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Abstract: In this study three types of Jir (traditional starch), Khadim, Rigeiba and Jir Hur, in addition

to laboratory starch were extracted from two pearl millet cultivars (Ashana and Dembi) and examined for

chemical composition and functional properties. Also, the potentiality of using the extracted starch as a

substitute for corn starch in conventional custard powder was tested. The three types of Jir showed

significantly (P#0.05) higher ash, fibre, protein, Na, P, Fe, water absorption capacity, fat absorption

capacity and gelatinization temperature; but significantly (P#0.05) lower fat, K, bulk density, dispersibility

and wettability grade compared to the laboratory starch. The organoleptic quality of custard products

prepared from laboratory starch and Jir hur extracted from Ashana cultivar proved to be significantly (P#

0.05) inferior in sensory qualities than that produced from laboratory starch and Jir Hur isolated from

Dembi.
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INTRODUCTION

Pearl millet (Pennisetum glaucum (L) is a

traditional crop in West Africa, particularly in the

Sahel, in centre, east and south of Africa and in India,

Pakistan and along the southern coast of Arabian

Peninsula. Pearl millet can be grown on poor sandy

soils in dry areas that are unsuitable for maize sorghum

or finger millet . Millet is grown mostly in the arid [15]

western part of the Sudan (Darfur and Kordofan

regions) where climatic conditions permit only millet

production. Pearl millet is known to contain a higher

protein content and better amino acid balance than

sorghum. The higher ratio of germ to endosperm is

responsible for the higher protein content . Also[12]

millet is known to be non-pellagragenic .[30]

Millet is the main food for the western Sudanese

people in several types of food dishes such as Balila

(whole cooked grain), non-fermented whole millet flour

to make acida (stiff porridge) and madidat atroon (thin

porridge with natron), fermented dough to make kisra

(unleavened bread), nasha (thin porridge) and Marisa

(opaque beer) and the extracted starch known as Jir or

geeria. Jir is traditionally extracted from fermented

decorticated millet. The traditional process leads to

production of three classes of Jir namely, Jir hur,

Rigeiba Jir and Khadim Jir.

A functional property is any non-nutritional

property of a food or food additive that affects its

utilization . Many factors influence the functional[36]

properties of a food, including moisture, temperature,

pH, concentration, reaction time, enzymes, chemical

additives, mechanical processing, ionic strength, and

amount, sequence rate, and time of the additives .[21]

Among various functional properties water absorption

is important in foods systems because it is related to

other functional properties, such as solubility,

emulsification, wettability, cohesion and adhesion,

dispersibility, viscosity and gelation . Kinsella [17] [24]

reported that fat absorption of food products is an

important functional property that improves mouth feel

and flavour. The dispersibility of a mixture in water

indicates its reconstitutability, the higher dispersibility

the better reconstitutability . Also ease of wettability[26]

is important in food formulations. Higher bulk density

is desirable since it helps to reduce the paste thickness,

which is an important factor in convalescent and child

feeding .[33]

Hence the objectives of the present study were to

investigate the chemical and functional characteristics

of the traditional Jir in comparison with laboratory

isolated starch of pearl millet, as well as to test the use

of Jir as a substitute for corn starch in conventional

custard powder.
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MATERIAL AND METHODS

Materials: Two varieties of pearl millet (Dembi,

yellow and Ashana, green), obtained from Arab Seeds
Company (ASC) - Elobied, Sudan, were used in this

study.

Preparation of Jir: Jir is the pearl millet starch
extracted using the traditional procedure described by

Dirar . Pearl millet was dehulled, sun dried,[13]

winnowed and the grains ridded of broken kernels by

hand picking. The dehulled intact grains were
thoroughly washed and then placed in a large old zeer

(earthen ware) covered with copious quantities of water
and subjected to fermentation for 9 days. During

fermentation, the water lost by evaporation and seepage
was made up to volume by adding fresh water daily.

The fermented grain was next sieved off and spread in
the sun to dry.

The dry grains were then pounded in wooden
mortar to give fine flour. The flour thus obtained was

sieved dry using a wire guaze. The fine through were
suspended in a large quantity of water in a large

earthen ware. The suspension was sieved (using a fine,
white cloth strainer) into another large, new zeer to

speed up the precipitation process and to give the
maximum yield of Jir. What remains in the strainer

was pounded, suspended and sieved as above. The
process was repeated until no starch containing

substance remained on the sieving cloth.
Finally, the suspension in the zeer was mixed with

a clean wooden stirrer for half an hour, the pot was
securely covered and the milk like precipitate was left

to settle undisturbed overnight. By the morning, the
clear water on the surface of the settled material was

carefully skimmed off.
The starchy deposit was found in three strata, the

top layer (Khadim) the middle layer (Rigeiba) and the
bottom, most white layer (Jir hur). The Khadim was

scraped off and put in a separate container where it
was left to settle for three days. Each day the water

separating on the surface was skimmed. The solid
compact layer formed was then removed, sun dried and

kept for analysis. The remaining two layers were
washed with water, mixed, resuspended in fresh water

and allowed to settle again overnight. After skimming
off the top water, the two layers were removed

separately, washed, sun dried and kept for analysis.

Laboratory Starch: In this study laboratory starch
denotes the pearl millet starch extracted under specific

laboratory conditions. Millet grains were soaked at 4 Co

for 24 hours in distilled water containing 0.01%

sodium azide to inhibit microbial growth. After
soaking, grains were washed several times with

distilled water, wet- milled in a Warning blender for 3

minutes and screened through 85 ìm sieve. The

process of wet-milling was repeated until no more
starch could be separated. The starch suspension was

centrifuged at 2000 rpm for 20 minutes and the upper
layer of the residue (protein) was removed with spatula

and discarded. The starch (lower layer) was suspended
in water, centrifuged and the tailings were scarped with

spatula. The last step was repeated until a white prime
starch (free of tailing) was obtained, and then the

starch was air dried for 18 hours. The dried starch was
redispersed in water and wet sieved through 75 ìm

sieve. The sieved slurry was centrifuged at 2000 rpm
for 15 minutes, the water decanted and the starch was

air dried and kept for analysis.

