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Abstract Kisra, a fermented sorghum flat bread, was

prepared from two sorghum genotypes termed Wad-Ahmed

(high tannin) and Tabat (low tannin) in Sudan that has been

fermented with different starter levels [20, 50, 75 and

100 g of fermented baobab fruit pulp flour (FBFPF)/100 g

flour]. Chemical composition, antinutritional factors, min-

eral extractability, ascorbic acid, in vitro protein (IVPD)

and starch digestibilities (IVSD) of Kisra were determined.

Preparation of Kisra with the sorghum genotypes fer-

mented with higher levels of FBFPF enhanced the protein,

fiber, fat, ash, and minerals contents and their extractability

(P B 0.05). Maximum amino acids contents were found in

Kisra prepared from Tabat sorghum flour fermented with

100 g FBFPF/100 g flour. Ascorbic acid, IVPD and IVSD

of Kisra from both genotypes increased with FBFPF levels,

with a concomitant decrease in phytate and tannin contents

(P B 0.05). Sensory attributes of the Kisra were enhanced

in Tabat and Wad-Ahmed sorghum genotypes prepared

with 50 and 100 g FBFPF/100 g flour, respectively.

Application of FBFPF is known to be an effective tradi-

tional starter, and it could improve the nutritional quality of

Kisra bread.

Keywords Baobab fruit pulp � Sorghum genotypes �
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Introduction

Sorghum (Sorghum bicolor L. Moench) is the fifth most

important cereal crops in the world preceded by maize,

wheat, rice and barley and its total annual production

quantity was 64 million tonnes in 2016 (FAOSTAT 2018,

http://www.fao.org/faostat/en/#data/QC accessed on 17/10/

2018). In arid and semi-arid regions of the world, the

majority of people depend mainly on sorghum grains as the

staple food due to high cost of animal-based foods and low

income of the people (Elkhalifa et al. 2017). Recently,

there has been an increase in sorghum production, con-

sumption and utilization due to several factors such as

genetic improvement and introduction of new varieties that

are highly productive and tolerant to adverse environ-

mental conditions and has great nutritional and health

potentials of its grains (Taylor et al. 2006). With the annual

production of 6.5 million tonnes in 2016, Sudan is ranked

as the third highest sorghum producer in the world

(FAOSTAT 2018). Sorghum is widely consumed in Sudan

after processing to a variety product such as thick porridge

(aceda), thin fermented gruel (Nasha), boiled grain

(balela), pancake-like fermented flat bread (Kisra), dough-

like fermented food (Hussuwa), non-alcoholic beverages

prepared from germinated grains and fermented flours

(Abreh and Hulumur), and alcoholic beverage (Merissa)

(Mohamed Ahmed et al. 2018). Among these products,

Kisra by far, is the most widely produced and consumed

product throughout the whole country (Mahgoub et al.

1999).

& Isam A. Mohamed Ahmed

isamnawa@yahoo.com; iali@ksu.edu.sa

1 Department of Grain Technology, National Food Research

Center, Ministry of Science and Technology, Khartoum

North, P.O. Box 213, Shambat, Sudan

2 Department of Food Science and Technology, Faculty of

Agriculture, University of Khartoum, Khartoum North,

Shambat, Sudan

3 Department of Food Science and Nutrition, College of Food

and Agricultural Sciences, King Saud University,

P.O. Box 2460, Riyadh 11451, Kingdom of Saudi Arabia

123

J Food Sci Technol (August 2019) 56(8):3754–3763

https://doi.org/10.1007/s13197-019-03848-w

http://www.fao.org/faostat/en/#data/QC
http://crossmark.crossref.org/dialog/?doi=10.1007/s13197-019-03848-w&amp;domain=pdf
https://doi.org/10.1007/s13197-019-03848-w


Kisra is thin pancake-like flat bread prepared tradition-

ally from naturally fermented sorghum flour and the quality

of the product depends on sorghum genotype, quality and

the age of the starter, temperature, time and consistency.

Kisra fermentation is mainly considered as lactic acid and

yeast fermentation and the production of organic acids and

alcohols is desirable because of their role in taste and flavor

of the final product (Osman et al. 2010). Kisra has a long

history as staple food for people in Sudan and neighboring

countries and nowadays it is regarded as home-based

industry in the Sudan (AwadElkareem and Taylor 2011).

Globally, due to the incidence of celiac and gluten intol-

erance health problems, there is increasing interest in

gluten-free products. In this regard, Kisra could potentially

be used as the basis for the development of gluten-free

sandwich wrap (AwadElkareem and Taylor 2011). How-

ever, Kisra produced mainly from sorghum have been

reported to have low protein quality, especially lysine

(Mohammed et al. 2007). Studies have shown that sup-

plementation of sorghum flour with 10% whey protein

(Ibrahim et al. 2005) and fenugreek seed flour (Suliman

et al. 2003) greatly increased their protein content and

sensory attributes. Other readily available sources like by-

products from tree fruits can also be utilized to improve the

quality attributes of sorghum Kisra.

