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CHAPTER I 

INTRODUCTION 

Current dietary recommendations are changing the public's food choices. To the 

United States (US) population, a dietary paUem emphasizing low fat and low 

cholesterol content is being advocated to the general public in an effort to reduce 

chronic and degenerative diseases (US Department of Agriculture [USDAl/US 

Department of Health and Human Services [USDHHS], 1995; National Heart, Lung, 

and Blood Institute, 1993; American Heart Association, 1995). As a consequence, beef 

consumption is declining due to the concerns about the levels of fat and cholesterol in 

beef (Lamb and Beshear, 1998). However, beef is an important source of many 

nutrients, including iron, zinc, and selenium (National Live Stock and Meat Board, 

1988; Zhang et al., 1993). As beef consumption decreases, the nutritional impact of 

changes in beef consumption on mineral status must be documented. 

Women of child-bearing age are identified as at risk group for iron deficiency 

(Anonymous, 1998; Valberg et al., 1976; Looker et al., 1997; Miles et al., 1984). 

Additionally, marginal zinc intakes have been documented for young women 

(Pennington et al., 1989). Furthermore, restrained eating was found not uncommon 

among college-age females (Radbill and Ross, 1995), possibly due to disturbed body 

image (Hendricks and Herbold, 1998). Therefore, the purpose of the present study was 

to investigate and document the relationship between beef consumption and selected 

mineral status of iron, zinc, and selenium, of women of child-bearing age. A group of 

female college students formed a sample for this study. Data were collected to test 

against the following hypotheses: 

1. The consumption of beef is positively correlated with iron status; 

2. The consumption of beef is positively correlated with zinc status; 

3. The consumption of beef is positively correlated with selenium status. 
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Also investigated herein were the contribution of beef to the dietary iron, zinc, and 

selenium intake, and the relationship between dietary mineral intake and the levels of 

corresponding biochemical indicators. 

The design of the present study used two dietary measurement techniques, 3-day 

food record and frequency questionnaire, to collect dietary information. Consequently, 

the generalization of the findings was limited by the adequacy of reflecting actual and 

usual dietary habits by the two techniques. Furthermore, caution needs to be practiced 

when generalizing the findings to the age-gender cohort represented by the subjects 

participating in the present study as educational experience was found to be a significant 

factor determining dietary pattern, including meat consumption level (Georgiou et al., 

1997). 
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CHAPTER n 

REVIEW OF LITERATURE 

Dietary Recommendations 

Recently, dietary recommendations have shifted the focus from selecting 

nutritionally adequate diets to the prevention of chronic and degenerative diseases 

(Harper, 1996). A dietary pattern emphasizing low fat and low cholesterol consumption 

is currently advocated by various governmental and non-govemmental organizations to 

the United States population (USDAAJSDHHS, 1995; National Heart, Lung, and Blood 

Institute, 1993; American Heart Association, 1995). There recommendations are based 

on the yet controversial relationship between increased levels of fat, saturated fat, and 

cholesterol intakes and elevated heart disease mortality (Harper, 1996). 

The concern about meeting nutrient requirements while consuming low 

fat/cholesterol diets has been investigated by scholars. Dwyer (1980) pointed out that 

care needs to be taken in planning reduced fat diet for children and adolescents to avoid 

nutrient deficiencies. Difficulty in meeting the Recommended Dietary Allowances 

(RDA) for zinc was encountered by Dollahite and coworkers (1995) when the attempt 

was made to design menus that concurrently meet the US Dietary Guidelines and 100% 

of the RDA's. Peterson et al. (1999) examined the impact on energy and nutrient intakes 

when adults adopted different fat-reduction strategies. The subjects were from a 

nationally representative sample participating in the Continuing Survey of Food Intake 

by Individuals 1989-1991. Dietary measurement included a 2-day food record and a 24-

hour recall. These authors found that while meeting the recommendations for total fat, 

saturated fat, and cholesterol intake, women (N = 224) who adopted the single strategy 

of consuming only lean meat, had inadequate (< 67% RDA) intake of zinc. They 

postulated that such an observation might be the result from a reduced red meat intake 

or a predominant consumption of fish or lean poultry by uninformed exclusive lean 

meat users. Therefore, they recommended that additional guidance be provided in 

making healthy food choices. 
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Trends in Beef Consumption 

In 1976, per capita beef consumption in the United States reached a peak of 96 

pounds, but by 1984 the consumption had since declined to 79 pounds (Wohlgenant et 

al., 1985). This downward trend continued through the 1980's and early 1990's and 

reached the highest level of 68 pounds for 1998 since 1989 (Cattle and Beef Industry 

Statistics, 1999; Gustafson, 1998). The forecast on the consumption for 1999 is once 

again a decrease to 63 pounds and is even lower for 2000 (Gustafson, 1998). Analysis 

of market share reveals the same declining trend. Beef accounted for roughly 48% of all 

meat consumption in 1975, and the market share had decreased to 32% by 1997 (Lamb 

and Beshear, 1998). 

Among other factors, concerns about the levels of fat and cholesterol in beef and 

recommendations by health organizations to limit the consumption of red meat have 

been attributed to the declining beef consumption (Lamb and Beshear, 1998). Indeed, in 

the Survey of American Dietary Habits conducted by the American Dietetic 

Association, cholesterol and fat were considered "the most important nutrition concern" 

by, respectively, 23% and 21% of a nationally representative sample of 1000 adults aged 

25 or older. With the exception for vitamins and minerals, more respondents ranked 

cholesterol or fat "the most important nutrition concern" than the number of respondents 

who chose the other nutrients included in the survey: vitamins and minerals, 21%, 

calories, 12%, fiber, 9%, and sodium, 9% of all respondents (American Dietetic 

Association, 1991). Despite allowing 5-ounce lean meat per day in the step 2 diet of the 

National Cholesterol Education Program, the public generally interpret the 

recommendations as a need to exclude red meat, including beef, from the diet in an 

effort to lower blood lipid levels (Retzlaff et al., 1998). 

Nutritional Quality of Beef 

Beef is an important source of various nutrients. A 3-ounce (oz.) serving of 

ground beef provides approximately 228 kcal and the following nutrients: 10% of the 

US RDA for iron, 31% for zinc, 3% for thiamin, 22% for niacin, 11% for vitamin B-6, 
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!SJI 

and 34% for vitamin B-12. The nutrient density for lean beef cuts is even higher 

(National Live Stock and Meat Board, 1988). The selenium content in 3-oz. of cooked 

ground beef-15% fat is 16.2 îg, which provides about 30% of RDA for women aged 19 

years and older and 23% of RDA for men of the same ages (Zhang et al., 1993). 

