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1. Introduction

   Sorghum [Sorghum bicolor (S. bicolor) L. Moench] is a crop 
that is widely grown all over the world for food and feed. It 
is one of the main staples for the world’s poorest and most 
insecure people in many parts of the developing world[1,2].
   Phenolic compounds in sorghum occur as phenolic acids, 
flavonoids and condensed tannins. Sorghums phenolic 
acids are located in the pericarp, testa, aleurone layer, and 
endosperm[3]. The most abundant phenolic acids in sorghum 
are ferulic acid, p-coumaric acid and vanillic acid, which 
are predominant in bran layer of grains[4]. Sorghums with 

white, yellow, red, or brown color pericarp may or may not 
have tannins depending upon the presence of a pigmented 
testa[5]. Most sorghum does not contain condensed tannins, 
but all contain phenolic acids[6]. Compared to other cereal 
crops, sorghum has unique chemical component of tannin 
including type II sorghum (tannins present in pigmented 
testa) and type III sorghum (tannins present in pigmented 
testa and pericarp), while non-tannin sorghum is classified 
as type I[7]. The tannins in sorghums have the highest levels 
of antioxidants compared to cereals[8]. The evidence of 
possible benefits of tannins in the diet has led to research 
that focuses on sorghum tannins and health[9,10].
   Free radicals may contribute to protein oxidation, DNA 
damage, lipid peroxidation in living tissues and cells[11]. 
This oxidative stress may be related to many disorders such 
as cancer, atherosclerosis, diabetes and liver cirrhosis[12].
   Epidemiological studies have suggested that increased 
consumption of whole grains, fruits and vegetables is 
associated with reduced risks of chronic diseases[13-15]. This 
association may be attributed to the natural antioxidants 
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Dorado variety. While ferulic acid, p-coumaric acid, gallic acid and caffeic acid represent the 
major phenolic acids in Shandaweel-6. On the other hand, protocatechuic acid represents the 
major phenolic acids in Giza-15. Regarding flavonoids components, Dorado was the highest 
variety in kampferol and naringenin while Shandaweel-6 was the highest variety in luteolin, 
apigenin, hypersoid, quercetin and christen. Finally, Giza-15 was the highest variety in catechin. 
Phenolic acids, flavonoid compounds and antioxidant activities were decreased after soaking. 
Conclusions: Sorghum varieties have moderate quantities from total phenols, total flavonoids, 
tannins, phenolic acids compounds, flavonoid components, vitamin E, 毬-carotene and 
antioxidant activity which decreased after soaking. 
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from plant foods such as vitamin C, tocopherol, carotenoids, 
polyphenolics and flavonoids which prevent free radical 
damage by modulating the effects of reactive oxidants. 
Also, some plants are promising sources of potential 
antioxidants and may be efficient as preventive agents in 
the pathogenesis of some diseases. It can be also used in 
stabilizing food against oxidative deterioration[16-18]. 
   Sorghum phenolic compounds have been shown to have 
antioxidant activity. These phenolic compounds possess 
structural features favorable for radical scavenging and/or 
metal chelation, which would enable them to be effective 
antioxidants. A potential therefore exists to use sorghum 
bran as a cheap source of natural antioxidants to prevent 
the development of oxidative rancidity in edible oils and 
other lipid food systems[5]. Some varieties of sorghum are 
recognized as important sources of dietary antioxidants 
because of the phenolic compounds found in the grain[19,20]. 
Many cereal and grain legumes are soaked before further 
processing. During soaking, water enters the kernel by 
molecular absorption, capillary absorption and hydration. 
Soaking gives a volume increase in the grain[21]. Soaking, 
fermentation and germination are three biological processes 
of significant impact on phytate and phenolic compounds. 
Several studies demonstrated that germination and 
fermentation affect condensed phenolic compounds[22].          
   The objective of this study was to increase the efficient use 
of three white sorghum by studying the biochemical changes 
of total phenols, flavonoids, tannins, vitamin E, 毬-carotene 
and antioxidant activity after soaking.

2. Materials and methods

2.1. Samples and chemicals

   2, 2-diphenyl-1-picrylhydrazyl (DPPH), 2,2’-azino-
bis-(3-ethylbenzotiazoline-6-sulphonic acid) (ABTS), 
sodium carbonate (Na2CO3), butylated hydroxytoluene (BHT), 
gallic acid, catechin, 毬-carotene and 毩-tocopherol were 
purchased from Sigma-Aldrich Chemical Co. (St. Louis, 
USA), Folin-Ciocalteu reagent was purchased from LOBA 
Chemie, India. All other chemicals used were of analytical 
reagent grade.
   Three white sorghum varieties (S. bicolor L. Moench), 
named Dorado, Shandaweel-6 and Giza-15 grown during the 
2007 season, were used. Dorado and Giza-15 varieties were 
obtained from Central Administration for Seed Certification 
(CASC), Ministry of Agriculture and Land Reclamation 
(MOALR), Giza, Egypt. Shandaweel-6 variety was obtained 
from the Crops Research Institute, Agricultural Research 
Center (ARC). 

2.2. Soaking of sorghum grains

   Sorghum grains were soaked in distilled water for 20 h 
with a ratio of 1:5 w/v and the soaked water was changed 
twice. At the end of soaking period, the soaked water was 
discarded. The grains were rinsed twice with distilled water 
and the grains were dried in oven at (45暲5 曟). The grains 

were milled in a laboratory mill to obtain fine flour and kept 
at -20 曟 until analysis.