Baobab tree (Adansonia Digitata L) is one of the most

widely used trees and has been employed for centuries in

many African countries to provide food, medicine and

fodder (Sidibe and Williams 2002). In Sudan, the dry pulp

of the fruit is consumed fresh or dissolved in water to be

used as fermenting agent in local brewing or as a sauce in

food (Abdalla et al. 2010). The fruit pulp is regarded as

good source of vitamin C, pectin and major minerals such

as calcium, magnesium and phosphorous (Kabore et al.

2011). However, there is insufficient information on the

utilization of fermented baobab fruit pulp as starter culture

for fermentation of cereal-based products. In addition,

research into improving the quality of Kisra by using new

sorghum genotypes and fermented baobab fruit pulp has

not been performed. Therefore, the aim of this study was to

evaluate the quality attributes of Kisra prepared from high

and low tannin sorghum genotypes that have been fer-

mented with different levels of fermented baobab fruit pulp

flour (FBFPF).

Materials and methods

Sample collection

Two sorghum genotypes, locally known as Wad-Ahmed

(high tannin) and Tabat (low tannin) were collected from

Sinnar Research Station, Agricultural Research

Corporation, Sinnar, Sudan. Baobab fruit was obtained

from local market in Khartoum, Sudan. The grains and

fruits were carefully cleaned to remove all foreign mate-

rials. The grains were then decorticated to extraction rate of

90%. Seeds of dried baobab fruit were detached from its

pulp by using a special high rate mechanical extracting

machine. Baobab fruit pulp flour (BFPF) was prepared by

grinding the dried pulp to pass through a 0.4-mm mesh

screen and kept at 4 �C until used. All reagents used in this

study were of analytical grade.

Fermentation process

Fermented BFPF

Natural fermentation of BFPF by microflora presented in

the grain was carried out by mixing the flour with water

(1:2 w/v). The mixture was incubated at 37 �C for 24 h in a

sterile covered flask, and then stored at 4 �C in tightly

closed containers until used for the fermentation of sor-

ghum flour.

Fermented sorghum batter

The method of El Tinay et al. (1985) was employed in the

traditional fermentation (lactic acid fermentation) of the

sorghum flour of both genotypes (low and high tannin) as

practiced in most Sudanese households. Initially, the sor-

ghum flour was naturally fermented by the original

microorganisms presented in the grain. This involved

addition of flour to water at a ratio of 1:2 (flour: water, 40 g

flour: 80 mL water) and the batter was kept in the incubator

at 37 �C for 24 h. The obtained sorghum starter was kept in

the refrigerator until used for fermentation of the flour

samples. Sorghum flour (180 g) was mixed with 360 mL of

water and then 60 mL starter obtained from previously

fermented batter was added to 540 mL of the flour paste

and mixed thoroughly. This was followed by addition of

FBFPF starter at different levels (0, 25, 50, 75, and 100%

of FBFPF/60 mL of sorghum starter) to 540 mL batter and

the volume of the sorghum starter was decreased accord-

ingly. The mixture was incubated at 37 �C for 24 h in 1 L

sterile conical flask. The fermented sorghum batters with

and without FBFPF starter were used for preparing Kisra.

Preparation of Kisra

The Kisra was prepared traditionally as described by

Mallasy et al. (2002). Fermented batters were baked as

Kisra sheets on a hot plate (Balady model, Sudanese) at

160–170 �C for 30–60 s. Part of the produced Kisra was

used for sensory evaluation. The remaining Kisra samples

were dried in hot air oven (Heraeus UT 5042, Germany) at
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65 �C for 16 h. The samples were then milled to pass

through 0.4 mm mesh screen and stored at 4 �C in tightly

closed containers until analyzed. The control samples were

Tabat and Wad-Ahmed sorghum-based Kisras fermented

with only sorghum starter (60 mL), without addition of

BFPF starter.

Chemical composition

The amount of chemical composition of the Kisra samples

were determined as described in AOAC (2000) method.

The official methods; AOAC 925.40, 950.48, 923.03,

935.38, and 920.86 were used for the determination of

moisture, protein, ash, fat, and fiber contents, respectively.

Carbohydrate content was calculated by subtracting the

sum of moisture, protein, ash, fat, and fiber from 100.

Minerals composition

Mineral contents of the Kisra samples were determined

according to Pearson (1970) with slight modification.

