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Abstract:
Insect pests of stored products cause much damage to stored sorghum grains.
Considerable losses were recorded at Renk county, Upper Nile State, Southern Sudan and
the surrounding areas. This study was conducted in the period of six months
(January,2009-July,2009),to evaluate the effect of sorghum grain composition and seed
coat hardness to feeding by Khapra beetle and lesser grain borer. The laboratory results
showed that Fetterita cultivar had higher percentage of proteins (14%) and fat(2.43%)
content than Gadamalhamam, while Gadamalhamam contained more crude fiber(6.90%)
than Fetterita(5.53%),: This may partly explain why Gadamalhamam was more resistant
to infestation by both the Khapra beetle(7rogoderma granarium) and Lesser grain
borer(Rhyzopertha dominica) than Fetterita. The results also revealed that there was a
positive relationship between coat hardness of the grain and degree of grain resistant to
infestation by insect pests. The percentage weight loss of infested Fetterita grain was
(14.4%) while, that of Gadamalhamam was (8.1%), and the degree of the seed coat
resistance of Fetterita was (2.88kg/mm), while that of Gadamalhamam was (3.12kg/mm).
Keywords: Sorghum, Grains hardness, Feeding, Khapra beetle, Lesser grain borer.
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Introduction: indirect damage that result into loss of
Sudan is mainly an agricultural country weight and changes in  natural
where various crops are grown both by components. About 13 million tons of
irrigation and rainfall. Renk County is grain loss is due to insects (Wolpert,
one of northern upper Nile state counties 1966). Sorghum is the staple food in
of southern Sudan. Renk is considering many countries including the Sudan
as one of the largest agricultural (Shazali and Ahmed, 1998). It is the
production areas in Southern Sudan and a staple food in most regions of this
key producer of sorghum and other country. It contains a reasonable amount
grains. FAO estimated world-wide of proteins, ash, carbohydrates, oil and
annual losses in store products as 10% of fiber (Drich and Pran, 1987). Sorghum is
all the stored grains. During storage, the staple food of most inhabitants of
grains are liable to attack by insects, southern Sudan, except in the Zande area
rodents, birds, mites and micro- where cassava and eleusine are the staple
organisms which cause direct and food. "Fetterita" a sorghum cultivor is
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grown on commercial basis in the central
rain lands, especially in Renk in Upper
Nile (Badal, 1999). The biological agents
commonly responsiblefor deterioration
of stored grains are insects, fungi, mites,
rodents and birds (Promeranz, 1992).
Rodents and birds cause extensive
damage to both standing crops and stored
products, but damage to stored grains is
greatest (Hall, 1970). Insects cause direct
damage as a result of consumption of
grain kernels, thus affecting viability and
nutritive value of the seeds. They may
also change the chemical composition of
the infested commodity and contaminate
it with their broken appendages and
metabolic bi-products. The moisture
content of grains and other factors have
direct effect on the degree of
susceptibility of stored grains to attack
by insects. Moisture for example is the
most important factor inducing fungal
growth which leads to the deterioration
of stored grains within a short time
(Promeranz, 1992 and Igbal, et al.,
1996). Hall (1970) reported that grain
size, physical properties (e.g. hardness)
composition and nutritive value also
influence the development of stored
grain insects. White (1975) found that,
susceptible cultivars had thicker pericarp
with conspicuous quantities of starch
granules present in the mesocarp layer
while the resistant varieties generally had
thinner pericarp and seed coat. Hardness
has been frequently suggested as a factor
in resistance of cereal grain to stored
product insects. Manee Choti (1974)
measured relative hardness by the
penetrating point method, and measuring
the impression made by a diamond point
under 1 kg weight on different sorghum
cultivars. In East Africa, Dogget (1970)
found a positive relationship between the
low level of damage to sorghum grains
by weevils and the thickness of the
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corneous endosperm layers. Also small
grains escape damage more often than
large ones. Grains composition is also a
major factor in resistance to insects. The
infestation of 39 sorghum varieties and
hybrids under laboratory condition
revealed that host resistance, grain tannin
content, and grain hardness were not
strongly correlated, but that the weevil
activity was positively correlated with
grain volume and number of emerging
weevils (Ramalho et al., 1977).

The Objective of this Study was:

To evaluate the effect of two sorghum
varieties (Gadamalhamam and Feterrita)
composition and seed coat hardness to
feeding by the khapra  beetle
(Trogoderma granarim) and lesser grain
borer (Rhythopertha dominica).