2.3. Biochemical analysis

2.3.1. Determination of total phenols
   Total phenols were determined colorimetrically as 
described by Matkowshi and Piotrowska[23]. Sample (1 g) was 
mixed with 10 mL 80% methanol in a dark bottle and shaking 
for 2 h. The color was developed by Folin-Ciocalteu reagent 
and sodium carbonate. A volume of 0.250 mL was mixed 
with 0.250 mL Folin-Ciocalteau reagent and 0.50 mL of 10% 
sodium carbonate (Na2CO3) and the volume was completed 
to 5 mL with distilled water. After incubation in dark at 
room temperature for 30 min, the absorbance of the reaction 
mixture was measured at 725 nm against blank. Gallic acid 
was used as a standard. 

2.3.2. Determination of total flavonoids 
   Total flavonoids were determined according to the methods 
of Nabavi et al[24]. Sample (1 g) was mixed with 10 mL 80% 
methanol and shaking for 2 h. Total flavonoids extract (0.4 
mL) was added to 4 mL of H2O. Then 0.3 mL of 5% NaNO2 was 
added. After 5 min, 0.3 mL of 10% AlCl3 was added. After 
6 min, 2 mL of 1 M NaOH was added and the total volume 
was made up to 10 mL with distilled water. The color was 
measured at 510 nm against a blank reagent. Catechin was 
served as standard compound. 

2.3.3. Determination of tannins 
   Tannins were determined as described by Price et al[25] 

followed with minor modification by Osman[26]. Sample 
(1.0 g) was mixed with 10 mL of 1% methanol/HCl solution 
in a in a dark bottle and shaking for 20 min at room 
temperature. Then the mixture was filtrated. The tannins in 
the supernatant were estimated by using 1 mL of supernatant 
and 5 mL of vanillin/HCl mixture (by mixing equal volumes 
of 2% vanillin in methanol and 8% methanol/HCl) in a test 
tube and kept for 20 min at room temperature. The formed 
color was determined at 500 nm. Catechin was used to 
prepare the standard curve. 

2.3.4. Fractionation of phenolic acids and flavonoid 
compounds using HPLC 
   The phenolic acids and flavonoid compounds of the 
samples were extracted according to the method described 
by Goupy et al[27] and Mattila et al[28] by using HPLC 
instrument (Hewlett Packard, series 1050, country) composed 
of column C18 hypersil BDS with particle size 5 毺m. The 
separation was carried out with methanol and acetonitrile 
as a mobile phase, flow with 1 mL/min. Quantification was 
carried out for a calibration based on the standards phenolic 
acid and flavonoid. 

2.3.5. Determination of vitamin E as 毩-tocopherol using 
HPLC
   The vitamin E was quantified according to the method 
described by Pykaa and Sliwiok[29] by using HPLC 
instrument (Hewlett Packard, series 1050, country) composed 
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of column C18 hypersil BDS with particle size 5 毺m. Samples 
(10 g) were extracted by using hexane and saponified with 
25% methanolic KOH. The extracted 毩-tocopherol was 
filtrated through 0.20 毺m millipore membrane filter and set 
up to a known volume. Three milliliters were collected in a 
vial for subsequent HPLC separation. Separation was carried 
out with methanol as a mobile phase, flow with 1 mL/min. 
Quantification was carried out for a calibration based on the 
standard 毩-tocopherol.

2.3.6. Determination of 毬-carotene 
   毬-carotene was determined using the method outlined 
by Santra et al[30]. Samples (2 g) were added to water-
saturated n-butanol and mixed by handshaking, and kept in 
the dark for 16-18 h for extraction of 毬-carotene. Samples 
were centrifuged at 10 000 g for 10 min. The absorbance 
of collected supernatant was measured at 440 nm on 
spectrophotometer. 毬-carotene was used to prepare the 
standard curve. 

2.3.7. Determination of antioxidant activity  
2.3.7.1. Radical scavenging activity by using DPPH method  
   The antioxidant activity of plant methanol extracts was 
determined based on the radical scavenging ability in 
reacting with a stable DPPH free radical according to 
Brand-Williams et al[31]. Samples (1 g) were extracted with 
80% methanol (10 mL) for 2 h. Briefly, 2.4 mg of DPPH in 100 
mL methanol was prepared and 3.9 mL of this solution was 
added to 0.1 mL of methanolic extract. The mixture was 
shaken vigorously and allowed to stand at room temperature 
for 30 min in the dark. Then the absorbance was measured 
at 515 nm. The radical scavenging percentage was calculated 
using the following equation:
    % Radical scavenging = (1 - Af/Ao) 暳 100 
   Where, Ao is the initial absorbance and Af is the final 
absorbance.  
   The antioxidant capacity was expressed as BHT equivalent 
antioxidant capacity (BHT EAC 毺mole/g dwt).

