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micronutrient deficiencies, and overweight or obesity. 
According to the Global Hunger Index (2024), Côte 
d’Ivoire’s food security situation remains fragile. 
Approximately 23% of children under five are stunted, 8% 

1  Introduction

Côte d’Ivoire, like other African countries, faces the triple 
burden of malnutrition—coexistence of undernutrition, 
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Abstract
Mango is an important tropical fruit, rich in essential micronutrients. In Côte d’Ivoire, the harvested fruit is either exported 
to international and regional markets, processed, or remains on the local market. Nutritional flows across value chains 
and their resulting nutritional impact are poorly understood. The purpose of this study was to estimate the past, present, 
and future nutritional impact of the mango value chain in Côte d’Ivoire. We adapted the NUTRI-P-LOSS methodology 
that predicts nutritional postharvest losses across crop value chains, to assess nutritional flows in the mango value chain. 
Mango production quantities were estimated, and fruits at harvest, during ripening, and after drying, were analysed for 
macro- and micronutrients. Findings indicate that mango domestic nutritional contribution is likely to increase in the 
future, helping address vitamin A and C deficiencies and anaemia related-issues that remain prevalent, particularly among 
vulnerable groups such as children under five, pregnant teenagers and women (i.e. meeting requirements for vitamin C, 
from approximatively 60,000 people in 2000, to 1 million people in 2050). Whilst vitamin A is concentrated in dried 
mango, vitamin C—the fresh fruit’s primary micronutrient—is lost in drying. Therefore, increased domestic consumption 
of dried mango would increase vitamin A from mango but not improve the overall nutritional impact of mango on the 
local population (vitamins A and C, iron). Our work leads to the development of a user-friendly tool that predicts the past, 
present, and future nutritional impact of crop production with mango in Côte d’Ivoire as an example.
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are wasted, and 10% of the population is undernourished 
(Jesson et al., 2021). Despite 89% of children being covered 
by vitamin A supplementation in Côte d’Ivoire (Global 
Nutrition Report, 2022), figures show that around 60% of 
6–59  months-old children are vitamin A deficient (Santé 
Côte d’Ivoire, 2018). Iron deficiency is largely responsible 
for about 80% and 66% of anaemic cases in children under 
five years old, and women of childbearing age, respectively 
(DHS, 2021; FAO, 2022; Jesson et al., 2021; Rohner et al., 
2016). The prevalence of obesity (17.8%) among women in 
Côte d’Ivoire (vs. 7.3% among men) is a growing concern, 
particularly in urban areas. Overnutrition is associated 
with non-communicable diseases such as diabetes (7.2% 
of women and 8.5% of men in Côte d’Ivoire) (Global 
Nutrition Report, 2022). Dietary diversity remains low: 
minimum dietary diversity (MDD) score was 23.7% (DHS, 
2021), principally due to limited consumption of essential 
micronutrients, i.e. from fruits and vegetables (Engidaw 
et al., 2023; Giller & Zingore, 2021; Prieto-Patron et al., 
2020) (MDD is defined as the percentage of children aged 
6–23  months who consumed the previous day foods and 
drinks from at least 5 of the 8 defined groups). This issue 
may stem from the inaccessibility or unaffordability of fresh 
produce during off-season periods, particularly for those 
with limited financial resources (Faye et al., 2024). A holistic 
approach (education, policy changes, physical activity) and 
greater access to healthier foods such as local fruits and 
vegetables could contribute to reducing the prevalence of 
the triple burden of malnutrition in Cote d’Ivoire.

Mango (Mangifera indica L.) is a seasonal fruit widely 
grown in tropical and subtropical countries for its economic 
and nutritional benefits (Halder et al., 2024; Neguse et 
al., 2019). It is rich in essential micronutrients such as 
vitamin C (ascorbic acid improves bioavailability of iron 
and increases its intestinal absorption), provitamin A 
carotenoids, as well as fibres that could help reduce obesity 
(Guiamba, 2016; Lauricella et al., 2017; Yahia et al., 2023). 
Its consumption could help lower macro and micronutrient 
deficiencies common in low-income countries (Guiamba, 
2016; Lauricella et al., 2017; Neguse et al., 2019). Mango 
is often called the ‘king of fruits’ as it ranks as the second 
most popular tropical fruit and the fifth most consumed fruit 
globally, after citrus, bananas, grapes, and apples (Halder et 
al., 2024; Neguse et al., 2019; Normand et al., 2015; Yusuf 
et al., 2019). With an annual production approximating 1.4 
metric million tonnes (t) annually in West Africa, mango is 
one, if not the only fruit able to satisfy the greater part of 
the population demand and need at peak production in dry 
savannas areas (Sidibe, 2023).

