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Abstract: Poor folate status is implicated in a wide variety of health disorders including megaloblastic anaemia, neural tube defects, and
cardiovascular diseases. Human diet remains the main provider par excellence. Despite several public-health options to overcome this
micronutrient deficiency, dietary folate intakes of women of childbearing age and children are still below recommendations in many African
countries. Therefore, this review aims at presenting the current knowledge on folate contents in various African foods, and on folate losses
during food processing. Seventy one food sources were evaluated in this study. These various food sources included thirty six vegetables, six
cereals, height cereal products, six processed leafy vegetables, six pulses, three fruits, three legumes and three roots. All of them were
originated from six African countries including Burkina Faso, Côte d’Ivoire, Egypt, Ethiopia, Nigeria, and South Africa. Folate content ranged
between 11 and 73.4 μg/100 g in cereals, 1.8 and 39 μg/100 g in cereal-based processed foods, 8.48 and 48.6 μg/100 g in cooked leafy
vegetables, 11.6 and 633 μg/100 g in vegetables, 10 and 22 μg/100 g in pulses, 52 and 148 μg/100 g in legumes, 8 and 106 μg/100 g in fruits.
The structure of the food matrix has been shown to influence folate digestibility in foods. High bioaccessible folate, assessed by in vitro
digestion, was observed among food products with dense porosity structures while low bioaccessible folate was recorded among food
products with open porous structures such as porridges and some gelatinized doughs. Numerous food processing steps have also been shown
to influence negatively folate contents in foods.
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Introduction

Poor folate status has been implicated in a wide variety of
health disorders commonly encountered in many African
countries. These public health disorders include mostly
megaloblastic anaemia, neural tube defects (NTDs) and
cardiovascular diseases [1, 2, 3]. In sub-Saharan Africa
where low folate status has a high prevalence, megaloblas-
tic anaemia is common in pregnant, non-pregnant women,
and pre-school children [4, 5]. From 1993 to 2005, the
prevalence of anaemia in this population group varied from
47.5 to67.6%[6]. In recent studies, incidence ratesofNTDs
are 1.99; 2.5 and 7 for 1000 births in Yaoundé-Cameroon,
South Africa and the middle belt Nigeria respectively
[7, 8, 9].

The World Health Organization (WHO) and the Food
and Agricultural Organization (FAO) of the United Nations
(UN) have established a Population Reference Intake of
400 μg/d with an increase to 500 μg/d or 600 μg/d dur-
ing lactation or pregnancy [10]. Various public health

interventions including fortification and supplementation
with synthetic folic acid have been undertaken, but none
have succeeded to overcome micronutrient deficiencies
including folate in Africa [11]. Although it is clear that some
of them are providing substantial positive effects in many
African countries, there appears to be no end in sight
because of limitations in their implementation. For exam-
ple, the percentage of women taking folic acid daily during
gestation was recently reported to be 63% at its maximum
in many African countries [11]. In most West African coun-
tries like Benin, Ghana, Senegal or Burkina Faso, manda-
tory fortification of staple foods concerns only a limited
number of food vehicles including salt, wheat flour and oil
[12]. Furthermore, these food vehicles are not consumed
by whole population in Africa. For example, the consump-
tion ofwheat flour is very low compared to other unfortified
staple cereal flours like rice, millet, sorghum, or maize [11].
Besides, fortification of cereals is often limited to industri-
ally milled grains, which inmany regions covers only a part
of the total consumption of cereals.
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There are many folate-rich foods across the continent.
However, many people are not aware of the nutritional
value of such foods and may look down on them. Besides,
folate contents in African foods, currently available in dif-
ferent food composition tables, are recorded from a limited
amountof foodstuffs.Theshortageof comprehensivenutri-
tional data on the common African foods could also be an
obstacle to assess current folate daily intakes by the popula-
tion as it is done elsewhere [13].