Additionally, beef is an excellent source of iron not only in terms of quantity, but also of 

quality. For the same amount, beef provides more iron than other meats such as pork, 

chicken, lamb, and turkey (Anonymous, 1997). The body more easily absorbs heme 

iron. About 62% of the iron in beef exist as heme iron (Shricker et al., 1982). On the 

average, 3-oz. cooked beef provide about 1.8 mg of heme iron, which is approximately 

1.5- to 6-fold higher than other meat (Anonymous, 1997). As for the quality of zinc, the 

bioavailability of this nutrient in beef was about four times greater than that in high-

fiber breakfast cereal (Zheng et al., 1993). This is in agreement with the conclusion by 

O'Dell et al. (1972) who found using a chick model that 83% of the zinc in animal 

products was available in contrast to about 60% in plant seed products. Furthermore, 

the inclusion of beef in a diet enhances the uptake and utilization of zinc and iron found 

in both heme and non-heme forms (Hortin et al., 1993, Kapsokefalou and Miller, 1993, 

Johnson and Walker, 1992). The relative nutritional value of beef as a dietary selenium 

source warrants further investigation. In a depletion-repletion design of study in rats, 

Shi and Spallholz (1994) reported that the bioavailability of selenium from beef is less 

than from the organic form, L-selenomethionine, but greater than from the inorganic 

form, selenite when the restoration of liver and muscle selenium contents and liver 

glutathione peroxidase activity was assessed. However, Wen et al. (1997), in the study 

of same design, compared the bioavailability of selenium from different kinds of meats 

and reported that beef was not dietarily sufficient to restore the liver and muscle 

selenium contents and liver glutathione peroxidase activity to the levels of control 

group, which were fed selenite as selenium source. Data in the report also showed that 

beef after cooked and freeze-dried, had the least selenium content by dry weight 

compared with the other meats tested, including veal, chicken, pork, lamb, flounder, and 

tuna. This is in agreement with the findings by Zhang et al. (1993) that cooked ground 
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beef (15% fat) had the lowest selenium content among seafoods, poultry, and pork. 

Nevertheless, various commercial cuts of beef after cooking had higher selenium 

contents than ground beef Despite these disagreements, meat, particularly beef, is 

considered an important dietary source of these minerals. 

Mineral Status of Child-Bearing Age Women 

Women of child-bearing age are considered at risk for sub-optimal iron status 

(Anonymous, 1998; Valberg et al., 1976; Looker et al., 1997; Miles et al., 1984). 

Factors contributing to these inadequacies include menstrual losses, inadequate dietary 

intake, pregnancy (Hendricks and Herbold, 1998), use of intrauterine devices for 

contraception (Galan et al., 1998), low bioavailability of iron from non-heme food 

sources, multiparity, and low socio-economic level (Looker, 1997). Increased iron 

needs during pregnancy were estimated to be approximately 1000 mg for the fetus and 

maternal materials (WHO, 1970; Puolakka, 1980). 

National nutrition monitoring shows that zinc intake in the population, including 

young women, has been low (Pennington et al., 1989). Zinc is essential for normal cell 

division and growth, which are the main characteristics of pregnancy. Fetuses acquire 

all their nutrient stores from their mothers. Therefore, women of child-bearing age are 

at risk of zinc deficiency and the adverse consequence may impact the nutritional state 

and health of the next generation. 

Selenium is a component of glutathione peroxidase, which helps prevent the 

body from free radical damage (Rotruck et al., 1972). Epidemiological and 

experimental studies suggest an association between low selenium levels and higher risk 

of cancers, as well as heart disease (Life Science Research Office, 1995). Therefore, 

despite the fact that the average dietary selenium intake of the American population, 

including young women, has been adequate, selenium status is recognized as a potential 

public health issue (Life Science Research Office, 1995; Pennington, 1996). 

Many young women are concerned with body image (Hendricks and Herbold, 

1998). Consequently, restrained eating is found to be common among college-age 
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women (Radbill and Ross, 1995). Logue and Smith (1986) found that women have 

higher preferences for low-calorie foods than men, which can lead female college 

students to eliminate foods that are perceived to be high-fat, but are excellent sources of 

nutrients, such as beef, from their diet. Besides the body image concern, there are many 

other factors that may put female college students at high nutritional risk: continued 

physical maturation, low income, stress associated with social maturation, peer pressure, 

work, and study. 

The monitoring of iron, zinc, and selenium status of the US population, 

including women of child-bearing ages is a continuous effort by the governmental 

agencies. The focus of the monitoring includes dietary iron intake and biochemical 

indicators reflecting iron status. The Total Diet Study (TDS) is conducted by the Food 

and Drug Administration annually to estimate human exposure to pesticide residues, 

contaminants, and nutritional minerals present in foods. The design for TDS includes 

analyzing a group of representative foods (core foods) for the levels of the 

aforementioned substances. Subsequently, the analytical results is combined with the 

food consumption data from national food consumption surveys to estimate the average 

daily intakes of the substances for various age-sex categories. Results from 1982-86 

TDS showed that the dietary iron intake was low for teenage girls 14-16 years old and 

adult women 25-30 years old, and the intake remained steadily low through this period. 

The average dietary iron intakes for this time period were 60% of the Recommended 

Dietary Allowance (RDA) for the former and 58% of the RDA for the later (Pennington 

et al., 1989). The 1982-91 TDS estimated that the average dietary iron intakes for those 

young women was again below 2/3 of the recommendation, with 61% of the RDA for 

teenage girls aged 14-16 years and 59% of the RDA for adult women aged 25-30 years 

(Pennington, 1996). The Recommended Dietary Allowance (RDA) for iron for females 

18 to 28 years of age is 15 mg per day (Food and Nutrition Board, 1989). 

National Health and Nutrition Examination Surveys are conducted by 

Department of Health and Human Services to monitor the health and nutritional state of 

the US population (Life Sciences Research Office, 1995). Results from the third 
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National Health and Nutrition Examination Survey (NHANES HI) showed that 9% to 

11% of adolescent girls and women of child-bearing age were iron-deficient and 2% to 

5% of them were diagnosed with iron deficiency anemia. The prevalence of iron 

deficiency and iron deficiency anemia was higher in these groups than in the other age-

sex groups investigated, except toddlers aged 1-2 years. For the aforementioned results, 

subjects need to show at least two abnormal values for the three iron status tests 

(erythrocyte protoporphyrin, transferrin saturation, or serum ferritin) to be classified as 

iron deficient. Iron deficiency with the presence of low hemoglobin is the criterion for 

the diagnosis of iron deficiency anemia (Looker et al., 1997). Having reviewed the 

findings from various government surveys available by June 1994, the Third Report on 

Nutrition Monitoring in the United States recognized iron as a current public health 

issue for female adolescents 12-19 years old and female adults 20-59 years old for their 

low dietary iron intakes and the high prevalence of anemia (Life Sciences Research 

Office, 1995). 

Nevertheless, the most updated reports show an increase in dietary iron intake 

for women of child-bearing age. Results from NHANES HI, Phase 1, 1988-91 showed 

that iron intake met 83% of the RDA for females aged 16-29 years old (Alaimo et al., 

1994). Furthermore, data from USDA's 1994 Continuing Survey of Food Intakes by 

Individuals and 1994 Diet and Health Knowledge Survey (CSFII/DHKS 1994-1996) 

showed that females ages 20-29 met 85% of the RDA for iron and those ages 12-19 had 

even higher iron intake of 92% of the RDA (Cleveland et al., 1997). 

