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Abstract 
This study was carried out to determine the effects of different crude oil fractions on total chlorophyll content, 
glucose and sugar content of Zea mays. The maize seeds were planted in polythene bags in the Department of 
Biochemistry, Faculty of Life Sciences Laboratory garden. A total of 300 bags, each containing 500g of sandy loam 
soil, with no known history of crude oil contamination were used for this study. 270 bags were used for planting test 
samples of 2%, 5% 10% crude oil fraction while 30 bags served as control for planting maize. The experiment 
lasted for a period of about one month. The seedlings were harvested after 7, 14, and 21 days post germination and 
the biochemical analysis of the roots was determined in the Department of Biochemistry and School of Basic 
Medical Sciences in University of Benin City, Nigeria. The data obtained were subjected to descriptive statistic of 
variance analysis. Crude oil at all levels of contamination and for all fractions on soil, significantly reduced total 
chlorophyll content in the leaves and starch contents in the roots of maize seedlings. In contrast, the glucose content 
significantly increased in the roots for all fractions at all levels of contamination of the soil. The significance of the 
increasing glucose content in the maize plant as a result of crude oil contamination is discussed. 
Keywords: Crude oil fractions, glucose content, starch content, total chlorophyll. 
  

Introduction 
Crude oil is very important in Nigeria as it is presently the major source of income for the country as well as major 
source of fuel (energy). Crude oil has been shown to affect plant growth and development by inducing biochemical, 
physiological and morphological changes in the cells and tissues of different plant species (1, 2 and 3). Research on 
the effects of crude oil on some plants has been done, with little or no information on the effects of different 
fractions of crude oil on total chlorophyll, glucose and starch content in maize plants to date. Several reports on the 
effects of crude oil on plant growth have revealed various physiological and morphological aberrations in 
germination and growth rates (1 and 4) with reduction in plant height, number of leaves (2 and 5) and altered 
enzyme activity (2 and 3). 
Maize (Zea mays) or corn, a member of Gramineae family, is one of the main cereal staples in Nigeria. It is 
cultivated in every important agricultural area in the world (6). The Niger-Delta area of Nigeria where most of 
Nigeria’s crude oil industrial activities is rampant is no exception. The nutrient content of the plant varies among 
varieties, various plant parts and also changes with age and stages of development. However, the content of the 
seeds include a protein content of about 9.4 g/100g, fat content of 4.3 g/100g, fiber content of 1.8 g/100g, 
carbohydrate content of 74.4 g/100 and water content of 10.6 g/100g fresh weight (7). Apart from being a source of 
food and feed, it has other important uses which range from its use for fuel or cosmetics (8) to being 
pharmacological (7). Different parts of the plants are used in the treatment of strangury, dysuria and gravel. They are 
cholagogue, demulcent and diuretic (8). They are also used in the treatment of diabetes mellitus, cystitis, gonorrhea, 
cancer, tumors and warts because research have shown that it contains the cell-proliferant and wound-healing 
substance allantoin, used widely in herbal medicine to speed up healing process (7 and 8). In spite of being such an 
important plant in Nigeria, the research information documenting the effects of different crude oil fractions on total 
chlorophyll, glucose and starch content in maize is scarce. Abiotic and biotic stresses cause alterations in the 
physiological processes of plants and decrease their productivity. 
Since crude oil and other environmental pollutants have been shown to alter physiological processes of plants and 
decrease productivity, the aim of this research was to determine the effects of different fractions of crude oil on 
developing seedlings of maize. The objective was to analyze the changes in total chlorophyll content, glucose and 
starch content making comparison in control and test plants at different growth stages. 
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Material and Methods  
Study location: The ex situ study was carried out at the University of Benin, Benin City, Edo State, Nigeria from the 
month of March, 2009. The soil from an uncultivated land with no known crude oil contamination in Edo State was 
collected. The region is made up of flat plains with sandy loam soil characterized as coastal plain sand. The region 
experiences moderate rainfall and moderate humidity for most part of the year. Temperature and humidity remain 
relatively constant throughout the year. The climate is marked by two distinct seasons: the dry season and the rainy 
season. The area is characterized by tropical equatorial climate with mean annual temperature of 32.8 °C and annual 
rainfall of about 2673.8 mm. The natural vegetation is dense tropical rainforests with swamp forest in some areas. 
Soil Sampling and Pre-treatment: Top soil (0 – 20cm depth) sample was collected from an uncultivated land 
without known crude oil contamination i n  E d o  State. H o l e s  w e r e  d u g  a t  f i v e  d i f f e r e n t  p o i n t s  
within the land to a 20cm depth e a c h  using plastic spade. The soil samples was collected into polythene 
bags and taken to the laboratory. A composite of all the samples was made by mixing thoroughly equal amounts 
of soil from each point.  
Soil treatment: The composite soil was weighed into 300 polythene bags such that each bag contained 500g soil. 
The composite soils were treated with either distilled water (control); whole crude (WC), water soluble fraction 
(WSF) of the crude oil; or with the water insoluble fractions (WIF) of the crude oil in the laboratory. The soil in the 
bags contaminated with whole crude (WC), water  soluble  fraction  (WSF),  and  water  insoluble  fractions  (WIF)  
were  mixed  thoroughly  in  their  respective  polythene  bags containing 500g top soil with the aid of a plastic 
spade. Soil of 500g was treated with 10ml, 25ml and 50ml of crude oil to obtain 2, 5 and 10% v/w crude oil 
contamination (Table 1). In each bag, three (3) viable maize seeds were planted. Equal amounts of seeds that 
germinated were harvested at day 7, day 14 and day 21 and their leaves and radicle taken for analysis. 
Plant Materials: Maize (Zea mays) seeds identified as Dmr-Esr-w, by the Department of Corp Science, University 
of Benin, were bought from a local market in Benin City, Edo State, Nigeria. Seed viability was assessed by 
floatation method. The seeds were placed in a beaker containing tap water and stirred. The seeds that did not float 
were regarded as viable seeds.  
Crude oil and fractionation: Bonny Light crude oil [oAPI (American Petroleum Institute) gravity =37] was obtained 
from Warri Refinery and Petrochemical Company, Delta State, Nigeria. A portion of the crude oil was fractionated 
by the method of  (9) into water soluble fraction (WSF) and water insoluble fraction (WIF). For the fractionation, a 
1:2 dilution of 200ml of crude oil was put in a 1 litre conical flask and constantly stirred with a magnetic stirrer for 
48h. The WSF then separated from the WIF in a separating funnel. 

