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Abstract: In this study two cultivars of pearl millet (Ugandi and Dembi yellow) were subjected to

fermentation, damirga preparation and sprouting. These caused appreciable changes in the chemical

composition (moisture, ash, fibre, protein and oil contents), but markedly reduced the minerals contents

(Na, K, Mg, Cu, Fe, Mn and Zn) of pearl millet.
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INTRODUCTION

Pearl millet (Pennisetum glaucum) has been

important staple in the semi –arid tropics of Asia and

Africa for centuries.The crop is a still principal source

of energy, protein, vitamins and minerals for millions

of the poorest people in these regions . In Sudan,[1 4 ]

pearl millet is grown as multipurpose crop, providing

food, feed, construction materials, and fuel in the

rainfed areas principally in the western region (Dar-fur

and Kordofan), where pearl millet is an important part

of the staple diet for a large section of population and

contributes a major part of the nutrient requirements .[1]

Pearl millet is a good source of essential minerals.

However, owing to the presence of certain antinutrional

factors including phytic acid and polyphenols, the

availability of the minerals from pearl millet in human

system may be low. Natural fermentation of pearl

millet flour has been reported to increase the nutritional

value of this course grain, digestibility of the proteins

and carbohydrates and the HCl-extractability of the

minerals along with reduction in the level of phytic

acid .[18]

The objectives of the present investigation were to

study the effect of fermentation, damirga preparation

and sprouting on the chemical composition and mineral

content of pearl millet.

MATERIALS AND METHODS

Materials: Two pearl millet cultivars, Ugandi and

Dembi yellow were procured from Elobied Agricultural

Research Station, Sudan. The seeds of each cultivar

were cleaned from damaged grains, foreign materials

and broken seeds then processed to three products,

fermented dough, damirga flour and sprouted pearl

millet flour.  

Fermentation: Fermented dough was obtained

according to the method used in Sudanese homes as

described by El Tinay et al. . whole millet flour was[13]

mixed with water (1:2 ratio) in a plastic laboratory

beaker, a starter from previously fermented dough

(Khumar) was then added to the mixture of flour and

water (The starter of each dough was of the same

cultivar of millet and was about 10% of the dough

volume). The mixture was then incubated for 14 hours

at 37 °C; the fermented samples were then dried in an

air oven at 70 °C.

Damirga Flour Preparation: Damirga flour was

prepared traditionally as described by Abdalla et al. .[2]

The grains were first moistened with water

(approximately 20% of their weight) and then hand-

pounded by wooden mortar and pestle until the

required degree of dehulling was reached (about 30

min.). The grains were then winnowed in the

winnowing basket to remove the hulls. The bran–free

Kernels were soaked in water (1:2 ratio) and fermented

for 72 h at ambient temperature (30±2°C). Water was

then decanted and the fermented dehulled grains were

sun dried and finely ground (1 mm mesh) in Grain

Mills type 120 No. 69444, RPM 2800. 
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Sprouting: The sprouting of pearl millet was carried

out according to the method of Bhise et al.  with[7]

some modifications. Pearl millet grains were steeped in

distilled water for 24 h. The water was then decanted

and seeds incubated in wooden trays covered with gane

at ambient temperature (30±2°C) and germinated for 3

days. Water was sprinkled on the grains every day to

avoid drying. The germinated grains were then sun

dried. The root portions were manually removed. The

grains were milled into fine flour, passing a 1mm mesh

using Grain Mills type 120 NO. 69444, RPM 2800.The

samples were kept in polyethylene sacks in a

refrigerator.

Chemical Analysis: AOAC (1984) methods were

followed in the determination of protein (N × 6.25)

(7.016), ash (14.006), fibre (7.057), oil (7.048) and

moisture (7.003) contents. Minerals were determined by

atomic absorption spectrophotometry (Hanson, 1973)

using SP 3110 Perkin Elmer spectrophotometer. The

results were expressed on a dry matter basis.

Statistical Analysis: Each sample was analysed in

triplicate and the figures were then averaged. Data

were assessed by analysis of variance (ANOVA), [24]

using CRD and by Duncan’s multiple range test with

a probability P#0.05 .[10]

RESULTS AND DISCUSSION

Effect of Domestic Processing on the Chemical

Composition of Pearl M illet: The chemical

composition of Ugandi and Dembi yellow cultivars as

well as their processed products are shown in Table 1.