Given the above, there is a need to establish the current
knowledge on folate contents in foods commonly con-
sumed in Africa, and on their fates during food processing
in order to optimize folate supplies from foods. Therefore,
in this review, we will summarize the current data on folate
contents in various African foods including cereals and cer-
eal products, pulses, fruits and vegetables, and effects of
food matrices and processing on the folate contents.

Data collection on folate contents in
various African foods

Figure 1 provides information on the origins of the different
food sources of folates,which include four regionsofAfrica:
West Africa (Burkina Faso, Côte d’Ivoire, and Nigeria),
Eastern Africa (Ethiopia), North Africa (Egypt) and South-
ern Africa (South Africa).

Data were retrieved from Web of Science and Google
Scholar byusing the followingkeywords:African foodplant
composition, or food plant folates, or proximate composi-
tion of leafy vegetables, cereals, fruits, processed foods, or
functional nutrients in African foods, or influence of food
processing, cereals and folates, vegetables and folates,
fruits and folates, or the concentration of vitamin B9 or
folates in foods, or nutritional importance or nutritional
benefits of folates, or folic acid or vitamin B9. The search
was limited to articles including original, reviews, meta-
analyses, and systematic reviews articles published over
the past 15 years (since 2005). This review specifically does
not provide food composition data according the FAO
INFOODSdirectory. Therefore, national and regional Food
Composition Tables for use in Africa and African countries
including West African Food Composition Table, Food
Composition Table for Central and Eastern Uganda, Food
Composition Table for Use in TheGambia, Food Composi-
tion Tables for Mozambique, Tanzania Food Composition
Tables, Lesotho Food Composition Table and ‘Nutritive
value of foods of Zimbabwe’ accessible online (http://www.
fao.org/infoods/infoods/tables-et-bases-de-donnees/afrique/
fr/) were not examined.

A total of seventy one food items were recorded: six
were cereals, thirty sixwere leafy vegetables, fourteenwere

processed foods, six were pulses, six were legumes,
roots/tubers, and three were fruits. Seven of processed
foods were cereal-based foods widely consumed in west
Africa as staple foods (akassa, ben-kida, ben-saalga, don-
counou, fura, kaffa andmassa), while six of themwere leafy
vegetablesAdansonia digitata (baobab),Amaranthus cruen-
tus, A. hybridus, A. thunbergii (pig weed),Corchorus olitorius
(jew’s mallow), Crassocephalum crepidioides (benth), Lau-
naea taraxacifolia (African lettuce) and Solanummacrocar-
pon, S. nigrum, S. retroflexum (black nightshade).

Folate contents in leafy vegetables

Folate contents in various leafy vegetables are pre-
sented in Table 1, which regroups contents determined by
different methods: High Performance Liquid Chromatog-
raphy (HPLC) and Microbiological Assay (MA), differenti-
ated by the symbols used. Folate contents were given in
μg/100 g fresh weight (FW). Foods are grouped according
to their folate contents into rich (>100 μg/100 g), good
(50–100 μg/100 g), and moderate (15–50 μg/100 g)
sources [14].

Folate contents of leafy vegetables varied from 21 μg/
100 g FW (Solanum macrocarpon from Nigeria) to 633 μg/
100 g FW (jew’smellow fromEgypt). Overall, leafy vegeta-
bles are reasonably rich sources of folates. However, there
are considerabledifferences in folate contents betweenvar-
ious leafy vegetables. Among thirty-six leafy vegetables
under reviewed, sixteen leafy vegetables could be consid-
ered as good sources with folate contents being above
100 μg/100 g FW. The order of good sources of folates is
as follow: Jew’s mellow (Corchorus olitorius) from Egypt
(633 μg/100 g)>Bitter leaves (Vernonia sp.) from South
Africa (457 μg/100 g)>Black nightshade (Solanum nigrum)
from Côte d’Ivoire (404 μg/100 g)>Black jack (Bidens
pilosa) from South Africa (351 μg/100 g)>Spider plant
(Cleome gynandra) from South Africa (121–346 μg/100 g)
>Spinacia oleracea from Egypt and South Africa (129–194
μg/100 g)>Cowpea (Vigna unguiculata) from South
Africa (105–154 μg/100 g)>African baobab (Adansonia dig-
itata) from Nigeria (149.6 μg/100 g)>Amaranth (Amaran-
thus hybridus) from South Africa (122–130 μg/100 g)
(Table 1).