Exactly 2 g of sample was heated at 550 �C for 3 h and

cooled. The ash obtained was treated with 10 mL con-

centrated hydrochloric acid (50% HCl) with the addition of

5 mL of nitric acid (33%), and then placed in a water bath

for (100 �C) 1 h. Then, 10 mL of HCl was added and the

sample was returned to the water bath again for 15 min.

The mixture was then transferred to 100 mL volumetric

flask containing distilled water with a final volume of

100 mL, and well shaken. After sample preparation, min-

eral concentration was determined. Sodium (Na) and

potassium (K) were determined by flame photometer

(PFP7, JENWAY, Ltd., England). Different concentrations

(5–80 lg/mL) of Na (R2 = 0.998) and K (R2 = 0.991) were

used to construct the standard curve for quantification of

Na and K in Kisra samples. Calcium (Ca), magnesium

(Mg) and iron (Fe) were determined by atomic absorption

spectrophotometry (AAS). After calibration of the AAS

with standard solutions, the quantity of each element was

calculated from its standard curve; Ca (0.25–8.0 lg/mL,

R2 = 0.999), Mg (0.13–4.0 lg/mL, R2 = 0.990), and Fe

(0.06–2.0 lg/mL, R2 = 0.994). Phosphorus (P) was deter-

mined by ultraviolet–visible (UV–Vis) spectrophotometry

using molybdate–vanadate method (Chapman and Pratt

1982). Briefly, 5 mL of mineral extract was mixed with

10 mL ammonium molybdate–vanadate reagent and after

30 min incubation at room the absorbance was measured at

440 nm and the amount of P in the samples were calculated

from the standard curve treated on the same way.

Mineral extractability

The HCl extraction of minerals of the Kisra samples was

performed as described by Chauhan and Mahjan (1988).

Briefly, 1 g sample was added to 10 mL of 0.03 M HCl

and shaken for 3 h at 37 �C. The mixture was then filtered

and the clear extract obtained was oven dried at 100 �C and

acid-digested. The content of the extractable minerals was

analyzed as described above. The percentage HCl

extractability was calculated using the formula:

Mineral extractability %ð Þ

¼ Mineral extractable in 0:03 M HCl mg=100 gð Þ
Total minerals mg=100 gð Þ � 100

Amino acid composition

Amino acid contents of Kisra samples were determined as

described in the official method (AOAC 2000). Briefly,

5 mL of 6 N HCl was added to 500 mg of powdered Kisra

samples in a tube and then the mixture was hydrolyzed at

100 �C for 24 h. Thereafter, the samples were cooled and

the pH was adjusted to 2.2 with 1 N NaOH. The volume

was made to 100 mL with buffer (pH 2.2) and then was

filtered through membrane filter. The liberated amino acids

in the hydrolysate were subjected to automated online

derivatization with o-phthalaldehyde and were then sepa-

rated using an automated amino acid analyzer (JLC-500/

V2, Amino Tac; JEOL, Japan) based on ion-exchange

chromatography. The amino acids were detected at 570 nm

except proline that was detected at 440 nm from a separate

detector channel. The amino acids were expressed as lg of

amino acid per mg of protein.

Ascorbic acid (AA), Antinutritional factors, IVPD

and IVSD

Ascorbic acid content was determined using 2,6-dicholoro-

phenol indophenol dye reagent according to the method

described by Ruucke (1963). The determination of phytic

acid of the samples was carried out as described by

Wheeler and Ferrel (1971). Briefly, 2 g sample was

extracted with 50 mL of 3% trichloroacetic acid (TCA) for

3 h with mechanical shaking. The mixture was centrifuged

and 10 mL aliquot of supernatant was added to 4 mL of

FeCl3 solution (containing 2 mg Fe?3 per mL 3% TCA)

and heated in boiling water for 45 min. Different Fe(NO3)3
concentrations (0.1–3.2 mg/mL) was used as standard and

phytate phosphorous was calculated from the standard

curve (R2 = 0.989) and was expressed as Fe(NO3)3
equivalents, by assuming a Fe:P molar ratio of 4:6. The

vanillin-HCl method (Price et al. 1978) was used to
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determine the content of tannins. Briefly, extraction was

carried out by adding 0.2 g sample to 10 mL of 1% HCl in

methanol (v/v). The mixture was shaken for 20 min and

centrifuged at 2500 rpm for 5 min. Exactly 1 mL of

supernatant was added to 5 mL of vanillin HCl reagent

(equal volumes of 8% HCl in methanol and 4% vanillin in

methanol). A standard catechin solution (0.16–5.0 mg/mL)

was prepared and used as reference standard (R2 = 0.992).