2.3.7.2. Radical scavenging activity by using ABTS method  
   The ABTS assay was carried out according to Re et al[32]. 
After preparing the ABTS radical (7 mM, ABTS was dissolved 
in 10 mL deionized water), ammonium persulfate solution 
was prepared (2.45 mM - 10 mL). ABTS radical cation was 
produced by reacting 10 mL of ABTS stock solution with 10 
mL of ammonium persulfate and then mixed, homogenized 
and kept in an amber flask for at least 16 h and protected 

from light). For the sample, an aliquot of 200 毺L of the 
radical formed was pipetted and diluted in 10 mL 96曘 
ethanol of analysis grade. The absorbance was measured 
at 734 nm. An aliquot of 980 毺L of the diluted radical was 
pipetted and transferred to cuvette, and 20 毺L of the sample 
was added, homogenizing and agitating for a few seconds. 
The calculation of the radical scavenging percentage was 
made using the above formula. The antioxidant capacity was 
expressed as BHT equivalent antioxidant capacity (BHT EAC 
毺mole/g dwt).  

2.4. Statistical analysis

   For the analytical data, mean values and standard 
deviation were reported. The data obtained were subjected to 
one-way analysis of variance (ANOVA) and least significant 
difference (LSD) was at P<0.05. 

3. Results      

   Table 1 exhibited the changes in total phenols, total 
flavonoids and tannins during soaking of sorghum grains. 
The results showed that total phenols, total flavonoids 
and tannins content in raw sorghum ranged from 109.21 to 
116.70, 45.91 to 54.69 and 1.39 to 21.79 mg/100 g, respectively. 
Shandaweel-6 was the highest variety in total phenols and 
total flavonoids content. Meanwhile, Giza-15 was the highest 
variety in tannins content.
   In general, after soaking, the total phenols, total flavonoids 
and tannins content of sorghum was decreased. Data 
revealed that the losses were between 21.97% to 28.30%, 
21.97% to 28.30% and 7.19% to 30.38% for total phenols, total 
flavonoids and tannins content, respectively. 
   Table 2 presented the changes in phenolic acids 
composition before and after soaking. HPLC analysis showed 
that sorghum phenolic acids consists of different compounds 
i.e. ferulic acid, protocatechuic acid, p-coumaric acid, 
p-hydroxybenzoic acid, vanillic acid, gallic acid, caffeic 
acid, syringic acid and cinnamic acid, with different 
concentrations.
   Dorado was the highest variety in p-hydroxybenzoic 
acid, vanillic acid, syringic acid and cinnamic acid while 
Shandaweel-6 was the highest variety in ferulic acid, 
p-coumaric acid, gallic acid and caffeic acid. Giza-15 was 
the highest variety in protocatechuic acid. After soaking, 
phenolic acids composition was significantly (P<0.05) 

Table 1
Changes in total phenols, total flavonoids and tannins (mg/100 g dwt) during soaking of sorghum grains (mean暲SD).

Treatments Varieties Tannins Total flavonoids Total phenols
Raw Dorado  1.99暲0.26c 45.91暲2.93b 110.52暲2.01b

Shandaweel-6  1.39暲0.20c 58.85暲1.64a 116.70暲2.51a

Giza-15 21.79暲2.07a 54.69暲0.96a 109.21暲2.97b

Soaking Dorado   1.72暲0.19c 33.92暲3.14d   71.42暲2.61c

Shandaweel-6   1.29暲0.22c 45.92暲3.29b   70.00暲1.99c

Giza-15 15.17暲0.48b 39.21暲2.86c   61.24暲2.03d

LSD 1.580 3 4.759 2 4.092 2
Numbers in the same column followed by the same letter are not significantly different (P<0.05).
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decreased and this is due to the losses of total phenols in 
water as mentioned before. 
  Table 3 showed the effect of soaking of sorghum grains on 
flavonoids composition. HPLC analysis showed significant 
differences in flavonoids between sorghum varieties with 
different compounds i.e. luteolin, apigenin, kampferol, 
hypersoid, quercetin, catechin, christin and naringenin. 
Shandaweel-6 had the highest amount of luteolin, apigenin, 
hypersoid, quercetin and christen while Dorado had the 
highest amount of kampferol and naringenin and Giza-15 
had the highest amount of catechin. There was a significant 
(P<0.05) decrease in flavonoids composition after soaking. 
   Table 4 presented the changes in vitamin E and 毬- 
carotene contents during soaking. It could be noticed that 
vitamin E content in raw sorghum ranged from 1.74 to 5.25 
mg/kg. Vitamin E amount was significantly higher in Dorado 
than other varieties. After soaking vitamin E content was 
significantly reduced and ranged from 1.50 to 4.25 mg/kg. 
From the same table, 毬-carotene content ranged from 0.54 
to 1.19 mg/kg in raw sorghum. Giza-15 contains the higher 
amount of 毬-carotene than other varieties. After soaking 
毬-carotene content was significantly reduced and ranged 
from 0.40 to 1.04 mg/kg. 
   Table 5 exhibited the changes in antioxidant activity 
(AO) and antioxidant capacity (AC) during soaking. Data 

revealed that DPPH and ABTS scavenging activity in raw 
sorghum varied from 21.72% to 27.69% and 25.29% to 31.97%, 
respectively. Shandaweel-6 recorded the highest AO and 
AC due to its highest content of total phenols and flavonoids 
contents. Also, AC in raw sorghum varied from 12.82 to 
16.39 毺mole/g and 13.82 to 17.52 毺mole/g, respectively. 
After soaking DPPH and ABTS scavenging and antioxidant 
capacity were significantly decreased. 

