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ABSTRACT
This study reviewed the nutritional composition and safety of sorghum, pearl, and finger 
millet in sub-Saharan africa and South asia, focusing on raw and value-added products. Using 
PRiSMa guidelines, 35 peer-reviewed articles published between 2000 and 2023 were 
analysed. data were extracted from Scopus, PubMed, and google Scholar. Most studies 
(51.4%) were conducted between 2016 and 2020, with 53.3% focusing on macronutrients and 
46.7% on micronutrients. Sorghum and millets were found to be rich in protein content 
ranging from 7.3% to 12.1% and carbohydrates exceeding 70%. Sorghum recorded the 
highest zinc levels (24.23 mg/kg), while finger millet had highest calcium content (344 mg/kg). 
iron levels were significant in both grains, reaching 61.41 mg/kg in sorghum. aflatoxin 
contamination ranged from 0.021 to 20.33 mg/kg, with microbial hazards reported in 83.3% 
of the studies. Fermentation was the most common processing method used to develop 
value-added products like porridge, beverages, and flour. Most of the studies on value-added 
products were from Zimbabwe (50%) and followed by india at 21.4%. This review highlights 
the potential of sorghum and millet to enhance nutrition and food security in drought-prone 
areas. however, research gaps remain on chemical and allergen hazards within the value 
chain, pointing to need for further studies.

1.  Introduction

climate change, including abrupt rainfall patterns, 
changes in maximum and minimum average annual 
temperature, and prolonged dry spells and droughts, 
is increasing globally (iPcc, 2023). climate change is 
one of the major challenges facing tropical regions 
including sub-Saharan africa and South asia, and is 
already having adverse impacts on food and nutri-
tion security, particularly in rural areas where the 
majority of the population lives and relies mainly on 
agriculture-based livelihoods (apraku et  al., 2019; 
chandra Manna et  al., 2018). The impacts are more 
severe in the arid and semi-arid agroecozones, which 
are vast regions of the tropics, leading to declining 
crop productivity or total crop failure (Misra, 2014). 

The increased incidences of droughts have given rise 
to the need for alternative food crops, which may be 
suitable for semi-arid and drought-prone areas. 
Traditional grains, which in the context of our paper, 
are sorghum (Sorghum bicolour l. Moench) and mil-
lets (pearl millet, Pennisetum glaucum (l.) R. Br. and 
finger millet, Eleusine coracana l.), have been identi-
fied as drought tolerant and more ecologically com-
patible with semi–arid areas compared to maize 
(dube et  al., 2018). Therefore, there has been an 
increasing call for the production of traditional grains, 
instead of maize, to enhance food security against 
the background of climate change (Phiri et  al., 2019).

Traditional grains have multiple uses within society, 
notably the important role of dietary diversification in 
enhancing food and nutrition security (akinola et  al., 
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2020). Sorghum and millets are important food sources 
for arid and semi-arid tropics, especially sub-Saharan 
africa and the South asia sub-continents, where there is 
also an increasing occurrence of malnutrition and 
non-communicable disease (Bhuiyan et  al., 2024). 
Sorghum and millet grains are highly nutritious, contain-
ing high dietary fibre, protein, vitamins, essential minerals, 
and are rich in antioxidants (hassan et  al., 2021; Tanwar 
et  al., 2023). antioxidants have been linked to several 
health benefits, such as low glycemic index, improved 
digestion, better blood sugar control and reduced risk of 
heart disease (dixit-Bajpai & Ravichandran, 2024).

in addition, traditional grains are excellent sources 
of carbohydrates, contain significant amounts of pro-
tein, B vitamins (thiamine, riboflavin, niacin), and anti-
oxidants (akplo et  al., 2023; Maurya et  al., 2023). as 
such, the consumption of sorghum and millets has 
been associated with several health benefits such as 
improved: cardiovascular health, diabetes manage-
ment, digestive health, and weight management 
(Tripathi et  al., 2023). Sorghum and millet grains have 
a low glycemic index, which means they release glu-
cose into the bloodstream slowly, helping regulate 
blood sugar levels (Kumar et  al., 2018). according to 
Šmídová and Rysová (2022), sorghum and millets are 
naturally gluten-free, making them suitable alterna-
tives for individuals with coeliac disease or gluten 
sensitivity. More so, the high fibre content of sor-
ghum and millets supports digestive health and may 
reduce the risk of chronic diseases such as obesity, 
diabetes, and cardiovascular diseases (Tanwar et  al., 
2023). While traditional grains are known to be highly 
nutritious (hassan et  al., 2021), there is a need for 
more awareness creation for the general public to 
fully understand the nutritional content of these 
grains and how they can best be incorporated into 
diets and nutrition-related programs to improve over-
all human and livestock health. Sorghum and millets 
are considered climate-resilient crops due to their 
ability to withstand and adapt to various stressful 
environmental conditions (hossain et  al., 2022).

