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CHAPTER I 

INTRODUCTION 

In planning general or modified diets for patients or for clinical 

research purposes, the dietitian, researcher, and/or physician rely on 

tables of food composition to assure nutritional adequacy. Increased 

elucidation of metabolic roles of minerals, particularly the trace ele-

ments, in human nutrition has suggested the critical need for further 

data on food composition as a tool in diet therapy and human nutrition 

research. Data need to be reliable, concise, and up-to-date in order to 

be a credible and dependable tool. 

Dietitians and researchers are often called upon to devise nutri-

tionally adequate diets for patients which are at very specific levels 

of certain minerals such as sodium, potassium, calcium, magnesium and 

others. Foods high in complete protein must be included in these diets 

and the mineral composition of these foods should be known as precisely 

as possible. Thus, knowledge of or access to the mineral composition of 

chicken meat, a practical, economical, and acceptable main dish, is 

important to nutritional care of patients by dietitians or nutritional 

research by investigators. 

Specific, reliable information on individual anatomical chicken 

parts analyzed raw, baked, or si1IU11ered is needed and was the objective 

of this study. Auxiliary to the study of the differences in the mineral 

content of the chicken parts is the possibility of differences in mineral 
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content of fat versus baked drippings and simmered drippings. The data 

is intended to determine if baking or simmering leaches minerals out of 

the chicken meat and skin. 

It is frequently reported in the scientific literature that food 

composition table data conflict with individual laboratory data concern-

ing identical elements in identical foods. It should not be necessary 

to test the reliability of food composition tables each time a researcher 

needs mineral data. Thus, a secondary objective of this study was to 

present trace element data applicable to food composition tables for raw 

and cooked chicken parts. 



CHAPTER II 

REVIEW OF LITERATURE 

Animal Studies 

The scientific literature describes all aspects of mineral metabolism 

in man as well as experimental animals. Mineral composition data, where 

available, is usually found in studies incidental to the investigation 

of mineral metabolism. Mineral composition data in the literature repre-

sent very general food items, such as chicken light meat or dark meat, 

and are not described in much detail on a part by part basis. Food com-

position tables are available with varying degrees of reliability based 

on various methods of mineral determination. Mineral composition of 

foods, especially chicken flesh in this discussion, does have its origin 

in mineral metabolism studies. 

A report by Featherston, et al (1) describes studies concerned with 

the influence of dietary iron on the absorption and retention of radio-

active iron administered orally and intraperitoneally by the intact 

growing chick. Chicks receiving the isotope by injection retained most 

of the injected iron regardless of level of dietary iron. Chicks fed 

diets containing deficient or marginal levels of iron retained signifi-

cantly higher percentages of the original dose of orally administered 

59Fe as compared to chicks receiving excess dietary iron. Increased 

percentages of isotope were found in the liver, blood, and intestine of 
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the deficient chicks at the end of the experiment as compared with 

chicks fed the diet containing excess iron~ Chicks fed the diet con-

taining marginal levels of iron possessed intermediate percentages of 

tissue 59Fe. Chicks fed the iron deficient diet exhibited lower hemato-

crit, hemoglobin, and liver iron values compared to chicks fed marginal 

or excess iron diets. Chicks fed diets containing a marginal level of 

iron were able to maintain normal hematocrit, hemoglobin, and liver iron 

through the efficient absorption of dietary iron. Hence, iron composition 

of chicken tissues can be altered through iron metabolism responding to 

exogenous iron input. 

Similar absorptive compensation exists between zinc and vitamin D 

as exists between calcium and vitamin D. Worker and Migicovsky (2) 

reported that vitamin D supplementation significantly increased bone 

radiozinc after oral administration of 65zn to rachitic chicks. The 

site of influence of vitamin D was at intestinal absorption. Schisler 

and Kienholz (3) studied further the effects of supplemental zinc, 

supplemental vitamin D3, and the interaction of these on certain body 

components of laying hens. Vitamin D deficiency decreased hen body size. 

Concentration of zinc in gizzard, kidney, and femur muscle was not 

affected by the addition of either zinc or vitamin D to the diet. Zinc 

content of the heart was increased only when hens consumed both zinc and 

vitamin D. Vitamin D deficiency reduced bone zinc and increased liver 

zinc concentration. When dietary vitamin D was present high dietary 

zinc (356 ppm) resulted in higher bone and liver zinc concentration than 

when low zinc (26 ppm) was fed. Absorption of zinc, which is indirectly 
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related to zinc metabolism and composition, appears to depend on the 

presence of vitamin D •. 

In a similar study, Kienholz, et al (4) report on a study designed 

to determine the effect of inadequate and adequate levels of dietary 

zinc and of moderate and high levels of dietary calcium for hens on the 

zinc content of certain body components. They found that ten ppm dietary 

zinc maintained zinc concentrations of many body components equal to 

those produced by feeding 70 ppm zinc. They stress that the chicken 

body can maintain an adequate zinc concentration in most body tissues 

despite an inadequate intake. Among the muscles assayed for zinc content, 

breast muscle had much less zinc than the other muscles tested - only 

about 20 percent as much as that found in heart and gizzard muscle and 

only 30 percent as much as in leg muscle. 

Using domestic fowl and ducks, Beck (5) showed, that there was no 

significant increase in liver copper concentration as a result of increas-

ing dietary copper two and fivefold. Though rapid increase of copper 

storage was seen in the duck after three weeks of age, this was not seen 

in the domestic fowl. These same results are reported by Wood and Worden 

(6), that is, ducks have a greater propensity to store copper in their 

livers than domestic chicks. 

