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26.1 Introduction

Sorghum bicolor (L.) Moench is a significant grain crop, especially on the planet’s
semi-parched jungles. It is a significant food crop in sub-Saharan Africa and South
Asia and is the staple nourishment for the most food-uncertain individuals on the
planet (Bibi et al. 2010). It is the world’s fifth most significant oat, after wheat, rice,
maize and grain (FAO 2010). In excess of 105 nations in Africa, Asia, Oceania and
the Americas develop sorghum on 40 million hectares (Kumar et al. 2011), and 60%
of this land is in Africa, where it keeps on playing a significant food security role
(Assefa et al. 2020).

Sorghum bicolor is considered one of the important food and fodder crops for its
use in feeding the livestock sector as grains with concentrates. It is also used as
green fodder and in the manufacture of silage, as it is considered as a raw material
for extracting starch, cellulose and making alcohol, in addition to the fact that some
species have a high percentage of sugar (wcsp.science.kew.org 2020).

Sorghum bicolor exists in dry weather, and is greatly affected by frost, especially
during flowering, so it is grown as a summer crop after the end of the frost period.
For the success of germination and plant growth, temperatures should not drop
below 8—10 ° C, as the appropriate temperature for its success is 30-32 ° C. It also
needs rain rates of at least 250 mm / year and may be cultivated under irrigation. It
is well cultivated in all types of soil and has the ability to withstand salinity and
alkalinity, but fertile muddy lands are preferred at rates of 350 mm / year rain (data.
nbn.org.uk. 2020).
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Fig. 26.1 Sorghum bicolour (L.) Monech plant. (Source: https://commons.wikimedia.org/)

The sorghum crop is considered one of the most important crops in Sudan and
ranks first in terms of importance as food for the vast majority of Sudanese in terms
of cultivated area and total productivity. Corn is grown in Sudan in the irrigated and
rainy sectors, and corn is especially important for farms in irrigated projects in
terms of securing The food for him, the labor he uses, and his animals. Due to the
fluctuation of rains under rainfed conditions, irrigated corn has an important role in
securing food for the country in general. Sudan grows about 24% of the corn area in
Africa and produces 17% of the production. In addition, it contributes 70-85 to the
volume of grain production in Sudan (Fig. 26.1).

26.2 Sorghum Production in Sudan

The sorghum crop is considered one of the most important crops in Sudan and ranks
first in terms of importance as food for the vast majority of Sudanese in terms of
cultivated area and total productivity. Sorghum is grown in Sudan in the irrigated
and rainy sectors, and it is particularly important for farmer in irrigated projects in
terms of securing the food for him, the labor he uses, and his animals. Due to the
fluctuation of rains under rainfed conditions, irrigated sorghum has an important
role in securing food for the country in general. Sudan grows about 24% of the corn
area in Africa and produces 17% of the production. In addition, it contributes 70-85
to the volume of grain production in Sudan (http://www.tpsudan.gov.sd/index.php/
ar/home/show_export/49).
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Fig. 26.2 Sorghum bicolor grains. (Source: https://commons.wikimedia.org/)

Despite the importance of the corn crop and the existence of the basic ingredients
for its production in irrigated projects, especially irrigation water, and the suitability
of the climatic conditions for production, as Sudan is considered one of the habitats
of corn. However, its productivity remained low and not commensurate with what
was achieved in many countries that consider corn an alien crop, and the reason for
the low productivity is the lack of or incomplete use of the technical packages rec-
ommended by the Agricultural Research Authority (http://www.ttea.gov.sd/sor-
ghum.html) (Fig. 26.2).

The cultivation of sorghum is good in all types of light and heavy soils, as well
as tolerates salinity and alkalinity in relatively high degrees, and tolerates intense
heat and intense thirst, as it continues dormant without any vital activity until we
drop rain, so it continues to grow. Therefore, it is found that it is grown in all pro-
duction areas in the country. In addition, its production is concentrated in all pro-
duction areas in the country. It is production in the rain sector, both automatic and
traditional, at about 78%, and the irrigated sector, about 22% of the total production,
in an area that exceeds 40% of the total cultivated areas in Sudan. The country pro-
duced, on average, for the period from (97-2000) about 2.5 million tons of corn
annually.

