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Sorghum, the world’s fourth major cereal in terms of production, is a staple food crop of
millions of poor in semi-arid tropics of the world. The objective of this study was to
investigate the safety of using X- ray, Gamma ray and UV light treated sorghum (Sorghum
bicolor (L.) Moench), by testing the renal and liver function parameters of Albino rats fed
on the second generation yielded seeds. Original sample of sorghum seeds was brought
from the local market, cleaned manually, divided into six groups and put in clean Petri
dishes. Four groups were treated with low and high doses of X-ray and gamma ray, one
group was treated with the UV light, while the last was the control. Fifteen Wister Albino
rats were weighed and distributed randomly in six groups according to their irradiated
sorghum feed. After 60 days, blood samples of the Albino rats were collected from the
retrorbital sinus. The blood serum was separated using centrifuge. Renal function and liver
function parameters were determined. The results showed that, the mutant sorghum seeds
were safer to be used (no significant differences in renal and liver functions on the
experimental Rats). Similar studies on other crops should be run.
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INTRODUCTION

Sorghum (Sorghum bicolor (L.) Moench) is a cereal crop that
is usually grown under hot and dry conditions. is found in the
Africa and Asian regions, however, the world sorghum
production is still dominated by the USA, India, Nigeria,
China, Mexico, Sudan and Argentina (FAO, 1995). Sorghum,
the world’s fourth major cereal in terms of production and
fifth in acreage following wheat, rice, maize and barley (US
Grains Council, 2005). The yield and quality of sorghum
produced worldwide is affected by a wide array of biotic and
a biotic constraints (ICRISAT, 2004; Nadia et al., 2009).

Sorghum is used for human food, (Dirar, 1991). Also for
fodder and feed for animals, (Miller,1996) and building
material, fencing, or for brooms (Doggett, 1988). In the USA,
used for the syrup made from the sweet juice. In Europe, used
for livestock feed. In USA and Europe, for the renewable
fuels industry and into the gluten-free food market (Berenii,
1991; Berenji and Dahlberg, 2004). In Africa and India, for
bread, porridge or gruel, and as popped grain and beer.
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Sweet sorghums used in sugar production. Traditionally, used
in alcoholic and non-alcoholic beverages (Berenji and
Dahlberg, 2004). Tannin sorghums, used as antioxidant that
are comparable to blueberries (Waniska, 2000). There is
growing evidence that some of these sorghums have high
anti-inflammatory and anti-colon cancer activities. Special
sorghums have been identified with very high levels of the
rare 3-deoxy anthocyanins that have unique color stability and
potential health applications (Dykes and Rooney, 2006).
Sorghum is debated for biofuel, ethanol, and biogas
production (Dahlberg et al., 2011).

Nutritional value (per 100 g (3.5 OZ) of the dried seeds

Energy 1,418 KJ(339 kcal)
Carbohydrates 74.63g
Dietary fiber 6.3
Fat 3.30g
Protein 11.30g

Source: NRC (1996); Leder and Schusterne (2000).

X-rays cause damage to living tissue (break molecular bonds
and create highly reactive free radicals such as H and OH),
which in turn can disturb the molecular structure of the
proteins and especially the genetic materials (Acharya, 1977).
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In molecular biology and genetics, mutations are changes in a
genomic sequence: the DNA sequence of a cell's genome or
the DNA or RNA sequence of a virus. They can be defined as
sudden and spontaneous changes in the cell. Mutation can
affect organisms on structure, function, fitness, protein
sequence or on inheritance ability (Burrus and Waldor, 2004;
Aminetzach et al., 2005). Mutations are caused by radiation,
viruses, transposons and mutagenic chemicals, as well as
errors that occur during meiosis or DNA replication. There
are two classes of mutations: spontaneous mutations (Sawyer
et al., 2007); induced mutations which can be caused by
chemicals (e.g Hydroxylamine and other agents), radiation
(Kozmin et al., 2005) or Viral infections (Pilon et al., 1986).

