrazing, over exploitation of natural resources, and 

urbanization, both traditional knowledge and flora that have been used in indigenous FS and TM, 

for millennium are highly threatened [1]. 

Despite of such threats contributed mainly by the anthropogenic activities, there are still many 

flora in different part of Tanzania [7,8,10,11]. The findings of the current study conducted in 

Monduli District and some part of Arusha rural, have recovered a total of 101 flora with various 

uses. It was found that medicinal uses accounted for 53.69% (80 species). This was followed by 

food processing and storage, 21.48% (32 species); food sources 19.46% (29 species); and other 

uses such as glue, soap, veterinary and ritual purpose, 5.37% (8 species). Furthermore, it was 

observed that some of the flora particularly MPs with the most common uses and some with low 

or no availability in some places of the study area, were found to be sold in opens markets. This 

observation justifies the traditional healthcare and economic importance of the MPs. The findings 

of this study suggest that the study area has large biodiversity of flora that are main source of 

medicine, food, food processing and storage materials and other uses, as well as it plays its role in 

income generation. Therefore, protection and sustainable use of such biodiversity is inevitable. 

Furthermore, it was found that trees accounted for a higher proportion of the flora used in the study 

area. This observation was also made in Maasai of Southern Kaijiado District, Kenya [28]. This 

could be attributed to the common cultural reflections and pattern of growth forms in Maasai 

communities.  

This study also revealed that families Euphorbiaceae and Fabaceae (8 species each); followed by 

Solanaceae (6 species); Boraginaceae, Rhamnaceae, Rutaceae and Verbenaceae (5 species each); 

Anacardiaceae (4 species) comprise a greater number of flora species. These are among the 
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topmost families comprising flora used mainly as MPs in different parts of the country, and their 

higher proportion in the flora of Tanzania substantiates this report, implying documentation of 

wide distribution and higher number of species of these families throughout the country [7,8,11]. 

Still, it was found that mostly widely used part of the flora used in the Maasai FS and TM was root 

accounting for 55 species with 30.73% of uses and 213 use reports. The study by Ngowi et al 

reported similar findings with medicinal plants of Kondoa [8]. Possible explanation for this 

observation is that Maasai people like Rangi people through their long experiences have been able 

to ascertain that roots were the most effective plant part. The observation is scientifically supported 

by Ngowi et al., reporting that alkaloid composition of Strychos species in South America was two 

folds higher in roots and barks relative to the amount found in leaves [8]. It can therefore be 

concluded that roots play an important role especially in the indigenous healthcare systems for 

management of various health conditions. Though, exploitation of the roots and barks poses more 

threats to the flora than the use of other parts [27].  

Moreover, it was found that more of the flora were used in the Maasai TM as MPs than other use 

categories as indicated by the high proportion of species, 80 out of 101 species recorded in this 

study. This suggest that the flora of the study area play a significant role in management of various 

health conditions as detailed in table 2. Out of these MPs some were used to manage symptoms 

and related health conditions of gout, a disease claimed to be uncommon in Maasai community 

embracing their cultural values in FS and TM. 

Treatment of joints’ pain and inflammation was among the medicinal function achieved by the 

MPs used by MSPs. The joints’ pain and inflammation are among the important symptoms of gout 

in addition to the deposition of monosodium urate in the affected joints, which often is determined 

clinically [29,30].  

It was revealed that, 37.5% (30 species) of the MPs were used in management of joints’ pain and 

or inflammation while 10.0% of the MPs were used in management of both joints’ pain and 

inflammation. On one hand, the most frequently used MPs in the management of joints pain was 

Rapanea melanophloeos, followed by Embelia schimperi and Withania somnifera, Combretum 

zeyheri, Commicarpus plumbagineus, Croton megalocarpus and Harrisonia abyssinica. On the 

other hand, the most frequently used MPs in management of joints’ inflammation was Withania 

somnifera, followed by Caesalpinia decapetala and Commicarpus plumbagineus, Embelia 
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schimperi, Acacia sp. (Osiyamalei), Cyphostemma subciliatum, Harrisonia abyssinica and 

Rhamnus staddo. These species were also used in management of joints’ pain. This finding 

suggests that the most common MP in treating both joints’ pain and inflammation is Withania 

somnifera. 

