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ABSTRACT: Information on the tissue cholesterol content of various avian species inhabiting contiguous 

microenvironments, with differences in diet and behavior, is limited. This study evaluated potential differences 

in tissue cholesterol concentrations of several avian species inhabiting varying, but sometimes overlapping, 

microhabitats in Nsukka, Nigeria. The birds included adult males of two domesticated and one wild species: 

turkey (Meleagris gallopavo, Galliformes), pigeon (Columba livia, Columbiformes), and wild Guinea fowl 

(Numida meleagris, Galliformes). Tissue samples were dissected from the brain, liver, breast muscle, gizzard, 

and heart (n = 5/species), and total lipids and total cholesterol levels in each tissue were extracted using standard 

methods. One-way analysis of variance was used to analyze potential differences in tissue cholesterol 

concentrations, while the mean differences in tissue cholesterol concentrations were considered significant at p 

≤ 0.05. The results show significant species differences in tissue cholesterol concentration (p < 0.001), with the 

brain and liver having the highest cholesterol concentrations. Significant intraspecific differences in cholesterol 

concentration were observed in each species (p < 0.001). Furthermore, the pairwise comparisons revealed 

significant differences in cholesterol levels for most pairs of tissues compared. These findings show that avian 

species inhabiting similar environments regulate cholesterol differently in different tissues within a species and 

in similar tissues across different species. 
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INTRODUCTION 

Animal species are endowed with adaptive features that optimize feeding, movement, defense, offense, resistance 

to parasites and diseases, and successful reproduction in a wide range of environments (Clauss et al., 2008; Naudi 

et al., 2013; Sejian et al., 2018; Olsen et al., 2021; Smith and Son, 2023; Chin, 2024). For example, avian species 
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in different habitats differ significantly in terms of morphological, behavioral, physiological, and biochemical 

features that aid in maximizing resource exploitation for survival (Davies, 1982; Prestrud et al., 1991; Russell 

and Tumlinson, 1996; Hedenstrom, 2008; Møller, 2015; Allam et al., 2019). Among the biochemical adaptations 

of birds, varying regulations of lipid metabolism have been observed at the tissue and species levels (Prestrud 

and Nilssen, 1992; Enriquez and Visser, 2023). Previous studies indicate that temperate birds generally have 

higher adipose deposits than tropical species (Corder et al., 2016; González-Medina et al., 2023), suggesting that 

genetics, environment, diet, or a combination of factors may influence species lipid regulation.  

Cholesterol is a crucial lipid in animal tissues, essential for synthesizing sex hormones, steroids, and bile acids, 

and a major component of cellular and nuclear membranes (Bastiaanse et al., 1997; Zhang et al., 2018; Frangos 

et al., 2023). Additionally, cholesterol is vital for myelin sheaths around neurons in the nervous system (Mouritsen 

and Zuckermann, 2004; Poitelon et al., 2020; Barnes-Vélez et al., 2022). Like other vertebrates, birds produce 

endogenous cholesterol primarily in the brain and liver, with the liver contributing over 70% of tissue cholesterol, 

with the rest from diet (Frantz et al., 1954; Jeske and Dietschy, 1980). Tissue cholesterol content may vary based 

on genetics, physiological state, diet, or other factors (Al-ruwaili et al., 2014; Lorenz et al., 1938; Musacchia, 

1953; Jeske and Dietschy, 1980; Al-ruwaili et al., 2014; Palmisano et al., 2018). While egg cholesterol content 

has received attention, tissue-specific cholesterol regulation is less explored (Kaźmierska et al., 2005; Oloyede, 

2005; Faitarone et al., 2013; Akinwumi et al., 2019; Ossamulu et al., 2023). Investigating species differences in 

tissue cholesterol composition can enhance understanding of how species with similar habitats but different 

behaviors and diets regulate cholesterol for survival. This study aimed to assess potential variations in tissue 

cholesterol content in wild and domesticated birds in Nsukka, Nigeria, to determine whether birds in similar 

tropical habitats but with different behaviors and diets regulate cholesterol differently in various tissues. 

Currently, there is no information on tissue and species-specific differences in cholesterol in avian species in 

Nigeria. 

