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Effect of different concentrations of crude oil on germination, growth and major food reserves 
(carbohydrate, lipid, protein) were investigated in guinea corn (Sorghum bicolor). The concentrations 
of the crude oil used were 0, 5, 10 and 20% (v/v). The result showed that the radicle and shoot lengths 
decreased significantly (p<0.05) with increasing concentrations of crude oil. In 84 h of growth, the 
lengths of radicle of guinea ranged from 43.33 ±±±± 1.37 mm at 0% to 28.33 ±±±± 2.13 mm at 10%. The 
lengths of shoot ranged from 40.33 ±±±± 1.25 mm at 0% to 24.00 ±±±± 0.82 mm at 10%. At 20%, both the 
radicle and shoot growth were significantly inhibited. The result of the proximate analysis showed 
that carbohydrate was highest in guinea corn (73.87%), which was followed by protein (9.35%). The 
result showed decrease in food reserves within 84 h of growth. Meanwhile, there was increase in 
carbohydrate content in guinea corn (74.59 ±±±± 0.43, 75.50 ±±±±  0.68, 75.43 ±±±± 0.28) in 24 h at 0, 5 and 10% 
crude oil, respectively. At 20%, there was significant difference (p<0.05) in protein content during 
germination and growth. It can be concluded from the study that high concentration of crude oil can 
inhibit germination and growth of guinea corn, and hence guinea corn serves as bio-indicator of 
crude oil polluted areas. 
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INTRODUCTION 
 
Crude oil is a complex mixture of thousands of hydro-
carbons and non-hydrocarbon compounds including 
heavy metals. It is the largest and most important source 
of hydrocarbons (Hunt, 1996). Crude oil varies in appea-
rance and composition from one oil kind to another 
(Craig, 2003). The varying compositions of one crude oil 
from the other have diverse effects on different organi-
sms within the same environment (Overton et al., 1994). 
However, crude oil is not found naturally in every part of 
the world. It is transported from one place to other for 
refining. A seemingly inescapable consequence of these 
transport activities is the accidental spill of the oil into 
both land and water. Crude oil pollution has been repor-
ted  to  have deleterious effects on plant germination and 
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seedling growth (Kyung-Hwa et al., 2004). 
Bioassays such as measurements of seed germination 

and early seedling growth have been used to monitor 
treatment effects of oil-contaminated sites (Sverdrup et 
al., 2003). This has necessitated a similar investigation in 
Nigeria where a lot of pollution of farmlands occurs. The 
study will evaluate the toxicity response of guinea corn to 
different concentrations of crude oil using radicle and 
shoot growth and as well investigate the effect of crude 
oil on the concentrations of food reserves in guinea corn 
during germination and growth.  
 
 
MATERIALS AND METHODS 
   
Plant materials 
 
Viable pest free seeds of guinea corn were purchased from 
Rumuomasi market of Port Harcourt, River State. 
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Table 1. Proximate composition of guinea corn. 
 

Parameters Composition (%) 

Moisture 8.69+0.30 

Protein 9.35+0.61 
Lipid 2.22+0.17 

Ash 2.13+0.09 
Fibre 2.15+0.06 

Carbohydrate 73.87+0.60 
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Figure 1. Growth of shoot of guinea corn within 84 h at 
different concentrations of crude oil. 

 
 
 
Method of germination  
 
The method of Aisien and Ghosh (1978) was used. Grains were 
hand selected for approximately equal size. The seeds were 
surface sterilized with 1% sodium hypochlorite solution for 10 min at 
room temperature and steeped in sterile distilled water for 9 h. The 
hydrated grains (120 seeds) were subsequently transferred to each 
sterile Petri dishes lined with 9 cm sterile filter paper wetted with 
different concentrations (0, 5, 10 and 20v/v) of crude oil. 
Germination was monitored for (0, 12, 24, 36, 46, 60, 72 and 84) h. 
Protrusion of the radicle was taken to signify the initiation of 
germination process. Germinated grains were kilned at 60oC for 24 
h and then ground for further analyses. 
 
