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ABSTRACT 

 Nutrient values reported in the poultry products section of the USDA Handbook 

No. 8-5, “Composition of Foods…Raw, Processed, Prepared,” were last updated in 1979 

for raw and roasted dark chicken meat and skin and does not contain data for braised dark 

chicken meat and skin.  The objectives of this study were to determine the nutritional 

composition and nutrient retention of separable lean meat and skin from raw, braised and 

roasted chicken thigh and drum, to update data entries in the USDA National Nutrient 

Database for Standard Reference (SR), and to compare current data to previously 

reported values.  Ready-to-cook thighs and drums (skin-on) were obtained from twelve 

retail stores across the U.S.  Raw, braised and roasted drums and thighs were each 

dissected into separable lean, skin and fat, and cartilage and bone.  Proximate 

composition, B vitamins, minerals, fatty acid profiles, cholesterol, amino acid content, 

carotenoid composition, choline, retinol concentration, vitamin E and D content of the 

separable lean of the drum and thigh, and skin were determined by qualified laboratories 

using valid methods and quality assurance.  Raw thigh and drum meat, and skin had 

higher moisture and lower fat, protein, and cholesterol compared to cooked products. 

Cooking concentrated B vitamins with the exception of B12 in the skin. No differences in 

B vitamins or Se content were noted among raw, braised, roasted thigh and drum on a 

wet matter basis. On a total solids basis only about 60% of the B12 was retained in 

roasted drum. Braising lowered ash, protein, and niacin content in skin compared to 

roasting. Cholesterol content of braised and roasted thigh and drum meat were similar (P 
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> 0.05) with mean cholesterol content in thigh meat of 140.8 mg/100 g and drum of 132.0 

mg/100 g.  The cooked thigh and drum contained less than 0.05 g trans-fat/100 g lean and 

about 0.35 g of trans fat/100 g skin. Potassium was the most prevalent mineral in all parts 

and increased from raw to cooked.  For  drum and thigh lean and skin, the top five fatty 

acids present at the highest concentration were palmitic, palmitoleic, stearic, oleic and 

linoleic in which oleic concentration was highest in all parts.  In comparison to lean 

meats, skin had the highest oleic acid content with 15.8, 15.8, and 15.4 g/100 g skin for 

raw, roasted, and braised, respectively.  Skin had the lowest percentage of all amino acids 

except for glycine when compared to lean meat.  Separable thigh lean was higher in 

amino acid percentages when differences were noted between drum and thigh lean.  

Retinol was highest in the skin for each cooking treatment while values for drum and 

thigh lean were similar.  Vitamin E and D were also highest in raw skin.  Roasted and 

braised thigh lean had higher vitamin D content than roasted and braised drum lean.  

Total choline was highest in raw drum lean and lowest in raw skin at 56.7 mg/100 g and 

28.3 mg/100 g, respectively.  For all parts raw, phospatidylcholine was present at the 

highest concentration of the choline metabolites with 3,536, 3,583, and 1,541 nmol/g.  

Lutein was highest in all parts for carotenoids with thigh lean containing the most and 

roasted skin the least.  Raw thigh lean had higher concentrations of each carotenoid in 

comparison to raw drum lean except for cis-lutein/zeaxanthin.   

         Updated nutritional data for dark chicken meat and skin available in SR number 24 

will support nutrition monitoring, food policy development and education. 
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CHAPTER I 

INTRODUCTION 

 The food industry continually evolves to accommodate new trends in consumer 

behavior.  Over the past 32 years, consumer trends have shifted from purchasing red meat 

to poultry meat due to its apparent healthier benefits.  Per capita consumption of total 

chicken consumed in 1979 was 21.9 kg and has increased to 38.6 kg in 2011 (NCC 

2011).  According to a study conducted by Guenther et al. (2005), higher income 

households consumed more chicken than lower income households who consumed more 

processed pork products.  Additionally, the study reported that higher education levels 

were associated with less consumption of beef and pork (Guenther et al., 2005).  Poultry 

consumption varies by gender and demographics.  Guenther et al. (2005) reported that 

men and African-Americans consumed the highest quantities of chicken and the 

Northeast region of the United States had the highest average consumption overall.  

Furthermore, the Dietary Guidelines for Americans published by the United States 

Department of Agriculture and the Department of Health and Human Services (USDA-

USDHHS) (2010) recommends adults 19 years and older to consume 20 to 35% of total 

calories as fat and to consume less than 10% of total calories as saturated fat by 

consuming more monounsaturated and polyunsaturated fats.  An 85-g serving of skinless 

roasted dark chicken meat contains 3.12% saturated fatty acids and is a dietary option 

that can help reduce total saturated fatty acids level in the diet (USDA, 2010).   
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 A $5.46 million increase in cash receipts for chickens and broilers was observed 

between 1978 and 1992 (Perry et al., 1999).  An increase of $13.1 billion in U.S. sales of 

poultry and eggs occurred from 2002 to 2007 and 12% of all agricultural products sold in 

the U.S. consisted of poultry and eggs according to the 2007 USDA Census of 

Agriculture (NASS, 2007).  

 Nutritional values for raw and braised dark chicken meat in the USDA Standard 

Reference, Release 23 (USDA, 1979), a nutrient database used to prepare nutrition labels 

and provide credible information to scientific and professional communities, were last 

updated in 1979, and values for braised dark chicken meat were not provided.  Various 

factors and practices within the poultry industry directly influence the nutritional 

composition of poultry and have evolved over the past 32 years including new genetics 

and breeding programs, feed formulations and practices, and further processing 

techniques.  The influence of new industry practices on the nutritional qualities of poultry 

results in the need to update the nutrient database in order to provide accurate nutritional 

information to the public. The objectives of this study were to update the USDA standard 

reference for raw and roasted dark chicken meat and skin values and provide values for 

braised dark chicken meat skin, to determine the effect of different cooking methods on 

the nutrient content of dark chicken meat and skin, and to compare current data to 1979 

values for dark chicken meat and skin. 
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CHAPTER II 

LITERATURE REVIEW 

Genetics and Breeding 

 The nutritional value of poultry is directly influenced by the chicken’s genome.  

Commercial poultry breeding programs have evolved to include more than growth rate as 

a factor of interest for poultry genetics.  According to Scanes et al. (2004) poultry 

breeding programs now strive for three objectives: (1) increased product output per bird 

or unit space, (2) increased production efficiency (per unit feed), and (3) improved 

quality of the final product and disease resistance.  In addition to these objectives, 

breeding programs also consider the absence of breast and leg defects, chick viability 

rates, and successful reproduction as factors of interest when determining commercial 

strain crosses (Rose, 1997).   The success of poultry meat production depends greatly on 

enhanced growth rates and high carcass yields, specifically low levels of abdominal fat 

and high muscle deposition (Zerehdaran et al. 2004).  Before the organization of the 

commercial poultry industry, breeders chose parent stock based upon phenotypic 

characteristics which resulted in a wide array of breeds and strains.  The use of 

specialized sire and dam lines as a breeding strategy is no longer efficient for production.  

Thus, the poultry industry now utilizes four-way crosses to produce commercial hybrids 

with highly heritable traits (Appleby et al., 1992).  The majority of commercial parent 

breeding stocks are now developed through inbreeding and crossing inbred lines, 

reciprocal recurrent selection of strain crosses without inbreeding, or reproduction of pure 

lines with diverse genetic backgrounds to create desirable performance crosses (Rishell, 
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1997).  The use of inbreeding increases homozygosis due to the uniform genes carried on 

the chromosomes of highly inbred stock.  Generally, inbreeding reduces performance 

since both desirable and undesirable traits become concentrated within the inbred line; 

however, when inbred lines are crossed heterozygosis is greatly increased and hybrid 

vigor expressed (Austic and Nesheim, 1990). Utilization of hybrid vigor in the poultry 

industry has enhanced overall product quality and has increased product output by 

increasing growth and efficiency rates.  Selection for breeding stock has greatly benefited 

from the advent of genetic technology by allowing estimation of breeding values and 

additive and nonadditive genetic variation (Siegel and Dunnington, 1997).  A single best 

method for selection practices has not been established.  However, most all breeders 

practice simultaneous multi-trait selection (Rishell, 1997).  Selection practices may be 

direct or indirect and involve individual, family, and within family selection techniques. 

Rishell (1997) explains that individual selection is exceedingly effective for high 

heritability traits such as growth rate and conformation while family selection is useful 

for moderately heritable traits including fertility, feed conversion, and sexual maturity.  

Overall, genetic selection has increased meat yield and has decreased fat levels in poultry 

(Moran, 1999).  This innovation is analogous to the change in consumer preference for 

healthier foods.  The selection for a rapid growth weight and high yield provides the 

market with more poultry products and emphasizes the importance of its available 

nutritional value.  

 The success of current selection practices rely heavily on advanced animal 

husbandry and management techniques.  Manipulation of lighting periods, artificial 
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incubation and commercial confinement rearing has facilitated selection by overcoming 

diurnal and seasonal setbacks in the poultry industry.  Despite technological advances, 

natural selection remains a concern for commercial poultry breeders in terms of genetic 

selection.  Siegel and Dunnington (1997) embrace genetic selection techniques but realize 

that “changes considered as improvements may be delayed or stopped completely by the 

forces of natural selection.”  

 Genetic selection for desirable traits in broilers often enhances the expression of 

other genes closely related to the gene of interest.  Rapid feathering is a recessive sex-

linked gene that correlates with rapid growth in broilers and is important in the ease of 

chick separation by sex.  Conversely, broilers with the dominant slow feathering gene 

have been reported to be leaner and possess less abdominal fat than birds with the 

recessive rapid feathering trait (Zerehdaran et al., 2004).  According to Zerehdaran et al. 

(2004), the estimated heritability for abdominal fat percentage is 0.71.  Furthermore, 

growth rate has approximately 35% heritability and is closely associated with feed 

efficiency (Scanes et al., 2004).  Fast-growing chicken lines have been reported to have 

15 to 20 % more myofibers in the muscle red oxidative anterior latissimus dorsi than 

slower growing strains (Scheuermann et al., 2003).  According to Scheuermann et al. 

(2003) rapid growing commercial broilers express an enhanced myofiber cross-sectional 

which positively correlates with lean weight.  Furthermore, males were reported to be 

superior to females in regards to body and breast weight due to sexual dimorphism during 

embryonic development of myofiber establishment (Scheuermann et al., 2003).  Sexual 

dimorphism also influences breast muscle morphology in poultry.  Velleman et al. (2003) 
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reported that breast muscle characteristics result from maternal inheritance through one 

of three mechanisms: mitochondrial inheritance, epigenetics or genetic imprinting, or egg 

factors.  

 Genetics influence a wide array of characteristics including feed conversion rates 

and carcass yields.  Meat birds representing 2001 strains and 1957 strains were fed 

representative diets of 2001 and 1957.  Regardless of diet, the 2001 strain maintained 

lower feed conversion rates than the older strain (Havenstein et al., 2003a). The ability of 

the more current strain of meat bird to efficiently utilize both diets and maintain lower 

feed conversion factors indicates the importance of genetics and genetic selection in 

strain development.  The same study was conducted with carcass composition and yield 

as characteristics of interest.  Broilers common in 2001 fed 2001 diets exhibited almost 

10.0% more breast meat than broilers used in 1957 fed diets relevant to that time 

(Havenstein et al., 2003b).  Havenstein et al. (2003b) also reported a 1% increase in 

saddle and leg yields of the 2001 broilers in comparison to the 1957 strains across both 

diets.  The emphasis for greater yields and carcass composition has driven the industry to 

utilize the current high-yield broilers over previous strains and has resulted in doubling 

the percentage yield of breast meat according to Havenstein et al. (2003b). It has been 

suggested that genetics also contribute to meat quality traits, including water-holding 

capacity and color (Le Bihan-Duval et al., 1999).  
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Environment 

 Poultry production systems and environmental factors impact the poultry carcass 

nutritionally.  The reduction of fat levels in poultry to meet consumer demands is 

facilitated by various production practices including photoperiods and ambient 

temperatures.  Prevention of excessively fatty birds caused by overeating includes skip-a- 

day-feeding, limiting available feed and intermittent lighting (Appleby et al., 1992).  

Broilers require 23 h of day length and 1 h of darkness to achieve optimal growth rate.  

However, the use of intermittent lighting may improve feed conversion rates among 

broilers by reducing “boredom eating” resulting in improved digestion (Appleby et al., 

1992).  Buyse et al. (1996) states that the improved feed conversion due to intermittent 

lighting is partly a consequence of a more concave growth curve (initial growth 

depression followed by compensatory growth) and that intermittent lighting greatly 

decreases the rate of leg abnormalities in broilers.  

 Ambient temperature affects feed consumption and efficiency which influences 

the nutritional composition of poultry (Appleby et al., 1992; Cahaner and Leenstra, 

1992).  Colder temperatures cause heat production and food intake to increase due to 

deviations from the thermoneutral range (Appleby et al., 1992).  Geraert et al. (1996) 

reported that broilers reared up to six weeks of age at 32°C maintained a feed-to-gain 

ratio of 2.85 while birds reared at 22°C had a ratio of 2.06. As broilers increase in weight, 

feed conversion rates increase and optimal temperatures for favorable feed conversion 

rates decrease (May and Lott, 2001). Optimal temperature for a 2.5 kg male or female 

broiler has been predicted to be 19°C, while 24°C and 21°C are optimal temperatures for 
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a 1.5 kg male and female broiler, respectively (May and Lott, 2001). Heat exposed 

broilers exhibit decreased body protein content, protein gain, and protein retention, in 

addition to fattier compositions (Geraert et al., 1996).  Heat stressed birds deposited 79% 

of energy retained as fat where as non-heat stressed birds deposited 64% (Geraert et al., 

1996). The elevated levels of body fat observed in heat stressed broilers results from 

increased availability of net energy.  Cahaner and Leenstra (1992) explain that the 

reductions in body weight, protein gain, and feed and protein efficiency due to the high 

temperatures increases with age and are much larger in males than in females.  According 

to Mickelberry et al. (1966) elevated ambient temperatures had no significant effect upon 

the fatty acid profile, iodine value, moisture and cholesterol contents of broilers.  On the 

other hand, heat stress has been associated with a reduction in total mineral retention in 

poultry (Bonnet et al., 1997). Wolfenson et al. (1987) reported reduced phosphorus 

absorption from the digestive tracts of heat stressed turkeys, and Smith (1993) 

determined that high environmental temperatures did not affect phosphorus content of 

broiler carcasses, despite reduced levels of plasma inorganic phosphate. However, 

restriction of calcium and limited feeding may improve natural responses of broilers to 

high ambient temperatures (Ait-Boulahsen et al., 1993). 

 Air flow and various types of equipment affect weight gain and feed conversion 

rates in broilers.  Lott et al. (1998) determined that tunnel rearing of broilers improved 

body weight gain and feed conversion ratios when compared to conventional ventilation.  

Furthermore, birds reared with access to trough waterers had superior body weight gain 

and feed conversion ratios than birds with access to nipple waterers (Lott et al., 1998).  
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Feeding Practices and Diet  

            Dietary composition of poultry feeds must be nutritionally balanced for optimal 

results and be economical for the poultry producer.  When given a choice, birds preferred 

a pellet form of feed over mash (Calet, 1965) and broilers ate more food when offered 

pellets instead of mash and maintained faster growth rates (Mastika and Cumming, 

1981).  Eating mash diets requires the expenditure of more energy thus, higher food 

conversion efficiency is associated with pellet diets (Savory, 1974). Pelleted feed is 

commonly utilized when rearing broilers and birds are typically fed ad libitum to enhance 

growth rate and improve feed efficiency.  Nutritional qualities of poultry feed greatly 

impact the nutritional composition of poultry carcasses.  Havenstein et al. (1994) reported 

a 1.2% more breast meat yield and heavier carcass weights of broilers consuming 

representative 2001 diets than those fed a typical diet of 1957. Adversely, high growth 

rates in broilers are associated with high body fat deposition and increased incidence of 

skeletal and metabolic disorders (Leeson and Zubair, 1997; Bessei, 2006) as well as 

sudden death syndrome and ascites (Bessei, 2006).  Utilization of ad libitum feeding 

often results in birds with higher fat percentages than birds fed at regular intervals.  

Average daily intake of caged broilers can be around 118 to 120 g/d and considerably 

higher for non-caged broilers (Appleby et al., 1992).  Often, feed restriction is utilized to 

produce carcasses with reduced abdominal fat deposition (Cabel and Waldroup, 1990).  

Metabolizable energy (ME) content of the diet is the energy available for metabolism that 

is not lost in the feces, urine, and gas but does not take into account energy that is lost as 
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heat (Scanes et al., 2004).  Generally, ME is the total caloric contribution of fat, protein, 

and carbohydrates from ingredients in feeds (Plavnik et al., 1997a). Maximum growth 

rate of broilers will often not be attained when birds are fed diets containing less than 

2,640 kcal of ME per kg (Austic and Nesheim, 1990).  Restriction of ME resulted in 

lower 49 d body weights and abdominal fat pad sizes while feed efficiency significantly 

(P < 0.01) improved in comparison to young birds fed ad libitum (Mollison and Guenter, 

1984).  

 High growth rates of broilers increase the expression of nutrient deficient 

symptoms in poultry.  Feeds must supply the essential nutrients required for rapid growth 

and a healthy carcass composition.  This emphasizes the importance of a balanced diet 

throughout each growth stage to produce a wholesome and nutritious chicken.   

Lipids: Poultry fat exhibits a higher degree of unsaturation in comparison to beef, 

lamb and pork fat (Katz et al., 1966) and it is well known that the flavor and nutritional 

properties of poultry are affected by the fatty acid content of the diet fed (Enser, 1999).  

Lipid content of poultry may be altered by the diet fed because total lipid content of 

chicken tissue results from the combination of endogenous fat synthesis and deposition of 

fatty acids supplied by the diet (Cortinas et al., 2004).  Various authors agree that an 

increase in dietary polyunsaturated fatty acids (PUFA) results in increased PUFA content 

in poultry meat (Barroeta, 2007; Cortinas et al., 2004; Pinchasov and Nir, 1992).  

Pinchasov and Nir (1992) found that the main effect of increased dietary PUFA in poultry 

diets was a reduction in monoenoic fatty acids (C16:1 and C18:1) and an increase in 

linoleic acid (C18:2).  Linseed or linseed oil, which is high in α–linolenic acid, is 
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commonly fed to broilers to increase the levels of n-3 PUFA in tissues.  Accumulation of 

α–linolenic acid in poultry tissues may lower the linoleic to α–linolenic acid ratio in 

humans when consumed, causing an increase in eicosapentaenoic and docosahexanoic 

fatty acid production in humans (Enser, 1999). High levels of unsaturated fatty acids in 

the diet increase the development of organoleptic problems and enhance poultry tissue 

susceptibility to lipid oxidation (Cortinas et al., 2005).  The addition of antioxidants such 

as α-tocopherol in meats prevents lipid oxidation and increases shelf life properties (Bou 

et al., 2001; De Winne and Dirinck, 1996; Grau et al., 2001); however, Cortinas et al. 

(2005) found that an increase in dietary α-tocopherol level from 200 to 400 mg/kg had no 

effect on the oxidative stability of poultry meat.  Various muscles express different fat 

contents depending on the function.  For instance, the total lipid content of dark meat is 

higher than lipid content in white meat (Katz et al., 1966). When PUFA content of 

poultry diets was increased by 46 g/kg the total fatty acid content of thigh meat decreased 

by 17% and breast meat remained unaffected (Cortinas et al., 2004).  Cortinas et al. 

(2004) also observed a reduction in saturated fatty acid (SFA) and monounsaturated fatty 

acid (MUFA) contents of thigh and breast meat when PUFA deposition was increased.  

Overall, PUFA-rich poultry diets decrease body fat deposition in broilers (Barroeta, 

2007; Villaverde et al., 2005) mainly in the abdominal fat pad (Crespo and Esteve-

Garcia, 2001). It is evident that the fatty acid content of poultry feed influences the fatty 

acid profile of the carcass.  Sanz (1999) reported that broilers fed diets containing animal 

fat blends or tallow maintained higher abdominal fat pad weights (P < 0.001) and 

intramuscular lipid content (P = 0.0085) than broilers fed diets containing sunflower oil.  
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Crespo and Esteve-Garcia (2001) further explain that cholesterol content of thighs are 

lower in broilers fed sunflower and linseed oil over those who consumed tallow or olive 

oil (P < 0.001).  Improved feed conversion rates have resulted from increased dietary ME 

through fat supplementation (Leeson et al., 1996; Cheng et al., 1997). Furthermore, fat 

deposition remained constant in broilers when fed increasing concentrations of ME with 

maintained crude protein and amino acid ratios (Saleh et al., 2004a; Saleh et al., 2004b).  

Hurwitz et al. (1987) found that 9% fat supplementation actually decreased growth in 

turkeys which may be a consequence of reduced pellet quality.  This may result because 

fat supplementation impedes steam penetration into grain particles and prevents the 

formation of a high quality pellet (Plavnik et al., 1997b; McNaughton and Reece, 1984).   

 The pertinent inclusion of lipids in feeds supplies essential fatty acids, fat soluble 

vitamins (A, D, E, and K), and required caloric content to poultry.   Linoleic acid, the 

essential fatty acid for poultry, is recommended to be 1% of diets according to the 1994 

Nutrient Requirements of Poultry (NRC, 1994).   

Protein: Soybean meal is the most widely used protein supplement in poultry 

rations and remains the top choice for vegetable proteins due to its high nutritive value 

(Scanes et al., 2004).  According to Scanes et al. (2004) corn constitutes one-third of total 

poultry feed and is commonly mixed with soybean meal but the mixture lacks certain 

essential amino acids.  Diets lacking in adequate amounts of limiting essential amino 

acids inhibits overall meat production (Moran, 1999).  Many essential amino acids are 

provided in the diet by the addition of meat packing by-products and fish meal (Austic 

and Nesheim, 1990).  Austic and Nesheim (1990) emphasize that in order to meet protein 
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requirements of poultry, essential amino acids must be supplied in adequate amounts, and 

dietary nitrogen levels must be available in the proper form and quantity to permit 

synthesis of nonessential amino acids.  Additionally, growth requirements must be 

considered when formulating balanced feeds.  Cockerels grow at a faster rate and more 

efficiently than pullets, and require a higher-protein diet (Appleby et al., 1992).  The 

amount and type of protein fed to broilers during production influences the quantity of 

meat produced (Moran, 1999; Austic and Nesheim, 1990).  Roth et al. (1990) found 

additional breast meat formation after increasing dietary protein of broilers during ages 

that corresponded to inflection points, and Jackson et al. (1982) determined that 

maximum protein deposition occurred with a 20% crude protein diet.  Rosebrough et al. 

(1999) reported broilers fed a diet with partial replacement of carbohydrate energy with 

crude protein had increased body weight and enhanced feed utilization.  In addition to 

essential amino acids, poultry feedstuffs supply semiessential and nonessential amino 

acids for growth and metabolism.  According to Scanes et al. (2004), essential amino 

acids for poultry include arginine, histidine, isoleucine, leucine, lysine, methionine, 

phenylalanine, threonine, tryptophan, and valine with lysine, methionine, cystine, and 

tryptophan considered as critical amino acids in poultry nutrition.  Due to its high 

concentration in muscle protein, lysine availability in poultry feeds is of concern (Moran, 

1999) and simultaneous changes in other essential amino acids reflect use and limitation 

relative to lysine (Corzo et al., 2003).  Efficient broiler growth is dependent upon 

adequate lysine concentrations in feeds.  Male broilers between 42 and 56 d of age 

approached optimization when 0.85% lysine was fed when all other essential amino acids 
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were in balance (Corzo et al., 2002).  Proline is not classified as an essential amino acid 

(NRC, 1994); however, chickens can only synthesize an estimated 80 to 90% of their 

proline requirements (Austic, 1976) resulting in the need to supplement poultry diets with 

adequate amounts of proline.  Carcasses of broilers fed diets with inadequate protein and 

amino acids usually have fattier compositions than those fed rations with adequate 

amounts of a well-balanced protein profile (Austic and Nesheim, 1990).  To avoid fatty 

carcasses and limited meat yield, crude protein and amino acids should be increased in 

high ME diets to compensate for decreased nutrient intake (Dozier et al., 2006). 

 The NRC (1994) outlines recommended crude protein percentages for various 

growth stages of broilers in such a manner as to provide optimal synthesis of nonessential 

amino acids.  For broilers 0 to 3 weeks of age, 23.0% crude protein is recommended, 3 to 

6 week old broilers should be fed diets consisting of 20.0% crude protein, and broilers 6 

to 8 weeks old require diets consisting of 18.0% crude protein (NRC, 1994).  Necessary 

supplementation of essential amino acids is crucial when crude protein does not provide 

all amino acid requirements.  Additionally, dietary protein is decreased in feeds as 

broilers reach market age (Moran, 1999).  It is imperative to avoid decreasing protein 

content of feeds too early as to avoid fatty carcasses and small breast meat yields (Saleh 

et al., 1996). 

Carbohydrates: Starch is a major component in poultry feedstuffs and supplies 

over 50% of the apparent ME in the diet (Aar et al., 2003).  Energy, or kilocalories, not 

supplied by fat or protein in poultry feed is provided by carbohydrates.  Carbohydrates 
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serve as the principal energy source in the poultry diet of which only hexose sugars, 

sucrose, maltose, and starch are metabolisable (Austic and  Nesheim, 1990).  Incomplete 

starch digestion in broilers has been observed for wheat (Rogel et al., 1987), barley 

(Hesselman and Aman, 1986), and peas (Longstaff and McNab, 1987).  Carbohydrates 

are quickly metabolized by broilers as energy to maintain body temperature and all basal 

processes (Scanes et al., 2004).  The coefficient of starch digestibility is almost 1.0 (Aar 

et al., 2003) for broilers and this rapid utilization prevents deposition of carbohydrates in 

poultry tissue resulting in no net carbohydrates in the carcass.  Ultimately, the extent and 

rate of starch digestibility depends on the inherent properties of the starch and those 

acquired from technological treatments (Aar et al., 2003).  Aar et al. (2003) found that a 

7% increase in amino acid content of feeds high in rapidly digested starches was 

necessary to obtain maximal performance results.  The composition of poultry carcasses 

are greatly influenced by the energy content provided in feeds during rearing.  Douglas et 

al. (2003) reported that high levels of lactose resulted in severe growth depression of 

chicks and Granett et al. (1972) found that galactose released from enzymatic reactions is 

toxic to chicks.  Chicks fed a dextrose-soybean meal diet exhibited the highest weight 

gains and gain:feed ratios through 3 weeks  of age when compared to six other diets 

(Batal and Parsons, 2004).  Good performance of chicks fed dextrose and polycose diets 

was associated with the rapid and high digestibility of the available carbohydrates.  The 

same study reported that chicks fed dextrose, waxy corn, and high-oil corn soybean meal 

mixtures maintained higher weight gains than those fed corn-flour- and rice-flour-

soybean meal mixtures at 3 weeks of age. Dozier et al. (2006) warns that when feeding 
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high ME diets, all other nutrients must be balanced to compensate for decreased feed 

intake so meat yield remains unaffected.   

 Depending on fat and protein levels, carbohydrate content of feeds will vary as 

broilers approach market weight.  As a guideline, the NRC (1994) recommends an 

average 3,200 kcal of ME/kg of feed for starting and growing market broilers.   

Vitamins and Minerals: Thirteen vitamins and thirteen minerals are required by 

poultry to maintain bodily functions and to prevent growth deficiencies (Austic and 

Nesheim, 1990). These vitamins and minerals influence the final poultry product by 

aiding in important metabolic processes.  Minerals aid in skeletal formation, hormone 

functionality, enzyme activation, and in regulation of osmotic pressure in the body of 

birds (Scanes et al., 2004).   According to Scanes et al. (2004) vitamins are only required 

in minute amounts to support normal growth, reproduction and health.  A common 

practice among poultry producers is to supply various vitamins and minerals in excess of 

the minimum recommended amounts established by the NRC to account for degradation 

during storage (Austic and Nesheim, 1990).   

 Evidence suggests that zinc (Zn) redistribution occurs during times of 

immunological stress and is critical for maintenance of cells involved in the immune 

response (Bartlett and Smith, 2003). Swinkels et al. (1994) showed that poultry diets low 

in Zn resulted in reduced feed intake and weight gain.  Favorable dietary balances of 

sodium (Na
+
) and chloride (Cl

-
) in feeds improved performance and reduced leg 

problems in broilers (Oviedo-Rondon et al., 2001).  The percentage of Na
+
 and Cl

-
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needed in broiler feeds has long been debated.  Butolo et al. (1995) suggested a 

requirement of 0.22% Na
+
 for improved feed conversions while Murakami et al. (1997a) 

found best body weight gain rates with 0.25% Na
+
 inclusion.  Different nutritional 

requirements have been suggested for 1 to 21 d broiler chicks to be 0.20% of Na
+
 

(Murakami et al., 1997a), 0.25% of Na
+
 (Barros et al., 1998), and 0.30% of Na

+
 (Maiorka 

et al., 1998). According to the NRC (1994), the established requirement for Na
+
 and Cl

-
 is 

0.20% for chicks 0 to 3 weeks, which was increased from the 0.15% Na
+
 and Cl

-
 

recommendations of 1984 (NRC, 1984).   

 Supplementation of poultry feeds with vitamin E as a preventative measure 

towards the oxidation of unsaturated fatty acids resulted in a significant increase of α-

tocopherol levels in breast and thigh meat (P < 0.05) (Nam et al., 1997).  Furthermore, 

increased thiamin levels in feeds significantly (P < 0.05) increased 28-d live weights of 

birds and improved feed conversion rates while elevated biotin concentrations reduced 

total mortality rates (Hulan et al., 1980).  Calcium (Ca) and phosphorus (P) are integral 

minerals involved in bone strength.  According to Atteh and Leeson (1984), chicks fed 

diets supplemented with palmitic acid had significantly lower (P < 0.01) bone ash and 

bone Ca content.  The same study reported an overall significant interaction (P < 0.05) 

between type of supplemented fatty acid and calcium level on the magnesium (Mg) 

content of bone.  Skinner et al. (1992) concluded that the removal of supplemental and 

trace minerals from the diets of broilers receiving complete supplementation until 42 d of 

age had no adverse effects on weight gain, feed utilization, and carcass characteristics at 

processing.   
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Further Processing 

 The poultry market has changed dramatically over the past 30 years in order to 

meet consumer demands for products with easier and faster preparation.  This demand, 

which is analogous to the integration and expansion of the poultry industry, has provided 

an expansive market for value added products (Smith and Acton, 2010).  The poultry 

market has shifted from selling the majority of all poultry meat as whole ready-to-cook 

carcasses or raw parts to further processed poultry products including marinated, breaded, 

and battered poultry parts with these processes most often occurring at the processing 

plant instead of retail locations (Young and Lyon, 1997a).  Marinating poultry products 

before cooking aids in moisture retention and may enhance the nutritive quality (Smith 

and Acton, 2010).  Enhancement of poultry cuts is a popular method of further processing 

that adds flavor, aroma, color, texture, and shelf life to the meat through marination 

(Alvarado and McKee, 2007).  Marination is achieved through the use of salt, 

phosphates, water, and other functional ingredients (Xiong and Kupski, 1999a).  Labeling 

and amount of solution added to enhanced poultry products must follow specific 

guidelines.  Marinated poultry product labels are required to contain a statement 

providing the amount of solution added, the manner in which it was added, and the 

common names of the ingredients listed in order of prevalence according to the Food 

Safety Inspection Service (FSIS) Label Policy Memoranda 042 addressing raw, bone-in 

poultry products containing solutions (USDA, 1999a).  Furthermore, the terms “basted,” 

“marinated,” and “flavored” are not allowed for label use with raw bone-in poultry 

containing more than 3% added weight (USDA, 1999a).  For these terms to be used on 
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raw boneless poultry packages, the meat must contain no more than 8% added weight 

(USDA, 1999b). 

Salt: Sodium chloride is an imperative ingredient in commercial poultry 

marinades and contributes many desirable and characteristic qualities to enhanced poultry 

products.  Salt is highly water soluble and dissociates into Na
+
 and Cl

-
 ions, of which 

40% is sodium.  Salt is used in marinades to enhance flavor, extract salt soluble proteins, 

increase water holding capacity and reduce drip and cooking losses (Hoffman, 2006).  

The Cl
-  

ion from salt is much more responsible for the increased water holding capacity 

of enhanced meats than the Na
+  

ion, which contributes more to flavor (Sebranek, 2009).  

Myofibrillar proteins in meat are composed of the contractile proteins actin and myosin 

and have high solubility in ionic solutions (Pearson and Gillett, 1996).  Addition of salt to 

marinades increases the ionic strength of the solution and solubilizes the salt soluble 

myofibrillar proteins by unfolding the tertiary structure and increasing the number of 

available charged sites.  The newly exposed charged sites increase the number of 

accessible water-binding sites on the protein which enhances the water holding capacity 

of the meat (Smith and Acton, 2010).  A more tender meat is then observed due to muscle 

protein solubilization from an increase in myofibrillar ionic strength (Wu and Smith, 

1987).  Furthermore, the myofibrillar complex will swell and disintegrate in ionic 

solutions with strengths of 0.5 or more, allowing for the depolymerization of myosin 

filaments (Hamm, 1986) which gelatinize during heat processes and aid in moisture 

retention and product formation (Pearson and Gillett, 1996).  Xiong and Kupski (1999b) 

reported that unsalted breast filets had marinade retention of 19.7% while salted filets had 
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retention of 88.3%.  This illustrates the importance of salt in moisture uptake and 

retention, and final product yield, when phosphates are not used as marinade ingredients 

(Xiong and Kupski, 1999b). 