Moisture: Results showed that fermentation, damirga

preparation and sprouting significantly (P< 0.05)

decreased the moisture content of the two cultivars

sequentially from 6.74 to 5.43, 5.90 and 5.81% for

Ugandi, and from 6.76 to 5.35, 5.49 and 6.3% for

Dembi yellow. Ahmed (1999) found that natural

fermentation for 12 h at 30 C reduced the moistureo

content of two pearl millet cultivars from 6.7 to 3.63%

and from 6.5 to 3.06%. Abdelnour  reported that two[3]

levels of decortication significantly reduced moisture

content of pearl millet from 9.75 to 9.6 and 9.5%.

Ash: Data presented in Table 1, indicated that

fermentation significantly (P< 0.05) increased the ash

content of the two cultivars to 1.88% for Ugandi and

1.87% for Dembi yellow. Obizoba and Atii  found[23]

that fermentation at room temperature for 36, 48, 72

and 96 h increased the ash content of pearl millet from

1.1% to 2, 3.4, 3.8 and 2.5%, respectively. However,

Khetarpaul and Chauhan  stated that, irrespective of[18]

temperature, natural lactic acid fermentation had no

effect on ash content.

Damirga preparation significantly (P< 0.05)

reduced the ash content to 1.23% for Ugandi and

1.07% for Dembi yellow cultivar. Elnour et al. [12]

stated that the traditional procedure used in Western

Sudan for preparation of pearl millet diet from

fermented dehulled seed, markedly reduced the ash

content that could be attributed to the separation of

mineral rich glumes and the removal of pericarp during

the process.

Sprouting significantly (P< 0.05) increased the ash

content of Ugandi from 1.59 to 1.85%, while it

decreased that of Dembi yellow from 1.79 to 1.53%.

Malleshi and Desikachar  showed that germination at[21]

25 C for 48 h increased the ash content of pearl milleto

from 2 to 2.2%, while Dendy  reported a reduction[9]

from 4.1 to 3.2% in ash content of pearl millet as a

result of germination.

Fibre: Fermentation was found to cause a significant

(P< 0.05) decrease in fibre content for both cultivars.

The decrease has been from 3.59 to 2.54% for Ugandi

and from 4.18 to 2.89% for Dembi yellow. Damirga

flour prepared from each of Ugandi and Dembi yellow

cultivars showed a significantly (P< 0.05) lower values

of 2.66 and 2.57% fibre, respectively, compared to

their raw flour. These findings were in good agreement

with the results of Abdelnour  who found that two[3]

rates of dehulling reduced the fibre content of pearl

millet from 1.1% to 0.75 and 0.55%. As damirga

preparation involves dehulling steps, the reduction in

fibre content of the raw pearl millet grain during the

process, may be due to the removal of the bran and the

outer layers of the seed.

Sprouting significantly (P< 0.05) elevated the fibre

content from 3.59 to 4.04% and from 4.18 to 4.72%

for Ugandi and Dembi yellow, respectively. Results

obtained in this study were compatible with the earlier

findings of Dendy  and Malleshi and Desikachar [9] [21]

who noticed an increase in fibre content of pearl millet

on malting. 

Fat: Fermentation significantly (P< 0.05) decreased the

fat content to 3.7 and 3.82% for the two cultivars

respectively. These values were in consistent with

results of Khetarpaul and Chauhan  who reported[18]

th a t  se q u e n t ia l  c u l tu r e  fe r m e n ta t io n  u s in g

Saccharomyces and Lactobacilli reduced fat content of

pearl millet from 6.42 to 5.17%. Obizoba and Atii [23]

suggested that, the reduced fat content might be due to

the utilization of fat as energy source by the fermenting

organisms.
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Damirga flour obtained from Ugandi and Dembi

yellow cultivars was found to contain significantly (P<

0.05) lower fat content (3.73 and 3.86%, respectively)

compared to their starting materials, which is similar to

the results obtained by Dendy  who reported 1.3%[9]

reduction in fat content of pearl millet due to

dehulling. The losses of fat could be attributed to the

separation of the germ during dehulling and/or its

subsequent loss into the decanted water during the

course of damirga preparation.

Concerning the effect of sprouting on the fat

content of the two cultivars studied, the mean

separation revealed a highly significant difference

between the products and their original materials. The

fat content had been reduced to 3.67 and 3.74% for

Ugandi and Dembi yellow, respectively. Present results

agreed with work of Dendy  who found that[9]

sprouting decreased the oil content of pearl millet from

7.5 to 2.5%. Also Malleshi and Desikachar [21]

confirmed that malting for 48 h at 25 C reduced theo

lipids of pearl millet from 5.4 to 4.8%. Interestingly, El

Maki et al.  noticed a reduction in fat content during[11]

germination of two sorghum cultivars, which was

attributed to the utilization of fat as energy source

during sprouting.