The most important uses of sorghum are thus summarized:

1- Mixing white corn flour with wheat flour to make bread.
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2- Itis used in poultry feeding and mixed with other feeds to feed dairy cattle. This
is because of the closeness of the nutritional composition of this crop with the
nutritional composition of yellow corn.

3- Its green plants are used as fodder for livestock, provided that the plants are not
less than 55 days old, given the toxicity of the leaves, and they are small because
they contain toxic durin glucoside, provided that the leaves are dried for twelve
hours before use.

4- The plant residues are used after harvesting the crop to feed work animals and
livestock.

5- Sorghum is one of the most important agricultural products used in the produc-
tion of glucose and starch sugar.

26.2.1 Chemical Composition and Nutritional Value
of Sorghum

Sorghum plays an important role in the economy of Sudan, and it represents the
main food for 65% of the population of the Sudan, particularly in rural areas in
central and eastern Sudan, as sorghum is an important source of carbohydrates
needed for human and animal food. It is used as fodder, fuel and as a building mate-
rial in housing. Moreover, sorghum is used in the manufacture of starch and glucose
(http://www.ttea.gov.sd/sorghum.html.)

Sorghum is considered as food with low nutritional value (Raihanatu et al. 2011).
Further, sorghum contains anti-nutritional factors like tannin, cyanogenicglucoside,
phytic acid, trypsin inhibitor, and oxalate (Etuk et al. 2012; Mohammed et al. 2011).
Various researches have revealed that the processing condition decreased antinutri-
tional factors and increased the bioavailability of other nutrient in cereals and
legumes (Adegunwa et al. 2012; Mubarak 2005; Osman 2007; Yasmin et al. 2008;
Ogbonna et al. 2012).

The chemical composition and nutritional value of whole sorghum are similar to
rice, corn, and wheat. The energy value of 100 g of sorghum grains varies between
296.1 and 356.0 kcal (Martino et al. 2012; U.S. Department of Agriculture 2012).
The main components of sorghum are the polysaccharides (starch and non-starch),
followed by proteins and lipids (Martino et al. 2012; U.S. Department of
Agriculture 2012).

The content and composition of starch, the main polysaccharide of sorghum, are
influenced by the genetic characteristics and growing conditions of the grain (Hill
et al. 2012). In some varieties, starch ranges between 32.1 and 72.5 g/100 g and is
composed mainly of amylopectin (81.0-96.5%) and amylase (3.5-19.0%) (Shegro
et al. 2012; Udachan et al. 2012).

Sorghum has the lowest starch digestibility among cerealsbecause of the solid
relationship between the starch granules and proteins and tannins (Barros et al.
2012; Rooney and Pflugfelder 1986). Generally the majority of the starch granules
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are gradually edible (30.0-66.2%) and the rest of quickly absorbable (15.3-26.6%)
or safe (16.7-43.2%) (Sang et al. 2008; Mkandawire et al. 2013). The non-starch
polysaccharides of sorghum (6.0 to 15.0 g/100 g) include insoluble fibers
(75.0-90.0%), mainly arabinoxylans, and soluble fibers (10.0-25.0%) (Taylor and
Emmambux 2010; Martino et al. 2012; U.S. Department of Agriculture 2012).

