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Abstract
Fish can be a key strategy in addressing the global food and nutrition insecurity chal-
lenges. Fish nutrient data are critical for policy development targeting to reduce these 
problems. Despite this, much of the published studies on nutritional characteristics of fish 
have focused on marine ecology and there is little information on natural freshwater fish 
habitats like inland delta areas. This study investigated the nutrient composition of Oka-
vango Delta fishes and their potential contribution to the recommended nutrient intake. 
Fish species sampled were Clarias ngamensis, Oreochromis andersonii, Schilbe interme-
dius, Marcusenius altisambesi, Brycinus lateralis, Barbus poechii and Tilapia sparrmanii. 
The nutrients analyzed were moisture, ash, proteins, Na, K, Ca, Mg, P and Zn. The small 
fishes (B. lateralis and B. poechii) had higher mineral content; Ca (643–968 mg/100 g), Mg 
(47–49 mg/100 g) and Zn (2.8–3.6 mg/100 g) compared to the larger species with average 
mineral content; Ca (73–460 mg/100 g), Mg (23–35 mg/100 g), Zn (1.2–2.9 mg/100 g). 
The most nutrient-dense species recognized were B. poechii and B. lateralis followed 
by the large species, M. altisambesi. These species illustrated the potential to contribute 
80–121% Ca, 32–47% Mg and 70–150% Zn of the recommended nutrient intake to chil-
dren (1–9 years), pregnant women and the elderly (65 + years). The study recommends pri-
oritizing small and some large species (M. altisambesi and T. sparrmanii) for polyculture 
systems, primarily for securing food and nutrition security for local communities.
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1  Introduction

As the world’s population explodes to almost 10 billion in 2050, world leaders and scien-
tists alike are faced with the challenge of feeding the growing population; many of whom 
are in developing countries already plagued with hunger and malnutrition (UN, 2022). 
Globally over 800 million people are undernourished, about 50% of these people are in 
Asia while 30% are in Africa (WFP and WHO 2022). Furthermore, about 150 million chil-
dren are stunted, 45 million wasted and over 2 billion people have micronutrient deficiency 
(WFP and WHO 2022). In addition, the triple burden of malnutrition, undernutrition, 
obesity and micronutrient deficiencies are the biggest contributors to poor health world-
wide (Obiero et al., 2019). Recognizing this, the United Nations through the sustainable 
development goals (SDG) made a commitment to end all forms of food and nutritional 
insecurity by 2030. With more than 1 in 7 people having no access to protein and energy 
sufficient diets, food production will have to increase by 50% by 2050, if at all food and 
nutritional insecurity is to be a thing of the past (Lauria et al., 2018). While this is achiev-
able, various challenges still exist at the center of which is how to improve the production 
and distribution of nutrient-dense food. Fish is a nutrient-dense food that is cheap and com-
monly available even in countries with food and nutrition insecurity (Cleaver, 2006). It is 
well known for its high nutritional quality with a very good supply of readily digestible 
proteins, polyunsaturated fatty acids, essential minerals and micronutrients such as iron, 
calcium, zinc, selenium, iodine, vitamin A, B and D (Fawole et al., 2007; Kawarazuka & 
Bene, 2011; Pirestani et al., 2009; Reksten et al., 2020a). These minerals are essential for 
biochemical functions of the human body e.g., calcium, phosphorus, and magnesium sup-
port bone development whereas zinc is necessary for reproductive health. Fish consump-
tion is generally associated with good health as studies have shown that high fish intake 
reduces chances of getting cardiovascular diseases and regulates blood sugar levels, lead-
ing to better weight control and less chances of getting high blood pressure and type II dia-
betes (Mendivil, 2021). In Ghana, the addition of fish powder during weaning was shown 
to improve infant growth (Lartey et al., 1999). It has also been shown in Bangladesh, that 
boosting the national consumption of a small indigenous fish high in vitamin A achieved 
better health benefits at a lower cost than a national vitamin A wheat flour fortification 
program (Fiedler et al., 2016). Fish is also a valuable trading commodity at a global scale 
(Béné et al., 2015).

Unfortunately, global fish populations are declining due to high exploitation pressure 
(Costello et al., 2012) and competing uses of freshwater resources (Brander, 2007; Molden 
& De Fraiture, 2004). Sustainable aquaculture development can supplement global fish 
supply (FAO, 2021; Troell et al., 2014) and also relieve exploitation pressure on wild fish 
stocks (Bogmans & van Soest, 2022; De Silva et al., 2003; Diana, 2009). If developed and 
managed sustainably, aquaculture can make a crucial contribution to local diets and econo-
mies; especially in developing countries with a high prevalence of mineral and micronutri-
ent deficiencies which contribute to increasing cases of perinatal and maternal mortality, 
child mortality, growth retardation, cognitive deficits and reduced immune function (Black 
et al., 2013; Golden et al., 2016). These health issues are directly linked to poverty and lack 
of enough food. Since fish is well recognized as a rich source of several nutrients, and is 
cheap and readily available to most poor communities, scientists recommend its inclusion 
in food-based strategies, specifically to assist in eliminating protein, mineral and micro-
nutrient deficiencies that are prevalent in low and middle income countries (Hicks et al., 
2019; Kawarazuka & Bene, 2011; Roos et al., 2007a). To promote the efficient utilization 
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of fish as food and feed as well as to contribute to the development of effective and sustain-
able national food policies, comprehensive information on fish composition and nutrition is 
needed (Kolding et al., 2019).

Substantial research, mostly in Asia, has been done on fish nutrient composition and 
their potential contribution to micronutrient deficiencies in vulnerable groups (Andersen 
et  al., 2016; Islam et  al., 2023; Kongsbak et  al., 2008; Roos et  al., 2003, 2007a, 2007b; 
Thilsted, 2012). Generally, small indigenous species (SIS) are key sources of essential 
nutrients (Kolding et al., 2019; Thilsted et al., 1997) which are otherwise available to poor 
riparian households (Kawarazuka, 2010; Kawarazuka & Bene, 2011). These SIS are more 
valuable among young children during their formative stages of life (Bogard et al., 2015; 
Byrd et al., 2021; Kongsbak et al., 2008).