Protein: Fermentation significantly (P< 0.05) increased

the protein content of Ugandi from 10.2 to 10.68%, but

insignificantly decreased protein content of Dembi

yellow from 11.44 to 11.29%. Alhag  mentioned that[5]

fermentation significantly increased protein content of

Ugandi cultivar from 16.3 to 17.5%. Also Obizoba and

Atii  reported an increase in protein content of pearl[23]

millet from 8.8 to 12.2% as affected by fermentation.

The improved protein content of Ugandi cultivar can be

attributed to microbial synthesis of protein from

metabolic intermediates during their growth cycle .[13]

Abdalla et al.  stated that traditional fermentation[2]

caused a non-significant reduction in protein content of

pearl millet. Kheterpaul and Chauhan  found that[18]

natural fermentation brought about a marginal non-

significant reduction in protein content of pearl millet,

and justified that by the action of some strains of

bacteria known to possess deaminases; thus increasing

protein catabolism and therefore account for the loss of

protein by escaping ammonia.

Damirga flour prepared from the two cultivars

showed a significantly (P< 0.05) lower protein content

compared to the raw flour; the decrease being from

10.24 to 9.12% for Ugandi and from 11.44 to 10.18%

for Dembi yellow, which agreed with the findings of

Abdalla et al.  who reported that damirga preparation[2]

decreased the protein content of three pearl millet

genotypes by 11.3 – 12.4%. Abdelnour  found that[3]

dehulling reduced protein content of two different

varieties of pearl millet from 14.8 to 13.5% and from

18.0 to 17.4%. The losses in protein content may be

ascribed to the removal of hull and elimination of some

of the protein-rich aleurone cells .[2]

Protein content of sprouted seeds of Ugandi and

Dembi yellow were 11.24 and 12.87%, respectively. A

highly significantly increase (P< 0.05) was observed in

protein content between the germinated and

ungerminated seeds. Dendy  found that sprouting[9]

improved protein content of pearl millet from 8.6 to

11.5%. Also Obizoba and Atii  reported elevated[23]

protein content from 7% to 8.89.6, 9.8, 9.5 and 9.6%

due to malting of pearl millet at 25 C for 24, 36, 48,o

72 and 96 h, respectively.

Effect of Processing on the Mineral Content of Pearl

Millet: Minerals of the two cultivars and their products

are presented in Table 2.

Sodium: Data indicated that processing significantly

(P< 0.05) reduced Na content of Ugandi to 1.42, 1.83

and 1.83% as a result of fermentation, damirga

preparation and sprouting, respectively, but resulted in

a non-significant reduction of Dembi yellow to 1.85,

1.78 and 1.84% as a result of fermentation, damirga

preparation and sprouting, respectively. Abdalla et al.

 concluded that damirga flour showed marginal and[2]

insignificant decrease in Na content compared to the

whole flour. Kumar and Chauhan  observed that[18]

germination did not significantly alter the concentration

of minerals in pearl millet.

Potassium: Data showed that fermentation, damirga

preparation and sprouting significantly (P< 0.05)

decreased K content of Ugandi to 36.09, 30.58 and

29.94 mg/g, respectively. There was no significant

difference in K content between the damirga flour and

that of the sprouted grains the values are 30.58 and

29.94 mg/g, respectively. The same treatments

significantly (P#0.05) lowered the K level of Dembi

yellow to 30.48, 26.83 and 28.01 mg/g, respectively.

Abdalla et al.  reported that K content of IS880004[2]

pearl millet genotype was significantly lowered during

damirga preparation. However, Ahmed  stated that[4]

fermentation has no effect on the total mineral content

of pearl millet.