Genetically modified organisms (GMOs) are living organisms
whose genomes have been modified as a result of gene
technology, resulting in the introduction, removal or alteration
of a specific characteristic or trait (Nelson, 2001).

MATERIALS AND METHODS
Sorghum samples

A sample of sorghum seeds (Sorghum bicolor) was brought
from the local market, cleaned manually, divided into six
groups and put in clean Petri dishes. Four groups were treated
with low and high doses of X-ray (LX (33.4 sec.) and HX
(200.2 sec.), respectively) using X-ray device, and gamma ray
(LG (200 CGY) and HG (800 CGY), respectively) using Co-
60 device. One group was treated with UV light for 30
minutes, while the last group was used as a control (C).

Sowing of sorghum samples

The six groups of sorghum seeds were planted routinely with
considerable distances between them in a designed 40X100
m? agricultural area at the Experimental Farm, Faculty of
Agricultural Sciences, University of Gezira,. Each group
(1X10 m?) was divided into four rows (the distance was 25
cm between rows and it was 20 cm between the plants in the
same row). The distance between the groups was about 35 m
(Figure, 1). The second generation was sown in July, the third
generation in mid-October, while the fourth generation was
sown in February. The soil was prepared mechanically and
the irrigation was derived directly from the main canal in the
Farm, once a week. No fertilization nor pesticides were added
throughout the experiment period (for the second mutant
generation).

The physiological activity of the Albino rats fed on mutant
sorghum

The experimental Albino rats

Fifteen Wister Albino rats (4 weeks old) were weighed and
distributed randomly in five groups according to their weights
and their feed. The mean weight of each Albino rat was
measured twice during the experimental period (60 days);
before and after experimental. The experimental rats were
then placed in clean separate cages. Each rat was fed on 12
g/lday of wheat bran and the flour of each mutant sorghum
seeds, in addition to control (at a ratio of 1:1). Each feeding
component was mixed with a considerable amount of water to
made compact paste, which was then cut into small pieces,
compressed and let to dry separately. Each sorghum cake-
piece was weighed before being fed to the Albino rats at 12

g/day for two months. No other food or additives were added
throughout the experiment period.

Sampling blood for hematological analysis

At the end of the experimental period (60 days), blood
samples of the Albino rats were collected from the retrorbital
sinus (a system of dilated venous channels at the back of the
orbit). A microhematocrit tube was along the inner corner of
the eye (Plate, 1) beside the eyeball. After collecting the blood
the tube was withdraw and a gentle press was applied on the
closed eyelids to stop any bleeding.

About 2.5 ml of blood was poured in clear container
containing the anticoagulant EDTA so as to avoid clotting.
Sysmex KX 21N model was used for counting blood cell. The
collected blood samples were put on the hematology mixer
machine to determine the blood cell: white blood cells, red
blood cells, platelets, PCV, MCH, MCHC, MCV and
neutrophils and lymphocytes. The analysis was executed
when the instrument was set its ready status (the tube setting
was performed manually).

Plate 1 Sampling of blood from rats

Renal and liver function test

After the experiment period (60 days), three ml of blood was
collected by heparinized tubes. The plasma of the collected
blood was separated after centrifugation at 2500 rpm for 5
minutes. Renal function parameters were creatin, urea, Na*
and K'. These tests in addition to the liver function
parameters (protein, albumin, bilirubin, ALP, ALT, and AST)
were run at the Blood Bank Laboratory, Wad Medani
Teaching Hospital, according to (Spinreact, 2013; BioSystem,
2014).

Statistical Analysis

Simple descriptive statistic (means) were compared to the
standards values

RESULTS AND DISCUSSION

The physiological activity of the Albino rats fed on mutant
sorghum

Renal function (RF)

Table (1) showed the effects of different irradiated sorghum
seeds on the renal function parameters (RF) of albino rats fed
on it. The creatin (in mg/dl) was 0.70 in HX, 0.88 in UV,
while in LG and HG samples it were 0.65 and 0.60,
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respectively. The UV sample showed slight increase, while
gamma ray showed slight decrease, whereas HX sample was
normal compared to control (0.70 mg/dl).