Research on fish nutrition has also contributed greatly to the expansion of aquaculture 
production (Rombenso et al., 2022). Different fish species with high potential for address-
ing food security have been explored, including, red seabream (Pagrus major), rainbow 
trout (Oncorhynchus mykiss), Nile tilapia (Oreochromis niloticus), rice field eels (Monop-
terus albus), Japanese sea bass (Lateolabrax japonicus), Asian seabass (Lates calcarifer), 
and dusky grouper (Epinephelus marginatus) (de Mello et  al., 2022; Dong et  al., 2020; 
Milián-Sorribes et  al., 2021; Mzengereza et  al., 2021; Shi et  al., 2020; Xu et  al., 2020; 
Yang et al., 2020).Various fish feed formulations have emerged with potential to maximize 
production performance, facilitate immune resilience, and generally improve fish health, 
while also minimizing the environmental impacts of aquaculture, specifically nutrient pol-
lution (Milián-Sorribes et al., 2021; Rombenso et al., 2022). There have also been efforts 
on finding new aquafeed formulations which are cheaper and more available than marine-
based ingredients (Turchini et al., 2019). While substantial research has thus far been done 
on fish nutrition, most work relates to marine ecology and strictly experimental and inland 
fish rearing sites. Little research has been conducted on important natural freshwater fish 
habitats like inland delta areas; yet these systems play a crucial role in promoting global 
food security (Thomas, 1996). They are a key source of mitigation against the so-called 
“hidden hunger” (Lynch et al., 2016). It is therefore critical to establish the nutritional sta-
tus of fish species in such areas. This study uses the fish species of the Okavango Delta to 
contribute to global knowledge of fish nutritional status of inland delta fish species.

The Okavango Delta supports the largest fishery in Botswana, with at least 71 freshwa-
ter fish species (Merron & Bruton, 1995). In the Okavango, fish has a vital role in food, 
nutrition, and the socio-economic lives of the people, considered the poorest in the coun-
try. However, the overall national fish yield is relatively low, and the country has one of the 
lowest per capita fish consumption in Africa, estimated at 3.7 kg in 2016 (SADC FISH-
ERIES, 2016), much lower than the global consumption of 20.3 kg (FAO, 2021). Recent 
development of a national aquaculture strategy is expected to facilitate the development 
of an aquaculture sub-sector, whose aim is to increase overall fish supply in Botswana 
(Mosepele, 2021). Fish nutritional content, especially of SIS, is of particular importance 
because this will contribute to policy formulation that highlights the critical role of these 
fish species in national food and nutrition security programs (Kolding et al., 2019).

Several studies have established that nutrients in fish vary with fish species (Bogard 
et al., 2015; Egun & Oboh, 2022; Mohanty et al., 2015). Knowledge on fish nutrient com-
position will therefore guide appropriate and optimal utilization of each species. Studies 
have generated valuable information on the ecology of Okavango fishes but only one study 
(Mogobe et  al., 2015) has so far investigated the essential mineral composition of Oka-
vango fishes. However, this investigation was limited to Chanoga lagoon, which is at the 
distal end of the Delta. The aim of this study was to expand the previous work to other 
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parts of the Okavango Delta and assess if the Okavango fish species have the potential to 
make a meaningful contribution to nutrition security. The objectives of this study were 
therefore to;—(1) assess proximate and mineral content of Okavango freshwater fish 
species, (2) assess potential contribution of Okavango fish species to the recommended 
mineral intakes for population groups at risk of nutrient deficiency (3) identify the most 
nutrient-dense species that could be recommended for both subsistence and commercial 
aquaculture development.

2 � Materials and methods

2.1 � Study site

The Okavango Delta (Fig. 1) is one of the largest inland deltas of the world and the larg-
est freshwater body in Botswana. It covers a total area of ~ 22,000 km2 (McCarthy et al., 
1993). The Delta is sustained by seasonal flood waters via the Okavango River draining 
the central Angolan highlands. The Delta experiences high evapotranspiration such that 
the lower reaches of the system receive only 2% of the total water inflow, thus creating per-
manent swamps in the upper reaches and seasonal and occasional floodplains in the lower 
reaches. The Delta is a major tourist attraction in Botswana because of its high biodiversity 
of flora and fauna including approximately 71 fish species (Mbaiwa, 2015; Ramberg et al., 

Fig. 1   Map of the Okavango Delta, showing sampling sites
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2006). The Delta supports small scale subsistence/artisanal, commercial and recreational 
fisheries with 3000–5000 resident fishers (Kolding et  al., 2003). The fish provides high 
quality protein supplement to the diet of many subsistence people and form an important 
recreational and commercial fishery.

The fish samples were collected from the following 3 sampling locations in the Oka-
vango Delta (Fig. 1): Nxaraga lagoon on the Boro River, Maun on Thamalakane River and 
Lake Ngami. The Nxaraga lagoon is in the seasonally flooded eco-region of the Delta and 
falls within the protected Moremi game reserve where public fishing is prohibited. Tha-
malakane River, the main surface outlet of the Delta runs through Maun, the biggest vil-
lage in the Ngamiland tourism region. Lake Ngami, an endorheic depression located south 
of the Delta is an extremely popular fishing site for commercial fishers. All the 3 sites 
receive water during winter when the floods from Angola reach the Delta and start reced-
ing in the summer months (September—March). Fishing in Okavango is open from April 
to December every year and the area is popular with subsistence, commercial and recrea-
tion fishers. Wilson and others (Wilson and Dincer 1976) recognized five major habitats 
in the Okavango Delta. These habitats include the riverine floodplain, permanent swamp, 
seasonal swamp, rivers, and sump lakes. For this study fish samples were collected from 
three of the five habitat types: (1) Nxaraga lagoon representing the permanent swamps (2) 
Thamalakane River representing the seasonal river and (3) Lake Ngami, the sump lake. 
These three sites grade into one another such that the Boro River, which is the main outlet 
of the Okavango Delta, flows through the Nxaraga Lagoon and drains into the Thamala-
kane River at Matlapaneng. The Thamalakane River flows through Maun town and bifur-
cates 15 km downstream into the Boteti River and Nhabe River which drains into Lake 
Ngami. It is important to note that evapotranspiration takes a huge toll on the Delta’s water 
resources such that Maun and Lake Ngami may receive little or no river flow during low 
flood seasons.