The RDA for zinc for females 18 to 28 years of age is set at 12 mg (Food and 

Nutrition Board, 1989). Pennington et al. (1989) concluded that the dietary zinc intake 

for teenage girls (14-16 years old) and adult women (25-30 years old) were both low 

and the intake remained steadily low through 1982-86. The average daily dietary zinc 

intakes were 67% and 65% of the RDA for the teenage giris and adult women, 

respectively. However, the 1982-91 TDS estimated that the average dietary zinc intakes 

for these two age-sex groups were about 80% of the RDA (Pennington, 1996), 

suggesting an upward trend. In addition, data from the NHANES HI showed a similar 
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level of zinc intake for females aged 16-29 years (Alaimo et al., 1994). Results from the 

CSFn/DHKS 1994-1996 also showed that females 20-29 years of age met 79% of the 

RDA for this nutrient. Furthermore, females ages 12-19 years consumed a higher level 

of zinc at 85% of the RDA (Cleveland et al., 1997). 

The RDA for selenium for females 18 to 28 years of age is set at 50-55 \ig (Food 

and Nutrition Board, 1989). The TDS 1982-86 estimated that selenium intake was 

adequate for teenage giris (14-16 years old) and adult women (25-30 years old) 

(Pennington et al., 1989). The TDS 1982-91 estimated that the average dietary selenium 

intake for these two groups was over 100% of RDA (Pennington, 1996). Neither the 

NHANES m nor the CSFH /DHKS 1994-1996 addressed dietary selenium intake from 

the data collected. 

Iron and Human Nutrition 

Iron was recognized as an essential nutrient in the seventeenth century. 

Sydenham in his investigation of chlorosis, which was characterized by a pale skin and 

improved by iron salts supplementation, suggested that it was due to iron deficiency 

(Berdanier, 1998). As research continues, knowledge of iron in the body advances. Iron 

in the body can be divided into three compartments: storage, transport, and functional 

iron. Human iron store is normally about 40 mg/kg body weight in women and about 

50 mg/kg in men (Brittenham, 1994). 

Functions 

In the functional group, iron is found mostly in hemoglobin that gives the red 

blood cell its unique color. Iron in hemoglobin is in the ferrous state and coordinated in 

the center of a heme structure for the carrying and exchange of oxygen (Spallholz, 

1989). The concentration of iron in hemoglobin is estimated to be 28 mg/kg in women 

and 32 mg/kg in men or about 70% of total body iron. Other iron in the functional 

compartment is found in myoglobin, which is responsible for the storage of oxygen in 

muscles and accounts for about 3% of total body iron store (Brittenham, 1994; 
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Spallholz, 1989). Lastly, in cells throughout the body, functional iron is found in 

various iron-containing and iron-depending enzymes that play important roles in 

maintaining the body's normal functions. For instance, cytochromes a, a3, b, b5, c, and 

cl act as electron carriers in the electron transport chain system for ATP synthesis while 

cytochrome P-450 is engaged in the detoxification of drugs and chemicals. Catalase 

decreases free radical damage by reducing hydrogen peroxide to water and oxygen 

(Spallholz, 1989; Berdanier, 1998). 

Transport and Storage 

Since free iron is toxic, iron is carried by the transport protein, transferrin, in the 

circulatory system between the absorption, storage, and utilization sites (Berdanier, 

1998). Each transferrin molecule is capable of carrying two ferric irons, but under 

normal condition only 30% of iron-binding sites are occupied with iron (Baker and 

Morgan, 1994). As for the storage compartment, iron is bound to the storage protein 

ferritin and hemosiderin. Ferritin is produced by the liver and reticuloendothelial cells 

and is present in the cytoplasm. Each ferritin molecule is made of a protein shell (440, 

000 Dalton) with a central cavity for storing polynuclear hydrous ferric oxide complex 

(Harrison, 1977; Jacobs et al., 1972). The synthesis of ferritin is highly regulated by 

iron at a post-transcriptional level involving the interaction of an iron-response-element 

binding protein with iron-responsive elements of ferritin mRNA (Baynes, 1994; 

Klausner et al., 1993). The other iron storage protein, hemosiderin, is thought to be a 

degraded, insoluble form of ferritin (Jacobs et al., 1972). Iron in the storage 

compartment represents about 25% of total body iron (Spallholz, 1989). 

Dietary Sources and Absorption 

Dietary iron exists as heme or non-heme iron. Heme iron is more easily 

absorbed by the body. Absorption rate range from 15% to 35%. The body absorbs non-

heme iron at a much less efficient rate: 2% to 20% (Monsen, 1988). In addition, the 

absorption of non-heme iron is subject to the influence of other dietary factors. In 
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general, those factors that render iron soluble in the intestine will enhance the 

absorption of non-heme iron. Examples are vitamin C, which is capable of forming a 

soluble complex with iron, and other organic acids such as citric and lactic acids. 

Animal tissue protein enhances the absorption of non-heme iron through a mechanism 

yet to be elucidated. On the other hand, dietary components that form insoluble 

complex with iron or chelate iron in the intestinal tract will inhibit the absorption. 

Examples are calcium phosphate, polyphenols in vegetables, tea and coffee, ethylene 

diamine-tetra-acetic (acid food additive), phytate and dietary fibers (Skikne and Baynes, 

1994). 

A typical Western diet provides approximately 6 mg iron per 1000 kilocalories 

(Baynes, 1994). Food of animal origin like meats, fish, and poultry contributes the most 

iron in the diet. Whole-grain and enriched bread and cereals are the richest among food 

of plant origin (Whitney and Rolfes, 1996). Beef, in particular, contain much more total 

and heme iron than other meat such as chicken, pork, lamb, and turkey. It is estimated 

that 55-80% of the iron in beef is heme iron (Anonymous, 1997). 

The absorption of heme and non-heme iron utilizes different pathways. Heme 

iron uptake by the intestinal mucosal cells occurs as an intact molecule involving a 

heme receptor (Grasbeck et al., 1979). Upon endocytosis, the heme is broken down by 

heme oxygenase to release the iron, which then joins the intracellular iron pool as the 

non-heme iron does (Wheby and Spyker, 1981). Exact mechanisms responsible for 

non-heme iron uptake by the intestinal mucosal cells are less clear. However, proposed 

mechanisms involve (1) the binding of iron to the mucosal cells (non-specific low 

affinity, high affinity receptors, or an mobile factor that shuttles iron into the 

cytoplasm), and (2) the mode of absorption (simple diffusion, facilitated diffusion, iron 

channel, or endocytosis) (Skikne and Baynes, 1994). 

Iron Deficiency 

Anemia is the most well-known manifestation of iron deficiency with clinical 

signs of paleness and weakness as well as biochemical indications of reduced 
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hemoglobin level and smaller-than-normal red blood cells. However, in view of the 

three iron compartments, iron deficiency actually develops through three stages of 

changes: depleted iron stores, iron deficiency erythropoiesis, and iron deficiency anemia 

(Cook and Finch, 1979). The physiological changes of various hematological indices 

corresponding to the stages of iron depletion are reviewed in the later section: 

Assessment of Iron Status. In addition to anemia, other consequences associated with 

iron deficiency include impairment of central nervous development in children, 

decreased work performance, and immune response, as well as adverse outcome of 

pregnancy (Baynes, 1994). 