Preparation of Custard: Five types of starch were
used: Jir hur and laboratory starch from both Dembi

and Ashana pearl millet varieties in addition to
commercial (corn starch) custard sample (control). A

0.13g colour additive (tartazine) and 0.13 g flavour
additive (vanilla) were added to 50 g starch and

thoroughly mixed with 70 ml water to make thin
slurry. In another container, 400 ml of milk and 145 g

sugar were brought to boiling; the custard slurry was
added to the boiling milk and continuously stirred for

10 minutes. The final product was filled into plastic
containers and kept to cool for taste panel.

Organoleptic Test for Custard: Samples were

subjected to panel test which was curried out at the
labs of Food Research Center Khartoum, using ranking

test as described by the Ihekoronye and Ngoddy .[20]

Assessors were asked to examine the products

according to quality attributes shown in a table and
then rank the product from the best (rank 1) to the

least in quality (last rank). Results were statistically
analyzed by tables provided by Ihekoronye and Ngoddy

 at 5% level of significance[20]

Chemical Analysis: Moisture, protein (N × 6.25), ash,
fibre, oil and total acidity (titratable acidity) were

determined according to AOAC  methods.[6]

pH was determined in 2% aqueous solution at

room temperature using a pH meter (Jenway 3320).
Phosphorus was determined according to the

modified method of Hanson  using Jenway 6305[18]

V/UV spectrophotometer.

Minerals (Na, K, Ca and Fe) were determined by
atomic absorption spectrophotometry  using SP 3110[18 ]

Perkin Elmer spectrophotometer.

Estimation of Falling Number: Three grams of starch
were weighed and put in falling number tube, twenty

five ml distilled water, were added, shaken and placed
into the falling number apparatus. The results were

expressed on a dry matter basis.
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Estimation of the Amylose Content of Starch: A

rapid calorimetric method  was used for estimating[44]

amylose content of starch.

Reagents: (A) Stock iodine solution: potassium iodide

(20 g) was weighed into 100 ml beaker together with
(2 g) resublimed iodine reagent were dissolved in

minimum water and carefully diluted to 100 ml
volumetric flask.

(B) Iodine reagent: Ten ml of stock A was pitted
into volumetric flask and diluted to 100 ml with

distilled water.

Method: Starch samples (0.02 g) were weighed into
100 ml beaker. Exactly 10 ml of 0.5 N KOH solutions

(28.05 g per liter) were added and the starch was
dispersed with magnetic stirring for 5 minutes. The

dispersed samples were transferred to 100 ml
volumetric flask and diluted to mark with distilled

water with careful rinsing of the beaker. An aliquot of
the tested starch solution (10 ml) was piptted into 50

ml volumetric flask and 5 mls 0.1 N HCL (8.17 ml
conc. HCl per liter) were added followed by 0.5 ml of

iodine reagent B.
The volume was diluted to 50 ml and the

absorbance of the blue color was measured at 625 nm
after 5 minutes using spectrophotometer.

Calibrations of the colorimetric test:

Increments of amylose from 2 to 12 mg were
plotted against absorbance at 625 nm wavelength.

Functionality:

Viscosity: Viscosity for 1% aqueous solution of sample
was determined by the method of Quinn and Beuchat

 using Brookfield viscometer (VII), spindle No. 2[34]

and speed 60 rpm at 31.0 C and viscosity wasî

expressed as centipoise (cps). Viscosity was also
measured for hot slurries after heating them at 70 C foro

15 minutes.

Water Absorption Capacity (WAC): The method of
Lin and Zayas  was used for WAC determination.[29]

One gram sample was mixed with 10 ml distilled water
and stirred occasionally for one hour in previously

weighed centrifuge tube. The dispersion was then
centrifuged at 1500 x G for 30 minutes. The

supernatant was decanted and the tube was weighed
after removal of the adhering drops of water. The

weight of water (g) retained in the sample was reported
as WAC.

Fat Absorption Capacity (FAC): The FAC was

measured by a modified method of Lin et al. .[28]

One gram of sample was mixed with 10 ml oil

and stirred occasionally for one hour in previously

weighed centrifuge tube. The dispersion was then

centrifuged at 1500 x G for 30 minutes. The
supernatant was decanted and the tube was weighed

after removal of the adhering drops of oil. The weight
of oil (g) retained in the sample was reported as FAC.

Least Gelation Concentration: Least gelation

concentration of the sample was measured according to
Coffman and Garcia  with slight modification.[11]

Appropriate sample suspensions of 2, 4, 6, 8 and
10%were prepared in 10 ml of distilled water. The test

tubes containing these suspensions were then heated for
one hour in a boiling water bath followed by rapid

cooling under running cold tap water. The test tubes
were further cooled for 2 hours at 4 C. The leastî

gelation concentration was determined as that
concentration which did not fall down or slip when the

test tube was inverted.

Gelatinization Temperature: One gram of the sample
was weighed into 100 ml beaker. Hundred milliliters of

distilled water were added (1% aqueous solution) and
placed on heater. After gelatinization the temperature

was measured using thermometer.