Assay Methods 
Determination of Chlorophyll Content: The chlorophyll content of the fresh leaves of maize in the various 
treatments was determined by a colorimetric method described by (10). In this method, the leaves (0.5g) were 
ground in 10ml 80% acetone in the dark and centrifuged at 3,000 g for 5 minutes. The absorbance of the recovered 
supernatant was read at 645 and 663 nm. Values of optical densities (ODs) were used to calculate total chlorophyll 
contents using the formula: 
Total chlorophyll (mg g-1 fw) = [(20.2(OD645) + 8.02(OD663)]/ (D x 1000 x W) x V  
where, fw is fresh weight, D is distance travelled by the light path; W is weight of the leaf material taken; V is 
volume of the extract; OD is optical density. 
Determination of starch and glucose: Starch determination was carried out after enzymatic hydrolysis into glucose. 
Starch and glucose were estimated by the RANDOX test kit (Randox Laboratories Ltd, 55 Diamond Road, Crumlin, 
Co. Antrim, United Kingdom, BT29 4QY), according to the manufacturer’s instructions. Bio-molecular activities, 
based on enzyme-linked formation of NADPH, were expressed as a specific activity measured at 570 nm. The 
corresponding concentration was determined against hydrogen peroxide standard curve prepared by using hydrogen 
peroxide solution. The amount of sugar was expressed as mg g-1 fresh weight and all experiments were performed in 
triplicate. 
Statistical Analysis: The result of the study was expressed as mean ± standard error of mean (SEM). Analysis of 
variance was used to test for differences in the groups while Duncan’s multiple comparisons test was used to 
determine significant differences between means. The Instat-Graphpad software, San Diego, California, USA, was 
used for this analysis. A P<.01 was considered statistically significant. 

Results 
The results of total chlorophyll content for maize leaves reduced significantly for all fractions and at all levels of 
contamination when compared with control. The reduction was dose dependent, with the least chlorophyll content 
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observed in the WIF (Table 2). This result is in agreement with the report of  (11, 12 and 13) who observed inhibited 
chlorophyll content of Corchorus olitorius in oil polluted soil, low chlorophyll level in Rhizophora mangle in oil 
polluted soil and no irradiation-induced increase in chlorophyll in Wheat (Triticum aestivum L.) respectively. It is 
however at variance with the result of (14) who reported 64.5% increment in total chlorophyll in two wheat 
genotypes seedlings that were irradiated at 100 gamma radiations but later observed gradual decrease at a higher 
(200) gamma radiation dose.  
The results of the starch content of the roots of the plant showed significant (P < 0.05) reduction with plant age 
being maximum (10.28 mg g-1 fresh weight) at 2% of WSF of crude oil contamination 7 days post germination 
(DPG) while it was minimum (4.85 mg g-1 fresh weight) at 10% of WIF of crude oil contamination 21 DPG when 
compared with the control (Table 3). This result is in agreement with other reports that, total carbohydrates were, 
decreased with application of zinc in Salvia officinalis L. plants (15 and 16). 
The results of the glucose content of the roots of the plant significantly increased (P < 0.05) in the study when 
compared with the control. The WSF recording the highest glucose content in the root of the Z. mays seedlings. 
Earlier report on increase in glucose content was also recorded on ionizing radiation (17 and 18).  
 