Iron Toxicity 

Free iron is potent to catalyze the generation of free radicals, which in turn can 

cause damages to proteins, lipids, and nucleic acids. It has been demonstrated that 

ferrous iron promotes plasma lipid peroxidation in vitro, possibly through Fenton 

reaction ( Fenton, 1899; Agil et al., 1995). Lipid peroxidation was linked to the 

development of atherosclerosis (Heinecke et al., 1984). Therefore, high iron stores may 

increase the risk of coronary heart diseases. This hypothesis was proved feasible in the 

study by Salonen et al. (1992) who found that increased serum ferritin levels were 

associated with increased risk of acute myocardial infarction. 

Assessment of Iron Status 

Iron status can be assessed through several laboratory tests. Serum ferritin, 

hemoglobin, hematocrit, erythrocyte protoporphyrin, total iron binding capacity, and 

transferrin saturation are among many other hematological and biochemical indicators 

used in the various National Health and Nutrition Examination Surveys (Looker et al., 

1995). At different stages of iron store depletion, changes in certain indices are 

observed. 

The iron storage molecule ferritin is found in the cytoplasm of liver and 

reticuloendothelial cells (Harrison, 1977). However, ferritin appears in the serum in 

12 
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concentrations proportional to the body iron stores (Addison et al., 1972). Such a 

characteristic enables the use of serum ferritin concentration as the index for the early 

iron store depletion. Puolakka (1980) investigated serum ferritin concentration and iron 

status in 17 young apparently-healthy female students (mean age = 22.1 years old) in 

Finland. Serum ferritin concentrations were compared with estimated bone marrow iron 

stores. Results showed that the mean serum ferritin concentration was 26 fig/I for the 

group without bone marrow iron and 113 |ig/l for the group with at least sparse to plenty 

of bone marrow iron. The distribution of subjects' serum ferritin concentrations for the 

two groups did not overlap. These results agreed with that by Addison et al. (1972) and 

supported the usefulness of serum ferritin as an iron status indicator. In addition, it was 

observed that serum ferritin concentration rose in response to inflammation (Lipschitz et 

al., 1974; Cook and Finch, 1979). This pattern aids in distinguishing anemia due to 

iron-deficiency from that due to inflammatory diseases and chronic infection. With 

serum ferritin concentration set at <12 ^ig/l, the sensitivity and specificity for iron 

deficiency defined as no stainable bone marrow was 61% and 100%, respectively, 

among women of child-bearing age (Hallberg et al., 1993). 

Other biochemical indicators for iron status include erythrocyte protoporphyrin, 

total iron binding capacity, and transferrin saturation (Anonymous, 1998). Changes in 

these indices correspond well to the second stage of iron depletion. Erythrocyte 

protoporphyrin is the precursor of hemoglobin. Its concentration tends to rise when the 

normal synthesis of hemoglobin is impaired due to decreased iron supply in iron 

deficiency. Consequently, erythrocyte protoporphyrin concentration provides earlier 

detection of insufficient erythropoiesis than hemoglobin but it does not reflect lowered 

body iron store as early as serum ferritin concentration does (Herbert, 1992). In 

addition, erythrocyte protoporphyrin concentration shows a slight day-to-day 

intrapersonal variation in comparison to other indices (Beaton et al., 1989). Total iron 

binding capacity reflects vacant binding sites of serum transferrin. As iron stores are 

further depleted, total iron binding capacity increases as the serum iron concentration 
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decreases. A mathematics derivative of total iron binding capacity (TIBC) and serum 

iron, transferrin saturation (TS), expressed as : 

TS (%) = serum iron concentration (n mol/L ) / TIBC i\x mol/L ) 

decreases in iron deficiency. Other factors influencing TS include sex, age, oral 

contraceptive agents, chronic disease states, vitamin B-12 and/or folate deficiency 

(Gibson, 1990). 

Circulating hemoglobin concentration and hematocrit level fall at the late stage 

of the course of iron depletion, which renders both indicators not appropriate to detect 

early iron store depletion. Additionally, due to the wide range of hemoglobin values in 

normal individuals, static cutoff points for hemoglobin/hematocrit level lack specificity 

and sensitivity in identifying iron-deficiency (Cook and Finch, 1979). However, the 

determination of iron-deficiency anemia rests on the two tests. Besides, although 

erythrocyte protoporphyrin and serum ferritin are able to detect early changes in the 

body iron store, hemoglobin and hematocrit are generally more available and less 

expensive (Anonymous, 1998). The Centers for Disease Control and Prevention 

recommended the cutoff point for hemoglobin and hematocrit levels for anemia as "<5th 

percentile of the distribution of hemoglobin or hematocrit in a healthy reference 

population and is based on age, sex, and (among pregnant women) stage of pregnancy" 

(Anonymous, 1998, p. 11). Such a definition has the sensitivity to identify 37% of 

women of child-bearing age who were iron-deficient and the specificity to rightly 

classify 93% of women of child-bearing age as not iron-deficient (Binkin and Yip, 

1990). 

Zinc and Human Nutrition 

Functions 

Zinc is a cofactor for over 70 metalloenzymes, which participate in the 

metabolism of protein, lipid, carbohydrate, and nucleic acids. Alcohol dehydrogenase, 

alkaline phosphatase, DNA/RNA polymerases, and superoxide dismutase are a few 

examples. Therefore, the body depends on zinc for normal growth, reproduction, 
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muscle contraction, immune and sensory responses, and stabilization of membranes. In 

those zinc-containing metalloenzyme, zinc is bound to the histidine and cysteine 

residues so as to maintain the structural integrity of enzymes and/or to participate 

directly in the catalytic reactions (Berdanier, 1998; Cunnane, 1988; Arakawa et al., 

1976; Chandra, 1984). 

Zinc also interacts with specific DNA binding proteins (transcription factors) 

and hence regulates the expression of some genes. When bound with zinc, those 

transcription factors form finger-like structures, recognize specific sequences on DNA, 

and therefore, are able to turn on/off the expression of certain genes. It is through the 

interaction with specific zinc-binding transcription factors that vitamin A, vitamin D, 

and some hormones are able to regulate gene expression (Berdanier, 1998). 

Dietary Sources and Absorption 

Foods of animal origin, such as oysters, beef, pork, and lamb, are good zinc 

sources. Legumes and whole-gain products provide significant amounts of zinc 

provided that large quantities are consumed. Nevertheless, there are notable loses of 

zinc to milling and refining processes. Leafy green vegetables and fresh fruits are poor 

zinc sources (Whitney and Rolfes, 1996; Solomons, 1980). In general, zinc of animal 

foods is more readily available than that of plant foods due to the high fibers and 

phytates present in plant foodstuff, which complex zinc and render it insoluble for 

absorption (O'Dell, 1972; Solomons, 1980). 

Zinc nutriture enters into the enterocyte via either passive diffusion or a process 

in which a protein carrier may be involved. Extracellular binding of zinc, followed by 

internalization of the nutriture may be the enterocyte mechanism for the uptake of zinc. 

Upon entering the plasma, zinc is bound and transported by albumin (77%) and a-2-

macroglobulin (20%). The rest (2-8%) is excreted in urine or feces (Berdanier, 1998). 

The transfer of zinc into blood is a rapid process. It was shown that in calves, blood 

zinc level peaked within one hour after zinc reaches the duodenum (Pate et al., 1970). 

