
THE FUNDO OR FONIO

A WEST AFRICAN CEREAL IN A PROCESS OF GENETIC EROSION

The consumption of cultivated fundo, which in the

past would have been a common food, is now done

in small quantities and this cereal is considered a

prestige food. Considered to be rich in nutrients, this

cereal is prepared in a similar way to couscous, and is

locally considered to have medicinal properties,

particularly for diabetics and in regulating the

digestive system. Thus, in Guinea-Bissau fundo has

become the most expensive cereal for sale in the

markets. The dietary properties and functional

characteristics of the fundo have been studied in

other West African countries, but in Guinea-Bissau

studies are only now being developed on the two

species consumed in this country.
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Fonio is a cereal, from the genus Digitaria, produced and consumed

in several West African countries, being a staple food of the

population in some regions. The main producer is Republic of

Guinea (in the region of Fouta-Djalon), with about 60% of world

production. Now exported to Europe and the United States, the

fonio is more and more consumed beyond its production area.

Scientists' interest in this so-called "minor cereal" is recent. It was

only in the 2000s that a multidisciplinary team of African and

European researchers took the initiative to study extensively the

fonio in West Africa. Domesticated in West Africa, fonio originated

over 5000 years ago and is possibly one of the oldest cereals in

Africa. In Guinea-Bissau, where is locally called fundo, two species

are used Digitaria exilis (cultivated fundo); and D. longiflora (wild

fundo), harvested from wild plant populations.
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It is a very short cycle cereal that can be harvested during the rainy season, in

August or September, when little food is available. Both fundo types are sold in

local markets in the country in limited quantities. Domesticated species are

cultivated on small plots in the interior of the country; the grain is also imported

from the Republic of Guinea. On the other hand, the wild fundo grows

spontaneously on degraded soils and abandoned agricultural fields. Both species

are well adapted to semi-arid zones, which makes this crop especially important.

The grain is very small, the yield of the crop is low, and harvesting and

processing the grain is more labor-intensive than for other cereals, as is the

cooking process, where it is necessary to separate the grain from the sand grains

during preparation.

Digitaria exilis (cultivated fundo)

Digitaria longiflora (wild fundo)
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METODOLOGY

1 Liquid culture (LC)

RICE

Lb. sakei (1%)
Ln. mesenteroides (1%)
Pd. pentosaceus (1%)

200 g

1L

25°C

48 h

2 Pre-Sourdough (PS)

100% R
100 g LC + 
100 g rice

75% R – 25% M
100 g LC + 75 g 
rice + 25 g maize

25% R – 75% M
100 g LC + 25 g 
rice + 75 g maize

25°C

24 h

3 Sourdough

100% Rice
100 g PS + 200 g 
rice + 100 g H2O

75% R – 25% M
100 g PS + 150 g rice + 
50 g maize + 100 g H2O

25% R – 75% M
100 g PS + 50 g rice + 
150 g maize + 100 g H2O

25°C

24 h

4 Analysis

Measurement
of pH and total
acidity.
Time: 0 h and 24 h

Microbiological 
analyses
(PCA, ROGOSA, MRS, 
MSE, OGYEA)
Time: 0 h and 24 h

Fig. 1. Microbiological counts in PCA, MSE, MRS, ROGOSA and OGYEA media
at the beginning (0 h) and the end (24 h) of the fermentation of three
gluten-free sourdoughs with different percentages of rice and/or maize
flour. * implies significant differences (p < 0.05) between the counts at the
beginning and end of fermentation. a,b,c implies significant differences (p <
0.05) in the counts between the different sourdoughs at the end of
fermentation.

1. The counts of the different microbial populations in the three types of sourdough studied showed significant differences between
them, with the dough composed of 25% rice flour and 75% maize flour having the highest counts of total mesophiles, lactic acid
bacteria and yeasts.

2. Although there were significant differences in the pH value before the start of fermentation, the three sourdoughs reached similar
values at the end of the fermentation time, between 3.8 and 3.9 (in all cases pH < 4.2, in accordance with the expected values.).

3. The acidity percentages obtained after 24 h of fermentation of the three gluten-free sourdoughs showed significant differences
between them, with the highest acidity values obtained in the two sourdoughs containing maize flour (0.87 in the sourdough with 25%
maize flour and 0.92 in the sourdough with 75% maize flour).