The absorbance of sample and standard solutions were read

using spectrophotometer (Jenway V6300) at 500 nm after

20 min incubation at 30 �C. Tannin concentration was

expressed as catechin equivalent percentage.

The method of Monjula and John (1991) was used to

determine the IVPD of the samples. Briefly, a known

sample weight containing 16 mg nitrogen was digested

with 1 mg pepsin (activity: 1:3000, Carolina) in 0.1 M HCl

(15 ml) for 2 h at 37 �C. Fifteen milliliters of 10% tri-

chloroacetic acid (TCA) was added to the mixture to stop

the reaction. The volume was then filtered through What-

man No. 1 filter paper. The nitrogen content in the filtrate

was determined using micro-Kjeldahl method and the

digestibility was calculated as:

Protein digestibility %ð Þ ¼ Nitrogen in filtrate

Nitrogen in the sample
� 100

The procedure of Mouliswar et al. (1993) was used to

determine the IVSD of the samples. In this assay, 2% of the

sample slurry was heated in a water bath at 100 �C for

15 min, followed by the addition of 30 mL of 0.2 M gly-

cine–HCl buffer (pH, 2.0) containing 10 mg pepsin in

50 mL of the slurry. The mixture was incubated at 37 �C
for 2 h followed by the adjustment of the pH to 7 with

0.2 N NaOH. The final volume was adjusted to 100 mL

with distilled water. Five milliliters of 0.5 M phosphate

buffer (pH 8.0) containing 15 mg of pancreatin (Carolina)

and 15 mg amyloglucosidase (specific gravity: [ 1, Car-

olina) was added to 10 mL of the mixture, which was

incubated for 2 h at 37 �C. After that, the reaction was

terminated by heating the mixture in a water bath at

100 �C. Then, 2 mL of dinitrosalicylic acid reagent was

added to 0.5 mL of the mixture to determine the amount of

reducing sugar. The standard used was glucose and a

conversion factor of 0.9 was used to calculate the starch

equivalent.

Sensory evaluation

A panel of fifteen semi-trained panelists (males and

females, age range 20–40 years) at Food Research Center,

Khartoum, Sudan, was used to judge the quality of the

different types of Kisra fermented with and without baobab

starters, as well as the control Kisra. Although the panelists

have long experiences in evaluating the sensory attributes

of cereal-based products, they were given three preliminary

sessions to familiarize them with the sensory properties to

be assessed. Sensory evaluation was done on the same day

that the Kisra breads were prepared. The panelists were

asked to evaluate each sample for taste, color, texture,

appearance and overall acceptability, using a 9 points

hedonic scale (9 for like extremely down to 1 for dislike

extremely) as described by Iwe (2002). The samples were

coded with three-digit random numbers and placed in

random order under normal light (600 lx) for panel anal-

ysis. During sensory evaluation, panelists were instructed

to drink water or rinse their mouths to clear the palate after

each evaluation.

Statistical analysis

Three fermentation batches were conducted and all mea-

surements were done in triplicates. The experiments were

designed using a completely randomized block design and

the effects of the treatments on the parameters determined

were statistically analyzed using SAS/STAT software

(SAS Institute, Cary, NC, USA). Duncan multiple range

test with a probability P B 0.05 was used to separate the

means.

Results and discussion

Effect of FBFPF starter levels on chemical

composition of Tabat Kisra flour (TKF) and Wad-

Ahmed Kisra flour (WKF)

As shown in Table 1, the moisture contents of TKF and

WKF without FBFPF addition were 5.17 and 5.06%,

respectively. Changes in moisture content were observed

after incorporation of FBFPF in both TKF and WKF.

Addition of FBFPF at 25 and 50% levels increased the

moisture content of TKF as compared with control, while

only 75% FBFPF addition had significantly higher mois-

ture content than control sample in WKF. Also, the fat

content of control TKF (1.66%) and WKF (1.89%) were

significantly higher than those prepared with FBFPF. This

effect was found to increase as the level of FBFPF

increases with lowest value obtained in those fermented

with 100% FBFPF (1.06%). These values were lower than

previously reported values for sorghum flour (Osman et al.

2010). The decrease in fat contents may be due to FBFPF

increasing the rate of lipolysis to fatty acids and glycerol

during the fermentation process. This agrees with those

found in pigeon pea where fermentation lowered their fat

contents (Adebowale and Maliki 2011). Moreover, FBFPF

at varying fermentation times has low fat (0.16–0.25%)
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content (data not shown) and this agrees with that reported

by Shukla et al. (2001). Thus, increasing the level of

FBFPF added to the sorghum flours could result in reduc-

ing the fat content of the product.