Though not shown to be causal, serum copper has been shown to be 

elevated in blood infection, myocardial infarction, hepatic diseases, 

malignant diseases, anemias, thyrotoxicosis, and perhaps schizophrenia, 

according to Schroeder, et al (7). If diet is to ameliorate or at least 

nourish these patients, then comprehensive data on the copper content 
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of food needs to be provided. Chicken leg and wing are reported to 

contain 1.99 ug copper per gram by these researchers using atomic absorp-

tion spectrophotometry. They report high concentrations of copper in 

phospholipids and those foods containing them such as brain, liver, nuts, 

egg yolk, oils, and fats but no data is reported on chicken fat. 

Methods 

It is reported by Clifford and Winkler (8) that flame photometric 

methodology in determining minerals in various foods gives reliable and 

reproducible data. Sodium values for lOOg of light, raw meat of chicken 

were 54.2 mg and for dark, raw meat of chicken 79.8 mg. It is important 

to first eliminate all interfering potassium. 

Atomic absorption spectrophotometry is widely used in laboratories 

for the determination of minerals in foods. The majority of the trace 

elements can be measured by this method. Preparation of samples can be 

accomplished by several means. Szarski (9) described one method where 

in samples are boiled in hydrochloric acid then filtered via normal 

procedures on the premise ·that atomic absorption does not require separa-

tion of organic constituents. He stated that this method results in 

reliable and reproducible data on mineral content in foods. However, in 

the present study all organic matter was eliminated via a nitric acid 

and perchloric acid digestion phase. 

Spitzer, et al (10) stated that all organic material must be 

digested before mineral analysis can be done. They described the dry 
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ash method whereby the sample is burned to an ash which is made soluble 

for analysis. Spitzer showed no significant difference in spectrophoto-

metric results on sodium and potassium when her shorter method of sample 

preparation was compared to the longer ashing methods. The shorter 

method involved homogenizing dried foods, centrifuging the homogenate, 

and filtration. This method was used only for sodium and potassium 

determinations and proved accurate and reproducible. They report the 

following data per lOOg: sodium - chicken light meat without skin, raw, 

dried (rapid method) 9.7 mEq and chicken light meat without skin, raw, 

dried, (standard ashing) 9.6 mEq; potassium - same type of chicken (rapid 

method) 26.5 mEq and (standard ashing) 26.25 mEq. 

Neutron activation methodology can be used to determine trace 

elements in foods and can be relied on to be very accurate. A comparison 

of methods shows that activation analysis has the best sensitivity for 

the majority of elements when compared to other methods, according to 

Kock and Roesmer (11). Activation analysis is defined as a method of 

determining the concentration of an element in a matrix by measuring the 

characteristic radiations emitted by a radioactive nuclide resulting from 

a specific nuclear reaction in the trace element. This radioactive 

reaction product possesses a unique combination of physical, chemical, 

and nuclear properties that provides the necessary specificity for its 

identification and measurement. Using this method, they reported phos-

phorus in chicken ash at 2.0xl0 5ppm and in chicken filet l.2x10 3ppm and 

iron in chicken ash 2.lxl04ppm and in chicken filet l.3xl02 ppm. 

Composition Studies 
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Schroeder, et al (12), give a comprehensive report on magnesium 

and on its prevalence in foods. They stated that magnesium is in higher 

concentration in meats and fish than human muscle and showed data obtained 

via atomic absorption spectrophotometry on hundreds of food items. They 

showed for chicken leg, 255 ug/g and chicken wing 195 ug/g magnesium. 

Though losses of magnesium were reported in such foods as wheat flour, 

rice, corn, sugar, and certain vegetables due to refining and cooking, 

no such losses were reported in chicken meat. 

Zinc is required by all living organisms and its concentration in 

soft tissues is in the same range as that of iron, according to Schroeder, 

et al (13). Cadmium is bound to human kidneys by a protein metallothionein 

which also contains zinc. It is interesting to note that cadmium competes 

with zinc on the binding sites of this protein, presumably thiol groups. 

Zinc proved to be very high in chicken wing (23.08 ug/g) and chicken 

leg (29.05 ug/g) upon analysis. Zinc levels proved to be fairly constant 

according to organ in all mammalian species studied. In a comprehensive 

study of the presence of zinc and cadmium in man, food, foliage, water, 

and other elements of mans' environment it was seen that these two ele-

ments are more abundant than previously reported. 

According to Fox, et al (14), a well balanced diet will contain at 

least 250 to 300 mg magnesium per day to meet the estimated requirements 

for adults. To fill the gap in data on the magnesium content of foods 

they studied the magnesium content of beef, eggs, chicken, and beef gravy. 

It was their finding that chicken, (raw), contained a mean value of 23.2+ 

4.34 mg per lOOg of magnesium and chicken, (stewed), contained a mean 
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value of 19.1+ 3.18 mg per lOOg of magnesium. Leaching of magnesium from 

meat during cooking occurred. When the magnesium in cooked and raw 

samples of beef and chicken was compared on an equal protein content, 

the differences in manganesium values were significant at the one percent 

level. In all cases, the values per gram for the cooked were less than 

those for the corresponding raw samples. 

Holinger, et al (15), analyzed the sodium content of various foods 

served in the hospital and cooked in tap water. Of all minerals, sodium 

is restricted more often than others and reliable data on foods, as 

prepared, was felt lacking by these authors. They observed variation in 

the sodium content of animal products, partially explained by variations 

in feed, season of year, and locality. Because of these variables they 

suggested that care be taken when using food composition tables for data 

on sodium content of foods including meat. 