Côte d’Ivoire is the largest exporter and one of the largest 
producers of mangoes in sub-Saharan Africa, with an annual 
production ranging between 140,000 and 160,000 t (CBI, 

2019; Innovations, 2021; Neguse et al., 2019). In fact, it is 
the third largest mango supplier to the European Union after 
Brazil and Peru, which accounts for 4% of the country’s 
national GDP and 10% of its agricultural GDP (Grumiller 
et al., 2018; Kouakou et al., 2024; Pugnet, 2024). Mango 
cultivation is now widespread across Côte d’Ivoire, with 
the commercial production concentrated in the northern 
regions around Korhogo, 600 km from the port of Abidjan, 
the country’s economic capital. In Korhogo, 2,050 mango 
producers and 200 exporters are listed (Kouakou et al., 2024). 
Most common varieties are Kent, Keitt, and Amélie. Kent 
variety is the variety commonly sent for export because of its 
taste and low moisture content that confers it longer shelf life 
than other varieties (Koffi et al., 2021). Each year the starting 
date of the exportation ‘campaign’ or season is officially set 
by the Ministry of Agriculture that also helps fix mango price. 
The ‘campaign’ closure date depends on climatic conditions 
(rainfall) that favour pest infestation (i.e. fruit fly). Whilst 
Mango harvesting and selling spans from March to July, the 
exportation ‘campaign’ is usually limited from March/April 
to May. Total mango tree cultivated area for Côte d’Ivoire 
is around 20,000 ha, corresponding to currently 140,000 and 
60,000 t per year in high and low-mango seasons, respectively 
(biannual bearing) (Koffi et al., 2023).

When mangoes are harvested, they go through posthar-
vest processes such as maturation, pretreatments, drying 
as well as diverse storage and transportation conditions 
that could affect their nutritional value (Diop et al., 2021). 
Handling, packaging, transportation, storage, and process-
ing, mostly without any temperature or humidity control 
along the Ivorian supply chains, further contribute to mango 
spoilage, accounting for approximately 30% of postharvest 
losses, and could affect the fruit’s nutritional composition 
(FAO, 2019; Guiamba, 2016; Yahia et al., 2023). Mangoes 
are highly sensitive to unpredictable climatic conditions 
such as extreme heat, drought, and vapour pressure deficit. 
These stresses cause rapid stomatal closure, which nega-
tively affects photosynthesis (Halder et al., 2024; Normand 
et al., 2015; Yahia et al., 2023). Fruit flies Bactrocera dorsa-
lis are more prevalent with climate change due to irregular 
weather according to local farmers in Côte d’Ivoire (Yeo et 
al., 2022). The presence of fruit fly in African mango pro-
ducing countries affects mango production and exports, as 
great economic losses can be supervened due to quarantine 
restrictions and loss of export opportunities to countries, 
where this fruit fly is under regulation, especially Europe 
(Mutamiswa et al., 2021).

Mango is one of the most consumed fruits in Côte d’Ivoire, 
following oranges and matching the popularity of papaya, 
avocado, banana, and pineapple in the capital city, Abidjan. 
The population boom in Côte d’Ivoire stimulates demand 
for fresh fruit on the local market (Yogone et al., 2024). 
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Postharvest nutritional flows and losses during such pro-
cesses, and the nutritional and health significance of mango 
consumption especially to the local population in develop-
ing countries remain under-researched. Our study uses a 
predictive model based on in-country collected nutritional 
data and production quantities to examine how mango pro-
duction translates into nutritional flows and assesses its nutri-
tional impact on the population in Côte d’Ivoire. This novel 
approach aims to understand the impact of the mango value 
chain on food security. The same approach could be applied 
to assess the nutritional impact to other crops and commodi-
ties on local populations’ food security in various countries or 
regions, and help map the relative food security contribution 
of commodities grown in-country versus those imported or 
exported. The goal is to make local commodity value chain 
more nutrition-sensitive and resilient in the future.

2  Materials and methods

2.1  Data and sample collection

The study was carried out between May and June 2023 in 
Korhogo, Côte d’Ivoire. Fruit samples were collected twice 
during mango season: early in the season (month of May) of 
the ‘campaign’ (season 1) and late in the season (end of June) 
of the ‘campaign’ (season 2) for mangoes of the year 2023.

Mangoes were followed at different stages of maturation 
and processing along the value chain: harvested fruits at 
commercial maturity (physiological green maturity) from a 
commercial mango orchard (originated from the same har-
vest lot and from the same orchard) were transported to a 
local processing unit (dried mango value chain) or a distant 
market (Abidjan) (fresh value chain). Experimental design 
and food composition analysis are described in detail in Aka 
(2024). Nutritional data were obtained from the most com-
mon cultivar: Kent and from the most important producing 
area: Korhogo (Poro region).

At each stage, nine mangoes were randomly selected and 
divided into three lots of three mangoes (3 × 3 for biological 
and analytical replications) (Fig.  1). These stages were the 
following: (A) Harvest stage (green mango); (B) After two 
days of storage in ripening chamber; (C) Ripe mango (at day 
6 for early season and day 4 for late season); and (D) Dried 
mango after oven drying. The drying was conducted at a 
semi-industrial drying unit (Dryers for Africa CD1500, South 
Africa) set at 65℃ for 18 to 24 h (cooperative Gninnangnon, 
Korhogo). To simulate local transport, a batch of green fruits 
(E) were packed by wholesalers in cardboard and loaded in 
a non-refrigerated commercial trailer truck that took around 
36 h to travel from Korhogo to the Abidjan market.

