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Abstract: The objective of this study was to determine the relationship between lipid assessment ( total-cholesterol, HDL-

cholesterol, LDL-cholesterol, triacylglycerols) and arterial lesions in farm chickens fed on six different vegetable oil varieties 

(crude red palm oil, industrial red palm oil, refined palm oil, soya oil, cotton oil, and groundnut oil). The following emerged 

from the different analyses: palm oil, and, to a lesser extent, soya oil and cotton oil, tended to lower the total cholesterol rate 

whereas groundnut oil increased the rate. Groundnut oil raised highly triacylglycerols whereas soya oil and palm oil had the 

opposite effect. Red palm oil and cotton oil increased LDL-cholesterol rate whereas groundnut oil and soya oil tended to lower 

the HDL-cholesterol rate. Moreover, pathological anatomy studies demonstrated that arterial lesions were generally fewer, 

particularly among chickens fed on palm oil. 
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1. Introduction 

Atherosclerosis is responsible for the majority of deaths in 

developed countries, with death occurring especially because 

of ischaemic heart pathologies and / or ischemia stroke [1-3]. 

Multiple factors are causes of occurrence of the 

atherosclerosis, among which diet rich in fat and cholesterol 

plays an undeniable part [2, 4]. In Africa, the atherosclerosis 

has a low incidence rate, which could be attributed to the diet 

which is less rich in fats compared to the Western diet. 

However in the higher social-class, the incidence of 

atherosclerosis tends to rise. Dietary lipids are obtained from 

vegetable or animal sources. Among these oils, palm oil 

extracted from the pulp of oil palm fruits which is commonly 

used particularly in West Africa, and in Asia in general, could 

be mentioned [5, 6]. Some studies [1, 7, 8], have shown that 

the consumption of palm oil, which is rich in 

monounsaturated and polyunsaturated fatty acids, has 

antiatherogenic properties. However, many studies have been 

interested in palm oil, in particular those carried out in 

Malaysia in humans as well as in animals [6-9]. We have 

previously shown the antioxidant effects of palm oil, the 

phenolic compound implication in vitro, with human LDL-

vitamin E oxidation and their effects in menopausal women 

[10-13]. However, in West Africa French-speaking countries, 

few studies were interested in the antiathero genic effects of 

palm oil, especially from the experimental viewpoint. It is 

therefore interesting, in such a context, to study the 

relationship between lipidic assessment and pathological 

lesions on arteries of farm chickens fed either on cotton, 

soya, groundnut or palm oils. This species has the advantage 

of being omnivorous and can develop a spontaneous human-
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like atherosclerosis [14]. 

2. Experiment 

2.1. Biological Samples 

Chicken (Gallus domesticus) is a good animal model 

research having plasma levels of cholesterol and 

triacylglycerols similar to those of humans, with 

chylomicrons of high and low density, and lipoproteins 

resembling those of humans [14]. The experiment was 

constituted of 300 chickens divided into six batches of 50 

each. Thus, batch 1 was composed of 50 chickens fed on 

cotton seed oil; batch 2 fed on traditional red palm oil (TRO); 

batch 3 fed on industrial red palm oil (IRO); batch 4 fed on 

yellow refined palm oil (RPO); batch 5 fed on groundnut oil; 

and batch 6 fed on soya oil. All the 300 chickens selected 

were from eggs which had been put in an incubator on the 

farm site for 21 days. 

The arterial samples obtained on day 30 and on day 90 

were put in bottles containing neutral formol at 10% and 

were then taken to the pathology laboratory for examination 

with the optical microscopy. 

2.2. Composition of the Food 

During the experimental period, the chickens were fed on a 

standard diet prepared on the farm site. The diet was 

constituted of various mixtures called B1 and B2. B1 which 

was used to feed the chickens from day 1 to day 30 was 

composed of corn (50%), oil, precisely 1% of each vegetable 

oil (15), lysin (0.45%), flour (16%), methionine (0.15%), 

sodium chloride (0.30%), sodium bicarbonate (0.1%), cotton 

oil cake (15.10%), corn bran (0.9%) and shellfish (16%). B2 

on the other hand, was used to feed the chickens from day 30 

to day 90, and had the same alimentary constituents as B1 

except for corn bran and the shellfish which were replaced by 

copra. 

2.3. Blood Sampling and Biological Examinations 

The blood sampling was carried out on days 30, 60 and 90. 

At the end of each experimental period, 10 chickens from 

each batch were killed. The blood obtained from the neck 

vein was kept in tubes containing heparin and then 

immediately taken to the laboratory under ice within 30 

minutes following the blood sampling. The total cholesterol 

and triacylglycerols, serum levels were quantified by 

enzymatic methods in the LISA –BIO 2OO Analyzer 

(Biomerieux, Lyon, France). The HDL-cholesterol levels 

were enzymatically determined in the supernatant after 

sodium phosphotungstate/ MgCl2 precipitation. The LDL-

cholesterol was calculated from the FRIEDWALD formula. 

The optical microscopy was used to carry out the 

pathological study. 

