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Abstract 
Consumption of high amounts of saturated fatty acids in meat has been implicated in the onset of cardiovascular 
disease. Chevon (goat meat) is higher in mono-unsaturated and poly-unsaturated fatty acids than beef and lamb. 
Limited data is available on the expression of fat and cholesterol biomarkers in meat goats. The objective of this 
experiment was to determine expression of Acetyl-CoA Carboxylase (ACC1), Apoplipoproteins, A (ApoA1), and 
B (ApoB) in different breeds of meat goats. Protein sequence alignments were generated to determine 
conservation for antibody selection. The motif (SMS79pGL) was conserved in the goat, human, mouse, rat and 
bovine ACC1 proteins. The ApoA1 and ApoB protein alignments (human, bovine and rabbit) revealed high 
protein sequence homology. The Enzyme-Linked Immunosorbent Assay (ELISA) was used to determine serum 
ACC1, ApoA1 and ApoB in Spanish and Myotonic goats. Spanish goats had higher (P<0.05) ACC1 than 
Myotonic goats. There was a gender effect (P<0.05) where females expressed more ACC1 than males. Breed and 
gender differences were detected in Spanish and Myotonic goats, with Spanish goats showing 37% more (P<0.05) 
ApoA1 expression in the blood than Myotonic goats and female goats with 47% higher expression of ApoA1 
than males. Inversely, Myotonic goats expressed 35% higher (P<0.05) levels of ApoB than Spanish goats and 
males had 46% higher (P<0.05) ApoBexpression than females. These data demonstrate that inherent differences 
exist in lipid metabolism of meat goats and can lead to lipid biomarker assisted breeding programs to produce a 
heart, healthy red meat for human consumption. 
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1. Introduction 
1.1 Significance of the Problem 

A molecular genetics approach to enhance global meat goat production is very much in the infancy stage. Goat 
production continues to gain attention because of the potentially beneficial impact of chevon (goat meat) 
consumption on human health (Bourre, 2005). Chevon is a source of high quality animal protein with relatively 
less fat and marginal cholesterol when compared to similarly prepared beef or lamb. Goats deposit fat primarily 
internally as opposed to intramuscularly which is why chevon is a lean red meat compared to traditional beef, 
lamb or pork (Banskalieva, Sahlu, & Goetsch, 2000; Liméa, Alexandre, & Berthelot, 2012). The saturated fat 
content in cooked goat meat has been reported to be up to 40% lower than that of skinless chicken and 50-65% 
lower than similarly prepared beef (James & Berry, 1997). Goat meat also contains a relatively high amount of 
polyunsaturated fatty acids (PUFA) consisting mostly of linoleic, linolenic, and arachidonic acids (Banskalieva 
et al., 2000). According to the National Health and Nutrition Examination Survey (NHANES) statistics 
published by NIH, 12.5 million children and adolescents aged 2-19 years are obese. Consumption of high 
amounts of saturated fatty acids can affect the serum lipid profile (Mateo-Gallego et al., 2011) and the tissue 
lipid profile primarily in the total and low-density lipoprotein (LDL) cholesterol fractions (Glew et al., 2010). 
These factors are associated with an increased risk for developing obesity and subsequently cardiovascular 
disease (CVD) (Cascio, Schiera & Di Liegro, 2012). Genes that control the fatty acid profile in humans have 
been extensively studied in both humans and animals (Zulet & Martinez, 1995; Chilliard et al., 2001; Vincent et 
al., 2002; Viturro et al., 2009), but not much in meat goats. Much attention has been focused on Acetyl-CoA 
carobxylase (ACC1), which is the rate-limiting enzyme that catalyzes the carboxylation of acetyl-CoA to form 
malonyl-CoA, the first step in the synthesis of long chain fatty acids (LCFA) de novo. After malonyl-CoA 
formation another complex of enzymes, the fatty acid synthetase system (FAS), takes over catalyzing the rest of 
the synthesis. The end product of long chained fatty acid (LCFA) biosynthesis catalyzed by ACC1 and FAS in 
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humans and animals, (Cánovas, Estany, Tor, Pena, & Doran, 2009; Zhang et al., 2010) is palmitic acid, one of the 
saturated fatty acids (SFA) implicated in coronary heart disease (Mensink, Temme, & Hornstra, 1994; Mensink, 
1993). The apolipoprotein B (ApoB) gene controls the low density lipoprotein (LDL) levels in the body. The 
LDL cholesterol has been identified as the primary target for therapy in terms of reducing the risk for coronary 
heart disease (CHD) (Couvert et al., 2008). This LDL cholesterol can build up on the walls of arteries and 
increase the chances of getting heart disease. Consequently LDL cholesterol is referred to as “bad” cholesterol. 
The apolipoprotein A1 (ApoA1) gene regulates the level of high density lipoprotein (HDL) (“good” cholesterol) 
in the body. Research efforts are ongoing to find mechanisms to increase HDL cholesterol and the ratio of HDL: 
LDL (Gilmore et al., 2011; Gonzalez-Requejo et al., 1995; Harris et al., 2004; Sanchez-Muniz, Bastida, Viejo, & 
Terpstra, 1999). The HDL cholesterol protects against heart disease by taking the LDL cholesterol out of the 
blood and preventing it from building up in the arteries. The higher the HDL number, the lower the risk for CVD. 
High-density lipoprotein cholesterol accounts for about one-fourth to one-third of the total blood cholesterol. The 
HDL carries cholesterol and cholesterol esters away from the peripheral arteries and back to the liver, where it is 
passed from the body through reverse cholesterol transport (Daniels et al., 2010) Goats do not deposit fat 
intramuscularly, and therefore the unsaturated fat content is lower in chevon (Dhanda, Taylor, Murray, & 
McCosker, 1999).  