2.2 � Sampling

The fish samples were collected between February and March 2013 using a multi-filament 
fishing net consisting of several panels arranged from 16 to 150 mm mesh sizes. The multi-
filament net was set overnight, from approximately 1800  h and lifted in the morning at 
0600 h. Fish removed from each panel were identified according to species. Thereafter we 
recorded their weight, sex, and total length. All the fish were collected and transported in 
cooler boxes with ice to the Okavango Research Institute Environmental laboratory where 
they were cleaned with running tap water, rinsed with deionized water, and placed into new 
zip-lock plastic bags, kept frozen at about −18 °C until analysis.

2.3 � Sample preparation

Preparation of the fish samples for analysis was done according to the standard AOAC 
official Method 937.07 (AOAC International, 2000). In brief, frozen fish samples were 
slowly thawed in the laboratory at room temperature. Large fish samples (≥ 130 mm) were 
descaled, eviscerated, head, tail, bones, and fins removed, and the remaining flesh rinsed 
with deionized water. The flesh was cut into small pieces and homogenized by grinding in 
a stainless-steel blender for further analyses. Small fish samples (< 130 mm) were homog-
enized whole after thorough rinsing with deionized water. In this work, 1–5 fish speci-
mens for each species were homogenized and analyzed for each site investigated. Prior to 
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analysis, samples were dried overnight in a laboratory oven (Scientific: Series 2000, South 
Africa) at 105 °C.

2.4 � Proximate analysis

2.4.1 � Protein content

Protein content of fish samples was estimated using the Kjeldahl method as described by 
(Ayanda et al., 2019). Briefly, about 1.25 g of homogenized fish sample was digested for 
2 h in 20 ml sulfuric acid in the presence of selenium as a catalyst to yield ammonium sul-
fate. The ammonium was liberated by distillation and received in boric acid, then measured 
by back titration. The total protein content of the fish samples was estimated by multiplying 
the nitrogen content (liberated ammonium) by a conversion factor equal to 6.25 as shown 
below:

where CP is the crude protein, Vs and Vb are the titration volumes of the sample and blank, 
W is the weight of the sample, x is the normality of the acid, and 14.007 is the molecular 
weight of nitrogen.

2.4.2 � Moisture content

Moisture content determination in the fish samples was achieved using the gravimetric 
method in a convection oven (Jaziri et al., 2021). About 1 g of homogenized fish sample 
was transferred into an oven and dried at 105 °C until constant weight. Moisture content 
calculated as follows:

where, W1 is the wet weight and W2 is the dry weight.

2.4.3 � Ash content

Ash is the total inorganic (mineral) content in foods. The dry ash content of the fish sam-
ples was estimated according to AOAC method 920.153, also used by (Jaziri et al., 2021), 
where 1–5 g of each fish sample was weighed into crucibles of known weights and dried in 
an oven at 105 °C. After drying, the samples in crucibles were transferred to a general-pur-
pose laboratory muffle furnace, (Carbolite CWF, Fischer Scientific, UK) and incinerated at 
450 °C overnight. The following day, the crucibles with samples were removed from the 
muffle furnace, transferred to a desiccator, and left to cool down. After cooling, the sam-
ples were reweighed, and the ash content calculated using Eq. 3 as follows:

(1)CP = 6.25 ∗

(

(Vs − Vb) ml

W g
∗

x moles

1000 ml
∗
14.007 g

1 mole
∗ 100

)

(2)Moisture (%) =
W1 −W2

W1
∗ 100

(3)Ash content (%) =
weight of ash

wet weight offish sample
∗ 100
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2.5 � Mineral analysis

The mineral analysis involved determination of calcium (Ca), magnesium (Mg), zinc 
(Zn), potassium (K), sodium (Na) and phosphorus (P). Approximately 1.000 g of dry and 
homogenized sample was incinerated in the muffle furnace overnight at 450 °C. The result-
ant ash was treated with 5 mL of 6 M hydrochloric acid, boiled to near dryness on a hot 
plate, cooled and the residue re-dissolved in 10 mL of 0.1 M nitric acid. The solutions were 
left standing for 2 h to cool and quantitatively transferred into 50 mL volumetric flasks, 
topped to the mark with ultrapure water and the resulting solution used to analyze for Ca, 
Mg, Zn, K and Na. The first three elements (Ca, Mg and Zn) were analyzed using a Varian 
SpectrAA 220 Flame Atomic Absorption Spectrometer (Victoria, Australia) while K and 
Na were determined by flame photometry using Model 410 Flame Photometer from Sher-
wood Scientific Ltd (Cambridge, UK). These protocols were also used by (Kiczorowska 
et al., 2019). For analysis of phosphorus, samples were analyzed using the molybdenum 
blue phosphorus reaction method and determined spectrophotometrically at a wavelength 
of 823  nm with a PerkinElmer UV/Visible Lambda 20 Spectrometer (Norwalk, USA), 
according to the AOAC 986.24 method, also used by (Nagul et al., 2015). All values were 
reported in milligrams (mg) per 100 g of wet fish (i.e., mg/100 g ww).