however, there is limited information on the nutri-
tional profile, potential contaminants, microbiological 
risks, and storage practices specific to sorghum and 
millets (akello et  al., 2021). These grains are com-
monly grown by small-scale farmers who may have 
limited access to resources and knowledge on proper 
production, handling, storage, and processing tech-
niques. consequently, there is a higher risk of con-
tamination during the production, harvesting, 
transportation, and storage of traditional grains 
(Kebede et  al., 2020). For instance, according to 
adeyeye et  al. (2022), sorghum and millets are mostly 

contaminated with several mycotoxins produced by 
diverse fungi across africa. however, the specific lev-
els of these contaminants in sorghum and millet are 
not extensively studied, leaving consumers largely 
unaware of the potential risks associated with these 
grains and their products. Furthermore, there is lim-
ited awareness and knowledge regarding the poten-
tial of traditional grains for developing value-added 
products. Many farmers and producers are not aware 
of the different types of value-added products such 
as flour, malt, and beverages that can be made from 
these grains. inadequate infrastructure and technol-
ogy for processing traditional grains into value-added 
products are additional challenges (Breslauer et  al., 
2023). This includes the lack of processing equipment, 
storage facilities, and transportation infrastructure.

With the increasing incidences and frequency of 
droughts, traditional grains are a good alternative to 
other cereal staple grains such as maize, mainly due 
to their drought tolerance and high nutritional value, 
especially minerals. Therefore, the objective of this 
review paper was to understand and have in-depth 
knowledge on the nutritional composition and food 
safety of traditional grains, particularly sorghum, and 
pearl - and finger millet. Moreover, the review was 
aimed at understanding the diversity, nutritional 
composition and food safety of the value-added 
products of these grains. Findings from this review 
paper may be used in designing sustainable and safe 
value chains for traditional grains and in new food 
product development. The focus of the literature 
review was on sub–Saharan africa and South asia, 
regions greatly affected by droughts and where the 
traditional grains of interest (sorghum, pearl and fin-
ger millet) are grown for food.

2.  Data retrieval and analysis

a structured literature search was conducted to find 
published literature from sub-Saharan africa and 
South asia focusing on the objective of this review. 
The reporting of this systematic review was guided 
by the standards of the Preferred Reporting items for 
Systematic Review and Meta-analysis (PRiSMa) 
Statement. The systematic search was carried out 
using keywords: ‘traditional grains’, ‘sorghum’, ‘pearl 
millet’, ‘climate resilient crops’, ‘nutrition analysis’, ‘food 
safety’, ‘aflatoxin’, and ‘value-added food products. 
The search was conducted from the following sites: 
google Scholar, Scopus, google, Web of Science, 
agoRa, and PUBMed.

The literature was selected from peer-reviewed 
articles published in journals and relevant book 
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chapters. literature published from known university 
online libraries, international bodies, recognised 
research institutions, and conference proceedings 
reports were also reviewed. The inclusion criteria 
comprised english scientific articles published 
between 1 January 2000 and 31 July 2023 with study 
or research in the geographical coverage of 
sub-Saharan africa and South asia only. in addition, 
only peer-reviewed scientific articles were considered 
in this review. The search gave an initial count of 683 
papers. Screening for duplication resulted in 28 arti-
cles being removed. a quick screening by reading 
through the abstracts of the remaining 655 reduced 
the papers to 49 articles. The exclusion criteria 
included articles outside the period of interest (i.e. 
before 1 January 2000 to 31 July 2023), those written 
in languages other than english, articles on other 
cereals not sorghum, pearl millet or finger millet, 
articles that just mention ‘millets’ without specifying 
if the grain is pearl or finger millet, articles outside 
the regions of interest (sub-Saharan and South asia), 
and articles not peer-reviewed. Further screening 
through reading for the full articles resulted in a final 
list of 35 articles. a summary of the inclusion and 
exclusion criteria is shown in the PRiSMa 2020 flow-
chart diagram (Figure 1) and the PRiSMa 2020 check-
list is given in (Supplementary 1 File). The reported 
data were extracted from figures, tables, and text of 
the selected studies. after the selection of scientific 
papers, the relevant data was extracted from each 
included study and summarised in thematic tables 
and graphs.