1.2 Justification 

It is known that diet can influence intramuscular fat in goats. Studies have shown that Boer x Spanish goats 
grazed on pasture without any grain supplementation is more saturated than intramuscular fat from goats fed a 
grain diet (Banskalieva et al., 2000; Ding, Kou, Cao, & Wei, 2010; Rhee, Waldron, Ziprin, & Rhee, 2000; Tan et 
al., 2011). In addition to diet, genotype can influence the lipid profile of both humans (Guzmán, Hirata, Quintão, 
& Hirata, 2000; Minihane et al., 2000; Salazar, Hirata, Quintão, & Hirata, 2000) and animals (Dhanda, Taylor, 
McCosker, & Murray, 1999; Hoashi et al., 2008; Maharani et al., 2012). Very limited molecular work has been 
done on the genes that control the lipid profile in meat goats. This study evaluated serum protein expression of 
genes that control the lipid profile in different breeds of meat goats. 
2. Method 

2.1 Animals and Experimental Design 

Animals used for the study were housed at Virginia State University Randolph farm in accordance with animal 
care and use guidelines. A total of 20 Spanish and Myotonic goats (5 males, 5 non-pregnant females of each 
breed), grazing pasture and supplemented with hay, cracked corn and ground soybean meal were selected from a 
screened pool of over 100 goats (Corley & Jarmon, 2012). A total of three trials were conducted. 

2.2 Blood Collection and Serum Preparation 

Goats were adequately restrained and blood collected via jugular venipuncture. In brief, the vein was identified 
by palpation and visual inspection. The area was clipped and swabbed with 70% alcohol. Gentle pressure was 
applied at the thoracic inlet to produce distension of the vein. Blood samples (3 ml) were collected in vials 
without anti-coagulant using 16-20G needles. Blood samples were placed in a swinging bucket centrifuge and 
spun at10, 000 rpm. Serum was removed and subsequently stored at -80 oC for later protein analysis. 

2.3 Screening and Selection of Antibodies for ACC1, ApoA1 and ApoB Protein Analysis  

Before antibody selection, a comprehensive screening of the GenBank protein databases was performed. The 
ACC1, ApoB and ApoA1 protein target information was obtained from the product information published by the 
antibody manufacturing company (Abcam, Cambridge, MA). For the ACC1 antibody, specific target information 
(serine p79 phosphorylated residue) was available. For the ApoA1 and ApoB antibodies only GenBank Accession 
numbers were available. Using this information as a guide, protein sequences (goat, sheep, bovine, human, rabbit) 
were retrieved from the GenBank and sequence alignments generated (Figure 1, 2, 3) using CLC Main 
Workbench Bioinformatics software (clcbio.com). Observation of conserved sequence homology enabled a more 
specific selection of the antibodies for this study. 
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Figure 1. Protein sequence alignment of Acetyl-CoA Carboxylase (ACC1) genes showing conserved ACC1 
antibody target region 

 

 

 

 

 

 

 

Protein sequence alignment of the Acetyl CoA Carboxylase1 gene, including the goat: The serine 

79p region of the protein from which the antibody was designed is conserved among all species and 

is shown in the outlined box. An alignment was done before antibody selection to determine 

sequence conservation among the ACC1 proteins and the possibility of the human ACC1 antibody’s 

use to detect the ACC1 protein in goat serum.