Sorghum proteins are classified as prolamins and not prolamins. Prolamins cor-
respond on average to 79% (77-82%) of the total proteins (7 to 15 g/100 g) and the
remainder is albumins, globulins, and glutelins (Belton et al. 2006; Martino et al.
2012; U.S. Department of Agriculture 2012; Afify et al. 2012b). The kafirins are the
major prolamins of the sorghum and comprise three major classes: a-kafirins
(66—84%), b kafirins (8—13%) and g-kafirins (9-21%) (Belton et al. 2006; Mokrane
et al. 2010). Sorghum kafirins are stored in the endoplasmic reticulum in spherical
protein bodies. The b and g-kafirins are located in the peripheral protein bodies
region while a and d-kafirins are encapsulated in the inner region (Wu et al. 2013).
This conformation determines the digestibility of sorghum proteins. Overall, the
digestibility of sorghum proteins, especially after cooked, is lower than cereals like
wheat and maize (Duodu et al. 2003; Mokrane et al. 2010; Afify et al. 2012b;
Moraes et al. 2012b). Despite the reduction in protein digestibility of sorghum after
cooking in wet heat, processing such as fermentation and germination may increase
the digestibility up to 2 times (Correia et al. 2008; Wedad et al. 2008; ELKhier and
Abd- ALRaheem 2011; Pranoto et al.; Afify et al. 2012b).

Sorghum has a reduced lipid content (1.24 to 3.07 g/100 g), which is mainly
composed of unsaturated fatty acids (83—-88%) (Afify et al. 2012a; Martino et al.
2012; U.S. Department of Agriculture 2012). In most of the varieties of sorghum
the polyunsaturated fatty acids (PUFA) are higher than monounsaturated fatty acids
(MUFA) (Mehmood et al. 2008; Hadbaoui et al. 2010; Afify et al. 2012a). The
major fatty acids of sorghum are linoleic (45.6-51.1%), oleic (32.2-42.0%), pal-
mitic(12.4-16.0%), and linolenic acids (1.4-2.8%) (Mehmood et al. 2008;
Hadbaoui et al. 2010; Afify et al. 2012a).

Sorghum is a source of minerals (phosphorus, potassium, and zinc) whose con-
tent varies according to the place of cultivation (Martino et al. 2012; Shegro et al.
2012; Silva et al. 2012; U.S. Department of Agriculture 2012).

Information on the content of vitamins in sorghum is scarce. However, it is worth
noting that it is a source of some B-complex vitamins (thiamine, riboflavin, and
pyridoxine) and fatsoluble vitamins (D, E, and K) (Ochanda et al. 2010; Martino
et al. 2012; U.S. Department of Agriculture 2012; Cardoso et al. 2014).

26.2.2 Bioactive Compounds of Sorghum

The phenolic compounds are the main bioactive compounds of sorghum and are
present in all varieties of this cereal (Dykes and Rooney 2006). Almost all classes of
phenolics are found in sorghum (Awika and Rooney 2004; Dykes et al. 2005);
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however, the classes of phenolic acids, tannins, and flavonoids are major. The pro-
file and content of phenolic compounds in sorghum are more diverse and higher
than those observed in wheat, barley, rice, maize, rye, and oats (Ragaee et al. 2006).
Sorghum varieties resistant to biotic and abiotic stresses were found to have on aver-
age higher contents of proanthocyanidins, 3-deoxyanthocyanidins, and flavan-4-ols
than susceptible varieties (Dicko et al. 2005).

The content of phenolic acids in some sorghum varieties ranged between 135.5
and 479.40 mg/g (Afify et al. 2012c; Chiremba et al. 2012).

Tannins, secondary metabolites found in many plant species, are phenolic com-
pounds that often act as a defense mechanism against pathogens and predators
(Kaufman et al. 2013). Overall, these compounds are absent in other major cereals,
such as rice, wheat, and maize, but are present in sorghum varieties that have pig-
mented testa (Awika 2003; Dykes and Rooney 2006; Wu et al. 2012). The presence
and content of condensedtannins in sorghum are controlled by the genes S and
Tanninl, among others (Hahn and Rooney 1986; Wu et al. 2012).