3.  Results and discussion

3.1.  Characteristics and distribution of identified 
articles (studies)

Thirty-five (35) relevant scientific articles were identi-
fied as indicated in Figure 1. of these 35, 65.7% were 
from studies conducted in sub–Saharan africa and 
34.2% were from studies done in South asia. in addi-
tion, of the 35 identified articles 60% (21 articles) 
were on nutritional profile and food safety of raw 
(sorghum and millets) (Table 1) and 40% (14 articles) 
were on value-added products (Table 3). The results 
presented in Table 1 reveal that the oldest article on 
nutritional profiling and food safety of raw (sorghum 
and millet) grains was published in 2006 in South 
asia (Rao et  al., 2006) and in 2011 for sub-Saharan 
africa (Matumba et  al., 2011 and chitindingu et  al., 
2011). Figure 2 indicates that the number of pub-
lished articles on the traditional grains of interest 
increased from 2016 to 2020 as the number of 

scientific articles rose to 18. of these 18 publications, 
12 were from sub-Saharan africa and six (6) from 
South asia. For the period under review, Zimbabwe 
had the highest number of articles (6) in sub-Saharan 
africa, followed by ethiopia (2) and nigeria (2). ln 
South asia, india had eight (8) articles and nepal had 
one (1).

The high number of publications from sub-Saharan 
africa over the last decade can be attributed to the 
increased frequency of adverse weather conditions, 
such as droughts, low and erratic rainfall, and 
increased temperature ranges (Branca & Perelli, 2020). 
Sorghum and millet are believed to be more ecolog-
ically compatible with semi–arid areas compared to 
maize because of their drought tolerance (ngetich 
et  al., 2022). hence, it is based on their strong adap-
tive advantage to climate change and lower risk of 
crop failure compared to maize that there is increased 
research and promotion as a suitable crop for 
semi-arid regions in sub-Saharan africa. in addition, 
traditional grains require little input during growth 
and with the increasing population and decreasing 
water supplies, they are crucial crops for future use 
as human food (Mukarumbwa & Mushunje, 2010). 
This could also be another reason for the increasing 
research interest in traditional grains. according to 
ndlovu et  al. (2020), improving the productivity of 
traditional grains is the key to food and nutrition 
security in the context of climate change and 
variability.

3.2.  Nutritional profile of traditional grains

The nutritional composition of small grains, including 
sorghum and millet, revealed significant variability in 
both macro- and micronutrient content, reflecting 
their potential as staple foods with diverse health 
benefits. The results presented in Table 1 reveal that 
53.3% of the articles were on macronutrients analysis 
of raw and value-added grains of traditional grains 
(sorghum and millets) while 46.7% of the studies 
focused on micronutrients.

3.2.1.  Macronutrients
The results presented in Table 2 show sorghum to be 
rich in carbohydrates, with levels ranging from 70.7% 
to 74.52% (Kulamarva et  al., 2009; Mohapatra et  al., 
2019), while its protein content ranged from 8.08% 
(Shegro et  al., 2012) to 12.13% (Mohapatra et  al., 
2019). Millet, in particular finger millet, had lower 
protein levels (7.3%) but exhibited a higher crude 
fibre content of 3.6% (Regmi et  al., 2023). Fat content 
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in sorghum ranged from 3.1% to 4.7% (Kulamarva 
et  al., 2009; Mohapatra et  al., 2019), indicating its 
contribution to dietary energy, while the ash content 
varied from 1.12% to 3.17% (Jimoh & abdullahi, 
2017; Mohapatra et  al., 2019). The variability in the 
content of mineral elements may be associated with 
genetic aspects, geographical location, and soil fertil-
ity level (Zeffa et  al., 2021).