Clifford et al (16) described the myriad of sodium for foods pub-

lished by various authors. Data collected in his laboratory show meats, 

poultry, and fish relatively high in sodium, about 70-100 mg/lOOg. They 

pointed out that celery, beets, and carrots are high in sodium and seem 

to have an affinity for the element. This is probably due to fertilizing 

techniques. Clifford used the flame photometric method of sodium deter-

mination. Constant monitoring of the sodium content of food used on 

low sodium diets can come from a combination of two things, the actual 

analysis of foods and the use of food composition tables for estimates. 

Analysis of selected low-sodium foods was also presented by Dahl, et al 

(17), after laboratory tests conflicted with published data on sodium 
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content of foods. They found that for chicken, raw and cooked, their 

findings conflicted with previous estimates. Food tables showed raw 

broiler breast meat and leg meat to have 75.0 mg sodium per lOOg sample 

but their data showed less than this, i.e., 40.1 mg for raw breast meat 

and 55.7 mg for raw leg meat. Cooked broiler leg had 94.9 mg/lOOg and 

cooked broiler breast had 61.1 mg/lOOg. With these revised data, Dahl 

felt it would be easier to prepare palatable and more precise low sodium 

diets. 

Data were presented by Gormican (18) on 128 foods analyzed for 

fourteen inorganic elements. Values for calcium were in close agreement 

with Agriculture Handbook No. 8 (19) for all food but other trace elements 

varied from the published values. For chicken, she only studied the 

categories white meat and dark meat but found the following composition 

per lOOg of white meat: P, 152 mg, K 225 mg, Ca 8.7 mg, Mg 17 mg, Na 

49 mg, Fe 0.8 mg. Concerning dark meat she found per lOOg: P, 137 mg, 

K 240 mg, Ca 7.4 mg, Mg 16 mg, Na 81 mg, Fe 1.1 mg. Chicken appeared to 

be higher in these elements than many other meats and fish so it would 

seem necessary to analyze chicken by anatomical part and by moist and 

dry heat preparation. 

Similarly, Franz, et al (20), analyzed Ca, P, Mg, Na, and Kin 

ninety-five foods used in metabolic balance studies. They state that 

the magnesium content of chicken varied from published data and report it 

to be 31 mg/lOOg for white or dark meat cooked. It is generally seen 

from w:>rk published on trace elements that data is conflicting, it is 

sparse and it is not as specific as is necessary for optimal metabolic 
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control through diet. 

Peterson and Elvehjem (21) presented a study on the iron content 

of plant and animal foods. They showed that green leafy vegetables and 

dried legume seeds were the best sources of iron in the diet. Chicken, 

dark meat, was shown to be .00101 per cent iron and light meat .00070 

per cent iron. These figures are difficult to compare with other studies. 

A method of measuring copper content of processed baby foods was 

described by Hughes, et al (22). More than 2,600 randomly selected 

samples of 86 baby food items were assayed for copper content to see if 

recommended allowances of copper could be met by feeding of commercial 

baby foods. Copper was determined via a colorimetric method. The 

highest levels of copper were found in strained beef liver and cereals, 

about 2.0 mg/lOOg. The next highest values were found in fruits and 

vegetables. Chicken had 0.082 mg/lOOg copper. It was concluded that 

copper content in these baby foods more than meets the 0.05 mg/Kg body 

wt. needed for infants. Lindow, et al (23) reported copper in dark 

chicken meat as 4.1 mg/lOOg and in white chicken meat 2.7 mg/lOOg. 

Bills, et al (24), presented data on the sodium and potassium content 

of 500 foods and 150 public water supplies. The fresh meats, fish, and 

fowl contained from 50 to 100 mg sodium per 100 grams edible portion. 

In each of the five fowl studied, chicken, duck, goose, quail and turkey, 

the breast meat contained substantially less sodium than the leg meat. 

For example, lOOg chicken breast meat contained 78 mg while leg meat 

contained 110 mg sodium. The potassium values per lOOg for chicken 

breast and leg were respectively: 320 mg and 250 mg. 
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Mineral composition data is very difficult to compare due to the 

various methods of reporting, i.e., dry weight, wet weight. Also, data 

are reported in various units making comparisons of studies difficult. 

Sample composition, preparation, methodology, and reporting also vary 

greatly. This general literature review has tried to discuss metabolic 

studies, methodology, and selected composition studies relating to chicken 

meat so that the importance and status of mineral data is understood. 



CHAPTER III 

EXPERIMENTAL DESIGN 

Preparation of chicken samples 

One-hundred-twenty-eight broilers, weighing at least three pounds 

dressed and raised by current commercially accepted practices, were 

purchased from a local retail market. The chicken carcasses were divided 

in half longitudinally down the breast bone, weighed, labeled, wrapped in 

freezer paper, and stored at -20° C until ready for cooking and further 

analysis. Chickens were removed from the freezer and thawed at room 

temperature. One half of each chicken was used as the raw control; the 

other half was either baked or simmered. The half to be cooked was 

divided into anatomical parts and weighed. Baking was accomplished by 

heating the parts on a wire rack in an oven at 380° F for one hour. 

Simmering was done by placing the chicken parts into ion-free water held 

just below boiling for one hour. 

Nothing was added to the chicken during the cooking procedures. 

The cooking water from the simmering was retained. All transfers of 

cooking water into holding containers was done with deionized water. 

Drippings from the baked chicken were collected as quantitatively as 

possible. 

Following the cooking procedures, the meat was separated from the 

skin and bones. Composites were made as follows: 

13 
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No. of composites of 8 chickens each 

Part of Chicken Raw Baked Simmered 

Breast 16 8 8 
Drumstick 16 8 8 
Thigh 16 8 8 
Wing 16 8 8 
Back 16 8 8 
Skin 16 8 8 
Cooking Water 8 
Drippings 8 
Fat 16 

Composites were made by separating the meat from bone and skin of 

each chicken part. The meat of each part was ground individually and 

mixed thoroughly with seven other like parts, each ground similarly, 

yielding a mixture from eight like chicken parts. Each composite inclu-

ded six categories of chicken parts, mixed as above, plus one sample of 

fat, drippings, and cooking water. 