Table 1: Concentration of crude oil contamination in soil 

 
Group  % Contamination Number of bags 
Control  0% 30 
2% Whole crude (WC) 2% 30 
5% WC 5% 30 
10% WC 10% 30 
2% Water soluble fraction (WSF) 2% 30 
5% WSF 5% 30 
10% WSF 10% 30 
2% Water insoluble fraction (WIF) 2% 30 
5% WIF 5% 30 
10% WIF 10% 30 

 
Table 2. Variation in the total chlorophyll (mg g-1 fw) of Zea mays exposed to different fractions of crude oil  
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2% Contamination 
Days /Sample  Control   WC  WSF  WIF  

 7  8.02±0.04a 3.19±0.09b 

(39.78%) 
3.68 ±0.03c 

 (45.89%) 
3.02±0.03b 

(37.66%) 

14  8.21±0.05a 

 
4.07 ±0.03b  
(49.57%) 

4.24±0.02c  

 (51.64%) 
4.00±0.02b  

(48.72%) 

21  
 

8.74±0.05a 
 

5.20±0.02b 
(59.50%) 

6.05±0.03c 
(69.22%) 

4.95±0.02b 
 (56.64%) 

5% Contamination 
Days /Sample  

 
Control   

 
WC  

 
WSF  

 
WIF  

 7  8.02±0.04a 4.07±0.04b 

 (50.75%) 
5.19 ±0.03c  
(64.71%) 

5.62±0.03d 

(70.08%) 

14  8.21±0.05a  6.77 ±0.03b 

(82.46%)  
6.27±0.02c 

(76.37%)  
7.94±0.02d 

(96.71) 

21  
  

8.74±0.05a 
 

8.77±0.02a 
(0.34%) 

6.98±0.02c 
(79.86%) 

9.22±0.02d 
(5.49%) 

10% Contamination 
Days /Sample  

 
Control   

 
WC  

 
WSF  

 
WIF  

 7  8.02±0.04a 5.45±0.03b  
(67.96%) 

6.28 ±0.02c  
(78.30%) 

5.44±0.03b 

 (67.83%) 

14 8.21±0.05a 6.10 ±0.03b 

(74.30%)  
6.41±0.03c 

 (78.08%) 
6.37±0.02c 

(77.59%) 

21 
 

8.74±0.05a 

 
7.27±0.03b 
(83.18%) 

8.04±0.04c 
(91.99%) 

7.20±0.02b 
(82.38%) 

 

Values are mean of three (n=3) replicates ± standard error of mean.  WC = Whole Crude. WSF = Water Soluble 
Fraction of crude oil, WIF = Water Insoluble Fraction of crude oil. Values in parenthesis represent percent variation. 
Means of the same row carrying different notations are statistically different at P<0.05 using Instat graphpa 
 
Table 3. Variation in starch content (mg g-1 fw) of Zea mays exposed to different fractions of crude oil  
 

2% Contamination 
Days /Sample  

 
Control   

 
WC  

 
WSF  

 
WIF  

 7  13.45±0.03a  9.94±0.05b  10.28±0.02c 8.51±0.14d 

14  9.26±0.02a 8.15 ±0.04b  8.47±0.05c  7.19±0.06d 

21  7.54±0.04a 6.46±0.03b 6.34±0.17c 6.34±0.05d 

5% Contamination 
Days /Sample  

 
Control   

 
WC  

 
WSF  

 
WIF  

 7  13.45±0.03a 8.76±0.05b  9.16 ±0.05c  8.84±0.03d 

14  9.26±0.02a 7.32 ±0.02b  7.83±0.03c  7.59±0.04d 

21 7.54±0.04a 6.52±0.06b 6.47±0.02c 6.12±0.03d 

10% Contamination 
Days /Sample  

 
Control   

 
WC  

 
WSF  

 
WIF  

 7  13.45±0.03a 9.00±0.07b  10.21±0.02c 8.66±0.17d 

14  9.26±0.02a 7.98±0.06b  8.36±0.06c  6.46±0.02d 

21 7.54±0.04a 6.11±0.03b 6.04±0.06b 4.85±0.05d 
Values are mean of three (n=3) replicates ± standard error of mean.  WC = Whole Crude. WSF = Water Soluble 
Fraction of crude oil, WIF = Water Insoluble Fraction of crude oil. Values in parenthesis represent percent variation. 
Means of the same row carrying different notations are statistically different at P<0.05 using Instat graphpad. 
 