Serine 
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Figure 2. Protein sequence alignment of Apolipoprotein A1 (ApoA1) genes showing conserved ApoA1 potential 
antibody target regions 

 

 

 

 

 

 

 

 

Protein sequence alignment of the Apolipoprotein A1 (ApoA1) gene: GenBank Accession 

numbers are shown on the labels. Stretches of protein sequence conservation are shown in 

boxes. An alignment was done before antibody selection to determine sequence conservation 

between the human and bovine ApoA1 proteins and the possibility of the human ApoA1 

antibody’s use to detect the ApoA1 protein in goat serum.
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Figure 3. Protein sequence alignment of Apolipoprotein B (ApoB) genes showing conserved ApoB potential 
antibody target regions 

 

 

 

 

 

 

 

 

 

Protein sequence alignment of the Apolipoprotein B100 gene (ApoB): GenBank Accession numbers 

are shown on the labels. Stretches of protein sequence conservation are shown in boxes. An 

alignment was done before antibody selection to determine sequence conservation between the 

human, bovine, rabbit and sheep ApoA1 proteins, and the possibility of the human ApoB antibody’s 

use to detect the ApoB protein in goat serum.  
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2.4 Analysis of Acetyl-CoA Carboxylase (ACC1), ApoA1 and ApoB 

To determine ACC1, APOA1 and APOB serum concentrations, an indirect ELISA was performed using 
Anti-Acetyl Coenzyme A Carboxylase, Rabbit polyclonal to Acetyl Coenzyme A Carboxylase, Goat polyclonal 
to Apolipoprotein A I and Goat polyclonal to Apolipoprotein B antibodies respectively (AbCam, Cambridge, 
MA). To the top wells of a PCV microtiter 96 well plate, 50 l antigen standards (20 g/ml) and serum samples 
dissolved in coating buffer (100mM: 3.03g Na2CO3, 6.0g NaHCO3) was added and serially diluted 10 fold. The 
plate was then covered with adhesive tape and incubated for two hours at room temperature. The coating 
solution was discarded in a decontamination pan. The plate was then washed a total of two times by filling all 
wells with 300 l of wash solution PBS (pH 7.4) with 0.05% (v/v) Tween20, waiting 1 minute, and then 
discarding the liquid into a decontamination pan. The remaining drops were then removed by gently tapping the 
plate on a thick piece of paper towel. The remaining protein binding sites in the coated wells were blocked by 
adding 200 l of blocking buffer (1% BSA). The plate was then covered with adhesive plastic and incubated at 4 
ºC for 1 hr. The plate was then washed twice as previously described. After tap drying, 100 l of the primary 
antibody was added to the plate. The plate was covered with adhesive plastic and incubated for 1 hour at room 
temperature and washed three times as previously described. To each well 100 l of the secondary antibody 
(HRP-anti-goatIgG) was added. Adhesive tape was placed over the plate and incubated at room temperature for 
thirty minutes. The plate was then washed three times after which 100 l of TMB substrate (Bethyl Labs Inc.) 
solution was added to each well and incubated for 15 minutes in the dark. The chromogenic reaction was stopped 
by addition of 100 l of stop solution to each well. Samples (triplicate) were read in an iMarkmicroplate reader 
(BioRad) at 450 nm. Standard curves were generated using the microplate manager 6 software and 
concentrations of ACC1, ApoA1 and ApoB proteins determined. Data were exported for statistical analysis. 

2.5 Statistical Analysis  

All data were analyzed using the General Linear Model procedure of SAS. To account for trial (n=3) differences, 
the data were analyzed in a Randomized Complete Block Design. Means were considered significant at the 5% 
level of probability. 