Even though the origin of each recorded leafy vegetable
has been indicated in this review, these vegetables are also
frequently produced and consumed in other African area
such asWest Africa and the savanna zone of Africa, includ-
ing the Sudan for baobab (Adansonia digitata) leaves and
Solanummacrocarpon [15, 16], West Africa for bitter leaves
andCorchorus olitorius [17], Kenya, Uganda and other East-
ernAfricancountries for cowpea leaves (Vignaunguiculata).
These leafy vegetables areusedaspart of themaindishes or
as condiments in African diets [17].
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Figure 1. Origin of food sources of folates in Africa.
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Based on folate requirements of different age groups,
expressed as recommended nutrient intakes (RNIs) by the
Food and Agriculture Organization of the United Nations/
World Health Organization (2004) [10], consumption of
100 g per day of jew’s mellow from Egypt (633 μg/100 g
FW) would provide 158% RNI for adults and 253% RNI
for children aged 7–9 years old while 200 g per day of Afri-
can baobab would provide more than 100% RNI for chil-
dren aged 7–9 years old and more 70% % RNI for adults.
Therefore, these leafy vegetables may be recommended
to thepopulationat riskof folatedeficiency, e.g., youngchil-
dren and pregnant women.

Folate contents in cereals

Folate contents in cereals are presented in Table 2. Maize,
pearl millet, rice, sorghum, teff and wheat are among the
cereals widely consumed in Africa. The folate content in
cereals ranged between 11 (rice) and 73 μg/100 g FW (pearl
millet). For the pearl millet originating from the same area,
folate contents were variable, ranges being from 24 to 26
μg/100 g FW according to Saubade et al. (2018) [19] and
from 54 to 73 μg/100 g FW according to Bationo et al.
(2020) [18]. According to these authors, different factors
such as agro-climatic conditions, cultivar, growing area
and postharvest handling may explain these variations.
Apart frompearlmillet and teffwhich exhibited amoderate
content of folate, all cereals are low sources of folates.

Folate contents in processed foods

Fifteen processed foods and their folate contents are pre-
sented inTable3. Folate contents inprocessed foods ranged
between 8 (canned faba beans) and 48.6 μg/100 g edible
portion for boiled leaves of African lettuce (Launaea
taraxacifolia).When considering cereal-based foods, folate
contents are higher in injera with 39 μg/100 g FWwhereas
ben-kida and ben-saalga, pearl-millet based porridges,
were the poorest. However, all of processed foods are low
sources of folates.

Traditional African diets are rich in variety but less investi-
gated for their folate contents. Even if quite short, the present
list of processed foods provides a basis for understanding their
potential to contribute to folate intakes in Africa. These foods
are not high in folates but could be the cheapest sources of this
vitamin owing to their frequency of consumption.

Folate contents in legumes, pulses,
roots/tubers and fruits

Data on folate contents in the legumes, roots and tubers in
this study were recorded from North Africa [20]. Six

legumes, roots and tubers in their fresh form (carrots
(Daucus carota), potato (Solanum tuberosum), sweet potato
(Ipomea batatas), cucumber (Cucumis sativus), tomato
(Lycopersicon esculentum), onion (Allium cepa)), contained
between 10 and 22 μg/100 g of folates, sweet potato having
thehighest andpotatohaving the lowest folate content [20].
Carrots had 21 μg/ 100 g whereas the folate content of
tomato (11 μg/100 g) was almost 50%folate content in car-
rots. Cucumber and onion had 14 and 12 μg/100 g, respec-
tively. Roots and tubers recorded in this study were low
sources of folates.