The maximum absorption takes place in the jejunum (Sandstrom et al., 1986). A variety 
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of dietary substances have a negative effect on zinc absorption. These substances can 

form an insoluble complex with zinc and render it unavailable for absorption. Such 

substances include phytates (Oberieas and Hariand, 1981; O'Dell et al., 1972), fiber, and 

ethylenediaminetetraacetate (EDTA) (Solomons, 1980). 

Zinc Deficiency 

Dietary zinc deficiency in humans was first described in male dwarfs from the 

Middle East (Prasad et al., 1963). The deficiency symptoms included growth 

retardation, delayed secondary sexual maturation, poor appetite, mental lethargy, and 

skin changes (Gibson, 1990). Acrodermatitis enteropathica, a genetic disorder with 

abnormal zinc-carrying protein, is associated with impaired zinc status and clinical 

features similar to those due to dietary deficiency (Barnes and Moynahan, 1973). In 

addition, severe nutritional zinc deficiency was recognized in patients receiving either 

parenteral or enteral nutrition without zinc supplements (Arakama et al., 1976). 

Pregnant women are also susceptible to zinc deficiency (Solomons et al., 1986). 

Zinc Toxicity 

Excess intake of zinc was reported to have a potentially detrimental effect on the 

immune system. In eleven adult men who received 150 mg of elemental zinc orally 

twice a day (10-20-fold increase over the general recommended allowance) for six 

weeks, the following immune responses were impaired: lymphocyte response to 

mitogens, chemotaxis, and phagocytosis of bacteria by polymprphonuclear leukocytes. 

Such impairment showed improvement after the withdrawal of zinc supplementation. 

Subjects' lipoprotein profile also changed, with reduced serum high-density lipoprotein 

concentration and increased low-density lipoprotein levels responding to zinc 

supplementation (Chandra, 1984). Pharmacological doses associated with 150-200 mg 

elemental zinc daily for a long duration can interfere with the absorption of copper. 

Hypocupremia induced by such zinc therapy manifested as microcytosis and relative 

neutropenia (Prasad et al., 1978). 
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Assessment of Zinc Status 

Plasma/serum zinc is the most widely used index of zinc status (Kenny et al., 

1984). The levels decreased in experimentally-induced zinc deficiency and TPN 

patients receiving formula without zinc supplementation (Baer and King, 1984; 

Arakawa et al., 1976). Moreover, plasma/serum zinc levels rose as a response to zinc 

supplementation (Weismann and Hoyer, 1985; Samman et al., 1996). However, several 

non-nutritional factors affect the plasma/serum zinc levels in humans: acute stress, 

following myocardial infarction, infections, and inflammation (Prasad, 1983; Naber et 

al., 1996). Plasma/serum zinc levels are prone to contamination from preservatives, 

anticoagulants, evacuated tubes and rubber stoppers of collecting tubes (Iyengar et ai., 

1998). Sample collection requires careful control to achieve valid results. 

In contrast to the rapid response of plasma/serum zinc concentrations to recent 

changes in the body zinc store, erythrocyte zinc concentration is a long-term index for 

zinc status due to the relatively long half-life of erythrocytes (Prasad, 1983). Based on 

the calculation, erythrocyte zinc concentration is approximately 6 times higher than 

serum zinc per deciliter of blood. Due to the much higher concentration of zinc in 

erythrocytes than in plasma, erythrocyte zinc concentration is relatively more robust 

against contamination from platelets, collecting tubes, and reagents than plasma/serum 

zinc concentrations (Kenny, 1984). 

Another commonly assessed index of zinc status is alkaline phosphatase activity. 

Alkaline phosphatase is a zinc-containing enzyme that facilitates the conversion of the 

phosphate ester to an alcohol or water (Samman et al., 1996; McComb et al., 1979). 

Each alkaline phosphatase molecule is composed of two protein subunits with two zinc 

atoms bound to each of the subunits. The functions of zinc atoms are to support the 

structural integrity of the enzyme and to be involved in the catalytic reaction (Samman 

etal., 1996; Coleman, 1992). 

Serum alkaline phosphatase activity was observed to decrease in rats fed a zinc-

deficient diet and returned to the control group levels after zinc supplementation. 

Serum zinc levels in these rats also responded in a similar pattern as alkaline 
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phosphatase (Naber et al., 1996). Baer et al. (1984 ) reported similar responses in 

human subjects. Moreover, in the aforementioned study conducted by Naber et al. 

(1996), serum alkaline phosphatase activity and serum zinc concentration also were 

suppressed in the initial phase of experimentally-induced inflammation after which the 

suppression on alkaline phosphatase, disappeared while serum zinc concentration 

remained lower than the control group. Nevertheless, after adjusted to the decreased 

concentrations of serum albumin to which most of the zinc in the body is bound, the 

differences in serum zinc levels between the rats with inflammation and the control 

group also disappeared. Therefore, the authors proposed that alkaline phosphatase 

activity probably reflect the serum concentration of free zinc. 

Selenium and Human Nutrition 

Functions 

The nutritional essentiality of selenium was discovered by Schwarz and Foltz in 

1957 in the observation of its protection of rats against dietary necrotic liver 

degeneration (Schwarz and Foltz, 1957). Later the biochemical role of selenium's 

protective effect was elucidated, and selenium was found to be a component of the 

enzyme glutathione peroxidase (GPx), which converts hydrogen peroxide into water in 

the presence of glutathione, and decreases the organism risk of oxidative damage 

(Rotruck et al., 1972). A decade passed before the discovery of another selenium-

containing enzyme, phospholipid hydroperoxide glutathione peroxidase (PH-GPx) 

(Ursini et al., 1982). Similar to the antioxidant function of GPx, PH-GPx specializes in 

protecting lipophylic, interfacial substrates, e.g., cell membranes, from lipid 

peroxidation damage (Ursini et al., 1982; Weitzel et al., 1990) 

Dietary Sources and Absorption 

In the United States grain and cereal products are the primary food sources for 

selenium and provide about 56% of total selenium in the diet (Pennington et al., 1984). 

Much of the grain and cereal products are consumed as bread (National Research 
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Council, 1983). The major form of selenium in grains and cereal appear to be L-

selenomethionine (L-SeMet) (Olson et al., 1970; Spallholz, 1994;). Based on the 

restoration of glutathione peroxidase activity in selenium-depleted rats, selenium in 

wheat is considered quite available (Douglas et al., 1981). However, the selenium 

content in wheat bread was higher than that in white bread, suggesting the losses in the 

refining process of grain (Morris and Levander, 1970). 

Meat, poultry, and fish follows grain and cereal products, and contribute 38% of 

the dietary selenium intake (Pennington et al., 1984). Holden et al. (1991) estimated 

that beef alone contributes nearly 17% of the total selenium in Americans' diet. The 

bioavailability of selenium in beef was investigated by Shi and Spallholz (1994), using 

the relative activity of liver glutathione peroxidase, muscle selenium deposition, and 

fecal excretion in selenium-depleted rats. The authors found that the bioavailability of 

selenium in beef compared favorably with that of selenite and L-SeMet. 