However, addition of FBFPF starter to TKF and WKF

raised (P B 0.05) their ash contents over that of control

TKF and WKF with highest values obtained in samples

treated with 100 g FBFPF/100 g flour. The increase in ash

content following addition of FBFPF could be attributed to

high ash contents (4.40–4.62%) observed in BFPF fer-

mented for several periods (data not shown). Our findings

agree with that found in wheat flour following supple-

mentation with sorghum and chickpea flours and was

attributed to increased ash contents of sorghum and

chickpea (Gadallah et al. 2017). Incorporation of FBFPF

may have improved the fermentation of the two sorghum

genotypes and thus increased organic minerals’ utilization

by microbes.

The protein and fiber contents of TKF (10.01%) and

WKF (9.95%) without FBFPF addition were significantly

(P B 0.05) enhanced after fermentation with FBFPF and

this increased with increase in FBFPF level. This could be

attributed to the high fiber content (4.05–5.20%) of FBFPF

as observed in our preliminary study on FBFPF (data not

shown). The values found in this study were lower than

those reported for sorghum flours (Osman et al. 2010; Afify

et al. 2012). Previous study has found that crude fiber

content decreases during fermentation and this was attrib-

uted to degradation by fermenting microbes (Babalola and

Giwa 2012), which is contrary to our present findings.

Also, the increment in the amount of protein after fer-

mentation with BFPF could be due to the synthesis of

protein by microorganisms from metabolic intermediates.

Effect of FBFPF starter levels on mineral contents

and extractability of TKF and WKF

The results in Table 2 showed that the contents of major

minerals particularly P and Mg and Fe of control TKF and

WKF were significantly enhanced after incorporating

FBFPF as the starter. The increment in P content during

fermentation may have been due to the activity of the

phytase microbial enzyme, which hydrolyzes phytate,

thereby releasing more P from phenolic compounds.

Increase in mineral contents of the Kisra was observed

with increasing FBFPF levels with the exception of Fe,

where no significant improvement was observed after fer-

mentation of the Kisra with FBFPF. This could be attrib-

uted to high mineral content of baobab fruit pulp flour as

reported in a previous study (Muthai et al. 2017) and in our

preliminary investigation on FBFPF at different fermenta-

tion periods (data not shown). These values were high as

compared to the values obtained with fermented sorghum

genotypes flour (Afify et al. 2012).

Among the major minerals, the HCl extractability

analysis revealed that Na was the most available mineral,

while Mg was the least available mineral for both TKF and

WKF (Table 3). HCl extractability of Fe of TKF and WKF

without FBFPF addition was 49.50 and 50.58%, respec-

tively. The HCl extractability of the minerals was enhanced

after fermentation of the sorghum genotypes with FBFPF

as starter. In a similar study, Sokrab et al. (2014) reported

that fermentation of high and low phytate corn genotypes

improved the HCl extractability of Na and Ca. The

improvement in the HCl extractability of the minerals of

the genotypes may be due to hydrolysis of phytate and

tannin by the released phytase and tannase, respectively

Table 1 Chemical composition of Tabat and Wad-Ahmed sorghum-based Kisra flour prepared with different levels of fermented baobab fruit

pulp flour (FBFPF)

Sample FBFPF level

(g FBFPF/100 g flour)

Moisture (%) Ash (%) Protein (%) Fat (%) Fiber (%) Carbohydrate (%)

TKF 0 5.17 ± 0.04cd 1.32 ± 0.03d 10.01 ± 0.01d 1.66 ± 0.00a 2.75 ± 0.06c 79.09 ± 0.08a

25 5.25 ± 0.02a 1.37 ± 0.01c 10.07 ± 0.02c 1.60 ± 0.04b 2.85 ± 0.00b 78.86 ± 0.06b

50 5.22 ± 0.01ab 1.39 ± 0.02c 10.09 ± 0.05c 1.49 ± 0.07c 2.95 ± 0.03a 78.86 ± 0.05b

75 5.13 ± 0.02d 1.46 ± 0.04b 10.39 ± 0.03b 1.27 ± 0.10d 3.00 ± 0.02a 78.75 ± 0.03c

100 5.20 ± 0.02bc 1.65 ± 0.01a 10.48 ± 0.02a 1.06 ± 0.07e 3.05 ± 0.04a 78.56 ± 0.04d

WKF 0 5.06 ± 0.02b 1.29 ± 0.03d 9.95 ± 0.04e 1.89 ± 0.04a 2.55 ± 0.08d 79.26 ± 0.07a

25 5.02 ± 0.03c 1.34 ± 0.02c 10.09 ± 0.01d 1.69 ± 0.05b 2.75 ± 0.04c 79.11 ± 0.08ab

50 5.08 ± 0.01b 1.36 ± 0.01c 10.27 ± 0.14c 1.55 ± 0.04c 2.80 ± 0.02c 78.94 ± 0.09b