Upon collection, fresh mango fruits were then manu-
ally washed with running water. Whole fruit mass was 
measured at the laboratory of Biochemistry and Food 
Technology at the Université Peleforo Gon Coulibaly, 
Korhogo. Skin and stones of the mangoes were discarded, 
and edible weight was calculated. Mangoes were sliced, 
labelled, and aseptically packed in freezer bags, and stored 
at—80  °C. Sliced and frozen samples were transported 
frozen in a cool box, one week later, to the Centre Suisse 
de Recherches Scientifiques (CSRS), Abidjan to conduct 
biochemical analysis, sample slices were thawed and 
homogenised using an electric Binatone blender (Oakland 
& Johnson, London).

2.2  Mango nutritional composition analysis

Collected samples were analysed for both macro- and 
micronutrients. All nutritional analyses were conducted in 
triplicate on the three lots of three mangoes collected.

Dry matter, total fats and crude proteins were deter-
mined according to AOAC (1990). Fibre content was mea-
sured by Soxhlet extraction according to Wolff (1968). 
Total sugars and starch were determined by spectropho-
tometry based on Dubois et al. (1956) and Jarvis and 
Walker (1993), respectively. Vitamin C was measured 
using iodine colorimetric titration, as described by Benhidi 
(2016). Mineral analysis (Iron, Zinc, Calcium, Phospho-
rus, Potassium, Magnesium, Sodium) was conducted using 
X-ray fluorescence analyser (MESA-50) at the University 
of Man, Côte d’Ivoire.

Provitamin A was analysed at the French Agricultural 
Research Centre for International Development (CIRAD), 
France: frozen pureed and dried samples were shipped 
from the CSRS, Abidjan, under ice and remained frozen 
until their arrival. Provitamin A carotenoid extractions and 
HPLC analyses were performed according to the method 
previously described by di Corcia et al. (2022), which was 
optimized and applied to mango samples. In brief, 2 g of 
fresh mangoes or 0.5 g of dried mangoes were extracted 
with hexane after saponification with KOH to remove ester 
forms. Subsequently, HPLC analysis was carried out with 
an Agilent 1100 system equipped with a diode array detec-
tor and autosampler. The column used was a C30 YMC 
column (250 × 4.6 mm; 5 μm, YMC Europe GMBH, Ger-
many). Vitamin A was expressed as RAE of carotenoids 
in mangoes (Retinol Activity Equivalent-μg trans-β-
carotene/12 and 13-cis-β-carotene/24).

Nutritional data were processed on SPSS 29.0 software 
for Windows using analysis of variance (ANOVA). 
Significant differences between data were assessed by a 
Tukey HSD test (p < 0.05).
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over a period of 9 months (June 2022 to April 2023) in four 
leading mango producing towns in northern Côte d’Ivoire 
(Ferkessédougou, Sinématiali, Korhogo and Boundiali) as 
part of the SAFOODS project: Koffi et al. (2023) devel-
oped a production flow model split into five value chains: 
the export value chain (60% of mango production from the 
field), the regional value chain (5%), the processed prod-
ucts (4%), the local value chain (30%), and the household 
consumption (1%) (Bancal et al., 2024; Koffi et al., 2023) 
(Table 1).

The nutritional data from mango was collected as 
described in 2.1 and 2.2. Data on mango production flow 
was combined with nutritional data from samples at various 
stages of the value chain: various maturity levels or dried 
state (A, B, C, D, and E).

A predictive model was subsequently developed (Supple-
mentary materials). Predictions of national annual mango 
production (past, present, future) were made based on data 
from literature. Quantities of nutrients produced per year 
per edible part of the mango on a fresh weight basis at the 
national scale for the different value chains were calculated. 

2.3  Model predictions

Our approach is derived from the NUTRI-P-LOSS (NUTRI-
tional Postharvest Loss) methodology (Bechoff et al., 2022) 
to estimate nutritional postharvest losses throughout crop 
value chain (from harvest to market). The tool is an original 
predictive model that uses a combination of literature, labo-
ratory and field data to predict nutrient loss in staple crops 
such as maize, cowpea, and sweet potato. It estimates the 
loss in nutrients due to quantity and quality changes in the 
food product (e.g. nutrient degradation due to air or temper-
ature oxidation because of extended storage). Key nutrients 
are energy, protein, and micronutrients such as vitamin A, 
iron and zinc. NUTRI-P-LOSS aims to provide information 
about the value chain losses for improving food and nutri-
tion security in developing countries.