The use of MPs in management of joints’ pain and inflammation in the current study is supported 

by findings of some other ethnomedicinal studies. Pappea capensis and Rhamnus prinoides were 

reported to be used traditionally in the treatment of arthritis or gout [28,31]. Moreover, Acacia 

nilotica was reported to treat painful joints while Rhamnus staddo treat joints pain, inflammation, 

gout, and clean kidney [32,33]. Also, Commicarpus plumbagineus is used in treatment of arthritis 

[34].  

Still, findings of some pharmacological studies support the traditional use of the MPs in treatment 

of joints’ pain and inflammation. Withania somnifera is the well-known important medicinal plant 

in Indian system of medicine for treating many ailments since time immemorial [35,36]. This 

concur with its highest use value (UV = 2.67) recorded in this study. Moreover, pre-clinical studies 

of Withania somnifera has shown anti-inflammatory, anti-diabetic, anti-microbial, anti-stress, anti-

tumor, cardioprotective, neuroprotective properties as well as ability to reduce reactive oxygen 

species, modulate mitochondrial function, regulate apoptosis, reduce inflammation and enhance 

endothelial function [35,36]. Moreover, Caesalpinia decapetala, Rhamnus prinoides and 

Harrisonia abyssinica are reported to have antioxidant or anti-inflammatory activities [37–41]. 

Species with antioxidant or free radical scavenging, anti-inflammatory and xanthine inhibitory 

activity are known to be the best choice of bioactive agents in treatment of gout [15,30,42,43]. 

Furthermore, phenolic compounds are known to have  anti-hyperuricemia or anti-inflammatory 

activities [40,43]. Thus, the use of such MPs by Maasai while they are health or sick in their FS 

and TM, could support the claim that gout is not common in the Maasai community. Such species 

used in management of joints pain and inflammation have potential contribution in the discovery 

of drugs against gout. 

Furthermore, this study revealed that some MPs were used to treat illness or manage health 

conditions that are uniquely defined by the MSPs as well as some related to or share some 

symptoms and causes of gout. These illness or health conditions included ‘OSUPETAI’ or 

‘OLGILA’, blood pressure, diabetes, diuretic process, and digestive system disorders. 
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‘OSUPETAI’ and ‘OLGILA’ are sometimes interchangeably used by MSPs to refers the same 

health condition. ‘OSUPETAI’ which is sometimes referred to as ‘TAMBAZI’ in Swahili by most 

of MSPs, was identified by symptoms and causes described by the respondents; however, the 

symptoms and causes of the health condition are supported by clinical literature and findings.  

Reported symptoms of ‘OSUPETAI’ included pain and inflammation of joints like ankle, finger 

and knee, and sometimes sudden and severe pain and warmth inflammation on the joints that 

occurred at specific time (particularly at night). All of these symptoms are the clinical 

representation of gout [18]. Furthermore, a swelling of the skin occurring on an area such as nipple 

or leg and that develop an opening and accumulation of pus was another reported symptom and 

claimed to represent boil which in Swahili was termed as ‘JIPU’ and clinically is known to be 

caused by Staphylococcus aureus infection [44]. 

Still, obstructed urination associated with pain and discharge of blood and pus from the penile or 

vagina were also reported as symptoms of ‘OSUPETAI’ as well as claimed to signify gonorrhea, 

a clinical illness represented by the symptoms [45,46]. However, other infections such as 

chlamydia and Trichomonas may share the same symptoms of gonorrhea [47,48]. Moreover, a 

swelling when pressed retains dimples or pits was reported as another symptom of the disease 

which also is a clinical representation of edema [49–51]. In addition, other symptoms of 

‘OSUPETAI’ included pain on muscles, waist and back, which clinically may be caused by muscle 

and ligament strain, bulging or ruptured disks, arthritis or osteoporosis [52,53]. 