Six pulses in their dried form (chick peas (Cicer ariet-
inum), cowpeas (Vigna unguiculata), green peas (Pisum sati-
vum), kidney beans (Phaseolus vulgaris), faba beans (Vicia
faba), lentils (Lens culinaris)) contained between 52 and
148 μg/100 g folates, chick peas having the highest and
green peas having the lowest folate content. Faba and kid-
ney beans had 96 μg/ 100 g, Cowpeas and lentils had 103
μg/100 g and 75 μg/100 g, respectively [20]. Chick peas
and cowpeas were good sources of folates whereas others
were moderate sources.

Three fruits in their fresh form (okra fruit (Abelmoschus
esculentus), strawberry (Fragaria ananassa), banana (Musa
paradisiacal)) contained between 8 and 106 μg/100 g
folates [20, 21], A. esculentus fruit having the highest and
banana having the lowest folate content. Strawberry had
80 μg/100 g folates. A. esculentus fruit is considered good
source of folates whereas others were poor sources of
folates.

A large number of studies have shown that many
African regions are greatly blessedwith lots of pulses, roots,
tubers, legumes and fruits including domesticated and
wild fruits [20–22]. The importance of these crops in
African regions is evident through their annual global pro-
duction. For example, African regions produced 38% of
the global production of roots and tubers estimated at 237
million tonnes but almost no data exist on their folate con-
tents [23].

Effects of food processing and
matrices on folates

Only a few studies, like those on Ethiopian injera [24], on
West African cereal-based fermented porridges such as
ben-saalga and ben-kida and other cereal-based fermented
food types (gelatinizeddoughs, dumplings, and fritters) [18,
19,25,26] andTanzanian fermented togwa[27],werebased
on the effect of processing on folate contents in foods.Apart
from one study by Bationo et al. (2020) on food matrix
effects on folates, almost no data exist [18].
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Studies on the effect of processing on folate contents in
foods have reported a clear relationship between food pro-
cessing steps and folate contents in the consumed products
[18, 19, 25, 26]. Effects of processing steps on folate in foods
are summarized inTable4. Folate contents in several cereals
of major importance in Africa such as sorghum, maize and
millet were affected by a large number of processing steps
includingwashing, soaking, grinding, kneading, sieving, fer-
mentation and cooking [18, 19, 24, 25]. Folate contents may
drastically decrease from the raw material to the consumed
products. For steps that lead to the removal of the grainouter
layers and germ such as decortication, extensive washing
prior to cooking or grinding, the addition of high volume of
water in the processed products such as sieving steps, folate
contents in the finalproductsmaybebelow50%[19].Decor-
tication of cereals such asmillet and sorghum iswide-spread
practice in sub-Saharan Africa to remove the bran from the
starchy endosperm [28]. Sun drying may also reduce drasti-
cally folate contents in the final products and its effects may
bemore pronounced under long sun drying due to the folate
degradation by UV [29]. Several cooking methods are com-
monlyused inAfrica.Thesecookingmethodsvaryfromthor-
ough boiling, whichmay include the replacement of the first
cookingwaterwith freshwater to steaming involving the use
of very small quantities of water and short cooking times.
Hydrothermal cooking may result in significant losses due
tofolate leachingfromthe foodmatrix into thecookingwater
[18]. In rural areas, women may discard and/or replace the
cookingwater several times toget ridof thebitter tastewhich
may affect the water soluble nutrients including folates [30,
31]. In high-temperature short-time cooking, a significant
impact on the folate contents has been reported with amax-
imum folate losses of 52.8% [24]. However, Bationo et al.
(2020) and Saubade et al. (2018) showed that short-time
cooking could have no effect on folate [18, 19, 26].