2.0 MATERIALS AND METHODS 

2.1 Bird procurement 

Adult males of three bird species were used for this study: domesticated turkey (Meleagris gallopavo, 

Galliformes), pigeon (Columba livia, Columbiformes), and wild guinea fowl (Numida meleagris, Galliformes). 

Sex identification was primarily based on the presence of prominent testes upon dissection. Females were 

intentionally excluded to prevent the potential confounding effects of sex hormones on cholesterol regulation, 

which was not the focus of the study. A total of 15 birds (n = 5/ species) were included in the study, with 

domesticated species sourced from local breeders and wild guinea fowl obtained from local hunters. The birds 

were not fed or kept in captivity during the study. 

2.2 Collection of tissue samples 

The birds were humanely euthanized with an overdose intramuscular injection of pentobarbital sodium. They 

were then pinned to a dissecting tray, defeated around the chest and abdomen, and the liver, heart, gizzard, and 

breast muscle were swiftly dissected. The brain was extracted through deep incisions made in the midline of the 

skull and then around the base of the skull up to above the eye sockets. Dissected tissue samples were washed in 

0.1 M PBS (pH 7.4), dried with filter paper, and either stored at -20 oC or used immediately for total lipid 

extraction and cholesterol quantification. 

2.3 Total lipid extraction and cholesterol quantification in tissue samples 

The total lipid content was extracted following the method described by Folch et al. (1957). Tissue samples were 

homogenized in a tissue blender with a chloroform/methanol solution (2:1, v/v). The mixture was then filtered, 
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and the lower lipid-containing layer was preserved for the quantification of total cholesterol. To quantify the total 

cholesterol concentration, we prepared Liebermann-Buchard reagent, which produces a blue-green product 

depending on the amount of cholesterol present. We also prepared a blank, a series of cholesterol standards, and 

added each to specific cuvettes. Next, the spectrophotometer was calibrated using the blank, and the optical 

absorbance of the standards and samples was measured at 550 nm. Finally, we determined the cholesterol level 

in each sample by comparing the optical absorbance of the samples with those of standards with known 

cholesterol concentrations. 

2.4 Statistical analysis of the data 

A one-way analysis of variance was used to assess differences in tissue cholesterol concentration within and 

across species. The Duncan post hoc test was used to identify differences in mean tissue cholesterol values within 

a species, whereas the least square difference test was used to separate the mean differences in cholesterol values 

between two tissues within a species or between different species. The results were considered statistically 

significant at p ≤ 0.05 and presented as mean ± standard error of the mean (SEM).  

3.0 RESULTS 

3.1 Intra-species differences in the cholesterol content of tissue 

To test the possibility that different bird species regulate tissue cholesterol content, we compared cholesterol 

values among the brain, liver, breast muscle, heart, and gizzard of each species. The results show significant 

differences in tissue cholesterol contents (Figure 1, one-way ANOVA; post hoc, Duncan; p = 2.76E-16 for the 

pigeon; p = 1.50E-18 for Guinea fowl; and p = 8.07E-23 for the turkey). Further post hoc analysis revealed that 

pairs of tissues within a species also differed in terms of cholesterol levels. In the pigeon, the liver had a higher 

cholesterol concentration than the other tissues (p < 0.001 in all pairwise comparisons, except for the brain, where 

p = 0.002). In the guinea fowl, the liver had significantly higher cholesterol concentrations than the other tissues 

(p < 0.001), except for the brain, which did not attain statistical significance (p = 0.318). However, the comparison 

between the breast muscle and the gizzard was not significant (p = 0.199; Table 1). In the turkey, even though 

the liver contained a significantly higher level of cholesterol when paired with every other tissue (p < 0.001 in all 

cases), every other pairwise comparison was statistically significant except between the heart and the gizzard 

(Table 1, p = 0.083).  
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Figure 1: Interspecies variations in tissue cholesterol levels in male adult birds. Plotted values are mean ± SEM. 

Error bars: SEM. Top right: Legends showing different tissues in a bird. *** indicates statistical significance (n 

= 5 birds/species, one-way ANOVA, p ≤ 0.001 for all comparisons).  

Table 1: Multiple comparisons of intra-tissue variations in tissue cholesterol levels in different birds. 