Likewise, reduced libido was one of the reported symptom of ‘OSUPETAI’ and clinically has 

different interplaying causes that involves internal cognitive processes, neurophysiological 

mechanisms and affective [54–58]. Similarly, body weakness and fatigue are claimed symptoms 

of the health condition. Clinical causes of body weakness could be infectious, inflammatory, 

endocrine, genetic, metabolic, neurologic, rheumatologic, electrolyte-induced, or drug-induced 

[59]. While fatigue could due to physiological states, medical conditions, psychiatric disorders or 

medical prescriptions [60,61] 

Equally pain and coldness feeling to the bones in cold weather were reported symptoms of 

‘OSUPETAI’ and clinically are explained by some theories which have not yet pinpoint the actual 

cause of the situation: one theory explaining that inactiveness due to cold weather lower blood 

circulation to organs and bones hence pain and weakness to the joints; and the other theory 
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explaining that barometric pressure changes in cold weather may have an effect to the tendons, 

muscles, scar tissue or exposed nerves of the bone, that results into bones and joints pain especially 

to those people with arthritis [62,63]  

Tonsillitis was another reported manifestation of the health condition; whereas, common virus or 

bacteria are the clinical causes of the illness [64–66]. Swelling of the tooth gum was also 

recognized as a symptom of ‘OSUPETAI’; whereas, the underlying causes include poor dental 

hygiene and periodontal infections particularly with [67,68]. Lastly, but not least one-sided 

headache in cold weather was reported as the symptom of ‘OSUPETAI’ and it is a clinical sign of 

migraine where its pathogenesis is suggested to represent vascular phenomenon or a neurovascular 

disturbance, relating to changes in brain and genes [69–71] 

Furthermore, MSPs reported causes or risk factors of ‘OSUPETAI’; whereby, the most common 

risk factor was sexual intercourse between infected partners who could either be a virgin woman, 

a woman in her menstrual cycle, a prostitute men or women. This risk factor coincides with the 

reported symptoms particularly those of gonorrhea or sexually transmitted disease gonorrhea [45–

48]  

Small worms in Swahili referred to as ‘Minyoo ya Safura’ was also reported as the cause of the 

‘OSUPETAI’ represented by edema. Though, the worms clinically known to causes anemia 

‘Safura’ include, Necator americanus and Ancylostoma duodenale and in severe case could result 

into heart failure and widespread tissue swelling [72–75]. Nevertheless, other worms 

predominantly Wuchereria bancrofti and to some extent Brugia malayi and Brugia timori are 

clinically known to cause lymphedema in filariasis with no or less effect on hemoglobin content 

and anemia, contrary to the reported ones in anemia ‘Safurra’ case[76,77]. Consequently, the 

reported edema as one of ‘OSUPETAI’ symptom may be linked to the reported and clinical worms 

associated with anemia and lymphedema. 

Moreover, drinking of sweetened drinks such as soda or eating roast food such as meat or lack of 

exercise were other reported causes of ‘OSUPETAI’ and clinically they represent some risk factors 

of gout disease [18]. Besides, eating food without taking herbal medicine or cleaning the body 

through diarrhea or frequent urination were reported causes of ‘OSUPETAI’ and this claim agrees 

with orpul festival of meat eating and healing by MSPs with one of the intentions being disease 

prevention and treatment [6]. 
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In view of the reported and clinical symptoms, causes and risk factors of ‘OSUPETAI’ it is clear 

that the health condition or the term represents collection of illness affecting human with different 

causes including infectious pathogens and non-infectious agents which locally cannot be 

determined with certainty rather their symptoms are linked to their risk factors. This fact also 

supports the claim by one of the respondents saying ‘OSUPETAI’ is a collection of diseases’; thus, 

it was classified into bone (‘loloik’ in Maasai), muscles, joints, and urinary tract/gonorrhea 

‘OSUPETAI’ depending on the part of the body affected. In addition, ‘OSUPETAI’ share common 

risks factors and symptoms of gout among other illnesses related to the reported health condition. 

Additionally, ‘OLGILA’ was another health condition reported by MSPs and has different 

symptoms representing the disease. Body weakness and pain on joints such as knee, fingers as well 

as pain of the back and waist were the most common symptoms of the health condition. As 

discussed early, the pain on joints are among the clinical signs of arthritis or gout [18]. Still, the 

pain on the back are the symptoms of the condition and have the same clinical etiologies as that 

described in ‘OSUPETAI’ [52,53]. Moreover, body weakness as the symptom of ‘OLGILA’, has 

the same clinical causes as described in the ‘OSUPETAI’ condition [59]. 