2.6 � Potential contribution of fish to recommended nutrient intake (RNI)

The potential contribution of fish to the recommended mineral intake for selected popula-
tion groups, considered vulnerable to mineral deficiency, were calculated using Eq. 4 and 
5, and the World Health Organization (WHO) RNI reference values given in Table 1. For 
this work, the potential contribution of fish to mineral intake was considered for 3 vulner-
able groups (children, pregnant women and the elderly). The FAO High Level Panel of 
Experts report on Food Security and Nutrition (HPLE Report 7, 2014) estimated that 150 g 

Table 1   Recommended nutrient 
intake (RNI) for selected 
essential minerals (mg/day), 
according to the joint FAO/
WHO expert consultation on 
human vitamin and mineral 
requirements (FAO/WHO 2005)

*For population group of children (1–9  years), an average of each 
recommended nutrient intake was calculated from the three groups of 
children, (1–3, 4–6, 7–9)
# For the elderly population group, average of the recommended nutri-
ent intake for female and male adults of 65 + years, was calculated for 
each nutrient. For pregnant women, reference values for the 3rd tri-
mester were used

Population group Ca Mg Zn

Children
1–3 years 500 60 2.4
4–6 years 600 76 2.9
7–9 years 700 100 3.3
Children (1–9 years) 600* 79* 2.9*
Elderly (65 + years)
Females 1300 190 3.0
Males 1300 224 4.2
Average elderly 1300# 207# 3.6#

Pregnant women 1200 220 6.0
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serving portion of fish per day is sufficient to supply a satisfactory level of proteins, lipids, 
iodine, calcium, phosphorus, and micronutrients essential for maintaining human nutri-
tional needs. Therefore, in this study, the ideal standard serving portion of fish was taken to 
be 150 g for adults and 75 g for children, assuming children consume half the portion size 
for adults. The calculated potential contribution values thereof were compared with the 
actual contributions calculated using the current serving portions of 10 and 5 g for adults 
and children, obtained from the per capita consumption of 3.7 kg.

where NA is the nutrient content of the fish (g/g fish).
SP is the assumed standard portion of fish per day (g fish/day). NSP is the nutrient 

amount in a standard portion (mg nutrient). RNIi is the Recommended Nutrient Intake for 
a particular nutrient (see Table 1). %RNIi is the percentage contribution to daily RNI from 
an assumed standard portion. This method for calculating the contribution of fish to nutri-
ent intake was used by (Byrd et al., 2020; Egun & Oboh, 2022; Kiczorowska et al., 2019; 
Reksten et al., 2020b).

2.7 � Quality assurance

Sample blanks, containing reagents only, were included in each batch of analysis. Dupli-
cates from each individual sample were weighed, digested and analyzed separately. For all 
species except for those where only 1 fish was caught, at least 2 individual fishes were ana-
lyzed to represent each species. Deionized water was used for rinsing and preparation of 
reagents. All reagents used were of analytical grade, manufactured by either Sigma Aldrich 
or Merck.

2.8 � Statistical analysis

Statistical analysis was done using SPSS for windows (IBM SPSS Statistics version 
28.000). The software was used to obtain descriptive statistics (means ± standard deviation) 
and test of significance at p ≤ 0.05. Charts were obtained using Sigma plots.

3 � Results and discussion

The results for fish species caught and the comparison of nutrient composition in the 3 
locations are given in Tables  2 and 3. Comparative analysis showed that most nutrients 
did not vary significantly between sampling sites, so the data were pooled and averages 
representing the Okavango freshwater ecosystem given in Tables 4 and 5. The distribution 
of fish in the Okavango is controlled mainly by the water flow, so there are no endemic spe-
cies in the river system as observed by (Ramberg et al., 2006) which may explain the small 
variations observed between sites.

(4)NSP =
N
A
× S

P

100

(5)%RNI
i
=

NSP

RNI
i

× 100
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3.1 � Fish species sampled in this study

Table 2 displays the fishes caught with their scientific, English, and local names. The 
7 species sampled are among the most common species in the Delta. According to 
(Mosepele et al., 2022), the smallest fish species in the Okavango delta is about 30 mm 
in length while the largest is over 1 m. However, in this study, the catch varied from the 
smallest of 83 mm to the largest at 410 mm. Although previous fish surveys (Merron & 
Bruton, 1995) reported a total of 71 fish species in the Okavango Delta, only 7 species 
were caught in this study, namely Barbus poechii, Brycinus lateralis, Clarias ngamen-
sis, Marcusenius altisambesi, Oreochromis andersonii, Schilbe intermedius and Tilapia 
sparrmanii using the multi-filament net (Table  2). This is consistent with the general 
spatial–temporal distribution of fish species diversity and abundance in the Delta as 
controlled by the flood regime, particularly the hydro-period and water depth in the sys-
tem. A study on fisheries of the Okavango floodplain (Mosepele et al., 2022) reported 
that the permanently flooded upper delta lagoons have higher fish species richness com-
pared to the seasonally flooded lower Delta lagoons. These authors attributed the differ-
ence in fish structure and distribution to the relative hydrological stability in the upper 
delta vs increased hydrological variability in the lower delta. As a result, the upper 
Delta has the highest number of artisanal and commercial fishers (Mosepele, 2000). 
The Delta’s hydrological regime is also strongly correlated to the temporal fish biomass 
across the Delta. According to (Mmopelwa et al., 2009) fish biomass across the Delta is 
highest between August and November and lowest between March and May. The period 
between March and May, which coincides with the sampling period for this study, is 
associated with the lowest water discharge across the system. It is observed that only 
two fish species (O. andersonii and M. altisambesi) out of the 7 species were caught at 
all the 3 sites – Nxaraga Lagoon (NXL), Thamalakane River (TML) and Lake Ngami 
(LNG). The species, B. poechii and B. lateralis are categorized as small (< 130 mm) fish 
species that are underutilized, although highly abundant and widespread in the Delta 
(Merron & Bruton, 1995). These small fishes are particularly important for household 
food consumption by artisanal fishers including mostly women and children because 
they have a low market value. The other larger species (C. ngamensis, O. andersonii, S. 
intermedius, M. altisambesi and T. sparrmanii) are considered to have a good commer-
cial value.