The skin represented the skin from the breast, drumstick, thigh, 

wing, and back. The cooking water and drippings from the eight birds 

were combined individually and made to an appropriate volume for subse-

quent analysis. In the reporting of results, cooking water and drippings 

refer to fat in the treated samples. During the compositing care was 

taken to insure that cooked anatomical parts, drippings, and cooking 

water were combined so as to correspond with the raw halves. We~ghts of 

the anatomical parts were obtained before and after cooking. Cooking 

losses were calculated for individual anatomical parts from both the 

baking and simmering procedures. 

Mineral Analysis 
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The composited chicken parts, drippings and cooking water were held 

frozen at -20° C until mineral analysis could begin. All beakers, 

pipettes, plastic bottles, watch-glasses, volumetric flasks, etc., were 

acid washed with 50 percent nitric acid, 50 percent deionized water 

prior to any use in the mineral analysis. 

A lOg portion of each sample was weighed out in duplicate as pre-

cisely as four decimal places. The portion was placed in a 250 ml beaker 

to which was added 15 ml nitric acid and the beaker and its contents 

were placed on a hot plate and digested at approximately 250° F for six 

to eight days or longer depending on the identity of the sample being 

digested. This procedure was followed on all 256 samples done in 

duplicate. After digesting with nitric acid the contents of each beaker 

were further digested to white crystals using a mixture of three milli-

liters perchloric acid and two milliliters nitric acid. The crystals 

were brought back into solution by using one milliliter HCl and approxi-

mately ten milliliters hot deionized water. The samples were transferred 

to 25 ml volumetric flasks and taken up to volume with deionized water. 

This completed the wet-ashing procedure. 

After proper dilution, each sample was read on the Perkin-Elmer 

Atomic Absorption Spectrophotometer Model 305 for the following eight 

minerals: calcium, iron, magnesium, sodium, potassium, copper, zinc, 

and manganese. Data are expressed as mg/lOOg wet sample. Phosphorus 

was determined on an aliquot of the ash by the colorimetric method of 

Fishe and Sulbaron (25). Samples were read on the Coleman Jr. Spectro-

photometer Model No. 6 and expressed as mg/lOOg. 



CHAPTER IV 

RESULTS AND DISCUSSION 

Phosphorus and Potassium 

The results of phosphorus analysis are presented in Table 1. Mean 

raw values range from 196.1 mg/lOOg for breast to 54.50 mg/lOOg for fat 

and baked values ranged from 212.1 mg/lOOg for breast to 73.1 mg/lOOg for 

drippings. Simmered values ranged from 170.1 mg/lOOg for breast to 67.1 

mg/lOOg for cooking water. Generally, average values for baked chicken 

parts are higher than the average values for corresponding raw parts but 

these higher values are not beyond the range shown for raw parts so it 

is unlikely that the higher values for baked parts could indicate a 

treatment effect. The simmering treatment consistently lessened the 

average phosphorus values in all chicken parts compared to the raw parts. 

Again, this doesn't necessarily indicate a treatment effect since all 

mean simmered values are within the range of the corresponding raw values. 

Multivariate analysis of variance showed statistically that there was 

significant interaction between raw and cooked samples (p>.0001) indi-

cating that the differences in values of phosphorus in the raw versus 

the baked state were not the same differences in all eight baked compo-

sitions and their corresponding raw halves and therefore, no consistent 

treatment effect can be shown. The same was true of the simmered compo-

sitions and their paired raw halves. So, generally, it cannot be said 

16 
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Table 1. The phosphorus content, expressed as mg/lOOg of edible portion 
of raw, baked and simmered chicken parts. 

Rawl_/ Baked~_/ Sitmneretl-£1 

196.1 + 21.4 212.1 + 30.8 170.1 + 16.9 
Breast (157.0 --225.0) (155.0 --345.0) (140.0 --193.0) 

169.0 + 18.2 176.1 + 22.0 153.5 + 16.9 
Drumstick (128.0 --192.0) (128.0 --196.0) (127.0 --175.0) 

172 .9 + 15 .5 181.6 + 19. 3 153.5 + 16.8 
Thigh (142.0 --196.0) (146.0 --202.0) (127.0 --175.0) 

155.0 + 23.1 172 .8 + 20. 4 139.6 + 20.3 
Wing (109.0 --182.0) (136.0 --203.0) 

155.8 + 19.4 178.1 + 18.1 130.8 + 9.2 
Back (118.0 --179.0) (150.0 -l99.0) (119.0 --150.0) 

97.3 + 17.0 127.9 + 14.2 97.0 + 10.2 
Skin (69.0 --138.0) (115.0 --161.0) (86.0 --122.0) 

Drippings Cooking Water 
54.5 + 8.7 73.1 + 7.2 67.1 + 10.9 

Fat (38.0 - 68.0) (64.0 - 84.0) (59 .0 :: 94 .O) 

l/ Mean+ SD and (range) of duplicate samples from 16 composites. 
J:.../ Mean + SD and (range) of duplicate samples from 8 composites. 
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from the data in Table 1 that there is a real difference in raw, baked, 

or sinnnered phosphorus values. 

Compared with the minerals presented in Tables 3 through 9, phos-

phorus is relatively abundant in all seven chicken parts. Its abundance 

is comparable to the potassium data presented in Table 2 showing that 

these two minerals are present in higher quantities in muscle obviously 

relating to their great need in muscle metabolism. Raw and baked values 

for phosphorus agree closely with those in Agriculture Handbook 8 (18) 

concerning back, breast, drumstick, wing, and thigh confirming the abun-

dance of phosphorus in chicken meat. 