Material and Methods:

The experiments were conducted during
a period of 6 months (from January 2009
— July 2009) at lab of Zoology and
Entomology, Upper Nile University and
completed in laboratory of Crop
Protection in Department of Entomology,
College of Agriculture, and Khartoum
University. Insects were collected from
stored sorghum at four localities within
Renk County (11.6'N-32.8'N), Geigar
(11.8"E/32.7'N), and Guwzrum
(11.6"W/33'N, Gelhak (11.4'E/32.7'N)
and wadacona (11.7°E/32.8°W), Upper
Nile State, South Sudan About half
kilograms (500 grams) of each of the two
sorghum  cultivars  (Fetterita  and
Gadamalhamam) were randomly
collected and each kept in about 16 big
glass vials (8 for each cultivar), and the 8
glass vials were also divided into four for
each cultivars. Then 16 (sixteen) adult of
two insect (10:6, female to male) were
introduced into the two groups using
hand lens, fine hair brush and needle.
Each vial was covered with a piece of
cloth tied with a rubber band.
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The losses in weight due to infestation by
the khapra beetle and lesser grain borer
were determined by weighting 500 grain
of each cultivar before introducing a
known number of insect, (weight at zero
time) and then samples were taken
monthly until the end of experiment. The
net weight loss due to the feeding of
khapra beetle and the lesser grain borer
were obtained by subtracting the final
weight from the initial weight of the
grains after adjusting for losses occurring
in the control treatments. The (%) weight
loss of grains was calculated by "count
and weight" method described by Harris
and Lindblad, (1978) applying the
following equation:
% weight loss = Ng (W, — Wy)x 100

Wu (Nd + Nu)
where:
W,=Weight of undamaged grains.
Ny=Number of undamaged grains.
Wi=Weight of damage grains.
Ng=Number of damage grains.
Through this formula, losses in each
cultivars type were estimated.
Determination of the Main Constituents
of Sorghum Grains:
Moisture content: Five grams of seed
from each cultivar (Gadamalhamam and
Fetterita) were weighted in a clean dish
using sensitive balance. The dish was
kept in an oven at 105C overnight. The
dish was kept in a desicator until the
contents reached room temperature when
it was weighted, then the dish was heated
in the oven for two hours and
reweighted. This was repeated until a
constant weight was obtained, the loss in
weight was calculated as percent of the
weight of the sample and considered as
the moisture content, using the
Association of  Official  Analytical
Chemist (AOAC) method (2000).
Moisture content% = W; — W, x 100

Sample weight
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Where:
W= weight of sample +crucible before
oven dry.
W,= weight of sample +crucible after
oven dry.

Ash content: The ash content was
determined according to the AOAC
methods (2000) using muffle furnace.
Five grams of each sample were
weighted and repeated in triplicate into
porcelain crucibles, which were ignited,
cooled in a desicator and weighted and
placed in a cool electric muffle furnace.
The temperatures were between (550C-
600C) until ashes carbon free (2-3hours),
then the ash crucibles were transferred
directly into a desicator, then cooled for
30 minutes and weighted immediately.
The ash content was determined using
the equation:
Ash content % = W;-W, x 100 x 100
Moist sample weight 100 -m

Where:

W= Weight of crucible with dried ash.
W,= Weight of empty crucible.

M= Moisture percentage of the sample.
Crude fiber: Crude fiber was determined
according to AOAC (1984). About 5
grams of grains were weighted to which
150 ml of H,SO4 (conc. 7.3 ml/l) were
added then heated and kept boiling for 30
minutes, and then filtered. The residue
was washed three times with hot water,
then 150 ml of pre-heated KOH (12.89
gm/l) were added and boiled for 3
minutes and then filtered. The residue
was washed three times with hot water
and then dried under suction and placed
in an oven at 150°C overnight and then
weighted. The residue was ashed in
muffle furnace at 550°C for three hours
till a light grey ash was formed then

weighed.

Crude fiber (%) = W; — W>x 100
S

Where:
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S= Original weight of sample.

W= Weight of sample before ignition.
W,= Weight of sample after ignition.
Protein content: The protein content of
sorghum grain samples was determined
by the Kjeldahl method as described by
AOAC (1990). Ten(10) ml of each grain
sample were weighted and kept into a
clean dry Kjeldahl flask, to which 0.4
gram of CuSO4 and concentrated H,SO4
(25 ml) were added. The flask was
heated until a clear solution was obtained
and then allowed to cool.