Furthermore, MSPs reported different causes of ‘OLGILA’. Modern way of roasting meat which 

involve the use of salt and direct fire resulting into smoke and ashes on the meat was one of the 

reported causes. This is partly and clinically known to cause gout from the purine content of the 

meat and probably the added salt as the purine metabolism result into monosodium urate 

formation, a condition for the development of gout which is characterized by pain and 

inflammation of the joints [18] which also, they fairly represent the reported symptoms of 

‘OLGILA’. Moreover, lack of exercise or eating without working were other causes of the disease 

condition and clinically may result into body weakness and obese respectively. Obesity is the risk 

factor for many diseases including gout, diabetes and pressure [18]. Coldness weather was also the 

reported cause of ‘OLGILA’ as in ‘OSUPETAI’ condition with the same clinical justifications 

[62,63]. 

Therefore, in accord to the reported causes, risks factors, symptoms of ‘OLGILA’ and their clinical 

justifications it is clear that the disease shares some common risk factors, causes and symptoms of 

gout that are the subset of causes, risk factors and symptoms of ‘OSUPETAI’. However, in 

assessing the risk factors and causes of ‘OLGILA’ they seem to closely relate to gout, despite other 
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diseases may bear the same risks factors and causes as discussed early. Furthermore, the sharing 

of common causes, risk factors and symptoms between ‘OSUPETAI’ and ‘OLGILA’ justifies their 

interchangeable use by some MSPs to refers the same health condition. Thus, the MPs used in 

management of ‘OSUPETAI’ could sometimes be used to manage ‘OLGILA’ as well as gout 

particularly for the shared causes and symptoms. 

In this study it was found that the most commonly used MP in the management of ‘OSUPETAI’ 

or ‘OLGILA’ was Withania somnifera, followed by Rapanea melanophloeos, Rhamnus Prinoides

and Harrisonia abyssinica, Lepidotrichilia volkensii, Embelia schimperi, and Combretum zeyheri. 

About, 66.7% (22 species) of the MPs used in management of ‘OSUPETAI’ or ‘OLGILA’, were 

also used in management of joints’ pain and inflammation (gout symptoms); whereas, most 

respondents agreed on the use at ICF of 0.632. Furthermore, most of the MPs used in management 

of ‘OSUPETAI’ or ‘OLGILA’, their different parts were combined to make preparations such as 

‘Opururua’ or a mixture of herbal decoctions and meat broth or stock (Table 2 & fig 5) for 

prevention and treatment of the health condition as described in Table 2. This practice can be 

justified by the fact that ‘OSUPETAI’ is the collection of diseases or illness as discussed early; 

thus, it may require different herbs with different role to realize effective prevention or treatment 

of the health condition. The practice of combining herbs is reported to be very common in ‘orpul’ 

festival of meat eating and healing; though, in some cases few plants can be combined or used 

alone in the treatment of specific illness with characteristics symptoms. For instance, one 

respondent combined Eucalyptus saligna and Ocimum gratissimum in preparing the decoction 

mixture to treat joints (finger & knee) pain, claimed to occur during the night and reported as early 

signs of ‘OSUPETAI’. Another respondent used Combretum zeyheri alone when he had experience 

of joints pain which was claimed to be caused by eating roast meet for long time without taking 

herbs. 

Still, use of the MPs in management of ‘OSUPETAI’ or ‘OLGILA’ with its characteristics causes, 

risk factors and symptoms is supported by findings of other studies. Withania somnifera with its 

broad spectrum biological activities [35,36] could be responsible in management of symptoms and 

the underlying causes of ‘OSUPETAI’ or ‘OLGILA’. In addition, Rapanea melanophloeos and 

Embelia schimperi are reported to have activity against parasitic worms or microbes [78–80], the 

possible underlying causes of ‘OSUPETAI’ or ‘OLGILA’. 
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This study further recorded MPs used in management of other illnesses or health conditions 

associated with gout. Pressure and diabetes were among illness treated by the MPs, and are 

clinically known to be the risks factors for the development of gout [18]. Each of the diseases was 

treated by a combined therapy from Asparagus setaceus, Tragia ukambensis and Hydnora 

abyssinica. However, the homogeneity of the knowledge were lacking as ICF on the use of the 

species in treatment of each disease was zero (0), this may be due to randomly choice of the species 

or no exchange of information about the use of the MPs on each disease or disagreement among 

the informants attributed by different experiences and keeping the information with strict secrecy 

[24,27]. Despite lacking of homogeneity on the use of the MPs in treating pressure and diabetes, 

these species have potential contribution for discovery of pressure and diabetes drugs as well as 

reducing the co-morbidities or the risk factors from the disease associated with gout. 