The results of potassium analysis are presented in Table 2. Mean 

raw values ranged from 246.8 mg/lOOg for breast to 57.1 mg/lOOg for fat. 

Mean baked values ranged from 256.9 mg/lOOg for breast to 105.6 mg/lOOg 

for drippings. Mean simmered values ranged from 183.4 mg/lOOg for drum-

stick to 92.1 mg/lOOg for skin. Mean baked values appeared to increase 

over corresponding raw values but these baked values were within the 

ranges calculated for the raw parts. Mean simmered values for parts 

were less than corresponding raw values and in three cases the simmered 

values were lower than the range for the raw part. However, multivariate 

analysis on the potassium data indicated significant interaction between 

raw and cooked parts (p>.0001) so that a general statement concerning 

the leaching of potassit.nn from the raw chicken parts by simmering cannot 

be made. Similarly, statistical analysis showed significant interaction 

(p>.0001) concerning the baked and raw parts so that if there are calcu-

lable differences in the potassium content of raw, baked, or simmered 
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Table 2. The potassium content, expressed as mg/lOOg of edible portion 
of raw, baked and sinunered chicken parts. 

Raw!:./ Baked.Y SimmereclY 

181.2 + 32 .4 256.4 + 40.8 168.0 + 28.9 
Breast (181.2 - 312.0) (181. 2 - 332 .O) (130.4 --234.0) 

218. 3 + 31.1 237.5 + 26.7 183.4 + 26.7 
Drumstick (155.6 --293.3) (210.7 --293.3) (143.7 - 234.0) 

223.6 + 34.5 231.4 + 30.9 169.8 + 25.0 
Thigh (168.6 --312.0) (195.3 - 293.3) (130.4 - 215.6) 

187.3 + 26.8 194.7 + 25.8 139.1 + 21.1 
Wing (143.7 --234.0) (162.7 - 254.0) (104. 6 - 176. 3) 

195.8 + 28.7 226.1 + 40.4 137.0 + 18.4 
Back (142.7 - 254.0) (155.6 - 293.3) (98.4 - 165.6) 

88.9 + 8.5 109.3 + 13.8 92.1 + 5.1 
Skin (78.1 --104.4) (91. 2 --136 .8) (85.6 --104.3) 

Drippings Cooking Water 
57 .1 + 11.1 105.6 + 12.3 103.6 + 11.1 

Fat (38.9 :: 78.2) (91.2 --129.7) (91. 4 --129 .6) 

l./ Mean + SD and (range) of duplicate samples from 16 composites. 
'!:../ Mean + SD and (range) of duplicate samples from 8 composites. 
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chicken parts it cannot be seen from this data. No values for potassium 

in chicken parts are given in USDA Handbook 8 so comparison of values 

was not possible. 

Sodium 

Sodium is the next most prevalent mineral of the nine studied and 

the results of sodium analysis are presented in Table 3. Mean raw values 

ranged from 87.9 mg/lOOg for drumstick to 29.9 mg/lOOg for fat. Mean 

baked values ranged from 95.5 mg/lOOg in drumstick to 52.1 mg/lOOg in 

drippings, and mean simmered values ranged from 82.6 mg/lOOg in drumstick 

to 49.1 mg/lOOg in cooking water. 

As with phosphorus and potassium, sodium appeared to increase in 

baked parts compared with raw but mean baked values were within the range 

of raw values for the matching raw parts. Again, statistical analysis 

showed significant interaction (p>.0001) indicating that, over the eight 

baked and corresponding raw compositions there was no consistent differ-

ences in sodium composition. Generally, the values for simmered parts 

were less than for the raw but the differences were not significant and 

it cannot be concluded from the data that simmering alters the sodium 

composition of chicken parts. Agricultural Handbook 8 gives no values 

for sodium in chicken parts therefore comparison was not possible. Com-

parison of these data to that of Holinger, et al (14) was not possible 

because, while they analyzed chicken parts cooked in tap water, the 

present data represents chicken parts cooked in deionized water. 
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Table 3. The sodium content, expressed as mg/lOOg of edible portion of 
raw, baked and simmered chicken parts. 

Rawl/ Baked1./ Simmered£/ 

61.0 + 8.6 65.2 + 9.2 61.3+17.0 
Breast (46.9 --74.0) (54.6 --82.0) (46.8 --93.3) 

87.9 + 9.4 95.5 + 11.5 82.6 + 9.5 
Drumstick (62 .5 --97 .6) (81.6 --109.5) (70.3 --103.6) 

85.4 + 9.2 89.7 + 8.8 73.1 + 14.2 
Thigh (65.6 --99.6) (78.1 --101.5) (53.1 --103.8) 

78.9 + 12.0 89.1 + 13.7 70.3 + 14.2 
Wing (54.6 = 96.0) (62.5 --105.4) (46.7 = 90.6) 

80.8 + 10.3 93.4 + 11.1 62.9 + 8.0 
Back (62.5 = 97.6) (78.1 --106.2) (46.9 --77.8) 

63.8 + 9.3 60.0 + 8.3 54.1 + 5.8 
Skin (46.9 = 85.3) ( 46. 9 = 70. 3) (42.9 - 62.5) 

Drippings Cooking Water 
29.9 + 3.3 52.1 + 5.3 49.1 + 6.1 

Fat (25.3 --40.6) (42.9 - 62.5) (42.9 - 62.5) 

1./ Mean + SD and (range) of duplicate samples from 16 composites. 
1.1 Mean+ SD and (range) of duplicate samples from 8 composites. 
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Copper, Magnesium, and Manganese 