3.2.2.  Micronutrients
The results further reveal that traditional grains serve 
as excellent sources of micronutrients. Table 2 shows 

that sorghum had high levels of iron (61.41 mg/kg) 
and zinc (24.23 mg/kg) (Shegro et  al., 2012), under-
scoring its potential to address micronutrient defi-
ciencies, particularly in sub-Saharan africa. however, 
sodium content in sorghum was modest at 22.97 mg/
kg, while phosphorus was high at 2893.44 mg/kg 
(Shegro et  al., 2012). Sorghum also demonstrated 
substantial calcium content, reaching 2500 mg/kg 
(Kulamarva et al., 2009), a characteristic that enhances 
its role in supporting bone health. in addition, Table 
2 reveals finger millet as an excellent source of cal-
cium (344 mg/kg), surpassing many other cereals, 

Figure 1. Steps used to identify relevant literature.
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and contains 3.9 mg/kg of iron, contributing to its 
nutritional value (Regmi et  al., 2023). according to 
White et  al. (2023), there is dominance in micronutri-
ent deficiency in Southern africa and South asia. 
Therefore, the rich mineral content of traditional 
grains highlights their potential for biofortification 
initiatives to combat micronutrient deficiencies. This 
corroborates recommendations by galani et al. (2022) 
that traditional grains can be a good source of micro-
nutrients to address micronutrient deficiency in 
sub-Saharan africa, especially in women of childbear-
ing age children. however, the presence of 
anti-nutritional factors, such as phytic acid and tan-
nins, presents challenges. These compounds bind to 
essential minerals, including zinc and iron, thereby 
reducing their bioavailability (dey et  al., 2022; 
Kutman, 2023). This limitation underscores the neces-
sity for processing methods that can alleviate antinu-
trient effects and enhance nutrient accessibility.

The variability observed in nutrient composition 
reflects differences in grain type (Kumar et  al., 2022), 

geographical origin, and environmental factors influ-
encing cultivation (anitha et  al., 2024). addressing 
these disparities through targeted agricultural and 
breeding practices is essential for optimising the nutri-
tional benefits of sorghum and millet. Moreover, foster-
ing increased public awareness regarding the nutritional 
advantages of these grains is imperative for promoting 
their incorporation into daily diets and nutrition pro-
grams, particularly for vulnerable populations, includ-
ing children and pregnant women (galani et  al., 2022).

3.3.  Food safety

3.3.1.  Physical hazards
Figure 3 shows that physical hazards were identified 
in a limited number of studies (16.1%). in nigeria, 
Utono (2013) reported the presence of physical con-
taminants in sorghum and millet, which may be 
attributed to potential gaps in cleaning and sorting 
procedures during processing (Table 1). however, 
most studies from Sub-Saharan africa and asia 

Table 1. list of scientific studies on nutritional profiling and food safety of raw traditional grains (sorghum and millets) in 
sub-Saharan Africa and South Asia.

Author grain type

nutritional profile

Food safety hazards

B = biological, C = chemical, 
P = physical and A = allergen

Micro-nutrient Macro-nutrient B C P A

Sub-Saharan Africa
Ethiopia
1. Shegro et  al. (2012) Sorghum + – – – – –
2. Ayelign and de Saeger (2020) Sorghum – – + – – –
Malawi
3. Matumba et  al. (2011) Sorghum – – + – – –
Namibia
4. Kaela et  al. (2023) Sorghum, pearl millet – – + – – –
Nigeria
5. utono (2013) Sorghum and millet – – – – + –
6. Seetha et  al. (2017) Sorghum – – + – – –
uganda
7. tibagonzeka et  al. (2018) Sorghum and millet – – + – – –
Zimbabwe
8. Chitindingu et  al. (2011) Sorghum, Finger millet + + – – – –
9. Jiri et  al. (2017) Sorghum, Finger millet

Pearl millet
+ + – – – –

10. Manandhar et  al. (2018) Sorghum – – + – – –
11. Mapfeka et  al. (2019) – – – + – – –
12. Phiri et  al. (2019) Sorghum, Millet – – + – – –
13. Silas et  al. (2021) Sorghum – – – – + –
Asia
India
14. rao et  al. (2006) Sorghum