The table also showed the Urea contents (in mg/dl) in these
albino rats. The Urea content was 40.3 in HX (the highest
value measured among all samples), 12.0 in UV (the least
value measured among all samples), while in LG and HG
samples it were 36.0 and 31.3, respectively. All irradiated
samples, except UV, showed values higher than the control
(24.5 mg/dlI).

The Na* contents (in mmol/l) was 145.0 in HX (normal
compared to control (145.0)), 144.0 in UV, while in LG and
HG samples it were 149.0 and 143.0, respectively. Whereas,
K* contents (in mmol/l) was 5.6 in HX, 5.3 in UV (both were
normal compared to control (5.3)), while in LG and HG
samples it were 4.9 and 5.9, respectively. The LG sample
showed a lowest value among all tested samples.

ANOVA analysis revealed no significant difference in the
columns level (samples; f= 1.20 and f-crit= 2.26), i.e. the
control and the irradiated samples were statistically similar in
their renal function parameters.

This results agreed with Bourre (2005), who found that, no
significant difference in the activity of the plasma alanine
transaminase between growing male Albino rats fed raw or
irradiated full-fat linseed at 2.5, 5, 7.5 and 10 kGy during the
experimental period (5 weeks). On top of that, there are no
significant differences between AST/ALT ratio for groups of
rats fed raw or irradiated linseed and groups kept on casein
diet (Hikmat et al., 2010).

Table (1) Effects of irradiated sorghum seeds on renal
functions parameters (RF) of albino rats

control, HX and LG samples, whereas, it was 0.0 in UV,
while in HG sample it was 0.13. The total protein content (in
g/dl) was 7.6 in each of the HX, and UV samples, while it was
8.8 in LG (the highest value among all samples), whereas, in
HG sample it was7.3. All irradiated samples, except LG,
show decreased in value compared to control (8.2 g/dl).

It was clear that, according to the standards, the difference
was not great, between control and the irradiated samples in
their liver function parameters. There were no difference in
the activity of the aspartic and the alanine transaminases in
the plasma of growing male Albino rats fed raw or irradiated
full-fat linseed at 2.5, 5, 7.5 and 10 kGy during 5 weeks,
while the data obviously indicated that, the level of AST and
ALT of animals fed casein diet were higher than the levels of
those fed raw and processed linseed. On top of that, there are
no considerable differences between AST/ALT ratio for
groups of rats fed raw or irradiated linseed and groups kept on
casein diet.

Table 2 Effects of irradiated sorghum seeds on liver
function parameters of albino rats

Standards
HG (Youngetal.,

Parameter Control HX UV LG 2008: Brzoska
etal., 2003)
Albumin (g/dl) 4.8 42 43 5.0 4.3 3454
ALP (u/l) 75,5 230.0 88.0 128.0 206.0 20-140

Alanine aminotrans (u/l) 1415 190.7 342.0 129.0 640.7 5-35
ASpartat?u”}l';"”O”a”S 279.0 410.7 861.0 2530 4800  10-34
Bilirubin (mg/dl) 00 00 00 00 0.0 0-0.3
Total Bili (mg/dI) 0.1 01 00 01 013 0.3-1.9
Total Protein (g/dl) 8.2 76 16 8.8 7.3 6-8.3

Standards
Parameter Control HX UV LG HG Zé(?gzazscli(?e?szlﬁyet
al., 1981)
Creatinine (mg/dl) 0.70 0.70 0.88 0.65 0.60 0.25-3.09
Urea (mg/dI) 245 403 120 36.0 313 10.8-75.1
Na (m mol/L) 145.0 145.0 144.0 149.0 143.0 120.5
K (m mol/L) 5.3 5.6 53 49 59 5.6-12

On the liver function

Table (2) showed the effects of the irradiated sorghum seeds
on the liver function parameters (LF) of albino rats fed on it.
The Albumin (in g/dl) was 4.2 in HX, 4.3 in each of UV and
HG samples, while in LG it was 5.0 (the highest value among
control (4.8) and treated samples).