Fermentation is an ancestral food technology widely used
inAfrica for foodprocessing.However, there is no clear rela-
tionship between this food technology and the folate con-
tents in foods. For example, soaking is usually associated to
alcoholic fermentation and settling to lactic acid fermenta-
tion. During pearl millet soaking, Saubade et al. (2018), in
controlled laboratory conditions, reported folate production
(+26%to+31%),whereasBationoetal. (2020),undernatural
conditions in the yard of the traditional production units
(TPUs), reported folate losses (–19% to –49%). During the
settling step, findings of these authors were also opposite.
Indeed, the settling performed by Saubade et al. (2018)
[19] in the laboratory conditions did not influence the folate
content in the fermented food.However, this stepperformed
under natural conditions in the yard of the TPUs has been
correlated to an increase of folate contents, varying from
60 to 148% according to Tamene et al. (2019) and from +9
to +27% according to Bationo et al. (2020) [18, 24].Ta
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The study on folate bioaccessibility by Bationo et al.
(2020) has reported a food matrix effect on the consumed
products [18]. For example, gelatinized doughs had very
different digestibility and bioaccessible folate compared
to porridges with open porous structures, dumplings and
fritters with dense and low porosity structures [18].

Various ways to limit or protect folate contents during
food processing exist (Table 4). Among these ways, pro-
mote a sufficient time, up to 24 h during soaking could lead
to a germination with folate synthesis. The use of whole-
grain of cereals in the preparation of African dishes or the
consumption of wholegrain products might be preferred
todecorticatedgrainsasgrainouter layers arehigh in folate.
Forcookingmethods, steamingappears tobemore interest-
ing to protect folate during the cooking. Overall, the reduc-
tion of the cooking time whatever the cooking method is
recommended to prevent folate degradation. The use of
food fractions rich in folate could be also an option for
increasing folate contents in processed foods [11].

Folate is a complex group of molecules in native food
plants. This review specifically did not investigate current
knowledge on folate distribution in African foods even if
information on folate profiles in these foods could be rele-
vant to mitigate folate losses, particularly in the processing
of cereals and vegetables. Folate degradation kinetics and
mechanisms in recorded foods have not been take into
account in this review. Besides, data on foodmatrix effects
on folates did not allow more detailed information on the
presence of inhibitors of folate digestive enzymes in
humans. Nevertheless, our findings are relevant in current
state of knowledge on folate in Africa.

Conclusion

To our knowledge, no exhaustive data exist on the folate
contents in African foods although the deficiency of this
vitaminhasbeendetected inmanyAfricancountries. In this
review, the current knowledge on folate contents in various
African foods and on their losses during food processing is
presented. Even if most of recorded foods are not high in
folates, they have the potential to contribute to the allevia-
tion of the deficiency of this vitamin in Africa owing to their
high frequency of consumption. Therefore, information
provided in this paper could be useful for this purpose.

References

1. The Homocysteine Studies Collaboration. Homocysteine and
risk of ischemic heart disease and stroke: a meta-analysis.
JAMA. 2002;288(16):2015–22.

2. Boushey CJ, Beresford SAA, Omenn GS, Motulsky AG. A meta-
analysis of plasma homocysteine as a risk factor for

arteriosclerotic vascular disease and the potential preventive
role of folic acid. J Am Med Assoc. 1995;274:1049–57.

3. March of Dimes Birth Defects Foundation., Global Report on
Birth Defects. White Plains, New York: March of Dimes Birth
Defects Foundation; Available from http://www.marchofdimes.
org/materials/global-report-on-birth-defects-the-hidden-toll-
of-dying-and-disabled-children-full-report.pdf

4. Mamabolo RL, Alberts M. Prevalence of anaemia and its
associated factors in African children at one and three years
residing in the Capricorn District of Limpopo Province, South
Africa. Curationis. 2014;37(1):1160.

5. Maktouf C. Megaloblastic anemia in North Africa. Haemato-
logica. 2006;91(7):990–1.

6. McLean E, Cogswell M, Egli I, Wojdyla D, de Benoist B.
Worldwide prevalence of anaemia, WHO Vitamin and Mineral
Nutrition Information System, 1993–2005. Public Health Nutr.
2009;12(04):444–54.

7. Abdul-Rauf S, David B, Robert P, Jo N, Bertran H. Decline in
the prevalence of neural tube defects following folic acid
fortification and its cost-benefit in South Africa. Birt Defects
Res A Clin Mol Teratol. 2008;82:211–6.

