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INTRODUCTION
Sorghum is a traditional food and fodder crop in Africa and

Asia. Currently, a total of 41 million hectares (ha) is planted with
sorghum worldwide. To meet world demands, sorghum yield needs to
be increased to a projected 1.5ton ha-1 by 2010. Sorghum originated in
the semi-arid tropics and is generally heat and drought tolerant. Sor-
ghum contains high levels of diverse phenolic compounds like
polyflavanols (procyanidins)1-3, anthocyanins4,5 phenolic acids6,7, and
other antioxidant compounds. These compounds play important role
in providing health benefits of human. Sorghum genotypes could
thus be an important source of ingredients for use in functional foods
and other applications. However, screening of data on antioxidant
activity in different sorghum genotypes and/or its products is cum-
bersome, it is necessary to understand the nutrient quality and screen-
ing specific sorghum genotype as a competitive source of phyto-
nutrients. Hence it becomes imperative to establish suitable protocol
to screening specific sorghum genotypes for antioxidant activity.
Earlier reports on antioxidant activity of sorghum demonstrated by
several authors 8, 9, 10. Since these methodologies confined specific
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ABSTRACT
Sorghum (Sorghum bicolour (L) Monech) is the fifth leading cereal crop in the world and is used primarily in Asia and Africa as food crop.
Sorghum is an economically important food crop, it is also used for treatment of several ailments like cardiovascular health, reduce the risk of
certain types of cancer and reduce obesity in humans. In the present study, the antioxidant properties of Acetone-water extract from eight
genotypes of sorghum were estimated by three different methods. The percentage inhibition of superoxide, hydroxyl and lipid peroxidases
were maximum at 100, 300, 1200 µg respectively. The percentage of inhibitions increased with increasing concentrations of extract. Of the eight
genotypes, IS-2695 shown maximum of 64.99% inhibition for superoxide radical and the genotype IS-7155 was shown maximum inhibition in
hydroxyl, lipid peroxides 67.92% and 82.06% in this order. Significant differences were obtained among the genotypes when the antioxidant
activity of the each genotype subjected to a two-way ANOVA.

Keywords: Free Radical Scavenging Activity (FRAP), Sorghum bicolour,

genotype of sorghum and /or its products, and there is no sufficient
information on effect of genotype on antioxidant activity in sorghum
we have chosen eight genotypes to standardise a simple protocol for
screening the scavenging activity of free radicals in sorghum grain.

Free radicals are defined as molecules having an unpaired
electron in the outer orbit and they are produced in the body, prima-
rily as a result of aerobic metabolism. They are generally unstable and
very reactive. Examples of oxygen derived free radicals are superox-
ide, hydroxyl, peroxyl, alkoxyl and hydroperoxyl radicals and other
reactive oxygen species are hydrogen peroxide and hypochlorous
acid. The role of free radicals has been implicated in the causation of
several diseases such as liver cirrhosis, atherosclerosis, cancer, ag-
ing, arthritis, diabetes etc 11 and the compounds that scavenge free
radicals have great potential in ameliorating these disease processes
12. The human body has inherent mechanisms to reduced free radical
induced injury by endogenous enzymes such as superoxide dismutase,
glutathione, arginine, citrulline, taurine, creatine, selenium, zinc, vita-
min E, vitamin C, vitamin A and tea polyphenols. Sometimes these
protective mechanisms are found not to be sufficient when compared
to the insult produced to the body; hence the search for exogenous
antioxidants is continued. Over the past three decades, the free radi-
cal theory has greatly stimulated interest in the role of dietary antioxi-
dants in preventing many human diseases such as cancer, athero-
sclerosis, stroke, rheumatoid arthritis, neuro degeneration and diabe-
tes.

Superoxide anion plays an important role in the formation of
more reactive species such as hydrogen peroxide, hydroxyl radical,
and singlet oxygen, which induce oxidative damage in lipids, pro-
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teins, and DNA. Therefore, studying the scavenging activity of sor-
ghum seed extract on superoxide radical is one of the most important
ways of clarifying the mechanism of antioxidant activity. Among the
reactive oxygen species (ROS), the hydroxyl radicals are the most
reactive and predominant radicals generated endogenously during
aerobic metabolism . Due to the high reactivity, the radicals have a
very short biological half-life. The generated hrdroxyl radicals initiate
the lipid peroxidation process and/or propagate the chain process via
decomposition of lipid hydro peroxides. A single hydroxyl radical can
result in formation of many molecules of lipid hydro peroxides in the
cell membrane, which may severely, disrupts its function, and lead to
cell death. Lipid peroxidation involves a series of free radical medi-
ated chain reaction processes, is also associated with several types
of biological damage. Therefore much attention has been focused on
the use of natural’s antioxidants to inhibit lipid peroxidation and to
protect from damage due to free radicals. The objective of this study
was to establish a suitable In Vitro Screening Methods For Free
Radical Scavenging Activity of Sorghum bicolor (L.) Moench.