Table 4
Effect of soaking of sorghum grains on vitamin E and 毬- carotene (mg/
kg) (mean暲SD).

Treatments Varieties 毬- carotene Vitamin E*
Raw Dorado 0.62暲0.01b 5.25暲0.18a

Shandaweel-6  0.54暲0.01bc 4.42暲0.10b

Giza-15 1.19暲0.03a 1.74暲0.02d

Soaking Dorado  0.47暲0.03bc 4.25暲0.21b

Shandaweel-6 0.40暲0.03c 2.35暲0.10c

Giza-15 1.04暲0.29a 1.50暲0.14e

LSD 0.215 1 0.252 2
* Vitamin E as 毬-tocopherol.
Numbers in the same column or raw followed by the same letter are 
not significantly different (P<0.05).

Table 2
Effect of soaking of sorghum grains on phenolic acids composition (毺g/g dwt) (mean暲SD).
Treatments Varieties Cinnamic acid Syringic acid Caffeic acid Gallic acid Vanillic acid p-Hydroxybenzoic acid p-Coumaric acid Protocatechuic acid Ferulic acid

Raw Dorado 15.02暲3.75a 17.48暲2.51a  14.67暲2.51ab 14.84暲2.00a 23.43暲2.52a 16.39暲0.10a 51.29暲3.08b 156.31暲2.11bc 163.91暲4.44b

Shandaweel-6   12.81暲0.11abc 15.71暲2.84a 20.83暲3.05a 21.51暲3.62a 22.19暲3.05a 13.41暲2.63b 71.88暲4.39a  150.28暲4.95cd 173.46暲3.10a

Giza-15     9.76暲0.87bcd 16.06暲1.60a 13.55暲4.40b 18.96暲4.01a 15.45暲2.28c   6.13暲1.21c 41.88暲4.03c 178.22暲3.00a 120.47暲3.00c

Soaking Dorado  13.33暲2.09ab 16.29暲1.11a 12.63暲4.19b 12.69暲4.02a   20.92暲4.32ab 11.51暲2.11b 20.37暲3.51d   152.03暲3.05bc 106.29暲4.00d

Shandaweel-6   9.26暲2.14cd 14.89暲2.71a 12.74暲2.52b 16.59暲1.97a   15.86暲2.60bc   7.36暲1.50c 21.14暲2.20d  145.49暲3.20d 110.87暲3.33d

Giza-15  6.17暲1.40d 15.86暲2.30a 10.42暲0.67b 15.61暲2.89a  14.56暲2.20c   4.76暲0.20c   9.34暲1.12e  156.66暲3.77b   98.51暲3.28e

LSD 3.655 4 4.027 6 5.580 5 5.305 9 5.171 1 2.772 8 5.783 9 5.861 7 6.150 3

Numbers in the same column or raw followed by the same letter are not significantly different (P<0.05).

Table 3
Effect of soaking of sorghum grains on flavonoids composition (毺g/g dwt) (mean暲SD).
Treatments Varieties Naringenin Christin Catechin Quercetin Hypersoid Kampferol Apigenin Luteolin

Raw Dorado 28.62暲2.99a 3.58暲0.55a 5.58暲1.03a 22.34暲2.02b 34.62暲4.00c 36.44暲2.00a 61.58暲2.97a 167.26暲4.15c

Shandaweel-6  26.77暲3.10ab 3.86暲0.57a 5.67暲1.11a 29.43暲3.97a 50.41暲3.29a  32.80暲2.52ab 65.58暲4.25a 210.70暲2.00a

Giza-15  22.85暲4.59bc 3.34暲0.78a 6.13暲0.99a  25.73暲3.00ab  30.16暲3.42cd 17.88暲2.74d 25.74暲3.05d 112.56暲3.74e

Soaking Dorado   20.57暲0.50bcd 3.15暲0.76a 5.29暲0.73a 22.87暲2.88b  25.16暲3.10de 30.94暲2.25b 33.77暲3.30c 121.27暲3.56d

Shandaweel-6   20.64暲1.95bcd 2.75暲0.53a 5.43暲0.87a  27.50暲1.80ab 42.34暲4.19b 24.60暲2.89c 43.98暲3.00b 186.11暲3.20b

Giza-15    18.97暲4.79bcde 2.60暲0.77a 4.45暲1.00a 22.81暲3.20b 22.76暲2.90e 14.78暲1.16d 19.46暲3.00e   66.74暲2.01f

LSD 5.928 8 1.191 5 1.715 0 5.115 6 6.253 6 3.928 6 5.384 1 5.729 4
Numbers in the same column or raw followed by the same letter are not significantly different (P<0.05).

Table 5
Effect of soaking of sorghum grains on AO and AC (mean暲SD).