In this present study, we used the model to estimate nutri-
tional postharvest flows (rather than losses) and predict sce-
narios of nutritional impacts. The model builds from robust 
data on mango production flows from Koffi et al. (2023): 
value chain actors (n = 91) detailed surveys were conducted 

Fig. 1  Experimental design and mango collection along value chain. 
(1) freshly harvested green mango before and after transport; (2) 
mango from harvest to drying. Note: the initial collection point is 
the same for value chains (1) and (2). Letters were added to indicate 
stage of maturity or processing: A = green mango, B = mango during 

ripening, C = ripe mango, D = dried mango, E = green mango after 
local transport from Korhogo to Abidjan. Images of mango fruits A, 
B, C, D, E were generated using Artificial Intelligence (Copilot) whilst 
additional images were selected manually from google search. Those 
images were connected using human intelligence
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Similarly, vitamin C accumulated during mango ripen-
ing (from 4 mg/100g to 12 mg/100g wet basis) on average 
over the two seasons. However, as opposed to provitamin 
A, the amount of vitamin C decreased (from 75 mg/100g 
to 17 mg/100g dry basis) [calculated data not shown on the 
figure]. There is no significant difference between provita-
min A carotenoids and vitamin C before (A) and after local 
transport (E). After drying (D), vitamin C (on a dry basis) 
reduced to the same level as A and E stages.

The annual mango production and its nutritional compo-
sition is shown in Fig. 3. From an annual mango production 
of 140,000 t, 60% were for export. The downgraded mango 
discarded from export (20%) was split into equal quanti-
ties distributed to each of the four other value chains, add-
ing 4,200 t per value chain (25%): according to Koffi et al. 
(2023) (Table 1). This translates as the initial part of export 
decreasing from 60.0% to 48.1% whilst the other value 
chains’ part increased from 5.0 to 7.8%, 4.0 to 7%, 30.0% to 
33.1%, and 1.0% to 4.0% for the regional market, process-
ing, local market, and household consumption, respectively 
(Fig. 3a). Postharvest losses of mango were quite negligible, 
according to Koffi et al. (2023) (Table 1): only 0.25% of the 
total production was lost and this was due to regional sort-
ing (5% of loss); the losses at the other value chains being 
considered negligible.

Only about 60% of the whole mango weight was avail-
able for human consumption due to the skin and stone being 
removed from a ripe mango (stage C). Therefore, from an 
annual production of 67,200 t destined to export, approxi-
mately 44,000 t were edible, and for regional and local mar-
kets from 10,850 t and 46,200 t to 7,127 t and 30,347 t, 
respectively were edible (Fig.  3b). Also, over 80% of the 
fruit was composed of water (36,000 t for export, 5,945 t 
for subregional market, and 23,315 t for local market), 
with carbohydrates (starch and sugar) accounting for most 
of the other macronutrients (5,747 t, 928 t, and 3,951 t for 
export, regional, and local markets, respectively, annually) 
(Fig.  3c). In terms of quantity, vitamin C was the main 

Nutrient estimates calculations were performed on C stage 
(mature fruit) or D stage (dried fruit) if applied (green 
mango in stage A or B was considered negligible). To mea-
sure the nutritional impact at the population level, those 
quantities of nutrients were translated into number of peo-
ple who potentially would have met their daily nutritional 
requirements using the population-weighted estimated aver-
age requirements (EARs), as previously described (Bechoff 
et al., 2022; Stathers et al., 2018). In brief, the quantities 
of nutrients, either macronutrients or micronutrients pro-
duced at the national scale, were divided by the EARs (per 
nutrient) of an average person in the population (or spe-
cific groups such as children under 5 years old or pregnant 
women), resulting in calculating the number of people that 
could have their daily nutritional requirements met for spe-
cific nutrients (Supplementary materials).

3  Results

3.1  Mango nutrient flows in the various value 
chains

Nutritional content (provitamin A carotenoids and vitamin 
C) of mango products at stages A, B, C, D, E at the early 
and late mango season (Seasons 1 and 2) is described in 
Fig.  2. Carotenogenesis was observed from stage A to C. 
In green mango (A) carotenoid content remained low and 
steadily increased (B) until mango reached ripe stage (C), 
from 0.1 to 0.5 mg/100g, respectively. The increase was 
not significant in Season 2, possibly because mangoes col-
lected on the tree (A) were at uneven stages of maturity. In 
dried mango (stage D) provitamin A was concentrated eight 
times: from 0.5 mg/100g to 4 mg/100g on average (because 
of the removal of water) and partly trans–cis isomerised: 
dried mango contained significant amounts of cis-isomers 
(0.8 mg/100g of 13-cis and 0.6 mg/100g of 9-cis) produced 
due to heat from the intensive oven drying.

Mango value chain (country level) Export Regional Processing* Local 
(National)

Household 
consumption

Part of production (%) 60% 5% 4% 30% 1%
Loss during sorting 20.0% 25.0% 25.0% 25.0% 25.0%
Loss during warehouse storage or 
processing

0.0% 5.0% 0.0% 0.0% 0.0%

Initial stage (start of value chain) A A A A A
Final stage at selling point (end of 
value chain)

B** B or C C or D B or C B or C

Data were obtained from Koffi et al. (2023); Bancal et al. (2024). Letters were added to indicate stage of 
maturity or processing: A = green mango, B = mango during ripening, C = ripe mango, D = dried mango, 
E = green mango after local transport from Korhogo to Abidjan
*Form of processed mango (%): Dried: 94%; Juice: 6%: Puree: 0.1%. Split of the market for processed mango: 
79% dried mango exported; 18% dried mango sold regionally; 3% of mango sold locally. 56% juice sold 
regionally; 44% juice sold locally; 100% of puree sold locally. **on arrival in Europe following shipment

Table 1  Mango Value Chain in 
Côte d’Ivoire
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part of the processed products (dried, juice, and pureed 
mango) (0.20%).