 Enhancement of poultry with salt-based marinades can increase the sodium 

content of poultry products and amplify salt consumption (Trout and Schmidt, 1984). The 

2010 Dietary Guidelines for Americans recommends consuming less than 1,500 mg/d of 

sodium for ages 9 to 50 years; however, the average daily intake of sodium for 

Americans age 2 years and older is more than 3,400 mg (USDA-USDHHS, 2010).  A 

study conducted by the Centers for Disease Control and Prevention (2010) involving 

adults 20 years or older (n = 3,922) reported that 36.9% of daily sodium intake originated 

from grains, 27.9% was consumed as meat, poultry and fish, and vegetables accounted 

for 12.4%. An estimated 77% of salt consumed in the U.S. comes from processed and 

restaurant foods and approximately 10% is from table salt and cooking (CDC, 2010).  

Sodium is the most common cation in the body and plays an integral role in maintaining 

the acid-base balance of blood and cells, the osmotic pressure of intracellular and 

extracellular fluids, and in the electrical transmission of nerve signaling (Caroline, 2010).  

However, diets high in salt may lead to hypertension and renal problems in individuals 

with salt sensitivities (Suzuki and Kimmel, 2007). Hypertension is the most common 

cardiovascular disorder and increases the incidence of stroke, renal failure, and coronary 

heart disease.  Overall, hypertension affected 26.4% of the adult population in 2000 and 

is projected to increase to 29.2% of the adult population by 2025 (Beevers et al., 2007).  

The American Association for Kidney Patients (AAKP) explains that excessive salt 
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intake causes hypertension through its ability to effectively retain water.  Water retention 

increases the circulatory volume and exerts excessive fluid pressure on blood vessel walls 

inducing the heart to pump against a high pressure system (AAKP, 2011).  

Consequentially, the vascular system of the kidneys is also adversely affected by high 

blood pressure through the development of hypertensive nephrosclerosis (Cushman, 

2003).  The Dietary Guidelines for Americans recommends reducing dietary salt to 

decrease the risk of hypertension (USDA-USDHHS, 2010).  A reduction in dietary 

sodium has been proven to lower hypertension in 14 d and reduce the risk of stroke and 

heart disease (Amen, 2010).  Dahl (2005) reported a return of elevated blood pressure in 

individuals who consumed salt after a periodic restriction of salt in the diet.   

Phosphates: The importance of dietary salt reduction and the consumer demand 

for reduced-salt products has increased the use of phosphates in meat products (Trout and 

Schmidt, 1984, 1986). According to the USDA Code of Federal Regulations, inclusion of 

sodium phosphates in poultry may not exceed 0.5% of the final product weight (USDA, 

1999c).  Phosphates work synergistically with sodium chloride to create desirable 

textures and enhance the water and fat binding abilities of meat by bonding with calcium 

and magnesium in myofibrillar proteins to allow for extraction of actomyosin (Trout and 

Schmidt, 1983).  Hellendoorn (1962) reported that phosphates do not increase the 

functional properties of meat when salt concentrations are below 0.8% and Trout and 

Schmidt (1984) explained that phosphates added to products with salt concentrations 

above 2.0% have no beneficial effect on functionality.  Various types of phosphates will 

enhance functional properties in diverse degrees.  Generally, pyrophosphate and 
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tripolyphosphate enhance functional properties to a greater extent than 

tetrapolyphosphate and hexametaphosphate (Trout and Schmidt, 1984). Sodium 

tripolyphosphate (STPP), an alkaline phosphate, is the most commonly used phosphate in 

the poultry industry and accounts for approximately 80% of phosphates used (Zheng et 

al., 2000; Alvarado and McKee, 2007). Minimal water binding capacity of meat occurs 

around pH 5.0, which corresponds to the isoelectric point of myfibrillar proteins, and 

maximum hydration occurs at values of pH 3.5 and 10.5 (Woods and Church, 1999). 

Phosphates improve the functionality of myofibrillar proteins by increasing the pH of the 

system away from the isoelectric point and by unfolding the proteins to expose more 

charged sites for water binding (Alvarado and McKee, 2007). Zheng et al. (2000) 

reported significantly increased (p < 0.05) final product yields of split breasts injected 

with phosphates and lower purge loss.  Alvarado and McKee (2007) explain that acid 

phosphates would be appropriate for use in marinades in which solution pH is low 

however; low pH often will decrease water holding capacity.  The shift in aqueous pH 

surrounding muscle fibers to alkaline conditions increases the protein-to-protein spatial 

arrangements allowing for increased water binding (Smith and Acton, 2010).  The ability 

of alkali phosphates to increase pH causes frequent utilization when water binding ability 

is of concern.  The ability of phosphates to increase water holding capacity is attributed to 

the negative charges associated with phosphates in solution.  The negatively charged 

phosphate molecules bind with the positive charges of amino acid chains resulting in 

increased water binding properties and gel formation of the myofibrillar proteins. 

Furthermore, through charge repulsion, myofibrillar fibers swell and allow for increased 
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volumes of water to become trapped within the food system (Sebranek, 2009; Nuñez-

González, 2010).  

 Juiciness of poultry products is often associated with tenderness.  The inclusion of 

phosphates in marinades improves tenderness by increasing the amount of retained 

moisture during the cooking process. Young and Lyon (1997a) reported improved 

tenderness of poultry products through marination.  Zheng et al. (2000) declared shear 

values of phosphate-treated breasts to be 1.5 times lower than non-phosphate treated 

breasts. Marinade absorption and moisture retention of chicken filets both increased in 

the presence of either high or low phosphate concentrations (Xiong and Kupski, 1999b).  

 Rancid flavors and off odors from the autooxidation of lipids are undesirable 

characteristics that develop during cooking and storage of poultry.  Tims and Watts 

(1958) first characterized the resultant rancid flavors and odors from lipid oxidation as 

warmed-over flavor (WOF).  Poultry products are highly susceptible to autooxidation due 

to a high PUFA content (Akamittath et al., 1990). Furthermore, previous studies have 

suggested a close relationship between lipid and myoglobin oxidation (Govindarajan and 

Hultin, 1977) which may affect levels of autooxidation byproducts found in dark poultry 

meat (Akamittath et al., 1990). Autooxidation is a radical-induced chain reaction that 

occurs in four stages: initiation, propagation, ongoing scission and dismutation, and 

termination (Belitz et al., 2009). Autooxidation, or lipid oxidation, proceeds via a self-

sustaining free radical mechanism that produces hydroperoxides (initial or primary 

products) that undergo scission to form various products including aldehydes, ketones, 

organic acids and hydrocarbons (final or secondary products) (Oscar, 2003).  Initiation, 
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the rate limiting step, occurs by the abstraction of a hydrogen from a methylenic carbon 

and the production of a free radical (Belitz et al., 2009).   

             R-H + Initiator  R· + H· 

The removal of a hydrogen on the methylenic carbon is catalyzed by various prooxidants 

such as heavy metals ions, heme-containing molecules, UV and visible light, or heat 

(Kiokias et al., 2010).  The abstraction of hydrogen adjacent to methylenic carbonc 

requires less energy than the removal of hydrogen not adjacent to double bonds (Belitz et 

al., 2009).  Thus, the duration of initiation varies according to the degree of unsaturation 

and the presence of antioxidants (Kiokias et al., 2010).  Given adequate oxygen levels, 

propagation takes place when the free fatty acid radical swiftly combines with a diatomic 

molecule of oxygen to form a peroxy-free radical.  The peroxy-free radical will then 

remove another hydrogen atom from a methylenic carbon creating a peroxide molecule 

and an additional free radical which react with other oxygen molecules (Kiokias et al., 

2010).  

     O2 

    R· + H·  ROO· + H· 

           ROO· + R1H  ROOH + R1· 

Propagation is a rapid chain reaction that may occur many times with one radical having 

the ability to initiate the formation of 100 hydroperoxides at room temperature before 

termination (Belitz et al., 2009). As propagation prolongs, the hydroperoxides formed 

undergo scission and dismutation.  Peroxides do not affect the flavor or aroma of foods. 
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However, the inherent unstable structure of peroxides allows them to easily decompose to 

produce volatile ketones and aldehydes that are associated with the characteristic off 

flavors and aromas associated with lipid oxidation (Kiokias et al., 2010). Over time, a 

high hydroperoxide concentration causes the generation of aldehydes, ketones, and 

alcohols by a bimolecular degradation mechanism (Belitz et al., 2009).  The final step in 

autooxidation, termination, occurs when two free radicals collide and react to form stable, 

non-radical products (Belitz et al., 2009). 

    R· + R1·  RR1 

         R· + R1OO·  ROOR1 

   ROO· + R1OO·  ROOR1 + O2 

The amount of polyunsaturated fatty acids and the presence of free metal ions are major 

factors that affect lipid oxidation (Kanner et al., 1988). However, the composition of 

membrane phospholipids in meat is especially important due to the initiation of oxidation 

at the muscle membrane (Buckley et al., 1989).  Pikul et al. (1984) reported that 

approximately 90% of the malondialdehyde determined in total fat from chicken 

originated from the phospholipid fraction.  Cooking disturbs the membrane structure of 

muscle cells and facilitates the release of ionic iron, a prooxidant, from heme pigments 

(Ahn et al., 1993).  Tims and Watts (1958) determined that phosphates and ascorbic acid 

worked synergistically to reduce the prooxidants action of iron in meats.  Phosphates 

suppress lipid oxidation in meats by binding metal ions, like copper (Cu) and iron (Fe), 

that accelerate oxidation (Sebraneck, 2009; Nuñez-González, 2010).  Roozen (1987) 
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observed lower thiobarbituric acid reactive substances (TBARS) for samples containing 

5,000 ppm of ascorbate-phosphate salts and Akamittath et al. (1990) reported phosphates 

to effectively inhibited lipid oxidation in frozen turkey steaks for up to six weeks.  

Phosphates with shorter chain lengths, such as STPP, are more efficient at sequestering 

metal ions that promote lipid oxidation (Dziezak, 1990).  Trout and Schmidt (1986) 

proposed that the decrease in effectiveness with increasing chain length of phosphates 

may be due to alterations in hydrophobic interactions.  Utilizing TBARS values, Trout 

and Dale (1990) found that hexametaphosphate did not inhibit lipid oxidation of 

refrigerated cooked ground beef as effectively as STPP and sodium tetrapolyphosphate, 

and disodium phosphate was least effective.   

 Phosphates used in further processed poultry products contribute to the 

Recommended Dietary Allowance (RDA) for phosphorus.  The Dietary Guidelines for 

Americans (USDA-USDHHS, 2010) recommends consuming 700 mg/day of phosphorus 

for individuals 19 years of age and older.  As the second most abundant mineral in the 

body, phosphorus is required for skeletal tissue and bone formation and is an integral 

component of nucleic acids, energy storage and transfer, cell membranes, and in 

intracellular buffer systems (Gropper et al., 2009).  

Non-meat functional ingredients: Various animal and plant proteins are utilized in 

further-processed poultry products as binders, fillers, and extenders in meat systems 

(Parks and Carpenter, 1987). Soy proteins are the most utilized non-meat functional 

ingredient in processed meats and are categorized as flours, concentrates, and isolates 

according to protein content on a dry matter basis (50%, 70%, and 90%, respectively) 
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(Keeton and Osburn, 2010).  Isolated soy proteins (ISP) generally increase water holding 

capacity, maximize yields, stabilize fat, and impart texture to enhanced meat and 

emulsion products (Kinsella, 1979).  Denaturation of ISP via thermal processing unfolds 

the protein leaving hydrophobic groups exposed and open to aggregation (Hermansson, 

1986).  Through a series of chemical reactions, soy protein fractions form intricate gel 

matrixes that entrap water molecules (Motzer et al., 1998).  Schweiger (1974) reported 

soy concentrates stabilize meat emulsions, increase viscosity, and form sturdy gels upon 

heating, and Motzer et al. (1998) observed superior adhesion and water holding capacity 

in hams formulated with ISP.  Soy isolates have also been reported to increase cook 

yields and improve color in cured chicken rolls (Gillett and Carpenter, 1992). 

 In addition to soy proteins, whey protein isolates have exhibited binding ability 

and gel formation in various meat systems.  Whey proteins form heat induced gels under 

appropriate conditions by unfolding and forming strong disulfide bonds (Shimada and 

Cheftel, 1988).  The ability of whey proteins to form gels greatly depends on the 

formation of disulfide bonds. Schmidt et al. (1979) reported enhanced gel strength of 

whey protein from the addition of low cysteine (a reducing agent) concentrations while 

higher levels reduced gel strengths.  Hongsprabhas and Barbut (1997) reported preheated 

whey protein isolates (WPI) to effectively form stable gels at 5 to 6% protein 

concentrations and low processing temperatures (1 to 3°C) in the presence of salt.  

Hongsprabhas and Barbut (1999) explain that the cold gelation ability of preheated WPI 

could contribute to bind prior to cooking.  Furthermore, EI-Magoli et al. (1996) found a 
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linear increase in cooked yields and a linear decrease in shrinkage of low fat beef patties 

formulated with increasing levels of whey protein concentrate. 

 Modified food starches are used in further processed products to bind moisture, 

replace fat, provide freeze/thaw stability, and provide a firm texture (Keeton and Osburn, 

2010).  Modified food starches retain water through hydration as increased temperatures 

induce swelling and result in irreversible gels at proper temperatures (Motzer et al., 

1998).  Motzer et al. (1998) reported hams processed with modified food starch displayed 

enhanced juiciness and water holding capacity.  

 

Cooking: Many changes in appearance, flavor, texture and nutritive value occur 

when heat is applied to meat.  Different cooking methods produce various degrees of 

WOF. Microwave cooking promotes rapid development of WOF when compared to 

roasting or grilling (Gros et al., 1986; Satyanarayan and Honikel, 1992).  Most 

importantly, the available nutrients are altered within the muscle during cooking.  The 

heat-denaturation of proteins induces a drastic change during cooking of meat by causing 

shrinkage of muscle fibers and hardening of tissue.  Consequentially, this causes the meat 

to release water during cooking from the tightening of the myofibrillar network (Hamm, 

1986).  Many water soluble vitamins are lost when water is expelled from the muscle 

thus, decreasing the nutritional quality. Furthermore, water is also lost to the process of 

evaporation.  As one of the most thermolabile water soluble vitamins, thiamin is 

frequently used as an indicator to determine the loss or retention of vitamins during 

various cooking processes (Pinheiro-Sant’ana’ et al., 1999).  Different cooking methods 
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affect the nutritional quality of poultry dissimilarly. Roasted and fried poultry have lower 

values of thiamin retention than does grilled or steamed because roasting and frying are 

methods associated with larger moisture losses (Pinheiro-Sant’ana’ et al., 1999).  The 

amino acid content and digestibility are also decreased with the magnitude of change 

related to cooking method (Hamm, 1977).  Cooking also affects the fat content of meat 

by causing the leaching out of coalesced fat cells (Sheard et al., 1998). Additionally, high 

fat cuts will exhibit a greater fat loss during cooking than low fat cuts (Sheard et al., 

1998).  Moreover, poultry prepared with the skin intact will have different nutritional 

properties than poultry without skin.  The USDA’s standard release 23 (2010) reports that 

roasted chicken thigh with skin has a mean saturated fat content of 4.33 g/100 g of edible 

portion and roasted chicken thigh without skin has a mean saturated fat content of 3.03 

g/100 g of edible portion.  
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CHAPTER III 

MATERIALS AND METHODS 

Overview 

 Nutritional composition of drumsticks, thighs, and skin was determined for four 

non-enhanced second level composites and three national composites for each cooking 

method.  One enhanced second level composite for drumsticks, thighs, and skin and one 

enhanced first level composite for thighs was analyzed for nutrient composition for each 

cooking method.  For all cooking methods, each part was dissected into separable lean, 

skin and fat, and refuse and combined with other parts from the same location to form a 

first level composite. Second level composites were created by combining equal amounts 

of predetermined first level composite locations of the same part and cooking method.  

National composites were created by combining equal parts of all first level composite 

locations according to part and cooking method.  Samples were analyzed for nutrient 

composition by Texas Tech University and contract labs. 

Procurement 

 Based upon the amount of sample needed for analytical analysis and dissection 

and the number of cooking methods, a minimum of 6.8 kg of frozen drums and a 

minimum of 6.8 kg of frozen thighs were collected from regional retail stores in 12 

locations across the U.S. resulting in 179.2 kg.  Locations for sampling were based on the 

nationwide sampling plan developed for the USDA National Food and Nutrient Analysis 
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Program (NFNAP) (Perry et al., 2003). Procurement occurred in three locations in the 

South, three locations in the West, three locations in the Northeast, and three locations in 

the Midwest.  The South region contained Alabama, Florida, and Missouri.  Colorado and 

two procurement locations in California represented the West region.  Two procurement 

locations were identified in California based upon census data. The Northeast region 

contained Connecticut, New York, and North Carolina.  Indiana, Michigan, and 

Oklahoma comprised the Midwest region.    North Carolina is regionally determined to 

be part of the South, but is represented in the North East region for equivalence purposes.  

Of the 12 locations, enhanced thighs were collected from three locations in the Midwest 

and enhanced drums were collected from two locations in the Midwest region, all of 

which contained 12 to 15% chicken broth.  All other samples were non-enhanced with 1 

to 5% retained water. 

 Dark chicken meat was received at the Texas Tech University Animal and Food 

Sciences Analytical Laboratory between May 4 and May 25, 2010 through a commercial 

procurement service.  All frozen drums and thighs received were packaged in Styrofoam 

trays with polyvinyl chloride (PVC) overwrap in various package sizes.  Drumsticks and 

thighs remained in their original packaging and were identified by a label denoting the 

place and date of procurement.  Packages were sealed in a large zip-top plastic freezer 

bags and shipped in insulated ice chests with bagged dry ice above and below the 

packages. Upon arrival at Texas Tech, a receiving log (Table A.1) was immediately 

completed for each individual package of dark chicken meat which included the date 

received, date purchased, location, cut, type, store, store address, quantity, total weight, 
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temperature, and procurement service tracking number.  Surface temperature was taken 

by using an infrared thermometer (Raytek Corporation, Santa Cruz, CA).  Information 

was recorded from both the USDA label attached to the outside of the original packaging 

and the packaging itself.  Digital photos were later taken of each package to record 

nutrition information, ingredients, cooking instructions, and packaging type.  After 

completion of the receiving log, all packages were immediately placed in a commercial 

freezer with an average maintained temperature of -18°C until commencement of 

dissection and cooking.  Further processing of samples began in June 2010 and was 

completed in December 2010.  

 

Sample Handling 

 To prevent light-sensitive nutrient deterioration of samples, all drums and thighs 

were handled in dimly lit rooms during dissection and sample preparation.  All frozen 

retail packages were thawed overnight in a commercial refrigerator at 0° to 4°C before 

dissection and/or cooking.   Once thawed, only the required amount of drums and thighs 

were randomly removed from the original packages for the desired cooking method and 

the remaining drums and thighs placed back in a commercial freezer for later use.  For 

each location and part, the date, total number of pieces, total weight (g), and temperature 

(°C) were recorded.  Temperatures were taken with Good Grips® Digital Leave-In Meat 

Thermometers (OXO, New York, NY) and all weights determined by using a DIGI DS-

425 scale (Teraoka Electronic Co., Ltd., Shanghai, China) after tarring.  Five drums and 
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five thighs from each location for each cooking method were tagged with pre-numbered 

Jiffy Wing Bands style 893 (National Band and Tag Co., Newport, KY) and individual 

weights with skin on (g) were recorded for analytical dissection purposes.  After 

recording all weights and temperatures, drums and thighs intended for cooking were 

prepared according to a standard operating procedure (SOP) for the corresponding 

cooking method. 

 

Cooking Protocols 

 Drums and thighs from each location were randomly divided into thirds to allow 

equal amounts for each treatment: raw, roasted, and braised.  All drums and thighs 

randomly selected for cooking were cooked as purchased.  Roasting and braising 

procedures were documented for all tagged pieces by recording on data sheets the date, 

cooking method, length of cooking, and various temperatures including peak, and cooled 

temperatures after 24 hr under refrigeration at 0° to 4°C (Table A.2). Tagged pieces were 

individually weighed before and 30 min after cooking to determine cooking loss.  Total 

weights before and 30 min after cooking were also recorded for all pieces in each 

location. All drums and thighs were then refrigerated overnight in a commercial 

refrigerator at 0° to 4°C and dissected the following day into separable lean, skin and fat, 

and refuse.   

 Roasting:  For each location, thawed drums and thighs were arranged on 

Calphalon non-stick, anodized aluminum roasting pans with racks (40.64 X 33.02 X 
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35.56 cm) to allow cooking losses to drip from the samples.  Drums and thighs were 

separated between pans and arranged with the largest pieces towards the center with no 

contact between pieces to allow for even cooking.  Thighs were positioned with the outer 

portion of the muscle facing upwards.  To measure end point temperatures and cooking 

times, oven durable thermometers with timers (Good Grips® Digital Leave-In Meat 

Thermometer, OXO, New York, NY) were inserted into the geometric center of the 

largest piece on each pan in such a way as to not disturb the cooking process. Uncovered 

pans were then placed in the center of a pre-heated commercial convection oven at a 

temperature of 163°C.  Drums and thighs were removed from the oven when an internal 

temperature of 77°C was reached.  Total cooking time was recorded.  Tagged samples 

were closely monitored until a final post-cook peak temperature was reached while 

holding samples at room temperature.  The peak temperature and time taken to reach the 

peak temperature was recorded on appropriate data sheets for each tagged sample.  

Tagged pieces were individually weighed after cooling at room temperature for 30 min in 

addition to a total cooled weight for all pieces at room temperature.  All pans were placed 

uncovered overnight in a commercial refrigerator held at 0° to 4°C before dissection.  

 Braising: Weighed drums and thighs were separately browned on all sides in 6-

quart Calphalon Everyday nonstick Dutch ovens that were preheated to a surface 

temperature of 177°C on a gas stove.  Browning time was recorded and Dutch oven 

surface temperature verified with an infrared thermometer (Raytek Corporation, Santa 

Cruz, CA).  After the completion of browning, parts from the same location were 

arranged in a single layer and enough distilled water was poured into the Dutch oven to 
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cover approximately one-third the thickness of the parts. An oven safe thermometer with 

timer (Good Grips® Digital Leave-In Meat Thermometer, OXO, New York, NY) was 

inserted into the geometric center of the largest piece in such a way as to not disturb the 

cooking process in order to monitor the final temperature and length of cooking time.  

The Dutch oven was then covered tightly with a lid and placed in the middle of a pre-

heated oven at 163°C.  Drums and thighs were braised to an internal temperature of 77°C 

and then removed from the oven to cool at room temperature and length of cooking was 

recorded.  While cooling at room temperature the lids and inserted oven safe 

thermometers were not removed in order to monitor the post-cook peak temperature of 

tagged samples. Upon the observation of a temperature decrease, the peak temperature 

was recorded along with the length of time to reach that temperature. The parts were then 

removed from the cooking liquid and arranged on Calphalon non-stick, anodized 

aluminum roasting pans with racks (40.64 X 33.02 X 35.56 cm) to allow cooking losses 

to drip from the samples.  Tagged pieces were individually weighed after cooling at room 

temperature for 30 min. in addition to a total cooled weight for all pieces at room 

temperature.  All pans were then held uncovered overnight in a commercial refrigerator 

held at 0° to 4°C until dissection.  
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Cooking Loss 

 Documentation of the raw weight of tagged pieces prior to cooking and cooked 

weight immediately prior to dissection was conducted.  Recorded weights were used to 

calculate percent cooking loss with the following formula:  

 % Cooking loss = ((raw weight – cooked weight)/raw weight) X 100% 

 Calculated percentages were later used to describe nutrient concentration or loss 

in cooked drums and thighs in comparison to raw parts. 

 

Dissection and Analytical Weight Collection 

 Dissection, homogenization, and sample preparation of all samples took place in a 

dimly lit room to avoid the deterioration of light-sensitive nutrients.  Throughout the 

entire dissection process, powder-free latex gloves were used to prevent contamination of 

samples and clean white plastic cutting boards used to safely dissect chicken.  Raw and 

cooked samples were removed from the commercial refrigerator and dissection date, part 

type, cooking method used, quantity of pieces per location, and temperature were 

recorded on appropriate dissection data sheets (Table A.3) prior to dissection.  For each 

location and part, individual weights and temperatures were recorded for all tagged 

samples and a total weight recorded for all pieces using a tarred DIGIDS-425 scale 

(Teraoka Electronic Co., Ltd., Shanghai, China) before dissection.  The initial step of 

dissection was to remove the skin and fat from the muscle with the use of number 22 
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disposable stainless steel scalpels (Feather Safety Razor Co., Ltd., Osaka, Japan).  For 

tagged pieces, the weight of the cut without the skin and fat was recorded.  Careful 

separation of the separable lean from the bone and cartilage was accomplished by making 

an incision along the length of the femur for the thighs and along the tibia and fibula for 

drumsticks.  The separable lean was then removed by pulling the muscle back and slicing 

along the bone.  Finally, the connective tissue was separated from the separable lean by 

carefully scraping the blade along the muscle.   The weight of skin and fat from each 

tagged cut, weight of bone and cartilage from each tagged cut, and the weight of lean 

meat from each tagged cut were recorded on appropriate dissection data sheets.  

Additionally, a total weight for each of skin, refuse, and lean was recorded for all 

untagged cuts.  The bone and cartilage recorded as “refuse” was discarded after 

weighing.  For each location and cooking method, the lean and skin were separately 

bagged and sealed in a zip-top plastic bag and stored at 0° to 4°C until homogenization.    

 

Sample Preparation 

 First level composites, or individual location composites, were prepared first.  

Total weight was recorded for each location and part for each cooking method.  

Separable lean was then cut into approximately 2.5-cm
3
 cubes and then dropped one by 

one into an insulated bucket filled with liquid nitrogen.  Lean cubes were separately 

added to the liquid nitrogen to prevent large frozen chunks from forming and to ensure 

uniform homogenization.  Using a stainless steel strainer, any remaining liquid nitrogen 
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was removed from the frozen lean meat cubes.  The frozen lean meat cubes were then 

quickly transferred to a chilled stainless steel Robot Coupe Blixer BX6V (Isleworth, UK) 

processing bowl and the lid tightly secured in place.  The frozen sample was 

homogenized by blending the sample for 10 s at 1,500 rpm, and then the sides of the 

bowl and lid were carefully scraped with a frozen silicon spatula to prevent the formation 

of clumps. To complete the homogenization process, the sample material was blended for 

30 s at 3,500 rpm followed by blending at 1,000 rpm for 10 s to create a finely blended 

powder.  The sample material was then checked to ensure that a uniform powder was 

attained.  If a homogenous powdered was not achieved, the blending process was 

repeated.  The blended sample was then quickly sealed and double bagged in labeled 

Ziploc© freezer bags (Beef NDI Study, 2008) and stored at -80°C until further sample 

preparation could be completed.  All labels included location, part type, cooking method, 

and date to clearly identify the homogenate.  All lean and skin location composites were 

prepared identically. 

 

Compositing 

 Second level composites were prepared based on a predetermined compositing 

plan (Table 3.1) to reduce analysis costs. Second level composites were prepared by 

combining equal portions of two to three location composites.  The number of location 

composites per second level composite varied due to the shipment of enhanced samples 

to Texas Tech University.  Amounts of location composites used were based upon sample  



Texas Tech University, Samantha Stephenson, May 2014 
 

39 

Table 3.1. Compositing plan for the preparation of second level and national 

composites of dark chicken meat and skin obtained using a nationwide sampling plan. 

Composite Locations Enhancement 

1 National, all non-enhanced locations Non 

2 California 2, North Carolina 1 Non 

3 Colorado 1, Connecticut 1, Indiana 1 Non 

4 Florida 1, Missouri 1, New York 1 Non 

5 Alabama 1, California 1 Non 

6 Oklahoma 1, Michigan 1 Enhanced 

8 Indiana 1  Enhanced 
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requirements for nutrient analysis.  Corresponding location composites were removed 

from the -80°C commercial freezer and equal portions combined in a chilled stainless 

steel bowl.  Each second level composite was uniformly mixed by slowly stirring the 

coalesced homogenates with a chilled stainless steel spoon.  Based upon the nutrient 

analysis, specific amounts of second level composites were transferred to and double 

bagged with pre-labeled Whirl pak bags.  All samples were then stored at -80°C.  Prior to 

aliquoting, all Whirl pak bags were labeled with weather-resistant lables and ink denoting 

the project name, part and cooking method, composite plan, date, and nutrient analysis to 

be performed (Figure 3.1).  Second level skin composites consisted of skin from both 

drumsticks and thighs resulting in three composite types: raw skin, roasted skin, and 

braised skin.  All second level composites were analyzed for cholesterol, fatty acids, 

proximate, minerals, and B-vitamins (excluding pantothenic acid).  Amino acid 

composition was also analyzed for all raw second level composites.  The compositing 

plan resulted in an n = 4 for non-enhanced second level composites and n = 1 for 

enhanced second level composites for skin and drumsticks.  Enhanced thighs resulted in 

an n = 2 due to the inclusion of enhanced location composites (14B-07, 08, 09-08) during 

data analysis. 

 National composites were prepared by combining equal portions of all locations 

for each part and cooking method.  Amounts were determined based upon the sample 

requirements for subsequent nutrient analysis.  National composite preparation was 

identical to second level composite preparation.  Only non-enhanced national composites 

were prepared thus resulting in an n = 1 for each part and cooking method.  Choline,  
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14B-03-02-Proximates 

061410 

 

Figure 3.1. Sample identification tag (14B-Dark Chicken Meat (Project name), 03- Skin, 

braised (Part and cooking method combination), 02- Composite 2, Proximates-nutrient 

analysis, 061410-aliquot date.  
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proximates, retinol, pantothenic acid, vitamin E, and vitamin D concentrations were 

determined on all national composites.  Carotenoid concentrations were determined on all 

national skin composites and only for raw drum and thigh national composites due to 

budget constraints.    

 

Shipping of Analytical Samples 

 All samples were shipped frozen to commercial or university laboratories for 

analysis.  Samples were placed in heavy-duty Styrofoam coolers, with dry ice below and 

above the samples to maintain optimal temperatures during shipping.  The Styrofoam 

coolers were sealed and packaged into heavy-duty cardboard boxes and shipped 

overnight from the Texas Tech University Animal and Food Sciences Analytical 

Laboratory to the intended contract laboratory.  Inspection forms were completed for all 

shipments to maintain records and ensure proper sample conditions upon receiving.   

 

Sample Analyses 

 Samples were shipped to Covance Laboratories, Inc. (Madison, WI) for thiamin, 

niacin, pyridoxine, and selenium analysis.  Craft Technologies of North Carolina 

(Wilson, NC) conducted analyses for carotenoid, retinol, and vitamin E composition.  

Amino acid and cholesterol content was analyzed at Eurofins Scientific, Inc. in Des 

Moines, IA.  Heartland Assays, Inc. (Ames, IA) determined vitamin D content of samples 



Texas Tech University, Samantha Stephenson, May 2014 
 

43 

and the University of North Carolina (Chapel Hill, NC) conducted choline analyse.  Fatty 

acid, riboflavin, pantothenic acid, hydroxycyanocobalamin, and total fat analysis was 

conducted by Siliker US laboratories in Chicago Heights, IL.  Texas Tech University 

Animal and Food Sciences Analytical Laboratory determined protein, moisture, ash, Ca, 

Cu, Fe, Mg, Mn, K, Na, P, Zn, and cholesterol composition of samples.  All samples 

were analyzed in duplicates and run with control materials for accuracy.  

 Proximate Analysis: Moisture content was determined by air drying samples in an 

air oven using AOAC method 950.46B (AOAC, 1995).  Moisture content on a wet matter 

basis was calculated using the formula: 

 % Moisture = ((wet weight – dry weight)/wet weight) X 100% 

 Ash content was analyzed by following the steps outlined in AOAC method 

920.153 (AOAC, 1995) using a Fisher Scientific muffle furnace (Pittsburgh, PA).  

Percent ash was calculated with the following formula: 

 % Ash = (ash weight/wet weight) X 100% 

 Nitrogen combustion using a Leco nitrogen analyzer (Leco © Corporation FP-

2000, MI) and an adaption of the Dumas method (AOAC, 2000) was used to determine 

protein content.  Percent nitrogen of the sample was converted to percent protein through 

the use of a conversion factor of 6.25 for meat products.  

 Acid hydrolysis as described in AOAC method 933.05 was used by Siliker Labs 

to determine total fat content of samples (AOAC, 2000).  
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 Through the use of the Atwater conversion factors of 4.27 for protein and 9.02 for 

fat (Merrill and Watt, 1973), total energy content was calculated from the protein and fat 

present in each sample.  Carbohydrate and fiber contents were assumed to be zero.  