Pearl millet
– + – – – –

15. Sreenivasa et  al. (2008) Sorghum – – + – – –
16. Kulamarva et  al. (2009) Sorghum + + – – – –
17. Jimoh and Abdullahi (2017) Sorghum + + – – – –
18. Astoreca et  al. (2019) Sorghum – – + – – –
19. Mohapatra et  al. (2019) Sorghum + + – – – –
20. tamilselvan and Kushwaha (2020) Sorghum – + – – – –
Nepal
21. regmi et  al. (2023) Finger Millet + + – – – –
total 7 8 10 0 2 0

Notes: +: present; -: absent.
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Table 3. Common sorghum and millet grain-based value-added products and their nutritional and food safety profiles.
Authors

type of product(s) type of grain
Processing 

method

nutritional profile Food safety issues

Micro-nutrient Macro-nutrient Biological Chemical Physical Allergen

Sub-Saharan Africa
Nigeria
Ajiboye et  al. 

(2014)
Pito, Obiolor Sorghum, 

millet
Steeping, 

germination, 
cooling, 
filtration, 
boiling, 
stirring, 
soaking, 
malting, 
fermentation

– + – – – –

Multiple 
countries:

Botswana, Burkna, Cameroon, ethiopia, eritrea, ghana, nigeria, South Africa, Somalia, Sudan, uganda, Zambia, Zimbabwe

1. Adebiyi 
et  al. (2018)

Alcoholic 
beverage, 
gruel, porridge, 
liquid drink, 
non-alcoholic, 
beverage, 
pancake,

Millet Fermentation, 
malting, 
soaking, 
germination, 
drying, 
sieving

+ + – – – –

Multiple 
countries:

Cameroon, ethiopia, nigeria, South Africa, uganda, 
Zimbabwe

2. ezekiel et  al. 
(2018)

alcoholic 
beverage,

sorghum, 
millet,

germination, 
milling, 
fermentation, 
boiling, 
distillation, 
malting, 
roasting, 
filtration, 
malting, 
steeping, 
mashing

– – + – – –

Zimbabwe
3. Mugochi 

et  al. (2001)
Masvusvu, 

mangisi, 
mahewu

finger millet Malting, 
germination, 
fermentation, 
straining

– + – – – –

4. Chiweshe 
et  al. (2012)

Cereal Millet, and 
sorghum,

roasting and 
milling

+ – – – – –

5. Adebiyi 
et  al. (2018)

Masvusvu, 
opaque beer, 
ndlovo, 
porridge, 
dumplings, 
gruels

Millet sorting, cleaning, 
fermentation, 
draining, 
inoculation

+ + – – – –

6. gabaza et  al. 
(2018)

Sour porridge pearl millet, 
finger 
millet, 
sorghum

Fermentation, 
drying, milling

+ – – – – –

7. gabaza et  al. 
(2018)

Sour porridge Finger millet Fermentation + + – – – –

8. Musundire 
et  al. (2021)

instant porridge Millet oven drying, dry 
milling, 
sieving, 
blending, 
extrusion

+ + – – – –

9. Chinyama 
et  al. (2023)

Flour Finger millet Cleaning, 
grading, 
steeping, 
drying, 
fermentation 
and milling

+ + – – – –

South Asia
Bangladesh
10. Abedin 

et  al. (2022)
Flour Foi Washing, drying, 

grinding, 
sieving

+ + – – – –

(Continued)
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reported no physical hazards. For instance, Shegro 
et  al. (2012) found no evidence of foreign object 
contamination in sorghum in ethiopia. These results 
suggest that either there are limited studies on phys-
ical hazards or processing techniques, including siev-
ing and sorting, are generally effective in minimising 
physical hazards. There is a need for studies on phys-
ical hazards in the traditional grain value chain.