75 5.13 ± 0.00a 1.48 ± 0.05b 10.42 ± 0.08b 1.60 ± 0.01c 2.95 ± 0.02b 78.42 ± 0.12c

100 5.01 ± 0.01c 1.57 ± 0.04a 10.93 ± 0.03a 1.43 ± 0.06d 3.00 ± 0.01a 78.06 ± 0.07d

TKF Tabat Kisra flour; WKF Wad-Ahmed Kisra flour

Mean value(s) having same superscript(s) in a column are not significantly different (P B 0.05)
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during fermentation. The dephosphorylation mechanism

involves the removal of phosphate groups from the inositol

ring of phytate, which decreases the strength of mineral

binding to phytate, thereby enhancing the bioavailability of

essential minerals (Sandberg et al. 1999). The mineral

extractability of both Kisras increased progressively and

significantly (P B 0.05) with the starter (FBFPF) levels,

except for K and P of WKF and K of TKF, which were

extracted best in samples prepared with 25 and 50 g

FBFPF/100 g flour for WKF and TKF, respectively. This

increase could be attributed to the high mineral

extractability of the FBFPF starter (Abdalla et al. 2010).

Furthermore, the Fe extractability of TKF and WKF

prepared with 100 g FBFPF/100 g flour were also

enhanced (P B 0.05) to 52.01 and 51.77%, respectively.

The obtained values were high as compared to that of

fermented sorghum genotypes flour reported by Idris et al.

(2005).

Effect of FBFPF starter levels on amino acid profile

of TKF and WKF

Table 4 shows the changes in the amino acids profiles of

Kisra fermented with different levels of FBFPF starter. The

essential amino acid composition of TKF and WKF pre-

pared without FBFPF addition ranged from 14.3–211.6 to

Table 2 Minerals content (mg/100 g) of Tabat and Wad-Ahmed sorghum-based Kisra flour prepared with different levels of fermented baobab

fruit pulp flour (FBFPF)

Sample FBFPF level

(g FBFPF/100 g flour)

Na K Ca Mg P Fe

TKF 0 12.50 ± 0.12d 265.00 ± 0.94e 22.00 ± 1.17e 280.30 ± 0.17e 300.00 ± 1.27c 5.94 ± 0.04a

25 12.75 ± 0.13cd 275.05 ± 0.99d 27.77 ± 0.91d 281.52 ± 0.08d 306.33 ± 1.06b 5.96 ± 0.03a

50 12.98 ± 0.11c 286.51 ± 0.24c 33.55 ± 1.33c 282.75 ± 0.42c 312.65 ± 1.27b 5.97 ± 0.04a

75 13.24 ± 0.03b 298.02 ± 0.37b 39.32 ± 1.10b 283.97 ± 0.06b 318.98 ± 1.59b 5.98 ± 0.05a

100 13.48 ± 0.15a 308.13 ± 2.05a 45.10 ± 1.52a 285.20 ± 0.18a 325.30 ± 1.41a 5.99 ± 0.01a

WKF 0 12.50 ± 0.03e 285.50 ± 1.53d 26.00 ± 1.16e 292.10 ± 0.52d 310.00 ± 1.06e 5.98 ± 0.09a

25 12.72 ± 0.04d 288.66 ± 1.65d 31.67 ± 0.65d 292.91 ± 0.26d 316.72 ± 1.57d 5.99 ± 0.09a

50 12.94 ± 0.05c 305.24 ± 1.26c 37.35 ± 0.62c 293.89 ± 0.38c 322.16 ± 1.59c 5.99 ± 0.07a

75 13.16 ± 0.05b 315.97 ± 1.65b 43.03 ± 1.06b 294.84 ± 0.23b 328.24 ± 1.20b 6.01 ± 0.06a

100 13.37 ± 0.04a 326.30 ± 1.04a 48.70 ± 0.45a 295.79 ± 0.29a 334.32 ± 1.50a 6.01 ± 0.04a

TKF Tabat Kisra flour; WKF Wad-Ahmed Kisra flour

Mean value(s) having same superscript(s) in a column are not significantly different (P B 0.05)

Table 3 Minerals extractability (%) of Tabat and Wad-Ahmed sorghum-based Kisra flour prepared with different levels of fermented baobab

fruit pulp flour (FBFPF)

Sample FBFPF level

(g FBFPF/100 g flour)

Na K Ca Mg P Fe

TKF 0 84.40 ± 0.15e 74.79 ± 0.10c 49.82 ± 0.12e 48.71 ± 0.06e 66.67 ± 0.08a 49.50 ± 0.09e

25 85.57 ± 0.08d 76.05 ± 0.03b 52.15 ± 0.06d 56.10 ± 0.04d 65.78 ± 0.09b 50.66 ± 0.08d