Dispersibility: The dispersibility was measured
according to the method of Kulcarin et al. . Three[26]

grams sample were dispersed in distilled water in a 50
ml stoppered measuring cylinder. Then distilled water

was added to reach a volume of 30 ml, the mixture
was stirred vigorously and allowed to settle for three

hours. The volume of settled particles was subtracted
from 30 and divided by 30 and multiplied by 100 and

reported as percentages despersibity.

Wettability: The wettability was estimated according
to the method of Regenstein and Regenstein . Two[35]

grams of the sample were weighed in a sieve and
transferred to a beaker containing 80 ml water. The

behavior of the powder was observed on the water
surface immediately after adding the sample. After 30

min observation, the material was stirred on the
magnetic stirrer sufficiently fast to from a vortex which

reached the bottom of the beaker and the stirring
continued for one minute, after which the grade

describing wettability was recorded as excellent, good,
fair poor according to the time and behavior of the

dispersion.

Bulk Density: The bulk density (BD) was determined
by the method of Waring and Kinsella . Ten grams[43]

of sample were placed in a graduated cylinder (50 ml)
and packed by gently tapping the cylinder on the bench

top (10 times) to from a reasonable height. The volume
of sample was recorded. BD was expressed as grams

material per milliliter.
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Statistical Analysis:  Data were assessed by analysis

of variance (ANOVA)  using CRD with three[39]

replicates. Means were compared using Duncan

Multiple- Range Test (DMRT) with a probability P#

0.05 .[14]

RESULTS AND DISCUSION

Chemical Composition: The Chemical composition of

Ashana and Dembi pearl millet cultivars as well as

their traditional and laboratory starch is shown in Table

1.

Moisture Content: Results showed that the three

layers of Jir (Khadim, Rigeiba and Jir hur)

traditionally extracted from both Ashana and Dembi

cultivars contained significantly (P#0.05) lower

moisture content compared to the whole flour. The low

moisture content could probably be due to the

decortication and fermentation during preparation of

Jir. Natural fermentation for 14 hour at 37 C as wello

as decortication significantly reduces moisture content

of pearl millet . The significantly (P# 0.05) higher[3 , 2]

moisture content of laboratory starch (7.67% and 8.87%

for Ashana and Dembi, respectively) compared to the

traditional Jir, can be attributed to the hydrophilic

properties of the pure starch .[16]

Ash Content: The traditional method significantly

(P#0.05) reduced the ash content of Khadim, Rigeiba

and Jir hur obtained from Ashana from 1.53% to 0.55,

0.53 and 0.43% and that from Dembi from 2% to 0.63,

0.56 and 0.45%, respectively.

Removal of mineral-rich glumes and the

elimination of pericarp during the process could be the

probable reason for the reduced level of ash in Jir

layers. Statistical analysis, for the two cultivars, showed

no significant difference (P#0.05) in ash content

between Khadim and Rigeiba layers, while Jir hur

showed a significantly (P#0.05) lower ash level

compared to other layers.

Values presented in Table 1, revealed that the ash

content of the laboratory starch (0.2% for Ashana and

0.17% for Dembi) was significantly (P#0.05) lower

compared to the traditional one. Values varying from

0.05 to 0.40% ash content for pearl millet starch were

earlier reported .[19]

Protein Content: Protein content of the three layers of

Jir extracted from Ashana cultivar was found to range

from 3.2 to 3.4% without significant difference (P#

0.05) among the three layers. Khadim, Rigeiba and Jir

hur isolated from Dembi contained sequentially 3.19,

3.18 and 2.87% protein, without significant difference

(P# 0.05) between Khadim and Rigeiba on one hand

and between Rigeiba and Jir hur on the other hand.

The reduced protein content in the three types of

Jir compared to the whole flour (Table 1) can be

ascribed to the separation of hull and removal of the

protein-rich aleurone cells.

Data indicated that the laboratory method greatly

decreased protein content to 1.7% for the starch

produced from the two cultivars. This result agreed

with findings of Idris  who reported 1.63% protein[19]

for pearl millet starch.

Fat content: Khadim, Rigeiba and Jir hur obtained

from Ashana found to contain markedly lower fat

content (0.43, 0.37 and 0.34%, respectively) compared

to their native grain (5.11%) without significant

(P#0.05) difference between the three types of Jir.

Also traditional Jir prepared from Dembi showed the

same trend and the three layers found to contain 0.54,

0.54 and 0.53% fat, respectively. However, slightly

lower values of 0.2% and 0.3% fat were reported for

traditionally extracted starch . The low fat level in[22]

the three layers of Jir could be due to the separation

of the fat-rich germ and its subsequent loss into the

decanted water during the course of Jir preparation. In

addition losses of fat can be partially attributed to

fermentation. Reduction of fat content during pearl

millet fermentation can be ascribed to the utilization of

fat by the fermenting organisms as a source of energy

.[31]

As shown in Table 1, starch isolated by the

laboratory method from Ashana cultivar contained

0.55% fat, which is significantly (P#0.05) higher

compared to Jir hur of the same cultivar, but a non-

significant (P#0.05) difference was observed between

the laboratory starch and the two other layers. With

respect to Dembi, extracted starch was found to contain

significantly (P#0.05) higher fat content (0.59%)

compared to the three types of Jir. Present values were

fairly compatible with results of Sokrab  who[40]

reported 0.68% fat for pearl millet starch. 