The digested sample was poured into a
volumetric flask (100 ml) and diluted
with distilled water. Then 15 ml of 40%
NaOH was added and distilled, the
ammonia evolved was received in 10 ml
of (2%) boric acid plus three drops of
indicator (bromocresolgreen +
phenolphthalein red).

The distillation was continued until the
volume in the flask was 75 ml then the
flask was removed.

The distillate was then titrated with 0.1
HCI until the end point (red color) was
obtained. The protein content was
calculated using the following equation:
Protein (%) =T x 0.1 x 0.014 x 100/W x 100
Where:

T=Reading of titration.

W=Weight of original sample.

Fat content: Fat content was determined
according to the AOAC Method (1990).
Five grams from each sample were
wrapped in a filter paper, placed in a
thimble, covered by a piece of absorbent
cotton, and placed in an extraction tube.
Fifty ml of the solvent (hexane BP 60-
70°C) was added to the apparatus. The
extraction was carried out for 45 minutes
before the solvent was recovered from
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the oil. The flask was oven dried for 30
min at 103 + 2°C then cooled and re-
weighted. The oil content was calculated
according to the following equation:
Fat%h= W,—W, x 100 x100
Weight of sample 100-M
Where:
W =Weight of empty flask.
W,=Weight of the flask with oil.
M=Moisture percentage of the sample.
Determination of Grain Hardness: Test

of grain hardness of each cultivars was
made by a hardness tester model (No.
174886) made by Seiskusho LTD Din
Japan. One hundred (100) sound
unbroken kernels of each cultivar were
selected randomly from seeds kept under
different room conditions. Each kernel
was placed in the tester and pressed by
winding the tester handle until the
breakage of the kernel. The pressure in
kg used to break each kernel was
recorded and the mean weight in kg used
break the kernel of each cultivar was
taken as a measure of hardness.

Results:

When seeds of each of the two sorghum
cultivars were infested with both the
khapra beetle and lesser grain borer,
Fetterita was the most susceptible and the
loss in seed weight increased with the
increase in time following infestation.
When the two varieties infested by
khapra beetle, the mean weight loss of
Feterrita was (5.74%) and (2.87%) of
Gadam alhamam when stored for six
months (Table 1). Where lesser
grainborer caused (8.22%) for feterrita
and (4.30%) of Gadam alhamam (Table
2).
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Table 1: Monthly mean weight loss of two sorghum cultivars infested by the khapra

beetle during a period of six months

Months Gadam alhamam Mean of Feterrita Mean of weight
Weight loss of infested Wweight loss Weight loss of infested loss of infested
grains (g) of infested grain (g) grain (g)
grain (g)
January  1.50 0.30 0.30 0.70 0 040 0.20 0.20
February 0.30 2 1.10 1.13 1.20 1 1.10 1.10
March 3.20 1.10 2.15 2.15 5.90 7.40 4.60 5.97
April 4.70 2.60 2.60 3.30 6 10.50 7.50 8
May 7.30 0.20 5.50 4.33 9.80 11.60 4.49 8.63
June 6.60 5.40 4.80 5.60 11.30 12.40 7.89 10.53
Mean 2.87 5.74

Table 2: Monthly mean weight loss of two sorghum cultivars infested by the Lesser grain

borer during a period of six months

Months Gadam alhamam Mean Feterrita Mean weight
Weight loss of infested grains Wweight Weight loss of infested grain loss of
(2) loss  of (g) infested grain
infested (g
grain (g)
January  0.20 0 0.20 0.13 0.10 0 0.50 0.20
February 0.10 0.5 0.30 0.30 0.90 1.40 3.30 1.87
March 2.70 3 1.30 2.33 2.30 8.80 7.60 6.23
April 5.40 6.10 4.60 5.37 10.20 11.20 11.40 10.93
May 8.30 8.40 6.50 7.73 13 13.30 14.20 13.50
June 10.60 9.60 9.60 9.93 14.60 17.70 17.40 16.57
Mean 4.30 8.22

The proximate composition of the two
sorghum cultivars (Gadam alhamam and
Feterrita) as shown in Table (3) reflect
that protein (14%) and fat(2.43%)
content of Feterrita were higher than in
Gadam alhamam (10.50%) and (2.07%)
respectively, while the crude fiber of
Gadam alhamam(6.90%) was higher than

Table 3: Proximate composition (%) of two

that of Feterrita (5.53%). At the same
time there were no differences in
moisture and ash content between the
two cultivars. The grain of the two
cultivars have similar quantities of Ca,
Mg and Na but they differ very much
with respect to the quantities of K which
are (0.37%) and (0.03%) respectively.