Moreover, some MPs were used to induce diuresis or frequent urination which clinically is known 

to have effect on the gout health condition. Diuretics are known for helping the body to get rid of 

salt and water by stimulating a kidney to release sodium into the urine hence more water is pulled 

from blood into the urine and thus frequent urination [81]. Diuretics are commonly used to treat 

heart failure and other conditions such as liver or kidney disorders that cause fluid retention or 

edema in the body [82]. 

Conventional diuretics have been used for the management of the health conditions. Such diuretics 

are reported to have side effects including, upset of bloodstream salt balance, commonly resulting 

into low blood level of potassium, sodium, and magnesium and high level of calcium; stomach 

upset; dizziness on standing; and worsening diabetes and gout conditions [82,83]. Yet, the effect 

of diuretics on the occurrence of gout may depends on the condition for which the diuretics are 

given rather than ensuing from the drugs themselves [84]. In addition, renal handling of urate 

depends on the type of diuretic used, those with uricosuric properties may also help treatment of 

gout or the weaker may have low risks while the stronger may have higher risks on the occurrence 

of gout [84]. 

Conversely, natural diuretics particularly veggies and fruits are high in water and potassium (and 

some in magnesium and calcium) which help to offset the constriction of blood vessels that makes 

one feel bloated in case of excess sodium [85,86]. Furthermore, natural diuretics have been used 
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in treatment of swelling and rheumatism as well as some have properties of reducing uric acid in 

the body[87]. 

In this study 40% (32 species) of MPs were found to be used as diuretic agents and the respondents 

agreed on the use at ICF of 0.627. From these diuretic plants, 59.4% (19 species) of them were 

used both as diuretic agents and for the treatment of joints pains and inflammation. Amongst 

species the most commonly used diuretic agent was Withania somnifera, followed by Rhamnus 

Prinoides, Rapanea melanophloeos, Rhamnus staddo, Chenopodium schraderianum, Piper 

capense, Helinus mystacinus and Acacia nilotica. The observation that some MPs were used as 

diuretic agents and in treatment of joints’ pain and inflammation could be supported by the fact 

that diuretics have the capacity of removing edema or fluid retained in the body as well as some 

have uricosuric properties which remove uric acid from the body[87]. Moreover, irrespective of 

the use of the MPs as diuretic agents, no side effects associated with diuresis were reported in this 

study as compared to those possessed by the conventional diuretics. This observation could be 

supported by the fact that most natural diuretics as discussed early are known to contain high 

amount of water, potassium and sometimes calcium and magnesium which have the capacity of 

offsetting the effect of excess sodium [85,86]. In addition, mixture of herbal decoction and meat 

broth or stock, and decoction of MPs were the most commonly used preparations. This could also 

have significant contribution in prevention of dehydration and other related side effects as both of 

the preparations have plenty of water and possibly the necessary minerals. The use of these diuretic 

agents in the current study is supported by the study showing that Withania somnifera in Ayurveda 

healthcare system of India is known as a prominent herbal Rasayana with diuretic property [36]. 

So, MPs with diuretic properties that are also used in management of joints’ pain and inflammation 

are potential sources for discovery of diuretic and uricosuric drugs that could be used in 

management of gout and other related health conditions. In addition, the use of diuretic agents 

along with plenty of fluid and minerals could be the best approach in management of gout and 

other related health conditions. 

Still, this study recorded some MPs used in management of food digestion, constipation, stomach 

gas or bloating, the conditions related to digestion system. Digestion system has an important role 

on the gout health conditions and some of its disorders are the risk factors for the disease [88]. 

Studies have shown that extensive degradation of a substantial amount of uric acid occurs in human 
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with carbon dioxide and ammonia being principal uricolytic products [88]. Intestine, a digestive 

organ known for its contribution in elimination of one-third of uric acid formed daily in a person 

[88]. The elimination of uric acid in the gut is through uricolysis supported by intestinal bacteria 

which degrades uricolysis products particularly carbon dioxide; whereas, the formed products are 

excreted through feces [88]. It is therefore logical to ascertain that any factor that affect the normal 

function of digestion system including breakdown and excretion of uric acid it has contribution in 

the development of gout. 