Fiber Content: Significant (P#0.05) reduction was

observed in fiber content of the traditional starch

obtained for the two cultivars compared to the starting

materials. Jir hur, for each cultivar, contained

significantly (P#0.05) lower fiber (3.18% for Ashana

and 3.11% for Dembi) compared to Khadim (3.68%

and 3.40% for Ashana and Dembi, respectively) and

Rigeiba (3.47 % and 3.36% for the two cultivars,

respectively). The reduction in fiber content during

preparation of Jir might be due to the removal of the

bran and the outer layers of the grain in addition to

fermentation. Earlier natural fermentation was claimed

to reduce fiber content of pearl millet .[3]
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Table 1: Chemical Composition of Traditional Jir and Laboratory Starch of Pearl M illet

Sample M oisture % Ash % Protein% Fat % Fiber %

Ashana Raw (5.89) ± 0.06 (1.53)a ± 0.06 (12.25)a ± 0.00 (5.11) ± 0.20 (5.30)  ± 0.20b  a a

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

Khadim (3.10)  ± 0.05 (0.55)  ± 0.05 (3.27)  ± 0.31 (0.43)  ± 0.06 (3.68) ± 0.00c b b bc b  

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

Rigeiba (3.14)  ± 0.01 (0.53)  ± 0.04 (3.20) ± 0.26 (0.37)  ± 0.01 (3.47)  ± 0.01c b b bc b

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

Jir hur (3.32)  ± 0.17 (0.43) ± 0.08 (3.37) ± 0.49 (0.34)  ± 0.02 (3.18)  ± 0.01c c  b c c

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

Laboratory starch (7.67)  ± 0.31 (0.20)  ± 0.06 (1.70)  ± 0.00 (0.55)  ± 0.03 Nilla d c b

Dembi Raw (5.76)  ± 0.08 (2.00)  ± 0.00 (13.09)  ± 0.05 (4.32)  ± 0.05 (4.31)  ± 0.04b a a a a

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

Khadim (3.93)  ± 0.78 (0.63)  ± 0.04 (3.19)  ± 0.56 (0.54)  ± 0.01 (3.40)  ± 0.03c b b c b

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

Rigeiba (3.60)  ± 0.60 (0.56)  ± 0.06 (3.18)  ± 0.53 (0.54)  ± 0.00 (3.36)  ± 0.06c b bc c b

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

Jir hur (4.20)  ± 0.79 (0.45)  ± 0.03 (2.87)  ± 0.45s (0.53)  ± 0.00 (3.11)  ± 0.02c c c c c

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

Laboratory starch (8.87)  ± 0.06 (0.17)  ± 0.06 (1.70)  ± 0.00 (0.59)  ± 0.00 Nill a d d b

Each value is an average of three replicates expressed on dry matter basis.

 Values are (means) ± standard deviation.

 M eans not sharing a com mon superscript letter in a column are significantly different at (p#  0.05) as assessed by 

 Duncan's multiple- Range Test.

Interestingly, the laboratory method eliminated

fiber completely from the starch isolated from the two

cultivars; however Sokrab  reported 0.22% fiber for[40]

pearl millet starch.

Minerals: Minerals of the two cultivars and their

corresponding traditional Jir layers and laboratory

starch are presented in Table 2.

Sodium: Investigation showed that the domestic

method of Jir preparation significantly (P#0.05)

reduced Na level of Ashana cultivar from 1.75

mg/100g to 1.49 and 1.57 mg/100g for Rigeiba and Jir

hur, respectively. Whoever, Khadim layer (1.70

mg/100g) showed marginal and insignificant decrease.

The three classes of Jir extracted from Dembi cultivar

were found to contain significantly (P#0.05) lower Na

content (1.71, 1.75 and 1.49 mg/100g, respectively)

compared to the raw flour (2.92 mg/100g Na). There

was no significant difference (P#0.05) among the three

layers.

Laboratory starch of Ashana and Dembi cultivars

showed significantly (P#0.05) lower Na content (0.88

and 1.31 mg/100g, respectively) compared to the three

layers of Jir.

Potassium: Interestingly, the three classes of Jir

produced from both cultivars showed nearly the same

K level (1.25 mg/100g) which was significantly

(P<0.05) lower compared to the whole flour (13.27

mg/100g for Ashana and 13.36 mg/100g for Dembi). 

Potassium content of starch isolated from the two

cultivars (1.6 mg/100g) was significantly (P#0.05)

higher compared to the traditional Jir layers.

Calcium: Rigeiba, Jir hur and laboratory starch

extracted from Ashana cultivar were found to contain

the same Ca content (5.0 mg/100g) which was

significantly (P#0.05) lower compared to Khadim Jir

(10.83 mg/100g) and the raw flour (55.0 mg/g100g).

The three types of Jir in addition to laboratory

starch obtained from Dembi cultivar were found to

contain markedly lower Ca content (varying from 5.00

to 10.83 mg/100g) compared to their starting material

(46.57 mg/100g). However Jir hur showed reduced and

insignificant Ca level compared to laboratory starch.

Phosphorus: Investigation showed that the mean value

of phosphorus for the three layers of Jir prepared from

Ashana cultivar was 31.3 mg/100g with insignificant

differences (P#0.05) between them (Table 2). Also,

Dembi Jir layers were found to be similar in their P

content with average value of 32.97 mg/100g.

The P content of pearl millet starch obtained from

Ashana (7.27 mg/100g) and Dembi (8.00 mg/100g) was

significantly (P#0.05) lower compared to the three

classes of Jir produced from each cultivar.

Iron: Khadim, Rigeiba and Jir hur extracted from

Ashana cultivar were found to contain sequentially 240,

240 and 233 ìg /g Fe which are significantly (P#0.05)

higher compared to the isolated starch (153 ìg /g).

Data showed that the three types of Jir isolated from

Dembi have the same Fe content (230 ìg /g), which is

significantly (P#0.05) higher compared to the

laboratory starch (190 ìg /g).