8. Njamnshi AK, Djientcheu V de P, Lekoubou A, Guemse M, Obama
MT, Mbu R, et al. Neural tube defects are rare among black
Americans but not in sub-Saharan black Africans: The case of
Yaounde – Cameroon. J Neurol Sci. 2008;270(1–2): 13–7.

9. Airede KI. Neural tube defects in the middle belt of Nigeria.
J Trop Pediatr. 1992;38(1):27–30.

10. World Health Organization/Food and Agriculture Organization
of the United Nations. Folate and folic acid. In Vitamin and
mineral requirements in human nutrition. (2nd ed). Geneva,
Switzerland; 2005.

11. Bationo F, Songré-Ouattara LT, Hama-Ba F, Baye K, Hemery
YM, Parkouda C, et al. Folate status of women and children in
Africa – current situation and improvement strategies. Food
Rev Int. 2019;36(1):1–14.

12. Food Fortification Initiative. Grain Fortification Progress and
Opportunities in Africa. Available from: https://www.ffinetwork.
org/africa

13. Dhonukshe-Rutten RAM, de Vries JHM, de Bree A, van der Put
N, van Staveren WA, de Groot LCPGM. Dietary intake and
status of folate and vitamin B12 and their association with
homocysteine and cardiovascular disease in European pop-
ulations. Eur J Clin Nutr. 2009;63(1):18–30.

14. Witthtoft CM, Hefni ME. Folic acid and folates: physiology and
health effects. Encycl Food Heal. 2016;1:724–30.

15. National Research Council. Lost Crops of Africa. Volume II.
Vegetables. Washington. DC: National Academy Press;
2006.

16. Wiehle M, Prinz K, Kehlenbeck K, Goenster S, Mohamed SA,
Finkeldey R, et al. The African baobab (Adansonia digitata,
Malvaceae): Genetic resources in neglected populations of the
Nuba Mountains, Sudan. Am J Bot. 2014;101(9):1498–507.

17. Aworh OC. Lesser-known Nigerian Fruits and Vegetables:
Post-harvest Handling, Utilization and Nutritional Vallie.
lbadan, Nigeria: Ibadan University Press; 2014.

18. Bationo F, Humblot C, Songré-Ouattara LT, Hama-Ba F, Le
Merrer M, Chapron M, et al. Total folate in West African
cereal-based fermented foods: Bioaccessibility and influence
of processing. J Food Compos Anal. 2020;85:103309.

19. Saubade F, Hemery YM, Rochette I, Guyot J-P, Humblot C.
Influence of fermentation and other processing steps on the
folate content of a traditional African cereal-based fermented
food. Int J Food Microbiol. 2018;266:79–86.

20. Hefni M, Öhrvik V, Tabekha M, Witthöft C. Folate content in
foods commonly consumed in Egypt. Food Chem. 2010;121(2):
e540–5.

�2022 Hogrefe Int J Vitam Nutr Res (2023), 93 (5), 459–470

F. Bationo et al., Folates in various African foods 469



21. Ejoh S, Wireko-Manu FD, Page D, Renard C. Estimation of
folate content of cultivated and uncultivated traditional green
leafy vegetables in Nigeria. Afr J Food Sci. 2019;13(9):191–5.

22. Bvenura C, Afolayan AJ. The role of wild vegetables in
household food security in South Africa: A review. Food Res
Int. 2015;76:1001–11.

23. FAOSTAT. Available from: https://www.fao.org/faostat/en/#data
24. Tamene A, Kariluoto S, Baye K, Humblot C. Quantification of

folate in the main steps of traditional processing of tef injera,
a cereal based fermented staple food. J Cereal Sci.
2019;87:225–30.

25. Greppi A, Saubade F, Botta C, Humblot C, Guyot J-P, Cocolin
L. Potential probiotic Pichia kudriavzevii strains and their
ability to enhance folate content of traditional cereal-based
African fermented food. Food Microbiol. 2017;62:169–77.