Treatments Varieties ACABTS (毺mole/g) ACDPPH (毺mole/g) AOABTS (%) AODPPH (%)

Raw Dorado 15.29暲0.22b 14.33暲0.84b 28.00暲0.42b 24.59暲1.34b

Shandaweel-6 17.52暲1.55a 16.39暲1.10a 31.97暲2.82a 27.69暲1.88a

Giza-15  13.82暲1.25bc  12.82暲0.63bc  25.29暲2.28bc 21.72暲1.07c

Soaking Dorado  12.36暲1.15cd  11.66暲0.36cd 23.21暲2.15c  20.28暲0.63cd

Shandaweel-6 15.23暲0.69b  12.99暲1.48bc 28.49暲1.29b  22.47暲2.57bc

Giza-15 11.81暲0.82d 10.70暲0.10d 22.17暲1.54c 18.59暲0.18d

LSD 1.846 2 1.569 9 3.408 2 2.664 8
NumberS in the same column or raw followed by the same letter are not significantly different (P<0.05).
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4. Discussion

   Phenolic compounds in sorghum occur as phenolic 
acids, flavonoids and condensed tannins. The antioxidative 
phytochemicals in grains, vegetables and fruits have 
received increased attention recently for their potential role 
in prevention of human diseases as well as in food quality 
improvement[3,33].
   The present findings were in agreement with Glennie[34] 

who reported that concentrations of total phenols of white 
sorghum grains ranged from 80 to 100 mg/100 g and with 
Yang[35] who reported that total phenols content of non-
tannin sorghums ranged from 90-1 820 mg gallic acid 
equivalent (GAE)/100 g sample. Previous studies found that 
sorghum tannins content ranged from 10 to 2 056, 20 to 190 g 
and 0 to 1 310 mg/100 g tannin as catechin equivalents[36-38]. 
In addition, our findings are somewhat close with the 
findings of Youssef[6] who found that Giza-15 contains 18 mg 
tannin /100 g. 
   This reduction of total phenols, total flavonoids and 
tannins after soaking may be attributing to leaching of 
phenols into the soaking medium. The results approved with 
Nwosu[39] who reported that this reduction was expected 
as soaking helped in the removal of the soluble anti-
nutrients like tannins. The lower level of total phenols and 
total flavonoids after soaking may be due to the release of 
phenolic compounds into soaking water. This can be the 
result of longer soaking duration leading to more phenolics 
diffuse outside[40].
   These research results were in agreement with Awika and 
Rooney[19] who reported that sorghum grains contain 100-500 
毺g/g dwt ferulic acid. Also, gallic acid ranged from 12.9-46.0 
毺g/g dwt, whereas cinnamic acid ranged form 2.0 to 19.7 毺
g/g dwt[20]. And the results were partially in agreement with 
Hahn et al[41] who mentioned that p-hydroxybenzoic acid, 
protocatechuic acid and vanillic acid ranged from 15 to 
36, 24 to 141, 8 to 50 毺g/g dwt, respectively. The reduction 
of phenolic acids compositions after soaking is due to the 
losses of total phenols in water as mentioned before.
   Due to the biological benefits attributed to these 
compounds, there is a need to determine their presence 
and levels in sorghum[19,42]. Several phenolic compounds 
have been isolated from sorghum like naringenin (a 
flavanone) which was found in sorghum[43]. Also, luteolin, 
apigenin, kampferol, catechin, and naringenin were found in 
sorghum[19,42]. The reduction of flavonoids composition after 
soaking is due to the losses of total phenols and flavonoids 
after soaking and diffusion in soaking water. 
   It is well known that free radicals cause autoxidation of 
unsaturated lipids in food. On the other hand, antioxidants 
are believed to intercept the free radical chain during 
oxidation and to donate hydrogen from the tocopherol 
hydroxyl groups, thereby forming a stable end product, 
which does not initiate or propagate further oxidation of the 
lipid[44]. Previous studies found that grains contain low to 
moderate levels of tocopherol and the 毩-tocopherol content 
in raw sorghum was 1.4 mg/kg[45,46]. 

   Yellow endosperm sorghums contain carotenoids, 
including 毬-carotene which is considered the most 
important precursor of vitamin A, since one molecule can 
potentially be transformed into two molecules of retinol. 
Vitamin A deficiency affects approximately 250 million 
people in semiarid regions of Africa and Asia, where 
sorghum (S. bicolor Moench) is a major staple crop, even 
though 毬-carotene content in this population was low and 
would not be sufficient to cover daily requirement of vitamin 
A[47,48]. Our present results approved with Reddy et al[49] who 
reported that 毬-carotene in raw sorghum ranged from 0.56 to 
1.13 mg/kg. Also, Salas Fernandez et al[48] found that yellow 
endosperm sorghum had 毬-carotene ranged from 0.22 to 
3.23 mg/kg, even though that, 毬-carotene content would not 
be sufficient to cover daily requirements of vitamin A[50].
   In general, cooking time, soaking and fermentation period 
were reported to have pronounced effects on the vitamin 
levels and anti-nutritional factors present in natural 
foods[51]. Phenolics are considered as a major group of 
compounds that contribute to the antioxidant activities of 
grains and thus may contribute significantly to the health 
benefits associated with whole food consumption[52]. 
Sorghum and barley are two important food grains reported 
to contain significant quantities of phenolic compounds[53]. 
Sorghum, as other cereal grains, fruits and vegetables has 
phytochemical compounds, which have been evaluated for 
antioxidant properties[54].
   Radical scavenging is the main mechanism by which 
antioxidants act in foods. Several methods have been 
developed including DPPH and ABTS radical scavenging 
methods. The DPPH radical, is widely used to evaluate 
the free radical scavenging activity of hydrogen donating 
antioxidants in many plant extracts[55].
   It was found that non-pigmented sorghum showed 
relatively radical scavenging activity ranged from 7% to 
67%[56]. While the antioxidant activity (as ABTS) for whole 
grain was (19 毺mole/g)[57], the same range for whole grain 
(10.8-22.6 毺mole/g) of sorghums was reported[58]. It was also 
reported by Dicko et al that antioxidant activities ranged 
from 16 to 80 毺mol/g[59]. It was found that, the antioxidant 
capacity measured by ABTS assay of non-tannin sorghum 
grains ranged from 9.7-78.9 毺mol TE/g sample[35], which was 
close to (8-75 毺mol TE/g sample) as reported[60]. Also, it was 
reported that, white sorghum had the antioxidant activity of 
14 毺mol/g (as ABTS)[61].
   This reduction of antioxidant activity and antioxidant 
capacity after soaking due to the leaching occurred in total 
phenols, flavonoids, vitamin E and 毬-carotene contents in 
soaking water.
   Sorghum varieties contain various phytochemicals 
which have gained increased interest due to their 
antioxidant activity and other potential health benefits. 
Consequently, sorghum could serve as an important 
source of phytoceuticals. Sorghum varieties have moderate 
quantities from total phenols, flavonoids, tannins, vitamin 
E, 毬-carotene and antioxidant activity. Besides that, 
after soaking sorghum still have phenols and antioxidant 
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components. The demand for natural antioxidants for use in 
foods has increased recently because of debates about the 
long-term safety of synthetic antioxidants such as BHT.