Table 2   Fish sampled in the Okavango Delta

NXL Nxaraga lagoon, TML Thamalakane, LNG Lake ngami

Scientific name English name Local name Fish length No of specimen 
sampled

(mm) NXL TML LNG

Brycinus lateralis Stripped robber Manthe 83–127 5 – 5
Barbus poechii Dash tail barb Manthe 94–128 1 1 –
Clarias ngamensis Blunt-tooth catfish Unyanda 410 1 – –
Marcusenius altisambesi Bulldog Nja 117–225 5 5 5
Oreochromis andersonii Three spot tilapias Mbweya 168–315 1 1 1
Schilbe intermedius Silver catfish Lerehe 176–352 5 5 –
Tilapia sparrmanii Banded tilapia Zeze 131–160 – 6 5
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3.2 � Comparison of nutrient content of fish from the 3 sampling locations

Nutritional composition of freshwater fish has been reported to vary between different eco-
systems (Jim et al. 2017). Scientists have also reported that nutrient composition of fish is 
influenced by several factors and among those are diet, surrounding environment, including 
the concentration of minerals in the water body (Simionov et al., 2019). This study pre-
sents nutrient data (Table 3) obtained from analysis of 7 freshwater fish species caught in 
3 different locations of the Okavango Delta (Nxaraga Lagoon (NXL), Thamalakane River 
(TML) and Lake Ngami (LNG). Although these sampling sites are interconnected, belong-
ing to the same ecosystem, they are far apart from each other, so environmental conditions, 
land use practices and water quality may vary and influence the fish composition and qual-
ity. Statistical data analysis using SPSS with sampling site as a factor showed only a few 
significant differences (p < 0.05) between sites. The small species (B. lateralis), caught in 
Nxaraga and Lake Ngami showed significant differences in Na and Ca content, higher in 
Lake Ngami compared to Nxaraga fish. One species that showed significant variations in 
all the nutrients across all the 3 sites was M. altisambesi. The analysis revealed that Na, K 
and Ca content in this species were significantly higher in fish caught from Lake Ngami 
and Thamalakane compared to Nxaraga, but Mg and Zn were higher in Nxaraga compared 
to the 2 sites. Another significant variation was observed in S. intermedius, which also had 
higher concentration of Na, K and Ca in fish from Thamalakane than Nxaraga, and again 

Table 4   Proximate content (mean ± SE) of selected fish species in the Okavango Delta (see also Fig. 2)

Fish species Moisture content (%) Ash content (%) Protein content (%)

B. poechii 73.58 ± 0.85 4.77 ± 0.42 21.66 ± 3.12
B. lateralis 75.38 ± 1.17 4.44 ± 0.43 17.51 ± 2.60
C. ngamensis 79.33 ± 0.21 1.46 ± 0.06 16.23 ± 0.42
M. altisambesi 77.74 ± 0.47 2.88 ± 0.19 16.78 ± 0.66
O. andersonii 81.69 ± 0.41 1.36 ± 0.14 16.81 ± 0.65
S. intermedius 79.67 ± 0.51 1.74 ± 0.14 16.98 ± 1.54
T. sparrmanii 80.73 ± 0.68 2.20 ± 0.36 14.96 ± 0.45
Mean 78.42 ± 0.32 2.77 ± 0.15 16.45 ± 0.36

Table 5   Mineral content (mg/100 g wet weight; mean ± SE) of selected fish species in the Okavango Delta 
(see also Fig. 2)

Total is the sum of the 6 minerals analyzed for each species

Fish species Na K Ca Mg Zn P Total

B. poechii 100.0 ± 3.3 271.4 ± 9.2 642.9 ± 166.4 49.5 ± 2.9 3.6 ± 0.4 693.6 ± 65.6 1761
B. lateralis 127.8 ± 8.1 339.2 ± 15.7 968.4 ± 161.2 47.2 ± 2.6 2.8 ± 0.4 1061 ± 141 2546
C. ngamensis 78.5 ± 1.5 254.1 ± 1.1 72.6 ± 5.7 30.5 ± 0.5 2.0 ± 0.1 226.9 ± 8.8 664
M. altisambesi 102.0 ± 3.5 302.6 ± 13.5 460.5 ± 69.3 35.2 ± 1.1 2.9 ± 0.2 464.9 ± 42.0 1368
O. andersonii 93.8 ± 12.3 293.8 ± 40.5 122.7 ± 26.3 31.0 ± 2.7 1.2 ± 0.3 247.0 ± 56.2 789
S. intermedius 83.2 ± 1.2 268.4 ± 14.2 380.5 ± 87.3 30.7 ± 1.1 1.8 ± 0.3 313.0 ± 43.7 1078
T. sparrmanii 93.5 ± 10.1 201.0 ± 20.7 340.6 ± 74.5 23.5 ± 3.2 1.2 ± 0.2 333.3 ± 63.8 993
Mean 98.7 ± 2.4 285.9 ± 6.9 434.6 ± 42.3 36.4 ± 1.0 2.0 ± 0.1 437.0 ± 27.4 1392
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higher Mg and Zn content in fish from Nxaraga compared to Thamalakane. In general, 
significant differences in mineral content were observed between Nxaraga and the two sites 
(Thamalakane and Lake Ngami). Scientists (Mogobe et al., 2018; West et al., 2015) have 
observed an increasing salt concentration gradient downstream the Okavango River waters, 
with Thamalakane and Lake Ngami (downstream areas) having higher salt concentrations 
than the upstream, Nxaraga. This may explain why the concentrations of macro-elements 
in the two species (M. altisambesi and S. intermedius) were significantly higher in fish 
caught from Thamalakane and Lake Ngami than those from Nxaraga.