2.4. Statistical Analysis  

All statistical analyses were performed using the data-

processing software epi-info approved by the WHO. To test 

the strength of the correlations between variables, the 

Pearson Correlation Test was used. The results are expressed 

as mean ±S.D and differences were considered significant 

when P < 0.05.  

3. Results and Discussion 

3.1. Changes of Lipids Parameters 

The data presented in Figure 1 indicates the changes of 

lipids parameters over time for different oils. The total 

cholesterol level of chickens fed on palm oil in all its forms 

regularly lowered from day 30 to day 90, as did that of 

chickens fed on soya oil. On the other hand, the total 

cholesterol of chickens fed on groundnut oil increased during 

the same experimental period. Wilson et al. [8] reported that 

hamsters fed with various preparations of palm oil had a 

reduction in plasma cholesterol concurrently with less 

accumulation in arteries. The serum triacylglycerols were 

lowered in chickens which were fed on palm oil in all its 

forms (in agreement with findings of Kausar et al. [16]), 

cotton and soya oils. On the other hand, an increase of 

triacylglycerols was observed in chickens which were fed on 

groundnut oil. The HDL-cholesterol (Figure 1B) was 

increased in chickens which were fed on cotton and palm oils 

whereas in chickens fed on soya and groundnut oils, a 

decreasing trend of LDL-cholesterol was noted. Mensink et 

al. [17] reported that the mechanism of this increase could be 

due to a rise in Apo A1 transport. However, we did not notice 

any significant difference between the rate of HDL-

cholesterol for chickens fed on palm oil and that of chickens 

fed on cotton seed oil. Poernama et al. [18] assessed the 

effect of HDL deficiency on diet-induced or spontaneous 

atherosclerosis in chickens and found that the high-

cholesterol diet did not elevate the plasma HDL-cholesterol 

concentration in either group. The LDL-cholesterol was 

lower in chickens which were fed on palm oil, but remained 

constant in chickens fed on cotton and soya oils. On the other 

hand, LDL-cholesterol levels increased noticeably in 

chickens fed on groundnut oil. The decrease of LDL-

cholesterol in the chickens fed on palm oil could be due to 

the enhancement of LDL receptors [4, 19]. As the main part 

of LDL, cholesteryl esters might provide polyunsaturated 

fatty acids (PUFA) to cells efficiently via LDL receptor. It 

was assumed that PUFA in cholesteryl esters were closely 

correlated with the cholesterol metabolism and the 

atherosclerosis development by regulating the LDL receptor 

activity, the platelet function and the prostaglandin synthesis 

[20, 21]. There is evidence that oxidatively modified LDL 

plays a crucial role in atherogenesis [22, 23].  

Data presented in Table 1 shows the evolution of the 

HDL/LDL atherogenic index of chickens from day 30 to day 

90. This index showed a significant fall in the HDL/LDL 

ratio in chickens fed on groundnut oil, whereas it was higher 

or constant for chickens fed on other vegetable oils. It is well 

known that the risk of coronary heart disease increases with 
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higher LDL-cholesterol levels particularly when HDL-

cholesterol levels are low (16), indicating that the HDL-

cholesterol modifies the relationship between the LDL-

cholesterol levels and the cardiovascular risk [3, 24, 25]. 

3.2. Relationship Between Nutrition and Arterial Lesions 

The pathological examinations for chickens arteries fed on 

the various varieties of palm oil were carried out in the 

arteries, such aorta, coronary arteries and cerebral arteries, 

which are the usual sites of predilection for the 

atherosclerosis [21]. The main goal of this pathological study 

was to determine a possible relationship between various oils 

and arterial lesions observed in these arteries. It has been 

noted that there is no essential difference between vascular 

lesions seen in chickens as a result of cholesterol diet and 

that of atherosclerosis observed in human [14]. 

Table 2 shows histological aspects of the arteries from day 

30 to day 90 for chickens fed on different types of oil. Out of 

180 chickens studied, only 29 (16%) presented histological 

lesions, which suggests that these lesions were generally 

fewer in chickens fed on different varieties of oils. By 

comparing the arterial lesions, we noticed on day 30 that 

these lesions were practically tiny in our study. This tendency 

was confirmed on day 60, but on day 90 we observed a slight 

increase of arterial lesions. There were overall, very few 

arterial lesions in spite of the diet, with the exception of 

chickens fed on groundnut oil.  

Table 3 shows the correlation between the different types of 

arterial histological lesions and the type of oil from day 30 to 

day 90. The correlation test did not show a significant 

difference between the lesions and the various types of oils. On 

day 90, these results were not significant for the soya, cotton 

and palm oils but revealed a significant difference on day 90 

for the groundnut oil; we noticed that in chickens having 

developed arterial histological lesions, the content of LDL-

cholesterol was higher, testifying that when the lipid 

assessment was disturbed, there was a strong probability of 

arterial lesions developing over time. However the lipid 

assessment of chickens fed on palm oil as well as cotton and 

soya oils did not undergo great variations; which enabled us to 

affirm that vegetable oil consumption, in general, lowered the 

incidence of the atherosclerosis, due to the richness of these 

oils in unsaturated fatty acids, attesting that vegetable oils 

exhibit a protective effect against atherosclerosis [1, 2, 4]. 