 (i)Tissues J(Tissues) Mean 

difference(i-

j) 

SEM Sig. Lower 

bound 

Upper 

bound 

Pigeon Brain Liver -19.52* 5.51 0.002 -31.01 -8.03 

  Breast 

muscle 

81.80* 5.51 <0.001 70.31 93.29 

  Heart 18.12* 5.51 0.004 6.63 29.61 

  Gizzard 120.24* 5.51 0.002 108.75 131.7 

3 

 Liver Brain 19.52* 5.51 0.002 8.03 31.01 

  Breast 

muscle 

101.32* 5.51 <0.001 89.83 112.81 

  Heart 37.64* 5.51 <0.001 26.15 49.13 

  Gizzard 139.76* 5.51 <0.001 128.27 151.25 

 Breast 

muscle 

Brain -81.80* 5.51 <0.001 -93.29 -70.31 

  Liver -101.32* 5.51 <0.001 -112.81 -89.83 

  Heart -63.68* 5.51 <0.001 -75.17 -52.19 

  Gizzard 38.44* 5.51 <0.001 26.95 49.93 

 Heart Brain -81.12* 5.51 0.004 .29.61 -6.63 

  Liver -37.64* 5.51 <0.001 -49.13 -26.15 

  Breast 

muscle 

63.68* 5.51 <0.001 52.19 75.17 

  Gizzard 102.12* 5.51 <0.001 90.63 113.61 

 Gizzard Brain -120.24* 5.51 <0.001 -131.73 -108.75 

  Liver -139.76* 5.51 <0.001 -151.25 -128.27 

  Breast 

muscle 

-38.44* 5.51 <0.001 -49.93 -26.95 

  Heart -5.54* 5.51 <0.001 -113.61 -90.63 

Guinea 

fowl 

Brain Liver -5.54 ns 5.41 0.318 -16.81 5.74 

  Breast 

muscle 

138.51* 5.41 <0.001 127.23 149.78 

  Heart 107.56* 5.41 <0.001 96.29 118.84 

  Gizzard 145.69* 5.41 <0.001 134.42 156.97 
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 Liver Brain 5.54 ns 5.41 0.318 -5.74 16.81 