In general, the greater concentration of minerals

was in the covering layers and the germ than in the

endosperm portion typical of most cereal grain, thus

the reduced mineral content in traditional Jir and pearl
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Table 2: Minerals Content of Traditional Jir and Laboratory Starch of Pearl Millet

Sample Na (mg/g100) K (mg/100g) Ca (mg/100) P (mg/100g) Fe (mg/g)

Ashana Raw (1.75)  ±0.00 (13.27)  ± 0.16 (55.00)  ± 0.00 ( 742. 7)  ± 2.75 (250. 00)  ± 0.00a a a a a

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Khadim (1.70) ± 0.00 ( 1.25)  ± 0.8 (10.83)  ±1.44 ( 32.67)  ± 5.03 ( 240.00)  ± 0.00a c b b b

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Rigeiba (1.49)  ± 0.09 ( 1.25)  ± 0.16 (5.00)  ± 0.00  ( 30.67)  ± 2.93 ( 240.00)  ± 0.00b c c b b

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Jir hur (1.57) ± 0.18 ( 1.25)  ± 0.8 (5.00)  ± 0.00 ( 30.67)  ± 3.69 ( 233.00)  ± 5.77b c c b b

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Laboratory starch (0.88)  ± 0.00 ( 1.60)  ± 0.00 (5.00)  ± 0.00 (7.27)  ± 0.25 ( 153.33)  ± 25.17c b c c c

Dembi Raw (2.92)  ±1.01 ( 13.36)  ± 0.00 (46.57)  ± 6.15 (106.50)  ± 0.00 ( 240.00)  ± 0.00a a a a a

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Khadim (1.71)  ± 0.13 ( 1.25)  ± 0.16 (9.92)  ± 2.50 ( 32.33)  ± 4.62 ( 230.00)  ± 0.00b c b b b

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Rigeiba (1.75) ± 0.00 ( 1.20)  ± 0.23 (10.00)  ± 2.50 ( 33.00)  ± 2.60 ( 230.00)  ± 0.00b c b b b

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Jir hur (1.49)  ± 0.27 ( 1.25) ± 0.20 (5.83)  ± 1.44 ( 33.67)  ± 1.53 ( 230.00)  ± 0.00b c b b b

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Laboratory starch (1.31) ± 0.59 ( 1.60)  ± 0.14 (8.33)  ± 1.44 ( 8.00)  ± 1.00 ( 190.00)  ± 0.00c b b c c

Each value is an average of three replicates 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.

millet starch can be attributed to removal of both outer

layers and germ during extraction procedures. X-ray

energy dispersive analysis has been used to study the

location of minerals in the pearl millet kernel .[41]

Higher levels of K was found in the covering layers

(including aleurone), while a major portion of P was

located in the germ, high levels of Fe were found in

both germ and covering layers and low mineral

contents were observed in the hard and soft endosperm.

Amylose Content: In Table 3, the amylose content of

the three classes of jir from Ashana cultivar was found

to increase progressively from 17% for Khadim to

22.7% and 25.7% for Rigeiba and Jir hur, respectively.

Similarly, the same classes extracted from Dembi

contained 27.7, 28.3 and 30% amylose, respectively.

The most likely explanation for this trend is the

gradual increase of purification during preparation of

the traditional Jir. The present amylose values were in

conformity with the values varying from 17 to 29%

amylose in pearl millet starch reported formerly .[8 , 9]

Statistical analysis confirmed that the three types of Jir

are significantly (P#0.05) different with respect to their

amylose content. Interestingly, the laboratory and Jir

hur isolated from each cultivar showed the same

amylose level.

Acidity of Starch: 

pH of Starch: Values of pH for the traditional Jir and

laboratory starch extracted from Ashana and Dembi

cultivars are presented in Table 3. Khadim layer,

obtained from both Ashana and Dembi, in water

suspension had a pH value of 3.4, which is

significantly (P#0.05) higher compared to the value of

3.2 demonstrated by their respective Rigeiba and Jir

hur layers. Previously, Khatir (1990) reported pH

values of 3.3 and 3.4 for traditional starches prepared

from pearl millet. Laboratory starch isolated from the

two cultivars showed significantly (P#0.05) higher pH

of 6.6 compared to traditional Jir layers. These results

were within the range 5-7 pH values at which

occasionally the starch manufacturers finished their

products . However, pH values varying from 4.8 to[27]

5.2 were previously reported for pearl millet starch .[22 ,40]

The lower pH values of traditional starches can be

ascribed to the development of organic acids during

fermentation that take place prior to the traditional

extraction of starch.

Total Acidity: The total acidity (Table 3) of Rigeiba

and Jir hur isolated from both Ashana and Dembi

cultivars was found to be 0.27 mg lactic acid/100g

sample, which is significantly (P#0.05) higher

compared to that of Khadim  (0.18 mg lactic acid/100g).

Contrary, laboratory starch obtained from the two

cultivars showed significantly (P#0.05) lower total

acidity of 0.09 mg lactic acid /100 g compared to Jir

layers.

The increased acidity of the traditional types of Jir

might be due to the production of organic acids by the

microflora. Hetero fermentors were reported to convert

glucose during natural fermentation of pearl millet to

equ. molar mixtures of lactic acid, ethanol and carbon

dioxide .[23]

Falling Number: As shown in Table 3, the three types

of Jir extracted from both cultivars gave the same

falling number (62 sec) which is significantly (P#0.05)

lower compared to the isolated starch (268 and 116 sec

for Ashana and Dembi, respectively). However, Idris

 reported the same results for pearl millet before and[19]

after decortication with and without addition of malt.

The higher falling number of the laboratory starch

might be due to its lower fibre, ash and moisture

content, which can increase the gelatinization of starch.