26. Bationo F, Songré-Ouattara LT, Hemery YM, Hama-Ba F,
Parkouda C, Chapron M, et al. Improved processing for the
production of cereal-based fermented porridge enriched in
folate using selected lactic acid bacteria and a back slopping
process. LWT. 2019;106:172–8.

27. Hjortmo SB, Hellström AM, Andlid TA. Production of folates by
yeasts in Tanzanian fermented togwa. FEMS Yeast Res.
2008;8(5):781–7.

28. Hama F, Icard-Vernière C, Guyot J-P, Picq C, Diawara B,
Mouquet-Rivier C. Changes in micro- and macronutrient com-
position of pearl millet and white sorghum during in field versus
laboratory decortication. J Cereal Sci. 2011;54(3):425–33.

29. Saubade F, Hemery YM, Guyot J-P, Humblot C. Lactic acid
fermentation as a tool for increasing the folate content of
foods. Crit Rev Food Sci Nutr. 2017;57(18):3894–910.

30. van Averbeke W, Juma K, Tshikalange T. Yield response of
African leafy vegetables to nitrogen, phosphorus and potas-
sium: the case of Brassica rapa L. subsp. Chinensis and
Solanum retroflexum Dun. Water SA. 2018;33(3):355–62.

31. Jansen van Rensburg W, van Averbeke W, Slabbert R, Faber
M, van Jaarsveld P, van Heerden I, et al. African leafy
vegetables in South Africa. Water SA. 2007;33(3):317–26.

32. Van Der Walt AM, Ibrahim MI, Bezuidenhout CC, Loots DT.
Linolenic acid and folate in wild-growing African dark leafy
vegetables (morogo). Public Health Nutr. 2007;12(4):525–30.

33. van Jaarsveld P, Faber M, van Heerden I, Wenhold F, Jansen van
Rensburg W, van Averbeke W. Nutrient content of eight African
leafy vegetables and their potential contribution to dietary
reference intakes. J Food Compos Anal. 2014;33(1): 77–84.

34. Uusiku NP, Oelofse A, Duodu KG, Bester MJ, Faber M.
Nutritional value of leafy vegetables of sub-Saharan Africa
and their potential contribution to human health: A review.
J Food Compos Anal. 2010;23(6):499–509.

35. Akubugwo IE, Obasi AN, Ginika SC. Nutritional potential of the
leaves and seeds of black nightshade-Solanum nigrum L. Var
virginicum from Afikpo-Nigeria. Pak J Nutr. 2007;6(4):323–6.

36. de Oliveira do Nascimento K, do Nascimento Dias Paes S,
Reisde Oliveira I, Pereira Reis I, Maria Augusta I. Teff:
Suitability for different food applications and as a raw
material of gluten-free, a literature review. J Food Nutr Res.
2018;6(2):74–81.

History
Received December 6, 2021
Accepted June 5, 2022
Published online June 29, 2022

Conflict of interest
The authors declare that there are no conflicts of interest.

Authors contribution
Fabrice Bationo and Boubacar Savadogo conceived and designed
the paper; Fabrice Bationo and Mahamadé Goubgou wrote the
paper; Boubacar Savadogo revised the manuscript for important
intellectual content; Fabrice Bationo, Boubacar Savadogo and
Mahamadé Goubgou read and approved the final version of the
manuscript.

ORCID
Fabrice Bationo

https://orcid.org/0000-0003-2007-136X
Mahamadé Goubgou

https://orcid.org/0000-0001-5920-2254

Dr. Fabrice Bationo
Research Institute in Applied Sciences and Technologies
(IRSAT/CNRST)
Ouagadougou
Burkina Faso
fabationo@gmail.com

Int J Vitam Nutr Res (2023), 93 (5), 459–470 �2022 Hogrefe

470 F. Bationo et al., Folates in various African foods

https://orcid.org/0000-0003-2007-136X
https://orcid.org/0000-0001-5920-2254


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2540 2540]
  /PageSize [612.000 792.000]
>> setpagedevice