  Breast 

muscle 

144.04* 5.41 <0.001 132.77 155.34 

  Heart 113.10* 5.41 <0.001 101.83 124.38 

  Gizzard 151.23* 5.41 <0.001 139.95 162.51 

 Breast 

muscle 

Brain -138.51* 5.41 <0.001 -149.78 -127.23 

  Liver -144.04* 5.41 <0.001 -155.32 -132.77 

  Heart -30.94* 5.41 <0.001 -42.22 -19.66 

  Gizzard 7.19* 5.41 0.199 -4.09 18.46 

 Heart Brain -107.56* 5.41 <0.001 -118.84 -96.29 

  Liver -13.10* 5.41 <0.001 -124.38 -101.83 

  Breast 

muscle 

30.93* 5.41 <0.001 19.66 4.22 

  Gizzard 38.13* 5.41 <0.001 26.85 49.40 

 Gizzard Brain -145.69* 5.41 <0.001 156.97 134.42 

  Liver -151.23* 5.41 <0.001 -162.51 -139.96 

  Breast 

muscle 

-7.19 ns 5.41 0.199 -18.46 4.09 

  Heart -38.13* 5.41 <0.001 -49.40 -26.85 

Turkey Brain Liver -138.97* 4.90 <0.001 -149.18 -128.75 

  Breast 

muscle 

101.47* 4.90 <0.001 91.25 111.68 

  Heart 111.83* 4.90 <0.001 101.62 122.05 

  Gizzard 120.77* 4.90 <0.001 110.56 130.99 

 Liver Brain 138.97* 4.90 <0.001 128.75 149.18 

  Breast 

muscle 

240.43* 4.90 <0.001 230.22 250.65 

  Heart 250.80* 4.90 <0.001 240.59 261.01 

  Gizzard 259.74* 4.90 <0.001 249.53 269.96 

 Breast 

muscle 

Brain -101.47* 4.90 <0.001 -111.68 -91.25 

  Liver -240.43* 4.90 <0.001 -250.65 -230.22 

  Heart 10.37* 4.90 0.047 0.15 20.58 

  Gizzard 19.31* 4.90 <0.001 9.09 29.52 

 Heart Brain -111.83* 4.90 <0.001 -118.84 -96.29 



                                                                                                                                                                           Asogwa C. N. and Osibe D. A 

74 
Interdisciplinary Journal of Agriculture and Environmental Sciences 

| https://sadijournals.org/index.php/IJAES | editorial@sadijournals.org 
 

  Liver -250.80* 4.90 <0.001 -124.38 -101.83 

  Breast 

muscle 

-10.37* 4.90 0.047 19.66 42.22 

  Gizzard 8.94* 4.90 0.08 26.85 49.40 

 Gizzard Brain -120.77* 4.90 <0.001 130.99 -110.56 

  Liver -259.74* 4.90 <0.001 -269.96 -249.53 

  Breast 

muscle 

19.31* 4.90 <0.001 -29.52 -9.09 

  Heart -8.94 ns 4.90 0.083 -19.16 1.27 

Notes: Asterisks indicate significant differences; ns: not significant. SEM: standard error of the mean; n = 

5/species 

3.2 Interspecies variations in the cholesterol concentration in tissue 

To assess potential interspecies variations in cholesterol regulation, the cholesterol levels in a particular tissue 

were compared among the three species. The results show significant interspecies differences in cholesterol 

concentration in the tissues examined (Figure 2, one-way ANOVA, N = 5 birds/species, p = 3.4E-4 for the brain, 

p = 1.55E-9 for the liver, p = 3.86E-8 for the breast muscle, p = 4.58E-10 for the heart, and p = 2.54E-7 for the 

gizzard). Of all the species, the turkey had the highest cholesterol concentrations in all tissues, except in the heart 

where the pigeon had a higher cholesterol concentration than the other species (127.11 ± 3.64 mg/100 g in the 

pigeon vs. 60.76 ± 2.32 mg/100 g and 61.52 ± 1.44 mg/100 g in the guinea fowl and turkey, respectively). 

Compared with other tissues, the gizzard had the lowest tissue cholesterol levels. Further multiple comparisons 

(LSD) revealed significant differences in tissue cholesterol concentrations when specific tissues were compared 

between the two species (Table 2). For example, the brain cholesterol level of the pigeon significantly differed 

from those of the guinea fowl and turkey (pigeon vs. guinea fowl: p = 7.94E-4; pigeon vs. turkey: 1.55E-4), 

whereas the guinea fowl did not differ from the turkey (p = 0.352). In the liver, the cholesterol levels of the pigeon 

differed significantly from those of the turkey, but not the guinea fowl (p = 1.33E-9 and p = 0.329, respectively), 

whereas the guinea fowl differed significantly from the turkey (2.76E-9). In the breast muscle, the cholesterol 

concentrations of the pigeon significantly differed from those of the guinea fowl and turkey (p = 2.05E-7 and p 

= 0.021, respectively), and the guinea fowl also differed from the turkey (p = 1.69E-8). In the heart, the pigeon 

had a significantly higher cholesterol value than the guinea fowl and turkey (p = 5.22E-10 and 5.97E-10, 

respectively), whereas the differences in cholesterol content between the guinea fowl and turkey were not 

significant (p = 0.841). The cholesterol levels in the pigeon gizzard were not significantly different from those in 

the guinea fowl but significantly different from those in the turkey (p = 0.422 and p = 4.65E-7, respectively), 

whereas the comparison between the guinea fowl and the turkey was significantly different (p = 1.91E-7). 
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Figure 2: Inter-species differences in tissue cholesterol levels among adult male Nsukka birds. Values plotted 

are mean ± SEM. Error bars: SEM. Top right: Legends showing different tissues in a bird. *** indicates statistical 

significance (n = 5 birds/species, one-way ANOVA, p ≤ 0.001 for all comparisons).  

Table 2: Multiple comparisons of interspecies variations in tissue cholesterol levels in different birds. 