3.3.2.  Microbiological hazards
The results presented in Figure 3 indicate microbial 
contamination is of significant concern, appearing in 
83.3% of the reviewed studies with raw grains being 
the primary focus. For example, Table 1 shows that 
ayelign and de Saeger (2020) reported microbial 
contamination in sorghum from ethiopia, and 
Matumba et  al. (2011) observed similar safety issues 
in sorghum from Malawi. Kaela et  al. (2023) high-
lighted microbial risks in both sorghum and pearl 
millet in namibia, and similar findings were reported 
in nigeria, Uganda, and Zimbabwe. These findings 

Authors

type of product(s) type of grain
Processing 

method

nutritional profile Food safety issues

Micro-nutrient Macro-nutrient Biological Chemical Physical Allergen

India
11. Chavan 

et  al. (2016)
unleavened 

pancake 
(bhakri/roti)

Sorghum Milling, 
Kneading, 
Cooking

+ + – – – –

12. Chavan 
et  al. (2016)

Flour Sorghum Cleaning, 
roasting, 
grinding

Mixing, Frying

– + – – – –

13. tamilselvan 
and 
Kushwaha 
(2020)

Flour Sorghum Fermentation, 
Malting, 
roasting

– + – – – –

Total 9 11 1 0 0 0
notes: (+: present; - =:absent).

Table 3. Continued.

Figure 2. distribution of reviewed articles from 2000 to 2023 for both SSA and SA (n = 35).
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indicate the importance of maintaining hygiene and 
sanitation throughout the processes of harvesting, 
processing, and storage of traditional grains. The 
presence of microbiological hazards could be linked 
to inadequate post-harvest handling, improper stor-
age conditions, or contamination during processing. 
While the prevalence of microbial risks is consider-
ably reduced in value-added products due to pro-
cessing interventions such as fermentation, ongoing 
monitoring and strict adherence to safety standards 
remain essential (Kebede et  al., 2020).

3.3.3.  Chemical hazards (aflatoxins)
Table 2 presents the food safety results based on 
aflatoxin levels in traditional grains. The results indi-
cate that in sub-Saharan africa, aflatoxin levels in 
sorghum were reported by ayelign and de Saeger 
(2020) in ethiopia at 0.033 mg/kg, while Seetha et  al. 
(2017) indicated slightly lower levels at 0.021 mg/kg 
in nigeria. For Uganda, Tibagonzeka et  al. (2018) 
reported a wider range of aflatoxin levels, from 20.33 
to 28.62 mg/kg, in both sorghum and millet. These 
findings suggest significant geographic differences, 
with aflatoxin contamination appearing more severe 
in Uganda compared to ethiopia and nigeria. There 
was however limited data from studies in South asia, 
with Jimoh and abdullahi (2017) reporting aflatoxin 
levels in indian sorghum ranging from 0.019 mg/kg. 
compared to sub-Saharan africa, aflatoxin contami-
nation appears to be relatively lower in South asia. 

This difference may be due to differences in report-
ing and sampling methodologies.

The results point to the need for robust aflatoxin 
mitigation strategies. These strategies to minimise 
aflatoxin contamination include good agricultural 
practices (such as good harvesting and handling pro-
cedures), using improved seed, use of fertilisers, use 
of biological control (asante et  al., 2024), use of 
improved storage facilities such as hermetic bags, 
storing properly dried grain. The use of 
drought-tolerant varieties, timely harvesting during 
physiological maturity, drying properly to 13% mois-
ture content, storage in suitable conditions to keep 
the crop clean, and under conditions with minimally 
proper aeration have been reported to reduce afla-
toxin contamination (Xu et  al., 2022). according to 
Subramanyam et  al. (2003), soil moisture conserva-
tion through deep ploughing and cultivation across 
the slope, judicious application of potassic fertilisers, 
and gypsum (caSo4) application at the time of flow-
ering, reduce A. flavus invasion of pods and subse-
quent aflatoxin contamination. Moreover, 
implementing proper handling and storage, such as 
using clean containers, avoiding cross-contamination, 
and rotating stock, can help prevent aflatoxin con-
tamination (gong et  al., 2024).

When comparing grain types, the available data 
indicate no consistent trend of either sorghum or 
millet being better in terms of lower aflatoxin con-
tamination, as both grains had higher contamination 

Figure 3. Food safety hazards of raw traditional grains.
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range reported in Uganda (Table 2). This suggests 
that environmental factors and storage conditions, 
rather than inherent differences between sorghum 
and millet, likely play a more significant role in afla-
toxin contamination. This is supported by Medina 
et  al. (2015) who reported that environmental condi-
tions such as high humidity and temperatures 
exceeding 25 °c provide favourable conditions for 
fungal proliferation, particularly in inadequately 
stored grains. The growth of A. flavus and the pro-
duction of aflatoxins have been found to be influ-
enced by various environmental that include water 
activity (aw), temperature, storage time, substrate 
composition, carbon and nitrogen sources, ph, light, 
oxygen (o2) and carbon dioxide (co2) levels, as well 
as damage to the grains caused by insects or 
mechanical/thermal factors (astoreca et  al., 2014; 
Medina et  al., 2015).