3.3 � Proximate composition of the fish species

Fish is mostly made up of proximate components, constituting 96% – 98% of the fish body 
and these include moisture, protein, minerals and fat (Ahmed et  al., 2022; Ullah et  al., 
2022). These components vary with species, water bodies, geographic locations, and other 
internal and external conditions. The results of the proximate measurements obtained in 
this study are given in Table 3 and Fig. 2A. The mean ash, protein and moisture contents for 
the seven fish species analyzed here varied from 1.36 to 4.77%, 14.96–21.66% and 74–82% 
respectively (Table 3). Moisture content is an important measure of fish meat quality and 

Fig. 2   Proximate and mineral composition of fish species sampled in the Okavango Delta
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also gives an indication for its processing and preservation needs (Jahan et al., 2021). As 
expected, the larger five fish species showed a significantly higher mean moisture content of 
79.3 ± 0.3% compared to the small fish species (B. poechii and B. lateralis) at 74.4 ± 0.8%. 
By contrast, the mean ash content was significantly higher (p < 0.05) in small fish species 
at 4.62 ± 0.31% which were analyzed whole (including the viscera and bones) compared to 
the larger species (at 2.22 ± 0.12%) from which only the muscle tissue was analyzed. The 
mean ash, protein and water content observed in the seven Okavango fish species (Table 3) 
are similar to fish contents reported by other studies (Nolle et al., 2020; Paul et al., 2018; 
Ullah et al., 2022). For instance, (Nolle et al., 2020) reviewed a large number of published 
articles including more than 62 articles from approximately 26 countries involving more 
than 173 freshwater fish species. The supplementary data for (Nolle et al., 2020) indicated 
an average ash, protein and moisture contents of 2.2 ± 0.2, 17.2 ± 0.1 and 76.2 ± 0.2%, 
respectively. The 5 freshwater species studied by (Paul et al., 2018) had ash, protein and 
moisture contents of (1.88–2.57%), (13.93–15.41%), (70.82–76.11%) respectively, values 
a little bit lower compared to those obtained in this study. However, a study profiling nutri-
tional content of selected freshwater fish in Bangladesh (Ullah et al., 2022) had ash con-
tent of (0.85–4.35%), moisture content of (77.35–81.16%) and protein of (15.62–18.73%). 
These values are close to the ones obtained in our study except for protein which is higher 
in the Okavango fish. One of the major factors contributing to the nutritional quality of 
fish food is attributed to their high protein content which are easily digestible and contain 
elevated levels of essential amino acids, such as arginine, leucine, methionine, and lysine. 
These biomolecules are important for both structural and functional activities including 
synthesis of muscle proteins, cell division, wound healing, production of enzymes and 
enhancing the immune system. In this study the crude protein content was higher, although 
not statistically significant, in the small fishes (at 20.1 ± 2.3%) than in the larger fish spe-
cies at 16.5 ± 0.6% protein content. This therefore means that all the seven species can be 
used for nutrition security interventions in Botswana and other riparian countries. The 
Joint report (WHO/FAO/UNU 2007) and other studies (Wu, 2016) recommends a daily 
minimum intake of 0.8 g protein per kg body weight for healthy adults with minimal phys-
ical activity. The dietary requirement of protein for children (4–13  years), is a little bit 
higher, 0.9 g per kg body weight per day (Wu, 2016). If we assume an average body weight 
of 65 kg for an adult who consumes 100 g serving of Okavango fish containing 16.5% pro-
tein, then each serving will contribute about 32% to the RDA (Recommended Daily Allow-
ance). On the other hand, children with average weight of 35 kg, consuming 50 g of any 
of these freshwater fish, will obtain 29% of their daily protein requirement. These values 
imply that these freshwater fishes are a reliable source of proteins. The small species which 
are harvested by women fishers are however more suitable for subsistence use due to their 
lower economic value. These species are also ideal for inclusion in food-based intervention 
strategies for malnourished populations due to their high protein content.

3.4 � Mineral composition of common fish species

The results for the two electrolytes (Na and K), essential elements (Ca, Mg and Zn) and 
the structural element (P) are given in Table 4 and Fig. 2B. The mineral composition of 
fish varied across the species. Further analysis revealed that all minerals except K were sig-
nificantly higher (p ≤ 0.05) in the smaller species compared to the larger species (Fig. 2B). 
Na and K are important for intracellular ion balance and maintaining acid–base balance in 
the human body (Eti et al., 2019). However, the World Health Organization (WHO, 2012a, 
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2012b) recommends a daily Na intake of less than 2000  mg and K intake of 3,510  mg 
per day. These guidelines were informed by several past scientific studies, including recent 
ones (Du et al., 2014; Grillo et al., 2019; Patel & Joseph, 2020) that associate a high Na, 
low K intake with the onset of hypertension and cardiovascular diseases. Research has 
established that Na and K work in tandem in our body system and food meals containing 
Na/K ratio of less than 1 is recommended (Ullah et al., 2022) for controlling blood pressure 
and associated diseases. The results of this study (Table 4, Fig. 2B) showed that all fish 
species studied here had a lower sodium and higher potassium concentration (sodium-to-
potassium ratio of less than 1), with the highest sodium content of 127.8 ± 8.1 mg/100 g, 
obtained from B. lateralis, followed by M. altisambesi at 102.0 ± 3.5 mg/100 g, Na levels 
much lower than the maximum allowable. Larger fish species showed even lower amounts 
of Na contained in their fillet, for example C. ngamensis (78.5 ± 1.5 mg/100 g) and S. inter-
medius (83.2 ± 1.2 mg/100 g). Comparing Okavango fishes with other species, a study on 
nutrient composition of 19 marine fish species in Sri-Lanka (Reksten et al., 2020b) also 
obtained higher Na content (150 – 460 mg/100 g) in smaller species compared to larger 
species (42 – 61 mg/100 g). Furthermore, two freshwater species (Clarias gariepinus and 
Tilapia zilli) in Nigeria were reported to contain an average of 5 mg/100 g Na (Egun & 
Oboh, 2022) and another average of 5 mg/100 g was reported for some species in India 
by (Paul et al., 2018). The differences in Na content, especially between freshwater spe-
cies may be attributed to the diverse ecology, different geographic locations, trophic lev-
els, species investigated, as well as age and gender. There were large variations in Ca, Mg 
and Zn compositions among species (Table 4), ranging from 72.6 to 968.4 mg/100 g Ca, 
23.5–49.5 mg/100 g Mg and 1.2–3.6 mg/100 g Zn. For all these three minerals, the highest 
concentrations were observed in the small fish species (B. lateralis and B. poechii) and the 
lowest from the large species C. ngamensis, T. sparrmanii and O. andersonii. The largest 
variation in Ca content was observed between the catfish (C. ngamensis) and the small 
species (B. poechii and B. lateralis) which contained 9 and 13 times more Ca than the 
catfish fillet. Another notable variation was observed in Mg and Zn contents between T. 
sparrmanii and B. poechii, in which the small species had twice the level of Mg and Zn 
in the larger tilapia. These observed differences in mineral content between the small and 
the large fish may be attributed to the fact that small fish were analyzed whole (viscera, 
bones, and flesh together) while only the fillet of the large species were analyzed. Several 
studies have also observed variations in mineral content between large and small fishes. 
Since the small species have shown higher mineral content, their integration into national 
diets may contribute significantly to mineral intake of the consumers as observed by (Byrd 
et al., 2020; Mohanty et al., 2019; Nolle et al., 2020; Reksten et al., 2020b). The mineral 
contents observed in this study compare very well with the results obtained by (Mogobe 
et al., 2015) for similar species caught from Chanoga Lagoon, an area located in the distal 
end of the Okavango Delta. The results also compare well with those obtained by (Nolle 
et al., 2020) in Zambia, for freshwater fishes where Ca content of small fishes ranged from 
823 to 1324 mg/100 g, Mg 35–56 mg/100 g and Zn 2–5 mg/100 g. The closeness of the 
results may be due to the similarity of species investigated and the geographic proximity of 
the study areas. The amount of phosphorus in the Okavango fish species ranged from 226.9 
to 1061 mg/100 g (Table 4, Fig. 2B) where B. lateralis had the highest concentration and 
C. ngamensis had the lowest.