 Cholesterol Analysis: Cholesterol analysis at Texas Tech University was 

performed using the methods described by Dinh et al. (2008) which included 

saponification and gas chromatography (Agilent Technologies 6890N, Santa Clara, CA). 

Duplicate cholesterol samples were sent to Eurofins Scientific, Inc. for validation 

purposes.  Eurofins Scientific, Inc. utilized AOAC method 994.10 (AOAC, 2000) 

modified for cholesterol determination. Values presented are based on Texas Tech 

University analysis.  

 Fatty Acid Analysis: Fatty acid profile was determined by Siliker Labs through 

gas chromatography as outlined in AOAC method 996.06 (modified) (AOAC, 2000).  

 B-Vitamin Analysis: Covance Laboratories analyzed niacin content with AOAC 

method 944.13 and 960.46, thiamin content with AOAC method 942.23, 953.17, and 

957.17, and vitamin B6 with AOAC method 961.15.  Siliker US determined pantothenic 

acid content of samples with the turbidimetric method explained in AOAC method 

945.74 (AOAC, 2000).  Riboflavin content was determined by the fluorometric method 

outlined in AOAC method 970.65 and vitamin B12 content was determined by the 

turbidimetric method outlined in AOAC method 952.20 (AOAC, 2000).  

 Mineral Analysis: AOAC method 985.35 (AOAC, 2000) consisting of atomic 

absorption or emission spectrometry (Shimadzu Atomic Absorption Spectrophotometer 
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AA-6300, Japan) was used for Ca, Cu, Fe, Mg, Mn, K, Na, and Zn while P was 

determined using  a UV-visible spectrophotometric analysis (AOAC Official Method 

2.019, 2.095, and 7.098).  The aforementioned mineral analyses were all conducted 

through use of the USDA wet ashing procedure and results were expressed in mg/100 g. 

Covance Laboratories, Inc. analyzed Se content by hydride generation using atomic 

absorption spectroscopy based on AOAC method 986.15 (AOAC, 2000) and was 

expressed in µg/100 g.  

 Amino Acid Analyses: Amino acid and nitrogen content was analyzed by Eurofins 

Laboratories using AOAC acid hydrolysis extraction method (AOAC 982.30).  

Tryptophan was extracted by using AOAC method 988.15, hydroxyproline by AOAC 

method 990.26, and cystine and methionine were extracted using AOAC method 994.12. 

 Other Nutrient Analyses: Craft Technologies analyzed caraotenoid composition of 

samples including: luten, zeaxanthin, cis-lutein/zeaxanthin, alpha-cryptoxanthin, beta-

cryptoxanthin, lycopene, cis-lycopene, alpha-carotene, beta-carotene, and cis-beta-

carotene.  Saponification followed by high-pressure liquid chromatography (HPLC) with 

a reverse phase column was used to determine these analytes and retinol content.  

Vitamin E content was determined by Craft Technologies using HPLC with a normal 

phase column, and UV detection with external calibration, and internal standard recovery 

post analysis (Speek et al., 1985; Ye et al., 1998; Lee et al., 1999).  Total choline and 

choline metabolites were measured by isotope dilution mass spectrometry (Koc et al. 

2002) by UNC.  Heartland Assays analyzed vitamin D content using HPLC with UV 

detection.  
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Quality Control 

 Control materials used in the present study included Beech-Nut Brand Chicken 

Baby Food (CBF; Lot no.: C0795B0909); Beech-Nut ® Nutrition Corp., Canajoharie, 

NY) and Beech-Nut Brand Beef Baby Food (BBF; Lot no.: C0797D1316); Beech-Nut ® 

Nutrition Corp. Canajoharie, NY) as approved by the USDA-NDL.  Data obtained for the 

baby food controls in this study were compared to historical data on the composition of 

the baby food control materials which were obtained from the same manufacturing lot.  

Comparison of generated data to historical data was used as an indicator of accuracy.   

The National Institute of Standards and Technology Standard (NIST) Reference Material 

(SRM) 1546 was also used in the present study and consisted of a blended mixture of 

chicken and pork products.  All data obtained from SRM 1546 during the study were 

expected to fall within a specific range reported on the Certificate of Analysis for SRM 

1546.  All control materials were important in ensuring accurate and precise analytical 

work and in correcting unexpected methodical issues.  In addition to the use of control 

materials, all samples were run in duplicates except for those shipped to contract and 

university laboratories.  Calculated for all duplicates, coefficients of variation (CV) were 

also used to verify precision and to determine if a sample should be re-run for a particular 

analysis.  A sample with a CV greater than 5% was reanalyzed in duplicate for the 

respective nutrient until a CV below 5% was obtained.  
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Backup and Archive Preparation 

 Backup and archive material was saved for all second level and national 

composites in the event that a particular nutrient should need to be reanalyzed.  Amount 

of composite material saved was determined by the amount of material required to 

conduct all nutrient analyses for each composite if necessary.  Enough material was saved 

as backup and archive to analyze another complete set of nutrient analyses.  All backup 

and archive samples are stored at -80°C at the Texas Tech University Animal and Food 

Sciences Analytical Laboratory and will be held until further notice from the funding 

agency to discard them. 

 

Data Analysis 

 Analysis of variance (ANOVA) was determined for each cooking method using 

the general linear model (GLM) and the mixed procedure of SAS 9.2 (Cary, NC).  This 

study was a completely randomized design with a 2 X 3 factorial arrangement.  The part 

type, drumstick or thigh, was the experimental unit for the particular cooking method 

(raw, roasted, or braised) for dissection.   Composites were the experimental unit for 

nutrient analysis and data averaged to obtain a national average for each part and cooking 

method.  For significant F-statistics, the PDIFF option was used to produce p-values for 

differences of LS means to separate significant nutrient differences within a cooking 

method between parts and between cooking methods within a part (Steel and Torrie, 

1980) at α = 0.05.  
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CHAPTER IV 

RESULTS AND DISCUSSION 

Cooking Losses and Dissection 

 Non-enhanced: Cooking loss for roasted drums and thighs was 18.16% and 

28.70%, respectively.  However, braised drums and thighs had 22.57% and 31.88%, 

respectively. Cooking loss differed significantly between roasted and braised thighs but 

not for drums (Table 4.1). This difference in cooking loss between roasted and braised 

thighs could be due to the incomplete skin coverage of the cut allowing for severe 

moisture loss during roasting.  Braised drums and thighs had higher cooking loss due to 

the increased length of heat exposure that is characteristic of braising.  Cooking of meat 

causes shrinkage of muscle fibers which causes the release of water from the myofibrillar 

network (Hamm, 1986). For both drums and thighs, braised and roasted cuts had less skin 

and fat but more separable lean than raw parts (Table 4.2). Separable lean accounted for 

the highest weight percent of all cuts while skin and fat accounted for the lowest weight 

percent for all cuts except for raw thighs. 

 Enhanced: Cooking loss for roasted thighs were significantly higher than cook 

loss for roasted drums while there were no significant differences in cook loss between 

braised drums and thighs (Table 4.1). Dissection data for enhanced cuts is the same as for 

non-enhanced cuts with the exception of refuse accounting for the least weight 

percentage of braised enhanced thighs (Table 4.3).     
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Table 4.1. Percentage cooking loss (± SEM) of roasted and braised dark chicken meat 

with the skin removed. 

Enhancement Part n Roasted (%) Braised (%) 

Non-enhanced Drum 50 18.16
aB

 ± 0.59 22.57
aB

 ± 0.71 

  Thigh 45 28.70
bA

 ± 0.74 31.88
aA

 ± 0.51 

Enhanced Drum 10 17.97
bB

 ± 1.54 26.30
aA

 ± 0.81  

  Thigh  15 33.39
aA

 ± 1.20 28.24
bA

 ± 1.08 
a,b

Means with the same letter within a row are not significantly different (P > 0.05). 

A,B
Means with the same letter within a cooking method (column) and enhancement 

treatment are not significantly different (P > 0.05). 
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Table 4.2. Percentage lean, skin, refuse and average part weight (± SEM) of non-enhanced raw, roasted, and braised dark 

chicken parts. 

Treatment Part n Separable Lean (%) Skin and Fat (%) Refuse (%) Total Average Weight (g) 

Raw Drum 50 55.23 ± 0.48 8.52 ± 0.23 32.89 ± 0.41 133.20 ± 3.14 

  Thigh 45 56.22 ± 0.67 25.57 ± 0.68 15.26 ± 0.37 188.85 ± 4.59 

              

Roasted Drum 50 57.80 ± 0.44 7.50 ± 0.23 33.21 ± 0.44 105.46 ± 2.60 

  Thigh 45 66.46 ± 0.62 14.80 ± 0.49 16.96 ± 0.58 134.65 ± 4.07 

              

Braised Drum 50 57.16 ± 0.52 8.43 ± 0.19 32.88 ± 0.58 104.18 ± 2.50 

  Thigh 45 66.35 ± 1.39 16.40 ± 0.54 16.60 ± 0.56 129.38 ± 3.75 
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Table 4.3. Percentage lean, skin, refuse and average weight (± SEM) of enhanced raw, roasted, and braised dark chicken meat. 

Treatment Part n Separable Lean (%) Skin and Fat (%) Refuse (%) Total Average Weight (g) 

Raw Drum 10 54.17 ± 0.95 9.03 ± 0.42 33.82 ± 0.70 142.72 ± 9.32 

  Thigh 15 56.21 ± 1.00 25.82 ± 1.25 15.87 ± 1.08 190.77 ± 8.84 

              

Roasted Drum 10 55.18 ± 0.87 7.63 ± 0.17 35.60 ± 0.96 128.66 ± 7.48 

  Thigh 15 65.43 ± 1.18 15.81 ± 0.64 17.01 ± 1.24 130.17 ± 8.07 

              

Braised Drum 10 59.12 ± 0.81 9.25 ± 0.32 30.39 ± 0.64 106.08 ± 7.10 

  Thigh 15 66.38 ± 1.27 17.60 ± 0.94 14.90 ± 0.81 158.27 ± 10.16 

 

 

 



Texas Tech University, Samantha Stephenson, May 2014 
 

52 

Proximate and Cholesterol Composition 

 Non-enhanced: Ash, protein, and cholesterol contents in cooked samples were 

higher compared to raw, while moisture content was lower due to cooking loss (Table 

4.4).  Total fat for drum and thigh lean was higher in cooked samples while total fat 

content for skin was highest in raw samples (Table 4.4).  Thigh lean had lower moisture 

than drum lean for all cooking treatments and exhibited greater moisture loss after 

cooking (Table 4.4).  Likewise, this could be due to the differences in skin coverage 

between the cuts.   Roasted and braised drum lean had significantly more moisture than 

roasted and braised thigh lean (Table 4.4).  Significant differences between raw, roasted, 

and braised drum lean were observed with braised drum lean containing the least amount 

of moisture at 69.89% and raw drum lean having the most at 76.76.  Roasted and braised 

thigh lean did not differ from each other in moisture content but had significantly lower 

moisture content compared to raw thigh lean.  

 Total fat content of raw, roasted, and braised drum lean was 3.82%, 5.49%, and 

5.96% and 4.18%, 8.11%, and 8.63% for thigh lean, respectively (Table 4.4). No 

significant differences for total fat were observed between drum and thigh lean for each 

cooking method or within cooked cuts (Table 4.4).  Fat content was significantly higher 

in cooked drum and thigh lean compared to raw drum and thigh lean due to concentration 

of lipids in the cooked lean as moisture was lost.  Raw, roasted, and braised skin had 

significantly higher total fat contents than separable lean from drums and thighs with fat 

content in the skin ranging from 44.24%, 43.58%, and 42.68%, respectively (Table 4.4).  
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Table 4.4. Proximate composition, expressed as normalized percent (+/- standard error of the mean, SEM) and cholesterol 

content, expressed as mg/100 g of separable lean or skin (+/- SEM) of non-enhanced raw, roasted, and braised dark chicken 

meat and skin. 

        

        

Treatment kcal/100 g n Moisture  Fat Ash Protein Cholesterol  

Raw        

Drum 109.78 4 76.76
aA

 ± 0.11 3.82
bB

 ± 0.19 0.94
aB

 ± 0.01 18.85
bB

 ± 0.07 90.2
bB 

± 2.1 

Thigh 114.70 4 76.41
aA

 ± 0.06 4.18
bB

 ± 0.11 0.96
aB

 ± 0.01 19.27
aB

 ± 0.20 99.2
aB

 ± 1.2 

Skin 436.68 4 44.85
bA

 ± 1.72 44.24
aA

 ± 1.37 0.49
bC

 ± 0.02 9.63
cC

 ± 0.06 103.5
aB

 ± 3.5 

        

Roasted        

Drum 143.17 4 70.85
aB

 ± 0.49 5.49
bA

 ± 0.14 1.05
aA

 ± 0.01 23.44
aA

 ± 0.46 130.0
bA

 ± 3.8 

Thigh 168.95 4 67.34
bB

 ± 0.38 8.11
bA

 ± 0.22 1.03
aA

 ± 0.01 23.99
aA

 ± 0.38 139.1
aA

 ± 1.8 

Skin 458.94 4 39.64
cB

 ± 1.19 43.58
aA

 ± 1.56 0.72
bA

 ± 0.01 16.68
bA

 ± 0.55 130.1
bA

 ± 1.4 

        

Braised        

Drum 150.08 4 69.89
aC

 ± 0.13 5.96
bA

 ± 0.17 0.94
bB

 ± 0.01 24.11
aA 

± 0.19 133.0
aA

 ± 10.3 

Thigh 175.83 4 66.88
bB

 ± 0.21 8.63
bA

 ± 0.18 0.99
aB 

± 0.01 24.54
aA

 ± 0.20 142.6
aA

 ± 3.6 

Skin 442.96 4 41.06
cAB 

± 0.41 42.68
aA

 ± 1.66 0.63
cB

 ± 0.01 14.71
bB

 ± 0.47 128.9
aA

 ± 3.9 
a,b,c

Means with the same letter within a column for each cooking method are not significantly different (P > 0.05). 

A,B,C
Means with the same letter within a column for each part are not significantly different (P > 0.05). 
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The high fat content of skin may contribute to the increased fat content of cooked drum 

and thigh lean and should be taken into consideration in regards to diet.  No differences 

in fat content were observed in skin among cooking treatments.    

The ash content of the separable lean from drums and thighs was significantly 

higher in all cooking treatments compared to skin (Table 4.4).  Braised drum lean had 

significantly lower ash content when compared to braised thigh lean (Table 4.4).  For all 

cuts, roasted pieces had significantly higher ash contents than respective raw and braised 

(Table 4.4).  Higher ash contents were observed in roasted parts compared to raw and 

braised due to the concentration of minerals present as moisture is lost.  Although 

braising resulted in greater moisture loss than roasting, some minerals may have been lost 

as a result of leaching out during braising.  

 

 Protein content was 18.85% and 19.27% in raw drum and thigh lean, 23.44% and  

23.99% in roasted drum and thigh lean, and 24.11% and 24.54% in braised drum and 

thigh lean, respectively (Table 4.4).  Raw thigh lean had a significantly higher protein 

content than raw drum lean while no differences were observed for roasted and braised 

drum and thigh lean (Table 4.4).  For all cooking treatments, skin had significantly lower 

protein content than the separable lean of drums and thighs (Table 4.4).  Roasted and 

braised drum and thigh lean did not differ significantly from braised drum and thigh lean 

(Table 4.4).   Raw drum and thigh lean was significantly lower in protein when compared 

to respective cooked parts (Table 4.4).  Protein content of skin differed significantly 
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across all cooking treatments with the highest protein content in roasted skin and the 

lowest protein content in raw skin (Table 4.4).   

 For raw parts, skin and thigh lean had significantly more cholesterol than drum 

lean (Table 4.4).  Additionally, roasted drum lean was significantly lower in cholesterol 

than roasted thigh lean (Table 4.4). However, no significant differences were noted for 

cholesterol between braised drum and thigh lean (Table 4.4).  For all parts, no significant 

differences in cholesterol content were observed for roasted and braised drum meat, thigh 

meat, or skin; however, cooked parts were significantly higher than corresponding raw 

parts (Table 4.4).  Higher cholesterol levels were seen for cooked parts due to moisture 

loss and cholesterol being contained in the muscle fiber or adipose tissue (Bragagnolo 

and Rodriguez-Amaya, 2003; Baggio and Bragagnolo, 2006).  Although not specifically 

analyzed in the present study, cuts cooked with the skin typically have greater total 

cholesterol than parts cooked without the skin from migration of cholesterol in the 

adipose tissues of the skin to the lean (Swize et al., 1992).   

 

Enhanced: Although not statistically analyzed due to limited sample numbers, the 

ash, protein, and cholesterol content of enhanced parts were higher in cooked samples 

and moisture content lower (Table 4.5) as noted for non-enhanced product.  Raw drum 

and thigh lean were similar in moisture content but cooked drum lean withheld more 

moisture than cooked thigh lean.  The complete skin coverage of the drum may have 

contributed to a better water holding capacity than the thigh.   
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Table 4.5. Proximate composition expressed as normalized percent, and cholesterol (n = 1) content expressed as mg/100 g (+/- 

SEM for thigh), of separable lean of enhanced raw, roasted, and braised dark chicken meat and skin. 
        

        

Treatment kcal/100 g n Moisture  Fat Ash Protein Cholesterol  

Raw        

Drum 104.96 1 77.80 3.88 1.10 17.51 89.80 

Thigh 112.03 2 77.07 ± 0.85 4.27 ± 0.46 1.09 ± 0.00 18.40 ± 0.59 92.90 

Skin 394.49 1 45.57 39.49 0.62 9.77 104.60 

        

Roasted        

Drum 130.13 1 73.41 5.21 1.25 20.81 111.5 

Thigh 168.15 2 67.68 ± 1.32 8.11 ± 0.91 1.22 ± 0.03 23.79 ± 1.10 127.50 

Skin 443.5 1 40.68 41.82 0.89 16.78 142.30 

        

Braised        

Drum 148.93 1 70.18 6.33 1.13 22.99 134.60 

Thigh 163.77 2 68.62 ± 1.48 7.97 ± 1.06 1.19 ± 0.07 23.01 ± 0.84 125.70 

Skin 366.47 1 41.96 35.27 0.84 12.26 123.70 
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Total fat content ranged from 3.88%, 4.27% and 39.49% in raw drum lean, thigh lean, 

and skin to 5.21%, 8.11%, and 41.82% in respective roasted parts, and to 6.33%, 7.97%, 

and 35.27% in respective braised parts (Table 4.5).   Fat contents of enhanced drum and 

thigh lean did not differ more than approximately 0.66% from non-enhanced drum and 

thigh lean.  Enhanced and non-enhanced skin differed by about 7.41% at the most 

between roasted parts.    

 In cooked parts, roasted drum lean was highest in ash content at 1.25% and 

braised skin had the lowest ash content at 0.84% (Table 4.5).  Braised lean was lower in 

ash content compared to braised thigh lean (Table 4.5).  Raw ash contents for the 

separable lean of drums and thighs were very similar at 1.10% and 1.09%, respectively 

(Table 4.5).  Roasting resulted in higher ash contents for drum meat, thigh meat, and skin 

compared to braising. In comparison to non-enhanced parts, all enhanced parts had 

slightly higher ash contents.  Injection with sodium chloride and phosphates could 

account for the increased ash content in enhanced parts. 

 Within enhanced parts, roasted skin and thigh meat had the highest protein 

content at 16.78% and 23.79%, respectively (Table 4.5).  Braised drum meat was higher 

in protein content when compared to raw and roasted drum meat (Table 4.5).  Thigh meat 

had the highest protein content for all cooking treatments and skin had the lowest (Table 

4.5).  All enhanced drum and thigh meat had lower protein content than non-enhanced 

thigh and drum meat while enhanced skin had higher protein contents compared to non-

enhanced.  
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 Cooking caused cholesterol to be higher in all parts compared to respective raw 

parts (Table 4.5).  Even though some cholesterol is lost during cooking, cooked meats 

generally have greater cholesterol concentrations than raw meat as a result of moisture 

loss and cholesterol being contained in the muscle fiber or adipose tissue (Bragagnolo 

and Rodriguez-Amaya, 2003; Baggio and Bragagnolo, 2006).  Furthermore, ready-to-eat 

cuts with skin on may have increased cholesterol contents in the lean after cooking as 

cholesterol may migrate from the adipose tissues in the skin to the lean (Swize et al., 

1992).  Roasted skin contained 142.3 mg cholesterol/100 g of skin, the highest of all 

parts, and raw drum meat contained 89.8 mg cholesterol/100 g of lean tissue, the least of 

all parts (Table 4.5).  Roasted drum meat contained less cholesterol than braised drum 

meat while roasted thigh meat and skin contained more cholesterol than braised thigh 

meat and skin (Table 4.5).  According to Dinh et al. (2011), cholesterol content increases 

when there is an increase in the number of red muscle fibers, a decrease in muscle fiber 

diameter, and a greater fat content.  For braised parts, drum meat, which has more red 

muscle fibers than thigh meat or skin, had the highest cholesterol content.   However, this 

trend is not seen for raw and roasted parts in which the drum lean had the lowest 

cholesterol content.  Non-enhanced parts had slightly more cholesterol than enhanced 

parts for raw and roasted drum and thigh meat and braised thigh meat.   

1979 Comparisons: No statistical comparisons were made between 2010 nutrient 

values and 1979 nutrient values.  Additionally, no comparisons are available for braised 

parts since the USDA National Nutrient Database for Standard Reference lacks previous 
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nutrient values for braised dark chicken meat and skin.  Only non-enhanced comparisons 

were made since former data for enhanced cuts is not available.  

 Drum and thigh meat from the current study differed minimally in moisture 

content from the 1979 study (Table 4.6).  Raw skin decreased numerically in moisture 

content by approximately 9% from the 1979 study but roasted skin values were similar 

(Table 4.6).  Protein content for raw drum and thigh meat was similar in 1979 and 2010 

while values for roasted drum and thigh meat in 1979 was about 5% and 2% higher than 

in the current study, respectively (Table 4.7). When compared to 1979 protein values, 

protein content of raw and roasted skin from the current study were both lower by 

approximately 4% (Table 4.7).  The comparison of ash values showed little if any change 

from the 1979 study to the current study.  No changes in ash content were present for raw 

thigh meat and roasted drum meat values while the largest change in ash content was in 

roasted skin which increased by approximately 0.2% in ash from 1979 to 2010 (Table 

4.8).  From the 1979 study to the current study, total fat content was higher for all parts 

except for roasted drum and thigh meat.  Raw skin was the most variable with an 

approximate increase of 12% total fat from 1979 to 2010 and an approximate increase of 

3% for roasted skin from 1979 to 2010 (Table 4.9).  

 Cholesterol content of dark chicken meat and skin sampled in this study was 

higher for all parts compared to 1979 except for raw skin.  The largest increase in 

cholesterol observed from the 1979 study to the current study was approximately 47% in 

the roasted skin (Table 4.10).  Cholesterol data for dark chicken meat and skin reported in 

1979 was generated through the use of a colorimetric method while 2010 values were  
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Table 4.6. Moisture content of non-enhanced raw and roasted dark chicken meat and skin 

in 1979
1 

compared to 2010 data (n = 4), expressed as normalized percent (± SEM). 

Treatment Part n
1
 1979 2010 

Raw Drum 24 76.38 ± 0.28 76.76 ± 0.11 

  Thigh 29 75.81 ± 0.30 76.41 ± 0.06 

  Skin 30 54.22 ± 0.85 44.85 ± 1.72 

          

Roasted Drum 16 66.74 ± 0.41 70.85 ± 0.49 

  Thigh 16 62.87 ± 0.41 67.34 ± 0.38 

  Skin 16 40.29 ± 1.71 39.64 ± 1.19 
1
1979 values for raw and cooked, roasted broilers from Agriculture Handbook 8-5 

(USDA, 1979). 
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Table 4.7. Protein content of non-enhanced raw and roasted dark chicken meat and skin 

in 1979
1
 compared to 2010 data (n = 4), expressed as normalized percent (± SEM). 

Treatment Part n
1
 1979 2010 

Raw Drum 25 20.59 ± 0.18 18.85 ± 0.07 

  Thigh 30 19.65 ± 0.18 19.27 ± 0.20 

  Skin 31 13.33 ± 0.32 9.63 ± 0.06 

          

Roasted Drum 16 28.29 ± 0.30 23.44 ± 0.46 

  Thigh 16 25.94 ± 0.32 23.99 ± 0.38 

  Skin 16 20.36 ± 0.69 16.68 ± 0.55 
1
1979 values for raw and cooked, roasted broilers from Agriculture Handbook 8-5 

(USDA, 1979). 
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Table 4.8. Ash content of non-enhanced raw and roasted dark chicken meat and skin in 

1979
1
 compared to 2010 data (n = 4), expressed as normalized percent (± SEM). 

Treatment Part n
1
 1979 2010 

Raw Drum 24 0.93 ± 0.03 0.94 ± 0.01 

  Thigh 26 0.96 ± 0.03 0.96 ± 0.01 

  Skin 25 0.41 ± 0.02 0.49 ± 0.02 

          

Roasted Drum 16 1.05 ± 0.04 1.05 ± 0.01 

  Thigh 16 0.95 ± 0.03 1.03 ± 0.01 

  Skin 16 0.50 ± 0.03 0.72 ± 0.01 
1
1979 values for raw and cooked, roasted broilers from Agriculture Handbook 8-5 

(USDA, 1979). 
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Table 4.9. Total fat content of non-enhanced raw and roasted dark chicken meat and skin 

in 1979
1
 compared to 2010 data (n = 4), expressed as normalized percent (± SEM). 

Treatment Part n
1
 1979 2010 

Raw Drum 24 3.42 ± 0.12 3.82 ± 0.19 

  Thigh 36 3.91 ± 0.20 4.18 ± 0.11 

  Skin 35 32.35 ± 0.69 44.24 ± 1.37 

          

Roasted Drum 16 5.66 ± 0.13 5.49 ± 0.14 

  Thigh 16 10.88 ± 0.21 8.11 ± 0.22 

  Skin 16 40.68 ± 1.35 43.58 ± 1.56 
1
1979 values for raw and cooked, roasted broilers from Agriculture Handbook 8-5 

(USDA, 1979). 
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Table 4.10. Cholesterol content of non-enhanced raw and roasted dark chicken meat and 

skin in 1979
1
 compared to 2010 data (n = 4), expressed as mg/100 g of separable lean (± 

SEM). 

Treatment Part n
1
 1979² 2010 

Raw Drum 77 77.0 90.2
 
± 2.1 

  Thigh 83 83.0 99.2 ± 1.2 

  Skin 109 109.0 103.5 ± 3.5 

          

Roasted Drum 93 93.0 130.0 ± 3.8 

  Thigh 95 95.0 139.1 ± 1.8 

  Skin 83 83.0 130.1 ± 1.4 
1
1979 values for raw and cooked, roasted broilers from Agriculture Handbook 8-5 

(USDA, 1979). 

²No standard error of the mean provided for values obtained from Agriculture Handbook 

8-5 (USDA, 1979). 
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determined through the use of gas chromatography with flame ionization detection.  

According to Piironen et al., (2002) and Bragagnolo (2009), the analytical methodology 

used to quantify cholesterol in 1979 and 2010 may account for the large differences 

observed since colorimetric methods tend to overestimate the cholesterol content of meat 

and other food products (Fenton, 1992; Tonks, 2006). Additionally, muscle fiber 

diameter increases as an animal ages which results in lower cholesterol levels in lean 

tissue (Smith and Fletcher, 1988).  This concept may account for the increased 

cholesterol levels of broilers in 2010 because they are slaughtered at a younger age than 

broilers reared in 1979.  Finally, broilers are grown to heavier weights today than in 1979 

as a result of improved feed conversion rates.  Dinh et al. (2011) explains that an inverse 

relationship between body weight and LDL cholesterol uptake exists which would cause 

heavier broilers to have higher cholesterol serum levels and increased de novo cholesterol 

synthesis in the liver.   

 

Mineral Composition 

Non-enhanced Macrominerals: Cooking concentrated all macrominerals except 

for Na in braised drum and thigh meat and roasted thigh meat (Table 4.11).  Sodium is an 

anion that has a high affinity for water and may be lost during cooking.  Interestingly, 

both braised drum and thigh meat had lower Na levels than roasted parts which indicate 

the increased leaching of water soluble nutrients during braising.  No significant 

differences existed lean and skin, respectively (Table 4.11).  Cooked thigh lean typically  
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Table 4.11. Macromineral content, expressed as mg/100 g (± SEM), of non-enhanced raw, roasted, and braised dark chicken 

meat and skin. 

        

Treatment Part n Ca Mg P K Na 

Raw Drum 4 10.43
aA

 ± 0.51 21.48
bC

 ± 0.21 177.2
aC

 ± 2.1 240
aB

 ± 4.8 112.4
aA

± 2.2 

 Thigh 4 8.54
bC

± 0.46 23.42
aA

 ± 0.27 187.0
aC

 ± 5.2 245
aB

 ± 5.5 88.7
bA

 ± 3.5 

 Skin 4 6.43
cB

 ± 0.26 8.28
cC

 ± 0.31 95.3
bC

 ± 2.9 119
bC

 ± 5.6 50.7
cB

 ± 3.3 

        

Roasted Drum 4 11.76
aA

 ± 0.62 24.10
aA

 ± 0.28 200.0
bA

 ± 1.9 265
bA

 ± 3.7 118.0
aA

 ± 2.4 

 Thigh 4 9.90
aB

 ± 0.14 23.95
aA

 ± 0.36 216.7
aA

 ± 2.6 277
aA

 ± 3.9 86.7
bAB

 ± 3.4 

 Skin 4 10.04
aA

 ± 1.01 16.04
bA

 ± 0.24 150.7
cA

 ± 1.4 182
cA

 ± 3.3 85.4
A
 ± 5.8 

        

Braised Drum 4 12.02
aA

 ± 0.35 22.70
bB

 ± 0.36 187.1
bB

 ± 2.4 241
bB

 ± 7.6 103.5
aB

 ± 2.3 

 Thigh 4 11.96
aA

 ± 0.38 24.99
aA

 ± 0.82 201.2
aB

 ± 3.6 266
aA

 ± 3.2 76.8
bB

 ± 2.3 

 Skin 4 9.23
bA

 ± 0.16 13.61
cB

 ± 0.13 130.4
cB

 ± 0.3 161
cB

 ± 7.6 74.8
bA

 ± 5.1 
a,b,c

Means with the same letter within a column for each cooking method are not significantly different (P > 0.05). 
A,B,C

Means with the same letter within a column for each part are not significantly different (P > 0.05). 
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had the highest mineral content due to increased moisture loss and subsequent 

concentration of minerals between raw and cooked parts for Ca in the separable lean of 

the drum and for Mg in thigh meat (Table 4.11).  Significant differences between all 

cooking treatments were found for Ca in the thigh lean with the highest concentration in 

braised thigh lean and the lowest in raw thigh lean (Table 4.11). Magnesium 

concentrations were significantly different between all cooking treatments for drum lean 

and skin in which roasting resulted in the highest Mg concentration and raw product the 

lowest Mg concentration (Table 4.11). Cooking treatments were all significantly different 

in K concentrations for skin with raw skin having the lowest and roasted skin the highest 

(Table 4.11). Phosphorus concentrations for all parts were significantly higher for roasted 

parts and significantly lower in raw parts (Table 4.11).  Braised and roasted parts were 

significantly higher than raw parts for Ca in the skin, K in the thigh lean, and Na in the 

skin (Table 4.11).  Raw drum meat was significantly higher than raw thigh meat, which 

was significantly higher than raw skin, for concentrations of Ca and Na (Table 4.11).  

Conversely, raw separable lean of thighs was significantly higher than raw drum meat, 

which was significantly higher than raw skin, for Mg concentrations (Table 4.11).  

Phosphorus and K was highest in roasted and braised thigh lean and lowest in roasted and 

braised skin (P<0.05 Table 4.11).  Magnesium concentrations for braised parts followed 

the same trend as P and K (Table 4.11).  Skin was significantly lower than drum and 

thigh meat, which did not differ significantly, for concentrations of P and K in raw parts, 

Mg in roasted parts, and Ca in braised parts (Table 4.11).  Calcium concentrations in 
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roasted drum and thigh lean and skin did not differ significantly (Table 4.11).  Roasted 

and braised drum lean had significantly higher Na levels than roasted and braised thigh  

Non-enhanced Microminerals: As with the macrominerals, cooking concentrated 

minerals in most parts (Table 4.12).  Copper was slightly lower in roasted and braised 

thigh meat than raw parts and roasted and braised drum and thigh meat were slightly 

lower than raw parts for Mn (Table 4.12).  However, no significant differences were 

found between these raw and cooked parts.  Within a part, no significant differences were 

found between drum lean, thigh lean, and skin for Cu, separable lean of drums and thighs 

for Mn, and drum lean and thigh lean for Se (Table 4.12).  All other raw parts were 

significantly lower than cooked parts except for Zn in the skin in which the roasted skin 

was significantly higher in content than raw and braised parts (Table 4.12).  Within a 

cooking treatment, no significant differences existed between roasted separable lean of 

drums and thighs and skin for Fe, Mn, and Se, and in braised parts for Mn (Table 4.12).  