MATERIALS AND METHODS

Preparation of Extracts:

For the preparation of acetone extracts, shade dried pow-
dered material of 1 kg was extracted with aqueous acetone (70%) by
soxhlation. The crude extract was evaporated to dryness in a rotary
film evaporator to give a yield of 210.11g (sorghum). For the assess-
ment of free radical scavenging activities, the aqueous acetone ex-
tract were redissolved in water for assessment of in vitro free radical
scavenging activity.

Determination of superoxide scavenging activity by riboflavin photo
reduction method:

Superoxide scavenging activity of the extracts was deter-
mined by the method of McCord and Fridovich13. This depends on
light induced superoxide generation by riboflavin and the correspond-
ing reduction of Nitro blue tetrazolium (NBT). The assay mixture con-
tained the different concentrations of the extracts and EDTA (6µM
containing 3µM NaCN), NBT(50µM), riboflavin (2µM) and phosphate
buffer (58mM, pH 7.8) to give a total volume of 3ml. the tubes were
uniformly illuminated for 15 minutes and there after the optical den-
sity (OD) was measured at 560nm. The percentage inhibition by the
extracts of superoxide production was evaluated comparing the ab-
sorbance values of control and experimental tubes.

Percentage of inhibition by the extracts of superoxide production
was calculated using the formula

                                  Control OD-Test OD
              % inhibition =   ———————————— X 100

                         Control OD

The OD obtained with each concentration of the extracts
and ascorbic acids was plotted on a graph taking concentration on x
axis and percentage inhibition on Y-axis, the graph was extrapolated
to find the concentration needed for 50% inhibition.

Determination of lipid peroxidation inhibiting activity:

Inhibition of lipid peroxidation was determined by the
thiobarbituric acid method14. Reaction mixture (0.5ml) containing rat
liver homogenate (0.1ml, 25%w/v) in tris-HCl buffer (40mM, pH-7).
KCl (30mM), Ascorbic acid (0.06mM) and ferrous ion (0.16mM) and
various concentrations of the extracts were incubated for 1 hour at
37ºC. The reaction mixture (0.4ml) was treated with sodium dodecyl
sulphate (SDS-0.2ml 8.1%), thiobarbituric acid (TBA-1.5ml, 0.8%) and
acetic acid (1.5ml, 20 Antioxidant actions might be exerted by inhibit-
ing generation of reactive oxygen species and reactive nitrogen spe-
cies, or by directly scavenging free radicals or by raising the levels of
endogenous antioxidant defences, for example, by up regulating ex-
pression of the genes encoding superoxide dismutase, catalase or
glutathione peroxidase. As far as we know from previous literature,
some of the selected herbal drugs are known to possess superoxide,
or hydroxyl, or DPPH radical scavenging and lipid peroxidation inhi-
bition activities. There is no detailed study on free radical scaveng-
ing activities on sorghum. Hence, a detailed study was carried out on
superoxide radical; hydroxyl radical and lipid peroxidation inhibiting
activities of the acetone extract of sorghum. pH-3.5). The total vol-
ume was then made up to 4ml by adding distilled water and kept in oil
bath at 100ºC for one hour. After the mixture had been cooled 1ml
distilled water and 5ml of butanol - pyridine mixture (15: 1v/v) was
added. Following vigorous shaking, the tubes were centrifuged and
the absorbance of the organic layer containing the chromophore was
read at 532nm. The percentage inhibition of lipid peroxidation by the
extract was determined by comparing the absorbance values of the
control and the experimental tubes as calculated for superoxide radi-
cal assay.

Deoxyribose degradation method:

Hydroxyl radical scavenging activity was measured by
studying the competition between deoxyribose and the extracts for
hydroxyl radicals generated from the Fe2+

 / EDTA/H2O2 system (Fenton
reaction). The hydroxyl radicals attack deoxyribose which eventually
results in thiobarbituric acid reacting substances (TBARS) forma-
tion. The reaction mixture contains deoxyribose (2.8mM), ferrous sul-
phate (10mM). EDTA (10mM) H2O2 (1.0 mM), phosphate buffer (0.1
M, pH 7.4) and various dilutions of the extracts. The reaction was
incubated for 4 hours at 37ºC. Deoxyribose degradation was mea-
sured as TBA reactive substances by the method 14 and the percent-
age of inhibition was calculated from the control where no test com-
pound was added. The percentage inhibition of hydroxyl radicals by
the extracts was determined by comparing the absorbance values of
the control and the experimental tubes as calculated for superoxide
radical assay.