Using the predictive model, we estimated the nutritional 
impact on the Ivorian population of mango domestic pro-
duction in the past (2000), nearer to the present, when the 
experiment was conducted (2023), and in the future (2050) 
(Fig. 4). An observation of the shape of the Ivorian popula-
tion pyramid reveals that the demographic composition has 
changed between 2000 and 2023, and is projected to continue 
aging by 2050, aligning with an Occidentalised demographic 
trend. The total mango production was approximately 20,000 
t in 2000 (COLEACP, 2000) and a much larger production 
is predicted in the future: 350,000 t in 2050 (FAO, 2024). 
Here, mango domestic production was kept constant at 37% 
of total production. As a result, domestic mango production is 
estimated to have been 7,440 t in 2000, increasing to 52,077 t 
in 2023, and projected to reach 130,191 t by 2050 (Fig. 4).. In 

micronutrient (e.g. ≈6,000, 900 and 4,000 kg going annu-
ally to export, regional, and local markets, respectively), 
followed by potassium (K) (≈2000 kg, 400 kg, and 1500 kg 
for export, regional, and local markets, respectively). Vita-
min A quantity was in lesser quantities, 21 kg; 3 kg and 15 
kg, whilst the amount of fibre was ≈ 100 t, 20 t, and 75 t, for 
export; regional and local markets, respectively (Fig. 3d).

3.2  Mango nutrient flows: past, present, and future

Ivorian Kent cultivar of mango is majorly destined to export 
market (i.e. to Europe), and a spillover goes to neighbouring 
countries (regional market). Finally, over the total mango 
production, according to our model, slightly more than a 
third of the mango production (37%) remains in-country 
(domestic production). This includes the local production 
(33%), the household consumption (4%) and a negligible 

Fig. 2  Provitamin A carotenoids (trans and cis-isomers) and vitamin C 
contents (fresh weight basis) measured at different steps of the mango 
value chain. n = 3 lots × 3 analysis replicate per lot = 9 analyses per 
sample where A = green mango, B = mango during ripening, C = ripe 
mango, D = dried mango, E = green mango after local transport from 

Korhogo to Abidjan. Different letters (a, b, c) indicate significant dif-
ferences in concentrations between the stages (ANOVA, Tukey test; 
p < 0.05). Please note that the differences are indicated on a dry weight 
basis for Vitamin C
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Based on our predictive model, which calculates the 
number of individuals whose dietary needs could be met 
by mango consumption, the potential nutritional contribu-
tion of mangoes is projected to increase substantially. For 
example, in 2000, mango production could meet the iron, 
vitamin A, and vitamin C requirements of approximately 
5,445; 13,814; and 58,043 people, respectively. By 2023, 
these numbers rise to 37,926; 94,428; and 405,269 people, 
and by 2050, to 93,845; 229,702; and 1,010,383 people, 
respectively.

Table 2 presents the potential nutritional impact of man-
goes remaining in-country for essential micronutrients, for 
which the Ivorian population is deficient in, vitamin C, vita-
min A, and iron, and in vulnerable groups (children under 

terms of nutrient content, carbohydrates were the most abun-
dant, rising from 627 t in 2000 to 11,148 t in 2050. Vitamin 
A was the second least abundant nutrient (increasing from 
2 kg in 2000 to 42 kg in 2050), followed only by zinc (1 
kg in 2000 to 22 kg in 2050). When considering nutritional 
impact—measured by the number of people whose recom-
mended daily intake could be met—vitamin C had the highest 
impact, benefiting an estimated 58,043 people in 2000 and 
growing to 1,010,383 people by 2050. This was followed by 
vitamin A (13,814 people in 2000 to 229,702 people in 2050), 
carbohydrates (6,886 people to 113,299 people), and iron 
(5,445 people to 93,845 people). These differences highlight 
the importance of assessing nutritional impact rather than just 
nutrient quantities.

Fig. 3  Annual mango production share in Côte d’Ivoire in 2023, from 
general to specifics, (a) production quantities (initial: before sorting; 
final: after sorting) (b) quantity of mango produced including edible 

and non-edible (stone/skin*) parts, (c) macronutrients*, and (d) micro-
nutrients*. *Calculated from C and D stages
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production could meet the Estimated Average Requirements of 
over 80,000 women for vitamin C, around 24,000 women for 
vitamin A and around 6,000 women for iron in the year 2000, 
representing a large proportion of their population group, 
20.1%, 5.9% and 0.8% of their respective population focal 
group. In 2023, the production of mango had been multiplied 
by 7 (from 20,000 t to 140,000 t) and the Ivorian population 
doubled (from 18 to 31 million people). Therefore, domestic 
production could meet the nutritional requirements of more 
people, respectively 9.8%, 3.5% and 0.9% of the country’s 
children for vitamins C, A, and iron, respectively. This rep-
resented the nutritional requirements of 77%, 22.5%, and 3% 
of the country’s pregnant teenagers and women for vitamins 
C, A and iron, respectively. It is projected that mango produc-
tion will further increase by 2050 (by 2.5 times). The Ivorian 
population will also almost double (increase of 1.8 times) (56 
million people). Therefore, in this scenario, the part of mango 
in meeting the nutritional requirements of those vulnerable 
groups will further augment bringing it to 99.9%, 29.2%, and 
3.9% of the pregnant teens and women’s annual nutritional 
requirements for vitamins C, A, and iron, respectively. This 
is explained by the fact that mango production is increasing 
faster than the population. According to our model’s predic-
tion, mango will play a more critical role on the nutritional 
security of Ivorians in the future.