The lack of studies on other chemical hazards 
besides aflatoxins and allergens shows that these 
hazards are yet to be extensively explored, represent-
ing a substantial gap in food safety research pertain-
ing to these grains. given the increasing incorporation 
of chemical additives in value-added products, eval-
uating their potential health implications is critical 
(crevel et  al., 2014).

3.4.  Value addition

3.4.1.  Common value-added products from 
traditional grains
The commonly value-added products identified from 
the reviewed literature are indicated in Table 3 and 
these include alcoholic and non-alcoholic beverages, 
gruel, porridge, sour porridge, flour, and dumplings. 
Zimbabwe had the highest number of published arti-
cles (50%) on value addition of traditional grains, fol-
lowed by india (21.4%), nigeria (7.1%), and nepal 
(7.1%). The high utilisation of traditional grains in 
value addition in Zimbabwe can be attributed to the 
fact that Zimbabwe has a diverse agricultural sector, 
with a wide range of traditional grains being culti-
vated (ndlovu et  al., 2020). in addition, traditional 
grains are an integral part of Zimbabwean culture 
and hold significant cultural values that are deeply 
rooted in traditional practices (nciizah et  al., 2021). 
Some of the studies (14.2%) were conducted in mul-
tiple countries in africa (Botswana, Burkna, cameroon, 
ethiopia, eritrea, ghana, nigeria, South africa, 
Somalia, Sudan, Uganda, Zambia, and Zimbabwe). 
The value-added products in these countries include 
bread and pancakes, dumplings and couscous, 

porridge, gruels, opaque and cloudy beers, and 
non-alcoholic fermented beverages. according to 
Sawadogo-lingani et  al. (2021), throughout 
sub-Saharan africa, sorghum is the grain of choice in 
the production of popular traditional cloudy and 
opaque beers. The key ingredient of these beers is 
sorghum malt. Pearl millet is mainly used to prepare 
traditional fermented or unfermented porridges, and 
for brewing traditional beers and wines (laminu 
et  al., 2011). Pearl millet-based gruels and steamed 
cakes are prepared for feeding infants and preschool 
children. Malted pearl millet in combination with 
legumes is used to prepare weaning foods (hema 
et  al., 2022). Porridges are the most common and 
simplest foods prepared from sorghum and millet. 
Porridges are classified into thick and thin porridges, 
the difference lying in their solid content and consis-
tency (Taylor & duodu, 2015, 2019).

3.4.2.  Common processing methods in value 
addition of traditional grains
The processing methods commonly used in the value 
addition of traditional grains are presented in  
Figure 4. Fermentation (17%) was the most common 
of these processing methods, followed by dehulling 
(8.5%), milling (8.5%) and malting (8.5%). Fermented 
foods derived from sorghum and millet, such as sour 
porridge and beverages, are rich in probiotics and 
bioactive compounds, which offer health benefits 
like improved digestion and immune support 
(Bwamu et  al., 2022; gwekwe et  al., 2024). 
Fermentation has been demonstrated to effectively 
decrease antinutrient levels, particularly phytic acid, 
through the activation of endogenous phytase 
enzymes (Rastogi et  al., 2022). This process subse-
quently increases the bioavailability of minerals such 
as iron and zinc, thus addressing the widespread 
micronutrient deficiencies prevalent in regions reliant 
on these grains (endalew et  al., 2024).