The ALP content (in u/l) in albino rats fed on the irradiated
sorghum seeds was 230.0 in HX (the highest among all
samples), 88.0 in UV, while in LG and HG samples it were
128.0 and 206.0, respectively. X and gamma treated samples
showed considerable increase in ALP contents compared to
control (75.5 u/l). The alanine transaminases (in u/l) was
190.7 in HX, 342.0 in UV, 129.0 in LG and 640.7 in HG
samples. All irradiated samples showed considerable increase
compared to control (141.5 u/l).

The table also showed that, the aspartate transaminases
contents (in u/l) was 410.7 in HX , 816.0 in UV, while in LG
it was 253.0, whereas in HG sample it was 480.0. All treated
samples, except LG, show increased values compared to
control (279.0). Bilirubin contents (in mg/dl) were 0.0 in all
tested samples. The Total bili contents (in mg/dl) were 0.1 in

Plasma enzyme aspartate transaminase (AST) and alanine
transaminase (ALT) were used as the biochemical indicators
for hepatic damage. Plasma AST and ALT were found to be
elevated (P=0.0001) in growing male albino rats received
high fat diet (HFD) when compared with those received
reference diet (25.538 vs 22.163 and 10.733 vs 7.517 UL-1,
respectively). Adding 2% raw or irradiated turmeric powder at
10, 15 and 20 kGy to HFD decreased the hepatic enzyme
activities (AST and ALT) of rats maintained on the
aforementioned diets for six weeks to be closed to those
received reference diet. On top of that, there are no significant
differences between groups of rats received 2% irradiated
turmeric powder at 10, 15 or 20 kGy in their diets as
compared with those received 2% non-irradiated turmeric
powder (Hania et al., 2010).

Farag (1987) mentioned that, irradiated different sorts animal
feeds up to 50 kGy did not affect the levels of plasma
proteins.

On blood cell count

The data obtained for evaluation of the effect of the irradiated
sorghum seed that were treated with LX, HX, LG, HG and
UV light and then fed to the albino rat (as cake) on red blood
cells (RBC), white blood cells (WBC) and platelets (PLT)
counts were represented in Table (3). The WBC counts (in
term of x10°/L) were 8.4 in control (the highest value), 7.5 in
X ray, 6.3 in UV (the least value), 7.7 in LG and 8.2 in HG
groups. The RBC counts (in term of x10™ /L) were 7.14 in
control, 8.53 in LX (the highest value), 7.74 in UV, 6.01 in
LG (the least value) and 7.82 in HG. The PLT counts (in term
of x10°L) were 513.5 in control, 665.7 in LX (the highest
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value), 331.0 in UV (the least value), 407.0 in LG and 356.7

in HG.

It was clear that, the irradiated sorghum seed cake decreased

the blood counts in albino rats after 60 days of feeding, except

LX treated sorghum.

The comparison also revealed that, there was considerable
difference in the blood count parameters, while there was no
considerable difference between the tested groups i.e. the
blood counts in the albino rats fed on irradiated sorghum were
similar to those fed on un-irradiated sorghum. It was clear
that, the irradiated sorghum seeds were similar in their effect

on blood count as same as control.

Table 3 Effects of mutant sorghum seeds fed to albino
rats on their blood count

Standards

Blood Parameter Control LX uv LG HG  (Stammers,
1926)

WBC ( x10°L) 8.4 7.5 6.3 7.7 8.20 9.02- 10.20
RBC (x10°/L) 714 853 774 6.01 7.82 7.89.2
PLT (x10%L) 0514 0.666 0.331 0.407 0.357 0.8-1.0

CONCLUSIONS AND RECOMMENDATIONS
Conclusions
1. The red blood cells (RBC), white blood cells (WBC)

and platelets (PLT) were decreased in count as a result

of feeding on the mutant sorghum seeds (except LX

group).
2. The mutant sorghum seeds were “comparatively”, safer

to be used (they did not make a considerable

differences in renal and liver functions), although
several obvious variations were noticed between
control and treated rats.