Analysis of the data presented in Tables 4 through 6 will show that 

copper, magnesium, and manganese are present in chicken meat in approxi-

mately the same quantities, i.e., generally between 15 and 78 mg/lOOg 

edible portion. Table 4 shows the range for copper in raw parts to go 

from 60.2 mg/lOOg in thigh to 30.0 mg/lOOg in fat and the range for 

baked parts to go from 78.7 mg/lOOg in drumstick to 28.8 mg/lOOg in 

drippings. Table 5 shows magnesium ranging in raw parts from 28.8 mg/lOOg 

in breast to 6.5 mg/lOOg in fat and ranging in baked parts from 30.3 mg/ 

lOOg in breast to 8.4 mg/lOOg in drippings. The range for sinnnered parts 

included 23.9 mg/lOOg in breast and 7.3 mg/lOOg in cooking water. Man-

ganese values, (Table 6), ranged from 20.8 mg/lOOg in raw drumstick to 

15.3 mg/lOOg in raw fat, from 22.9 mg/lOOg in baked thigh to 15.3 mg/lOOg 

in drippings, and from 20.4 mg/lOOg in sinnnered drumstick to 11.3 mg/lOOg 

in cooking water. 

Values for these three minerals were not given in USDA Handbook 8 

so comparison was not possible. With these minerals, as with the previous 

three, it appeared that baking slightly increased mean values and sinnnering 

slightly decreased mean values. However, multivariate analysis of the 

data revealed significant interaction between raw and cooked parts (p> 

.0001) in all three minerals indicating that for each mineral, though 

there seem to be differences between the raw and treated compositions, 

they are not consistent nor significant. Therefore, for copper, magnesium, 

and manganese a treatment effect cannot be seen and baked and simmered 
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Table 4. The copper content, expressed as mg/lOOg of edible portion of 
raw, baked and simmered chicken parts. 

RawJ_/ Baked~/ Sinnnered~/ 

37.5 + 5.9 44.8 + 6.5 42.8 + 6.0 
Breast (29.0 - 50.0) (33 .0 --52 .O) (30.0 --50.0) 

60.1 + 5.5 78.7 + 10.6 72.3 + 2.4 
Drumstick (50.0 --67.0) (65.0 ::- 92.0) (69 .O --76 .O) 

60.2 + 4.6 77.5 + 8.5 73.3 + 5.3 
Thigh (50.0 --67.0) (62.0 --89.0) (65.0 --83.0) 

40.1 + 6.5 47.3 + 6.7 43.8 + 5.2 
Wing (33.0 --58.0) (38.0 --59.0) (33.0 --50.0) 

54.3 + 6.1 73.7 + 7.1 65.1 + 4.2 
Back (37.0 --56.0) (66.0 --86.0) (56.0 --73.0) 

30.2 + 8.4 51.8+7.0 42.3 + 7.9 
Skin (17.0 --43.0) (40.0 --59.0) (35 .O --59 .O) 

Drippings Cooking Water 
30 .o + 8 .9 28.8 + 12.2 28.8 + 10.1 

Fat (16.0 --42.0) (16.0 ::- 50.0) (16.0 - 42.0) 

i/ Mean + SD and (range) of duplicate samples from 16 composites. 2/ Mean + SD and (range) of duplicate samples from 8 composites. 
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Table 5. The magnesium content, expressed as mg/lOOg edible portion of 
raw, baked and simmered chicken parts. 

Rawl_/ Baked.3./ Simmere~/ 

28.2 + 1. 9 30.3 + 2.1 23.9 + 2.5 
Breast (25.0 --32.1) (28.0 --33.2) (20.0 --28.1) 

23.9 + 2.2 25.0 + 3.2 22 .3 + 1.8 
Drumstick ( 2 0 . 3 --2 8 . 9) (20.3 --31.3) (18.7 --25.0) 

23.8 + 2.0 24 .1 + 1.9 22.2 + 2.9 
Thigh (20.9 --28.1) (21.8 --28.1) (18.7 --27.5) 

22.5 + 2.1 21. 3 + 2 .8 19.0 + 1.4 
Wing (18. 7 - -26. 5) (17.2 --26.1) (17.2 --21.8) 

22.4 + 2.1 22.4 + 2.6 17.2 + 1.3 
Back (20.0 --26.5) (18.8 --27.5) (15.6 --19.6) 

13.1 + 2.0 15.6 + 2.4 13.1 + 0.9 
Skin (9.4 --18.1) (7.8 --18.7) (11. 6 - -14 .1) 

Drippings Cooking Water 
6.5+1.7 8.4 + 1.4 7.3 + 1.6 

Fat (3.9 --10.9) (5.8 --10.9) (5. 3 =- 9. 4) 

l./ Mean + SD and (range) of duplicate samples from 16 composites. 
Y Mean+ SD and (range) of duplicate samples from 8 composites. 
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Table 6. The manganese content, expressed as mg/lOOg of edible portion 
of raw, baked and simmered chicken parts. 

Rawl./ Baked3../ Simmered3..I 

18.6 + 2.8 18.6 + 1.9 18.0 + 1. 7 
Breast (14.0 --22.8) (17.0 --23.2) (16.0 --21.3) 

20.8 + 2.4 21.0 + 2.6 20.4 + 1.9 
Drumstick (17.5 --25.5) (17.5 --26.3) (17.0 --22.8) 

19. 8 + 1. 7 22 .9 + 1. 5 17.8 + 2.5 
Thigh (17.0 --24.7) (20.4 --25.5) (17.0 --24.0) 

18.3 + 2.1 16.1+1.7 17.8 + 2.4 
Wing (14.8 --24.5) (13.6 --19.1) (15.4 --23.5) 

20.1 + 2.0 22 .2 + 1. 4 19.5 + 3.2 
Back (15.0 - 23.5) (19.2 - 24.5) (15.8 - 3.2) 

20 .1 + 3.6 23.0 + 1.8 19.6 + 1.9 
Skin (11.9 - 24.5) (19.8 - 25.5) (16.6 --22.7) 

Drippings Cooking Water 
15.3 + 3.6 15.3 + 3.6 11.3+2.9 

Fat (11.9 --24.5) (10.5 --21.0) (8.1 --17.4) 

ii Mean + SD and (range) of duplicate samples from 16 composites. 
1./ Mean+ SD and (range) of duplicate samples from 8 composites. 
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results are essentially identical to corresponding raw parts. 