 
Analytical methods  
 
Moisture, ash, total protein, sugar, starch, total lipids contents were 
determined using AOAC (1990) method. The total carbohydrate 
content was determined using Dubois et al. (1956) method. Crude 
fibre was estimated using Entwistle and Hunter (1994) method. 
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Figure 2. Growth rate of radicle of guinea corn at 
different concentrations of crude oil. 

 
 
 
Statistical analysis 
 
All the results were analyzed statistically through one-way Analysis 
of Variance (ANOVA) to determine the effect of treatments and 
Tukey’s tests was used to determine the Least Significant 
Differences (LSD) between means of treatment.  
 
 
RESULTS 
 
Proximation composition of guinea corn 
  
Proximate analysis revealed that guinea corn predomi-
nantly contained carbohydrate (73.87%), which was follo-
wed by protein (9.35%) and moisture (8.69%) (Table 1). 
Other nutrients present were ash (2.13%), lipid (3.83%) 
and fibre (2.15%). 
 
 
Germination and growth 
 
Figure 1 showed that millet germinated in 12 h at 0 and 
5% crude oil while there was delay at 10 and 20% crude 
oil. There was significant decrease in growth at increa-
sing concentrations of crude oil. The values of lengths of 
radicle of millets in 84 h of growth at 0, 5, 10 and 20% 
were 43.33 ± 1.37, 35.00 ± 0.82, 28.33 ± 2.13 and 9.00 ± 
0.77 mm, respectively. The lengths of shoot in millets in 
84 h were 40.33 ± 1.25, 31.67 ± 1.25, 24.00 ± 0.82 and 
7.33 ± 0.97 mm at 0, 5, 10 and 20%, respectively, as 
shown in Figure 2.  
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Figure 3. Changes in the concentrations of 
carbohydrate in guinea corn during growth at different 
concentrations of crude oil. 
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Figure 4. Changes in the concentrations of the lipid in guinea corn 
during growth at different concentrations of crude oil. 
 
 
 
Carbohydrate content 
 
The results in Figure 3 showed increase in carbohydrate 
content  (74.59  ±  0.43,  75.50  ±  0.68,  75.43 ± 0.28 and  
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Figure 5. Changes in the concentrations of protein in 
guinea corn during growth at different concentrations of 
crude oil 

 
 
 
75.28 ± 0.56%) of guinea corn in 24 h at 0, 5 and 10% 
crude oil, respectively, and thereafter decreased rapidly 
while; there was no increase at 20%. The values of 
carbohydrate content in 84 h were 74.21 ± 0.73, 74.45 ± 
0.34, 74.54 ± 0.91 and 75.09 ± 0.88%, respectively at all 
the concentrations of crude oil used. 
 
 
Lipid content 
 
Figure 4 showed decline in lipid content of guinea corn 
(2.06 ± 0.16, 2.07 ± 0.15, 2.10 ± 0.17 and 2.11 ± 0.13%) 
in 24 h at 0, 5, 10 and 20% crude oil, respectively. 
Thereafter, was an increase in 36 h (2.07 ± 0.14, 2.08 ± 
0.12, 2.11 ± 0.11 and 2.12 ± 0.10, respectively) that later 
decreased as the growth of guinea corn proceeded to 84 
h (1.85 ± 0.14, 1.94 ± 0.21, 1.96 ± 0.16 and 2.00 ± 0.18) 
at all the concentrations of crude oil used, respectively. 
 
 
Protein content 
 
Figure 5 showed decrease in protein content of guinea 
corn in 84 h of growth. The values of protein in 84 h were 
8.99 ± 0.33, 8.93 ± 0.26, 8.71 ± 0.41 and 8.56 ± 0.28% at 
0, 5 10 and 20% crude oil, respectively.  
 