Recommendations

1. More important molecular genetic tests should
be run.
2. More concerns should be oriented to sorghum flour.

3. Similar test should be conducted for considerable

longer period in order to test the fertility and

histological on the experimental rats in addition to

lengthen the test period.
Reference

Acharya, P. V. N. (1977). The Effect of lonizing Radiation
on the Formation of Age-Correlated Oligo Deoxyribo
Nucleo Phospheryl Peptides in Mammalian Cells; 10th
International Congress of Gerontology, Jerusalem.
Abstract No. 1.

Aminetzach, Y. T.; Macpherson, J. M. and Petrov, D. A.
(2005). Pesticide resistance via transposition—mediated
adaptive gene truncation in Drosophila. Science, 309
(5735): 764-767.

Berenji, J. (1991). Sirak za zrno-perspektivnakultura.
Zbornik radova Instituta za ratarstvo i povrtarstvo
NoviSad 19: 519-528.

Berenji, J. and Dahlberg, J. (2004). Perspectives of

Sorghum in Europe. J. Agron. Crop Sci., 1905: 332-
338.

5308

BioSystem (2014). Manuals for detection of blood
enzymes. Quality system certified according to ENISO
13485 and ENISO 9001 standards. M1153c-11,16,20
and 21.

Bourre, J. M. (2005). Effect of increasing the omega-3 fatty
acid in the diets of animals on the animal products
consumed by humans. Med. Sci. (Paris). 21(8-9): 773-
779.

Brzéska, M. M.; Moniuszko-Jakoniuk, J.; Pilat-
Marcinkiewicz, B. and Sawicki, B. (2003). Liver And
Kidney Function And Histology In Rats Exposed To
Cadmium And Ethanol. DOI: http://dx.doi.org
/10.1093/alcalc/agg006 2-10 First published online: 1
January 2003

Burrus, V. and Waldor, M. (2004). Shaping bacterial
genomes with integrative and conjugative elements.
Res. Microbial., 155 (5):376-386.

Dahlberg, J. A.; Wolfrum, E.; Bean, B. and Rooney, L.
(2011). Compositional and agronomic evaluation of
sorghum biomass as a potential feedstock for
renewable fuels., Journal of Biobased Materials and
Bioenergy, 33(3): 205-213.

Dirar, H. A. (1991). The Indigenous Fermented Foods and
Beverages of Sudan. In: Applications of Biotechnology
to Food Processing in Africa. Selected Paper. UNIDO,
Vienna., 23-40.

Doggett, H. (1988). Sorghum. Longman Scientific and
Technical, London., 512 pp.

Dykes, L. and Rooney, L.W. (2006). Sorghum and millet
phenols and antioxidants. J. Cereal Sci., 44: 236-251

FAO (1995). Sorghum and Millets in Human Nutrition.
FAO Food and Nutrition Series; No. 27, ISBN 92-5-
103381-1.

Farag, M. D. H. (1987). Studies on protein turnover in
poultry fed irradiated protein by- products Ph.D. Thesis
Faculty of Agriculture, Al-Azhar University, Egypt.

Hania F. G. E., Hikmat M. E. and Hamaza, R. G. (2010).
Influence of Dietary Irradiated Curcuma ionga
(Turmeric) on Physiological and Biochemical
Parameters of Growing Rats. J. Rad. Res. Appl. Sci.,
3(4 A): 1125- 1141,

Hikmat, M.; EI-Shennaway, H.; EIl-Niely, F. G. and
Hamaza, R. G. (2010). Physiological and Biochemical
Impacts of Radiation Processed Full-Fat Linseed. J.
Rad. Res. Appl. Sci. 3(4A): 965 -986.