Table 4. Variation in glucose content (mg g-1 fw) of Zea mays exposed to different fractions of crude oil  
 

2% Contamination 
Days /Sample  

 
Control   

 
WC  

 
WSF  

 
WIF  

 7  0.05±0.01a  0.06±0.01b  0.05±0.01a 0.06±0.01c  
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14  0.08±0.01a 0.07±0.01b  0.07±0.01b  0.08±0.01a  

21 0.06±0.01a 0.09±0.01b 0.09±0.01b 0.09±0.01b 

5% Contamination 
Days /Sample  

 
Control   

 
WC  

 
WSF  

 
WIF  

 7  0.05±0.01a 0.06±0.01b  0.07±0.01c 0.06±0.01b 

14  0.08±0.01a 0.08±0.01a  0.09±0.01b  0.08±0.01a  

21 0.06±0.01a 0.10±0.01b 0.11±0.01c 0.10±0.01b 

10% Contamination 
Days /Sample  

 
Control   

 
WC  

 
WSF  

 
WIF  

 7  0.05±0.01a  0.08±0.01b  0.09±0.01c 0.08±0.01b  

14  0.08±0.01a 0.10±0.01b  0.11±0.01c  0.10±0.01b  

21 0.06±0.01a 0.11±0.01b 0.11±0.01b 0.11±0.01b 
 
Values are mean of three (n=3) replicates ± standard error of mean.  WC = Whole Crude. WSF = Water Soluble 
Fraction of crude oil, WIF = Water Insoluble Fraction of crude oil, chlorophyll contents = mg/g wet tissue, Means of 
the same row carrying different notations are statistically different at P<0.05 using Instat graphpad. 

 
Discussion 
The significant reduction in chlorophyll content observed in the study may be a result of reduction in the nutrient 
content of the plant observed earlier by (2). Inadequate supply of nitrogen and magnesium, nutrient elements 
important for chlorophyll synthesis, may have resulted in the reduction. The hydrophobic nature of the crude oil may 
have prevented adequate supply of the nutrient elements to the maize plant which invariably may have inhibited 
chlorophyll synthesis hence the reduction in the chlorophyll content (11 and 12). However, the non significant 
increase in total chlorophyll content observed in 5% crude oil contamination at 21 days post germination in the root 
of Zea mays may be a consequence of the plant recuperating after exposure. 
One of the most studied processes on seedling development is the mobilization of complex polymers such as starch, 
proteins and lipids from storage tissues such as endosperm or cotyledons. These compounds, considered as seed 
reserves, are used as energy sources and building blocks for seedling growth during germination (19). The reduction 
in starch content may have been compensated for by accelerating sugar metabolism and glycolysis (20).  
The reduction of starch may indicate that it was the main source of energy in the plant during crude oil exposure 
which may be related to the fact that starch can be converted into glucose under stress condition as starch (storage 
carbohydrate) are dissociated as primary metabolites in stress condition to overcome the energy demand by the plant 
for growth. The reduction in starch contents may also be related with the toxicity of crude oil because starch helps 
the plant to get energy for survival at the time of emergency. It is not surprising that starch content dropped because 
it would arise from photosynthesis. As the WC and its fractions lowered total chlorophyll content, photosynthesis 
will be lowered. Starch may have been metabolized to raise glucose to the level of being able to manage cellular 
processes and stress in the growing plant. The results suggested that crude oil may have inhibited the growth of the 
plant observed in an earlier report (2) possibly because of the decrease in starch content. The high glucose content 
may indicate high energy demand to overcome the stress of growing as well as crude oil toxicity. The results also 
suggested that starch could be used by the growing plants to produce glucose as energy source to sustain the 
metabolic activities occurring. 
In conclusion, the results showed dose dependent alteration in the metabolic and biochemical processes of the maize 
seedlings with the water insoluble fraction presenting the most detrimental effect. 