Calcium: As shown in Table 2, domestic fermentation

and damirga preparation significantly (P< 0.05)

reduced, nearly to the same extent, Ca content of the

two cultivars by about 34%. On the other hand,

sprouting reduced Ca content of Ugandi to 15.92

mg/100g and dramatically lowered that of Dembi

yellow to 10.67 mg/100g. Monawar (1983) reported

decreased Ca content from 20 to 10 mg/100g for 80%
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extracted pearl millet. Also Sotelo et al.  found that[25]

the removal of rice hull diminished Ca. Later studies
indicated that Ca content of pearl millet was unaffected
by fermentation , but germination insignificantly[4 ]

reduced it .[19]

Magnesium: Results indicated that fermentation,
damirga preparation and sprouting significantly (P<
0.05) reduced Mg content of Ugandi cultivar to 105.25,
102.37 and 102.45 mg/100g, and that of Dembi yellow
to 94.89, 100.98 and 100.88 mg/100g, respectively.
There was no significant variation in Mg content
between the damirga flour and that of the malt flour
for the two cultivars. Abdalla et al.  stated that[2]

damirga flour contained significantly lower Mg content
compared to the whole flour. Ahmed  found that[4]

natural fermentation insignificantly affected Mg content
of pearl millet.

Copper: Fermentation marginally reduced Cu content
of Ugandi to 3.74ìg/g, while Cu content of Dembi
yellow was not affected. Damirga preparation
significantly (P< 0.05) reduced Cu content of the two
cultivars to 3.08 and 2.88ìg/g, respectively, which in
line with results of Abdalla et al. . Sprouting greatly[2]

decreased the Cu content of Ugandi to 3.27ìg/g, but
slightly reduced that of Dembi yellow to2.93ìg/g.
Obizoba and Atii  reported that sprouting of pearl[23]

millet for 72 h elevated Cu content from 3.0 to
4.2ìg/g.

Iron: Fermentation significantly (P< 0.05) decreased
the Fe content of Ugandi to the value of 146.33ìg/g,
while insignificantly decreased the Fe content of Dembi
yellow to 170.62ìg/g. Both damirga preparation and
sprouting significantly (P< 0.05) reduced the Fe content
of the two cultivars sequentially to 148.78 and
155.03ìg/g for Ugandi and to 147.07 and 156.53ìg/g
for Dembi yellow. It is clear that the influence of
damirga processing was more pronounced. Kumar and
Chauhan  stated that natural fermentation and[18]

malting insignificantly affected Fe content. Bookwalter
et al.  reported a decrease from 0.07 to 0.02 mg/g in[8]

Fe content of pearl millet as a result of 50% mill
extraction. Abdalla et al.  observed a significant[2]

reduction in Fe content of three pearl millet genotypes
during damirga preparation.

M anganese: Fermentation and sprouting were
significantly (P # 0.05) reduced the Mn content of
Ugandi to 19.54 and 17.33ìg/g, respectively. In
contrast to that the content of Mn for Dembi yellow
was not affected by the preceding treatments. However,
Ahmed  confirmed that natural fermentation had no[4]

effect on Mn content of pearl millet. Damirga
preparation markedly lowered the Mn content of
Ugandi to 11.80ìg/g and that of Dembi yellow to
13.75ìg/g. During preparation of damirga, Abdalla et
al.  observed a significant reduction in Mn content.[2]

Table 1: Effect of processing on the chemical composition of pearl millet

Moisture (%) Ash (%) Fibre (%) Fat (%) Protein (%)

1.59 + (0.12) 3.59 + (0.06) 4.61 + (0.05) 10.20 + (0.12)Ugandi Raw 6.74 + (0.03) b b a c
a

---------------------------------------------------------------------------------------------------------------------------------------------------------------

1.88 + (0.04) 2.54 + (0.11) 3.70 + (0.11) 10.68 + (0.01)Dough 5.43 + (0.03) a d b b
d

---------------------------------------------------------------------------------------------------------------------------------------------------------------

1.23 + (0.03) 2.66 + (0.11) 3.73 + (0.16)   9.12 + (0.01)Damirga 5.90 + (0.01) c c b d
b

---------------------------------------------------------------------------------------------------------------------------------------------------------------
Sprouted 5.81 + (0.04) 1.85 + (0.07) 4.04 + (0.16) 3.67 + (0.24) 11.24 + (0.06)c a a b a

1.79 + (0.11) 4.18 + (0.11) 5.25 + (0.06) 11.44 + (0.10)Dembi yellow Raw 6.76 + (0.04) b b a b
a

---------------------------------------------------------------------------------------------------------------------------------------------------------------

1.87 + (0.05) 2.98 + (0.12) 3.82 + (0.14) 11.29 + (0.14)Dough 5.35 + (0.05) a c b b
d

---------------------------------------------------------------------------------------------------------------------------------------------------------------

1.07 + (0.03) 2.57 + (0.16) 3.86 + (0.12) 10.18 + (0.16)Damirga 5.49 + (0.11) d d b c
c

---------------------------------------------------------------------------------------------------------------------------------------------------------------
Sprouted 6.30 + (0.11) 1.53 + (0.06) 4.72 + (0.15) 3.74 + (0.01) 12.87 + (0.15)b c a c a

Each value is an average of three experimental samples analyzed in triplicate and expressed on dry matter basis.
Values are means + (standard deviation).
M eans not sharing a common superscript letter in a column are significantly different at P< 0.05 as assessed by Duncan’s multiple-Range test.