RESULTS AND DISCUSSION

Antioxidant actions might be exerted by inhibiting genera-
tion of reactive oxygen species and reactive nitrogen species, or by
directly scavenging free radicals or by raising the levels of endog-
enous antioxidant defences. As far as we know from previous litera-
ture, some of the selected herbal drugs are known to possess super-
oxide, or hydroxyl, or DPPH radical scavenging and lipid peroxidation
inhibition activities. The results of previous studies with different
antioxidant assay on sorghum acetone-water extract suggest that the
sorghum brans had 3 to 5 times antioxidant activity in the grains4.
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Table-1: In vitro concentration dependent inhibition superoxide radical by acetone extract of Sorghum bicolor.( L) Moench

                         Percentage inhibition of Superoxide radical

Extracts/Compound
Concentration of extract/Ascorbic acid in micrograms (µg)

5 10 25 50 100 200
IS-7155 7.576±0.231 33.6±0.401 37.003±0.258 43.826±0.306 64.333±0.538
IS-7005 7.003±0.269 19.256±0.476 27.71±0.345 50.8±0.656 59.316±0.359
IS-2744 5.313±0.232 19.223±0.330 26.74±0.215 36.916±0.111 43.093±0.566 54.156±0.647s
IS-3477 1.97±0.080 25.273±0.167 42.146±0.371 48.583±0.363 59.653±0.227
IS-2695 4.183±0.312 12.876±0.114 45.05±0.525 56.096±0.560 64.996±0.394
IS-2898 10.233±0.264 24.903±0.419 33.313±0.340 42.016±0.488 51.14±0.565
IS-1202 5.586±0.442 2.633±0.265 37.54±0.396 54.09±0.108 42.323±0.434
IS-33095 2.956±0.173 14.226±0.308 25.053±0.517 37.776±0.217 52.42±0.273

Ascorbic acid 0.91±0.63 9.32±0.21 17.60±0.48 43.86±0.69

Table-2: In vitro concentration dependent inhibition of hydroxyl radical by acetone extract of Sorghum bicolor.( L) Moench

                  Percentage inhibition of Hydroxyl radical

Extracts/Compound Concentration of extract/Ascorbic acid in micrograms(µg)
50 100 150 200 250 300

IS-7155 1.9±0.300 13.19±0.571 24.756±0.333 37.94±0.266 62.236±0.359 82.063±0.165
IS-7005 5.796±0.308 12.776±0.413 22.913±0.080 34.756±0.384 41.286±0.496 55.1±0.457
IS-2744 6.64±0.252 15.13±0.465 16.953±0.158 27.786±0.325 41.893±0.253 54.966±0.298
IS-3477 4.54±0.385 15.683±0.312 17.466±0.301 31.866±0.114 49.366±0.220 54.836±0.460
IS-2695 0.933±0.109 19.646±0.213 33.99±0.201 42.553±0.345 48.996±0.386 54.053±0.415
IS-2898 3.73±0.153 7.006±0.108 16.93±0.098 29.816±0.265 40.61±0.339 52.333±0.435
IS-1202 16.623±0.267 80.723±0.260 19.796±0.418 2.666±0.173 13.63±0.212 14.906±0.105
IS-33095 2.906±0.210 12.723±0.266 19.966±0.147 30.86±0.313 43.33±0.267 53.636±0.250
Ascorbic acid 5.22±1.52 15.47±1.00 69.12±2.68 74.470±0.58

Table-3: In vitro concentration dependent inhibition lipid peroxidation radical by acetone extract of Sorghum bicolor.( L) Moench.

Percentage inhibition of lipid peroxidation
Extracts/Compound Concentration of extract/Ascorbic acid in micrograms (µg)

200 400 600 800 1000 1200
IS-7155 11.883±0.138 19.673±0.228 24.91±0.153 41.016±0.376 57.68±0.190 67.916±0.115
IS-7005 7.47±0.287 17.206±0.193 25.35±0.261 34.673±0.288 50.52±0.272 60.836±0.283
IS-2744 5.553 ±0.297 18.44±0.301 26.943±0.059 33.716±0.169 47.753±0.211 55.056±0.336
IS-3477 5.736±0.243 12.21±0.424 21.12±0.153 23.066±0.253 44.703±0.293 54.226±0.190
IS-2695 4.226±0.151 8.893±0.226 17.19±0.161 32.39±0.215 54.77±0.224 60.87±0.174
IS-2898 5.303±0.395 17.573±0.233 27.69±0.238 42.456±0.441 59.86±0.119 66.093±0.197
IS-1202 32.36±0.297 56.59±0.235 29.38±0.258 78.876±0.284 7.633±0.193 31.76±0.217
IS-33095 4.49±0.329 10.263±0.481 26.626±0.257 40.823±0.360 53.346±0.246 63.663±0.214
Ascorbic acid 51.65±0.58 68.97±1.38

Table-4: Two-way ANOVA between the eight genotype and different
concentrations of aqueous acetone treatments.