26.2.3 Traditional Sorghum Use for Food

Sorghum is used in a variety of foods. The white food sorghums are processed into
flour and other products, including expanded snacks, cookies and ethnic foods, and
are gaining popularity in areas like Japan (United States Grains Council 2001;
Rooney 2001).

Traditionally, Africa has employed sorghum in both the malted and unmalted
form in wide varieties of porridge and beverages, often using lactic and alcoholic
fermentation to enhance their appeal. In the Sudan, sorghum is the staple food of the
vast majority of the population and is produced mainly in the central clay plains of
the Sudan under rain, with limited amount being produced in the irrigated schemes
of Gezira, Rahad and New Half.

26.2.3.1 Sudanese Fermented Sorghum Based Foods

In general, two sorts of fermentation are practices: by addition of starter to the
dough or by the natural flora activity of microflora. Sorghum fermentation is princi-
pally a lactic acid one (Abdel Gadir and Mohamed 1983; El Mahdi 1985; Mohammed
et al. 1991). The raw material and its initial treatment will encourage the growth of
an indigenous microbiota (Tamang and Fleet 2009).

It is well established that fermentation enhances the nutritional quality of foods
and contributes to food safety particularly under conditions where refrigeration or
other foods processing facilities are not available (Motarjemi 2002) such as in arid
and semi-arid rural areas in Sudan. Fermentation also develops a new flavor and
appearance in 21 food products, and is also utilized as a technique of preservation
(Onwurafor et al. 2014).
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26.3 Fermented Foods

Fermentation is one of the oldest biotechnology approaches of food processing and
preservation that extensively applied in both developed and developing countries.
Over thousands of years, the demands of producing and consuming fermented foods
has extremely increased, so these products constituted a significant portion of the
daily food globally (Elyas et al. 2015).

Fermentation enhances the nutritional quality of foods through the biosynthesis
of vitamins, essential amino acids and proteins, improving protein and fiber digest-
ibility, enhancing micronutrient bioavailability, and degrading anti-nutritional fac-
tors (Giraffa 2004). It also contributes to food safety and sustainability particularly
under conditions where refrigeration or other foods processing facilities are not
available such as in arid and semi-arid rural areas in Sudan (Elyas et al. 2015).

Food fermentation covers a wide scope of microbial and enzymatic processing of
food and fixings to accomplish desirablecharacteristics such as prolonged shelf-life,
improved safety, attractive flavour, nutritional enrichment, and health promotion
(Giraffa 2004; Holzapfel 2002). Throughout the fermentation processes, microor-
ganisms played a key role in the production of specific metabolites such as acids,
alcohols, enzymes, antibiotics, carbohydrates, which contribute to the safety and
nutritional quality of fermented foods. One of these metabolites, is lactic acid bac-
teria (LAB), play a significant role in the majority of food fermentations and pres-
ervation, and a extensive variety of strains are routinely employed as starter cultures
in the manufacture of dairy, meat, vegetable, and bakery products (Elyas et al. 2015;
Giraffa 2004; Saeed et al. 2014). This is because of the fact that lactic acid bacteria
has numerous essential technological properties, for example, acid production in
various media and at different temperatures, proteinase and peptidase activities,
autolysis, production of volatile compounds, resistance to bacteriophages and pro-
duction of inhibitory compounds (Piraino et al. 2008). These properties are signifi-
cant for the utilization of LAB as starters or assistants to keep up and improve the
nourishing, tangible, and security characteristics of end results and their evaluation
in the screening of proper starter culture from natural environments has been and
still on the rise in recent years. However, these fermented foods are still mainly
prepared at the household level under poor sanitary conditions and advertised
through casual courses (Elyas et al. 2015; Saeed et al. 2014).In like manner, various
polluting microorganism and additionally native microflora engaged with this fer-
mentation processes could be anticipated. In addition, there is a lack of data on the
technological properties of microorganisms involved and their metabolic impact on
flavour, hygienic safety and shelf life of these products.
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26.3.1 Fermented Cereal Foods