Drum lean, thigh lean, and skin were each significantly different from each other for Fe 

and Zn in raw parts, Cu and Zn in roasted parts, and Zn in braised parts (Table 4.12).  For 

each of these, separable lean of drums had the highest mineral level except for Fe in raw 

parts of which the thigh lean had the highest concentration (Table 4.12).  Raw drum and 

thigh lean were both significantly higher than skin for Cu, Mn, and Se (Table 4.12).  

Braised drum and thigh lean had significantly more Se than skin (Table 4.12). 
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Table 4.12. Micromineral content, expressed as mg/100 g (± SEM), and selenium content, expressed as µg/ 100 g (± SEM) of 

non-enhanced raw, roasted, and braised dark chicken meat and skin. 

        

Treatment Part n Cu Fe Mn Se Zn 

Raw Drum 4 0.065
aA

 ± 0.002 0.67
bB

 ± 0.02 0.018
aA

 ± 0.001 20.88
aA

 ± 

2.65 

2.12
aB

 ± 0.05 

 Thigh 4 0.056
aA

 ± 0.003 0.80
aB

 ± 0.04 0.017
aA

 ± 0.001 22.58
aA

 ± 

2.41 

1.52
bB

 ± 0.02 

 Skin 4 0.038
bA

 ± 0.004 0.37
cB

 ± 0.04 0.014
bB

 ± 0.001 10.13
bB

 ± 

0.71 

0.65
cB

 ± 0.02 

        

Roasted Drum 4 0.067
aA

 ± 0.001 0.98
aA

 ± 0.07 0.017
aA

 ± 0.001 26.40
aA

 ± 

3.75 

2.42
aA

 ± 0.08 

 Thigh 4 0.054
bA

 ± 0.003 1.08
aA

 ± 0.03 0.021
aA

 ± 0.001 26.08
aA

 ± 

2.70 

1.79
bA

 ± 0.03 

 Skin 4 0.046
cA

 ± 0.002 0.90
aA

 ± 0.05 0.020
aA

 ± 0.000 17.40
aA

 ± 

1.03 

0.86
cA

 ± 0.05 

        

Braised Drum 4 0.066
aA

 ± 0.002 0.98
bA

 ± 0.05 0.019
aA

 ± 0.001 27.48
aA 

± 

3.34 

2.58
aA

 ± 0.12 

 Thigh 4 0.049
bA

 ± 0.008 1.27
aA

 ± 0.11 0.016
aA

 ± 0.001 29.23
aA

 ± 

2.79 

1.87
bA

 ± 0.02 

 Skin 4 0.040
bA

 ± 0.001 1.00
bA

 ± 0.03 0.018
aA

 ± 0.001 16.00
bA 

± 

1.16 

0.74
cB

 ± 0.03 

a,b,c
Means with the same letter within a column for each cooking method are not significantly different (P > 0.05). 

A,B,C
Means with the same letter within a column for each part are not significantly different (P > 0.05). 
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Enhanced Macrominerals: Roasted and braised drum lean and roasted skin had 

more Na than corresponding raw parts (Table 4.13).  Additionally, cooking did not 

concentrate Ca and K in roasted drum lean and braised skin, respectively (Table 4.13).  

Within a part, separable lean of drums and thighs, and skin had more Ca in the braised 

cooking treatment and higher P and K concentrations in roasted parts (Table 4.13).  

Magnesium concentration was highest after roasting for thigh lean and skin but highest 

after braising for drum lean (Table 4.13). Sodium was highest in raw drum lean, roasted 

thigh lean, and braised skin (Table 4.13).   Thigh lean was highest in each mineral for all 

cooking treatments except for Na in raw parts and Ca in raw, roasted, and braised 

cooking treatments (Table 4.13).  Separable lean of raw drums was highest in Na and Ca 

concentrations while roasted and braised skin was highest in Ca content after cooking 

(Table 4.13).  When non-enhanced and enhanced macromineral values were compared, 

enhanced drum and thigh lean, and skin were higher in Na content for all cooking 

treatments, slightly higher in Ca for raw and braised cooking treatments, and had higher 

K concentrations forroasted parts.  Non-enhanced parts were slightly higher in Mg for 

raw and braised parts and in P for raw parts.  

Enhanced Microminerals: Copper was lowest after braising at 0.049 mg/100 g 

and highest after roasting at 0.053 mg/100 g in drum lean (Table 4.14).  Raw thigh lean 

and skin had the lowest Cu content while roasted thigh lean and skin (Table 4.14).  

Roasted and braised parts had higher Fe, Se, and Zn concentrations than raw parts (Table 

4.14).  Cooked skin was slightly higher than raw skin for Mn while separable lean of 
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Table 4.13. Macromineral content, expressed as mg/100 g (± SEM for thigh), of enhanced raw, roasted, and braised dark 

chicken meat and skin. 

Treatment Part n Ca Mg P K Na 

Raw Drum 1 11.17 18.94 153.1 222.6 193.9 

  Thigh 2 8.85 ± 0.57 20.73 ± 0.72 179.0 ± 7.1 252.5 ± 4.3 167.0 ± 16.2 

  Skin 1 9.68 7.52 90.3 158.1 118.2 

                

Roasted Drum 1 10.79 19.85 184.3 267.0 155.8 

  Thigh 2 10.46 ± 1.20 24.18 ± 0.67 208.1 ± 13.2 304.3 ± 13.1 203.3 ± 14.2 

  Skin 1 11.34 21.52 187.6 259.4 110.9 

                

Braised Drum 1 13.64 21.08 169.9 228.7 168.9 

  Thigh 2 12.10 ± 2.74 24.07 ± 0.87 202.5 ± 5.8 289.5 ± 8.6 197.0 ± 13.2 

  Skin 1 13.78 12.00 111.9 146.4 139.2 
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Table 4.14. Micromineral content, expressed as mg/100 g (± SEM for thigh), and selenium content, expressed as µg/100 g (± 

SEM for thigh) of enhanced raw, roasted, and braised dark chicken meat and skin. 

Treatment Part n Cu Fe Mn Se (n = 1) Zn 

Raw Drum 1 0.050 0.587 0.016 23.00 1.955 

  Thigh 2 0.044 ± 0.006 0.642 ± 0.027 0.016 ± 0.001 22.30 1.419 ± 0.043 

  Skin 1 0.017 0.195 0.010 9.50 0.508 

                

Roasted Drum 1 0.053 0.658 0.013 26.00 2.206 

  Thigh 2 0.059 ± 0.005 0.950 ± 0.092 0.015 ± 0.000 26.00 1.724 ± 0.083 

  Skin 1 0.073 1.004 0.022 19.20 2.714 

                

Braised Drum 1 0.049 0.777 0.014 29.80 2.338 

  Thigh 2 0.052 ± 0.000 1.071 ± 0.106 0.017 ± 0.000 27.20 1.862 ± 0.069 

  Skin 1 0.029 0.654 0.016 15.60 0.628 
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cooked drum and thigh lean were slightly lower than raw parts except for braised thigh 

lean (Table 4.14).  Roasting concentrated all minerals to the most extent in the skin while 

braising concentrated Fe, Se, and Zn the most efficiently for drum and thigh lean and Mn 

in thigh lean (Table 4.14).  Conversely, Cu was highest in all parts that were roasted 

(Table 4.14).  Microminerals of non-enhanced cuts were all very similar to enhanced 

cuts.   

1979 Comparisons: Calcium was higher in all raw and roasted parts in 1979 

(Table 4.15).  Roasted skin in 1979 and the current study both exhibited the greatest Ca 

increase from raw to cooked (Table 4.15). Copper values in 1979 were also higher than 

respective values in the current study except for raw drum lean (Table 4.16).  Roasted 

thigh lean showed the largest decrease in Cu concentration from 1979 to 2010 with a 

difference of approximately 0.03 mg/100 g (Table 4.16).  Additionally, Fe values in 1979 

were all higher than values in the current study with a difference of approximately 0.4, 

0.2, 0.7 mg/100 g for raw drum lean, thigh lean, and skin, respectively, and 0.3, 0.2, and 

0.6 mg/100 g for roasted drum lean, thigh lean, and skin, respectively (Table 4.17).  Raw 

and roasted parts from 2010 were all higher than respective parts in 1979 for K content 

(Table  4.18).  Parts in 1979 and 2010 were similar in Mg content with 1979 values 

slightly higher for all raw parts and roasted thigh lean (Table 4.19).  Manganese values 

for dark chicken meat and skin in 1979 were also similar to values in 2010 with no 

differences observed for roasted thigh lean (Table 4.20).  Sodium in raw and roasted 

drum lean increased the most from 1979 to 2010 with an increase of approximately 24.0 

mg/100 g in raw drum lean and 23.0 mg/100 g in roasted drum lean (Table 4.21). Raw  
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Table 4.15. Calcium content of non-enhanced raw and roasted dark chicken meat and 

skin in 1979
1
 compared to 2010 data (n = 4), expressed as mg/100 g (± SEM). 

Treatment Part n
1
 1979 2010 

Raw Drum 24 11.00 ± 0.82 10.43 ± 0.51 

  Thigh 25 10.00 ± 0.71 8.54 ± 0.46 

  Skin 24 11.00 ± 0.27 6.43 ± 0.26 

          

Roasted Drum 16 12.00 ± 0.84 11.76 ± 0.62 

  Thigh 16 12.00 ± 0.81 9.90 ± 0.14 

  Skin 16 14.00 ± 0.84 10.04 ± 1.01 
1
1979 values for raw and cooked, roasted broilers from Agriculture Handbook 8-5 

(USDA, 1979). 
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Table 4.16. Copper content of non-enhanced raw and roasted dark chicken meat and skin 

in 1979
1
 compared to 2010 data (n = 4), expressed as mg/100 g (± SEM). 

Treatment Part n
1
 1979 2010 

Raw Drum 24 0.063 ± 0.001 0.065 ± 0.002 

  Thigh 25 0.067 ± 0.003 0.056 ± 0.003 

  Skin 24 0.041 ± 0.004 0.038 ± 0.004 

          

Roasted Drum 16 0.079 ± 0.002 0.067 ± 0.001 

  Thigh 16 0.081 ± 0.002 0.054 ± 0.003 

  Skin 16 0.064 ± 0.006 0.046 ± 0.002 
1
1979 values for raw and cooked, roasted broilers from Agriculture Handbook 8-5 

(USDA, 1979). 
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Table 4.17. Iron content of non-enhanced raw and roasted dark chicken meat and skin in 

1979
1
 compared to 2010 data (n = 4), expressed as mg/100 g (± SEM). 

Treatment Part n
1
 1979 2010 

Raw Drum 24 1.03 ± 0.03 0.67 ± 0.02 

  Thigh 25 1.04 ± 0.04 0.80 ± 0.04 

  Skin 24 1.08 ± 0.04 0.37 ± 0.04 

          

Roasted Drum 16 1.30 ± 0.04 0.98 ± 0.07 

  Thigh 16 1.31 ± 0.051 1.08 ± 0.03 

  Skin 16 1.51 ± 0.10 0.90 ± 0.05 
1
1979 values for raw and cooked, roasted broilers from Agriculture Handbook 8-5 

(USDA, 1979). 
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Table 4.18. Potassium content of non-enhanced raw and roasted dark chicken meat and 

skin in 1979
1
 compared to 2010 data (n = 4), expressed as mg/100 g (± SEM). 

Treatment Part n
1
 1979 2010 

Raw Drum 24 226.00 ± 6.04 239.83 ± 4.83 

  Thigh 25 231.00 ± 6.00 244.57 ± 5.48 

  Skin 24 103.00 ± 4.76 119.01 ± 5.55 

          

Roasted Drum 16 246.00 ± 6.09 265.30 ± 3.73 

  Thigh 16 238.00 ± 6.03 277.27 ± 3.86 

  Skin 16 136.00 ± 7.93 181.45 ± 3.25 
1
1979 values for raw and cooked, roasted broilers from Agriculture Handbook 8-5 

(USDA, 1979). 
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Table 4.19. Magnesium content of non-enhanced raw and roasted dark chicken meat and 

skin in 1979
1
 compared to 2010 data (n = 4), expressed as mg/100 g (± SEM). 

Treatment Part n
1
 1979 2010 

Raw Drum 24 23.00 ± 0.39 21.48 ± 0.21 

  Thigh 25 24.00 ± 0.37 23.42 ± 0.27 

  Skin 24 13.00 ± 0.55 8.28 ± 0.31 

          

Roasted Drum 16 24.00 ± 0.71 24.10 ± 0.28 

  Thigh 16 24.00 ± 0.46 23.95 ± 0.36 

  Skin 16 15.00 ± 0.37 16.04 ± 0.24 
1
1979 values for raw and cooked, roasted broilers from Agriculture Handbook 8-5 

(USDA, 1979).   
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Table 4.20. Manganese content of non-enhanced raw and roasted dark chicken meat and 

skin in 1979
1
 compared to 2010 data (n = 4), expressed as mg/100 g (± SEM). 

Treatment Part n
1
 1979 2010 

Raw Drum 24 0.021 ± 0.001 0.018 ± 0.001 

  Thigh 24 0.020 ± 0.000 0.017 ± 0.001 

  Skin 24 0.019 ± 0.001 0.014 ± 0.001 

          

Roasted Drum 16 0.021 ± 0.001 0.017 ± 0.001 

  Thigh 16 0.021 ± 0.001 0.021 ± 0.001 

  Skin 16 0.022 ± 0.001 0.020 ± 0.000 
1
1979 values for raw and cooked, roasted broilers from Agriculture Handbook 8-5 

(USDA, 1979). 
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Table 4.21. Sodium content of non-enhanced raw and roasted dark chicken meat and skin 

in 1979
1
 compared to 2010 data (n = 4), expressed as mg/100 g (± SEM). 

Treatment Part n
1
 1979 2010 

Raw Drum 24 88.00 ± 1.61 112.38 ± 2.19 

  Thigh 25 86.00 ± 1.69 88.72 ± 3.53 

  Skin 24 63.00 ± 1.67 50.72 ± 3.26 

          

Roasted Drum 16 95.00 ± 2.24 118.00± 2.37 

  Thigh 16 88.00 ± 1.74 86.65 ± 3.35 

  Skin 16 65.00 ± 2.11 85.43 ± 5.75 
1
1979 values for raw and cooked, roasted broilers from Agriculture Handbook 8-5 

(USDA, 1979). 
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thigh lean had an increased sodium content in 2010 while sodium content of roasted thigh 

lean was lower in 2010 (Table 4.21).  Sodium content of raw skin decreased from 63.0 

mg/100 g in 1979 to 50.72 mg/100 g in 2010 (Table 4.21).  However, roasted skin 

increased in sodium content from 1979 to the present study by approximately 20.0 

mg/100 g (Table 4.21).  Phosphorus content increased from 1979 to 2010 by 

approximately 11.2 and 19.0 mg/100 g for raw drum and thigh lean, respectively, and by 

16.0, 33.7, and 25.7 mg/100 g for roasted drum and thigh lean, and skin (Table 4.22). 

Selenium increased from 1979 to the current study for raw drum and thigh lean and 

roasted drum lean (Table 4.23).  Selenium in raw skin and roasted thigh lean decreased 

from 12.3 to 10.13 µg/100 g of skin and from 29.0 to 26.08 µg/100 g of thigh lean, 

respectively (Table 4.23).  Although extremely higher than other Se contents, roasted 

skin was reported to have 137.0 µg/100 g in 1979 which decreased by approximately 

119.6 µg/100 g to 17.4 µg/100 g in 2010 (Table 4.23).  The high value reported in 1979 

may have resulted from inaccurate laboratory analysis. All reported values in 1979 for Zn 

content of dark chicken meat and skin were higher than values in 2010 (Table 4.24).  

 

B Vitamin Composition  

Non-enhanced: B-vitamins are water soluble in nature and are susceptible to 

reduced levels after cooking due to leaching out, heat and light photo-degradation.  All 

cooked parts had higher B-vitamin concentrations than corresponding raw parts except 

for B12 in all cooked parts, thiamin and riboflavin in braised thigh lean, riboflavin in 
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Table 4.22. Phosphorus content of non-enhanced raw and roasted dark chicken meat and 

skin in 1979
1
 compared to 2010 data (n = 4), expressed as mg/100 g (± SEM). 

Treatment Part n
1
 1979 2010 

Raw Drum 24 166.0 ± 3.5 177.2 ± 2.1 

  Thigh 25 168.0 ± 3.0 187.0 ± 5.6 

  Skin 24 100.0 ± 3.1 95.3 ± 2.9 

          

Roasted Drum 16 184.0 ± 5.0 200.0 ± 1.9 

  Thigh 16 183.0 ± 5.0 216.7 ± 2.6 

  Skin 16 125.0 ± 3.0 150.7 ± 1.4 
1
1979 values for raw and cooked, roasted broilers from Agriculture Handbook 8-5 

(USDA, 1979). 
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Table 4.23. Selenium content of non-enhanced raw and roasted dark chicken meat and 

skin in 1979
1
 compared to 2010 data (n = 4), expressed as µg/100 g (± SEM). 

Treatment Part n
1
 1979 2010 

Raw Drum 4 13.50 ± 1.94 20.88 ± 2.65 

  Thigh 4 13.50 ± 1.94 22.58 ± 2.41 

  Skin 3 12.30 ± 2.40 10.13
b
 ± 0.71 

          

Roasted Drum 0² 19.00 26.40 ± 3.75 

  Thigh 19 29.00 ± 2.47 26.08 ± 2.70 

  Skin 0 137.00 17.40 ± 1.03 
1
1979 values for raw and cooked, roasted broilers from Agriculture Handbook 8-5 

(USDA, 1979). 

²1979 values estimated from other data and no standard error of the mean provided for 

values obtained from Agriculture Handbook 8-5 (USDA, 1979). 
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Table 4.24. Zinc content of non-enhanced raw and roasted dark chicken meat and skin in 

1979
1
 compared to 2010 data (n = 4), expressed as mg/100 g (± SEM). 

Treatment Part n
1
 1979 2010 

Raw Drum 24 2.21 ± 0.03 2.12 ± 0.05 

  Thigh 25 1.91 ± 0.04 1.52 ± 0.02 

  Skin 24 0.93 ± 0.05 0.65 ± 0.02 

          

Roasted Drum 16 3.18 ± 0.06 2.42 ± 0.08 

  Thigh 16 2.57 ± 0.04 1.79 ± 0.03 

  Skin 16 1.23 ± 0.07 0.86 ± 0.05 
1
1979 values for raw and cooked, roasted broilers from Agriculture Handbook 8-5 

(USDA, 1979). 
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roasted and braised drum lean, and niacin in braised drum lean (Table 4.25).  However, 

there were no significant differences for these parts in comparison to raw parts.  Within 

parts, no significant differences existed between cooking treatments for thiamin, 

riboflavin, B6, and B12 in drum and thigh lean, for niacin in drum lean, and for B12 in 

skin (Table 4.25).   For the skin, roasted and braised cooking treatments were 

significantly higher in thiamin, riboflavin, and B6 than corresponding raw parts (Table 

4.25).  Significant differences between cooking treatments were observed for niacin 

content in the skin with the highest content in roasted skin and the lowest in raw skin 

(Table 4.25).  Within a cooking treatment, drum and thigh lean was significantly higher 

in thiamin and riboflavin content than skin (Table 4.25).  Niacin and B6 content was 

significantly lower in the skin when compared to drum and thigh lean (Table 4.25).  

Cooked parts had higher pantothenic acid contents than raw parts (Table 4.26).  For each 

cooking treatment, thigh lean had the highest pantothenic acid content and skin the lowest 

(Table 4.26).  Braising resulted in thigh lean and skin that were higher in pantothenic acid 

than roasted parts and braised drum lean that had the same content as roasted drum lean 

(Table 4.26).   All parts were highest in niacin content and lowest in thiamin (Table 4.25). 

Enhanced: Reduced B12 concentrations were seen in all roasted and braised parts 

after cooking (Table 4.27).  Braised drum and thigh lean had lower riboflavin and B6 

level than raw parts (Table 4.27).  Thiamin was also lower in braised drum lean in 

comparison to raw lean (Table 4.27).  No differences were observed between 

corresponding raw parts for thiamin in roasted drum lean, riboflavin in roasted thigh lean 

and braised skin, and for niacin in braised drums (Table 4.27).  The separable lean of  
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Table 4.25. B-vitamin content, expressed as mg/100 g (± SEM) and B12 content, expressed as µg/100 g (± SEM) of non-

enhanced raw, roasted, and braised dark chicken meat and skin. 

Treatment Part n Thiamin Riboflavin Niacin B6 B12 

Raw Drum 4 0.088
aA

 ± 0.009 0.188
aA

 ± 0.005 5.193
aA

 ± 0.174 0.366
bA

 ± 0.004 0.538
aA

± 0.054 

  Thigh 4 0.090
aA

 ± 0.007  0.178
aA

 ± 0.011 5.585
aB

 ± 0.106 0.446
aA

 ± 0.018 0.640
aA

 ± 0.113 

  Skin 4 0.040
bB 

± 0.000 0.033
bB

 ± 0.003 2.565
bC

 ± 0.065 0.116
cB 

± 0.004 0.653
aA

 ± 0.157 

                

Roasted Drum 4 0.093
aA

 ± 0.003 0.183
aA

 ± 0.005 5.553
bA 

± 0.130 0.402
bA

 ± 0.011 0.393
aA

 ± 0.054 

  Thigh 4 0.095
aA

 ± 0.003 0.188
aA

 ± 0.003 6.185
aA

 ± 0.190 0.458
aA

 ± 0.010 0.400
aA

 ± 0.033 

  Skin 4 0.053
bA

 ± 0.003 0.063
bA

 ± 0.003 3.918
cA

 ± 0.089 0.197
cA

 ± 0.006 0.505
aA 

± 0.025 

                

Braised Drum 4 0.090
aA

 ± 0.000 0.185
aA

 ± 0.003 5.040
bA

 ± 0.074 0.388
bA

 ± 0.016 0.433
aA

 ± 0.030 

  Thigh 4 0.088
aA

 ± 0.005 0.183
aA

 ± 0.003 5.743
aAB

 ± 0.141 0.436
aA

 ± 0.019 0.423
aA

 ± 0.021 

  Skin 4 0.050
bA

 ± 0.000 0.055
bA

 ± 0.003 3.400
cB

 ± 0.070 0.179
cA

 ± 0.007 0.455
aA

 ± 0.049 
a,b,c

Means with the same letter within a column for each treatment are not significantly different (P > 0.05). 
A,B,C

Means with the same letter within a column for each part are not significantly different (P > 0.05).   
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Table 4.26. Pantothenic acid content of non-enhanced national composites of dark 

chicken meat and skin, expressed as mg/100 g.  

Treatment Part n Pantothenic Acid 

Raw Drum 1 0.79 

  Thigh 1 1.10 

  Skin 1 0.07 

        

Roasted Drum 1 1.10 

  Thigh 1 1.20 

  Skin 1 0.61 

        

Braised Drum 1 1.10 

  Thigh 1 1.30 

  Skin 1 0.90 
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Table 4.27. B-vitamin content, expressed as mg/100 g and B12 content, expressed as 

µg/100 g of enhanced raw, roasted, and braised dark chicken meat and skin. 

Treatment Part n Thiamin Riboflavin Niacin B6 B12 

Raw Drum 1 0.090 0.170 5.070 0.348 0.540 

  Thigh 1 0.070 0.180 5.170 0.393 1.100 

  Skin 1 0.030 0.040 2.780 0.119 0.800 

                

Roasted Drum 1 0.090 0.180 5.330 0.386 0.500 

  Thigh 1 0.080 0.180 6.220 0.420 0.540 

  Skin 1 0.050 0.060 3.680 0.159 0.510 

                

Braised Drum 1 0.080 0.160 5.070 0.310 0.310 

  Thigh 1 0.080 0.140 6.330 0.308 0.340 

  Skin 1 0.050 0.040 3.300 0.144 0.270 
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thighs had the highest vitamin concentration for all cooking treatments except for thiamin 

in raw and roasted parts and riboflavin and B6 in braised parts in which drum lean were 

highest (Table 4.27).  As seen in the non-enhanced parts, niacin was present in enhanced 

parts at the highest concentration and thiamin at the lowest, except for braised skin which 

was lowest in riboflavin (Table 4.27).   

1979 Comparisons: Thiamin content of dark chicken meat and skin were similar 

in 1979 and 2010; however, all values were slightly higher in the current study (Table 

4.28).  From 1979 to 2010, an approximate thiamin increase of 0.01 to 0.02 mg/100 g 

was observed (Table 4.28).  Additionally, in 1979, raw and roasted drum lean had the 

highest thiamin content while thigh lean had the highest content in 2010 (Table 4.28).  

Riboflavin levels decreased from 1979 to the current study for all parts (Table 4.29).  All 

parts in 1979 were slightly higher than those in 2010 for niacin content (Table 4.30) and 

in pantothenic acid content with the exception of roasted thigh lean (Table 4.31).  Values 

from the current study were slightly higher than those previously published for all parts in 

B6 content (Table 4.32) and in B12 content (4.33). 
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Table 4.28. Thiamin content of non-enhanced raw and roasted dark chicken meat and 

skin in 1979
1
 compared to 2010 data (n = 4), expressed as mg/100 g (± SEM). 

Treatment Part n
1
 1979 2010 

Raw Drum 16 0.082 ± 0.004 0.088 ± 0.009 

  Thigh 16 0.076 ± 0.004 0.090 ± 0.007 

  Skin 16 0.033 ± 0.003 0.040 ± 0.000 

          

Roasted Drum 8 0.076 ± 0.006 0.093 ± 0.003 

  Thigh 8 0.074 ± 0.007 0.095 ± 0.003 

  Skin 8 0.036 ± 0.002 0.053 ± 0.003 
1
1979 values for raw and cooked, roasted broilers from Agriculture Handbook 8-5 

(USDA, 1979). 
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Table 4.29. Riboflavin content of non-enhanced raw and roasted dark chicken meat and 

skin in 1979
1
 compared to 2010 data (n = 4), expressed as mg/100 g (± SEM). 

Treatment Part n
1
 1979 2010 

Raw Drum 16 0.199 ± 0.006 0.188 ± 0.005 

  Thigh 16 0.188 ± 0.005  0.178 ± 0.011 

  Skin 16 0.069 ± 0.003 0.033 ± 0.003 

          

Roasted Drum 8 0.233 ± 0.007 0.183 ± 0.005 

  Thigh 8 0.231 ± 0.010 0.188 ± 0.003 

  Skin 8 0.127 ± 0.013 0.063 ± 0.003 
1
1979 values for raw and cooked, roasted broilers from Agriculture Handbook 8-5 

(USDA, 1979). 
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Table 4.30. Niacin content of non-enhanced raw and roasted dark chicken meat and skin 

in 1979
1
 compared to 2010 data (n = 4), expressed as mg/100 g (± SEM). 

Treatment Part n
1
 1979 2010 

Raw Drum 16 5.778 ± 0.202 5.193 ± 0.174 

  Thigh 16 6.328 ± 0.216 5.585 ± 0.106 

  Skin 16 3.987 ± 0.255 2.565 ± 0.065 

          

Roasted Drum 8 6.075 ± 0.357 5.553
 
± 0.130 

  Thigh 8 6.525 ± 0.580 6.185 ± 0.190 

  Skin 8 5.581 ± 0.371 3.918 ± 0.089 
1
1979 values for raw and cooked, roasted broilers from Agriculture Handbook 8-5 

(USDA, 1979). 
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Table 4.31. Pantothenic acid  content of non-enhanced raw and roasted dark chicken meat 

and skin in 1979
1
 compared to 2010 data from national composites (n = 1), expressed as 

mg/100 g. 

Treatment Part n
1
 1979² 2010 

Raw Drum 0³ 1.29 0.79 

  Thigh 0 1.23 1.10 

  Skin 1 0.69 0.07 

          

Roasted Drum 0 1.31 1.10 

  Thigh 0 1.18 1.20 

  Skin 0 0.71 0.61 
1
1979 values for raw and cooked, roasted broilers from Agriculture Handbook 8-5 

(USDA, 1979). 

²No standard error of the mean provided for values obtained from Agriculture Handbook 

8-5 (USDA, 1979). 

³1979 values estimated from other data.     
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Table 4.32. Vitamin B6 content of non-enhanced raw and roasted dark chicken meat and 

skin in 1979
1
 compared to 2010 data (n = 4), expressed as mg/100 g (± SEM). 

Treatment Part n
1
 1979² 2010 

Raw Drum 0³ 0.340 0.366 ± 0.004 

  Thigh 0 0.330 0.446 ± 0.018 

  Skin 1 0.090 0.116
 
± 0.004 

          

Roasted Drum 0 0.390 0.402 ± 0.011 

  Thigh 0 0.350 0.458 ± 0.010 

  Skin 0 0.100 0.197 ± 0.006 
1
1979 values for raw and cooked, roasted broilers from Agriculture Handbook 8-5 

(USDA, 1979). 

²No standard error of the mean provided for values obtained from Agriculture Handbook 

8-5 (USDA, 1979). 

³1979 values estimated from other 

data.       
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Table 4.33. Vitamin B12 content of non-enhanced raw and roasted dark chicken meat and 

skin in 1979
1
 compared to 2010 data (n = 4), expressed as µ/100 g (± SEM). 

Treatment Part n
1
 1979² 2010 

Raw Drum 0³ 0.370 0.538 ± 0.054 

  Thigh 3 0.350 0.640 ± 0.113 

  Skin 0 0.230 0.653 ± 0.157 

          

Roasted Drum 0 0.340 0.393 ± 0.054 

  Thigh 0 0.310 0.400 ± 0.033 

  Skin 0 0.200 0.505
 
± 0.025 

1
1979 values for raw and cooked, roasted broilers from Agriculture Handbook 8-5 

(USDA, 1979). 

²No standard error of the mean provided for values obtained from Agriculture Handbook 

8-5 (USDA, 1979). 

³1979 values estimated from other data.     
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Fat Profile 

Non-enhanced: Roasted and braised parts were all significantly higher in MUFA, 

PUFA, SFA, and trans FA than corresponding raw parts except for the skin (Table 4.34). 

Significant differences between cooking treatments occurred for MUFA and SFA in 

drum lean with braised parts having the highest levels and raw the lowest (Table 4.34).  

For each cooking treatment, skin was significantly higher in MUFA, PUFA, SFA, and 

trans FA than drum and thigh lean; which were not significantly different from each other 

except for SFA in braised parts where thigh lean was significantly higher than drum lean 

(Table 4.34).  The characteristic solid state of poultry skin fat at room temperature is 

accounted for by the higher levels of SFA in the skin.  Due to the lack of significant 

differences between drum and thigh lean for MUFA, PUFA, SFA, and trans FA, these 

two parts could be grouped together as ‘dark meat lean.’ All raw, roasted, and braised 

parts were highest in MUFA content and lowest in trans FA (Table 4.34).   

Enhanced: Cooking concentrated MUFA, PUFA, SFA, and trans FA in all parts 

except for braised skin (Table 4.35).  Skin had the highest concentration of each analyte 

for all cooking treatments (Table 4.35).  Drum and thigh lean were very similar in 

MUFA, PUFA, SFA, and trans FA content (Table 4.35).  Monounsaturated fatty acids 

were present in the highest concentration for all parts and trans FA the lowest (Table 

4.35).  Monounsaturated fatty acids, PUFA, SFA, and trans FA content were similar in 

non-enhanced and enhanced parts.   
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Table 4.34. Monounsaturated (MUFA), polyunsaturated (PUFA), saturated (SFA), and trans fatty acid (FA) content, expressed 

as g/100 g lean tissue or skin (± SEM), of non-enhanced raw, roasted, and braised dark chicken meat and skin. 

Treatment Part n MUFA PUFA SFA Trans FA 

Raw Drum 4 1.318
bC

 ± 0.062 0.863
bB

 ± 0.066 0.938
bC

 ± 0.053 0.018
bB 

± 0.003 

  Thigh 4 1.408
bB

 ± 0.033 0.900
bB

 ± 0.064 1.033
bB

 ± 0.019 0.018
bB

 ± 0.003 

  Skin 4 18.765
aA

 ± 1.067 8.933
aA 

± 0.387 9.778
aA

 ± 2.400 0.283
aA

 ± 0.018 

              

Roasted Drum 4 2.028
bB

 ± 0.088 1.120
bA

 ± 0.035 1.403
bB

 ± 0.035 0.030
bA

 ± 0.004 

  Thigh 4 3.338
bA 

± 0.134 1.615
bA

 ± 0.059 2.280
bA

 ± 0.040 0.048
bA

 ± 0.003 

  Skin 4 18.923
aA

 ± 1.305 8.650
aA 

± 0.421 12.155
aA

 ± 0.692 0.340
aA

 ± 0.023 

              

Braised Drum 4 2.290
bA

 ± 0.080 1.253
bA

 ± 0.093 1.570
cA

 ± 0.041 0.030
bA

 ± 0.00 

  Thigh 4 3.415
bA

 ± 0.180 1.548
bA

 ± 0.082 2.348
bA

 ± 0.083 0.045
bA

 ± 0.005 

  Skin 4 18.450
aA

 ± 0.623 8.495
aA

 ± 0.545 11.923
aA

 ± 0.304 0.313
aA

 ± 0.025 

a,b,c
Means with the same letter within a column for each cooking method are not significantly different (P > 0.05). 