5-year-old, and pregnant teenagers (15–19-year-old) and 
pregnant women (20–49-year-old) in years 2000, 2023, and 
2050. According to the model predictions, the annual mango 
domestic production could meet the annual Estimated Aver-
age Requirements (EARs) of over 60,000 children for vita-
min C, around 23,000 children for vitamin A and around 6000 
children for iron in the year 2000, representing 2%, 0.7% and 
0.2% of their respective population focal group. The same 

Table 2  Past, present, and future projections of the number of Ivorian 
children and pregnant teenagers and women (and respective percent-
age of people in their focal age group) meeting their annual nutritional 
requirements* for vitamin C, vitamin A, and iron with mango domestic 
production
Year Population group Vit C Vit.A Iron
2000 Children (< 5-year-old) 64,441 

(2.0%)
22,732 
(0.7%)

6,186 
(0.2%)

Pregnant teens & women 
(15–59-year-old)

82,924 
(20.1%)

24,261 
(5.9%)

3,209 
(0.8%)

2023 Children (< 5-year-old) 451,085 
(9.8%)

159,125 
(3.5%)

43,301 
(0.9%)

Pregnant teens & women 
(15–59-year-old)

580,466 
(77.0%)

169,824 
(22.5%)

22,463 
(3.0%)

2050 Children (< 5-year-old) 1,127,713 
(17.0%)

397,812 
(6.0%)

108,252 
(1.6%)

Pregnant teens & women 
(15–59-year-old)

1,451,165 
(99.9%)

424,560 
(29.2%)

56,158 
(3.9%)

*EAR = Estimated Average Requirements

Fig. 4  Number of Ivorian people’s annual nutritional requirements met from the mango domestic production in 2000, 2023, and predicted in 
2050(Source of population pyramids: populationpyramid.net)
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the parts of local market and subregional markets will vary 
accordingly.

Calculations showed that the proportion of dried vs. fresh 
mango domestically consumed per average capita per year 
was small: from 0.03% (processing:4%; percentage of dried 
mango: 3%; percentage of vitamin A: 0.3%) to 9% (pro-
cessing:40%; percentage of dried mango:100%; percentage 
of vitamin A: 46%). Despite representing only 9% of total 
domestic production, dried mangoes could equate to almost 
half of vitamin A from domestically produced mangoes.

Increasing mango processing, from 4 to 40% for the 
same total mango produced, could only benefit vitamin A 
nutritional requirements (277,835 people maximum). and 
not vitamin C and iron. As such, keeping mango processing 
value chain at 4% of the total production was therefore 
found more nutritionally impactful, allowing more people 
to meet their nutritional requirements in vitamin C and iron 
as well (to a maximum of 1,021,952 and 96,659 people, 
respectively). These results are explained by the fresh 
mango containing higher levels of vitamin C and iron than 
dried mango.

3.3  Dried mango nutritional predictions

The dried mango sector is seen as high commercial potential 
in Côte d’Ivoire (Mulder et al., 2019). According to Bancal 
et al. (2024) and Koffi et al. (2023), 94% of the processed 
mango is dried and goes essentially for export (79%), whilst 
only a very small amount (3%) is domestic production. We 
questioned whether keeping more of the dried mango in-
country could improve the nutritional intake of the local 
Ivorian population in the future (2050): we projected what 
the nutritional impact of mango (measured as the number 
of Ivorian people in 2050 who would meet their nutritional 
requirements with the annual mango production) would be 
if: 1)the part of the processing chain increased from 4% 
(current figure in 2023) to 40% of total production, and 
2) the part of domestic dried mango production increased 
from 3% (current figure in 2023) to 100% (all the dried 
mango domestically produced) (Fig. 5). With this estimate, 
it should be noted that the part of domestic production is 
not constant: it will vary from 24% (for 40% of processing) 
to 37% of total production (for 3% of processing) because 

Fig. 5  Number of Ivorian people’s annual nutritional requirements met from the mango domestic production predicted in 2050
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missing their daily nutritional requirements (1.7% of Uganda 
population) (Bechoff et al., 2022). Our study found that the 
domestic production of mango in Côte d’Ivoire could meet 
the nutritional requirements of about 94,000 people or 0.3% 
of Ivorian population. This suggests that, in terms of vita-
min A contribution, orange-fleshed sweet potato in Uganda 
has a substantially greater nutritional impact than mango 
in Côte d’Ivoire. Similarly, the nutritional impact for iron 
lost in cowpea (121,000 people in Zimbabwe) is also higher 
than the nutritional impact met by the domestic production 
of mango (37,926 people in Cote d’Ivoire). These differ-
ences may be explained by the importance of crops in the 
diet: whilst cowpea and sweet potatoes are key food security 
crops in Zimbabwe and Uganda, respectively, mango is a 
seasonal crop in Cote d’Ivoire. We believe that our predic-
tive model contributes valuable insight by quantifying the 
relative contribution of specific nutrients to daily require-
ments (i.e., nutritional impact), which cannot be inferred 
from nutrient quantities alone.