CONCLUSIONS

RESULTS & DISCUSSION
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pH evolution during fermentation
of three gluten-free sourdoughs
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Fig. 2. pH evolution in sourdoughs made with different percentages
of gluten-free flours at the beginning and end of the fermentation
time at 25 ºC. * implies significant differences (p < 0.05) between
the pH at the beginning and end of fermentation. a,bimplies
significant differences (p < 0.05) in pH between the different
sourdoughs at the beginning of fermentation.
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Evolution of the total acidity during 
fermentation of three gluten-free 

sourdoughs
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25% R - 75% M – 24h

Fig. 3. Percentage of acidity in sourdoughs made with different
percentages of gluten-free flours at the beginning and end of the
fermentation time at 25 ºC. * implies significant differences (p <
0.05) between the TA at the beginning and end of fermentation.
a,b,c implies significant differences (p < 0.05) in TA between the
different sourdoughs at the beginning and end of fermentation.
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Celiac disease, which affects about 1% of the world's population [1], is a challenge for the food industry, which is
looking for the design and production of gluten-free foods. For the development of this type of food, gluten-free
cereal flours, such as rice or maize flours, are used. However, remove the gluten makes the production of such
products difficult due to its important technological properties, which affect texture and flavor, making it necessary to
add ingredients, usually hydrocolloids, that help to achieve an effect similar to that which would be obtained in the
presence of gluten [2]. On the other hand, the use of sourdough in the preparation of bread has a positive effect on its
aroma, texture and flavor; due to during fermentation, acid is produced that modifies the flavor, as well as CO2 and
ethanol, which originates the growth of the dough. In addition, interactions between microorganisms are important
for the metabolic activity of the sourdough. All this, together with the activation of certain enzymes (amylases and
proteases), has an impact on the production of aroma precursors, affecting technological and nutritional aspects.
The aim of this research was to determine the influence of the use of different gluten-free flours on the fermentation
kinetics and development of microbial populations in sourdoughs.
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*R = rice flour; M = maize flour *R = rice flour; M = maize flour
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INTRODUCTION

The growth of human population and climate

changes’ impact on agriculture reinforce the need

for sustainable food production. One solution for

this problem could be rediscovering ancient foods.

Recently, ancient seeds became a trend in diets

due to their bioactive compounds, functional

properties, and resilience to high-stress conditions

[1]. After seeds’ cold pressing, the remaining by-

products (flours), are sustainable ingredients with

potential for new food formulations to be

developed by the food industry [2].

AIM

This work aimed to evaluate the nutritional value

of chia seeds (Salvia hispanica), chia’s defatted

flour, flaxseeds (Linum usitatissimum), and

flaxseeds’ defatted flour by determining the total

protein content by Kjeldahl method [3] and total

amino acids by HPLC-FLD [4].

RESULTS AND DISCUSSION

Fig. 7 Amino acids profile by 
HPLC-DAD-FLD.

Fig. 6 Total protein content by 
Kjeldahl method.
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MATERIALS AND METHODS

Fig. 1 Chia seeds 
(Salvia hispanica).

Fig. 2 Flaxseeds (Linum
usitatissimum).

Fig. 5 Oil extraction by 
cold pressing.

Chia seeds Chia’s flour Flaxseeds Flaxseeds’ flour

Total protein content (%) 18.08 ± 0.41B 26.66 ± 0.09A 16.07 ± 0.07B 28.08 ± 0.82A

Total amino acids (mg/g) 203.33 ± 4.29C 268.51 ± 3.13B 194.17 ± 8.92C 314.18 ± 11.21A