Constipation, a less than three (3) number of bowl movement per week [89] it is a clear indication 

of lower defecation rate hence the slow excretion rate of uric acid. Constipation is one of the 

symptoms of gastrointestinal disorders that has various etiologies including mechanical, 

metabolic, neuropathies and myopathies causes that may affects coordination of bowl motility, 

mucosal transport or defecation reflexes [89–91]. Some causes of constipation include colonic 

malignancy or sensorimotor dysfunction, bowl or pelvic cancers, cancer therapy and uremia [91]. 

In addition to the causes, risks factors such as female sex, older age, sedentary life style, low fiber 

diet, malnutrition, polypharmacy and low social economic status may result into constipation [89] 

Moreover, indigestion, a group of symptoms ranging from pain or discomfort to postprandial 

fullness, early satiation, burping, abdominal bloating, gurgling sounds, or even nausea and 

vomiting, is another condition affecting digestive system. Indigestion is known to be caused by 

intra-abdominal, dietary and lifestyle factors that are categorized into physiological, biological, 

psychological and environmental mechanisms [92]. Furthermore, indigestion relates to other 

health conditions that are known to have influence on gout conditions. 

Hyperchlorhydria, a high stomach acid, is a common symptom known to be associated with 

indigestion as well as other health conditions such as gastritis, peptic ulcer disease, renal failure 

and some cancers [14,16,17]. Hyperchlorhydria symptoms include abdominal pain, heartburn, 

nausea, vomiting of sour liquid, gas and bloating, belching, flatulence, and constipation. 

Furthermore, some of the health conditions are known as the factors for occurrence of 

hyperchlorhydria and some are results of the health conditions. Studies have shown that gastrin, a 

larger precursor for various biologically active peptides, has an important role in meal-stimulated 

gastric acid secretion, epithelia cell proliferation of gastrointestinal tract and sometime its products 

can serve as autocrine growth factor for colorectal cancers development [93]. Overexpression of 
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gastrin due to gastrin secreting tumor (Zollinger-Ellison syndrome) or the presence of some 

bacterial infection such as Helicobacter pylori results into hyperchlorhydria and consequently 

peptic ulcers and thickening of gastro-intestinal mucosa [16,93].  

Furthermore, hyperchlorhydria is found to be one of marked conditions in gout patients. The 

condition has been associated with delayed starch digestion and flatulence, followed by 

enlargement of the liver, a condition if not relieved is succeed with characteristic arthritic attacks 

[94]. The liver is found to be the source of glycocin which is suggested to be responsible in 

production of uric acid through its conjunction with urea in the kidney where excretion of uric acid 

occurs hence its disorder may result into gout [94]. Still, some other disorders of the liver 

particularly glycogen storage disease type Ia is also known to results into gout [19]. Defective 

enzyme involved in the this liver disorder does not only affect the liver it may also cause damage 

to the kidney an important organ for excretion of uric acid and other wastes [95]. In addition, 

glycogen storage disease type Ia is also known to be the main cause of gout in premenopausal 

patients [19,96]. 

In view of the disorders of digestive system it is clear that the symptoms or health conditions 

particularly constipation, stomach gas or bloating reported in this study, are the indication of the 

digestive system disorders of which some are associated or are the risk factors for gout condition. 

Thus, MPs used in management of the symptoms play an important role in the health of the 

digestive system and may have potential effects on the digestive disorders underlying causes or its 

consequences related the gout condition. 

In the current study, three (3) species of MPs were used in management of constipation, stomach 

gas or bloating whereby the respondents agreed on the uses at ICF of 0.667. The most commonly 

used MP to treats the conditions was Physalis peruviana, followed by Ocimum gratissimum. 

Furthermore, five (5) species of MPs were used in facilitating food digestion or preventing 

indigestion at ICF of 0.667; whereas, the most commonly used MP was Acacia nilotica.  

The use of these MPs in management of digestive system disorders as well as their potential effects 

on gout condition in this study is supported by findings of other studies. Physalis peruviana is 

known to have antioxidant activity and inhibitory effect on xanthine oxidase activities. It is a 

widely used herb for treating various health conditions including cancer, hepatitis and rheumatism. 