A study reported an average concentration of 210 mg/100 g P for some freshwater spe-
cies in Europe (Steffens, 2006), which is much lower compared to the average obtained 
in this study (437  mg/100  g). Interestingly, the average concentration of phosphorus 
(1061 mg/100 g) in the small freshwater fish species, B. lateralis, was higher than levels 
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obtained for some small marine fishes of Sri-Lanka which had an average of 697 mg/100 g 
(Reksten et al., 2020b). This shows that the small freshwater species are a reliable source 
of phosphorus. Phosphorus, calcium and magnesium play important roles in bone mass 
development and bone health, especially for growing children and the elderly population 
with fragile bones (Cuadrado-Soto et al., 2020). In this study the concentrations of Ca and 
P were similar in all the fish species studied (Table 4, Fig.  2B). To identify the species 
with a dense mineral content, all minerals analyzed were added up for each species. From 
Table  4, the two small species B. lateralis and B. poechii had the highest total mineral 
content of 2546  mg/100  g and 1761  mg/100  g respectively. Among the large fishes, M. 
altisambesi had the highest mineral content (1368 mg/100 g) followed by S. Intermedius 
(1078 mg/100 g). These findings further support the recommendation to prioritize small 
fish species for inclusion in food-based intervention strategies for populations with inad-
equate nutrient intake, since small species are easily accessible to most communities.

3.5 � Correlation between moisture content and ash, protein, and mineral contents

Further analysis revealed strong and significant relationships between moisture content and 
all the proximate and mineral contents, except Na and K (Fig. 3; Table 6). Table 6 shows 
that %ash, %protein, Ca, Mg, Zn and P contents can be estimated from %water content of 
the species. The correlation coefficients (R2, Table 6) are all higher than 0.63, meaning that 
%water explained more than 63% of the total variation in each of the minerals in the fish 
species. Similar relationships between %water content and %protein, % lipids and %ash 
across various fish species have been reported by (Yeannes and Almandos 2003). 

3.6 � Potential contribution of fish species to the recommended nutrient intake

There is a global concern regarding the prevalence of inadequate intake of nutrients, 
specifically Ca, Zn, Mg, Fe and some vitamins in South Asia and Sub-Saharan Africa 
(Beal et al., 2017). The current contribution of the Okavango fish species to the recom-
mended intake of Ca, Mg and Zn were estimated using the national per capita consump-
tion of 3.7 kg/year for Botswana (SADC FISHERIES, 2016) which is one of the lowest 
fish per capita consumption in the region. This translates to a consumption of about 10 g 
of fish per day for adults and 5 g for children (assuming children eat 50% of an adult’s 
portion). The 10 g adult-size portion is 15 times smaller than the ideal serving portion 
of 150  g proposed by FAO and other researchers (Hansen et  al., 2014; HLPE, 2014; 
Kiczorowska et al., 2019; Wird, 2016). The current contribution of fish species to the 
recommended mineral intake in this study is 0.6–8% for Ca, 1–3% Mg and 2–10% Zn 
for the different population groups. The results reflect a ridiculously small contribution, 
(less than 10%) from fish in supporting food and nutrition security in the country. The 
apparent poor utilization of fish may be attributed partly to the food culture, where the 
population is unfamiliar with fish as a nutrient-dense food and consumption is limited 
to the riparian communities only. However, the potential utilization and contributions 
of different fish species to the recommended daily mineral intake were calculated using 
the ideal fish consumptions of 150 g/day for adults and 75 g for children. The results 
are given in Fig. 4 for calcium, magnesium, and zinc, reflecting an overall higher con-
tribution of mineral intake from small species compared to large species. Several stud-
ies have investigated the potential contribution of both marine and freshwater fishes to 
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Fig. 3   Relationship between moisture content and ash, protein and mineral contents of fish species sampled 
in the Okavango Delta

Table 6   Linear regression 
equation, r2 and p-value for the 
relationship between %water 
content and proximate (%ash and 
%protein) and mineral (Na, K, 
Ca, Mg, Zn and P in mg/100 g 
wet weight) contents of fish 
species sampled in the Okavango 
Delta

Y-axis Regression equation R2 p-value

%Ash y = 38.1564–0.4529*x 0.8909 0.0014
%Protein y = 62.5739–0.5785*x 0.6563 0.0272
Na y = 346.6642–3.1884*x 0.3403 0.1692
K y = 782.1221–6.4665*x 0.1922 0.3252
Ca y = 6954.0784–83.3580*x 0.6287 0.0334
Mg y = 273.2608–3.0382*x 0.8707 0.0021
Zn y = 25.4820–0.2974*x 0.9201 0.0006
P y = 7070.4706–84.2052*x 0.6617 0.0260
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the recommended nutrient intake for several different population groups (Bogard et al., 
2015; Egun & Oboh, 2022; Nolle et  al., 2020; Reksten et  al., 2020b) and most found 
that small fishes contributed more to RNI than larger species. 