Functionality: The functional properties of the

traditional  and pearl millet starches are viewed in

Table 4.
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Table 3: Amylose, pH, Total Acidity and Falling Number of Traditional Jir and Laboratory Starch of Pearl M illet

Sample Amylose (%) pH Total acidity (mg/100g) Falling number (sec)

Ashana Khadim (17.0)  ±1.00 (3.4)  ±0.25 (0.18) ± 0.00 (62.00)  ± 0.00c b b b

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

Rigeiba (22.7) ±1.53 (3.2)  ±0.00 (0.27)  ± 0.00 (62.00)  ± 0.00b c a b

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

Jir hur (25.7) ±1.53 (3.2)  ±0.20 (0.27)  ± 0.00 (62.00)  ± 0.00a c a b

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

Laboratory starch (25.7) ±1.53 (6.6)  ±0.08 (0.09)  ± 0.00 (268.33) ± 2.08a a c a 

Dembi Khadim (27.7) ±0.58 (3.4)  ±0.32 (0.18) ± 0.00 (62.00)  ± 0.00c b b b

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

Rigeiba (28.3) ±2.08 (3.2)  ±0.15 (0.27) ± 0.00 (62.00)  ± 0.00b c a b  

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

Jir hur (30.0) ±0.00 (3.2)  ±0.06 (0.27)  ± 0.00 (62.00)  ± 0.00a c a b

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

Laboratory starch (30.0) ±0.00 (6.6) ± 0.07 (0.09)  ± 0.00 (116.00)  ± 3.00a a c a

 Each value is an average of three replicates expressed on dry matter basis.

 Values are (means) ± standard deviation.

 M eans not sharing a com mon superscript letter in a column are significantly different at (p#  0.05) assessed by Duncan's multiple-Range Test.

Table 4: Functional Properties of Traditional Jir and Laboratory Starch of Pearl M illet

Sample Water absorption Fat absorption Bulk density Dispersiblity Gelatinization 

Capacity ml/g Capacity g/ g g/cm (%) temperature C3 o

Ashana Khadim (2.10)  ± 0.04 (1.75)  ± 0.10 (0.47) ± 0.00 (63.3) ± 3.34 (70.0)  ± 0.61a a c c a

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

Rigeiba (2.24)  ± 0.06 (1.71)  ± 0.10 (0.52) ± 0.02 (73.3)  ± 3.34 (70.0)  ± 0.55a b b b a

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

Jir hur (2.21)  ± 0.06 (1.67)  ± 0.10 (0.53)  ± 0.00 (79.9)  ± 3.17 (69.2)  ± 0.15a c b a a

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

Laboratory starch (1.72)  ± 0.10 (0.91)  ± 0.10 (0.63)  ± 0.00 (83.3)  ± 0.00 (60.7)  ± 2.02b d a a b

Dembi Khadim (2.06)  ± 0.04 (1.81)  ± 0.10 (0.47)  ± 0.01 (66.7)  ± 3.34 (69.7)  ± 0.40a a c c a

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

Rigeiba (2.24)  ± 0.05 (1.74)  ± 0.10 (0.52)  ± 0.02 (70.00)  ±3.33 (69.5)  ± 0.06a b  b bc a

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

Jir hur (2.13)  ± 0.09 (1.64)  ± 0.30 (0.53) ± 0. 00 (73.3)  ± 3.34 (69.2)  ± 0.00a c b b a

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

Laboratory starch (1.69)  ± 0.02 (1.07)  ± 0.00 (0.63)  ± 0.00 (83.3)  ± 0.00 (61.4)  ± 2.07 b d a a b

Each value is an average of three replicates expressed on dry matter basis.

 Values are (means) ± standard deviation.

 M eans are not sharing a com mon superscript letter in a column are significantly different at (p#  0.05) as assessed 

 by Duncan's multiple – Range test.

Water Absorption Capacity (WAC): In respect to

WAC, values obtained were 2.10, 2.24 and 2.21 ml/g

for Khadim, Rigeiba and Jir hur extracted from

Ashana, respectively. No significant difference (P#0.05)

was observed among the three layers. For Dembi

cultivar, also the three layers showed nearly the same

WAC (varying from 2.06 to 2.24 ml/g).

The WAC of the laboratory starch was found to be

1.72 ml/g for Ashana and 1.69 ml/g for Dembi, which

is comparable to the value of 1.69 ml/g reported for

pearl millet flour . In this study, water absorption[4]

capacities of Jir classes were significantly (P#0.05)

higher compared to the laboratory starch. The higher

protein levels in Jir layers might be responsible for

high hydrogen bonding and high electrostatic repulsion,

both conditions facilitating binding and entrapment of

water , and thus increases the WAC of Jir.[5]

Fat Absorption Capacity (FAC): The three layers of

Jir isolated from Ashana were found to have FAC of

1.75 g/g (Khadim), 1.71 g/g (Rigeiba) and 1.67 g/g (Jir

hur). The same layers obtained from Dembi showed

1.81, 1.74 and 1.64 g/g FAC, respectively. Fat

absorption capacities varying from 0.55 to 2.7 g oil/g

were formerly reported for pearl millet flour and

products . The three layers were found to be[32 , 4 , 1]

significantly (P#0.05) different in their fat absorption

capacities. It seems that the high protein and fibre

content the greater its FAC. Moreover, the prolonged

period of the fermentation may change the protein

conformation, thus enhanced FAC .[45]

The isolated starch gave significantly (P#0.05)

lower FAC (0.91 and 1.07 g/g for Ashana and Dembi,

respectively), which could probably be due to

elimination of fibre and reduction of protein during

isolation of the laboratory starch.