sorghum cultivars (Feterrita and Gadam

alhamam)
Variety Protein Moisture  Ash  Fat Crude Ca Mg K Na
fiber
Feterrita 14 5.24 143 243 5.53 020 027 0.03 0.03
Gadam 10.50 5.35 1.50  2.07 6.90 025 030 037 0.02
alhamam
fetterita ~ were  (2.88kg/mm), the

In Table (4), it showed that there was
negative  relationship  between the
percentage loss in weight and grain
hardness. When the grain hardness of
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percentage weight losses were (14.35%),
where grain hardness of Gadamalhamam
were (3.12kg/mm) and the weight loss
were (8.05%).



SUST Journal of Agricultural and Veterinary Sciences (SJAVS)

Vol. 19 No.( 2)
ISSN: 1858 6775

December
2018

Table 4: Relationship between hardness and percentage loss of grain weight caused by
khapra beetle and lesser grain borer after six months of storage

Variety % loss in grain (Wt) Grain hardness (kg/mm)

Feterrita 14.35 2.88

Gadamalhamam 8.05 3.12

Discussion: hardness suggesting a  positive

The most important stored products
insect pests in Renk area are khapra
beetle and lesser grain borer. This result
had been supported by El Amin (1990),
who mentioned that Trogoderma
granarium (Everts.) and Rhyzopertha
dominica (F.) were the main insect pests
of sorghum grains in Sudan. Bacon
(1948) and Darling (1954) reported that
the most important stored grain insects in
northern and central Sudan, which
include Renk county are khapra beetle
and lesser grain borer.Susceptibility of
stored sorghum grains to infestation
depends to a large extent on the physical
and chemical composition of the grains.
Thus, grain size, hardness digestibility,
moisture content, starch and protein
content play an important role in this
aspect when the two cultivars (Gadam
alhamam and Feterrita), were compared.
The results showed some differences in
their chemical and physical composition.
Feterrita for instance contained more
crude protein than Gadam alhamam, but
the later had greater ash content. Feterrita
also had more fat content than Gadam
alhamam. Similar results were reported
by other researches (Victor, 1978;
Ibrahim, 2001; Torres et al., 1993). The
two cultivars also differ with regard to
moisture content and seed coat hardness.
Gadam alhamam seeds had harder seed
coat and then more tolerant than Feterrita
to infestation by the khapra beetle and
lesser grain borer. This finding confirms
results obtained by Ibrahim (2001) who
found a decrease in weight of infested
grain with an increase in seed coat
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correlation between resistances to insect
damage and seed coat hardness. Indeed;
Fadlemula and Horber (1984) claimed
that hardness was closely correlated with
resistance.
Conclusion:
-The  sorghum  cultivar  (Gadam
alhamam), has shown relatively high
resistance to infestation by the khapra
beetle and lesser grain borer. Thus, it is
recommended for prolonged storage than
other varieties cultivated in the area.
-Extension and advising services must be
available to educate the farmers about the
problems of stored products insect pests
and modern storage practices.
References:
A.O.A.C (1984). Official Method of
Analysis of the Association of

Official  Analytical Chemist.
AOAC. Washington, D.C,
U.S.A. 955 pp.

AOAC (1990). "Official Method

Analysis" Association of Official
Analytical Chemists, Washington.
D.C.

AOAC (2000). Official Method 925.09
solids (total) and moisture in
flour, vacuum oven
method. AOAC (1984).

Bacon, G.H. (1948). Crops in Sudan. In
To Thill, H.D. Agriculture Sudan.
Oxford University Press, London.

pp- 302-400.

Badal, R.K. (1999). Development
potential of Southern Sudan:
Strategies and constraints.

University of Khartoum, Sudan.



SUST Journal of Agricultural and Veterinary Sciences (SJAVS)

Vol. 19 No.( 2)
ISSN: 1858 6775

December
2018

Darling, H.S. (1954). The storage of food
grains in the Sudan. Sudan Min.
Agric. Res. Div. Memories No.
37. 18 p.

Dogget, C.H (1970). The history of
cultivated sorghum. Page 40-43
in  sorghum. London, UK:
Longman, Tropical Agriculture
Series, Longman Scientific and
Technical, USA.

Drich, B.C. and Pran, V. (1987).
Nutritional evaluation of some

varieties of sorghum. Cereal
chemistry.64: 413-417.
Fadlemula, A.; Horber, E. (1984).
Resistance  of sorghum to
Sitophilus  oryzae (L.) and
Sitotroga cerellala (Olivi.). In
Proceeding of  the 3
International Working

Conference on Stored Product
Entomology. Oct. 23-28, Kansas,
418-424.