Aspartic acid (mg/g) 17.64 ± 0.61C 24.10 ± 0.42B 19.31 ± 0.90C 31.31 ± 1.10A

Glutamic acid (mg/g) 36.15 ± 1.53C 48.93 ± 0.46B 39.99 ± 1.99C 64.94 ± 2.23A

Serine (mg/g) 12.02 ± 0.36B 16.07 ± 0.12A 10.10 ± 0.48C 16.14 ± 0.58A

Glutamine (mg/g) 2.50 ± 0.67B 4.63 ± 0.12A 1.01 ± 0.09C 2.03 ± 0.24B

*Histidine (mg/g) 8.17 ± 0.23C 10.67 ± 0.17A 6.24 ± 0.27D 9.56 ± 0.27B

Glycine (mg/g) 11.25 ± 1.24C 14.26 ± 0.17B 12.42 ± 1.59B,C 22.30 ± 0.92A

*Threonine (mg/g) 7.58 ± 0.23C 10.03 ± 0.07B 7.75 ± 0.35C 12.15 ± 0.34A

Arginine (mg/g) 25.86 ± 1.12C 33.82 ± 0.35B 22.70 ± 1.18D 36.59 ± 1.34A

Alanine (mg/g) 10.39 ± 0.41C 13.82 ± 0.17B 9.20 ± 0.43D 14.90 ± 0.54A

Tyrosine (mg/g) 5.09 ± 0.37B 5.93 ± 0.06A 4.33 ± 0.19C 6.43 ± 0.25A

*Valine (mg/g) 8.85 ± 0.24C 11.78 ± 0.23B 9.55 ± 0.51C 15.41 ± 0.51A

*Methionine (mg/g) 3.68 ± 0.52A,B 3.38 ± 0.22A,B 2.80 ± 0.39B 3.95 ± 0.16A

*Tryptophan (mg/g) 1.38 ± 0.01A 1.34 ± 0.19A 1.39 ± 0.03A 1.47 ± 0.25A

*Phenylalanine (mg/g) 10.65 ± 0.45B 14.06 ± 0.26A 9.75 ± 0.22B 15.87 ± 1.87A

*Isoleucine (mg/g) 7.31 ± 0.28D 9.61 ± 0.26B 8.54 ± 0.48C 12.94 ± 0.47A

*Leucine (mg/g) 13.61 ± 0.51B 18.21 ± 0.25A 11.83 ± 0.41C 18.76 ± 0.77A

*Lysine (mg/g) 14.22 ± 2.71A 17.31 ± 0.40A 9.12 ± 0.92B 15.98 ± 0.70A

Hydroxyproline (mg/g) 0.75 ± 0.03D 1.08 ± 0.01C 1.50 ± 0.02B 2.47 ± 0.07A

Proline (mg/g) 6.24 ± 0.84C 9.48 ± 0.15B 6.63 ± 0.16C 10.99 ± 0.30A

Table 1: Protein profile of chia seeds, chia’s defatted flour, flaxseeds, and flaxseeds’ defatted flour.

*Essential amino acid. Results presented as mean ± standard deviation (n = 3). Different letters denote significant differences (p < 0.05).

Lastly, the incorporation of seeds and specially their flours can nutritionally enrich various foodstuffs, providing high-protein levels. These flours are an
alternative to wheat flour, being suitable for celiac patients and people who avoid gluten for other reasons, for the development of new food products.

CONCLUSION

Total protein content 

Seeds did not present 
significant differences

16-18%

Neither the flours

27-28%

Total amino acids

↑ Flaxseeds’ flour 
(314 mg/g)

Chia’s flour (269 mg/g)

↓ Seeds (194-203 
mg/g)

Major amino acids

1.º Glutamic acid

2.º Arginine

3.º Aspartic acid

↑ Flaxseed’s flour (65, 
37 and 31 mg/g, resp.)

Essential amino acids

All were found in all 
samples

Branched-chain amino 
acids

12-19 mg/g for leucine

7-13 mg/g for 
isoleucine

9-15 mg/g for valine

Comparison with
amaranth and quinoa 

[5]

↓ Total protein (21% 
and 16%, resp.) than 

flours

Quinoa presented a 
similar content to 
flaxseeds (16%)

↓ Total amino acids 
(140 and 114 mg/g, 

resp.)

Chia and flaxseed’s 
protein

Plant-based

Gluten-free alternative

Suitable for vegetarian 
food patterns

Fig. 4 Flaxseeds’ 
defatted flour.

Fig. 3 Chia’s 
defatted flour.
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Lentils (Lens culinaris Medik) are part of an

ancient culture, characterized for being a fast-

cooking pulse consumed worldwide due to its

richness in proteins, dietary fibers, complex

carbohydrates, and essential micronutrients

[1,2]. Lentil’s production and chemical

composition are largely influenced by their

resistance to biotic and abiotic stresses,

conditioned not only by their variety but also

by the climatic conditions and composition of

the soils in which they grow [3]. Additionally,

among some edaphic influences, the

accessibility of the right nutrients for plants is

of supreme importance, with a variety of

micronutrients present in the soil being

identified as crucial in both growths,

chemical, and nutritional composition, and

production of lentils [4]. To the north of the

Salamanca province (Spain), there is the

comarca of La Armuña, which belongs to a

Protected Geographical Indication (PGI),

characterized by the occurrence of climates

with low precipitation, long and cold winters,

and hot and dry summers.
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Therefore, the present study aims to

provide an evaluation of the nutritional

and chemical profiles of different

samples of Armuña lentils “Rubia de La

Armuña” grown in two different types

of soils (luvisol and combisol), thus

contributing to the characterization of

this variety and the potential influence

of edaphic factors in its composition.