A,B,C
Means with the same letter within a column for each part are not significantly different (P > 0.05). 
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Table 4.35. Monounsaturated (MUFA), polyunsaturated (PUFA), saturated (SFA), and 

trans fatty acid (FA) content, expressed as g/100 g lean tissue or skin, of enhanced raw, 

roasted, and braised dark chicken meat and skin. 

Treatment Part n MUFA PUFA SFA Trans FA 

Raw Drum 1 1.370 0.840 0.950 0.020 

  Thigh 1 1.440 0.880 1.010 0.020 

  Skin 1 16.940 8.070 10.570 0.230 

              

Roasted Drum 1 2.020 1.070 1.340 0.030 

  Thigh 1 3.620 1.660 2.400 0.050 

  Skin 1 18.270 9.000 11.390 0.390 

              

Braised Drum 1 2.590 1.330 1.730 0.040 

  Thigh 1 3.000 1.340 2.040 0.040 

  Skin 1 16.960 7.850 10.610 0.340 
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1979 Comparisons: Monounsaturated fatty acids increased from 1979 to the 

current study in all parts except for roasted thigh lean (Table 4.36).  Values were still 

similar differing on average about 0.2 g/100 g lean for raw drum and thigh lean and 

approximately 0.5 g/100 g lean for roasted drum and thigh lean (Table 4.36).  Raw skin 

increased about 5.2 g/100 g skin from 1979 to 2010 and roasted skin increased by 

approximately 1.9 g/100 g skin (Table 4.36).  PUFA content increased from 1979 to 2010 

in raw drum lean and skin (Table 4.37) An increase in PUFA content was also observed 

for roasted thigh lean and skin; however, values were still similar (Table 4.37).  Current 

feeding practices administer higher levels of PUFA to broilers to increase PUFA in edible 

tissues (Barroeta, 2007; Cortinas et al., 2004; Pinchasov and Nir, 1992).  This accounts 

for the increase of PUFA levels from 1979 to 2010.  Higher levels of SFA were observed 

in 2010 broilers for all raw parts and roasted skin (Table 4.38).  Trans FA decreased from 

1979 to 2010 for all raw parts (values not provided for 1979 roasted parts) (Table 4.39).   

 

Fatty Acid Composition 

Non-enhanced: For the separable lean of drums, the majority of differences 

included raw drum lean having a  significantly lower FA content than roasted and braised 

parts; which were not significantly different from each other (Table 4.40).   Palmitic acid 

was the only FA that was present at significantly different concentrations in raw, roasted, 

and braised drum lean with 0.687, 1.037, and 1.172 g/ 100 g of lean, respectively (Table  

 



Texas Tech University, Samantha Stephenson, May 2014 
 

100 

Table 4.36. Monounsaturated fat content of non-enhanced raw and roasted dark chicken 

meat and skin in 1979
1
 (n = 0²) compared to 2010 data (n = 4), expressed as g/100 g lean 

tissue or skin (± SEM). 

Treatment Part 1979 2010 

Raw Drum 1.060 1.318 ± 0.062 

  Thigh 1.210 1.408 ± 0.033 

  Skin 13.540 18.765 ± 1.067 

        

Roasted Drum 1.870 2.028 ± 0.088 

  Thigh 4.150 3.338
 
± 0.134 

  Skin 17.030 18.923 ± 1.305 
1
1979 values for raw and cooked, roasted broilers from Agriculture Handbook 8-5 

(USDA, 1979). 

²1979 values estimated from other data and no standard error of the mean provided for 

values obtained from Agriculture Handbook 8-5 (USDA, 1979). 
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Table 4.37. Polyunsaturated fat content of non-enhanced raw and roasted dark chicken 

meat and skin in 1979
1
 (n = 0²) compared to 2010 data (n = 4), expressed as g/100 g lean 

tissue or skin (± SEM). 

Treatment Part 1979 2010 

Raw Drum 0.850 0.863 ± 0.066 

  Thigh 0.970 0.900 ± 0.064 

  Skin 6.810 8.933
 
± 0.387 

        

Roasted Drum 1.370 1.120 ± 0.035 

  Thigh 2.480 1.615 ± 0.059 

  Skin 8.570 8.650± 0.421 
1
1979 values for raw and cooked, roasted broilers from Agriculture Handbook 8-5 

(USDA, 1979). 

²1979 values estimated from other data and no standard error of the mean provided for 

values obtained from Agriculture Handbook 8-5 (USDA, 1979). 
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Table 4.38. Saturated fat content of non-enhanced raw and roasted dark chicken meat and 

skin in 1979
1
 (n = 0²) compared to 2010 data (n = 4), expressed as g/100 g lean tissue or 

skin (± SEM). 

Treatment Part 1979 2010 

Raw Drum 0.880 0.938 ± 0.053 

  Thigh 1.000 1.033 ± 0.019 

  Skin 9.080 9.778 ± 2.400 

        

Roasted Drum 1.480 1.403 ± 0.035 

  Thigh 3.030 2.280 ± 0.040 

  Skin 11.420 12.155 ± 0.692 
1
1979 values for raw and cooked, roasted broilers from Agriculture Handbook 8-5 

(USDA, 1979). 

²1979 values estimated from other data and no standard error of the mean provided for 

values obtained from Agriculture Handbook 8-5 (USDA, 1979). 
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Table 4.39. Trans fat content of non-enhanced raw dark chicken meat and skin in 1979
1
 

(n = 0²) compared to 2010 data (n = 4), expressed as g/100 g fat (± SEM). 

Treatment Part 1979 2010 

Raw Drum 0.093 0.018 ± 0.003 

  Thigh 0.106 0.018 ± 0.003 

  Skin 0.349 0.283 ± 0.018 
1
1979 values for raw and cooked, roasted broilers from Agriculture Handbook 8-5 

(USDA, 1979). 

²1979 values estimated from other data and no standard error of the mean provided for 

values obtained from Agriculture Handbook 8-5 (USDA, 1979). 
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Table 4.40. Fatty acid (FA) composition of separable lean (g/100 g of separable lean) of non-enhanced drumsticks prepared by 

three methods (± SEM). 

  Raw Roasted Braised 

Fatty acids (n = 4) (n = 4) (n = 4) 

4:0 Butyric 0.001
a
 ± 0.000 0.001

a
 ± 0.000 0.001

a
 ± 0.000 

5:0 Valeric 0.000
a
 ± 0.000 0.000

a
± 0.000 0.000

a
 ± 0.000 

6:0 Caproic 0.000
b
 ± 0.000 0.002

a
 ± 0.000 0.002

a
 ± 0.000 

7:0 Enanthic 0.000
a
 ± 0.000 0.000

a
 ± 0.000 0.000

a
 ± 0.000 

8:0 Caprylic 0.001
b
 ± 0.000 0.003

a
 ± 0.000 0.002

ab
 ± 0.001 

9:0 Pelargonic 0.000
a
 ± 0.000 0.000

a
 ± 0.000 0.000

a
 ± 0.000 

10:0 Capric 0.000
a
 ± 0.000 0.000

a
 ± 0.000 0.000

a
 ± 0.000 

Undecanoic 0.000
a
 ± 0.000 0.000

a
 ± 0.000 0.000

a
 ± 0.000 

12:0 Lauric 0.002
a
 ± 0.000 0.003

a
 ± 0.001 0.003

a
 ± 0.000 

12:1 Dodecenoic 0.000
a
 ± 0.000 0.000

a
 ± 0.000 0.000

a
 ± 0.000 

14:0 Myristic  0.017
b
 ± 0.002 0.026

a
 ± 0.001 0.029

a
 ± 0.002 

14:1 Myristoleic 0.006
b
 ± 0.000 0.010

a
 ± 0.001 0.011

a
 ± 0.001 

14:1 trans-Tetradecenoic 0.000
a
 ± 0.000 0.000

a
 ± 0.000 0.000

a
 ± 0.000 

15:0 Pentadecanoic 0.003
b
 ± 0.000 0.005

a
 ± 0.000 0.005

a
 ± 0.000 

15:1 Pentadecenoic 0.000
a
 ± 0.000 0.000

a
 ± 0.000 0.000

a
 ± 0.000 

16:0 Palmitic 0.687
c
 ± 0.037 1.037

b
 ± 0.028 1.172

a
 ± 0.032 

16:1 Palmitoleic 0.201
b
 ± 0.010 0.309

a
 ± 0.024 0.354

a
 ± 0.021 

16:1 trans-Hexadecenoic 0.002
a
 ± 0.000 0.004

a
 ± 0.001 0.003

a
 ± 0.000 

17:0 Margaric 0.003
b
 ± 0.000 0.006

a
 ± 0.001 0.006

a
 ± 0.000 
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17:1 Margaroleic 0.003
a
 ± 0.001 0.005

a
 ± 0.001 0.004

a
 ± 0.001 

18:0 Stearic 0.216
b
 ± 0.013 0.312

a
 ± 0.009 0.340

a
 ± 0.009 

18:1 Oleic  1.096
b
 ± 0.057 1.687

a
 ± 0.065 1.901

a
 ± 0.064 

18:1 trans-Octadecenoic (incl. Elaidic) 0.011
b
 ± 0.002 0.017

a
 ± 0.002 0.018

a
 ± 0.002 

18:2 Linoleic 0.669
b
 ± 0.057 0.915

a
 ± 0.030 1.039

a
 ± 0.086 

18:2 conj Linoleic 0.004
a
 ± 0.000 0.004

a
 ± 0.000 0.005

a
 ± 0.000 

18:2 trans-Octadecadienoic 0.004
b
 ± 0.000 0.007

a
 ± 0.001 0.008

a
 ± 0.001 

18:3 g-Linolenic 0.007
b
 ± 0.001 0.009

a
 ± 0.000 0.010

a
 ± 0.001 

18:3 Linolenic 0.028
a
 ± 0.004 0.037

a
 ± 0.003 0.043

a
 ± 0.005 

18:3 trans-Octadecatrienoic 0.000
a
 ± 0.000 0.000

a
 ± 0.000 0.000

a
 ± 0.000 

18:4 Moroctic 0.001
a
 ± 0.000 0.000

a
 ± 0.000 0.000

a
 ± 0.000 

20:0 Arachidic 0.003
a
 ± 0.000 0.003

a
 ± 0.000 0.004

a
 ± 0.000 

20:1 Eicosenoic 0.013
b
 ± 0.001 0.018

a
 ± 0.001 0.021

a
 ± 0.001 

20:1 trans-Eicosenoic 0.001
a
 ± 0.000 0.001

a
 ± 0.000 0.001

a
 ± 0.000 

20:2 Eicosadienoic 0.008
a
 ± 0.001 0.010

a
 ± 0.001 0.010

a
 ± 0.001 

20:3 11,14,17-Eicosatrienoic 0.000
a
 ± 0.000 0.000

a
 ± 0.000 0.000

a
 ± 0.000 

20:3 5,8,11-Eicosatrienoic 0.000
a
 ± 0.000 0.000

a
 ± 0.000 0.000

a
 ± 0.000 

20:3 8,11,14-Eicosatrienoic (gamma) 0.015
b
 ± 0.000 0.018

a
 ± 0.001 0.019

a
 ± 0.000 

20:4 Arachidonic 0.095
a
 ± 0.002 0.090

a
 ± 0.003 0.089

a
 ± 0.002 

20:5 Eicosapentaenoic 0.003
b
 ± 0.000 0.004

ab
 ± 0.000 0.005

a
 ± 0.000 

21:0 Heneicosanoic 0.000
a
 ± 0.000 0.000

a
 ± 0.000 0.001

a
 ± 0.000 

22:0 Behenic 0.006
a
 ± 0.000 0.007

a
 ± 0.001 0.007

a
 ± 0.000 

22:1 Erucic 0.000
a
 ± 0.000 0.000

a
 ± 0.000 0.000

a
 ± 0.000 
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22:1 Brassidic 0.000
a
 ± 0.000 0.000

a
 ± 0.000 0.000

a
 ± 0.000 

22:2 Docosadienoic 0.000
a
 ± 0.000 0.000

a
 ± 0.000 0.000

a
 ± 0.000 

22:3 Docosatrienoic 0.000
b
 ± 0.000 0.001

b
 ± 0.001 0.003

a
 ± 0.000 

22:4 Docosatetraenoic 0.023
a
 ± 0.001 0.023

a
 ± 0.001 0.022

a
 ± 0.001 

22:5 Docosapentaenoic 0.010
a
 ± 0.001 0.009

a
 ± 0.001 0.009

a
 ± 0.000 

22:6 Docosahexaenoic 0.007
a
 ± 0.001 0.006

a
 ± 0.000 0.005

a
 ± 0.001 

23:0 Tricosanoic 0.000
a
 ± 0.000 0.000

a
 ± 0.000 0.000

a
 ± 0.000 

24:0 Lignoceric 0.000
a
 ± 0.000 0.000

a
 ± 0.000 0.000

a
 ± 0.000 

24:1 Nervonic 0.000
b
 ± 0.000 0.001

b
 ± 0.001 0.002

a
 ± 0.000 

Unsaturated FA 2.180
b
 ± 0.123 3.148

a
 ± 0.061 3.543

a
 ± 0.134 

Total Saturated FA 0.938
c
 ± 0.053 1.403

b
 ± 0.035 1.570

a
  ± 0.041 

Omega 3 FA 0.047
a
 ± 0.006 0.056

a
 ± 0.004 0.061

a
 ± 0.005 

Omega 6 FA 0.779
b
 ± 0.060 1.023

a
 ± 0.031 1.148

a
 ± 0.089 

Total FA   3.118
c
 ± 0.176 4.550

b
 ± 0.095 5.113

a
 ± 0.174 

Total Cis MUFA  1.318
b
 ± 0.062 2.028

a
 ± 0.088 2.290

a
 ± 0.080 

Total Cis PUFA  0.863
b
 ± 0.066 1.120

a
 ± 0.035 1.253

a
 ± 0.093 

Total Conj. FA 0.003
a
 ± 0.003 0.003

a
 ± 0.003 0.008

a
 ± 0.003 

Total Trans FA 0.018
b
 ± 0.003 0.030

a
 ± 0.004 0.030

a
 ± 0.000 

a,b,c
Means with the same letter within a row are not significantly different (P > 0.05). 
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4.40).  Omega 6 FA content was higher in raw, roasted, and braised drum lean than 

omega 3 FA (Table 4.40).  The top five FA present in drum lean were palmitic, 

palmitoleic, stearic, oleic, and linoleic in which oleic was present at the highest 

concentration in all cooking treatments (Table 4.40).  Significant differences between all 

cooking treatments for thigh lean was observed for eicosapentaenoic, docosatrienoic, g-

linolenic, and nervonic acid (Table 4.41). Braised thigh lean had significantly higher 

concentrations of these fatty acids while raw thigh lean had the lowest (Table 4.41).  Of 

these fatty acids, g-linolenic acid was significantly highest in roasted thigh lean (Table 

4.41).  Docosahexaenoic acid was the only FA significantly highest in raw thighs (Table 

4.41). Additionally, omega 6 FA were higher in thigh lean than omega 3 FA by 

approximately 0.8, 1.4, and 1.4 g/100 g lean in raw, roasted, and braised parts, 

respectively (Table 4.41).  The top five FA present in thigh lean were the same as those 

in drum lean with oleic as the top FA present (Table 4.41).  

 No significant differences were present between raw, roasted, and braised cooking 

methods for skin (Table 4.42).  Palmitic, palmitoleic, stearic, oleic, and linoleic acid were 

the top five FA in the skin with oleic present at the highest concentration for all cooking 

treatments (Table 4.42).  While highest in braised drum and thigh lean, oleic acid was 

highest in the skin after roasting.  The average content of oleic acid was 15.7 g/ 100 g 

skin which was approximately 14.1 and 13.4 g/ 100 g of sample higher than averages for 

drum and thigh lean, respectively.  Omega 6 and 3 FA were also substantially higher in 

skin than drum and thigh lean (Table 4.42).   
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Table 4.41. Fatty acid (FA) composition of separable lean (g/100 g of separable lean) of non-enhanced thighs prepared by 

three methods (± SEM). 

  Raw Roasted Braised 

Fatty acids (n = 4) (n = 4) (n = 4) 

4:0 Butyric 0.002
a
 ± 0.000 0.001

a
 ± 0.000 0.001

a
 ± 0.000 

5:0 Valeric 0.000
a
 ± 0.000 0.000

a
 ± 0.000 0.000

a
 ± 0.000 

6:0 Caproic 0.000
b
 ± 0.000 0.002

a
 ± 0.000 0.002

a
 ± 0.000 

7:0 Enanthic 0.000
a
 ± 0.000 0.000

a
 ± 0.000 0.000

a
 ± 0.000 

8:0 Caprylic 0.001
b
 ± 0.000 0.002

a
 ± 0.000 0.002

a
 ± 0.000 

9:0 Pelargonic 0.000
a
 ± 0.000 0.000

a
 ± 0.000 0.000

a
 ± 0.000 

10:0 Capric 0.000
a
 ± 0.000 0.000

a
 ± 0.000 0.000

a
 ± 0.000 

Undecanoic 0.000
a
 ± 0.000 0.000

a
 ± 0.000 0.000

a
 ± 0.000 

12:0 Lauric 0.002
b
 ± 0.000 0.004

a
 ± 0.001 0.004

a
 ± 0.001 

12:1 Dodecenoic 0.000
a
 ± 0.000 0.000

a
 ± 0.000 0.000

a
 ± 0.000 

14:0 Myristic  0.018
b
 ± 0.001 0.043

a
 ± 0.001 0.045

a
 ± 0.003 

14:1 Myristoleic 0.006
b
 ± 0.000 0.016

a
 ± 0.001 0.016

a
 ± 0.001 

14:1 trans-Tetradecenoic 0.000
a
 ± 0.000 0.000

a
 ± 0.000 0.000

a
 ± 0.000 

15:0 Pentadecanoic 0.003
b
 ± 0.000 0.007

a
 ± 0.000 0.006

a
 ± 0.001 

15:1 Pentadecenoic 0.000
a
 ± 0.000 0.000

a
 ± 0.000 0.000

a
 ± 0.000 

16:0 Palmitic 0.748
b
 ± 0.016 1.737

a
 ± 0.041 1.782

a
 ± 0.070 

16:1 Palmitoleic 0.201
b
 ± 0.011 0.493

a
 ± 0.037 0.502

a
 ± 0.044 

16:1 trans-Hexadecenoic 0.002
b
 ± 0.000 0.004

a
 ± 0.001 0.004

a
 ± 0.001 

17:0 Margaric 0.004
b
 ± 0.000 0.009

a
 ± 0.001 0.009

a
 ± 0.000 

17:1 Margaroleic 0.003
b
 ± 0.001 0.007

a
 ± 0.001 0.007

a
 ± 0.001 

18:0 Stearic 0.240
b
 ± 0.006 0.465

a
 ± 0.002 0.483

a
 ± 0.012 
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18:1 Oleic  1.186
b
 ± 0.024 2.789

a
 ± 0.096 2.850

a
 ± 0.134 

18:1 trans-Octadecenoic (incl. Elaidic) 0.011
b
 ± 0.001 0.027

a
 ± 0.002 0.029

a
 ± 0.003 

18:2 Linoleic 0.710
b
 ± 0.057 1.391

a
 ± 0.055 1.320

a
 ± 0.075 

18:2 conj Linoleic 0.007
b
 ± 0.002 0.008

a
 ± 0.001 0.008

a
 ± 0.001 

18:2 trans-Octadecadienoic 0.005
b
 ± 0.000 0.013

a
 ± 0.000 0.014

a
 ± 0.002 

18:3 g-Linolenic 0.007
c
 ± 0.000 0.014

a
 ± 0.001 0.012

b
 ± 0.001 

18:3 Linolenic 0.028
b
 ± 0.004 0.058

a
 ± 0.004 0.052

a
 ± 0.006 

18:3 trans-Octadecatrienoic 0.000
a
 ± 0.000 0.000

a
 ± 0.000 0.000

a
 ± 0.000 

18:4 Moroctic 0.001
a
 ± 0.000 0.001

a
 ± 0.000 0.001

a
 ± 0.000 

20:0 Arachidic 0.003
b
 ± 0.000 0.005

a
 ± 0.000 0.005

a
 ± 0.000 

20:1 Eicosenoic  0.014
b
 ± 0.000 0.029

a
 ± 0.001 0.031

a
 ± 0.002 

20:1 trans-Eicosenoic 0.001
b
 ± 0.000 0.001

ab
 ± 0.000 0.002

a
 ± 0.000 

20:2 Eicosadienoic 0.008
b
 ± 0.001 0.010

a
 ± 0.001 0.011

a
 ± 0.001 

20:3 11,14,17-Eicosatrienoic 0.000
a
 ± 0.000 0.000

a
 ± 0.000 0.000

a
 ± 0.000 

20:3 5,8,11-Eicosatrienoic 0.000
a
 ± 0.000 0.000

a
 ± 0.000 0.000

a
 ± 0.000 

20:3 8,11,14-Eicosatrienoic (gamma) 0.017
b
 ± 0.000 0.021

a
 ± 0.000 0.020

a
 ± 0.001 

20:4 Arachidonic 0.092
b
 ± 0.002 0.078

a
 ± 0.001 0.080

a
 ± 0.001 

20:5 Eicosapentaenoic 0.003
c
 ± 0.000 0.005

b
 ± 0.000 0.009

a
 ± 0.000 

21:0 Heneicosanoic 0.001
a
 ± 0.000 0.001

a
 ± 0.000 0.001

a
 ± 0.000 

22:0 Behenic 0.008
a
 ± 0.001 0.008

a
 ± 0.001 0.008

a
 ± 0.001 

22:1 Erucic 0.000
a
 ± 0.000 0.001

a
 ± 0.001 0.001

a
 ± 0.001 

22:1 Brassidic 0.000
a
 ± 0.000 0.000

a
 ± 0.000 0.000

a
 ± 0.000 

22:2 Docosadienoic 0.000
a
 ± 0.000 0.000

a
 ± 0.000 0.001

a
 ± 0.001 

22:3 Docosatrienoic 0.000
c
 ± 0.000 0.005

b
 ± 0.000 0.011

a
 ± 0.001 

22:4 Docosatetraenoic 0.021
a
 ± 0.001 0.019

a
 ± 0.000 0.019

a
 ± 0.000 
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22:5 Docosapentaenoic 0.009
a
 ± 0.001 0.008

a
 ± 0.001 0.007

a
 ± 0.000 

22:6 Docosahexaenoic 0.007
a
 ± 0.000 0.004

b
 ± 0.000 0.004

b
 ± 0.001 

23:0 Tricosanoic 0.000
a
 ± 0.000 0.000

a
 ± 0.000 0.000

a
 ± 0.000 

24:0 Lignoceric 0.001
a
 ± 0.001 0.000

a
 ± 0.000 0.000

a
 ± 0.000 

24:1 Nervonic 0.000
c
 ± 0.000 0.003

b
 ± 0.000 0.008

a
 ± 0.001 

Unsaturated FA 2.308
b
 ± 0.068 4.953

a
 ± 0.098 4.963

a
 ± 0.185 

Total Saturated FA 1.033
b
 ± 0.019 2.280

a
 ± 0.040 2.348

a
 ± 0.083 

Omega 3 FA 0.046
b
 ± 0.005 0.075

a
 ± 0.005 0.072

a
 ± 0.007 

Omega 6 FA 0.817
b
 ± 0.059 1.494

a
 ± 0.055 1.422

a
 ± 0.075 

Total FA   3.340
b
 ± 0.087 7.233

a
 ± 0.270 7.310

a
 ± 0.267 

Total Cis MUFA  1.408
b
 ± 0.033 3.338

a
 ± 0.134 3.415

a
 ± 0.180 

Total Cis PUFA  0.900
b
 ± 0.064 1.615

a
 ± 0.059 1.548

a
 ± 0.082 

Total Conj. FA 0.005
a
 ± 0.003 0.010

a
 ± 0.000 0.010

a
 ± 0.000 

Total Trans FA 0.018
b
 ± 0.003 0.048

a
 ± 0.003 0.045

a
 ± 0.005 

a,b,c
Means with the same letter within a row are not significantly different (P > 0.05). 
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Table 4.42. Fatty acid (FA) composition (g/100 g of skin) of non-enhanced dark chicken meat skin prepared by three methods             

(± SEM). 

  Raw Roasted Braised 

Fatty acids (n = 4) (n = 4) (n = 4) 

4:0 Butyric 0.001
a
 ± 0.000 0.001

a
 ± 0.000 0.001

a
 ± 0.000 

5:0 Valeric 0.000
a
 ± 0.000 0.000

a
 ± 0.000 0.000

a
 ± 0.000 

6:0 Caproic 0.000
a
 ± 0.000 0.001

a
 ± 0.000 0.000

a
 ± 0.000 

7:0 Enanthic 0.000
a
 ± 0.000 0.000

a
 ± 0.000 0.000

a
 ± 0.000 

8:0 Caprylic 0.003
a
 ± 0.000 0.004

a
 ± 0.001 0.004

a
 ± 0.001 

9:0 Pelargonic 0.002
a
 ± 0.000 0.002

a
 ± 0.001 0.001

a
 ± 0.000 

10:0 Capric 0.006
a
 ± 0.000 0.007

a
 ± 0.000 0.006

a
 ± 0.001 

Undecanoic 0.000
a
 ± 0.000 0.000

a
 ± 0.000 0.000

a
 ± 0.000 

12:0 Lauric 0.021
a
 ± 0.005 0.023

a
 ± 0.005 0.023

a
 ± 0.005 

12:1 Dodecenoic 0.000
a
 ± 0.000 0.000

a
 ± 0.000 0.000

a
 ± 0.000 

14:0 Myristic  0.253
a
 ± 0.012 0.258

a
 ± 0.017 0.248

a
 ± 0.015 

14:1 Myristoleic 0.091
a
 ± 0.005 0.094

a
 ± 0.006 0.089

a
 ± 0.005 

14:1 trans-Tetradecenoic 0.001
a
 ± 0.000 0.001

a
 ± 0.001 0.000

a
 ± 0.000 

15:0 Pentadecanoic 0.028
a
 ± 0.003 0.031

a
 ± 0.003 0.029

a
 ± 0.003 

15:1 Pentadecenoic 0.000
a
 ± 0.000 0.000

a
 ± 0.000 0.000

a
 ± 0.000 

16:0 Palmitic 7.176
a
 ± 2.417 9.565

a
 ± 0.561 9.391

a
 ± 0.247 

16:1 Palmitoleic 2.660
a
 ± 0.274 2.797

a
 ± 0.274 2.701

a
 ± 0.179 

16:1 trans-Hexadecenoic 0.019
a
 ± 0.003 0.021

a
 ± 0.002 0.019

a
 ± 0.002 

17:0 Margaric 0.051
a
 ± 0.003 0.051

a
 ± 0.005 0.039

a
 ± 0.013 

17:1 Margaroleic 0.039
a
 ± 0.003 0.040

a
 ± 0.004 0.039

a
 ± 0.004 

18:0 Stearic 2.171
a
 ± 0.035 2.151

a
 ± 0.121 2.122

a
 ± 0.062 
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18:1 Oleic 15.804
a
 ± 0.787 15.831

a
 ± 1.025 15.459

a
 ± 0.468 

18:1 trans-Octadecenoic (incl. Elaidic) 0.143
a
 ± 0.013 0.144

a
 ± 0.017 0.138

a
 ± 0.018 

18:2 Linoleic 8.165
a
 ± 0.343 7.927

a
 ± 0.391 7.790

a
 ± 0.507 

18:2 conj Linoleic 0.056
a
 ± 0.003 0.057

a
 ± 0.006 0.055

a
 ± 0.004 

18:2 trans-Octadecadienoic 0.068
a
 ± 0.004 0.082

a
 ± 0.005 0.068

a
 ± 0.005 

18:3 g-Linolenic 0.044
a
 ± 0.025 0.000

a
 ± 0.000 0.000

a
 ± 0.000 

18:3 Linolenic 0.397
a
 ± 0.030 0.385

a
 ± 0.034 0.381

a
 ± 0.038 

18:3 trans-Octadecatrienoic 0.000
a
 ± 0.000 0.000

a
 ± 0.000 0.000

a
 ± 0.000 

18:4 Moroctic 0.009
a
 ± 0.000 0.009

a
 ± 0.001 0.008

a
 ± 0.001 

20:0 Arachidic 0.029
a
 ± 0.000 0.029

a
 ± 0.001 0.028

a
 ± 0.001 

20:1 Eicosenoic 0.162
a
 ± 0.008 0.159

a
 ± 0.012 0.157

a
 ± 0.006 

20:1 trans-Eicosenoic 0.052
a
 ± 0.027 0.095

a
 ± 0.006 0.090

a
 ± 0.004 

20:2 Eicosadienoic 0.051
a
 ± 0.003 0.048

a
 ± 0.001 0.048

a
 ± 0.002 

20:3 11,14,17-Eicosatrienoic 0.003
a
 ± 0.000 0.003

a
 ± 0.001 0.003

a
 ± 0.001 

20:3 5,8,11-Eicosatrienoic 0.000
a
 ± 0.000 0.000

a
 ± 0.000 0.000

a
 ± 0.000 

20:3 8,11,14-Eicosatrienoic (gamma) 0.069
a
 ± 0.001 0.068

a
 ± 0.003 0.066

a
 ± 0.002 

20:4 Arachidonic 0.133
a
 ± 0.005 0.143

a
 ± 0.006 0.134

a
 ± 0.004 

20:5 Eicosapentaenoic 0.007
a
 ± 0.000 0.008

a
 ± 0.000 0.007

a
 ± 0.000 

21:0 Heneicosanoic 0.008
a
 ± 0.001 0.006

a
 ± 0.001 0.007

a
 ± 0.001 

22:0 Behenic 0.025
a
 ± 0.002 0.024

a
 ± 0.002 0.023

a
 ± 0.002 

22:1 Erucic 0.006
a
 ± 0.000 0.005

a
 ± 0.000 0.005

a
 ± 0.000 

22:1 Brassidic 0.000
a
 ± 0.000 0.000

a
 ± 0.000 0.000

a
 ± 0.000 

22:2 Docosadienoic 0.003
a
 ± 0.000 0.003

a
 ± 0.001 0.003

a
 ± 0.000 

22:3 Docosatrienoic 0.001
a
 ± 0.001 0.002

a
 ± 0.001 0.000

a
 ± 0.000 

22:4 Docosatetraenoic 0.030
a
 ± 0.001 0.033

a
 ± 0.002 0.031

a
 ± 0.001 
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22:5 Docosapentaenoic 0.015
a
 ± 0.001 0.015

a
 ± 0.000 0.014

a
 ± 0.000 

22:6 Docosahexaenoic 0.008
a
 ± 0.001 0.007

a
 ± 0.000 0.008

a
 ± 0.001 

23:0 Tricosanoic 0.000
a
 ± 0.000 0.000

a
 ± 0.000 0.000

a
 ± 0.000 

24:0 Lignoceric 0.004
a
 ± 0.000 0.003

a
 ± 0.000 0.003

a
 ± 0.000 

24:1 Nervonic 0.001
a
 ± 0.000 0.001

a
 ± 0.001 0.000

a
 ± 0.000 

Unsaturated FA 27.698
a
 ± 0.857 27.573

a
 ± 1.309 26.945

a
 ± 0.733 

Total Saturated FA 9.778
a
 ± 2.400 12.155

a
 ± 0.692 11.923

a
 ± 0.304 

Omega 3 FA 0.429
a
 ± 0.031 0.419

a
 ± 0.035 0.412

a
 ± 0.040 

Omega 6 FA 8.393
a
 ± 0.340 8.119

a
 ± 0.391 7.973

a
 ± 0.508 

Total FA  37.475
a
 ± 2.903 39.728

a
 ± 1.998 38.868

a
 ± 1.029 

Total Cis MUFA  18.765
a
 ± 1.067 18.923

a
 ± 1.305 18.450

a
 ± 0.623 

Total Cis PUFA  8.933
a
 ± 0.387 8.650

a
 ± 0.421 8.495

a
 ± 0.545 

Total Conj. FA 0.055
a
 ± 0.003 0.058

a
 ± 0.005 0.055

a
 ± 0.003 

Total Trans FA 0.283
a
 ± 0.018 0.340

a
 ± 0.023 0.313

a
 ± 0.025 

a,b,c
Means with the same letter within a row are not significantly different (P > 0.05). 
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Enhanced: The top five FA for all enhanced parts were the same as non-

enhanced: palmitic, palmitoleic, stearic, oleic, and linoleic acid (Table 4.43, 4.44, 4.45).  

These FA were all higher in cooked parts except for linoleic acid; which was higher in 

raw skin compared to braised skin (Table 4.43, 4.44, 4.45). Thigh lean had higher 

concentrations of palmitic, palmitoleic, stearic, and linoleic FA than drum lean while skin 

had highest concentrations overall (Table 4.43, 4.44, 4.45).  Skin had a higher total fat 

content than drum and thigh lean due to increased availability of adipocytes for storage.  

Amino Acid Composition 

 Analysis was conducted only on raw parts.  Drum and thigh lean did not differ in 

tryptophan, cystine, methionine, serine, glutamic acid, alanine, phenylalanine, and 

arginine content (Table 4.46).  Separable lean of drums and thighs were higher for all 

amino acids when compared to the skin except for glycine (Table 4.46).  Higher amino 

acid content in the lean tissue of drums and thighs was expected from the higher protein 

content of these two parts.  The separable lean of drums and thighs and skin did not differ 

significantly in proline content (Table 4.46). Thigh lean was significantly higher than 

drum lean and skin significantly lower in aspartic acid, threonine, valine, isoleucine, 

leucine, tyrosine, total lysine, and histidine content (Table 4.46).  Aspartic acid, glutamic 

acid, and total lysine were the amino acids present at the highest percentages in drum and 

thigh lean (Table 4.46).  For the skin, glycine, aspartic acid, and glutamic acid were the 

top three amino acids with glycine present at the highest percentage (Table 4.46). 