Hall, D.W. (1970). Handling and storage

of food grains in tropics

andsubtropics areas. FAO. Rome,

Italy.

K.L. and Lindblad (1978). Post-

harvest Grain Loss Assessment

Methods, American Association

of Cereal Chemists, St. Paul,

Minnesota, 193 pp.

Ibrahim, R.E. (2001). Study of some
aspect of sorghum grain storage
in North Kordofan. M.Sc. Thesis,
Omdurman Islamic University.

Igbal, M.; Younis, M.; Sabir, M.S. and
Qumar, S.A. (1996). Design and
development of continuous-flour
rotary grain dryer. Agricultural
Mechanization in Asia, Africa
and Latin America. 271(2): 41-
450.

Manee choti, P. (1974). Studies of
resistance of 92 sorghum and 38

Harris

47

maize cultivars to 4 species of
stored product insects, M.Sc.
Thesis, Kansas State University,
Manbhattan.

Promeranz, Y. (1992). Biochemical
function land nutritive changes
during storage. In: Storage of
Cereal Grains and their Product.
Editor: Sauer, D.B. Fourth
edition, American Association of
Cereal Chemists.

Ramalho, F.S.; Y. Nagai and E. Angeluci
(1977). CPATSA, Petrolina,
Pernamuca Brazil. Behavior of
Sorghum varieties in relation to
Sitophilus  oryzae.  Sorghum
Newsletter. 20, 5.

Shazali, M.EH and Ahmed, M.A.
(1998). Assessment and reduction
of losses in sorghum stored in
traditional ~ mud  bins in
Sudan.Journal ~ of  Tropical
Science.38: 155-160.

Torres, P.I.; Ramirez-Wong, B.; Serva-
Salivar, S.O. and Rooney, L.W.
(1993). Effect of sorghum flour
addition on the characteristics of
wheat flour Tortillas. Cereal
Chem. 70(1): 8-13.

Victor, Y. (1978). Protein concentrates
from normal and high Iysine
sorghum preparation composition
and properties. J. Agric. Food

Chem. 26: 305.
White, S.C. (1975). Laboratory studies of
levels and causes of insect

resistance in varieties of stored
sorghum. M.Sc. Thesis, Kansas
State  University, Manhattan,
Kansas, USA. 70pp.

Wolpert, V. (1966). Rats in store, India:
for Eastern Economic Review,
53(10): 439.

www.grains.org. Washington.D.C. 2005.



http://www.grains.org.washington.d.c/

SUST Journal of Agricultural and Veterinary Sciences (SJAVS) December
Vol. 19 No.( 2) 2018
ISSN: 1858 6775

A8l g ) sl Ludia ddan) gy Al Aal) (DS ADa g Aaad ) 54 il e cilinal (pa il il
s Auall gl

) daaa jadul) e () 4850 pbes callds

sl i Jall et Aadla — fel 30 RS — (3il) aelias 3l
casadl o sl Al daals — kel 0 A — Jal)) a2
oaliia
dabalie 8 5,0 yled Cilaw dg A3s el dedl 5N g o ARl 1) o) clil
D) el B bl Al a3 cupal el sla d) cilladly Gagad) cgia e il ) &Y g i)
S eluadia Ao g5 Gbeadl AN Adla s gl cligSa Ll s s @llig (1009 sds- 009
sl G il el Jled ANy il Aaklie b Al a3yl L (s kall cogal) 380,
¢ pleaall ad8 Caiall e Gaaall g i) (e dille daws Je (g giag A3 8 Chiall o dulenall Sl s
oy 35 138¢(% 1.53)ii i Caneall e % 1.90) G (e Alle Hasi e (5 sing aleal) 38 Criall Ly
("rogoderma granarium) )V ladin (5 pdally Bba¥l daglie €I aleall a8 Caiall o Lu O
A dl G gl & ekl L'A:,\‘ a4y i Casall e ( Qhythopertha dominica)s jeall < gal) 486
Ciia b sl il Ay giall ) A pdal) YL ALV Leiaslia da s duall G2 558 G Bunse
2.88) (sgbuii Ay i) don DIE 38 A0 (Y g (% 8.1) alaall ad8 Caiall d Laiy (% 14.4 )4 s
(iale [al oa sLS 3.12) aleall 238 da Dl 558 (g sbud Lai (siale /ol e oS

48