Source of Variation SS df MS F
Lipid:
genotypes 17178.69 5 3435.738 36.85714
treatments 3663.315 8 457.9144 4.912311
Error 3728.708 40 93.21771
superoxide
genotypes 20596.68 5 4119.336 114.3781
treatments 780.7636 8 97.59545 2.70985
Error 1440.603 40 36.01507
Hydroxide
treatments 11219.61 5 2243.922 9.566773
Columns 703.5393 7 100.5056 0.428497
Error 8209.38 35 234.5537

(P<0.05)

In the present study, scavenging activity, superoxide, hy-
droxyl and lipid peroxidation reaction depending on the concentra-
tion of acetone extract and the values are depicted in table-1, 2 & 3.
The percentage inhibition of superoxide, hydroxyl and lipid increased
with the increasing concentration of aqueous acetone extracts of all
eight verities and maximum  percentage of inhibition was observed at
100, 300, 1200 µg concentrations respectively. Significant positive
correlations were obtained between the concentrations of plant ex-
tract and percentage of inhibition of superoxide, hydroxyl and lipid
peroxides (table-4).

Of the different genotypes used in this present study IS-
2695, has been shown maximum of 64.99 per cent inhibition for super-
oxide radical, while the genotype -IS-7155 has shown maximum inhi-
bition for hydroxyl, lipids peroxides (i.e., 67.92 in former and 82.06% in
later).
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In order to understand the differences among the genotype
and different concentration of aqueous extracts used in this present
study, two way ANOVA has been conducted, which revealed the
highly significant differences among the genotypes and in treatments
for the antioxidant activity of superoxide and lipid peroxides. When
considering the inhibition percentage of hydroxyl free radical, geno-
typic differences significant but the differences among the treatments
found to be insignificant but positive(Table – 4; p < 0.05). Several
authors have reported similar correlations between phenols and anti-
oxidant activity measured by various methods15-17, 9. The phenol con-
tents of sorghum and sorghum products can be good predictors of
their antioxidant activities. Tannins are known to have higher antioxi-
dant activity as compared to other phenols 18, 19 and are likely respon-
sible for the high activity in the brown sorghums.

CONCLUSIONS

Free radicals and other active derivatives of oxygen are in-
evitable by products of biological redox reactions. Activated oxygen
species, such as hydrogen peroxide (H2O2) superoxide (02

-), the hy-
droxyl radical (OH-) and singlet oxygen have the potential to inactive
enzymes and damage important cellular components. Free radicals
play a role in diseases such as cancer, althrosclerosis, rheumatoid
arthritis, inflammatory bowel disease, and cataracts, and phenolic
compounds may decrease the risk of these diseases by lowering the
amount of free radicals. Other roles of antioxidant include antifungal,
antibacterial, and antiviral agents. Sorghum is the fifth leading cereal
crop in the world and is used primarily in Asia and Africa as food crop.
In the United States, however, uses sorghum mainly as a feed grain.
More recently, several additional potential health and pharmaceutical
benefits of sorghum have been reported. These include slow digest-
ibility, cholesterol lowering, cardiovascular disease reduction, and
anti-carcinogenic properities20, 21. Sorghum phenols protect plants
against insects and diseases and they can also act as antioxidants in
vitro. These findings provide useful guidelines to produce sorghums
with the greatest antioxidant levels, which are potentially quite impor-
tant sources of healthy component in foods.

In this present study we have also predicted biological ef-
fectiveness of antioxidants, a method can only be truly appropriate if
it correlates with the in vivo, efficacy of the antioxidants to the anti-
oxidants. Because a complex mix of factors influence access and re-
sponse of antioxidants to difficult to receive (free radicals) in vivo, it
is difficult to predict ‘actual overall antioxidant value’ of samples based
on any single in vitro assay. Additionally, antioxidant activity alone
does not explain the potential effect of a compound in vivo since
other properties such as modification of enzyme activity or cell sig-
nalling pathways are possible. It is hoped that as more epidemiologi-
cal and specific biological data on antioxidants become available, a
better insight will be gained on their relevance of the in vitro  data.
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