3. Results and Discussion 
Biomarkers of fat and cholesterol are of interest because chevon (goat meat) is naturally lower in fat and 
cholesterol than beef and lamb (Banskalieva et al., 2000; Rhee, Cho, & Pradahn, 1999), and can be the 
alternative heart healthy red meat in the hopes of controlling obesity and CVD. Goat producers would have the 
opportunity to engage in fat and cholesterol biomarker assisted breeding programs, and can therefore maximize 
production of a red meat that is low in fat and cholesterol. This study was conducted to test the hypothesis that 
different breeds of meat goats on the same diet would have different fatty acid and cholesterol profiles. Because 
the goat anti-ACC1, anti-ApoA1 and anti-ApoB were not readily available, a screening of the protein sequence 
databases (ncbi.nih.nlm.gov) of each biomarker was performed. Cross species protein sequence alignments of 
ACC1, ApoA1 and ApoB aided in antibody selection for the ELISA. As a result it was possible to quantify 
protein expression levels of ACC1, ApoA1 and ApoB in the serum of Spanish and Myotonic goats.  

3.1 ACC1 Expression 

The ACC1 antibody binds to mouse rat and human ACC1 and was derived from the human Acetyl CoA 
Carboxylase around the phosphorylation site of serine 79. In this study, the ACC1 antibody was successful in 
detecting ACC1 in goat serum. For selection of the anti-ACC1, assurance that the human anti-ACC1 could bind 
the goat ACC1 was evident in the presence of the SMS79pGL moiety in the goat, bovine, human, mouse, and rat 
protein sequence alignments (Figure 1). This same moiety was present in the ACC1 antibody from the 
manufacturer. Spanish goats had higher (P<0.05) ACC1 than Myotonic goats. More specifically, in Spanish goats, 
expression of ACC1 was 49% higher than in Myotonic goats (Figure 4).  
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Figure 4. Breed effect on expression of Acetyl-CoA Carboxylase in meat goats 

Breed Effect on Expression of AcetylCoA Carboxylase in Meat Goats as measured by ELISA: ab, Means with 
different letters differ (P<0.05). Arrows indicate the margin of increase in ACC1 expression. This increase was 
calculated as a percentage difference between mean serum ACC1 concentrations. 

 

Results of the ELISA in this study showed that Spanish goats expressed higher ACC1 than Myotonic goats, 
indicating that different breeds of meat goats could inherently have different fatty acid metabolism. Studies have 
shown that genotype has an effect on the fatty acid profile and cholesterol levels of meat (Hoashi et al., 2008) 
(Daniels et al., 2010; Peña et al., 2009). In the case of gender, female goats expressed 45% more (P<0.05) ACC1 
than males (Figure 5). 

 

 

Figure 5. Gender effect on expression of Acetyl-CoA Carboxylase in meat goats 

Expression of Acetyl CoA Carboxylase in male and female goats as measured by ELISA: ab, Means with 
different letters differ (P<0.05). Arrows indicate the margin of increase in ACC1 expression. This increase was 
calculated as a percentage difference between mean serum ACC1 concentrations. 
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It has been shown that gender can affect long chain fatty acid synthesis in humans. Significantly lower values of 
fatty acids were observed in men than in women (Knopp et al., 2005; Lohner, Fekete, Marosvölgyi, & Decsi, 
2013). This is supporting evidence that gender needs to be taken into consideration when evaluating the lipid 
profile. To put this in the context of meat goats, if fat biomarker assisted breeding selection is used in production 
of chevon gender would have to be considered. Very few studies have addressed the expression of ACC1 in meat 
goats. Thus far expression of ACC1 has been conducted in other breeds of meat goats and only on the genomic 
level (Solaiman, Min, Gurung, Behrends, & McElhenney, 2012). Our study evaluated protein expression of 
ACC1 in Spanish and Myotonic goats focusing more on the translational level of ACC1 expression. These data 
demonstrate the first step in answering the question whether different breeds of meat goats on the same diet, 
have different fatty acid metabolism, therefore a different fatty acid profile.  