Dependent 

variable 

(i)Tissues (j)Tissues Mean 

difference 

(i-j) 

SEM Sig. Lower 

bound 

Upper 

bound 

Brain Pigeon Guinea 

fowl 

-23.10* 5.19 <0.001 -34.41 -11.79 

  Turkey -28.13* 5.19 <0.001 -39.44 -16.81 

 Guinea 

fowl 

Pigeon 23.10* 5.19 <0.001 11.79 34.41 

  Turkey -5.03ns 5.19 0.352 -16.34 6.29 

 Turkey Pigeon 28.13* 5.19 <0.001 16.81 39.44 

  Guinea 

fowl 

5.03 ns 5.19 0.352 -6.29 16.34 

Liver Pigeon Guinea 

fowl 

-9.12 ns 8.96 0.329 -28.64 10.40 

  Turkey -147.58* 8.96 <0.001 -167.10 -128.06 

 Guinea 

fowl 

Pigeon 9.12 ns 8.96 0.329 -10.40 28.64 

  Turkey -138.46* 8.96 <0.001 -157.98 -118.94 

 Turkey Pigeon 147.58* 8.96 <0.001 128.06 167.10 

  Guinea 

fowl 

138.46* 8.96 <0.001 118.94 157.98 

Breast 

muscle 

Pigeon Guinea 

fowl 

33.61* 3.19 <0.001 26.65 40.56 

  Turkey -8.46* 3.19 0.021 -15.42 -1.51 

 Guinea 

fowl 

Pigeon -33.61* 3.19 <0.001 -40.56 -26.65 
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  Turkey -42.07* 3.19 <0.001 -49.02 -35.11 

 Turkey Pigeon 8.46* 3.19 0.021 1.51 15.42 

  Guinea 

fowl 

42.07* 3.19 <0.001 35.11 49.02 

Heart Pigeon Guinea 

fowl 

66.35* 3.72 <0.001 58.25 74.44 

  Turkey 65.59* 3.72 <0.001 57.49 73.68 

 Guinea 

fowl 

Pigeon -66.35* 3.72 <0.001 -74.44 -58.25 

  Turkey -0.76 ns 3.72 0.841 -8.86 7.33 

 Turkey Pigeon -65.59* 3.72 <0.001 -73.64 -57.49 

  Guinea 

fowl 

0.76 ns 3.72 0.841 -7.33 8.86 

Gizzard Pigeon Guinea 

fowl 

2.35 ns 2.83 0.422 -3.81 8.51 

  Turkey -27.59* 2.83 <0.001 -33.75 -21.43 

 Guinea 

fowl 

Pigeon -2.35 ns 2.83 0.422 -8.51 3.81 

  Turkey -29.95* 2.83 <0.001 -36.12 -23.79 

 Turkey Pigeon 27.59* 2.83 <0.001 21.43 33.75 

  Guinea 

fowl 

29.95* 2.83 <0.001 23.79 36.12 

Notes: Significant differences are indicated by asterisks; ns: not significant; SEM: standard error of the mean; n 

= 5/species. 

4.0 DISCUSSION 

This study investigated potential tissue- and species-specific differences in the regulation of cholesterol in wild 

and domesticated adult birds in Nsukka, Nigeria. The findings show significant variations in the cholesterol 

composition of tissues and species. Notably, the liver and brain maintained significantly higher cholesterol levels 

than other tissues in all birds examined. Furthermore, the domesticated turkey had higher cholesterol content in 

all tissues compared to other species, except for the pigeon, which had higher cholesterol in the heart.  

Like other vertebrates, birds synthesize endogenous cholesterol in the liver and brain; over 70% of cholesterol in 

other tissues is produced by the liver, with the remainder sourced from diets (Jeske and Dietschy, 1980). Unlike 

other tissues, the brain does not absorb or secrete cholesterol (Björkhem and Meaney, 2004), which shows that 

its cholesterol level is independent of plasma cholesterol fluctuations. The findings of this study align with the 

concept that the liver and brain maintain the highest cholesterol levels compared with other tissues. The brain 

contains more than 20% of the total body cholesterol (Björkhem and Meaney, 2004), which is crucial for the 

rapid conduction of nerve impulses essential for survival (Mouritsen and Zuckermann, 2004; Orth and Bellosta, 

2012; Hussain et al., 2019; Poitelon et al., 2020; Barnes-Vélez et al., 2022). In contrast, the regulation of 

cholesterol in other tissues strongly depends on plasma cholesterol levels (Lin and Connor, 1980; Hopkins, 1992). 