 
References 

1. Eriyamremu, G. E., Asagba, S. O., Onyeneke, E. C. and Aguebor-Ogie, B. (2007). Bonny light  crude oil 
and its fractions alter radicle galactose dehydrogenase activity of beans  (Phaseolus vulgaris L.) and maize 
(Zea mays). Trends in Appl Sci Res. 2:433-438.  

2. Olubodun SO, Eriyamremu GE. Effect of different crude oil fractions on growth and oxidative stress 
parameters of maize radicle. IJPSS. 2013; 2 (1): 144-154 

3. Olubodun S. O. and Eriyamremu G. E. (2014). Adenosine Triphosphatase Activities of Zea Mays  and 
Vigna unguiculata Exposed to Different Crude Oil Fractions. Intl. J. Biochem. Res.  Rev., 4(6): 505-
516 

4. Agbogidi O. M., Ernotor P. G. and Akparobi S. O. (2007). Effects of Crude Oil Levels on the  Growth 
of Maize (Zea mays L.). Amer. J. Food Tech. 2:529-535. 



Olubodun Stella O. and Eriyamremu George E 
 

16 
 

5. Omosun G, Markson AA, Mbanasor O.  Growth and anatomy of Amaranthus hybridus as  affected 
by different crude oil concentrations.  Am- Euras. J. Sci. Res., 2008;3:70-74. 

6. Russell, W.A. and Hallauer, A.R. (1980). Corn. In: Hybridization of crop plants. Fehr, W.R. and Hadley, 
H.H. Am. Soc. Agro. Crop Sci. Am., Publishers, USA., pp: 229-312. 

7. Duke, J.A. and Ayensu, E.S. (1985). Medicinal plants of China reference publications, Inc. ISBN  0-
917256-20-4 

8. Foster, S. and Duke, J. A. (1990).  A field guide to medicinal plants. Eastern and Central N. America. 
Houghton Mifflin Co. ISBN 0395467225 

9. Anderson, J. W., Neff, J. M., Cox, B. A., Tatem, H. E. and Hightower, G. M. (1974). Characteristics of 
dispersions and water-soluble extracts of crude oils and their  toxicity  to estuarine crustaceans and fish. 
Mar. Biol. 27: 75 – 88. 

10. Arnon, D. I. (1949). Copper enzymes in isolated chloroplast, polyphenol-oxidase in Beta  vulgaris. Plant 
Physiology 24, 1-15. 

11. Adenipekun, C. O. (2008). Bioremediation of engine oil polluted soil by Pleurotus tuber regium  Singer, a 
Nigerian whole-rot fungus. Afri. J. Biotech. 7: 055-058. 

12. Odjegba, V. J. (2013). Responses of Rhizophora mangle to simulated crude oil pollution. Ind. J.  Innov. 
Dev. 2 (4): 839 - 845  

13. Fan, X., Rajkowski, K. T. and Thayer. D. W.  (2003). Quality of alfalfa sprouts grown from irradiated 
seeds. Journal of Food Quality 26:165-176.   

14. Borzouei, A., Kafi, M., Khazaei, H., Naseriyan, B. and Majdabad, A. (2010). Effects of y  radiation 
on germination and physiological aspects of wheat (Triticum aestivum L.)  seedlings. Pakistan 
Journal of Botany 42:2281-2290. 

15. Hendawy S.F. and Khalid K.A. (2005). Response of sage (Salvia Officinalis L.) plants to zinc application 
under different salinity levels. J Appl Sci Res  1(2); 147-155 

16. Cha-um, S., Trakulyingcharoen, T., Smitamana, P. and Kirdmanee, C. (2009) Salt tolerance in  two 
ricecultivars differing salt tolerant abilities in responses to iso-osmotic stress. Aust J Crop Sci 3: 221–230 

17. Blaszczak, W., Gralik, J., Klockiewicz-Kaminska, E., Fornal, J. and Warchalewski, J. R. (2002).  Effect of 
y-radiation and microwave heating on endosperm microstructure in relation to  some technological 
properties of wheat grain. Food Nahrung 46:122-129.  

18. Gralik, J. and Warchalewski. J. R.  (2006). The influence of gamma-irradiation on some  biological 
activities and electrophoresis patterns of wheat grain albumin fraction. Food  Chemistry 99:289-298. 

19. Srivastava, L. M. (2002). Plant growth and development: hormones and environment. London,  
 UK: Academic Press; Seed germination, mobilization of food reserves, and seed dormancy; pp. 447–471. 

20. Dolferus, R., Klok, E.J., Ismond, K., Delessert, C.,Wilson S., Good A., Peacock, J and Dennis,  L. 
(2001). Molecular basis of the anaerobic response in plants. Iubmb Life, 51: 79-82. 

 