3.2 Apo A1 and ApoB Expression 

The selected anti-ApoA1 and anti-ApoB proteins successfully bound to the goat ApoA1 and ApoB as evidenced 
by the ELISA. In the case of ApoA1 and ApoB, the antibodies were designed from the whole native proteins and 
no specific target region information was available. However, the manufacturer did provide the UNIPROT 
database Accession numbers from which the antibodies were designed, as was observed from the protein 
sequence alignments (Figure 2 and 3). The ApoA1 antibody was the full length native ApoA1 and reacts with 
human ApoA1. Breed and gender differences were detected in Spanish and Myotonic goats, with Spanish goats 
showing 37% more (P<0.05) ApoA1 expression in the blood than Myotonic goats (Figure 6) and female goats 
with 47% higher expression of ApoA1 than males (Figure 7). In the case of HDL, Spanish goats expressed more 
of the HDL (“good cholesterol”) biomarker (ApoA1) than Myotonic goats. This implies that genotype can play a 
role in expression of cholesterol biomarkers in the blood. Other studies have shown that breed does influence the 
level of cholesterol in the body (Anil, 2007; Ding et al., 2010; Wheeler, Davis, Stoecker, & Harmon, 1987). 

 

 

Figure 6. Breed effect on expression of apolipoprotein A1 (ApoA1) in meat goats 

Expression of Apolipoprotein A 1 in Spanish and Myotonic goats as measured by ELISA: ab, Means with 
different letters differ (P<0.05). Arrows indicate the margin of increase in APOA1 expression. This increase was 
calculated as a percentage difference between mean serum APO A1 concentrations. 
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Figure 7. Gender effect on expression of apolipoprotein A1 (ApoA1) in meat goats 

Expression of Apolipoprotein A1 in male and female goats as measured by ELISA: ab, Means with different 
letters differ (P<0.05). Arrows indicate the margin of increase in APOA1 expression. This increase was 
calculated as a percentage difference between mean serum APO A1 concentrations. 

 

 

Figure 8. Breed effect on expression of apolipoprotein B (ApoB) in meat goats 

Expression of Apolipoprotein B in Spanish and Myotonic goats as measured by ELISA: ab, Means with different 
letters differ (P<0.05). Arrows indicate the margin of increase in APOB expression. This increase was calculated 
as a percentage difference between mean serum APO B concentrations. 
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Figure 9. Gender Effect on Expression of Apolipoprotein B (ApoB) in Meat Goats 

Expression of Apolipoprotein B in male and female goats as measured by ELISA: ab, Means with different 
letters differ (P<0.05). Arrows indicate the margin of increase in APOB expression. This increase was calculated 
as a percentage difference between mean serum APOB concentrations.  

 

The ApoB (full length) antibody has binding affinity to both rabbit and human. Myotonic goats expressed 35% 
higher (P<0.05) levels of ApoB than Spanish goats (Figure 8) and males had 46% higher (P<0.05) ApoB 
expression than females (Figure 9). Myotonic goats expressed more of the LDL (“bad cholesterol”) biomarker 
(ApoB) than Spanish goats. It has been demonstrated that defective apoB 100 gene results in increased plasma 
levels of total cholesterol and LDL cholesterol (Al-Khateeb, Al-Talib, Mohamed, Yusof, & Zilfalil, 2013) again 
demonstrating that genotype plays a role in cholesterol metabolism (Couvert et al., 2008; Daniels et al., 2010). 
Females had higher expression of the HDL biomarker than males. This finding supports that of other studies in 
which gender effect is linked more to protein expression of ApoA1. It was shown that in castrated mice 
testosterone and estrogen altered the protein synthesis of ApoA-I in castrated inbred strains of mice, but apoA-I 
mRNA levels remained unaltered, indicating post-transcriptional regulation of the ApoA-I production in liver. As 
with ApoA1 expression, gender was a contributing factor as males had higher ApoB expression than females. It 
is already established that gender can play a role in the development of hypercholesterolemia 
(Beauchesne-Rondeau, Gascon, Bergeron, & Jacques, 2003; Hoogerbrugge et al., 2001). Therefore it is evident 
from the baseline data given in this study that inherent differences can play an integral role in the outcome of the 
lipid profile in meat goats. 

4. Conclusion 

These data demonstrate that cross species binding affinity of antibodies can be useful in determining the level of 
protein expression of ACC1, ApoA1, and ApoB in meat goats. Therefore protein expression can be influenced 
by breed and gender, in meat goats and can therefore allow assessment of their lipid profile. Knowledge of the 
expression of biomarkers of fat and cholesterol in meat goats is essential to understanding the baseline from 
which an enhanced goat meat product can be produced. This would lead chevon producers to consider breed and 
gender selection in the production of an alternative healthy red meat for human consumption. Further studies are 
underway to test the effect of diets high in omega 3 and 6 fatty acids in the hopes of development of a heart 
healthy enhanced red meat (omega-chevon ©). 
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