Glutamic acid was the most prevalent amino acid in drum and thigh lean at 3.11% and 

3.14%, respectively. (Table 4.46).   



Texas Tech University, Samantha Stephenson, May 2014 
 

115 

Table 4.43. Fatty acid (FA) composition of separable lean (g/100 g of separable lean) of 

enhanced drumsticks prepared by three methods. 

  Raw Roasted Braised 

Fatty acids (n = 1) (n = 1) (n = 1) 

4:0 Butyric 0.001 0.002 0.001 

5:0 Valeric 0.000 0.000 0.000 

6:0 Caproic 0.000 0.001 0.001 

7:0 Enanthic 0.000 0.000 0.000 

8:0 Caprylic 0.001 0.001 0.002 

9:0 Pelargonic 0.000 0.000 0.000 

10:0 Capric 0.000 0.000 0.000 

Undecanoic 0.000 0.000 0.000 

12:0 Lauric 0.003 0.003 0.004 

12:1 Dodecenoic 0.000 0.000 0.000 

14:0 Myristic  0.018 0.024 0.032 

14:1 Myristoleic 0.007 0.010 0.014 

14:1 trans-Tetradecenoic 0.000 0.000 0.000 

15:0 Pentadecanoic 0.002 0.004 0.005 

15:1 Pentadecenoic 0.000 0.000 0.000 

16:0 Palmitic 0.702 1.008 1.299 

16:1 Palmitoleic 0.231 0.341 0.441 

16:1 trans-Hexadecenoic 0.002 0.002 0.004 

17:0 Margaric 0.003 0.005 0.006 

17:1 Margaroleic 0.003 0.004 0.003 

18:0 Stearic 0.213 0.280 0.367 

18:1 Oleic 1.119 1.643 2.101 

18:1 trans-Octadecenoic (incl. Elaidic) 0.013 0.018 0.021 

18:2 Linoleic 0.654 0.874 1.115 

18:2 conj Linoleic 0.004 0.004 0.007 

18:2 trans-Octadecadienoic 0.006 0.007 0.010 

18:3 g-Linolenic 0.007 0.010 0.012 

18:3 Linolenic 0.029 0.038 0.050 

18:3 trans-Octadecatrienoic 0.000 0.000 0.000 

18:4 Moroctic 0.001 0.000 0.000 

20:0 Arachidic 0.002 0.002 0.005 

20:1 Eicosenoic (incl. Gadoleic) 0.014 0.017 0.024 

20:1 trans-Eicosenoic 0.001 0.002 0.001 

20:2 Eicosadienoic 0.008 0.008 0.009 

20:3 11,14,17-Eicosatrienoic 0.000 0.000 0.000 

20:3 5,8,11-Eicosatrienoic 0.000 0.000 0.000 
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20:3 8,11,14-Eicosatrienoic (gamma) 0.015 0.017 0.020 

20:4 Arachidonic 0.090 0.082 0.086 

20:5 Eicosapentaenoic 0.002 0.003 0.004 

21:0 Heneicosanoic 0.000 0.001 0.002 

22:0 Behenic 0.007 0.007 0.008 

22:1 Erucic 0.000 0.000 0.000 

22:1 Brassidic 0.000 0.000 0.000 

22:2 Docosadienoic 0.000 0.000 0.000 

22:3 Docosatrienoic 0.000 0.000 0.003 

22:4 Docosatetraenoic 0.021 0.021 0.022 

22:5 Docosapentaenoic 0.008 0.008 0.008 

22:6 Docosahexaenoic 0.005 0.005 0.006 

23:0 Tricosanoic 0.000 0.000 0.000 

24:0 Lignoceric 0.001 0.000 0.000 

24:1 Nervonic 0.000 0.000 0.003 

Unsaturated FA 2.210 3.090 3.920 

Total Saturated FA 0.950 1.340 1.730 

Omega 3 FA 0.044 0.054 0.068 

Omega 6 FA 0.759 0.974 1.222 

Total FA   3.160 4.430 5.650 

Total Cis MUFA  1.37 2.02 2.59 

Total Cis PUFA  0.840 1.070 1.330 

Total Conj. FA 0.000 0.000 0.010 

Total Trans FA 0.020 0.030 0.040 
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Table 4.44. Fatty acid (FA) composition of separable lean (g/100 g of separable lean) of 

enhanced thighs prepared by three methods. 

  Raw Roasted Braised 

Fatty acids (n = 1) (n = 1) (n = 1) 

4:0 Butyric 0.001 0.001 0.001 

5:0 Valeric 0.000 0.000 0.000 

6:0 Caproic 0.000 0.000 0.002 

7:0 Enanthic 0.000 0.000 0.000 

8:0 Caprylic 0.001 0.002 0.002 

9:0 Pelargonic 0.000 0.000 0.000 

10:0 Capric 0.000 0.000 0.000 

Undecanoic 0.000 0.000 0.000 

12:0 Lauric 0.003 0.004 0.003 

12:1 Dodecenoic 0.000 0.000 0.000 

14:0 Myristic  0.017 0.046 0.038 

14:1 Myristoleic 0.006 0.018 0.014 

14:1 trans-Tetradecenoic 0.000 0.001 0.001 

15:0 Pentadecanoic 0.003 0.007 0.006 

15:1 Pentadecenoic 0.000 0.000 0.000 

16:0 Palmitic 0.744 1.848 1.546 

16:1 Palmitoleic 0.225 0.589 0.455 

16:1 trans-Hexadecenoic 0.002 0.005 0.002 

17:0 Margaric 0.004 0.008 0.009 

17:1 Margaroleic 0.003 0.007 0.006 

18:0 Stearic 0.229 0.472 0.421 

18:1 Oleic 1.187 2.975 2.490 

18:1 trans-Octadecenoic (incl. Elaidic) 0.012 0.027 0.026 

18:2 Linoleic 0.697 1.434 1.140 

18:2 conj Linoleic 0.010 0.008 0.009 

18:2 trans-Octadecadienoic 0.005 0.014 0.007 

18:3 g-Linolenic 0.008 0.019 0.012 

18:3 Linolenic 0.031 0.062 0.045 

18:3 trans-Octadecatrienoic 0.000 0.000 0.000 

18:4 Moroctic 0.000 0.001 0.000 

20:0 Arachidic 0.002 0.004 0.005 

20:1 Eicosenoic (incl. Gadoleic) 0.016 0.032 0.028 

20:1 trans-Eicosenoic 0.000 0.001 0.000 

20:2 Eicosadienoic 0.007 0.010 0.012 

20:3 11,14,17-Eicosatrienoic 0.000 0.000 0.000 

20:3 5,8,11-Eicosatrienoic 0.000 0.000 0.000 
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20:3 8,11,14-Eicosatrienoic (gamma) 0.016 0.022 0.019 

20:4 Arachidonic 0.083 0.076 0.067 

20:5 Eicosapentaenoic 0.002 0.004 0.005 

21:0 Heneicosanoic 0.000 0.002 0.001 

22:0 Behenic 0.006 0.008 0.007 

22:1 Erucic 0.000 0.001 0.000 

22:1 Brassidic 0.000 0.000 0.000 

22:2 Docosadienoic 0.000 0.000 0.000 

22:3 Docosatrienoic 0.000 0.003 0.011 

22:4 Docosatetraenoic 0.010 0.008 0.008 

22:5 Docosapentaenoic 0.010 0.008 0.008 

22:6 Docosahexaenoic 0.005 0.004 0.005 

23:0 Tricosanoic 0.000 0.000 0.000 

24:0 Lignoceric 0.000 0.000 0.000 

24:1 Nervonic 0.000 0.001 0.006 

Unsaturated FA 2.320 5.280 4.340 

Total Saturated FA 1.010 2.400 2.040 

Omega 3 FA 0.048 0.073 0.063 

Omega 6 FA 0.795 1.539 1.231 

Total FA   3.330 7.680 6.380 

Total Cis MUFA  1.440 3.620 3.000 

Total Cis PUFA  0.880 1.660 1.340 

Total Conj. FA 0.010 0.010 0.010 

Total Trans FA 0.020 0.050 0.040 
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Table 4.45. Fatty acid (FA) composition (g/100 g of skin) of enhanced dark chicken meat 

skin prepared by three methods. 

  Raw Roasted Braised 

Fatty acids (n = 1) (n = 1) (n = 1) 

4:0 Butyric 0.001 0.001 0.001 

5:0 Valeric 0.000 0.000 0.000 

6:0 Caproic 0.000 0.000 0.000 

7:0 Enanthic 0.000 0.000 0.000 

8:0 Caprylic 0.004 0.006 0.004 

9:0 Pelargonic 0.002 0.002 0.002 

10:0 Capric 0.006 0.008 0.005 

Undecanoic 0.001 0.001 0.001 

12:0 Lauric 0.021 0.046 0.021 

12:1 Dodecenoic 0.000 0.000 0.000 

14:0 Myristic  0.217 0.247 0.215 

14:1 Myristoleic 0.084 0.092 0.084 

14:1 trans-Tetradecenoic 0.001 0.001 0.000 

15:0 Pentadecanoic 0.028 0.030 0.026 

15:1 Pentadecenoic 0.000 0.000 0.000 

16:0 Palmitic 8.338 8.906 8.382 

16:1 Palmitoleic 2.685 2.781 2.677 

16:1 trans-Hexadecenoic 0.019 0.021 0.017 

17:0 Margaric 0.043 0.048 0.042 

17:1 Margaroleic 0.033 0.040 0.034 

18:0 Stearic 1.856 2.025 1.858 

18:1 Oleic 13.978 15.184 14.008 

18:1 trans-Octadecenoic (incl. Elaidic) 0.139 0.174 0.135 

18:2 Linoleic 7.301 8.198 7.183 

18:2 conj Linoleic 0.047 0.053 0.052 

18:2 trans-Octadecadienoic 0.073 0.087 0.093 

18:3 g-Linolenic 0.100 0.000 0.000 

18:3 Linolenic 0.381 0.467 0.375 

18:3 trans-Octadecatrienoic 0.001 0.000 0.000 

18:4 Moroctic 0.010 0.010 0.009 

20:0 Arachidic 0.027 0.031 0.027 

20:1 Eicosenoic (incl. Gadoleic) 0.156 0.167 0.150 

20:1 trans-Eicosenoic 0.000 0.105 0.091 

20:2 Eicosadienoic 0.046 0.050 0.042 

20:3 11,14,17-Eicosatrienoic 0.002 0.003 0.002 

20:3 5,8,11-Eicosatrienoic 0.000 0.000 0.000 
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20:3 8,11,14-Eicosatrienoic (gamma) 0.063 0.062 0.059 

20:4 Arachidonic 0.116 0.142 0.121 

20:5 Eicosapentaenoic 0.006 0.011 0.007 

21:0 Heneicosanoic 0.006 0.008 0.007 

22:0 Behenic 0.020 0.023 0.020 

22:1 Erucic 0.005 0.006 0.005 

22:1 Brassidic 0.000 0.000 0.000 

22:2 Docosadienoic 0.002 0.004 0.003 

22:3 Docosatrienoic 0.000 0.000 0.000 

22:4 Docosatetraenoic 0.029 0.031 0.029 

22:5 Docosapentaenoic 0.013 0.016 0.013 

22:6 Docosahexaenoic 0.006 0.011 0.006 

23:0 Tricosanoic 0.000 0.000 0.000 

24:0 Lignoceric 0.003 0.004 0.003 

24:1 Nervonic 0.000 0.000 0.000 

Unsaturated FA 25.010 27.270 24.810 

Total Saturated FA 10.570 11.390 10.610 

Omega 3 FA 0.408 0.508 0.403 

Omega 6 FA 7.563 8.390 7.346 

Total FA   35.580 38.660 35.420 

Total Cis MUFA  16.940 18.270 16.960 

Total Cis PUFA  8.070 9.000 7.850 

Total Conj. FA 0.050 0.050 0.050 

Total Trans FA 0.230 0.390 0.340 
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Table 4.46. Amino acid composition, expressed as percent (± SEM), of raw, non-

enhanced dark chicken meat and skin (n = 4).  

 Amino Acid Drum Thigh Skin 

Tryptophan 0.21
a
 ± 0.00 0.22

a
 ± 0.00 0.05

b
 ± 0.00 

Cystine 0.22
a
 ± 0.00 0.22

a
 ± 0.00  0.08

b
 ± 0.00  

Methionine 0.54
a
 ± 0.00 0.55

a
 ± 0.00 0.16

b
 ± 0.00 

Aspartic Acid 1.85
b
 ± 0.01 1.90

a
 ± 0.01 0.72

c
 ± 0.01 

Threonine 0.89
b
 ± 0.01 0.91

a
 ± 0.01 0.31

c
 ± 0.01 

Serine 0.79
a
 ± 0.01  0.81

a
 ± 0.00 0.35

b
 ± 0.00 

Glutamic Acid 3.11
a
 ± 0.03 3.14

a
 ± 0.03 1.14

b
 ± 0.01 

Proline 0.77
a
 ± 0.01 0.77

a
 ± 0.01 0.73

a
 ± 0.02 

Glycine 0.87
b
 ± 0.01 0.88

b
 ± 0.01 1.24

a
 ± 0.04 

Alanine 1.13
a
 ±0.01  1.16

a
 ± 0.01 0.66

b
 ± 0.01 

Valine 0.91
b
 ±0.00 0.94

a
 ± 0.00 0.34

c
 ± 0.01 

Isoleucine 0.90
b
 ± 0.01 0.92

a
 ± 0.01 0.27

c
 ± 0.00 

Leucine 1.60
b
 ± 0.02 1.65

a
 ± 0.01 0.53

c
 ± 0.01  

Tyrosine 0.71
b
 ± 0.01 0.73

a
 ± 0.00 0.23

c
 ± 0.00 

Phenylalanine 0.75
a
 ± 0.01 0.77

a
 ± 0.00 0.29

b
 ± 0.00 

Total Lysine 1.77
b
 ± 0.02 1.82

a
 ± 0.01 0.55

c
 ± 0.01 

Histidine 0.55
b
 ± 0.01 0.59

a
 ± 0.00 0.20

c
 ± 0.00 

Arginine 1.33
a
 ± 0.01 1.33

a
 ± 0.01 0.69

b
 ± 0.01 

a,b,c
Means with the same letter within a row are not significantly different (P > 0.05). 
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1979 Comparisons: All 2010 values for amino acids were very similar to those in 

1979 for raw drum lean (Table 4.47).  Percentages for aspartic acid, threonine, serine, 

glutamic acid, alanine, leucine, tyrosine, total lysine and arginine in 2010 were slightly 

higher than those in 1979.  Glutamic acid was the most prevalent amino acid for drum 

lean in 1979 and 2010 which increased in 2010 by approximately 0.03% (Table 4.47). 

The largest change in percentage from 1979 to 2010 for drum lean was in glycine which 

decreased by 0.14% (Table 4.47). For thigh lean, methionine, aspartic acid, threonine, 

serine, glutamic acid, alanine, tyrosine, total lysine and arginine all increased in 

percentage from 1979 to the current study (Table 4.48). Although differences are present 

between the two studies, values were all very similar.  The largest change seen from 1979 

to 2010 for thigh lean was for glutamic acid which increased by 0.2% (Table 4.48).  As 

seen for drum lean, glutamic acid was the amino acid present at the highest percentage 

for thigh lean in 1979 and 2010 (Table 4.48). All amino acids decreased in percent from 

1979 to the current study for skin (Table 4.49).  Glycine decreased by approximately 

0.9% which was the largest decrease between 1979 and 2010 for skin (Table 4.49).  

Despite this decrease, glycine was still the most prevalent amino acid in the skin for both 

studies (Table 4.49).  

 

Carotenoid Composition 

 Due to limited funding, carotenoids were only analyzed for national composites of 

all raw parts and roasted and braised skin.  Lycopene, cis-lycopene, alpha-carotene, beta- 
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Table 4.47. Amino acid content of non-enhanced raw drumsticks in 1979
1
 (n = 0²) 

compared to 2010 data (n = 4), expressed as percent (± SEM). 

Amino Acid 1979 2010 

Tryptophan 0.24 0.21 ± 0.00 

Cystine 0.26 0.22 ± 0.00 

Methionine 0.57 0.54 ± 0.00 

Aspartic Acid 1.84 1.85 ± 0.01 

Threonine 0.87 0.89 ± 0.01 

Serine 0.71 0.79 ± 0.01  

Glutamic Acid 3.08 3.11 ± 0.03 

Proline 0.85 0.77 ± 0.01 

Glycine 1.01 0.87 ± 0.01 

Alanine 1.12 1.13 ±0.01  

Valine 1.02 0.91 ±0.00 

Isoleucine 1.09 0.90 ± 0.01 

Leucine 1.55 1.60 ± 0.02 

Tyrosine 0.70 0.71 ± 0.01 

Phenylalanine 0.82 0.75 ± 0.01 

Total Lysine 1.75 1.77 ± 0.02 

Histidine 0.64 0.55 ± 0.01 

Arginine 1.24 1.33 ± 0.01 
1
1979 values for raw and cooked, roasted broilers from Agriculture Handbook 8-5 

(USDA, 1979). 

²1979 values estimated from other data and no standard error of the mean provided for 

values obtained from Agriculture Handbook 8-5 (USDA, 1979). 
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Table 4.48. Amino acid content of non-enhanced raw thighs in 1979
1
 (n = 0²) compared 

to 2010 data (n = 4), expressed as percent (± SEM). 

Amino Acid 1979 2010 

Tryptophan 0.23 0.22 ± 0.00 

Cystine 0.25 0.22 ± 0.00  

Methionine 0.54 0.55 ± 0.00 

Aspartic Acid 1.75 1.90 ± 0.01 

Threonine 0.83 0.91 ± 0.01 

Serine 0.68 0.81 ± 0.00 

Glutamic Acid 2.94 3.14 ± 0.03 

Proline 0.81 0.77 ± 0.01 

Glycine 0.97 0.88 ± 0.01 

Alanine 1.07 1.16 ± 0.01 

Valine 0.98 0.94 ± 0.00 

Isoleucine 1.04 0.92 ± 0.01 

Leucine 1.48 1.65 ± 0.01 

Tyrosine 0.66 0.73 ± 0.00 

Phenylalanine 0.78 0.77 ± 0.00 

Total Lysine 1.67 1.82 ± 0.01 

Histidine 0.61 0.59 ± 0.00 

Arginine 1.19 1.33 ± 0.01 
1
1979 values for raw and cooked, roasted broilers from Agriculture Handbook 8-5 

(USDA, 1979). 

²1979 values estimated from other data and no standard error of the mean provided for 

values obtained from Agriculture Handbook 8-5 (USDA, 1979). 
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Table 4.49. Amino acid content of non-enhanced dark chicken meat skin in 1979
1
 (n = 0²) 

compared to 2010 data (n = 4), expressed as percent (± SEM). 

Amino Acid 1979 2010 

Tryptophan 0.11 0.05 ± 0.00 

Cystine 0.22 0.08 ± 0.00  

Methionine 0.27 0.16 ± 0.00 

Aspartic Acid 1.19 0.72 ± 0.01 

Threonine 0.48 0.31 ± 0.01 

Serine 0.54 0.35 ± 0.00 

Glutamic Acid 1.66 1.14 ± 0.01 

Proline 1.24 0.73 ± 0.02 

Glycine 2.13 1.24 ± 0.04 

Alanine 1.08 0.66 ± 0.01 

Valine 0.56 0.34 ± 0.01 

Isoleucine 0.43 0.27 ± 0.00 

Leucine 0.78 0.53 ± 0.01  

Tyrosine 0.30 0.23 ± 0.00 

Phenylalanine 0.45 0.29 ± 0.00 

Total Lysine 0.80 0.55 ± 0.01 

Histidine 0.26 0.20 ± 0.00 

Arginine 1.03 0.69 ± 0.01 
1
1979 values for raw and cooked, roasted broilers from Agriculture Handbook 8-5 

(USDA, 1979). 

²1979 values estimated from other data and no standard error of the mean provided for 

values obtained from Agriculture Handbook 8-5 (USDA, 1979). 
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carotene, and cis-beta-carotene were all below 0.005 µg/100 g for all parts (Table 4.50).  

Beta-cryptoxanthin was also below 0.005 µg/100 g for raw drum and thigh lean (Table 

4.50).  Lutein was highest in all parts for carotenoids with raw thigh lean containing the 

most and roasted skin the least (Table 4.50). Raw thigh lean had higher concentrations of 

each carotenoid in comparison to raw drum lean except for cis-lutein/zeaxanthin (Table 

4.50).  Reduced lutein concentration was seen in cooked skin when compared to raw. 

Lutein is heat-sensitive and may easily be destroyed during cooking.  Conversely, cis-

lutein/zeaxanthin and beat-cryptoxanthin were slightly lower in raw skin when compared 

to cooked (Table 4.50).  No differences were found in alpa-cryptoxanthin for raw, 

roasted, and braised skin as well as zeaxanthin in raw and braised skin.   

1979 Comparisons: Values provided by Agriculture Handbook 8-5 for cis-

lutein/zeaxanthin, beta cryptoxanthin, lycopene, and alpha carotene were all estimates 

from other data and were reported as 0.000 µg/100 g for raw drum and thigh lean, skin 

and roasted skin (Table A.4, A.5, A.6, A.7).  Additionally, no previous values were 

provided for all other carotenoids analyzed in this study.   

 

Choline Composition 

Choline analysis was conducted only on non-enhanced raw parts.  Total choline 

was highest in raw drum lean and lowest in raw skin at 56.70 mg/100 g and 28.30 

mg/100 g, respectively (Table 4.51).  Raw thigh lean was highest in total betaine content 

and raw skin the lowest (Table 4.51).  Variable differences were seen in betaine, choline,  
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Table 4.50 Carotenoid composition, expressed as µg/100 g, of raw, roasted and braised 

non-enhanced national composites of dark chicken meat and skin (n = 1).  
        

 Raw    Roasted  Braised 

Carotenoid Drum Thigh Skin  Skin  Skin 

Lutein 64.90 69.10 67.90  55.50  63.90 

Zeaxanthin 27.90 31.70 25.90  24.60  25.90 

cis-Lutein/Zeaxanthin 9.30 9.00 9.60  11.10  11.50 

alpha-Cryptoxanthin 0.81 0.90 1.60  1.60  1.60 

beta-Cryptoxanthin ·¹ · 0.85  0.86  0.86 

Lycopene · · ·  ·  · 

cis-Lycopene · · ·  ·  · 

alpha-Carotene · · ·  ·  · 

beta-Carotene · · ·  ·  · 

cis-beta-Carotene · · ·  ·  · 

¹Value is < 0.005 µg/g.       
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Table 4.51. Choline metabolite composition, expressed as nmol/g, of raw non-enhanced 

national composites of dark chicken meat and skin (n = 1).  

Metabolite Drum Thigh Skin 

Betaine 746.7 898.3 708.7 

Choline 715.0 449.3 38.5 

Glycerophosphocholine 97.0 82.4 68.1 

Phosphocholine 640.3 551.7 278.9 

Phosphatidylcholine 3,535.9 3,582.8 1,541.5 

Sphingomyelin 454.6 477.0 788.0 

Total Choline (mg/100 g) 56.7 53.6 28.3 

Total Betaine (mg/100 g) 8.7 10.5 8.3 
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glycerophosphocholine, and phosphocholine.  Skin had the lowest content of all choline 

metabolites except for sphingomyelin which was lowest in raw drum lean (Table 4.51).  

Drum lean had approximately 2.3 times more phosphocholine than skin while drum and 

thigh lean had about 2.3 more phosphatidylcholine than skin (Table 4.51). 

Phospatidylcholine was present at the highest concentration for drum and thigh lean and 

skin at 3,535.9, 3,582.8, and 1,541.5 nmol/g, respectively (Table 4.51). 

1979 Comparisons: Total choline of drum and thigh lean decreased from 1979 to 

the current study while total betaine increased (Table 4.52).  For total choline, drum lean 

decreased by 5.1 mg/100 g and thigh lean decreased by 8.4 mg/100 g from 1979 to 2010 

(Table 4.52).  An increase of 0.7 mg/100 g was seen for drum lean in total betaine content 

along with an increase of 2.5 mg/100 g for thigh lean (Table 4.52).  Interestingly, the 

difference between the separable lean of drums and thighs for total choline and total 

betaine became more variable in 2010.   

 

Retinol Composition 

 Retinol was highest in the skin for each cooking treatment with raw skin having 

the highest concentration at 58.7 µg/100 g of skin while roasted and braised skin had 54.0 

and 48.2 µg/100 g of skin, respectively (Table 4.53).  Retinol is susceptible to oxidation 

in the presence of heat therefore, roasted and braised skin would have lower  
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Table 4.52. Total choline and betaine content of non-enhanced raw dark chicken meat in 

1979
1
 (n = 0²) compared to 2010 national composite data (n = 1), expressed as mg/100 g. 

Analyte Part 1979 2010 

Choline Drum 61.80 56.70 

  Thigh 62.00 53.60 

        

Betaine Drum 8.00 8.70 

  Thigh 8.00 10.50 
1
1979 values for raw broilers from Agriculture Handbook 8-5 

(USDA, 1979).     

²1979 values estimated from other data and no standard error of the mean provided for 

values obtained from Agriculture Handbook 8-5 (USDA, 1979). 
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Table 4.53. Retinol content of non-enhanced national 

composites of dark chicken meat and skin (n=1). 

Treatment Part µg/100 g 

Raw Drum 6.7 

  Thigh 7.3 

  Skin 58.7 

      

Roasted Drum 6.4 

  Thigh 8.1 

  Skin 54.0 

      

Braised Drum 7.1 

  Thigh 8.1 

  Skin 48.2 
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concentrations than raw.  The skin was approximately 8.4 times higher than drum and 

thigh lean in retinal content for raw parts, 7.4 times higher in roasted parts, and 6.3 times 

higher in braised parts (Table 4.53). Since retinol is a fat soluble vitamin it should be 

present at the highest concentration in the part with the most total fat content, the skin. 

Thigh lean was slightly higher for raw, roasted, and braised parts in comparison to drum 

lean for total retinol content (Table 4.53). 

1979 Comparisons: Retinol decreased in all parts from 1979 to 2010 (Table 4.54).  

Raw drum and thigh lean and skin were 10.3, 12.7, and 17.3 µg/100 g higher in 1979 than 

the current study, respectively (Table 4.54).  Furthermore, roasted drum and thigh lean 

and skin decreased by 11.6, 11.9, and 24 µg/100 g from 1979 to 2010, respectively (Table 

4.54).  Raw and roasted parts in each study were similar in retinol concentrations. Raw 

and roasted skin was still the highest in retinol content in 1979 (Table 4.54). 

Vitamin D Composition 

 Within cooking treatments, skin was highest in vitamin D for raw parts while 

thigh lean was highest in vitamin D for roasted and braised parts (Table 4.55).  Drum lean 

did not change in vitamin D composition for raw and roasted parts but did slightly 

increase when braised (Table 4.55).  Thigh lean continually increased from raw to roasted 

to braised with a 5.1 IU/100 g increase from raw to roasted parts and a 6.2 IU/100 g 

increase from roasted to braised parts (Table 4.55).  Conversely, skin decreased by 0.1 

IU/100 g after roasting and by 2.4 IU/100 g after braising (Table 4.55).   The separable  
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Table 4.54. Retinol content of non-enhanced raw and roasted dark chicken meat and skin 

in 1979
1
 (n = 0²) compared to 2010 national composite data (n = 1), expressed as µg/100 

g. 

Treatment Part 1979 2010 

Raw Drum 17.0 6.7 

  Thigh 20.0 7.3 

  Skin 76.0 58.7 

        

Roasted Drum 18.0 6.4 

  Thigh 20.0 8.1 

  Skin 78.0 54.0 
1
1979 values for raw and cooked, roasted broilers from Agriculture Handbook 8-5 

(USDA, 1979). 

²1979 values estimated from other data and no standard error of the mean provided for 

values obtained from Agriculture Handbook 8-5 (USDA, 1979). 
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Table 4.55. Vitamin D composition of separable lean and skin of national composites of 

non-enhanced raw and cooked dark chicken meat and skin. 

Treatment Part n IU/ 100g  

Raw Drum 1 <2.0 

  Thigh 1 <2.0 

  Skin 1 6.20 

        

Roasted Drum 1 <2.0 

  Thigh 1 7.10 

  Skin 1 6.10 

        

Braised Drum 1 2.30 

  Thigh 1 13.30 

  Skin 1 3.70 
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lean of thighs and drums may have slightly increased in vitamin D content due to fat 

migration from the skin to the lean during cooking (Dinh et al., 2011).  This would also 

cause the skin to decrease in vitamin D content as seen in the data.  Since vitamin D is a 

fat soluble vitamin, this migration of fat would perpetrate the increased vitamin D 

concentration seen in the cooked lean tissue.   

 

1979 Comparison: Vitamin D content was higher for all parts in 1979 except for 

roasted thigh lean (Table 4.56).  All 1979 values were similar to those in 2010 except for 

raw skin which differed by approximately 17 IU/100 g of skin (Table 4.56).  For raw 

parts, skin was highest in vitamin D content in 1979 and 2010 (Table 4.56).  For cooked 

parts, roasted skin was highest in 1979 and roasted thigh lean was highest in 2010 (Table 

4.56).  Raw skin in 1979 decreased by approximately 16 IU/100 g when cooked while 

raw skin in 2010 did not noticeably change after roasting (Table 4.56).   

 

Vitamin E Composition  

 For raw parts, all forms of vitamin E were highest in the skin (Table 4.57).  Skin 

was also highest for all forms of vitamin E in roasted parts except for beta-tocopherol and 

beta-tocotrienol which were highest in drum lean (Table 4.57).  For braised parts, the 

separable lean of drums was highest in alpha-tocotrienol and beta-tocoherol while braised 

skin was highest in all other vitamin E forms (Table 4.57).  Due to the fat soluble nature 

of Vitamin E, the skin had the highest composition for the majority of all vitamin E forms  
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Table 4.56. Vitamin D content of non-enhanced raw and roasted dark chicken meat and 

skin in 1979
1 

(n = 0²) compared to 2010 national composite data (n = 1), expressed as 

IU/100 g (± SEM). 

Treatment Part 1979 2010 

Raw Drum 5.0 <2.0 

  Thigh 5.0 <2.0 

  Skin 24.0 6.2 

        

Roasted Drum 5.0 <2.0 

  Thigh 5.0 7.1 

  Skin 8.0 6.1 
1
1979 values for raw and cooked, roasted broilers from Agriculture Handbook 8-5 

(USDA, 1979). 

²1979 values estimated from other data.     
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Table 4.57. Vitamin E composition, expressed as µg/g, of raw, roasted and braised non-

enhanced national composites of dark chicken meat and skin (n = 1).  

  Raw   Roasted   Braised 

Vitamin E Drum Thigh Skin   Drum Thigh Skin   Drum Thigh Skin 

alpha-

Tocopherol 1.80 1.76 2.74   1.85 1.79 2.31   1.71 1.66 1.93 

alpha-

Tocotrienol 0.14 0.14 0.44   0.16 0.15 0.46   0.13 0.11 · 

beta-

Tocopherol ·¹ · 0.03   0.04 · ·   0.05 0.04 0.03 

gamma-

Tocopherol 0.69 0.74 1.35   0.83 0.81 1.30   0.83 0.88 1.14 

beta-

Tocotrienol 0.15 0.30 ·   0.21 · ·   · · · 

gamma-

Tocotrienol 0.20 0.30 0.42   0.52 0.47 1.25   0.52 0.27 0.87 

delta-

Tocopherol 0.03 · 0.03   · · 0.04   · · 0.05 

delta-

Tocotrienol · · 0.03   0.03 0.03 0.07   0.04 · 0.07 

¹Value <0.03 µg/100 g. 
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(Table 4.57).  No clear trend in concentration of vitamin E from raw to cooked parts was 

seen.  Roasted drum meat was higher than roasted thigh meat for all vitamin E forms 

except for delta-tocopherol and delta-tocotrienol in which both parts had equal 

concentrations (Table 4.57).  Braised thigh lean was higher than braised drum lean only 

in gamma-tocopherol content (Table 4.57).  Values between drum and thigh lean were 

similar for all cooking treatments (Table 4.57).   

1979 Comparisons: Vitamin E content increased for raw drum lean and skin from 

1979 to 2010 but decreased for thigh lean (Table 4.58).  All roasted 1979 parts were 

higher in vitamin E content compared to respective parts in the current study (Table 

4.58).  Skin was highest in vitamin E for each cooking treatment and study except for raw 

parts in 1979 (Table 4.58).  Values for drum and thigh lean were similar in each cooking 

treatment for 1979 and 2010 except for the raw treatment in 1979 (Table 4.58). 
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Table 4.58. Vitamin E content of non-enhanced raw and roasted dark chicken meat and 

skin in 1979
1
 compared to 2010 national composite data (n = 1), expressed as mg/100 g.  