Selenium Deficiency 

Keshan disease is an endemic cardiomyopathy of children and young women in 

China that has been linked to selenium deficiency (Levander and Burk, 1986). The 

clinical manifestations of the disease include gallop rhythm, heart failure, cardiogenic 

shock, abnormal electrocardiogram, and heart enlargement. Keshan disease was linked 

to low selenium status when it was discovered that the selenium concentrations in hair 

and blood of people in the affected region were lower than in unaffected areas. In 

addition, the morbidity rate due to this disease decreased significantly with selenium 

supplementation (National Research Council, 1983). Nevertheless, other factors were 

suspected in the pathology of the disease. Viral infection is one of the proposed factors, 

since selenium-deficient mice showed less resistance to the cardiotoxic effects of a cox-

sackie virus, which had been previously isolated from a patient with Keshan disease 

(Bai et al., 1980). Other possible factors include inflammation and deficiencies of 

copper, vitamin C, and vitamin E, which also cause oxidative stress (Xia et al., 1994). 
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Selenium Toxicity 

In contrast to the protective effect of selenium-containing glutathione 

peroxidase, excessive selenium is cytotoxic. Alkali disease is a chronic type of 

selenium toxicity (selenosis) manifested in cattle and sheep with the results of liver 

cirrhosis, hoof deformation, loss of hair, and/or hypochromic anemia. Affected animals 

acquire excessive selenium (5-40 mg/kg) over weeks or months from the grasses and 

grains grown in areas where the soil selenium content is high (World Health 

Organization, 1987). Selenosis also is observed in humans with similar outcomes of 

hair loss, deformed nail, and skin lesions due to the ingestion of selenium-contaminated 

food (Yang etal., 1983). 

The proposed mechanism through which selenium toxicity occurs, is the 

generation of oxidative stress. It is hypothesized that catalytic selenium compounds can 

react with thios, such as glutathione, which eventually results in the production of 

reactive oxygen species: superoxide and hydrogen peroxide. When this ability to 

generate oxidative stress exceeds the antioxidative capacity of an organism, selenosis 

ensues (Spallholz, 1994). 

Assessment of Selenium Status 

There are several indices for the assessment of selenium status: whole blood, 

plasma/serum, erythrocyte, urinary, hair, toenail selenium concentrations, and 

glutathione peroxidase activity (Gibson, 1990). Analyses of selenium levels in hair is 

non-invasive. Sample collection is easy and the store and transfer of samples requires 

minimal handling. However, some shampoos contain selenium and can leave residue 

on hair after use. Such contamination introduces errors to the assessment of actual 

selenium status (Diplock, 1993). Plasma/serum selenium concentrations are sensitive to 

dietary selenium intake and are considered indicators of short-term status (Levander et 

al., 1981). For individuals with relatively constant selenium intake, the use of blood 

selenium levels in assessing selenium status is generally considered valid (Levander and 

Burk, 1986). 
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In contrast to plasma/serum selenium concentrations, whole blood selenium 

concentration does not respond to the day-to-day differences in dietary selenium intake 

levels and hence is an index for long-term status. Levander et al. (1981) investigated 

the response of whole blood selenium to low-selenium diet (19-24 ^g/day) in a 

depletion-repletion study with young adult males. They found that over a period of 6 

weeks, subjects' whole blood selenium concentration was not altered. Others observed 

the changes after months (Thomson and Robinson, 1980). Glutathione peroxidase is the 

selenium-containing enzyme that protects a cell from oxidative damage (Rotruck et al., 

1972). The activity of this enzyme, therefore, serves as a functional index of selenium 

status. Due to the automated assays available, the use of this test is considered 

convenient (Levander and Burk, 1986). However, it appears that the appropriateness of 

glutathione peroxidase activity in assessing selenium status is confined to the instances 

in which the population has low normal exposure to selenium: whole blood selenium 

concentration up to = 1.0 ^tmol/L (79 ng/ml). The average whole blood selenium 

concentrations of Americans range from 2.4-3.2 pmol/L, which renders the application 

of glutathione peroxidase activity inappropriate in this population (Burk, 1984; 

Diplock, 1993; Levander and Burk, 1986). 

Meat Consumption, Iron. Zinc, and Selenium Status 

Little research was found by the author that investigated the contribution of beef 

alone to the dietary intakes of iron, zinc, and selenium. As a response to the reduced 

beef consumption following the outbreak of bovine spongiform encephalopathy in the 

United Kingdom, Cade et al. (1998) investigated the nutritional implications of 

decreased beef intake. The participants in the aforementioned study were women aged 

36-69 years old who reported as meat-eaters (n = 3679) from the UK Women's Cohort 

Study. Of them 593 (16%) reported as non-beefeaters. Dietary information of the 

participants were collected using a food frequency questionnaire. The results showed 

that the meat eaters who did not eat beef had significantly lower energy, protein, fat, and 

zinc intakes than the meat eaters who included beef in their diets. Iron intake was not 
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different between the two groups, which was explained by the finding that cereal-based 

foods contributed most of the iron content in diets. The aforementioned authors did not 

investigate dietary selenium intake. Neither were any biochemical indicators included 

in the study. 

While several studies have been undertaken to investigate the relationship 

between meat consumption and mineral status of females, the results are inconclusive. 

Worthington-Roberts et al. (1988) studied the impact of habitual dietary sources of 

protein on iron status in 52 premenopausal women recruited from a university 

community. The subjects were divided into three groups based on usual dietary sources 

of protein: red-meat users (RM), fish/poultry users (FP), and lacto-ovovegatarians (LV) 

based on the responses to a detailed questionnaire and later confirmed by food records. 

The RM group was defined as those who used red meat at least five times a week. 

Protein sources for the FP group were dominantly fish or poultry and red meat was 

consumed no more than one serving per week. The LV group relied on lacto-

ovovegetarian protein sources, consumed no more than one serving of fish or poultry, 

and ate no red meat at all. Dietary data were collected using one 3-day food record. 

The results showed that average daily iron intake were 13, 12, and 12 mg/day for the 

RM, FP, and LV groups, respectively. There were no significant differences in the 

average daily iron intake among the three groups. The mean levels of hemoglobin and 

hematocrit of all three groups fell within normal limits but the RM group showed 

significantly superior values for these two indicators of iron status. Moreover, the RM 

group had significantly higher serum ferritin concentration, lower total iron binding 

capacity, and a lower prevalence of depleted iron stores as indicated by abnormally low 

serum ferritin levels. The authors concluded that a decreased use of red meat has a 

significant negative effect on iron stores. 

Similarly, Ortega et al. (1998) investigated the influence of meat consumption 

on dietary intake, iron status, and serum lipid profile of 130 young women between 19 

to 36 years old (mean age 24.5 years) from a Spanish university. Dietary data were 

collected using a 7-day food record. Subjects were arbitrarily grouped into high meat 
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consumption (HC, > 100 g meat/day corresponding to > 25th percentile for meat 

consumption, n = 102) and low meat consumption (LC, < 100 g meat/day, n = 28). 

Women in the HC group had higher intake of iron (total and heme iron) and zinc than 

the LC subjects. The consumption of cereal products did not differ for the two groups. 

The HC group also demonstrated higher hemoglobin, mean corpuscular hemoglobin, 

and hematocrit levels although serum ferritin levels were not different between the two 

groups. Furthermore, the prevalence of iron deficiency and iron deficiency anemia was 

higher among LC subjects. In addition, despite higher fat and cholesterol intake, the HC 

subjects did not differ from the LC subjects in blood lipid profiles, or blood pressure. 