4.2  Future nutritional impact predictions

According to FAO projections, mango production in Côte 
d’Ivoire is expected to increase significantly, with the 
potential to expand cultivation areas by two to three times 
their current size (FAO, 2024). The strong commitment 
of the Agricultural Sector Development Support Program 
(PADFA) to sustainably improve food and nutritional secu-
rity and income from farming in the northern regions (Aka, 
2024; Coulibali, 2023), supporting strategic sectors—such 
as the mango sector receiving considerable support from 
PADFA and its European partners (Aka, 2024)—gives us 
confidence that the mango sector will continue to grow, i.e. 
in the north of the country.

Nonetheless, our projections do not take into account 
the potential impact of climate change, which could lead to 
irregular mango production patterns (Halder et al., 2024). 
One significant threat is the increased prevalence of pests 
and diseases, especially fruit flies, which are likely to 
become more widespread under changing climatic condi-
tions (Yeo et al., 2022). These challenges could shorten the 
mango harvesting season and reduce export potential, par-
ticularly given Europe’s stringent fruit quality regulations. 
On the other hand, a decline in exports might increase the 
availability of mangoes for domestic and regional consump-
tion. Onyutha et al. (2018) relates that despite projected 
increases in food production, sub-Saharan Africa is likely 
to continue facing food security challenges by 2050, largely 
due to limited market access for smallholder farmers and the 
need to diversify income-generating activities beyond agri-
culture. Building more resilient and nutrition-oriented value 
chains will therefore be essential to improving food access 

4  Discussion

4.1  Nutrient flows and nutritional impacts methods 
and results

Several studies have examined nutrient circularity within 
food systems, particularly focusing on elements such as 
phosphorus, potassium, and carbon in agro-food waste sys-
tems. (van der Wiel et al., 2019). However, relatively few 
investigations have addressed the flows and losses of macro- 
and micronutrients essential to human nutrition. Using pro-
tein and energy as proxies for nutritional value, Abbade 
(2020) estimated that global food losses could potentially 
feed nearly 1 billion people, based on an average indi-
vidual intake of 2,000 kilocalories and 50 g of protein per 
day. Similarly, Gatto and Chepeliev (2024) assessed nutri-
ent flows and losses by quantifying energy, fat, protein and 
carbohydrate quantities. Expanding on these approaches, 
Lividini and Masters (2022) estimated global flows of bio-
active compounds such as vitamins and minerals with the 
aim of guiding more health-orientated policy interventions. 
In all three studies, global world estimates were generated 
from FAO Food Balance Sheets for key food categories. At 
a more localised scale, Wesana et al. (2019) investigated the 
dairy value chain in Uganda, quantifying milk and its deriv-
ative products and calculating associated nutritional losses 
using a local food composition table. The nutritional impact 
in this study was assessed by dividing the total nutritional 
losses by the Recommended Dietary Allowance (RDA), 
defined as the average daily intake level sufficient to meet 
the nutrient requirements of nearly all (97–98%) healthy 
individuals, in line with Spiker et al., (2017). In contrast, 
(Bechoff et al., 2022; Stathers et al., 2018) employed the 
population-weighted Estimated Average Requirements 
(EAR) (average daily level of intake estimated to meet the 
requirements of 50% of healthy individuals) which offers 
a more conservative but arguably seems more appropriate 
prediction for populations (Bechoff et al., 2019).

Bechoff et al. (2022) assessed nutritional composition 
and nutritional changes in a pulse (cowpea), a cereal (maize) 
and a root (sweet potato) based on direct field measure-
ments rather than relying on using food composition tables. 
In the present study, we applied a similar methodology but 
focused on nutrient flows rather than food losses. Compared 
to earlier research, the integration of actual field measure-
ments with survey data is expected to yield more precise 
and context-specific predictions.

As the methodology remains relatively novel, opportuni-
ties for direct comparison with existing studies are limited. 
However, meaningful cross-comparisons can be drawn with 
findings with Bechoff et al. (2022): for example, orange 
fleshed sweet potato loss resulted in about 600,000 people 
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Another limitation is that our model does not account for 
the full Ivorian diet. Mango is a seasonal fruit and consti-
tutes only a small portion of total dietary intake. Accord-
ing to our model, one ripe mango provides approximately 
318 g of edible pulp, delivering 176 kcal. This amount 
supplies roughly 138% of the Estimated Average Require-
ment (EAR) for vitamin C, 32% for vitamin A, and 13% 
for iron for an average individual in the Ivorian population. 
However, given that the average daily energy requirement 
is estimated at 2,332 kcal (based on our 2023 model), con-
suming one mango per day would fulfil only 7.5% of the 
daily energy requirement.