     

Treatment Part n 1979 2010 

Raw Drum 0² 0.00 0.18 

 Thigh 6 0.31 ± 0.10 0.18 

 Skin 0 0.00 0.27 

     

Roasted Drum 0 0.27 0.19 

 Thigh 0 0.27 0.18 

 Skin 0 0.40 0.23 
1
1979 values for raw and cooked, roasted broilers from Agriculture Handbook 8-5 

(USDA, 1979). 

²1979 values estimated from other data and no standard error of the mean provided for 

values obtained from Agriculture Handbook 8-5 (USDA, 1979). 
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Nutritional Implications 

 The cooking method used and combination of parts consumed per serving of dark 

chicken meat and skin influences the amount of energy and nutrients available for the 

body.  According to the USDA, the reference amount for unenhanced chicken that is 

customarily consumed per eating occasion is 85-g (2011).  In an 85-g serving of a skin-on 

drumstick, braised drums provided less total fat, sodium, and potassium than roasted 

drums (Table 4.59).  When roasted, an 85-g serving of skin-on drumsticks contains 0.18 g 

less saturated fatty acids and 2.25 mg less cholesterol than braised drums (Table 4.59).  

One 85-g serving of braised or roasted  skin-on thighs provided more total fat, saturated 

fat, cholesterol, and protein than braised and roasted drums (Table 4.59). Roasted and 

braised drums are healthier choices in comparison to roasted and braised thighs as they 

are lower in total fat, saturated fat and cholesterol (Table 4.59).  Enhanced skin-on 

drumsticks contain more sodium than enhanced skin-on thighs since marinade solutions 

are retained more efficiently in the drum.  An 85-g serving of roasted or braised enhanced 

skin-on drums and skin-on thighs were similar in energy content to that of non-enhanced 

skin-on drums and skin-on thighs except for increased Na and K content (Table 4.60).   

 When compared to an 85-g serving of a broiled USDA choice t-bone steak, 

cooked drums and thighs contain less total fat, saturated fat, and protein, but more than 

double the amount of cholesterol. Conversely, when roasted drums and thighs are 

compared to an 85-g serving of roasted pork tenderloin, drums and thighs are higher in 

total fat, saturated fat, and cholesterol but lower in protein.  The higher cholesterol  
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Table 4.59. Constituents supplied by an 85-g serving of separable lean and fat 

reconstituted according to dissection data for non-enhanced drums and thighs prepared by 

various cooking methods.  

  Drum   Thigh 

Food component Braised Roasted   Braised  Roasted 

Fat (g/85 g) 7.84 7.29   9.91 9.35 

Saturated fatty acids (g/85 g) 2.13 1.95   2.75 2.64 

Cholesterol (mg/85 g) 112.8 110.5   120.2 117.6 

Total carbohydrate
1
 0 0   0 0 

Fiber
1
 0 0   0 0 

Na (mg/85 g) 85.7 98.0   65.1 73.6 

K (mg/85 g) 198.8 219.6   218.1 228.9 

Protein (g/85 g) 19.6 19.3   19.9 19.8 

kcal/85 g 149.0 142.8   168.9 163.3 
1 

Total carbohydrate and fiber assumed to be "zero." 
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Table 4.60. Constituents supplied by an 85-g serving of separable lean and fat 

reconstituted according to dissection data for enhanced drums and thighs prepared by 

various cooking methods.  

  Drum   Thigh 

Food component Braised Roasted   Braised  Roasted 

Fat (g/85 g) 7.47 6.39   8.15 8.66 

Saturated fatty acids (g/85 g) 2.16 1.73   2.25 2.70 

Cholesterol (mg/85 g) 113.6 96.5   106.7 109.5 

Total carbohydrate
1
 0 0   0 0 

Fiber
1
 0 0   0 0 

Na (mg/85 g) 141.2 150.4   163.9 166.0 

K (mg/85 g) 188.0 226.6   237.5 255.3 

Protein (g/85 g) 18.3 17.0   18.3 18.2 

kcal/85 g 140.5 125.6   146.5 150.7 
1 

Total carbohydrate and fiber assumed to be "zero." 
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content of roasted and braised dark chicken meat and skin of 2010 may impose a health 

concern for individuals with high serum cholesterol.  However, drums and thighs provide 

a low fat alternative to some beef cuts.   
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Conclusion and Summary 

 The current research indicates many nutritional changes between broilers 

produced in the 1970’s and 2000’s.  Protein content increased slightly in roasted drum 

and thigh lean and B12 increased in all parts from the 1979 broiler to those produced in 

2010.  Total fat content increased in the skin while saturated fatty acids decreased in 

roasted drum and thigh lean.  Broilers in 1979 had higher PUFA content in raw thigh lean 

and roasted drum lean while 2010 broilers had higher MUFA content in all parts except 

for roasted thigh lean.  Although roasted drum and thigh lean decreased slightly in SFA 

from 1979 to 2010, an increase in cholesterol was observed for all parts except for raw 

skin.  Moreover, K was higher in all parts in 2010 compared to 1979 and Na increased 

from 1979 to 2010 for raw and roasted drum and thigh lean as well as for roasted skin.  

Higher P levels were seen in all parts for 2010 compared to 1979 parts except for raw 

skin.  Overall, enhanced parts were much higher in Na and P concentrations than non-

enhanced parts.  In an attempt to supply a more tender and juicy product to consumers, 

these minerals are much more elevated in enhanced dark chicken meat and skin. 

 According to the FDA and USDHHS, a food stuff is defined as an “excellent” 

source of a particular nutrient if it contains 20% or more of the DV or RDI (2009).  A 

“good” food source must contain 10-19% of the DV or RDI (FDA-USDHHS, 2009).  An 

85-g serving of roasted or braised drum or thigh is an excellent source of selenium, 

niacin, and protein (Table A.9, A.11, A.14, and A16).  Selenium is necessary for proper 

cellular function while niacin increases HDL serum levels.  These cuts were also good 

sources of phosphorus, zinc, and pyridoxine (Table A.9, A.11, A.14, and A16).  
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Phosphorus is essential to cell membrane production and maintenance, zinc plays a 

crucial role in child development, and pyridoxine in needed in many macronutrient 

metabolism pathways.   

 Data generated from this study will update the USDA standard reference for raw 

and roasted dark chicken meat and skin and will provide data for braised dark chicken 

meat and skin.  Current nutrient values will support education programs, food policy 

development, and food monitoring practices.     

  

 

 

 

 

 

 

 

 

 

 



Texas Tech University, Samantha Stephenson, May 2014 
 

146 

LITERATURE CITED 

[AAKP] American Association of Kidney Patients. 2011. Why does salt cause high blood 

pressure? AAKP. http://www.aakp.org/aakp-library/Why-does-salt-cause-high-

blood-pressure-/. Accessed Sep 2011. 

Aar, P. J. van der, R. E. Weurding, H. Enting, and Veldman, B. 2003. The practical 

relevance of the kinetics of starch digestion in broilers. In: Garnsworthy, P.C., and 

Wiseman, K. Recent Advances in Animal Nutrition 2003. Nottingham University 

Press. Nottingham, United Kingdom. 

Ahn, D. U., F. H. Wolfe, and J. S. Sim. 1993. The effect of free and bound iron on lipid 

peroxidation in turkey meat. Poult. Sci. 72:209-215. 

Ait-Boulahsen, A., J. D. Garlich, and F. W. Edens. 1993. Calcium deficiency and food 

deprivation improve the response of chickens to acute heat stress. J. Nutr. 123:98-

105.  

Akamittath, J. G., C. J. Brekke, and E. G. Schanus. 1990. Lipid oxidation and color 

stability in restructured meat systems during frozen storage. J. Food Sci. 55:1513-

1517. 

Alvarado, C., and S. McKee. 2007. Marination to improve functional properties and 

safety of poultry meat. J. Appl. Poult. Res. 16:113-120.  

Amen, D. G. 2010. Change Your Brain, Change Your Body: Use Your Brain to Get 

 and Keep the Body You Have Always Wanted. Random House Digital, Inc. 

 384 p. 

AOAC. 1995. Official Methods of Analysis. 16
th

 Ed. Association of Official 

 Analytical Chemists. Arlington, VA. 

AOAC. 2000. Official Methods of Analysis. 17
th

 Ed.  AOAC International, 

 Gaithersburg, MD.  

Appleby, M. C., B. O. Hughes, and H. A. Elson. 1992. Poultry Production Systems: 

Behaviour, Management and Welfare. C.A.B. International, Wallingford, OX. 

Atteh, J. O., and S. Leeson. 1984. Effects of dietary saturated or unsaturated fatty acids 

and calcium levels on performance and mineral metabolism of broiler chicks. 

Poult. Sci. 63:2252-2260. 

Austic, R. E. 1976. Nutritional and metabolic interrelationships of arginine, glutamic acid 

and proline in the chicken. NCBI. Fed. Proc. 35:1914-1916. 

http://www.aakp.org/aakp-library/Why-does-salt-cause-high-blood-pressure-/
http://www.aakp.org/aakp-library/Why-does-salt-cause-high-blood-pressure-/


Texas Tech University, Samantha Stephenson, May 2014 
 

147 

Austic, R. E., and M. C. Nesheim. 1990. Poultry Production. 13th rev. ed. Lea & Febiger, 

Philadelphia, PA. 

Baggio S. R., and N. Bragagnolo. 2006. The effect of heat treatment on the cholesterol 

oxides, cholesterol, total lipid and fatty acid contents of processed meat products. 

Food Chem. 95:611-619. 

Barroeta, A. C. 2007. Nutrititve value of poultry meat: Relationship between vitamin E 

and PUFA. World’s Poult. Sci. J. 63:277-284. 

Barros, J. M. S., P. C. Gomes, L. F. T. Albino, and A. H. Nascimento. 1998. Sodium 

levels over performance parameters of broiler chickens from 1 to 21 days of age. 

Anais da Conferência APINCO’98 de Ciência e Tecnologia Avícolas. FACTA, 

Campinas, SP, Brazil. 

Bartlett, J. R., and M. O. Smith. 2003. Effects of different levels of zinc on the 

performance and immunocompetence of broilers under heat stress. Poult. Sci. 

82:1580-1588.  

Batal, A. B., and C. M. Parsons. 2004. Utilization of various carbohydrate sources as 

affected by age in the chick. Poult. Sci. 83:1140-1147. 

Beef Nutrient Database Improvement Study. 2008. Standard Operating Procedure: 

 Compositing and Homogenization. Study No. 28950, SOP # 7-8. 

Beevers, D. G., G. Y. H. Lip, and E. O’Brien. 2007. ABC of hypertension. Blackwell 

 Publishing, Malden, MA.   

Belitz, H. D., W. Grosch, and P. Schieberle. 2009. Food Chem. 4
th

 rev. ed. 

 Springer, New York, NY. Berlin.   

Bessei, W. 2006. Welfare of broilers: A review. World’s Poult. Sci. J. 62:455-466. 

Bonnet, S., P. A. Geraert, M. Lessire, B. Carre, and S. Guillaumin. 1997. Effect of high 

 ambient temperature on feed digestibility in broilers. Poult. Sci. 76:857-863. 

Bou, R., F. Guardiola, A. Grau, S. Grimpa, A. Manich, A. Barroeta, and R. Conony.         

  2001. Influence of dietary fat source, α-tocopherol, and ascorbic acid  

 supplementation on sensory quality of dark chicken meat. Poult Sci. 80:1-8. 

Bragagnolo, N. 2009. Cholesterol and cholesterol oxides in meat and meat products. 

 Pages 187-219 in Handbook of Muscle Foods Analysis. L. M. L. Nollet, F. 

 Toldra, ed. CRC Press, Boca Raton, Florida. 

Bragagnolo, N., D. B. and Rodriguez-Amaya. 2003. New data on the total lipid, 

 cholesterol and fatty acid composition of raw and grilled beef longissimus dorsi. 

 Arch. Latinoamer Nutr. 53: 312-319. 



Texas Tech University, Samantha Stephenson, May 2014 
 

148 

Buckley, D. J., J. I. Gray, A. Asghar, J. F. Price, R. L. Crackle, A. M. Booren,  

 A. M. Pearson, and E. R. Miller. 1989. Effects of dietary antioxidants and 

 oxidized oil on membranal lipid stability and pork product quality. J. Food 

 Sci. 54:1193-1197. 

Butolo, E. A. F., P. T. C. Nobre, and I. A. Lima. 1995. Study of performance of  

 broiler chickens fed different levels of sodium chloride. Pages 51-52 in Anais da 

 Conferência APINCO de Ciência e Tecnologia Avícola FACTA. Curitiba, PR, 

 Brazil. 

Buyse, J., P. C. M. Simons, F. M. G. Boshouwers, and E. Decuypere. 1996.  Effect 

 of intermittent lighting, light intensity and source on the performance and welfare 

 of broilers. World’s Poult. Sci. J. 52:121-130. 

Cabel, M. C. and P. W. Waldroup. 1990. Effect of different nutrient-restriction 

 programs early in life on broiler performance and abdominal fat content. Poult. 

 Sci. 69:652-660. 

Cahaner, A., and F. Leenstra. 1992. Effects of high temperature on growth and 

 efficiency of male and female broilers from lines selected for high weight gain, 

 favorable feed conversion, and high or low fat content. Poult. Sci. 71:1237-1250. 
 

Calet, C. 1965. The relative value of pellets versus mash and grain in poultry 

 nutrition. World’s Poult. Sci. J. 21:23-52. 

Caroline, N. L. 2010. Nancy Caroline’s emergency care in the streets. 6
th

 rev. ed. Jones 

 and Bartlett, Sudbury, MA. 

[CDC] Centers for Disease Control and Prevention. 2010. Morbidity and Mortality 

 Weekly Report: Sodium intake among adults-United States, 2005-2006. 

 59(24)746-749. CDC, Atlanta, GA. 

Cheng, T. K., M. L. Hamre, and C. N. Coon. 1997. Effect of environmental 

 temperature, dietary protein, and energy levels on broiler performance. J. Appl. 

 Poult. Res. 6:1-17. 

Cortinas, L., A. Barroeta, C. Villaverde, J. Galobart, F. Guardiola, and M. D. Baucells.  

 2005. Influence of the dietary polyunsaturation level on chicken meat quality: 

 Lipid oxidation. Poult. Sci. 84:48-55.  

Cortinas, L., C. Villaverde, J. Galobart, M. D. Baucells, R. Codony, and A. C. Barroeta. 

 2004. Fatty acid content in chicken thigh and breast as affected by dietary 

 polyunsaturation level. Poult. Sci. 83:1155-1164. 

Corzo, A., E. T. Moran, and D. Hoehler. 2002. Lysine need of heavy broiler males 

 applying the ideal protein concept. Poult. Sci. 81:1863-1868. 



Texas Tech University, Samantha Stephenson, May 2014 
 

149 

Corzo, A, E. T. Moran, and D. Hoehler. 2003. Lysine needs of summer-reared male 

 broilers from six to eight weeks of age. Poult. Sci. 82:1602-1607. 

Crespo N., and E. Esteve-Garcia. 2001. Dietary fatty acid profile modifies abdominal fat 

 deposition in broiler chickens. Poult. Sci. 80:71-78.  

Cushman W. C. 2003. The burden of uncontrolled hypertension: Morbidity and 

 mortality associated with disease progression. J. Clin. Hypertens. 5:14-22. 

Dahl, L. K. 2005. Possible role of salt intake in the development of essential 

 hypertension. J. Epidemiol. 34:967-972. 

De Winne, A., and P. Dirinck. 1996. Studies on vitamin E levels on chicken meat 

 quality. J. Agric. Food Chem. 44:1691-1696. 

Dietary Guidelines for Americans. 2010. U. S. Department of Health and Human 

 Services. U. S. Department of Agriculture. Washington, DC.  

Dinh, T. T. N., J. R. Blanton, J. C. Brooks, M. F. Miller, and L. D. Thompson. 2008. 

 A simplified method for cholesterol determination in meat and meat 

 products. J. Food Comp. Analy. 21:306-314. 

Dinh, T. T. N., L. D. Thompson, M. L. Gaylean, J. C. Brooks, K.Y. Patterson, and 

 L. M. Boylan. 2011. Cholesterol content and methods for cholesterol 

 determination in meat and poultry. Comprehensive Rev. Food Sci. Food Safety 

 10:269-289. 

Douglas, M. W., M. Persia, and C. M. Parsons. 2003. Impact of galactose,  lactose, and 

 grobiotic-B70 on growth performance and energy utilization when  fed to broiler 

 chicks. Poult. Sci. 82:1596-1601. 

Dozier III, W. A., C. J. Price, M. T. Kidd, A. Corzo, J. Anderson, and S. L. Branton. 

 2006. Growth performance, meat yield, and economic responses of 

 broilers fed diets varying in metabolizable energy from thirty to fifty-nine  days of 

 age. J. Appl. Poult. Res. 15:367-382. 

Dziezak, J. D. 1990. Phosphates improve many foods. Food Technol. 44:80-92. 

EI-Magoli, S. B., S. Laroia, and P. M. T. Hansen. 1996. Flavor and texture characteristics 

 of low fat ground beef patties formulated with whey protein concentrate. Meat 

 Sci. 42:179-193. 

Enser, M. 1999. Nutritional effects on meat flavour and stability. Pages 197-216 in 

Poultry Meat Science. R. I.  Richardson, G. C. Mead ed. NCABI Publishing, New 

York, NY. 

FDA-USDHHS. 2009. Guidance for industry: A food labeling guide. Title 10. Appendix 

B. Additional requirements for nutrient content claims. Silver Spring, MD. 



Texas Tech University, Samantha Stephenson, May 2014 
 

150 

Fenton, M. 1992. Chromatographic separation of cholesterol in foods. J. Chromatography 

624:369-388. 

Geraert, P. A., J. C. F. Padilha, and S. Guillaumin. 1996. Metabolic and endocrine 

 changes induced by chronic heat exposure in broiler chickens: Growth 

 performance, body composition and energy retention. Br. J. Nutr. 75:194-204. 

Gillett, R. A. N., and J. A. Carpenter. 1992. Effects of binding substrate, type of 

 nonmeat additive and method of tenderizing on cured chicken rolls. J. Food 

 Quality 15:225-238. 

Govindarajan, S., and H. O. Hultin. 1977. Myoglobin oxidation in ground beef: 

 Mechanistic studies. J. Food Sci. 42:571. 

 

Granett, S. E., L. P. Kozak, J. P. McIntyre, and W. W. Wells. 1972. Studies of the 

 cerebral energy metabolism during the course of galactose neurotoxicity in 

 chicks. J. Neurochemistry 19:1659-1670. 

Grau, A., F. Guardiola, S. Grimpa, A. C. Barroeta, and R. Codony. 2001. Oxidative 

 stability of dark chicken meat through frozen storage: Influence of dietary fat and 

 alpha-tocopherol and ascorbic acid supplementation. Poult.  Sci. 80:1630-1642. 

 

Gropper, S. S., J. L. Smith, and J. L. Groff. 2009. Advanced nutrition and human 

 metabolism. 5
th

 rev. ed. Wadsworth Publishing, Belmont, CA.  

 

Gros, J. N., P. M. Howat, M. T. Younathan, A. M. Saxton, and K. W. McMillin. 1986. 

  Warmed-over flavor development in beef patties prepared by three dry heat  

   methods. J. Food Sci. 51:1152-1155.  

Guenther, P. M., J. H. Jensen, P. B. Marques, and C. F. Chen. 2005. 

 Sociodemographic, knowledge, and attitudinal factors related to meat 

 consumption in the United States. J. Am. Diete. Assoc. 105:1266-1274. 

Hamm, R. 1977. Changes of muscle proteins during the heating of meat. Page 398 in 

Physical, Chemical and Biological Changes in Food Caused by Thermal 

Processing. T. Hoyem, and K. Oskar, K. ed. Wadsworth, England. 

Hamm, R. 1986. Functional properties of the myofibrillar system and their 

 measurements. Pages 135-199 in Muscle as Food. P. J. Bechtel, ed. Academic 

 Press, Orlando, FL.  

Havenstein, G. B., P. R. Ferket, and M. A. Qureshi. 2003a. Growth, livability, and feed 

 conversion of 1957 versus 2001 broilers when fed representative 1957 and 2001 

 broiler diets. Poult. Sci. 82:1500-1518. 



Texas Tech University, Samantha Stephenson, May 2014 
 

151 

Havenstein, G. B., P. R. Ferket, and M. A. Qureshi. 2003b. Carcass composition and 

 yield of 1957 versus 2001 broilers when fed representative 1957 and 2001  broiler 

 diets. Poult. Sci. 82:1509-1508. 

Havenstein, G. B., P. R. Ferket, S. E. Scheideler, and D. V. Rives. 1994.  Carcass 

 composition and yield of 1991 versus 1957 broilers when fed “typical” 1957 

 and 1991 broiler diets. Poult. Sci. 73:1795-1804. 

Hellendoorn, E. W. 1962. Water-binding capacity of meat as affected by phosphates. 

 Food Technol. 16:119. 

Hermansson, A. M. 1986. Soy protein gelation. J Am. Oil Chem. Soc. 63: 658-666. 

 

Hesselman, K., and P. Aman. 1986. The effect of β-glucanase on the utilization of 

 starch  and nitrogen by broiler chickens fed on barley of low-or high-viscosity. 

 An. Feed Sci. Technol. 15:83-93. 

Hoffman, L. C. 2006. Sensory and physical characteristics of enhanced vs. non-

 enhanced meat from mature cows. Meat Sci. 72:195-202. 

Hongsprabhas, P., and S. Barbut. 1997. Protein and salt effects on Ca
2+ 

induced cold 

 gelation of whey protein isolate. J. Food Sci. 62:382–385. 

 

Hongsprabhas, P., and S. Barbut. 1999. Use of cold-set whey protein gelation to 

 improve poultry meat batters. Poult. Sci. 78:1074-1078. 

 

Hulen, H. W., F. G. Proudfoot, and K. B. McRae. 1980. Effect of vitamins on the 

 incidence of mortality and acute death syndrome ("Flip-Over") in broiler 

 chickens. Poult. Sci. 59:927-931. 

Hurwitz, S., I. Plavnik, J. Rosenberg, I. Ben-Gal, H. Talpaz, and I. Bartov. 1987. 

 Differential responses to dietary carbohydrates and fat of turkeys kept at various 

 environmental temperatures. Poult. Sci. 66:1346-1357. 

Jackson, S., J. D. Summers, and S. Leeson. 1982. Effect of dietary protein and energy 

 on broiler carcass composition and efficiency of nutrient utilization. Poult. Sci. 

 61:2224-2231. 

Kanner, J., B. Hasan, and L. Doll. 1988. Catalytic free iron ions in muscle foods.  J. 

 Agric. Food Chem. 36: 412–415. 

Katz, M. A., L. R. Dugan, and L. E. Dawson. 1966. Fatty acids in neutral lipids and 

phospholipids from chicken tissues. J. Food Sci. 31:717-720. 



Texas Tech University, Samantha Stephenson, May 2014 
 

152 

Keeton, J. T., and W. N. Osburn. 2010. Formed and emulsion products. Pages 245-278 in 

Poultry Meat Processing. 2
nd

 ed. C. M. Owens, C. Z. Alvarado, and A. R. Sams. 

ed. CRC Press, Bacon Raton, FL. 

Kinsella. J. E. 1979. Functional properties of soy proteins. J. Amer. Oil Chem. Soc. 

 56:242-258. 

 

Kiokias, S., T. H. Varzakas, I. S. Arvanitoyannis, and A. E. Labropoulos. 2010. Lipid 

 oxidation and control of oxidation. Pages 383-408 in Advances in Food 

Biochemistry. F. Yildiz, and T. Labuza, T. CRC Press, Boca Raton, FL. 

 

Koc, H., M. H. Mar, A. Ranasinghe, J. A. Swenberg, and S. H. Zeisel. 2002. 

 Quantification of choline and its metabolites in tissues and foods by liquid 

 chromatography/electrospray ionization-isotope dilution mass spectrometry. 

 Analyt. Chem. 74:4734–4740. 

Le Bihan-Duval, E., N. Millet, and H. Remington. 1999. Broiler meat quality: Effect 

 of selection for increased carcass quality and estimates of genetic parameters. 

 Poult. Sci. 78:822-826.  

Lee, J., K. Suknark, Y. Kluvitse, R. D. Phillips, and R. R. Eitenmiller. 1999. Rapid 

 liquid chromatographic assay of vitamin E and retinyl palmitate in extruded 

 weaning foods. J. Food Sci. 64:968-972. 

Leeson, S., L. Caston, and J. D. Summers. 1996. Broiler responses to diet energy. Poult. 

 Sci. 75:529-535. 

Leeson, S., and A. K. Zubair. 1997. Nutrition of the broiler chicken around the period of 

 compensatory growth. Poult. Sci. 76:992-999. 

Longstaff, M., and J. M. McNab. 1987. Digestion of starch and fiber carbohydrates 

 in peas by adult cockerels. Br. Poult. Sci.28:261-285. 

Lott, B. D., J. D. Simmons, and J. D. May. 1998. Air velocity and high temperature 

 effects on broiler performance. Poult. Sci. 77:391-393. 

Maiorka, A., N. Magro, H. A. Bartels, and A. M. Penz Jr. 1998. Effect of sodium level 

 and different relations between sodium, potassium and chloride in pre-initial 

 diets on broiler chicken performance. Pages 478-480 in Anais da XXXV Reunião 

 Anual da Sociedade Brasileira de Zootecnia SBZ. Botucatu, SP, Brazil. 

Masticka, M., and R. B. Cumming. 1981. Performance of two strains of broiler 

 chickens offered free choice from different ages. Page 74 in Proc. of the 4
th

 

 Australasion Poultry Stock Feed Convention. 

May, J. D., and B. D. Lott. 2001. Relating weight gain and feed: Gain of male and 

 female broilers to rearing temperature. Poult. Sci. 80:581-584.  



Texas Tech University, Samantha Stephenson, May 2014 
 

153 

McNaughton, J. L., and F. N. Reece. 1984. Factors affecting pelleting response. 1. 

 Influence of dietary energy in broiler starter diets. Poult. Sci. 63:682-685. 

Merrill, A. L., and B. K. Watt. 1973. Energy Value of Foods...Basis and Derivation. 

 Agriculture Handbook No. 74. U.S. Government Printing Office, Washington, 

 DC.  

Mickelberry, W. C., J. C. Rogler, and J. Stadelman. 1966. The influence of dietary 

 fat and environmental temperature upon chick growth and carcass compositon. 

 Poult. Sci. 45:313-321. 

Mollison, B., and W. Guenter. 1984. Abdominal fat deposition and sudden death 

 syndrome in broilers: The effects of restricted intake, early life caloric (fat) 

 restriction, and calorie: Protein ratio. Poult. Sci. 63:1190-1200. 

Moran, Jr. E. T. 1999. Live production factors influencing yield and quality of poultry 

meat. Pages 179-196 in Poultry Meat Science. Poultry Science Symposium 

Series, vol. 25. R. I. Richardson, and G. C. Mead. NCABI Publishing, New York, 

NY. 

Motzer, E. A., J. A. Carpenter, A. E. Reynolds, and C. E. Lyon. 1998. Quality of 

 restructured hams manufactured with PSE pork as affected by water 

 binders. J. Food Sci. 63:1007-1011. 

 

Murakami, A. E., S. E. Watkins, E. A. Saleh, J. A. England, and P. W. Waldrup.  

 1997a. Estimation of the sodium and chloride requirements for the young broiler 

 chick. J. Appl. Poult. Res. 6:155-162.  

Murakami, A. E., E. A. Saleh, J. A. England, D. A. Dickey, S. E. Watkins, and  

 P. W. Waldroup. 1997b. Effect of level and source of sodium on performance 

 of male broilers to 56 days. J. Appl. Poult. Res. 6:128-136.  

Nam, K. T., H. A. Lee, B. S. Min, and C. W. Kang. 1997. Influence of dietary 

 supplementation with linseed and vitamin E on fatty acids, α-tocopherol  

 and lipid peroxidation in muscles of broiler chicks. An. Feed Sci. Technol. 

 66:149-158.  

[NASS] National Agriculture Statistics Service. 2007. 2007 Census of Agriculture: 

 Poultry and Egg Production.  USDA NASS. Washington, DC. 

[NRC] National Research Council. 1984. Nutrient Requirements of Poultry. 8
th

 rev. ed. 

 National Academy Press, Washington, DC.  

[NRC] National Research Council. 1994. Nutrient Requirements of Poultry. 9
th

 rev. ed. 

 National Academy Press. Washington, DC. 



Texas Tech University, Samantha Stephenson, May 2014 
 

154 

[NCC] National Chicken Council. 2011. Per Capital Consumption of Poultry and 

 Livestock. Available from 

 http://www.nationalchickencouncil.com/statistics/stat_detail. Cfm?id=8. 

 Accessed Sep 2011.  

Nuñez-Gonázles, F. A. 2010. Marination, cooking, and curing: principles. Pages 81-88 in 

 Handbook of Poultry Science and Technology: Secondary Processing. Vol 2.  

 I. Guerrero-Legarreta, and A. D. Alarcón-Rojo. ed. John Wiley and Sons, 

 Hoboken, NJ.  

Oscar, P. 2003. Fat Characterization. Pages 81-102 in Food Analysis. 3
rd

 rev. ed. S. S. 

 Nielson. ed. Springer Publishing, New York, NY. 

Oviedo-Rondon, E. O., A. E. Murakami, A. C. Furlan, I. Moreira, and M. Macari.  2001. 

  Sodium and chloride requirements of young broiler chickens fed  corn-         

  soybean diets (one to twenty-one days of age). Poult. Sci. 80:592-598. 

Parks, L. L., and J. A. Carpenter. 1987. Functionality of six nonmeat proteins in meat 

 emulsion systems. J. Food Sci. 52:271-274. 

Pearson, A. M., and T. A. Gillett. 1996. Meat Processsing. 3
rd

 ed. Chapman and Hall, 

 New York, NY.   

Perry, C. R., P. R. Pehrsson, and J. Holden. 2003. A revised sampling plan for 

 obtaining food products for nutrient analysis for the USDA National 

 Nutrient Database. 2003. In Proceedings of the American Statistical 

 Association, Section on Survey Research Methods [CD-ROM], Alexandria 

 VA: American Statistical Association. 

Perry, J., D. Banker, and R. Green. 1999 Mar. Broiler Farms’ Organization, Management, 

 and Performance. Agriculture Information Bulletin No. (AIB748). USDA-ERS, 

 Washington, DC. 

Piironen, V., J. Toivo, and A-M. Lampi. 2002. New data for cholesterol contents in 

 meat, fish, milk, eggs and their products consumed in Finland. J. Food Comp. 

 Anal. 15:705-713. 

Pikul, J., D. E. Lessczynski, and F. A. Kummerow. 1984. Relative role of phospholipids, 

 triacylglycerols and cholesterol esters on malonaldehyde formation in fat 

 extracted from chicken meat. J. Food Sci. 49: 704–708. 

Pinchasov, Y., and I. Nir. 1992. Effect of dietary polyunsaturated fatty acid 

 concentration on performance, fat deposition, and carcass fatty acid 

 composition in broiler chickens. Poult. Sci. 71:1504-1512. 



Texas Tech University, Samantha Stephenson, May 2014 
 

155 

Pinheiro-Sant’ana’, H.M., M. V. C. Penteado, S. C. C. Brandao, and P. C. Stringheta. 

1999. Stability of B-vitamins in meats prepared by foodservice. 1. Thiamin. J. 

Foodservice 11:33-52. 

Plavnik, I., E. Wax, D. Sklan, I. Bartov, and S. Hurwitz. 1997a. The response of broiler 

 chickens and turkey poults to dietary energy supplied either by fat or 

 carbohydrates. Poult. Sci. 76:1000-1005. 

Plavnik, I., Wax, E., Sklan, D., and Hurwitz, S. 1997b. The response of broiler 

 chickens and turkey poults to steam-pelleted diets supplemented with fat or 

 carbohydrates. Poult. Sci. 76:1006-1013. 

Rishell, W. A. 1997. Symposium: Genetic selection-strategies for the future; 

 breeding and genetics-historical perspective.  Poult. Sci. 76:1057-1061. 

Rogel, A. M., E. F. Annison, W. L. Bryden, and D. Balnave. 1987. The digestion  of 

 wheat starch in broiler chickens.  Australian J. Agricultural Res. 38:639-649.  

Roozen, J. P. 1987. Effects of types I, II and III antioxidants on phospholipid 

 oxidation in a meat model for warmed over flavour. Food Chem. 24:167-185. 

Rose, S. P. 1997. Principles of Poultry Science. CAB International, New York, NY.  

Rosebrough, R. W., J. P. McMurtry, and R. Vasilatos-Younken. 1999. Dietary fat  and 

 protein interactions in the broiler. Poult. Sci. 78:992-998. 

Roth, F. X., M. Kirchgessner, M. Ristic, M. Kreuzer, and E. Manrus-Kukral. 1990. 

 Amino acid pattern of the breast meat of broilers during an extended 

 finishing period as affected by protein and energy intake. Fleischwirtschaft 

 70:608-612. 

SAS Institute, 2002-2008. SAS ® User’s Guide: Statistics. Version 9.2 Edition SAS 

 Institute Inc., Cary, NC. 