Conflict of interest statement

   We declare that we have no conflict of interest.

Acknowledgements

   Authors would like to thank the Department of 
Biochemistry, Faculty of Agriculture, Cairo University, and 
Food Technology Research Institute (FTRI), Agricultural 
Research Center (ARC) for ongoing cooperation to support 
research and provid funds and facilities necessary to achieve 
the desired goals of research.

References

[1]    Elkhalifa AO, Schiffler B, Bernhardt R. Effect of fermentation on 
the functional properties of sorghum flour. Food Chem 2005; 92: 
1-5. 

[2]    Afify AMR, El-Beltagi HS, Abd El-Salam SM, Omran AA. 
Bioavailability of iron, zinc, phytate and phytase activity during 
soaking and germination of white sorghum varieties. Adv Food 
Sci 2011; 33(3):133-140. 

[3]    Rooney LW, Waniska RD. Structure and chemistry of the sorghum 
caryopsis. In: Smith CW, Frederiksen RA. (eds.) Sorghum: origin, 
history, technology, and production. New York: Wiley; 2000, p. 
649-688.

[4]    Butsat S, Siriamornpun S. Phenolic acids and antioxidant 
activities in husk of different Thai rice varieties. Food Sci 
Technol Int 2010; 16: 329-336. 

[5]    Awika JM, Rooney LW, Waniska RD. Anthocyanins from black 
sorghum and their antioxidant properties. Food Chem 2004; 90: 
293-301.

[6]    Youssef AM. Extractability, fractionation and nutritional value 
of low and high tannin sorghum proteins. Food Chem 1998; 63(3): 
325-329.

[7]    Xiang W. Identification of two interacting quantitative trait loci 
controlling for condensed tannin in sorghum grain and grain 
quality analysis of a sorghum diverse collection (M.SC. thesis). 
Agronomy Department, Agriculture College, Kansas State  
University, Manhattan, Kansas; 2009, p. 1-79.

[8]    Chiremba C, Taylor JRN, Duodu KG. Phenolic content, antioxidant 
activity, and consumer acceptability of sorghum cookies. Cereal 
Chem 2009; 86(5): 590-594.

[9]    Prior RL, Gu L. Occurrence and biological significance of 
proanthocyanidins in the American diet. Phytochemistry 2005; 66: 
2264-2280.

[10]  Henley EC, Taylor JR, Obukosia SD. The importance of dietary 
protein in human health: combating protein deficiency in sub-
saharan Africa through transgenic biofortified sorghum. Adv Food 

Nutr Res 2010; 60: 21-52.
[11]  El-Beltagi HS, Ahmed OK, El-Desouky W. Effect of low doses 

毭-irradiation on oxidative stress and secondary metabolites 
production of rosemary (Rosmarinus officinalis L.) callus culture. 
Radiat Phys Chem 2011; 80(9): 968-976.

[12]  Afify AMR, EL-Beltagi HS. Effect of the insecticide cyanophos on 
liver function in adult male rats. Fresen Environ Bull 2011; 20(4a): 
1084-1088.

[13]  Shallan MA, El-Beltagi HS, Mona AM, Amera TM, Sohir NA. Effect 
of amylose content and pre-germinated brown rice on serum 
blood glucose and lipids in experimental animal. Aust J Basci 
Appl Sci 2010; 4(2): 114-121.

[14]  Abdel-Rahim EA, El-Beltagi HS. Constituents of apple, parsley 
and lentil edible plants and their therapy treatments for blood 
picture as well as liver and kidneys functions against lipidemic 
disease. Electron J Environ Agric Food Chem 2010; 9(6): 1117-1127. 

[15]  Abdel-Rahim EA, El-Beltagi HS. Alleviation of hyperlipidemia 
in hypercholesterolemic rats by lentil seeds and apple as well as 
parsley in semi-modified diet. Adv Food Sci 2011; 33(1): 2-7.