Liver-synthesized cholesterol is transported in plasma as low-density lipoproteins, whereas excess cholesterol in 
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other tissues is transported back to the liver as high-density lipoprotein via the reverse cholesterol transport 

pathway (Ouimet et al., 2019; Ohkawa et al., 2020).  

Limited information on the lipid composition of bird heart and gizzard comes from giblet analysis. For example, 

Jokanović et al. (2014) reported a higher total lipid content in the heart, followed by the liver, and the lowest in 

the gizzard of chickens. Another study in Brazil also found a higher total lipid content in the heart than in the 

liver and gizzard of chickens, with a higher cholesterol level in roasted heart followed by fried liver, and lowest 

in cooked gizzard (Pereira et al., 2002). Antunes et al. (2018) found the highest total cholesterol concentration in 

the heart, followed by the gizzard and the liver, while the lowest was found in thigh and leg meats of domesticated 

ostriches (Struthio camelus var. domesticus). These findings, like our results showing higher cholesterol content 

in pigeon hearts, contrast with the belief that the liver and brain have the highest cholesterol content among the 

major internal organs. However, the lower cholesterol concentration in ostrich muscles aligns with the lower 

breast muscle cholesterol levels found in this study. Although total cholesterol was not measured in the study, 

these findings agree with the lower cholesterol content in the gizzard in this study. Whether the higher total lipids 

in the heart also reflect a higher cholesterol level remains unclear. Notably, this study also found a higher 

cholesterol content in the heart than in the gizzard of pigeons. It remains to be understood if there are other avian 

species that maintain a higher cholesterol level in the heart than in the liver. 

Tissue lipid levels largely reflect the current physiological/metabolic state of animals. For example, Musacchia 

(953) found higher total cholesterol levels in the liver than in the kidney of four migratory birds. No correlation 

was found between sex and body weight and total cholesterol levels although wide individual differences existed. 

Several decades ago, studies showed a causal relationship between physiological states and tissue lipids (Bloor, 

1943; Wilber and Musacchia, 1950). Tissue lipids are correlated with egg-laying in chickens and turtles (Lorenz 

et al., 1938; Chaikoff and Entenman, 1946). These findings mean that changes in lipid levels in tissues largely 

represent internal regulatory states.  

Diet is another key variable that strongly influences the regulation of tissue lipids in birds. For instance, 

Donaldson et al. (2017) found that high-fat diets composed of different animal and vegetable fat sources 

significantly influenced the serum and liver cholesterol and total lipid levels of Japanese quail (Coturnix coturnix 

japonica) compared with those of quails fed a standard diet. Chen et al. (2023) found that a high-fat diet 

significantly increased total fat content, lipid droplet area, and polyunsaturated fatty acid content in the liver, as 

well as abdominal fat weight, subcutaneous fat weight, and total fat in Perkin ducks. In a developmental study, 

Adamson et al. (1961) found that chicks (New Hampshires) fed a cholesterol-rich diet had liver cholesterol levels 

that were over five times higher than those fed a cholesterol-free diet. 

Among the three bird species examined in this study, turkeys are bred mostly in captivity for enhanced maturity 

and marketability using standard commercial diets. In addition to other nutrients, such commercial diets are rich 

in fat and cholesterol, which are intended to boost meat production and increase fat content. Although the precise 

diet of the pigeon and the Guinea fowl remains unknown, the pigeon feeds mainly on dried seeds and grains, 

whereas the Guinea fowl feeds mainly on dried seeds, insects, and tubers. Regardless, the higher cholesterol 

levels found in most turkey tissues were likely due to its enriched diet. However, the similar levels of cholesterol 

in the brain and liver of the examined birds which suggests that irrespective of diet and behavior, cholesterol 

regulatory mechanisms are conserved in domesticated and wild birds. 

Conclusion 

This study revealed wide variations in tissue cholesterol metabolism among domesticated and wild species of 

Nsukka birds inhabiting varying habitats and with different diets. Periodic evaluations of variation in lipid 
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metabolism in these and other birds will be beneficial in assessing possible changes in abiotic factors, including 

food supply, in Nsukka.  
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