The well-documented fermented cereal foods of the world are sourdough of Europe,
America, and Australia, selroti of India and Nepal (Yonzan and Tamang 2009), idli
of India and Sri Lanka (Sridevi et al. 2010), dosa of India and Sri Lanka (Soni et al.
1986), mawe and gowé of Benin (Vieira-Dalodé et al. 2007), ben-saalga of Burkino
Faso and Ghana (Humblot and Guyot 2009), kissra of Sudan (Hamad et al. 1997),
kenkey of Ghana (Oguntoyinbo et al. 2011), togwa of Tanzania (Mugula et al. 2003),
ting of Botswana (Sekwati-Monang and Génzle 2011), ogi and kunu-zaki of Nigeria
(Oguntoyinbo et al. 2011), and tarhana of Turkey, Cyprus and Greece (Sengun et al.
2009). Cereal fermentation is portrayed by a complex microbial environment,
chiefly addressed by the types of LAB and yeasts (Corsetti and Settanni 2007),
whose fermentation confers to the resulting bread its characteristic features such as
palatability and high sensory quality (Blandino et al. 2003). The species of
Enterococcus,  Lactococcus,  Lactobacillus,  Leuconostoc,  Pediococcus,
Streptococcus, and Weissella are commonly associated with cereal fermentation
(Guyot 2010). A native strain of Sacch. cerevisiae is the principal yeast of most
bread fermentations (Hammes et al. 2005). Other non-Saccharomyces yeasts are
involved in numerous cereal fermentations which include Candida, Debaryomyces,
Hansenula, Pichia, Trichosporon, Yarrowia (Foschino et al. 2004, Vernocchi et al.
2006). Yeasts produce carbon dioxide and ethanol. Interactions between yeasts and
lactobacilli are important for the metabolic activity of the sourdough. The changing
conditions during fermentationcontribute to the activation of enzymes present, and
adjustment ofpH selectively enhances performance of certain enzymes, such asamy-
lases, proteases, hemicellulases and phytases. The enzymeinducedchanges, together
with microbial metabolites, bring aboutthe technological and nutritional effects of
fermented cereal foods.Sourdough fermentation can influence the nutritional qual-
ity bydecreasing or increasing levels of compounds, and enhancing orretarding the
bioavailability of nutrients.

26.4 Kissra

Kissra can be defined in a number of ways (Abdualrahman and Ali 2012):

1- Kissra is the staple Sudanese diet. It is a morsel or piece of bread prepared from
fermented sorghum flour (Sulieman et al. 2003).

2- Kisra is a naturally lactic acid bacteria- and yeast-fermented sorghum pancake-
like flatbread(AwadElkareem and Taylor 2011).

3- Kisra is an indigenous staple food of the majority of Sudanese people. It is
pancake-like bread made from sorghum or millet flour.

The kissra is called ‘al-Rahafa’ and the way it was prepared has not changed for
centuries, but its presence on the table in Sudan has declined due to the availability
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Fig. 26.3 Pictures of kissra bread

of bread in various forms, after it was scarce. There are many types of corn used in
the making of the Sudanese kissra, including (fretrita - yellow hybrid, dr Aker, al-
Fahl, and al-Zrizira) (Fig. 26.3).

Today, with growing urbanization, kisra is becoming a commercial home-based
industry in Sudan. Internationally, because of the apparent increase in the incidence
of celiac disease and intolerance to wheat, interest in gluten-free cereal products is
increasing rapidly (Kelly et al. 2008).

Kissra seems to have significant potential as the basis for development of a
gluten-free sandwich wrap. As of late, it has been shown that Lactobacillus and
Saccharomyces cultures can be used to reduce the fermentation time from 19 to
4 hr. (Ali and Mustafa 2009), which would be useful for commercial production.