Calcium 

Calcium data are presented in Table 7. Values for raw parts ranged 

from 14.5 mg/lOOg in back to 5.5 mg/lOOg in fat. Values for baked parts 

ranged from 21.7 mg/lOOg in back to 4.7 mg/lOOg in drippings. Simmered 

values ranged from 16.5 mg/lOOg in back to 4.7 mg/lOOg in cooking water. 

Compared to values in U3DA Handbook 8, the raw and baked mean calcium 

values are very close, if not identical in some cases lending validity 

to the experimental procedure. In contrast to the other minerals where 

the high values generally were in the breast, thigh, or drumstick, calcium 

appears to be concentrated in the back in all three treatment groups. 

The reason for this and its significance is unknown but may possibly be 

due to the presence of bone chips resulting from preparation. Statisti-

cal analysis revealed significant interaction (p>.0001) indicating no 

consistent treatment effects so that there are no real differences in 

the calcium content of raw, baked, or simmered chicken parts. 

Iron and Zinc 

The final two minerals studied were iron and zinc and the results 

of these analyses' are presented in Tables 8 and 9. These two minerals 

are present in very low amounts compared to the other elements studied 

especially phosphorus and potassium. 
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Table 7. The calcium content, expressed as mg/lOOg of edible portion of 
raw, baked and simmered chicken parts. 

Rawl:.../ Baked~/ Simmered~/ 

11. 5 + 3 .4 14.3 + 3.5 11.5 + 1. 4 
Breast (7.7 --20.3) (9.7 --19.1) (9 .o --13.1) 

11. 6 + 4.4 13.9 + 3.7 12.0 + 2.4 
Drumstick (7. 3 --21. 9) (9.9 - 19.5) (8.8 --16.4) 

11.4 + 3.8 13.5 + 3.6 11.9 + 3.2 
Thigh (6.9 --18.9) (8.4 - 19.0) (7.8 - 16.2) 

13.8 + 3.8 17.0 + 3.6 14.1 + 1.8 
Wing (8.1 --24.4) (11.9 --21.8) (11.0 --16.2) 

14.5 + 3.7 21.7 + 2.9 16.5 + 4.4 
Back (10.5 --27.2) (17.1 --27.1) (11.2 --23.7) 

10.8 + 1.2 13.6 + 3.0 1.5 + 1.5 
Skin (8.5 --13.3) (10.9 --20.3) (6.7 --10.8) 

Drippings Cooking Water 
5.5 + 1.5 4.7 + 1.8 4.7 + 1.3 

Fat (3.5 :: 8.8) (2.6:: 7.0) (2.5 :: 6.5) 

J_/ Mean + SD and (range) of duplicate samples from 16 composites. 
1/ Mean+ SD and (range) of duplicate samples from 8 composites. 
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Table 8. The iron content, expressed as mg/lOOg of edible portion of 
raw, baked and simmered chicken parts. 

Rawl.I Bake¥./ Simmere¥.I 

0.6 + .06 0.8 + 0.2 0.7 + 0.7 
Breast (0.5 =- 0.8) (0.6 =- L2) (O. 6 - O. 8) 

0.9 + 0.1 L2+0.2 L2 + 0.1 
Drumstick (0.8 =- 1.2) (LO-::- 1.6) (LO-::- L4) 

1.0 + 0.1 1.2 + 0.1 L2 + 0.1 
Thigh (0.8 ::- 1.2) (1.1 =- 1.3) (1.0 =- 1.4) 

0.8 + 0.1 1.0 + 0.1 LO + 0.1 
Wing (0. 7 ::- 1. 2) (o.8=-1.2) (0.9 =- 1.1) 

0.9 + 0.1 1.2 + 0.2 1.1 + 0.1 
Back (0.7 =- 1.2) (1.0 =- 1.4) (LO::- 1.3} 

1.0 + 0.1 1.2 + 0.1 1.1 + 0.1 
Skin (O. 7 -::- 1. 3) (1.1 =- L3) (LO::- 1.3) 

Drippings Cooking Water 
0.6 + 0.1 0.5 + 0.2 0.4 + 0.1 

Fat (0.5 =- 0.9) (0.3 =- 0.9) (0.3 - 0.5) 

.l~ Mean + SD and (range) of duplicate samples from 16 composites. 
2,; Mean + SD and (range) of duplicate samples from 8 composites. 
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Table 9. The zinc content, expressed as mg/lOOg of edible portion of 
raw, baked and simmered chicken parts. 