The HC subjects actually had a mean body weight lighter than that of the LC subjects. 

Therefore, the authors concluded that without providing significant protection against 

cardiovascular diseases, restriction in meat consumption might have negative effects on 

the nutritional status of women of child-bearing ages, such as iron and zinc intakes. The 

authors did not assess selenium status in the study. 

Nicklas et al. (1995) reported the effect of meat (beef, pork, poultry, and 

seafood) consumption levels on iron and zinc status of 504 young adults aged 19 to 28 

years of both genders. Data on dietary intake were collected using one 24-hour recall. 

Results showed that the average daily iron intakes were 14 mg/day for <25th, 5 mg/day 

for 25th-50th, 11 mg/day for 50th-75th, and 10 mg/day for >75th percentile. However, 

the statistical analysis showed no significant differences in the iron intakes across the 

quartiles. Nevertheless, subjects in the >75th percentile for meat consumption had the 

highest dietary intakes of heme iron of 1.0 mg/day. No significant differences in mean 

hemoglobin concentration were found between the meat consumption quartiles. No 

other biochemical indicators for iron status were investigated in this study. As for zinc 

status, there were no differences in average daily zinc intake across the meat 

consumption quartiles. The levels of zinc intakes were 7 mg/day for >75th, and 6 

mg/day for 50th-75th, 25th-50th, and <25th percentile. Nevertheless, prevalence of 

meeting at least 2/3 of the RDA for zinc was higher in the >75th percentile for meat 

consumption than in the <25th percentile. No biochemical indicators for zinc status 
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were investigated in this study. The authors did not address selenium status of these 

subjects. 

Dietary Measurement 

Measurement of dietary and nutrient intake is widely used as an indirect 

indicator of nutritional status in nutrition and health studies. Frequently used data 

collection techniques include food record, 24-hour recall, food frequency questionnaire, 

and diet history. In spite of the weaknesses associated with various aspects of such a 

study design, when combined with anthropometric, biochemical, and clinical data, 

nutrient intake data are considered valuable in assessing nutritional status (Lee and 

Nieman, 1996). Along with other assessment tools, dietary measurement is used in 

various national health and nutrition surveys of the National Nutrition Monitoring and 

Related Research Program (Alaimo et al., 1994). 

Among different techniques in measuring diet, the food record is often the 

reference gold standard, as long as validity is verified with another data collection 

techniques (Crawford et al., 1994; Van Staveren and Burema, 1990). Krantzler et al. 

(1982) compared the agreement between observed dietary intake and data from selected 

dietary assessment techniques in 107 college students of both genders. The degree of 

accuracy (% food item agreement) of the selected techniques was as follow: 87% for 7-

day food records, 75% for 3-day food records and 6-hour recalls, and 69% for 24-hour 

recalls. Food records appeared to be more accurate in reproducing the actual food 

intake. In another observational validation study involving 60 black and white giris 

aged 9-10 years, food record was also shown to better represent the actual intake 

(Crawford et al., 1994). In this study, a 3-day food record had the highest level of 

agreement between observed and reported dietary intakes, compared with the other two 

methods tested, 24-hour recall and 5-day food frequency. Other studies found that a 

duration of 3 days was acceptable, considering the quality of results and burden for 

respondents (Jackson et al., 1986; St Jeor et al., 1983). Larkin et al. (1991) studied the 

selection of the days for 3-day food record, i.e., random days versus consecutive days, in 
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228 subjects of both gender. The results showed that for individuals and small group of 

subjects, a random-day food record was a slightly closer estimate for the actual dietary 

intake than a consecutive-day record. 

Food frequency questionnaire (FFQ) is another technique used for collecting 

food intake information. FFQ has the advantage of being easy to administer, imposing 

modest demand on respondents, and providing data on food intake that may more 

resemble usual dietary intake than multi-day food records (Lee and Neiman, 1996). The 

validity of PTQ was investigated by Willeu et al. (1985). The FFQ used in the study 

was designed to investigate the relationship between diet and cancer/heart disease in a 

population. The FFQ was administered to the 173 participants at the beginning and end 

of a year. Four 7-day weighed food records were collected throughout the year. Results 

from the study showed that the FFQ used, generated nutrient intake data that compared 

favorably with those from the 7-day weighed food records. The investigators further 

evaluated the usefulness of the FFQ to reproduce dietary intake information of recent 

past. The same FFQ was administered to the same participants in the aforementioned 

study 3-4 years after the weighed food records were collected. The results proved the 

validity of the FFQ in assessing usual intake (Willett et al., 1988). Briefel et al. (1992) 

commented on the application of FFQ in nutrition and health studies and supported the 

use of FFQ "in certain limited, well-defined situations for estimating the intake of a few 

select nutrients in fairly homogenous populations" 

(p. 962). FFQ is also considered appropriate for studies investigating long-term effects 

of diet on health status (Zulkifli and Yu, 1992). 

Summary 

The downward trend in beef consumption can have significant nutritional 

consequences in women of child-bearing age. The mineral status of these women may 

be compromised if nutrient inadequacies due to restrictive consumption of beef is 

significant and prolonged. This is a potential problem if no other step is taken to 

balance any deficit arising from the limited consumption. Female college students of 
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child-bearing age are at a potential risk due to continuous physical maturation, 

menstruation/pregnancy, possible restrained eating, low income levels, and stress from 

work and study. Assessment of their mineral status should contribute to the 

understanding of the possible adverse impact of restricted beef consumption on the 

mineral status of the women of child-bearing age. 
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MATERIALS AND METHODS 

Subjects 

A pool of 118 female students aged 18 to 28 years old were recruited from Texas 

Tech University Health Sciences Center and Texas Tech University through flyers and 

telephone calls using a campus directory for a beef consumption survey. Screening for 

eligibility was done using a telephone questionnaire (Appendix A) to exclude those 

whom any of the following conditions applied: recent participation in pilot tests for the 

beef consumption study, current usage of vitamin and/or mineral supplements, currently 

being pregnant or having been pregnant, suffering from any medical condition or illness, 

and following special diet or dieting frequently. Qualifying volunteers participated in a 

survey and were asked of their willingness to have their blood samples collected for the 

present study. A random sample was selected to participate in the present study. 

Data Collection Protocol 

After being informed of the objectives of the study, the 118 female students 

completed a beef consumption survey, which included a food frequency questionnaire 

(FFQ) focusing on beef consumption. The questionnaire was administered at the lecture 

hall of the Department of Business Administration of Texas Tech University. The FFQ 

is shown in Appendix B. In addition, students were asked to express their willingness 

to participate in the second phase of the study that involved collection of blood samples 

and completion of a 3-day food record. Those who agreed to have their blood drawn, 

were stratified into quartiles based on their intentions of beef consumption the following 

week, as responded in the survey. From each group, 10-11 participants were randomly 

selected to take part in the present study. A total of 42 subjects participated in this 

phase of the data collection. The procedures for the collection of a more detailed dietary 

record and blood samples from the 42 subjects are described below. 
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A 3-day food record form with instruction (Appendix C) was mailed to subjects 

before the blood sample collection. Subjects were asked to complete and return the 3-

day food records when they arrived for blood drawing. Subjects were scheduled to 

come to the Student Health Services at Thompson Hall on Texas Tech University 

campus to have their 12-hour fasting blood sample collected between 8:00 and 9:00 am. 