26.4.1 Kissra Preparation

Kissra fermentation is a conventional process, whereby sorghum or millet flour is
blendid with water in a proportion of about 1:2 (w/v), generally a starter is added by
a back-slopping utilizing mother batter from a past fermentation as a starter at a
degree of about 10%. Fermentation is finished in around 12—19 hours by which time
the pH drops from around six to less than four. Because of the tedious process of
kissra perparation, the greater part of the populace deserted kissra utilization and
moved to bread (Ali and Mustafa 2009).

The process begins with fermenting the flour at night in a closed container, and
in the morning the rest of the flour is added to it, kneaded and reduced until it
becomes coherent and ready to make the kissra. The process of making kissra is
called “Awassa,” and the woman or girl who is preparing it is called “Awassa”.
Awassa” process starts by pouring of a small amount of dough on the saj (hot plate),
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which is placed on a slow fire of charcoal on a canon (wood stove). In the past, the
“douka” made of pottery in a flat form was used. The Awassa saj is often wiped with
oil or taouk (animal marrow), which is the material of the spinal cord. This is
because it helps to pull out the fracture quickly so that it does not stick to the saj
and burn.

After that, the kissra is placed on the plate one by one, and the plate is an airtight,
flat round container that can be stored in it for several days.

Nowadays, with developing urbanization, kissra is turning into a business locally
situated industry in Sudan. Globally, due to the clear expansion in the frequency of
celiac infection and prejudice to wheat, interest in gluten-free cereal items is
expanding quickly (Kelly et al. 2008) (Fig. 26.4).

26.4.2 Nutritive Value of Kissra

Abubaker et al., (2019) investigated the chemical compositionof Kissra. They found
that contents of moisture, ash, protein, fats, fibres and carbohydrates of kissra
ranged between 5.17-5.02%, 1.32-1.29%, 10.01-9.95%, 1.66—1.89%and
79.09-79.26%, respectively. They Furthermore, they found that kisra fermentation
improved levels of the protein, fiber, fat, ash, and minerals contents. Moreover,
maximum amino acids contents were found in Kisra prepared from Tabat sorghum
flour compared with that prepared with Wad-Ahmed sorghum flour.Kissra fermen-
tation also resulted in increasing ascorbic acid content, in vitro protein (IVPD) and
in vitro starch digestibilities (IVSD) of Kissra from both sorghum cultivars, with a
concomitant decrease in phytate and tannin contents (Figs. 26.5 and 26.6).

Kawthar et al. (2018) analyzed six samples of kissra from Khartoum Bahry mar-
kets. Three were made from pure mixed cluture of lactic acid bacteria (LAB) and
yeast (Saccharomyces cerevisiae). The proximate composition of kissra results
showedsignificant (P < 0.05) difference in moisture content of most of the various
kissra samples.The control showed the highest level of moisture content (8.76%)
which was higherthan the values reported for the recommended dietary allowance
(RDA) value(<5%) for older infants and young children (FAO/WHO 1991). The
lowermoisture content is an indication of the better quality of the products with
thelonger shelf life. On the other hand, Mohammed et al. (2017) reported a value of
3.13% for moisture content of kissra.

According to Kawthar et al. (2018), ash content ranged between (1.710-1.333%)
which than the values reported by Mohammed et al. (2017) which was (2.86%),
butagreed with the recommended dietary allowance (RDA) value (< 3%) for older-
infants and young children (FAO/WHO 1991).

Higher protein contents of kissra was reported by both Kawthar et al. (2018) and
Mohammed et al. 2017) who reported an average of 10.90-13.37%.

Elkhalifa et al. (2005) announced that customary Sudanese technique for fer-
mentation prompts an expansion in the protein solubility of sorghum flour in the
acidic reach (pH 2—4). Additionally they detailed that fermented sorghum flour had
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Fig. 26.4 Kissra
preparation flow chart
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a least gelation concentration of 6% after 16 h of maturation, while it was 18% for

unfermented sorghum.