[16]  Mohamed AA, Khalil AA, El-Beltagi HES. Antioxidant and 
antimicrobial properties of kaff maryam (Anastatica hierochuntica) 
and doum palm (Hyphaene thebaica). Grasas Y Aceites 2010; 61(1): 
67-75.

[17]  El-Beltagi HES, Mohamed AA. Variations in fatty acid 
composition, glucosinolate profile and some phytochemical 
contents in selected oil seed rape (Brassica napus L.) cultivars. 
Grasas Y Aceites 2010; 61(2): 143-150.

[18]  El-Beltagi HS, Mohamed AA, Mekki BB. Differences in 
some constituents, enzymes activity and electrophoretic 
characterization of different rapeseed (Brassica napus L.) 
cultivars. Ann Oradea Univ Biol Fascicle 2011; 18(1): 39-46.

[19]  Awika JM, Rooney LW. Phytochemicals from sorghum and their 
impact on human health. Phytochemistry 2004; 65: 1199-1221.

[20]  Dykes L, Rooney LW. Sorghum and millet phenols and 
antioxidants. J Cereal Sci 2006; 44: 236-251.

[21]  Ali NMM, El Tinay AH, Elkhalifa AO, Salihb OA, Yousif NE. Effect 
of alkaline pretreatment and cooking on protein fractions of a 
high-tannin sorghum cultivar. Food Chem 2009; 114: 646-648. 

[22]  Bvochora JM, Danner H, Miyafuji H, Braun R, Zvauya R. Variation 
of sorghum phenolic compounds during the preparation of opaque 
beer. Process Biochem 2005; 40: 1207-1213.

[23]  Matkowshi A, Piotrowska M. Antioxidant and free radical 
scavenging activities of some medicinal plants from the 
Lamiaceae. Fitoterapia 2006; 77: 346-353.

[24]  Nabavi SM, Ebrahimzadeh MA, Nabavi SF, Hamidinia A, 
Bekhradnia AR. Determination of antioxidant activity, phenol and 
flavonoids content of Parrotia persica Mey. Pharmacologyonline 
2008; 2: 560-567.

[25]  Pric ML, Socoyoc SV, Butler LG. A critical evaluation of vanillin 
reaction as an assay for tannin in sorghum grain. J Agric Food 
Chem 1978; 26(5): 1214-1218.

[26]  Osman MA. Changes in sorghum enzyme inhibitors, phytic acid, 
tannins and in vitro protein digestibility occurring during Khamir 
(local bread) fermentation. Food Chem 2004; 88: 129-134.

[27]  Goupy P, Hugues M, Boivin P, Amiot MJ. Antioxidant and activity 
of barley (Hordeum vulgare) and malt extracts and of isolated 



Abd El-Moneim MR Afify et al./Asian Pac J Trop Biomed 2012; 2(3): 203-209 209

phenolic compound. J Sci Food Agric 1999; 79: 1625-1634.
[28]  Mattila P, Astola J, Kumpulainen J. Determination of flavonoids 

in plant material by HPLC with diode-array and electro-array 
detections. J Agric Food Chem 2000; 48: 5834-5841.

[29]  Santra M, Rao VS, Tamhankar SA. Modification of AACC 
procedure for measuring 毬-carotene in early generation durum 
wheat. Cereal Chem 2003; 80(2): 130-131.

[30]  Pyka A, Sliwiok J. Chromatographic separation of tocopherols. J 
Chromatogr A 2001; 935: 71-76.

[31]  Brand-Williams W, Cuvelier ME, Berset C. Use of a free radical 
method to evaluate antioxidant activity. Lebenson Wiss Technol 
1995; 28: 25-30.

[32]  Re R, Pellegrini N, Proteggente A, Pannala A, Yang M, Rice-
Evans C. Antioxidant activity applying an improved ABTS radical 
cátion decolorization assay. Free Radic Biol Med 1999; 26: 
1231-1237.

[33]  Sreerama YN, Sashikala VB, Pratape VM. Variability in the 
distribution of phenolic compounds in milled fractions of 
chickpea and horse gram: evaluation of their antioxidant 
properties. J Agric Food Chem 2010; 58(14): 8322-8330.

[34]  Glennie CW. Polyphenol changes in sorghum during malting. J 
Agric Food Chem 1983; 31: 1295-1299.

[35]  Yang L. Chemopreventive potential of sorghum with different 
phenolic profiles. (M.Sc. thesis). Texas University; 2009, p. 1-117.

[36]  Radhakrishnan MR, Sivaprasad J. Tannin content of sorghum 
varieties and their role in iron bio-availability. J Agric Food 
Chem 1980; 28: 55-57.

[37]  Earp CF, Akingbala JO, Ring SH, Rooney LW. Evaluation of 
several methods to determine tannins in sorghums with varying 
kernel characteristics. Cereal Chem 1981; 58: 234-238.

[38]  Hahn DH, Rooney LW. Effect of genotype on tannins and phenols 
of sorghum. Cereal Chem 1986; 63: 4-8. 

[39]  Nwosu JN. Effect of soaking, blanching and cooking on the anti-
nutritional properties of asparagus bean (Vigna sesquipedis) flour. 
Nat Sci 2010; 8(8): 163-167.