Furthermore, Ocimum gratissimum is also known for its antioxidant, anti-inflammatory, anti-
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diarrheal activity as well as relaxant effect on gastro intestinal tract [97–99]. Moreover, it is used 

against gastrointestinal helminths, diarrhea or stomach upset and bacterial infections among other 

health conditions [97]. In addition, it is used against rheumatism and has hypoglycemia activity 

that is important in the management of gout as well [97,98]. Still, Acacia nilotica possesses 

antioxidant, anticancer, anti-diabetic activities and is traditionally used for nutritive purpose, 

against diarrhea, cancer, induration of liver and spleen and digestive problems [100,101]. Hence, 

the use of the MPs in management of the digestive system disorders has positive impact to health 

of the digestive system as well as its conditions associated with gout. 

Apart from the flora used in the Maasai TM in management of various ailments including gout 

symptoms and its associated health conditions as discussed early, the current study recorded some 

flora used in the Maasai FS. Most flora involved in the Maasai FS were used for food sources, 

food processing or storage purpose. However, some of them had also medicinal values as detailed 

in Table 2.  

The most commonly used food source plant recorded in this study was Vangueria infausta and the 

study by Maroyi, support its use as the food source as well as a medicine for treating various health 

conditions including gastrointestinal disorders, parasitic worms and abdominal pains [102]. Such 

nutraceutical properties of Vangueria infausta play its role in health of digestive system; 

consequently, may have potential effect on gout condition. Besides, the most commonly used 

plants for food processing or storage purpose in this study was Olea europaea subsp. Africana

which was used for food preservation, taste and flavor of a liquid food while Lagenaria siceraria

was used for storage purpose of the liquid food. Olea europaea subsp. Africana is known for its 

antihypertensive, hypoglycemic, antioxidant and antibacterial activities [103]. Furthermore, 

Lagenaria siceraria fruit has been used traditionally as antidiabetic remedy as well as it has a 

capacity of enhancing stability of stored herbal concoction in its dry fruit [104,105]; though, its 

effect on food is not well known. Subsequently, such food source plants and those used in food 

processing and storage purpose in this study may have potential contribution in the management 

of gout and other health conditions in addition to their reported uses. 
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Conclusion 

The current study gathered the knowledge held by MSPs in their indigenous FS and TM, along 

with assessing the ethnobotanical knowledge available in the public domain particularly on open 

markets. The study area in Monduli district, Arusha has diverse flora (101 species) used mainly 

for medicinal purpose, 53.69% (80 species) in treating or managing various human ailments or 

health conditions; food processing and storage, 21.48% (32 species); food sources, 19.46% (29 

species); and other uses, 5.37% (8 species). This study has shown that the MSPs of the area have 

rich knowledge on their FS and TM; whereas, the flora is an integral part mainly in the primary 

healthcare and indigenous food system as well as income generation in the Maasai community. 

Due to limited access of modern healthcare services, cultural conservatism, and economic 

insufficiency to meet the prices of available modern healthcare services, flora, mostly MPs are the 

most reliable source of healthcare services which more often is provided at household level in the 

community.  

MPs of the area were used to treat more than 38 ailments, and some induce diuresis, diarrhea, and 

vomiting as the approaches involved in the treatments. Some MPs were used to manage health 

conditions associated with gout, which included: joints pain and inflammation, pressure, diabetes, 

‘OSUPETAI’, digestive system disorders, and diuresis. In addition, some were used in the 

indigenous FS with their medicinal values against the ailments including health conditions 

associated with gout. 

Most (88.79%) of the flora are found in the wild habitat where anthropogenic activities are 

evolving and thus are exposed to demolition. Consequently, this calls for establishment of 

sustainable integrated natural resources management system on the area as soon as possible. 

Indigenous stewardship of the natural resources, including flora used in the indigenous FS and TM 

needs documentation and improvement by government and non-government environmental 

restoration programs to preserve the flora of the area. Additional plant use categories including, 

firewood, construction, bee forage, ornamental, fodder, shade, etc. requires documentation so as 

to augment the preservation of the vital natural resources. 

This study recommends an in-depth laboratory investigation of the frequently cited MPs with high 

FL, RFCs used in management of the ailments including joints pain and inflammation, diuresis, 

and digestive system disorders. This would have potential contribution to the current global drug 
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discoveries for the management of gout condition and other reported health conditions. Also, 

further study of the Maasai food system is required to ascertain its influence on gout and other 

reported health conditions. 
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