Samples were studied for their

nutritional value following AOAC

procedures and, free sugars and organic

acids were analyzed by

chromatographic techniques [3].

The results show similar amounts of the

evaluated parameters, with

carbohydrates and proteins being the

outstanding macronutrients (68.1±0.3

and 25.17±0.03 g/100 g of fresh weight,

respectively). Sugars such as fructose,

glucose, and raffinose, and organic

acids such as oxalic and malic acid were

also detected in similar amounts

between samples. In sum, the results

show that different samples of the same

variety of PGI lentils cultivated in these

specific types of soils do not present

significant differences in the analyzed

nutritional and chemical parameters.

Carbohydrates 

and proteins

Frutose, glucose 

and raffinose

Oxalic and malic 

acids



DEVELOPMENT AND CHARACTERISATION OF A SOURDOUGH STARTER MADE FROM THE PORTUGUESE VARIETY OF

WHEAT “PRETO-AMARELO” – THE IMPACT OF SOURDOUGH BREADMAKING ON THE PROPERTIES AND

TECHNOLOGICAL APTITUDE OF BREAD

Sara Hourmat,* Anabela Raymundo, Catarina Prista, Maria Cristiana Nunes
LEAF (Linking Landscape Environment Agriculture and Food) Research Center, Instituto Superior de 

Agronomia, Tapada da Ajuda, 1349-017 Lisboa, Portugal. *sarahourmat@gmail.com

Background and research questions

▪ Sourdough is bread that is naturally fermented using a sourdough starter [1] [2].

▪ Increase in consumers’ demand for healthier and delicious wheat bread has led to the widespread incorporation of sourdough in breadmaking [3].

▪ Very little is known about Portuguese wheat varieties, their microbiome and their influence on the rheologic properties of doughs and in the
technological aptitude of breads .

▪ How are these properties influenced by the water content in the breadmaking process?

▪ What are the differences between breads leavened with the Preto-amarelo wheat sourdough starter and with commercial yeast?

Methodology

▪ Prepared Preto-amarelo wheat sourdough starter.

▪ Doughs and breads prepared following artisanal
practices, using water content of 66.67% (manually
chosen) and 56.25% (adjusted in a micro-doughLAB,
AACC 54.70-01).

▪ Evaluation of the rheology of doughs.

▪ Texture analysis of doughs and breads.

▪ Crumb volume and aging velocity analysis over 72h.

Preto-amarelo wheat 
sourdough starter

Formulations (all percentages relate to the flour content)

Ingredients SD1 SD2 F1 F2

T65 Wheat flour 100,00 100,00 100,00 100,00

Preto-amarelo wheat 
sourdough starter

20,00 20,00 0 0

Baker’s yeast 0 0 1,1 1,1

Salt 2,20 2,20 2,20 2,20

Water 66,67 56,25 66,67 56,25
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Evaluation of the firmness of the doughs 

SD1 F1 SD2 F2

Volume determination

Formulations Volume (cm3) Specific volume (cm3/g)

SD1 945 ± 82b 1,9 ± 0,2c

SD2 1060 ± 42b 2,2 ± 0,1b

F1 1510 ± 8a 3,5 ± 0,0a

F2 1380 ± 14a 3,3 ± 0,1a
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83.
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▪ Breads prepared with the Preto-amarelo wheat sourdough starter presented higher values of firmness and lower volume than the breads
fermented using the baker’s yeast.

▪ The breads prepared with the Preto-amarelo wheat sourdough starter also presented higher aging velocity values than the breads fermented using
the baker’s yeast.

▪ There were no noteworthy differences between the rheology and texture of the doughs prepared with the sourdough starter and the baker’s yeast.
The water content has the major effect.

▪ Traditional breadmaking techniques using sourdough have a strong impact on rheologic properties of doughs and in the technological aptitude
of breads.

Key Findings
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