50 86.36 ± 0.07c 76.27 ± 0.07a 52.89 ± 0.05c 56.81 ± 0.07c 65.47 ± 0.02c 51.88 ± 0.00c

75 86.72 ± 0.16b 74.54 ± 0.09d 53.65 ± 0.17b 57.20 ± 0.89b 64.91 ± 0.16d 51.95 ± 0.05b

100 87.34 ± 0.14a 73.60 ± 0.36e 54.13 ± 0.15a 58.69 ± 0.10a 64.30 ± 0.05e 52.01 ± 0.01a

WKF 0 89.20 ± 0.09e 68.97 ± 0.05c 43.16 ± 0.12e 42.29 ± 0.79e 54.48 ± 0.01e 50.58 ± 0.01e

25 89.75 ± 0.25d 69.45 ± 0.08a 46.75 ± 0.10d 47.25 ± 0.42d 54.74 ± 0.03a 51.39 ± 0.09d

50 90.22 ± 0.16c 69.09 ± 0.07b 47.48 ± 0.08c 48.59 ± 0.09c 54.66 ± 0.01b 51.55 ± 0.04c

75 90.74 ± 0.35b 68.04 ± 0.09d 48.32 ± 0.15b 49.25 ± 0.20b 54.57 ± 0.04c 51.62 ± 0.01b

100 91.17 ± 0.13a 67.06 ± 0.08e 49.04 ± 0.08a 51.60 ± 0.70a 54.53 ± 0.00d 51.77 ± 0.07a

TKF Tabat Kisra flour; WKF Wad-Ahmed Kisra flour

Mean value(s) having same superscript(s) in a column are not significantly different (P B 0.05)
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18.9–273.2 mg/100 g, with methionine and histidine hav-

ing the lowest values, respectively. Leucine was the max-

imum essential amino acid found in both genotypes.

Moreover, proline and tryptophan were the highest and

lowest non-essential amino acids, respectively found in

both Kisra types. Fermentation of the sorghum genotypes

with FBFPF as starter increased the amino acids with the

exception of glycine, tyrosine, glutamic acid, serine and

prolein of TKF and cysteine and serine of WKF. Increase

in FBFPF levels further enhance the amino acid content of

the Kisra with the highest values being observed in those

fermented with 100 g FBFPF/100 g flour. The increase in

amino acids after fermentation may be due to the metabolic

activity of microorganisms involved in fermentation

through which some amino acids might be utilized and

others might be produced. Similarly, increase in amino

acids of baobab seeds following fermentation has been

reported (Parkouda et al. 2015) and this may have con-

tributed to the amino acids of the Kisra. Regardless of the

fermentation treatment, all the essential amino acids of the

samples were lower than those of recommended levels

(FAO/WHO/UN 1985) except leucine and lysine of WKF

fermented with 100 g FBFPF/100 g flour those have higher

and comparable values to that of RDA.

Effect of FBFPF starter levels on antinutritional

factors, IVPD, IVSD and AA of TKF and WKF

The effects of FBFPF levels on the antinutritional factors,

IVPD and IVSD of Kisra breads prepared from fermented

Tabat and Wad-Ahmed sorghum flours are shown in Fig. 1.

Samples TKF and WKF without FBFPF addition displayed

the highest contents of tannin (0.388 and 0.487%, respec-

tively) and phytate (205.41 and 247.8 mg/100 g, respec-

tively) (Fig. 1a, b). Also, the IVPD of the control TKF and

WKF samples were 70.94 and 68.92%, respectively

(Fig. 1c) while the IVSD of the samples were 52.59 and

23.92%, respectively (Fig. 1d). The values of IVPD were

within the range (49.25–55.85%) reported by Awadelka-

reem et al. (2009) for sorghum flours.

Figure 1 reveals that incorporation of FBFPF as starter

in the fermentation of the sorghum genotypes significantly

(P B 0.05) reduced the phytate and tannin contents. Also,

further significant reduction (P B 0.05) in the antinutrients

was observed with increase in levels of BFPF starter.