3.6.1 � Calcium

Figure 4 reveals that the consumption of 150 g of small fish species (not considering 
other foods that may be eaten on the same day) will provide between 80 to 120% of 
the recommended daily intake of Ca to the vulnerable groups defined here (children, 
pregnant women, and the elderly). The large species, also rich in calcium (M. altisam-
besi, S. Intermedius and T. sparrmanii), have the potential to contribute close to 60%, 
50% and 40% of Ca respectively. These projected values are fifteen times more than the 
current contribution range of 0.6–8% Ca to the recommended intakes. It is therefore 
important that fish is fully utilized and included in national diet diversification strate-
gies to be accepted as a quality food, and for the resource to make a meaningful impact 
on nutrition security. The superiority of the small fishes (B. lateralis and B. poechii) in 
providing a high percentage of Ca to the daily requirement was also observed elsewhere 
by (Byrd et al., 2020; Nolle et al., 2020; Reksten et al., 2020b). The large species (C. 
Ngamensis and O. andersonii) had the lowest contribution of Ca, about 9% and 15% to 
RNI to all the three population groups. This finding underscores the key role that small 
fish species play in providing calcium to poor communities, in the Okavango Delta and 
elsewhere. Ca is important for bone formation and strengthening, critical for the grow-
ing fetuses in pregnant women, growing children and for the elderly who are prone to 
body imbalances resulting in falls and breaking of bones. The 3 fishes, B. lateralis, B. 
poechii and M. altisambesi are exploited predominantly by basket fishers and subsist-
ence hook and line fishers, who happen to be mostly women and children (Mosepele, 
2016; Mosepele et al., 2003). As mentioned earlier, because of their low market value, 
the small fishes that women and children catch are used mostly for household consump-
tion. Our study shows that if these small fishes were to be consumed regularly in house-
holds, they would contribute significantly to household nutrition improvement.
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3.6.2 � Magnesium

According to (FAO/WHO 2005), the recommended daily intake of Mg for children, elderly 
and pregnant women are 79 mg/day, 207 mg/day and 220 mg/day respectively (Table 1). From 
the studied fish species, the potential contribution of Mg to the recommended daily intake 
ranged from 20 to 47% (Fig. 4). As with Ca the small fishes, B. lateralis and B. poechii could 
supply the highest amount of Mg to the population groups considered in this study, ranging 
between 46 and 33%. Magnesium is an important mineral, required as a cofactor for more 
than 300 enzymatic reactions and is thus needed for biochemical functioning of numerous 
metabolic pathways (Schwalfenberg & Genuis, 2017). Insufficient intake of this mineral has 
been associated with chronic inflammations, increased blood pressure and oxidative stress (De 
Baaij et al., 2015). This study has revealed that all the 7 species have the potential to provide a 
good amount of Mg, up to 47% of the children’s daily requirement.

3.6.3 � Zinc

Zinc is an important trace nutrient and usually found to be deficient in low and middle-income 
populations (Gibson, 2011; Prasad, 2013). Currently 17% of the global population is zinc deficient 
(Golden et al., 2016) and zinc deficiency is associated with reproductive abnormalities, stunted 
growth, wasting and neuro-behavioral developmental problems (Brown et al., 2001; Deshpande 
et al., 2013). The results of this study showed that regular consumption of Okavango fish may 
contribute to adequate zinc supply for communities. Figure 4 shows that small species and large 
species have the potential to supply 100%–50% of the daily Zn requirement to children, pregnant 
women, and the elderly. Overall, our study shows that regular and adequate consumption of the fish 
species analyzed can reduce stunted growth, wasting and developmental problems associated with 
zinc deficiency in children. This observation is consistent with (Nnyepi et al., 2007) who reported 
that wasting and stunted growth among children (aged 0–5 years) in some riparian villages in the 
Okavango Delta were partly caused by lack of optimal utilization of the Delta’s fish resources.

4 � Conclusions

The study revealed that freshwater fish are a reliable source of proteins and essential minerals, 
needed for human growth and body maintenance. The nutrient content varied significantly 
with species but the effect of environmental conditions on nutrient composition was incon-
clusive because of insufficient data. The study also revealed that sufficient consumption of 
any of the freshwater fish species can provide up to 120% of Ca, 50% Mg and 150% Zn of the 
daily mineral requirements to vulnerable population groups (children, pregnant women, and 
the elderly) who are prone to nutrient deficiency diseases. The small fish species showed a 
superior nutrient-dense content compared to the large species.

5 � Policy implications

Since the small species are considered to have low economic value but are easily 
available to poor communities, who primarily feed on low nutrient staple diets, they can 
be used to diversify local diets and improve nutrition and health security in a sustainable 
manner. To ensure continuous availability of these nutrient-dense species, we recommend 
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that B. lateralis and B. poechii be promoted for polyculture systems as part of aquaculture 
development aimed primarily at increasing production and securing access of fish to local 
communities. The large species can be used for supporting livelihoods and improving economic 
status of the poor through development of fishponds and other large scale fishery industries 
for fish export. The development of a national aquaculture strategy is expected to facilitate the 
development of an aquaculture sub-sector, which will ensure that fish becomes available to all 
people and not just limited to the Okavango communities, hopefully kick-starting positive fish 
consumption culture change. This study is supporting these strategies by providing nutritional 
data for guiding utilization and decision making.
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