Fermentation likewise expanded oil binding capacity, emulsifying capacity and
emulsifying strength, while it diminished the water-binding capacity. Sorghum
flour, fermented or unfermented showed no frothing capacity (Elkhalifa et al. 2005).
According to study by Kawthar et al. (2018) All types of kissra showed significant
difference in fibre content, the kissra which have the highest levels of (1.267 and
1.287%), and the lowest level (0.617%). The fibre content of all kissra was less than
the result obtained by Mohammed et al. (2017) which was (2.41%) but agreed with
the recommended dietary allowance (RDA) value (< 5%) for older infants and
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Fig. 26.5 Amino acid contents (mg/100 g) of kissra bread

young children (FAO/WHO 1991). The reduction in fiber content of kissra would
enable the children to utilized sufficient amounts, giving an opportunity to meet
their daily energy and other vital nutrient requirements.

Fat and carbohydrates content the kissra ranged 1.133% - 5.52% and 73.
63-78.34%, respectively (Kawther et al. 2018; Mohammed et al. 2017). However,
these values were higher than that reported (FAO/WHO 1991).

Contents of thiamin (vitamin B1) and riboflavin (vitamin B2) in kissra prepared
from two sorghum cultivars, dabar and feterita were investigated by Salah et al.,
(1998). They found that contents of both vitamins improved as a result of fermenta-
tion process. The riboflavin contents of the two sorghum cultivars were almost the
same (1.08 mg/g for dabar and 1.07 mg/g for fetarita). The difference in the thia-
mine content of the two cultivars (3.92 mg/g for dabar and 3.47 mg/g for fetarita)
was insignificant (p < 0.01). On the other hand, germination of fetarita grains for
6 days caused significant effects on the levels of thiamine and riboflavin which
increased by 70.6% and 42%, respectively (Fig. 26.7).
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Fig. 26.7 Thiamin and riboflavin of germinated dabar and feterita sorghum grains
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26.4.3 Fermentation Effects on Antinutritional Components

Sorghum is considered as food with low nutritional value (Raihanatu et al. 2011).
Poor digestibility of sorghum and limited product diversification compared to other
cereals limit the use of sorghum (Mella 2011). Further, sorghum contains anti-
nutritional factors like tannin, cyanogenicglucoside, phytic acid, trypsin inhibitor,
and oxalate (Etuk et al. 2012; Mohammed et al. 2011). Due to these and other rea-
sons, sorghum is categorized as of low nutritional value and a food for the poor. Low
protein digestibility and mineral absorption are also associated with the presence of
antinutritional factors (Mohammed et al. 2011). Different investigates have uncov-
ered that the handling condition reduced antinutritional factors and expanded the
bioavailability of other supplement in cereals and vegetables (Adegunwa et al.
2012; Mubarak 2005; Osman 2007; Yasmin et al. 2008; Ogbonna et al. 2012).

According to the study conducted by Pravin et al. 2017 to observe the effect of
malting and fermentation on antinutritional component and functional characteris-
tics of sorghum flour, they found that, the lower yield of sorghum flour was obtained
compared to whole and malted sorghum flour. Germination of sorghum decreased
phytate, tannin, and oxalate by 40%, 16.12% and 49.1%, respectively, whereas fer-
mentation of sorghum flour reduced these compounds by 77%, 96.7% and 67.85%,
respectively. Furthermore, in their study on nutritional value, protein quality and
antioxidant activity of Sudanese sorghum-based kissra bread fortified with bambara
groundnut, Mohamed et al. (2019) indicated that tannins, phytic acid and trypsin
inhibitor activity were significantly reduced (P < 0.05) (Fig. 26.8).