Bulk Density: The bulk density of Khadim, Rigeiba

and Jir hur layers obtained from both cultivars was

found to be 0.47, 0.52 and 0.53 g/ml, respectively. For

pearl millet flour, 1 g/ml bulk density was reported . [4]

The mean separation showed that there was no
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significant difference (P#0.05) in bulk density for

Rigeiba and Jir hur, while Khadim layer showed a

significantly (P#0.05) lower bulk density compared to

the other layers.

On the other hand the laboratory starch of the two

cultivars showed similar value of o.63, which is

significantly (P#0.05) higher compared to the

traditional Jir. This may be due to the higher moisture

content, resulting in dense packing of the starch

particles  in addition to the higher and greater[42]

regulatory in shape of the starch granules.

Dispersibility: For Ashana cultivar, Khadim layer

showed the least dispersibility (63.3%), which is

significantly (P#0.05) lower compared to that of

Rigeiba (73.3%) and Jir hur (79.9%). No significant

(P#0.05) difference was found between laboratory

starch (83.3%) and Jir hur.

As indicated in Table 4, traditional Jir extracted

from Dembi showed dispersibility values of 66.7, 70.0

and 73.3% for Khadim, Rigeiba and Jir hur,

respectively. No significant difference was observed

between Khadim and Rigeiba; Jir hur and Rigeiba. The

dispersibility of the laboratory starch (83.3%) is

significantly (P#0.05) higher compared to the

traditional Jir.

Gelatinization Temperature (GT): Traditional Jir

extracted from Ashana showed similar gelatinization

temperatures of 70, 70 and 69.2 C for Khadim, Rigeibao

and Jir hur, respectively, while the laboratory starch

showed significantly (P#0.05) lower GT of 60.7 C.o

Also, the same classes of Jir prepared from Dembi

cultivar gave identical gelatinization temperatures of

69.7, 69.5 and 69.2 C, respectively. The isolated starcho

exhibited significantly (P#0.05) lower GT of 61.4 C.o

Present observations were in line with the findings of

Beleia et al.  who found that the initial GT of pearl[9 ]

millet starch varied from 63 to 68 C and endpoint fromo

68 to 70 C. Also, Badi  reported a range of 51 too [7]

69 C.o

Wettability: The wettability of Khadim and Rigeiba

obtained from Ashana and Dembi cultivars was good

since it wet slightly when in contact with water, after

30 min the samples were completely wet and sank to

the bottom. Sufficiently fast stirring for one minute

dispersed the samples. The wettability grade of Jir hur

and laboratory starch isolated from each cultivar was

excellent since it wet as soon as in contact with water

and after 30 min samples were completely dispersed.

Gelation  C oncentration:  The least gelation

concentration of traditional Jir and the isolated pearl

millet starch is shown in Table 5. The three types of

Jir in addition to the laboratory starch isolated from

Ashana and Dembi cultivars gave a very strong gel at

concentration of 10% (w/v). However, Oshodi et al. [32]

reported a least gelation concentration of 12% (w/v) for

pearl millet flour. Khadim as will as Rigeiba prepared

from the two cultivars formed a strong gel at 8%, a

week gel at 6% and 4% concentrations and no gel was

obtained at 2%. In contrast, Jir hur and laboratory

starch extracted from both Ashana and Dembi, formed

a week gel at 2%, a strong gel at 4% and a very

strong gel at 6%, 8% and 10% concentration.

Variations among the three types of Jir might be

linked to the relative ratio of various constituents-

protein, carbohydrates and lipids . Relevant to Jir hur [37]

and the laboratory starch, the lower least gelation

concentration may be because of their higher starch

content, which induced gelation due to starch and/or

starch protein interactions .[38]

Viscosity: The viscosity of cold (room temperature)

and hot slurries of traditional types of Jir as well as

the isolated starch is presented in Table 6. Viscosity

(cold) was found to be 10.69, 10.7 and 10.13

centipoise (cps) sequentially for Khadim, Rigeiba and

Jir hur prepared from Ashana cultivar. Statistical

analysis revealed no significant differences (P#0.05)

among the three types of Jir. Upon heating (70 C), theo

viscosity increased to 17.80, 17.87 and 16.20 cps,

respectively. The viscosity of the hot slurry of Jir hur

was significantly (P#0.05) lower compared to other

layers.

Regarding Dembi cultivar, the viscosity of Khadim,

Rigeiba and Jir hur at room temperature was found to

be sequentially 17.83, 16.84 and 9.89 cps. The three

layers are significantly (P#0.05) different in their

viscosity. After heating, the viscosity of the three types

was increased to 18.07, 17.93 and 16.33, respectively.

Also Jir hur showed the lowest viscosity. Circle et al.

 stated that at a given concentration, heated[10]

dispersions gain greater viscosity than unheated

dispersions.

Starch isolated from the two cultivars exhibited the

same viscosity at room temperature (9.33 cps), which

increased after heating to 13.10 cps. Interestingly, there

was no significant (P# 0.05) difference in viscosity of

cold slurry between the laboratory starch and Jir hur,

but they are significantly different (P#0.05) in respect

to viscosity of their hot slurries. The viscosity can be

used to test the thickening potentiality of food materials

to be used in fluid foods and beverages . [25]

Organoleptic Quality: Table 7 shows organoleptic

quality of custard products prepared from extracted

millet starch compared with a commercial one (corn

starch).  The  appearance  of  custard product prepared
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Table 5: Least Gelation Concentration of Traditional Jir and Laboratory Starch of Pearl M illet

Samples Concentration (g starch/100 ml water)