However, sharp rise in IVPD and IVSD were evident fol-

lowing the incorporation of FBFPF, and this was more

pronounced as FBFPF level increased. Previous study has

reported decrease in the level of phytic acid of fermented

sorghum grains (Idris et al. 2005) and this was attributed to

Table 4 Amino acid contents

(mg/100 g) of Tabat and Wad-

Ahmed sorghum-based Kisra

flour prepared with different

starter levels of fermented

baobab fruit pulp flour (FBFPF)

Amino acids TKF WKF RDA

FBFPF levels (g BFPF/100 g flour) FBFPF levels (g BFPF/100 g flour)

0 25 50 75 100 0 25 50 75 100

Essential AA

Histidine 24.5 30.4 50.0 71.1 99.8 18.9 20.4 31.5 67.9 103.4 140

Isoleucine 98.6 109.0 139.1 173.2 179.3 99.5 118.8 127.0 186.7 231.5 400

Threonine 115.8 128.8 41.1 200.0 245.3 147.9 150.9 194.5 283.8 386.3 400

Phenylalanine 153.9 187.3 258.3 223.7 349.3 162.2 201.6 217.4 322.3 432.7 680

Methionine 14.3 27.4 34.4 55.4 77.7 25.2 22.6 30.0 61.9 84.4 352

Leucine 211.6 303.3 423.8 573.9 663.9 273.2 293.4 385.1 652.5 854.8 704

Lysine 49.1 82.2 150.8 294.4 425.1 29.7 107.9 177.6 349.1 541.4 544

Non-essential AA

Valine 263.3 294.7 359.8 446.9 472.6 279.8 339.7 364.6 542.8 667.1

Cystine 41.0 86.3 93.5 111.1 133.6 48.0 40.7 62.7 109.3 166.0

Alanine 534.2 708.2 812.7 967.8 1172.3 522.0 570.1 689.5 1022.6 1400.3

Glycine 122.0 113.9 143.0 195.0 215.7 90.4 122.1 116.0 193.8 270.2

Tyrosine 124.7 120.5 153.7 178.4 199.8 64.6 170.4 71.4 115.6 202.2

Glutamic acid 89.7 75.4 78.2 102.4 110.6 100.8 133.3 127.9 178.5 205.4

Aspartic acid 79.1 83.0 90 97.0 74.2 88.4 91.0 74.1 90.5 191.9

Serine 50.0 42.8 8.50 65.9 69.1 72.2 67.4 84.8 119.0 145.6

Arginine ND ND 7.7 12.1 8.3 9.1 13.0 12.6 8.6 9.6

Prolein 627.7 589.2 670.8 830.3 782.7 428.4 479.5 489.8 637.4 800.9

Tryptophan ND ND 36.1 72.2 80.8 ND ND 48.3 87.9 114.7

TKF Tabat Kisra flour; WKF Wad-Ahmed Kisra flour; AA amino acid; RDA recommended daily allowance
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the action of enzyme, phytase, released during fermenta-

tion. Also, the reduction in the level of tannin in Kisra

prepared with FBFPF starter may be attributed to the action

of tannase produced by microorganisms during fermenta-

tion. According to Hassan and El Tinay (1995), fermen-

tation can cause changes in the fractions of endosperm

protein, which renders starch more accessible to the

digestive enzyme, which may result in an increased IVSD.

The results of the AA as shown in Fig. 1e revealed that

both the control TKF and WKF samples and those of Kisra

fermented with FBFPF starter had no AA value. However,

fermentation of the sorghum genotypes with FBFPF starter

at levels higher than 25 g FBFPF/100 g lead to significant

rise in AA of both Kisras. This could be due to high

ascorbic acid contents present in baobab fruit pulp as

reported by Abdalla et al. (2010) and our preliminary
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Fig. 1 Anti-nutrients contents, in vitro protein and starch digestibility

and ascorbic acid content of Tabat and Wad-Ahmed sorghum-based

Kisra prepared with and without FBFPF. TKF Tabat kisra flour; WKF

Wad-Ahmed Kisra flour; FBFPF baobab fruit pulp flour; IVPD

in vitro protein digestibility; IVSD in vitro starch digestibility; AA

ascorbic acid
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results on the FBFPF subjected to different fermentation

periods (data not shown).

Effect of FBFPF starter levels on sensory attributes

of TKF and WKF

Table 5 shows the sensory evaluation of Kisra as influ-

enced by fermentation with different levels of FBFPF.

Fermentation of the sorghum genotypes with FBFPF

improved the sensory traits of TKF with those treated with

50% FBFPF exhibiting the best attributes, although not

significantly different from other treated samples. Simi-

larly, higher sensory attributes was observed in WKF fol-

lowing the addition of 75 and 100% FBFPF levels. Baobab

fruit pulp had better sensory attributes and is widely con-

sumed by majority of people in Sudan and this could have

contributed to the improvement in the overall sensory

attributes of the Kisra.

Conclusion

The use of fermented baobab fruit pulp flour as starter in

the fermentation of sorghum flour used for Kisra prepara-

tion greatly lowered the antinutritional factors of the fer-

mented sorghum dough product. Furthermore, fermentation

with FBFPF starter is considered as a powerful method in

improving the nutritional, total and extractable minerals

and sensory attributes of sorghum products such as Kisra.
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