ICRISAT, International Crops Research Institute for the
Semi- Arid Tropics (2004). Sorghum, a crop of
subsistence. (In En.) Patancheru 502 324, Andhra
Pradesh, India: International Crops Research Institute
for the Semi-Arid Tropics. ISBN-92-9066-473.

Jensen, P. K.; Sandahl Christiansen, J.; Steven, K. and
Parving, H. H. (1981). Renal function in
streptozotocin-diabetic rats. Diabetologia, 21 (4): 409-
414,

Kozmin, S.; Slezak, G.; Reynaud-Angelin, A.; Elie, C.; de
Rycke, Y.; Boiteux, S. and Sage, E. (2005). UV-A
radiation is highly mutagenic in cells that are unable to
repair 7.8-dihydro-8-oxoguanine in Saccharomyces
cerevisiae. Proc. Nat. Acad. Sci., 102 (38): 13538-
13543.


http://dx.doi.org

International Journal of Current Advanced Research Vol 6, Issue 08, pp 5305-5309, August 2017

Leder, I. and Schusterne, G. (2000). Examination of cereals
and cereal components with important role in human
and physiology. Elelmezesi Ipar., 54(3): 91-92.

Miller, E. (1996). Minerals. In: food chemistry chapter
4(O.R. Fennema, ed.). Marcel Dekker Inc. New York.
Basel. Hong Kong.

Nadia,B.; Naima, B.; Boubekeur, N.; Claude, D.
Mohamed, M.; Barbara, R. and Marianne, S. (2009).
Physicochemical and functional properties of starches
from sorghum cultivated in the Sahara of Algeria.
Carboh. Polymers,78: 475-480.

Nelson, G. C. (2001). ed. Genetically modified organisms
in agriculture: economics and politics. Academic Press.

NRC, National Research Council (1996). Sorghum, Lost
Crops of Africa: Volume 1. Grains. National
Academies Press.

Pilon, L.; Langelier, Y. and Royal, A. (1986). Herpes
simplex virus type 2 mutagenesis: characterization of
mutants induced at the locus of non permissive XC
cells. Mol. Cell Biol., 6 (8): 2977 —2983.

Sawyer, S. A.; Parsch, J.; Zhang, Z. and Hartl, D. L.
(2007). Prevalence of positive selection among nearly
neutral amino acid replacements in Drosophila. Proc.
Nat. Acad. Sci. U.S.A., 104 (16): 6504-6510.

Spinreact (2013). Manuals for detection of protein, bilirubin
and creatinine. S.A/S.A.U. Ctra santa Coloma. BSIS
02, 13, 30,36.

Stammers, A. D. (1926). The blood count and body
temperature in normal Rats. J. Physiol., 61(3): 330-
335.

US Grain Council (2005). Sorghum Handbook: White
Sorghum, the New Food Grain. Washington, DC,
USA.

Waniska, R. D. (2000). Structure, phenolic compounds and
antifungal proteins of sorghum caryopses, pp. 72-106.
In: Chandrashekar A, Bandyopadhyay R, Hall AJ eds.
Technical and institutional options for sorghum grain
mold management: proceedings of an international
consultation, ICRISAT.

Young, T. H.; Tang, H. S.; Chao, Y. C.; Lee, H. S.; Hsiong,
C. H.; Pao, L. H. and Hu, O. Y. (2008). Quantitative rat
liver function test by galactose single point method,
Lab. Anim., 42(4): 495-504.

How to cite this article:

Mutaman Ali A. Kehail (2017) 'Morbidity in Dermatological patients in Rural S The Safety of Using Irradiated Sorghum
(Sorghum Bicolor), Using Albino Rats Fed on Them ', International Journal of Current Advanced Research, 06(08),
pp. 5305-5309. DOI: http://dx.doi.org/10.24327/ijcar.2017.5309.0695

*kkkkikk

5309



http://dx.doi.org/10.24327/ijcar.2017.5309.0695