Our model also relies on imputed data, which introduces 
further limitations. Data collection was restricted to early and 
late mango seasons within a single year. Expanding the data-
set to cover multiple years and additional sampling points 
would improve the model’s robustness. For instance, the 
vitamin C content we measured ranged from 12–13 mg/100 
g, which is at the lower end of the spectrum reported in the 
literature: our low content of vitamin C could be attributed 
to either naturally low levels in the fruit or loss during trans-
port and sample preparation. Maldonado-Celis et al. (2019) 
reported a broader range of 13–93 mg/100 g for vitamin C in 
mango. This suggests our estimates of vitamin C’s nutritional 
contribution may be significantly underestimated—poten-
tially by up to sevenfold. Based on our current data, mango 
consumption in 2023 could have met the vitamin C require-
ments of approximately one million people; if higher vitamin 
C content were assumed (93 mg/100 g), this figure could rise 
to 8 million people (Supplementary Materials).

Finally, spatial distribution and access to mango markets 
present another modelling constraint. Currently mango pro-
duction is concentrated in the north of the country, and the 
fruit is primarily distributed to urban centres. Many regions 
in Côte d’Ivoire -particularly outside the north—have lim-
ited or no access to mangoes. Future improvements to the 
model should incorporate geospatial data on population dis-
tribution and market access to provide a more comprehen-
sive and accurate assessment.

5  Conclusions

Our work described an application of the NUTRI-P-LOSS 
methodology to mango production flows in Cote d’Ivoire. 
We showed that mango is likely to have a greater nutritional 
impact in the future because mango production will feed 
more people locally and hence provide a greater quantity 
of essential micronutrients such as vitamin A and vitamin 
C (that helps iron absorption). Increasing the part of dried 
mango domestically is not necessary the best strategy for 
the future: although vitamin A is more concentrated in dried 

and achieving better food security outcomes in resource-
limited settings.

4.3  Fresh vs. dried mango nutritional predictions

According to Mulder et al. (2019), Côte d’Ivoire has a 
strong potential for rapid development of its processed 
mango sector because of its well-developed agricultural 
economy and favourable business environment compared to 
its neighbouring countries. Currently, however, the number 
of dried mango processors remains limited, and operations 
are largely small-scale. Among agricultural value chains, 
mango was identified as one of the most promising for pro-
cessing. Between 2017 and 2021, the volume of mangoes 
processed into dried products increased significantly-from 
89 to 593 tonnes-representing an average annual growth 
rate of 66% (Kouakou et al., 2024). Dried mango has 
become the most widely exported processed tropical fruit 
from the country, with growing demand in the European 
market, particularly among vegan and vegetarian consum-
ers. As Mulder et al. (2019) noted: “Côte d’Ivoire remains 
home to large untapped potential. With high availability 
of the prised Kent variety at low prices, and ample expe-
rience in the logistics of fresh fruit export, it should be a 
dried mango powerhouse. But progress has been slow, and 
it remains a small player for now”. Our findings highlight 
a nutritional trade-off associated with increased mango 
processing. While it presents a valuable economic oppor-
tunity, the process drying significantly reduces vitamin C, 
a nutrient labile and sensitive to heat. In contrast, vitamin 
A becomes more concentrated in dried mango (Maldonado-
Celis et al., 2019). The availability of unprocessed fresh 
mangoes remains crucial for supplying vitamin C, which 
plays an important role in enhancing iron absorption—par-
ticularly relevant in a country such as Côte d’Ivoire, where 
anaemia is highly prevalent.

4.4  Limitations of the model

One limitation of our predictive model is that it focuses 
solely on the Kent mango variety, which is commonly used 
for both export and domestic consumption. However, a 
wide range of local mango varieties—including wild types 
and traditional cultivars not intended for export—are also 
widely consumed throughout Côte d’Ivoire, from rural com-
munities to urban centres. These local varieties, which are 
often smaller and more fibrous, are highly valued locally, 
yet there is currently no available data on their production or 
consumption. Furthermore, some of these cultivars are con-
sumed at earlier stages of maturity (e.g. “B stage”) rather 
than at full ripeness (“C stage”), but no data exist on the 
distribution of consumption across maturation stages.
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if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless 
indicated otherwise in a credit line to the material. If material is not 
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mango, vitamin C, mango’s main essential micronutrient, is 
lost during drying and the number of people benefiting from 
nutritional input from mango is globally less with dried 
mango as compared to fresh mango.

Our study demonstrates that the NUTRI-P-LOSS method, 
originally developed mainly for cereals, roots, and legumes, 
can be successfully extended for predicting future nutritional 
impact on populations to other commodities such as fruits and 
vegetables. To enhance the robustness of the NUTRI-P-LOSS 
prediction model, further data and work are needed, including 
the incorporation of additional data points and the calcula-
tion of model error (variability). The NUTRI-P-LOSS tool 
can serve as a practical resource for practitioners to predict 
postharvest losses and flows for specific crops or commodi-
ties studied. Model estimations can inform key agricultural 
and food security decision-makers to help make crop food 
systems more nutrition and health-orientated and efficient.
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