Malting, which was one of the second most com-
monly used processing methods, enhances nutrient 
digestibility by enzymatically degrading complex car-
bohydrates and proteins (hejazi & orsat, 2016). 
according to Simran et  al. (2024) malting not only 
makes food tastier and easier to digest but also 
addresses two important challenges, i.e. reducing 
antinutrients and improving the availability of essen-
tial nutrients. dehulling, another commonly used 
processing method, reduces anti-nutritional factors 
like phytates and tannins, which are concentrated in 
the bran (gwekwe et  al., 2024; Singh & Rao, 2025). 
The other identified processing methods include 
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milling, soaking, roasting, and popping (Table 3) and 
these also contribute to improving the palatability, 
usability of grains, and overall acceptance of these 
grains within various dietary contexts. More so, the 
traditional processing methods are considered to 
reduce the phytic acid level in cereals and millet 
(Sheethal et  al., 2022).

The results presented in this section provide insights 
into various techniques used to enhance the nutri-
tional quality, palatability, and shelf life of sorghum 
and millets. despite these many processing methods 
being used, challenges persist in optimising these pro-
cessing methods to retain nutrients while addressing 
food safety issues. For example, while fermentation 
effectively reduces antinutrients, it necessitates careful 
monitoring to prevent microbial contamination. 
Similarly, the malting and extrusion processes must be 
calibrated to balance nutrient retention with energy 
efficiency (ananthanarayan et al., 2022). Future research 
should aim to refine these methods to enhance the 
nutritional value, safety, and economic viability of sor-
ghum and millet products.

3.4.3.  Food safety value-added products
The results presented in Table 3 show that only one 
study (ezekiel et  al., 2018) reported microbiological 
hazards in alcoholic beverages made from sorghum 

and millet using germination, milling, and fermenta-
tion processes. This result points to the need for 
strict hygiene and fermentation controls to mitigate 
potential contamination risks during processing. This 
literature review reveals that there are limited studies 
on the food safety of value-added products, reflect-
ing a huge research gap that needs to be explored.

4.  Conclusion

This review highlights the role of sorghum and mil-
lets in addressing food and nutrition security chal-
lenges in sub-Saharan africa and South asia, 
particularly in the context of climate change. it pro-
vides valuable insights into the nutritional profile, 
food safety hazards, and common processing meth-
ods of traditional grains, sorghum, and millet in 
sub-Saharan africa and South asia. on nutritional 
profiling, the results revealed that sorghum and mil-
lets are rich sources of essential nutrients, including 
proteins, and dietary fibres, minerals such as iron, 
zinc, and B vitamins. The review also emphasises the 
importance of food safety when consuming sorghum 
and millet. The presence of mycotoxins, particularly 
aflatoxins, and microbial hazards necessitate 
enhanced handling, storage, and processing practices 
to ensure consumer safety. despite these challenges, 

Figure 4. Common processing methods used in value addition of traditional grains in sub-Saharan Africa and South Asia 
(n = 47).
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the potential for value addition through products 
like porridge, beverages, and flour remains largely 
untapped. By bringing together current knowledge 
on nutritional benefits, processing techniques, and 
food safety issues, this review provides insights for 
researchers, policymakers, and industry stakeholders. 
it stresses the importance of promoting sorghum 
and millets as climate-resilient crops that can con-
tribute to sustainable food systems. With informed 
decision-making and innovation, these grains can 
significantly impact global efforts to achieve food 
security, improve nutrition, and enhance resilience 
against climate-induced food crises.

This review highlights key research gaps and 
opportunities for improving the understanding and 
utilisation of sorghum and millet grains. Mycotoxin 
contamination, particularly from aflatoxins, poses a 
significant food safety concern; however, comprehen-
sive and scalable mitigation strategies remain under-
explored. although traditional processing techniques 
such as fermentation, malting, and milling are com-
monly used, their optimisation to maximise nutrient 
retention, improve bioavailability, and mitigate food 
safety risks requires further investigation. Future 
research should prioritise optimising these process-
ing methods to enhance nutrient bioavailability while 
effectively reducing antinutritional factors and con-
tamination risks. additionally, there is an urgent need 
for thorough studies on chemical and allergen haz-
ards across various production systems to ensure 
food safety and strengthen consumer confidence.

The findings emphasise the nutritional richness of 
sorghum and millets and their potential as 
climate-resilient crops for food security in vulnerable 
regions. however, optimising processing methods 
and addressing food safety concerns, particularly 
aflatoxins, is critical to maximising their benefits. 
Future research should prioritise exploring innovative 
and scalable methods to enhance nutrient retention 
and minimise contamination risks.
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