Table 2: Effect of processing on the minerals content of pearl millet.
Na  (mg/g) K   (mg/g) Ca    (mg/100g) Mg  (mg/100g) Cu   (ìg/g) Fe     (ìg/g) Mn    (ìg/g) Zn      (ìg/g)

38.48+(1.78) 16.08+(0.01) 121.97+(1.48) 3.89+(0.09) 186.57+(1.05)Ugandi Raw 2.08+(0.10) a a a a a 20.98+(1.39) 72..90+(0.36)a a a

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

36.09+(1.00) 10.58+(0.01) 105.25+(1.77) 3.74+(0.40) 146.33+(0.22) 19.54+(0.80) 57.31+(1.12)Dough 1.42+(0.35) b d b b d b c
c

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

30.58+(0.11) 10.63+(0.01) 102.37+(2.21) 3.08+(0.11) 148.78+(1.11) 11.80+(0.46) 44.59+(1.06)Damirga 1.83+(0.10) c c c d c d d
b

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Sprouted 1.83+(0.10) 29.94+(0.09) 15.92+(0.06) 102.45+(1.05) 3.27+(0.09) 155.03+(0.96) 17.33+(0.35) 59.56+(1.03)b c b c c b c b

Raw 31.64+(0.01) 16.09+(0.06) 104.38+(0.59) 3.20+(0.08) 170.88+(0.32) 21.48+(0.64) 67.33+(0.03)Dembi yellow 1.93+(0.10) a a a a a a a
a

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

31.48+(0.56) 10.46+(0.01)   94.89+(1.37) 3.20+(0.11) 170.62+(0.33) 21.54+(0.22) 60.49+(3.24)Dough 1.85+(0.09) b d c a a a c
a

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

26.83+(3.49) 10.58+(0.01) 100.98+(1.01) 2.88+(0.08) 147.07+(0.38) 13.75+(1.05) 54.11+(1.96)Damirga 1.78+(0.06) d c b c c b d
a

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Sprouted 1.84+(0.10) 28.01+(1.56) 10.67+(0.01) 100.88+(1.03) 2.93+(0.05) 156.53+(0.20) 21.70+(0.94) 64..39+(2.22)a c b b b b a b

Each value is an average of three experimental samples analyzed in triplicate and expressed on dry matter basis.
Values are means + (standard deviation).
Means not sharing a common superscript letter in a column are significantly different at P< 0.05 as assessed by Duncan’s multiple-Range test.
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Zinc: Fermentation, damirga preparation and sprouting

significantly (P< 0.05) reduced Zn content of Ugandi

cultivar from 72.90 to 57.31, 44.59 and 59.56ìg/g; and

from 67.33 to 60.49, 54.11 and 64..39ìg/g for Dembi

yellow, respectively. Fermentation and sprouting,

however, slightly reduced the Zn content compared to

damirga preparation. Bookwalter et al.  found that[8]

50% extraction rate reduced Zn content of pearl millet

from 23 to 18ìg/g. Obizoba and Atii  reported that[23

sprouting for 24, 36, 48, 72 and 92 h increased Zn

content of pearl millet from 13.6 to 14.6, 16.1, 16.8,

17 and 18.5ìg/g, respectively.

Conclusions: Processing was found to cause

appreciable changes in the chemical composition viz.

moisture, ash, fibre, fat and protein of the two cultivars

tested. Moisture and oil contents were significantly (P

£0.05) reduced due to fermentation, damirga

preparation and sprouting. Fermentation significantly (P

£ 0.05) increased the ash and protein content,  but

significantly (P£ 0.05) reduced the fibre content.

Damirga preparation significantly (P £ 0.05) lowered

ash, protein and fibre content. On the other hand,

sprouting significantly (P£ 0.05) enhanced the fibre and

protein content, but mineral contents of the two

cultivars were markedly reduced during the processing

methods used.
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