26.4.4 Microbiology of Kissra Bread

According to many investigations on sorghum flour lactic acid bacteria (LAB) and
yeasts dominated fermentation. Mohammed et al., (1991) demonstrated that bacte-
rial burden expanded with fermentation time. Besides the microbial populace dur-
ing the 24 h of fermentation comprised of bacteria (Pediococcus pentosaceus,
Lactobacillus confusus, Lactobacillus brevis, Lactobacillus sp., Erwinia ananas,
Klebsiella pneumoniae, and Enterobacter cloacae), yeasts (Candida intermedia and
Debaryomyces hansenii), and molds (Aspergillus sp., Penicillium sp., Fusarium sp.,
and Rhizopus sp.). P. pentosaceus was the dominant microorganism toward the end
of the 24-h fermentation.

. Lactic acid bacteria were the dominant microflora and their number increased
during fermentation of three sorghum varieties, in the fermentation of the three
varieties and at each interval the number of lactic acid bacteria was greater than the
number of yeasts and molds and they dominated till the end of fermentation. This
fact implied that Kisra fermentation is mainly a lactic acid fermentation (Abdel
Rahman et al. 2010).
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Fig. 26.8 Anti-nutrients content and in vitro protein digestibility of kissra bread

Yagoub et al., (2009) indicated significant drop in pH during fermentation of
sorghum dough. Microbial examination of sorghum varieties before fermentation
showed that the total bacterial counts and the counts of yeast and molds expanded
altogether after fermentation time (24 hours), while, there was a reduction in staph-
ylococcal counts. The microbiological examination additionally uncovered that
E. coli counts exceeded 2.400 cfu/g in the raw sorghum flour but the counts were
very low in the fermented dough. Salmonella was identified in the three sorghum
varieties vanished in the fermented dough after 24 h fermentation.

In their study on the investigation on the microbiological qualities, germinated
sorghum (malt) and fermented dough at different timeframes, Sulieman et al.,
(2015) indicated that three samples out of ten were devoid of any lactic acid bacteria
(LAB)development, while the other seven samples indicated development of bacte-
ria, thus, a total of 140 isolates of these bacteria were examined to identify their
bacterial genera. Their outcomes demonstrated that a portion of the isolates were
cocci while others were rods in shape, not many of the isolates were hetrofermenta-
tive, and most of them were homofermentative, all isolates were grow at 15 °C and
some growth at 10 °C and 45 °C. And the LAB isolated bacteria recognized in this
examination, have a place with five genera; Streptocpccus, Lactobacillus,
Leuconostoc, Enrococcus and pediococcuswith various rates .

The concurrence among LAB and yeasts affirmed the synergistic connection
between the organisms in a fermenting food matrix (Wood 2004). Yeast is signifi-
cant for or acceptable batter and raising, while LAB produce acids and other metab-
olites which hinder the development of spoilage organisms. Lactic acid bacteria
(LAB) strains are able to improve the time span of usability of few food items
(Lopez et al. 2001; Di Cagno et al. 2004) (Table 26.1).
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Table 26.1 Enumeration of counts of total bacteria, LAB, Staphylococci and yeasts and moulds
of sorghum dough at different fermentation periods

Fermentation period hour( 19 hours 24 hours
Total bacterial count(c.fu/g) 5.60® x10° 2.04°x 108 5.83%® x 10°
Lactic acid bacterial count (c.fu/g) 2.12°x10° 4.04* x 108 4.95*x 108
Staphylococci count (c.f.u/g) 2.812x 102 6.87*x 107 2.04°x 103
E. coli 2.40< 34 15

Yeast and mould count c.f.u./g) 2.50°x 10* 7.30 x107 9.11°%x10’

26.5 Conclusion

The traditional Sudanese method of fermentation of sorghum significantly improved
the functional properties of sorghum flour. Traditional fermentation in Kisra bread
is desirable because of their role in taste and flavour of the final product. In conclu-
sion, sorghum flour and its fermented foods can be affected by fermentation and the
method of preparation. A reduction of some nutritional parameters (carbohydrate
and oil) and an increase in others (protein) were observed. In spite of the losses in
some nutritional compounds, the fermented sorghumbase items, kissra, was found
to have obvious nutritious qualities.
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