 
DISCUSSION 
 
The proximate analysis showed that guinea corn had car-
bohydrate as the major food reserve. Like other cereals, 
guinea corns are starchy (FA0, 1990). The degrees of 
inhibition  of  germination  and seedling growth were dep- 
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endent on the concentrations of the crude oil used. The 
fact that guinea corn was able to survive well at 5% indi-
cates that guinea corns can thrive well in an environment 
that is slightly polluted with crude oil. While at 20%, the 
crude oil was not only able to inhibit germination of 
guinea corn but also was considerably effective against 
seedling growth. The seeds of guinea corn surviving at 
20% crude oil were weak and distorted. Earlier works on 
the effect of pollutants on germination and growth of 
plants have reported similar results (Dejong, 1980; Shar-
ma et al., 1980; Fernandes and Henrigues, 1991; Peralta 
et al., 2000; kyung-Hwa et al., 2004). Suppression of 
germination and subsequent growth of plants by crude oil 
could be as a result of impairment of the biochemical 
processes such enzyme development or synthesis taking 
places during germination 

The increase in carbohydrate in the first few hours of 
germination in guinea corn could be from amino acids 
derived from the breakdown of protein at the same time. 
Stewart and Beevers (1967) demonstrated that increase 
in carbohydrate in germinating castor beans endosperm 
could be as result in gluconeogenesis from amino acids. 
The fact that, the concentrations of carbohydrate were 
not significantly different at 5 and 10% in millet indicated 
that the degradation of carbohydrate was not impaired. 
The slow degradation of carbohydrate at 20% indicated 
that the enzyme such as amylase whose activity is es-
sential for providing energy for the embryo during growth 
might have been inhibited by crude oil. These suggest 
that the carbon skeletons for the growing embryo through 
the respiratory breakdown of utilizable substrate are inhi-
bited by crude oil. Several chemicals have been demon-
strated to inhibit degradation of carbohydrate (Penner, 
1966).  

The breakdown of lipids in millet in the first few hours of 
growth indicated that lipid materials were properly mobile-
zed for the growing seedlings. High concentration of 
crude oil (20%) tends to inhibit the degradation of lipid 
materials in millet but not significantly. The catabolism of 
lipids coincided with the accumulation of sugar. It may be 
inferred that there is a possible conversion of lipid mat-
erials to carbohydrates during germination and growth. 
Similar reports have also been reported by Kornberg and 
Beevers (1957), Calvin and Beevers (1961). 

 The decrease in the concentrations of proteins in gui-
nea corn showed that protein was broken down into 
simpler substances for the use of the seedlings during 
germination and growth. Similar reports have been repor-
ted by Taneyama et al. (1996) in Vigna mungo et al. 
(1990) in Vicia sativa. The significant difference (p<0.05) 
in the concentrations of protein at 10 and 20% in millet 
could be as a result of interference of crude oil with pro-
tein synthesis.  
 
 

Conclusion 
 

It could be concluded that the deleterious effect of crude 
oil on seed germination and growth of guinea corn was  

 
 
 
 
relative to its concentrations and the higher the con-
centration, the greater the effects of the crude oil. The 
tendency of guinea corn to still thrive at 5% (v/v) crude oil 
indicates that they can survive in an environment that is 
slightly contaminated with crude oil while high contami-
nation (20% crude oil) hinders plant germination and 
growth. The results obtained for the changes in the vari-
ous concentrations of food reserves in guinea corn at 0% 
were in agreement with most research findings that car-
bohydrates, lipids, proteins are broken down at one stage 
or the other and the products were used by the growing 
embryo for energy production, enzymes synthesis, proto-
plasm and cell wall materials production. On the hand, 
the impairment of biochemical processes in the seeds 
during germination and growth must have been as a 
result of the inhibitory effect on the high concentration of 
the crude oil. These deleterious effects of crude oil pollu-
tion will adversely affect farmlands containing these 
crops, which is a major source of nutrients to the popu-
lace thus rendering them nutritionally disadvantaged. 
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