[40]  Akillioglu GH, Karakaya S. Changes in total phenols, total 
flavonoids, and antioxidant activities of common beans and pinto 
beans after soaking, cooking, and in vitro digestion process. Food 
Sci Biotechnol 2010; 19(3): 633-639. 

[41]  Hahn DH, Faubion JM, Rooney LW. Sorghum phenolic acids, their 
high performance liquid chromatography separation and their 
relation to fungal resistance. Cereal Chem 1983; 60: 255-259.

[42]  Dykes L, Rooney LW. Phenolic compounds in cereal grains and 
their health benefits. Cereal Food World 2007; 52(3): 105-111.

[43]  Awika JM, Yang L, Browning JD, Faraj A. Comparative 
antioxidant, antiproliferative and phase II enzyme inducing 
potential of sorghum (Sorghum bicolor) varieties. LWT-Food Sci  
Technol 2009; 42: 1041-1046.

[44]  Hadbaoui Z, Djeridane A, Yousfi M, Saidi M, Nadjemi B. Fatty 
acid, tocopherol composition and the antioxidant activity of the 
lipid extract from the sorghum grains growing in Algeria. Med J 
Nutrition Mettab 2010; 3(3): 215-220. 

[45]  Dicko MH, Gruppen H, Traore AS, van Berkel WJH, Voragen AGJ. 
Evaluation of the effect of germination on phenolic compounds 
and antioxidant activities in sorghum varieties. J Agric Food 
Chem 2005; 53(7): 2581-2588.

[46]  Choi Y, Jeong H, Lee J. Antioxidant activity of methanolic extracts 
from some grains consumed in Korea. Food Chem 2007; 103: 
130-138.

[47]  Kean EG, Ejeta G, Hamaker BR, Ferruzzi MG. Characterization of 
carotenoid pigments in mature and developing kernels of selected 
yellow-endosperm sorghum varieties. J Agric Food Chem 2007; 
55: 2619-2626.

[48]  Salas Fernandez MG, Hamblin MT, Li L, Rooney WL, Tuinstra 
MR, Kresovich S. Quantitative trait loci analysis of endosperm 
color and carotenoid content in sorghum grain. Crop Sci 2008; 48: 
1732-1743.

[49]  Reddy BVS, Ramesh S, Longvah T. Prospects of breeding for 
micronutrients and 毬-carotene-dense sorghums. J SAT Agric 
Res 2005; 1: 4.

[50]  Salas Fernandez MG, Kapran I, Souley S, Abdou M, Maiga IH, 
Acharya CB, et al. Collection and characterization of yellow 
endosperm sorghums from West Africa for biofortification. Genet 
Resour Crop Evol 2009; 56: 991-1000.

[51]  Fadahunsi IF. The effect of soaking, boiling and fermentation 
with Rhizopus oligosporus on the water-soluble vitamin content of 
Bambara groundnut. Pak J Nutr 2009; 8(6): 835-840.

[52]  Afify AMR, El-Beltagi HS, Fayed SA, Shalaby EA. Acaricidal 
activity of different extracts from Syzygium cumini L. Skeels 
(Pomposia) against Tetranychus urticae Koch. Asian Pac J Trop 
Biomed 2011; 1(5): 359-364. 

[53]  Kamath VG, Chandrashekar A, Rajini PS. Antiradical properties 
of sorghum (Sorghum bicolor L. Moench) flour extracts. J Cereal 
Sci 2004; 40: 283-288. 

[54]  Nwosu JN. Effect of processing on the antioxidant properties of 
African Sorghum [Sorghum bicolor (L.) Moench] based foods (Ph.
D. thesis). College Station, Texas University, Texas; 2007, p. 1-130.

[55]  Kumar M, Kumar S, Kaur S. Investigations on DNA protective and 
antioxidant potential of chloroform and ethyl acetate fractions of 
Koelreuteria paniculata Laxm. Afr J Pharm Pharmacol 2011; 5(3): 
421-427. 

[56]  Miller HE, Rigelhof F, Marquart L, Prakash A, Kanter M. 
Antioxidant content of whole grain breakfast cereals, fruits and 
vegetables. J Am Coll Nutr 2000; 19: 312S-319S.

[57]  Sikwese FE, Duodu KG. Antioxidant effect of a crude phenolic 
extract from sorghum bran in sunflower oil in the presence of 
ferric ions. Food Chem 2007; 104: 324-331.

[58]  Awika JM, Rooney LW, Wu X, Prior RL, Cisneros-Zevallos L. 
Screening methods to measure antioxidant activity of sorghum 
(Sorghum bicolor) and sorghum products. J Agric Food Chem 2003; 
51: 6657-6662. 

[59]  Dicko MH, Gruppen H, Traoré AS, Voragen AGJ, van Berke WJH. 
Phenolic compounds and related enzymes as determinants of 
sorghum for food use. Biotechnol Mol Biol Rev 2006; 1(1): 21-38.

[60]  Dykes L. Flavonoid composition and antioxidant activity of 
pigmented sorghums of varying genotypes (Ph.D. thesis). College 
Station, Texas University; 2008, p. 1-175.

[61]  De Zacatares VRC. Changes in quality of whole cooked sorghum 
[Sorghum bicolor (L.) Moench] using precooking methods (M.sC. 
thesis). Food Science Technology Department, Texas University; 
2007, p. 1-88.