Saleh, E. A., S. E. Watkins, A. L. Waldroup, and P. W. Waldroup. 2004a.  

 Consideration for dietary nutrient and energy feeding programs for 

 growing large male broiler chickens for further processing. Int. J. Poult. Sci. 

 3:11-16.  

Saleh, E. A., S. E. Watkins, A. L. Waldroup, and P. W. Waldroup. 2004b. Effects of 

 dietary nutrient density on performance and carcass quality of male broilers 

 grown for further processing. Int. J. Poult. Sci. 3:1-10.  

Saleh, E. A., S. E. Watkins, and P. W. Waldroup. 1996. Changing time of  feeding starter, 

 grower and finisher diets for broilers. 1. Birds grown to 1 kg. J. Applied Poult. 

 Res. 5:269-275. 



Texas Tech University, Samantha Stephenson, May 2014 
 

156 

Sanz, M. 1999. Higher lipid accumulation in broilers fed on saturated fats than in  those 

 fed on unsaturated fats. Br. Poult. Sci. 40:95-101. 

Satyanarayan, V. T., and K. O. Honikel. 1992. Effect of different cooking methods 

 on warmed-over flavour development in pork. Z Lebensm-Unters Forsch. 

 194:422-425. 

Savory, C. J. 1974. Growth and behavior of chicks fed on pellets or mash. Br. Poult. 

 Sci. 15:281-286. 

Scanes, C. G., G. Brant, and M. E. Ensminger. 2004. Poultry Science.  4th rev. ed. 

Pearson Education, Inc. Upper Saddle River, NJ. 

Scheuermann, G. N., S. F. Bilgili, J. B. Hess, and D. R. Mulvaney. 2003. Breast muscle 

development in commercial broiler chickens. Poult. Sci. 82:1648-1658. 

Schmidt, R. H., B. L. Illingworth, J. C. Deng, and J. A. Cornell. 1979. Multiple 

 regression and response surface analysis of the effects of calcium chloride and 

 cysteine on heat-induced whey protein gelation. J. Agric. Food Chem. 27:529-

 532. 

Schweiger, R. G. 1974. Soy protein concentrates and isolates in comminuted 

 meat systems. J. Amer. Oil Chem. Soc. 51:192A. 

Sebranek, J. G. 2009. Basic curing ingredients. Pages 1-24 in Ingredients in Meat 

Products: Properties, Functionality, and Applications. R. Tarté. Ed. Springer, New 

York, NY.  

Sheard, P.R., G. R. Nute, and A. G. Chappell. 1998. The effect of cooking on the 

chemical composition of meat products with special reference to fat loss. Meat 

Sci. 49:175-191. 

Shimada, K., and J. C. Cheftel. 1988. Texture characteristics, protein solubility, and 

 sulfhydryl group/disulfide bond contents of heat-induced gels of whey protein 

 isolate. J. Agric. Food Chem. 36:1018-1025. 

  

Siegel, P. B., and E. A. Dunnington. 1997. Genetic selection practices-population 

genetics. Poult. Sci. 76:1062-1065. 

Skinner, J. T., A. L. Waldroup, and P. W. Waldroup. 1992. Effects of removal of vitamin 

and trace mineral supplements from grower and finisher diets on live performance 

and carcass composition of broilers. J. Appl. Poult. Res. 1:280-286. 

Smith, M. O. 1993. Nutrient content of carcass parts from broilers reared under cycling 

high temperatures. Poult. Sci. 72:2166-2171. 



Texas Tech University, Samantha Stephenson, May 2014 
 

157 

Smith, D. P., and J. C. Acton. 2010. Marination, cooking, and curing of poultry products. 

Pages 311-336 in Poultry Meat Processing. 2
nd

 rev. ed. C.M. Owens, C. Z. 

Alvarado, and A. R. Sams. ed. CRC Press, Bacon Raton, FL. 

Smith, D. P., and D. L. Fletcher. 1988. Chicken breast muscle fiber type and diameter as 

influenced by age and intramuscular location. Poult. Sci. 67:908-913. 

Speek, A. J., J. Schrijver, and H. P. Schreurs. 1985. Vitamin E composition of some 

 seed oils as detected by high-performance liquid chromatography with 

 fluorometric detection. J. Food Sci. 50:121-124. 

 

Steele, R. G., and J. H. Torrie. 1980. Principles and Procedures of Statistics, a 

 Biometrical Approach: 2nd rev. ed. McGraw-Hill Book Company, New York, 

 NY. 

 

Suzuki, H., and P. L. Kimmel. 2007. Nutrition and kidney disease: A new era. Vol. 

 155. Karger, Switzerland. 

 

Swinkels, J. W., E. T. Kornegay, and M. W. Verstegen. 1994. Biology of zinc and 

 biological value of dietary organic zinc complexes and chelates. Nutr. Res. 

 Rev. 7:129-149. 

 

Swize, S. S., K. B. Harris, J. W. Savell, and H. R. Cross. 1992. Cholesterol content of 

 lean and fat from beef, pork, and lamb cuts. J. Food Comp. Anal. 5:160-167. 

 

Tims, M. J., and B. M. Watts. 1958. Protection of cooked meats with phosphates. Food 

 Technol. 12:240-243. 

 

Tonks, D. B. 2006. The estimation of cholesterol in serum: A classification and critical 

 review of methods. Clin. Biochem. 39:446-463. 

 

Trout, G. R., and S. Dale. 1990. Prevention of warmed-over flavor in cooked beef: 

 effect of phosphate type, phosphate concentration, a lemon  juice/phosphate blend, 

 and beef extract. J. Agric. Food Chem. 38:665-669. 

 

Trout, G. R., and G. R. Schmidt. 1983. The utilization of phosphates in processed  meat 

 products. Pages 24-27 in Proceedings of the 36
th

 Annual Reciprocal Meat 

 Conference. American Meat Science Association, Fargo, ND.   

 

Trout, G. R., and G. R. Schmidt. 1984. Effect of type and concentration, salt level  and 

 method of preparation on binding in restructured beef rolls. J. Food Sci. 

 49:687-694. 

 



Texas Tech University, Samantha Stephenson, May 2014 
 

158 

Trout, G. R., and G. R. Schmidt. 1986. Effect of phosphates on the functional 

 properties of restructured beef rolls: the role of pH, ionic strength, and 

 phosphate type. J. Food Sci. 51:1416-1423. 

 

USDA. 1979. Composition of Foods: Poultry Products – Raw, Processed,  Prepared. 

 Agriculture Handbook 8-5. United States Dept. of Agri., Consumer and Food 

 Economics Institute. Government Printing Office, Washington, DC.  

 

USDA. 1999a. FSIS label policy memorandum 042. Ready-to-cook poultry 

 products to which solutions are added. Title 9. Chapter III, Part 381, 

 Subpart P, § 381.169. Code of Federal Regulations. Government Printing Office, 

 Washington, DC.  

 

USDA. 1999b. Ready-to-cook poultry products to which solutions are added. Title 

 9. Chapter III, Part 381, Subpart P, § 381.169. Code of Federal Regulations. 

 Government Printing Office, Washington, DC. 

 

 

USDA. 1999c. Restrictions on the use of substances in poultry products. Title 9. 

 Chapter III, Part 381, Subpart Y, § 381.412. Code of Federal Regulations. 

 Government Printing Office, Washington, DC.  

 

USDA. 2010. National Nutrient Database for Standard Reference, Release 23. United 

 States Dept. of Agri., Consumer and Food Economics Institute. Government 

 Printing Office, Washington, DC.  

 

[USDA-USDHHS] USDA and U.S. Department of Health and Human Services. Dietary 

 Guidelines for Americans, 2010. 7th Edition. U.S. Government Printing Office, 

 Washington,  DC. 

 

USDA. 2011.  Reference amounts customarily consumbed per eating occasion. Title 9. 

 Chapter III, Part 317, Subpart B, § 317.312. Code of Federal Regulations. 

 Government Printing Office, Washington, DC.  
  

Velleman, S. G., J. Anderson, and K. E. Nestor. 2003. Possible maternal inheritance of 

 breast muscle morphology in turkeys at sixteen weeks of age. Poult. Sci. 

 82:1479-1484. 

 

Villaverde, C., M. D. Baucells, L. Cortinas, M. Hervera, and A. C. Barroeta. 2005. 

 Chemical composition and energy content of chickens in response  to different 

 levels of dietary polyunsaturated fatty acids. An. Nutrition. 59:281-292. 

 



Texas Tech University, Samantha Stephenson, May 2014 
 

159 

Wolfenson, D., D. Sklan, Y. Graber, O. Kedar, I. Bengal, and S. Hurwitsz. 1987. 

 Absorption of protein, fatty acids and minerals in young turkeys under heat and 

 cold stress. Br. Poult. Sci. 28:739-742. 

 

Woods, L. F. J., and P. N. Church. 1999. Strategies for extending the shelf-life of poultry 

meat and products. Pages 297-312 in Poultry Meat Science. Poultry Science 

Symposium Series, vol. 25. R. I. Richardson, and G. C. Mead. NCABI 

Publishing, New York, NY. 

Wu, F. Y., and S. B. Smith. 1987. Ionic strength and myofibrillar protein solubilization. 

 J. Anim. Sci. 65:597-608. 

 

Xiong, Y. L., and D. R. Kupski. 1999a. Monitoring phosphate marinade penetration in 

 tumbled chicken filets using a thin-slicing, dye-tracing method. Poult. Sci. 

 78:1048-1052. 

 

Xiong, Y. L., and D. R. Kupski. 1999b. Time-dependent marinade absorption and 

 retention, cooking yield, and palatability of chicken filets marinated in various 

 phosphate solutions. Poult. Sci. 78:1053-1059. 

 

Ye, L., W. O. Landen Jr., J. Lee, and R. R. Eitenmiller. 1998. Vitamin E content of 

 margarine and reduced fat products using a simplified extraction procedure and 

 HPLC determination. J. Liq. Chrom. Rel. Technol. 21:1227-1238. 

 

Young, L. L. and C. E. Lyon. 1997a. Effect of postchill aging and sodium 

 tripolyphosphate on moisture binding properties, color, and Warner-

 Bratzler shear values of chicken breast meat. Poult. Sci. 76:1587-1590. 

 

Young, L. L., and C.E. Lyon. 1997b. Effect of calcium marination on biochemical 

 and textural properties of pre-rigor chicken breast meat.  Poult. Sci. 

 76:197. 

 

Zerehdaran, S., A. L. J. Vereijken, J. A. M. van Arendonk, and E. H. van der Waaij,   

 2004. Estimation of genetic parameters for fat deposition and carcass traits 

 in broilers.  Poult. Sci. 83:521-525. 

 

Zheng, M., N. A. Detienne, B. W. Barnes, and L. Wicker. 2000. Tenderness and yields 

 of poultry breast are influenced by phosphate type and concentration of marinade. 

 J. Sci. Food Agric. 81:82-87. 



Texas Tech University, Samantha Stephenson, May 2014 
 

160 

 

 

 

 

 

 

 

 

APPENDIX 

ADDITIONAL TABLES 



Texas Tech University, Samantha Stephenson, May 2014 
 

161 

Table A.1. Copy of receiving log 

Study: 

Received By: 

Date 

Purchased Location Cuts Type Store Address Brand 

Quantity 

(packs) 

Total 

Weight 

(lbs) 

Product 

condition 

(°C)   

REMARKS 

(Enhanced/Non-

enhanced) FEDEX # 
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Table A.2. Copy of cooking data sheet 

Texas Tech University                                                                                                                                                                                                              

DARK MEAT - Cooking Data Sheet  

              

              

Project:    Dark Meat Chicken  Cooking Date:         ______________   

Total Packaged wt (gm):         ______________ Distributor:         ______________   

Total Pieces:         ______________ Location:         ______________   

Total pieces wt (gm):         ______________ 
Cut /(Enhanced/Non-

Enhanced): 
        ______________ 

  

Total Skin + Sub fat wt 

(gm): 
        ______________ Cooking Method:         ______________ 

  

Total Lean wt (gm):         ______________ Initial Internal Temp (°F)         ______________   

Total bone + cartilage 

wt (gm): 
        ______________ 

      

              

              

Sample Tag Code Initial Wt Raw (gm) 

Cooled 

Wt 

Cooked 

(gm) 

Cooked Internal Temp 

(°F) 

Cooled Internal 

Temp (°F) 
Time Cooked (mins) 

1             

2             

3             

4             

5             
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Table A.3. Copy of Dissection Data Sheet-Raw 

Texas Tech University                                                                                                                                                                                                                

DARK MEAT - Dissection Data Sheet RAW   

                

                

                

Project:    Dark Meat Chicken    Dissection Date:         ______________   

Total Packaged wt (gm):         ______________   Location:         ______________   

Total Pieces:         ______________ 

  

Cut 

/(Enhanced/Non-

Enhanced): 

        ______________ 

  

Total pieces wt (gm):         ______________ 
  

Initial Internal 

Temp (°F): 
        ______________ 

  

Total Skin + Sub fat wt 

(gm): 
        ______________ 

        

Total Lean wt (gm):         ______________         

Total bone + cartilage 

wt (gm): 
        ______________ 

        

                

                

Sample Tag Code Cut w/ Skin (gm) Cut w/o Skin (gm) Skin + Sub. Fat (gm) Lean (gm) Refuse (gm) % Yield 

1             
  

2             
  

3             
  

4             
  

5             
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Table A.4. Cis-Lutein/Zeaxanthin content of non-enhanced national composites of raw and 

roasted dark chicken meat and skin in 1979
1
 (n = 0²) compared to data in 2010 (n = 1), expressed 

as µg/100 g. 

Treatment Part 1979 2010 

Raw Drum 0.00 9.30 

  Thigh 0.00 9.00 

  Skin 0.00 9.60 

        

Roasted Skin 0.00 11.10 

1
1979 values for raw and cooked, roasted broilers from Agriculture Handbook 8-5 (USDA, 1979). 

²1979 values estimated from other data and no standard error of the mean provided for values 

obtained from Agriculture Handbook 8-5 (USDA, 1979). 
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Table A.5. Beta cryptoxanthin content of non-enhanced national composites of raw and roasted 

dark chicken meat and skin in 1979
1
 (n = 0²) compared to data in 2010 (n = 1), expressed as 

µg/100 g. 

Treatment Part 1979 2010 

Raw Drum 0.00 ·³ 

  Thigh 0.00 · 

  Skin 0.00 0.85 

        

Roasted Skin 0.00 0.86 

1
1979 values for raw and cooked, roasted broilers from Agriculture Handbook 8-5 (USDA, 1979). 

²1979 values estimated from other data and no standard error of the mean provided for values 

obtained from Agriculture Handbook 8-5 (USDA, 1979). 

³Value is < 0.005 µg/g. 
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Table A.6. Lycopene content of non-enhanced national composites of raw and roasted dark 

chicken meat and skin in 1979
1
 (n = 0²) compared to data in 2010 (n = 1), expressed as µg/100 g. 

Treatment Part 1979 2010 

Raw Drum 0.00 ·³ 

  Thigh 0.00 · 

  Skin 0.00 · 

        

Roasted Skin 0.00 · 

1
1979 values for raw and cooked, roasted broilers from Agriculture Handbook 8-5 (USDA, 1979). 

²1979 values estimated from other data and no standard error of the mean provided for values 

obtained from Agriculture Handbook 8-5 (USDA, 1979). 

³Value is < 0.005 µg/g. 
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Table A.7. Alpha carotene content of non-enhanced national composites of raw and roasted dark 

chicken meat and skin in 1979
1
 (n = 0²) compared to data in 2010 (n = 1), expressed as µg/100 g. 

Treatment Part 1979 2010 

Raw Drum 0.00 ·³ 

  Thigh 0.00 · 

  Skin 0.00 · 

        

Roasted Skin 0.00 · 

1
1979 values for raw and cooked, roasted broilers from Agriculture Handbook 8-5 (USDA, 1979). 

²1979 values estimated from other data and no standard error of the mean provided for values 

obtained from Agriculture Handbook 8-5 (USDA, 1979). 

³Value is < 0.005 µg/g. 
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Table A.8. Constituents supplied by a 100-g serving of separable lean and fat reconstituted according to dissection data for 

non-enhanced drums and thighs prepared by various cooking methods.  

      

 Drum   Thigh  

Food component Braised Roasted  Braised  Roasted 

Fat (g/100 g) 9.23 8.57  11.66 11.00 

Saturated fatty acids (g/100 

g) 

2.51 2.29  3.23 3.10 

Cholesterol (mg/100 g) 132.7 130  141.4 138.4 

Total carbohydrate
1 

0 0  0 0 

Fiber
1 

0 0  0 0 

Na (mg/100 g) 100.9 115.3  76.6 86.6 

K (mg/100 g) 233.9 258.4  256.6 269.3 

Protein (g/100 g) 23.1 22.7  23.4 23.3 

kcal/100 g 175.5 167.9  198.5 192.2 
1 

Total carbohydrate and fiber assumed to be "zero."  
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Table A.9. Percentage of daily values (DV) supplied by an 85-g serving of separable lean and fat reconstituted according to 

dissection data for non-enhanced drums and thighs prepared by various cooking methods.  

       

  Drum   Thigh  

Food component DV
1 

Braised (% of 

DV) 

Roasted (% of 

DV) 

 Braised (% of 

DV) 

Roasted (% of 

DV) 

Fat  65 g 12.06 11.21  15.25 14.39 

Saturated fatty acids  20 g 10.67 9.73  13.72 13.18 

Cholesterol  300 mg 37.59 36.84  40.05 39.20 

Total carbohydrate
2 

300 g 0 0  0 0 

Fiber
2 

25 g 0 0  0 0 

Na  2,400 mg 3.57 4.08  2.71 3.07 

K 3,500 mg 5.68 6.27  6.23 6.54 

Protein  50 g 39.25 38.58  39.84 39.56 
1 

DV: USDA, 2007.       
2 

Total carbohydrate and fiber assumed to be "zero."     
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Table A.10. Percentage of daily values (DV) supplied by a 100-g serving of separable lean and fat reconstituted according to 

dissection data for non-enhanced drums and thighs prepared by various cooking methods.  

       

  Drum   Thigh  

Food component DV
1 

Braised (% of 

DV) 

Roasted (% of 

DV) 

 Braised (% of 

DV) 

Roasted (% of 

DV) 

Fat  65 g 14.19 13.19  17.94 16.93 

Saturated fatty acids  20 g 12.55 11.45  16.15 15.5 

Cholesterol  300 mg 44.22 43.34  47.12 46.12 

Total carbohydrate
2 

300 g 0 0  0 0 

Fiber
2 

25 g 0 0  0 0 

Na  2,400 mg 4.20 4.80  3.19 3.61 

K 3,500 mg 6.68 7.38  7.33 7.69 

Protein  50 g 46.17 45.39  46.87 46.54 
1 

DV: USDA, 2007.       
2 

Total carbohydrate and fiber assumed to be "zero."     
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Table A.11. Percentage of recommended daily intakes (RDI) in an 85-g serving of separable lean and fat reconstituted 

according to dissection data for non-enhanced drums and thighs prepared by various cooking methods.  

       

  Drum   Thigh  

Nutrient RDI
1 

Braised (% of 

RDI) 

Roasted (% of RDI) Braised (% of 

RDI) 

Roasted (% of 

RDI) 

Ca 1,000 mg 1.00 0.99  1.00 0.84 

Fe 18 mg 4.64 4.60  5.88 5.03 

P 1,000 mg 15.47 16.65  16.55 17.95 

Mg 400 mg 4.65 4.98  5.09 4.95 

Zn  15 mg 13.67 12.98  10.01 9.71 

Se 70 µg 32.10 31.15  34.02 30.79 

Cu 2.0 mg 2.86 2.90  2.09 2.13 

Mn 2.0 mg 0.85 0.85  0.85 0.85 

Thiamin 1.5 mg 4.89 4.91  4.89 5.43 

Riboflavin 1.7 mg 8.91 8.50  8.90 8.96 

Niacin 20 mg 20.79 23.01  23.48 25.51 

Pantothenic Acid 10 mg 9.20 9.01  10.74 9.78 

Pyridoxine 2.0 mg 15.76 16.30  17.68 18.63 

Vitamin B12 6.0 µg 6.13 5.67  6.00 5.80 

Vit D 400 IU 0.52 0.50  2.64 1.49 
1 

RDI: USDA, 2007.      
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Table A.12. Percentage of recommended daily intakes (RDI) in a 100-g serving of separable lean and fat reconstituted 

according to dissection data for non-enhanced drums and thighs prepared by various cooking methods.  

       

  Drum   Thigh  

Nutrient RDI
1 

Braised (% of 

RDI) 

Roasted (% of RDI) Braised (% of 

RDI) 

Roasted (% of 

RDI) 

Ca 1,000 mg 1.18 1.16  1.17 0.99 

Fe 18 mg 5.45 5.41  6.92 5.92 

P 1,000 mg 18.20 19.59  19.47 21.12 

Mg 400 mg 5.47 5.86  5.99 5.82 

Zn  15 mg 16.09 15.27  11.77 11.42 

Se 70 µg 37.77 36.65  40.02 36.23 

Cu 2.0 mg 3.36 3.42  2.45 2.50 

Mn 2.0 mg 1.00 1.00  1.00 1.00 

Thiamin 1.5 mg 5.76 5.78  5.75 6.39 

Riboflavin 1.7 mg 10.48 10.00  10.47 10.54 

Niacin 20 mg 24.46 27.08  27.62 30.01 

Pantothenic Acid 10 mg 10.82 10.59  12.63 11.51 

Pyridoxine 2.0 mg 18.55 19.17  20.81 21.92 

Vitamin B12 6.0 µg 7.21 6.67  7.06 6.82 

Vit D 400 IU 0.61 0.58  3.10 1.75 
1 

RDI: USDA, 2007.      
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Table A.13. Constituents supplied by a 100-g serving of separable lean and fat reconstituted according to dissection data for 

enhanced drums and thighs prepared by various cooking methods.  

      

                       

Drum 

                        

Thigh 

 

Food component Braised Roasted  Braised  Roasted 

Fat (g/100 g) 8.79 7.52  9.58 10.18 

Saturated fatty acids (g/100 g) 2.54 2.03  2.65 3.18 

Cholesterol (mg/100 g) 133.60 113.60  125.50 128.80 

Total carbohydrate
1 

0 0  0 0 

Fiber
1 

0 0  0 0 

Na (mg/100 g) 166.1 176.9  192.9 195.3 

K (mg/100 g) 221.1 266.5  279.4 300.4 

Protein (g/100 g) 21.6 20.0  21.5 21.4 

kcal/100 g 165.3 147.8  172.3 177.2 
1 

Total carbohydrate and fiber assumed to be "zero."   
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Table A.14. Percentage of daily values (DV) supplied by an 85-g serving of separable lean and fat reconstituted according to 

dissection data for enhanced drums and thighs prepared by various cooking methods.  

    Drum   Thigh 

Food component DV
1
 Braised (% of DV) Roasted (% of DV)   Braised (% of DV) Roasted (% of DV) 

Fat  65 g 11.50 9.83   12.53 13.32 

Saturated fatty acids  20 g 10.81 8.61   11.26 13.51 

Cholesterol  300 mg 37.86 32.18   35.57 36.49 

Total carbohydrate
2
 300 g 0 0   0 0 

Fiber
2
 25 g 0 0   0 0 

Na  2,400 mg 5.88 6.67   6.83 6.92 

K 3,500 mg 5.37 6.47   6.78 7.30 

Protein  50 g 36.64 34.06   36.58 36.37 
1 

DV: USDA, 2007. 
2 

Total carbohydrate and fiber assumed to be "zero." 
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Table A.15. Percentage of daily values (DV) supplied by a 100-g serving of separable lean and fat reconstituted according to 

dissection data for enhanced drums and thighs prepared by various cooking methods.  

    Drum   Thigh 

Food component DV
1
 Braised (% of DV) Roasted (% of DV)   Braised (% of DV) Roasted (% of DV) 

Fat  65 g 13.52 11.57   14.74 15.67 

Saturated fatty acids  20 g 12.71 10.13   13.24 15.89 

Cholesterol  300 mg 44.54 37.86   41.84 42.94 

Total carbohydrate
2
 300 g 0 0   0 0 

Fiber
2
 25 g 0 0   0 0 

Na  2,400 mg 6.92 7.84   8.04 8.14 

K 3,500 mg 6.32 7.62   7.98 8.58 

Protein  50 g 43.10 40.07   43.03 42.79 
1 

DV: USDA, 2007. 
2 

Total carbohydrate and fiber assumed to be "zero." 
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Table A.16. Percentage of recommended daily intakes (RDI) in an 85-g serving of separable lean and fat reconstituted 

according to dissection data for enhanced drums and thighs prepared by various cooking methods.  

    Drum   Thigh 

Nutrient RDI
1
 Braised (% of RDI) Roasted (% of RDI)   Braised (% of RDI) Roasted (% of RDI) 

Ca 1,000 mg 1.16 0.92   1.04 0.90 

Fe 18 mg 3.62 3.22   4.92 4.51 

P 1,000 mg 13.99 15.69   16.67 17.74 

Mg 400 mg 4.30 4.24   4.93 5.09 

Zn  15 mg 12.36 12.70   10.05 10.26 

Se 70 µg 34.61 31.01   32.03 30.86 

Cu 2.0 mg 2.00 2.31   2.14 2.56 

Mn 2.0 mg 0.60 0.58   0.72 0.66 

Thiamin 1.5 mg 4.38 4.95   4.41 4.39 

Riboflavin 1.7 mg 7.45 8.59   6.64 8.48 

Niacin 20 mg 20.86 22.17   25.99 25.50 

Pantothenic Acid 10 mg nd
2
 nd   nd nd 

Pyridoxine 2.0 mg 12.53 15.75   12.60 16.89 

Vitamin B12 6.0 µg 4.34 7.09   4.75 7.61 

Vit D 400 IU nd nd   nd nd 
1 

RDI: USDA, 2007. 
2 

nd: not determined  
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Table A.17. Percentage of recommended daily intakes (RDI) in a 100-g serving of separable lean and fat reconstituted 

according to dissection data for enhanced drums and thighs prepared by various cooking methods.  

    Drum Thigh 

Nutrient RDI
1
 Braised (% of RDI) Roasted (% of RDI) Braised (% of RDI) Roasted (% of RDI) 

Ca 1,000 mg 1.37 1.08 1.22 1.05 

Fe 18 mg 4.25 3.79 5.79 5.30 

P 1,000 mg 16.46 18.45 19.61 20.63 

Mg 400 mg 5.06 4.99 5.80 5.99 

Zn  15 mg 14.54 14.94 11.83 12.06 

Se 70 µg 40.72 36.48 37.68 36.30 

Cu 2.0 mg 2.36 2.72 2.52 3.01 

Mn 2.0 mg 0.71 0.68 0.85 0.78 

Thiamin 1.5 mg 5.15 5.82 5.19 5.16 

Riboflavin 1.7 mg 8.77 10.11 7.82 9.98 

Niacin 20 mg 24.54 26.09 30.57 30.00 

Pantothenic Acid 10 mg nd
2
 nd nd nd 

Pyridoxine 2.0 mg 14.74 18.53 14.82 19.87 

Vitamin B12 6.0 µg 5.11 8.34 5.58 8.96 

Vit D 400 IU nd nd nd nd 
1 

RDI: USDA, 2007. 
2 

nd: not determined 
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Table A.18. Acceptable range and content of standard reference samples analyzed for proximate composition (%). 

  Beechnut Baby Food-Beef Beechnut Baby Food-Chicken NIST SRM 1546 

Constituent Acceptable Range  Sample Acceptable Range  Sample Acceptable Range  Sample 

Moisture 84.11 ± 0.47 84.50 83.07 ± 0.38 82.93 60.5 ± 2.60 59.75 

    84.50   83.15   59.60 

    84.42   82.95   60.23 

    84.43   83.11   - 

Protein 12.72 ± 0.40 12.25 12.57 ± 0.38 12.22 14.9 ± 1.00 14.57 

    12.04   12.26   14.85 

    12.14   12.22   14.47 

    12.26   12.26   - 

Fat 3.33 ± 0.13 3.06 4.39 ± 0.49 4.51 21.0 ± 1.40 19.08 

    -   -   - 

    -   -   - 

    -   -   - 

Ash 0.59 ± 0.04 0.06 0.72 ± 0.04 0.70 3.21 ± 0.21 3.13 

    0.60   0.72   3.12 

    0.59   0.71   3.13 

    0.58   0.71   - 
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Table A.19. Acceptable range and content of standard reference samples. 

    Beechnut Baby Food-Beef Beechnut Baby Food-Chicken NIST SRM 1546 

  Unit Acceptable Range  Sample Acceptable Range  Sample Acceptable Range  Sample 

Cholesterol mg/100 g 42.26 ± 3.01 53.30 47.39 ± 3.41 52.92 75.0 ± 7.20 72.51 

Vitamin D IU/100 g   - 78.85 ± 1.48 77.8   - 

Retinol µg/100 g 5.63 ± 2.38 - 9.95 ± 9.94 4.8   - 

Vitamin E µg/g 0.54 ± 0.12 - 0.32 ± 0.06 0.56   - 
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Table A.20. Acceptable range and content of standard reference samples analyzed for mineral content (mg/100 g). 

  Beechnut Baby Food-Beef Beechnut Baby Food-Chicken NIST SRM 1546 

Mineral Acceptable Range  Sample Acceptable Range  Sample Acceptable Range  Sample 

Ca 6.85 ± 1.00 7.522 38.54 ± 2.23 39.107 32.30 ± 2.80 34.129 

Cu 0.05 ± 0.02 0.058 0.06 ± 0.02 0.057 0.06 ± 0.004 0.066 

Fe 1.63 ± 0.32 1.162 1.333 ± 0.20 1.112 1.01 ± 0.07 1.302 

Mg 11.26 ± 1.02 10.907 13.43 ± 1.06 13.279 16.30 ± 1.10 16.796 

Mn 0.02 ± 0.01 0.010 0.01 ± 0.00 0.018 0.023 ± 0.003 0.023 

P 102.34 ± 7.18 106.596 130.20 ± 8.13 137.726 153.0 ± 10.0 163.196 

K 182.73 ± 14.89 169.924 180.60 ± 8.83 163.408 237.0 ± 20.0 241.189 

Na 46.65 ± 4.01 42.278 55.52 ± 5.89 58.234 999.0 ± 71.6 993.927 

Zn 2.72 ± 0.35 1.904 1.62 ± 0.43 1.468 1.83 ± 0.13 1.937 

Se (µg/100 g) 4.69 ± 0.46 5.70 18.64 ± 1.26 13.20 0.015 ± 0.001 - 

    -   13.20   - 
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Table A.21. Acceptable range and content of standard reference samples analyzed for 

thiamin, riboflavin, niacin, pantothenic acid, vitamin B6 (mg/100 g) and vitamin B12 

(µg/100 g). 

  Beechnut Baby Food-Beef Beechnut Baby Food-Chicken 

Vitamin Acceptable Range  Sample Acceptable Range  Sample 

Thiamin 0.03 ± 0.01 0.04 0.05 ± 0.01 0.03 

    -   0.03 

    -   0.04 

Riboflavin 0.12 ± 0.02 0.07 0.15 ± 0.04 0.06 

    -   0.07 

Niacin 3.20 ± 0.24 3.08 3.43 ± 1.89 3.02 

    -   3.23 

Pantothenic Acid 0.28 ± 0.15 - 0.87 ± 0.22 0.9 

B6 0.10 ± 0.05 0.14 0.13 ± 0.05 0.15 

    -   0.20 

B12 1.55 ± 0.24 1.40 0.66 ± 0.17 0.38 

    -   0.69 
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Table A.22. Acceptable range and content of standard reference Beechnut 

chicken baby food analyzed for fatty acid content (g/100 g fat). 

Fatty Acid Acceptable Range  Sample 

MUFA 0.39 ± 0.05 1.64 

    1.67 

    1.66 

PUFA 0.30 ± 0.08 1.14 

    1.16 

    1.15 

Saturated FA 0.36 ± 0.06 1.05 

    1.06 

    1.06 

Trans FA 0.01 ± 0.000 0.05 

    0.05 

    0.05 
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Table A.23. Acceptable range and content of standard reference NIST 

SRM 1546 sample analyzed for amino acid content, expressed as 

percent. 

Amino Acid Acceptable Range Sample 

Alanine 0.87 ± 0.06 0.88 

Arginine 0.94 ± 0.08 0.96 

Aspartic Acid 1.3 ± 0.1 1.32 

Cystine 0.14 ± 0.02 0.13 

Glutamic Acid 2.1 ± 0.2 2.15 

Glycine 0.90 ± 0.06 0.89 

Histidine 0.49 ± 0.03 0.51 

Isoleucine 0.62 ± 0.04 0.61 

Leucine 1.1 ± 0.1 1.15 

Lysine 1.2 ± 0.1 1.19 

Methionine 0.4 ± 0.1 0.29 

Phenylalanine 0.56 ± 0.06 0.56 

Proline 0.72 ± 0.09 0.70 

Serine 0.59 ± 0.04 0.57 

Threonine 0.58 ± 0.06 0.64 

Tryptophan 0.13 ± 0.06 0.15 

Tyrosine 0.47 ± 0.05 0.50 

Valine 0.70 ± 0.05 0.69 

 

 

 

 

 

 

 

 