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

2% 4% 6% 8% 10%

Ashana Khadim - ± + ++ +++

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

Reigiba - ± + ++ +++

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

Jir hur + ++ +++ +++ +++

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

Laboratory starch + ++ +++ +++ +++

Dembi Khadim - ± + ++ +++

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

Reigiba - ± + ++ +++

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

Jir hur + ++ +++ +++ +++

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

Laboratory starch + ++ +++ +++ +++

- no gel ± very weak gel, + weak gel, + + strong gel , +++ very strong gel

Table 6: Viscosity of Traditional Jir and Laboratory Starch of Pearl M illet

Sample Viscosity cold (cps) Viscosity hot (cps)

Ashana Khadim (10.69)  ±1.02 (17.80)  ± 0.50a a

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

Rigeiba (10.70)  ± 0.00 (17.87)  ± 0.51a a

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

Jir hur (10.13)  ± 0.15 (16.20)  ± 0.85ab b

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

Laboratory starch (9.33)  ± 0.00 (13.00)  ± 0.30b c

Dembi Khadim (17.83)  ± 0.29 (18.07) ± 0.68a a 

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

Rigeiba (16.84)  ± 0.73 (17.93) ± 0.60b a 

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

Jir hur (9.89)  ± 0.20 (16.33)  ± 0.58c b

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

Laboratory starch (9.33)  ± 0.00 (13.10)  ± 0.35c c

Each value is an average of three replicates expressed on dry matter basis.

Values are (means) ± standard deviation.

M eans not sharing a common superscript letter in a colum n are significantly different at

 (p#  0.05) assessed by Duncan's multiple- Range test.

Table 7: Organoleptic quality of custard products prepared from extracted millet starch 

Sample code Sum of Ranks

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

Appearance Flavour Consistency mouth feel Overall quality

A 14a 16a 18a 15a

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

B 44b 29a 27a 29a

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

C 42b 44b 50b 45b

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

D 58c 56c 52b 57c

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

E 52b 65c 66c 64c

A = commercial custard (control)

B = Dembi laboratory starch 

C = Dembi Jir hur starch 

D = Ashana laboratory starch 

E = Ashana Jir hur starch

* Sum of ranks having different superscript letter (s) in each column differ significantly (P#  0.05).

from the millet starch was obviously inferior to the

commercial one (control). This may be attributed to the

level of colouring matter (tartrazine) added to the

custard powder. This defect can be rectified by

readjusting the level of tartrazine to match the

commercial grade. With respect to flavour, custard

produced from the laboratory starch extracted from

Dembi millet was similar to commercial one and both

products are significantly (P# 0.05) better and superior

to rest of products.
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The consistency of Dembi laboratory starch, Dembi

Jir hur and Ashana laboratory starch are significantly

good, but the Dembi laboratory starch is the best. The

overall quality of Dembi laboratory starch and Dembi

Jir hur are significantly (P#0.05) good, but the Dembi

laboratory starch is the best. Ashana laboratory starch

and Ashana Jir hur are significantly (P#0.05) bad. It is

clear that the overall quality of the custard prepared

from Dembi cultivar (laboratory starch and Jir hur)

was significantly (P#0.05) better than that of Ashana

cultivar.

Viscosity: As indicated in Table 8, custard powder

prepared from Dembi Jir hur showed significantly (P#

0.05) higher viscosity (10.70 cps) at room temperature

compared to that of Dembi laboratory starch (9.89 cps)

and the commercial custard (9 cps). After heating, the

viscosity of the three products increased to 12, 12.4

and 19.5 cps for the commercial, laboratory starch and

Jir hur, respectively. There was no significant

difference between the commercial and the laboratory

starch products regarding their viscosity (hot), while

that of Jir hur was found to be significantly (P#  0.05)

higher compared to the remaining products.

Table 8: Viscosity and Bulk Density of Three Custard Products

Sample Viscosity cold (cps) Viscosity hot (cps) Bulk density(g\cm )3

Commercial Custard (9.00) ± 0.33 (12.00)  ± 0.00 (0.59)  ± 0.00c b b

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

Laboratory Custard (Dembi) (9.89)  ±0.20 (12.40)  ± 0.17 (0.63)  ± 0.00b b a

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

Traditional jir hur (Dembi) (10.70)  ±0.05 (19.54)  ± 0.40 (0.50)  ± 0.00 a a c

 Each value is an average of three replicates expressed on dry matter basis.

 values are (means) ± standard deviation.

 M eans not sharing a com mon superscript letter in a column are significantly different at (p#  0.05)

 as assessed by Duncan's multiple- Range test.

Bulk Density: As shown in Table 8, the three

products, with respect to their bulk density, were

significantly (P# 0.05) different. The highest was

laboratory starch powder custard (0.63 g/cm ) followed3

by commercial custard (0.59 g/cm ) and then the3

custard powder produced from Jir hur (0.50g/cm ).3

However, low bulk density is a desirable character

when powdered foodstuffs are to be packed in a

limited space. In addition, materials with high bulk

density also find use where they can be incorporated

into light snack foods .[45]

Conclusions: On the basis of the results obtained, it

could be concluded that:

The three classes of Jir showed significantly (P#

0.05) higher ash, fibre, protein, Na, P and Fe contents;

significantly (P# 0.05) lower pH values, K and the

similar level of Ca compared to the laboratory starch.

The three types of Jir were found to have

significantly (P# 0.05) higher WAC, FAC and GT, but

significantly (P# 0.05) lower BD, wettability and

falling number compared to the laboratory starch.

Khadim and Rigeiba layers showed significantly

(P# 0.05) lower least gelation concentration and

dispersibility compared to Jir hur and laboratory starch.

Jir hur and isolated starch showed the same amylose

content, which is significantly (P# 0.05) higher

compared to Khadim and Rigeiba layers.

The overall quality of the custard prepared from

Dembi cultivar (Jir hur and laboratory starch) was

significantly (P# 0.05) better than that of Ashana

cultivar.
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