Rawl.I Baked~/ Simmered~/ 

0.8 + 0.1 1.1 + 0.1 1.0 + 0.1 
Breast (0.7-: 1.0) (0.9-: 1.3) (0.9-: 1.1) 

2.2 + 0.1 3.3 + 0.2 3.0 + 0.2 
Drumstick (1. 7-: 2.4) (2.9-: 3.5) (2.7-: 3.4) 

1.9 + 0.1 2.6 + 0.1 2.5 + 0.2 
Thigh (1.6-: 2.1) (2.5-: 2.8) (2.1-: 2.7) 

1.7 + 0.2 2.2 + 0.2 2.1 + 0.2 
Wing (1.5-: 2.1) (2.0-: 2.5) (1.9-: 2.5) 

1.8+0.2 2.7 + 0.2 2.4 + 0.2 
Back (1.5-: 2.5) (2.4-: 2.9) (2.1 -: 2.8) 

1.0 + 0.1 1.3 + 0.3 1.0 + 0.1 
Skin (O. 7-: 1.5) (1.0-: 2.0) (0.9-: 1.3) 

Drippings Cooking Water 
0.5 + 0.1 0.2 + 0.1 0.2 + 0.1 

Fat (0.3-: 0.9) (O.l-: 0.4) (0.1 ::- 0.4) 

J./ Mean+ SD and (range) of duplicate samples from 16 composites. 
J.../ Mean + SD and (range) of duplicate samples from 8 composites. 
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Iron content ranged in raw samples from 1.0 mg/lOOg in skin to 0.6 

mg/lOOg in breast, from 1.2 mg/lOOg in baked drumstick to 0.5 mg/lOOg in 

drippings and from 1.2 mg/lOOg in simmered drumstick to 0.4 mg/lOOg in 

cooking water. No significant treatment effect was seen using multivar-

iate analysis of variance so that differences which are seen in the raw 

versus baked or simmered values are merely superficial and are not con-

sistent. This same conclusion was derived upon analysis of the zinc 

data presented in Table 9. Mean zinc values for raw chicken ranged from 

2.2 mg/lOOg in drumstick to 0.5 mg/lOOg in fat. Mean baked values ranged 

from 3.3 mg/lOOg in drumstick to 0.2 mg/lOOg in drippings and mean simmered 

values ranged from 3.9 mg/lOOg in drumstick to 0.2 mg/lOOg in cooking 

water. No zinc data exists in USDA Handbook 8 with which to compare the 

present values, however, it can be said that chicken meat is very low in 

zinc content. 



CHAPTER V 

SUMMARY AND CONCLUSIONS 

This research was designed to quantify the presence of nine minerals 

in seven different chicken parts. The purpose of the experiment was to 

provide nutrition workers with specific, current, and reliable mineral 

composition information. 

One-hundred-twenty-eight chickens were used in the analysis. One 

half of each chicken was analyzed raw, the other analyzed either baked 

or simmered. Raw or treated halves were divided into the seven anatomi-

cal parts and assembled into composites of eight chicken halves each. 

The compositions were analyzed for minerals using a nitric and perchloric 

acid wet ashing procedure. Ten gram samples from each composition were 

ashed in duplicate until nothing but minerals remained. After appro-

priate dilutions, the minerals in each chicken part of each of the six-

teen compositions were measured using a Perkin-Elmer Atomic Absorption 

Spectrophotometer Model 305. The minerals studied included calcium, 

iron, manganese, magnesium, zinc, copper, potassium, and sodium. Phos-

phorus was determined colorimetrically using a Coleman Jr. Spectrophoto-

meter. Values were expressed as mg/lOOg of wet sample. Potassium and 

phosphorus, regardless of treatment, were more abundant in the chicken 

meat, skin, and fat than the other seven minerals. Generally the data for 

potassium and phosphorus ranged from 50.0 mg/lOOg to 200.0 mg/lOOg. 

Sodium showed moderately high values, between 40 and 100 mg/lOOg. In 
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lesser abundance were copper, magnesium, manganese, and calcium with 

values between 6 and 78.0 rng/lOOg. Of least prominence were iron and 

zinc. Values of 1.0 rng/lOOg or less were recorded for these elements. 

Multivariate analysis of variance showed significant interaction 

(p>.0001) between raw and cooked parts in composites studied indicating 

that, for each mineral, the differences seen for each anatomical part, 

whether raw or cooked, (i.e., baked or sinunered), were not consistent 

differences. Therefore, the data do not show that minerals are lost 

due to the baking or simmering treatment. This is understandable when 

consideration is given to the very small quantities of minerals being 

dealt with and the duration and complexity of the experimental procedure. 
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SELECTED MINERALS IN RAW AND COOK.ED 

CHICK.EN PARTS 

Christine R. Meiners 

Abstract 

This research was designed to quantify nine minerals in seven 

chicken parts composited into sixteen groups from one-hundred-twenty-eight 

chickens. The research will provide nutritionists with accurate data 

regarding this common food item. Also, the effects of baking or simmer-

ing on the mineral content of chicken meat were examined. 

Nine minerals, including calcium, magnesium, manganese, potassium, 

phosphorus, sodium, iron, zinc, and copper were analyzed in seven ana-

tomical parts of the chicken including light and dark meats, skin, fat 

and drippings. A nitric and perchloric acid wet-ashing digestion elimi-

nated all organic matter from ten gram samples leaving behind the elements 

which were detected spectrophotometrically. Values were expressed in 

mg/lOOg wet sample. 

The most abundant minerals studied were phosphorus and potassium 

with values ranging from 50.0 mg/lOOg to 200.0 mg/lOOg. Sodium was pre-

sent in moderately high values, about 40 to 100 mg/lOOg. Copper, magne-

sium, manganese, and calcium were present in lesser quantities with 

values between 6.0 and 78.0 mg/lOOg. Iron and zinc with values of 1.0 

mg/lOOg or less were found only in trace amounts. 



Analysis of variance revealed a significant interaction (p>.0001) 

between raw and baked chicken and between raw and simmered chicken. 

Thus, differences between the raw and corresponding cooked composites 

were not consistent differences and no general statement can be made 

regarding the leaching of minerals from raw chicken by baking or 

simmering the meat except that it does not seem to occur. 
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