Thus, palm oil presents the same benefits at the nutritional 

level as well as the histological level (on the arteries of 

chicken) as soya and cotton seed oils. Moreover, In addition 

to its numerous virtues, its high content of antioxidants and 

β-carotene plays a protective role in many pathologies 

including vitamin A deficiency, certain cancers and 

cardiovascular disease [26-28]. 

 

 

Figure 1. Changes of lipids parameters over time for vegetables oils. 
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TRO: Traditional Red Oil; IRO: Industrial Red Oil; RPO; 

Yellow refined palm oil. 

(A) Changes in total cholesterol and triacylglycerols rates; 

(B) Changes in HDL-Cholesterol and LDL-Cholesterol rates. 

Data are expressed by means values of triplicate experiments. 

Error bars indicate standard error of mean values. 

Table 1. Evolution of the HDL/LDL atherogenic index of chickens from day 

60 and day 90. 

Varieties of oil 
HDL / LDL Cholesterol Index 

Day 30 Day 60 Day 90 

Traditional Red Oil 1.97 2.61 3.28 

Industrial Red Oil 1.72 2.72 3.38 

Yellow refined palm oil 1.46 2.27 3.65 

Groundnut Oil 1.77 0.52 0.34 

Cotton Oil 2.62 2.34 2.21 

Soya Oil 1.75 2.07 1.64 

There was a significant fall in the HDL/LDL ratio in 

chickens fed on groundnut oil, whereas it was higher or 

constant for chickens fed on other vegetable oils.  

Table 2. Histological aspects of the arteries from day 30 to day 90 for 

chickens fed on different types of oil. 

Varieties of oil Histological aspects  

 normal aspect  Lesions Total chickens 

TRO 25 5 30 

Soya oil 26 4 30 

RPO 25 5 30 

IRO 27 3 30 

Groundnut oil 23 7 30 

Cotton oil 25 5 30 

Total 151 29 180 

TRO: Traditional Red Oil; IRO: Industrial Red Oil; RPO: Yellow refined 

palm oil. 

Among 180 chickens studied, only 29 (16%) presented 

histological lesions, suggesting that these lesions were 

generally fewer in chickens fed on different varieties of oils. 

Table 3. Correlation between the different types of arterial histological lesions and the type of oil from day 30 to day 90. 

Variety of oil  Lipid Stria Lipid fibrosis Big lipid fibrosis Total lesions 

 Day30 Day 60 Day 90 Day 30 Day 60 Day 90 Day 30 Day 60 Day 90  

TRO 1a 0 a 1 a 1 a 0 a 2 a 0 a 0 a 0 a 5 

Soya oil 0 a 0 a 2 a 1 a 0 a 1 a 0 a 0 a 0 a 4 

RPO 0 a 0 a 1 a 1 a 1 a 2 a 0 a 0 a 0 a 5 

IRO 0 a 0 a 0 a 0 a 1 a 2 a 0 a 0 a 0 a 3 

Groundnut oil 0 a 0 a 3 b 0 a 0 a 0 a 0 a 0 a 4 b 7 

Cotton oil 0 a 0 a 1 a 0 a 0 a 4 a 0 a 0 a 0 a 5 

Total 1  0  8 3  2  11 0  0  4 29 

TRO: Traditional Red Oil; IRO: Industrial Red Oil; RPO: Yellow refined palm oil. 

Significant differences are shown by different letters 

(P<0.05). 

For all the oil types on day 30 and day 60: X
2
 = 101.41 ddl 

= 3 and P = 0.134 (> 0.05) not significant difference. 

For cotton, soya and palm oils on day 90: X
2
 = 103.45 ddl 

= 3 and P = 0.099 (> 0.05) no significant difference. 

For groundnut oil on day 90: X
2 

= 122.42 ddl = 3 and P = 

0.000001 (< 0.05) significant difference. 

The correlation test did not show a significant difference 

between the lesions and the various types of oils. On day 90, 

these results were not significant for the soya, cotton and 

palm oils but revealed a significant difference on day 90 for 

groundnut oil. 

4. Conclusion 

This study has revealed that the palm oil in all its forms has a 

cholesterol-lowering effect, triglyceride-lowering, while 

lowering the LDL cholesterol and increasing the HDL 

cholesterol, in chickens fed on this oil. Regarding the 

histological lesions, there was no significant difference between 

these lesions and the different types of oils (P = 0.134) on day 30 

and day 60. Moreover, the lipid assessment for chickens fed on 

palm oil did not undergo major histological perturbations over 

time, and this could lead us to suggest that the consumption of 

these oils helps reduce the incidence of atherosclerosis due to 

their high fatty mono and polyunsaturated acids. This oil, 

commonly used in Côte d’Ivoire and in many other countries, is 

one of the vegetable oils that has a protective effect against the 

atherosclerosis overall and proves to be an indispensable 

nutritional asset for populations both in its bioavailability and its 

affordable cost for all socioeconomic strata.  
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