Schedules were arranged to avoid the period of one week before or after menstruation to 

control the potential confounding effect due to the phases of menstrual cycle (Kim et al., 

1993) on the concentrations of selected biochemical indicators in the present study. In 

addition, anthropometric measurements were taken and 3-day food records were 

collected, reviewed for completeness, and verified for ambiguous entries. 

The protocol for this study was approved by the Texas Tech University Human 

Subject Review Committee. An informed consent release was signed by each subject. 

Confidentiality of the subjects was maintained by the use of a code number to match 

questionnaires, forms, records, and blood samples. Subjects were given $25 in 

appreciation for their participation. 

Dietary Methodology 

Instruments 

A food frequency questionnaire (FFQ) (Appendix B) and 3-day food record 

(Appendix C) were employed to collect dietary information. Subjects were instructed to 

include two weekdays and one weekend day for the 3-day period. The FFQ surveyed 

the beef consumption patterns in frequency (times per month, week, day or never) and 

usual serving size (small, medium, and large). A total of 30 food items containing beef 

were included in the questionnaire. An additional question asked any other beef items 

consumed but not included in the FFQ. The inclusion of selected beef items was based 

on published FFQ's in other studies (Lee and Nieman, 1996), regional popularity, as 

well as, feedback from faculty in Department of Education, Nutrition, Restaurant, and 

Hotel Management, and graduate nutrition students. Detailed instructions were 

discussed and given in writing for the completion of the FFQ and 3-day food record. 
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Nutrient Analysis 

Food and beverage items recorded, including water, on the 3-day food records 

were analyzed to generate average daily nutrient intakes using the Food Processor® 

nutrition analysis system (ESHA Research, 1996). Output data of interest included the 

average daily consumption of kilocalories, carbohydrate, fat, protein, vitamin C, iron, 

zinc, and selenium. Average intake was compared to the RDA for women aged 18-28 

years old for kilocalories and the nutrients of interest. 

Estimates of Beef Consumption 

The dietary information collected using 3-day food records or food frequency 

questionnaires (FFQ) were used to generate two sets of the average daily beef intakes 

and two sets of beef consumption quartiles. From the 3-day food records, the average 

daily beef intakes in ounces (oz.) were estimated consulting food composition table 

(Adams, 1975). Alternatively, the average daily beef intakes in oz. were calculated 

based on the FFQ's, using a modified method based on Block et al. (1989). More 

details about the method are described in Appendix B. 

Anthropometric Measurements 

Measurements of height, weight, and triceps skinfold (TSF) were taken when 

subjects arrived for the blood drawing by the investigators. Participants were asked to 

remove coats, heavy sweaters, and shoes during measuring. Heights were measured 

using a statiometer to the closest 1/4 inch. A platform beam scale was used to measure"̂  

weights. From the height and weight measurements, Quetelet's body mass index (BM^ 

(kg/m-) was calculated and classified according to current recommendations (Jequiec, 

1987). 

A calibrated Large Skinfold Caliper (Cambridge Scientific Industries, Inc., 

Cambridge, MD) was used to measure TSF at the midpoint of left upper arm. 

Measurements were taken twice. A third measurement was taken if the difference 
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between the first and second measurements was greater than 1 mm. TSF measurements 

were compared with national standards (National Center for Health Statistics, 1987). 

Blood Sample Collection and Preparation 

Venous blood was collected in Vacutainer® with EDTA (Becton Dickinson 

VACUTAINER Systems, Franklin Lakes, NJ) for whole blood and plasma samples. 

Vacutainer® SST Gel and Clot Activator (Becton Dickinson VACUTAINER Systems, 

Franklin Lakes, NJ) was used for serum collection. A total of three EDTA tubes and 

one clot activator tube of blood (approximately 12 ml in total) were collected from each 

subject. Part of each subject's blood samples (1 EDTA and 1 clot activator tube) were 

sent to SmithKline Beecham Clinical Laboratories (Dallas, TX) for hemoglobin, 

hematocrit, serum ferritin, and serum alkaline phosphatase analysis. Prior to transport, 

serum separation was completed at the Student Health Services using a clinical 

centrifuge for a duration of 20 minutes. The rest of the blood samples (2 EDTA tubes) 

underwent further preparation as described below at the research laboratory in the 

College of Human Sciences before final analysis of plasma zinc and whole blood 

selenium. 

From each subject's blood sample, 1-ml whole blood was taken and placed in a 

15 mm X 190 mm test tube with screw cap (Pyrex or Kimax) in duplicate. The rest of 

the blood was separated to obtain plasma using a clinical centrifuge (International 

Equipment Co., Needham Hts., Mass) at level 4 for 10 minutes. After separation, 0.6 -1 

ml plasma was placed into a 15-ml polypropylene centrifuge tube in duplicate. All 

aliquots of whole blood and plasma samples were stored at -80 °C for later analysis. 

Biochemical Assessment of Mineral Status 

Iron Status 

Blood samples were sent to SmithKline Beecham Clinical Laboratories (Dallas, 

TX) on the day of collection for analysis of hemoglobin, hematocrit, and serum ferritin 

concentration. Results from the analysis were received within two days post collection. 
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Zinc Status 

SmithKline Beecham Clinical Laboratories (Dallas, TX) tested levels of serum 

alkaline phosphatase. Plasma zinc concentrations were measured by atomic absorption 

spectrophotometry as described below at the research laboratory of College of Human 

Sciences. 

Zinc standards of 0.2, 0.5, 1, 1.5, and 2 mg/L were prepared by diluting the stock 

standard solution of Ig/L (Fluka Chemika, Switzeriand) with 5% (v/v) glycerol. The 

same glycerol solution was used as a blank and for diluting serum samples. 

Duplicates of frozen plasma samples were allowed to thaw at room temperature. 

Five-percent (v/v) glycerol solution was added to each sample to increase the volume to 

0.9-1 ml. The blank and each standard were aspirated into Perkin-Elmer Atomic 

Absorption Spectrophotometer 5000 (Norwalk, CT) followed by each sample. 

Readings were recorded when they became stable. Settings for the atomic absorption 

spectrophotometer were as follows: wavelength at 213.9 nm; slit width at 0.7 nm; 

acetylene pressure at 40 kPa. 

Selenium Status 

The fluorometric method described by Spallholz et al. (1978) was used for its 

analytical sensitivity, accuracy, minimal sample manipulation, and minimal equipment 

requirements. The procedures are described below. 

A digestion mixture was prepared for the removal of carbon from the samples. 

The mixture was prepared by first dissolving 5 g of sodium molybdate in 75 ml of 

deionized water followed by the gradual addition of 75 ml of concentrated sulfuric acid 

into the molybdate solution. The preparation then was completed after 100 ml of 70% 

perchloric acid was added to the cooled solution. 

Selenium standards of 50, 100, 200, and 300 ng/ml were prepared from a stock 

selenium solution (1000 /zg/Se/ml) in which sodium selenite (Sigma Chemical Co., St. 

Louis, MO) was dissolved in deionized water. One ml of each standard and deionized 

water (as blank) was placed into a 15 mm x 190 mm test tube with screw cap (Pyrex or 

31 



' ^ ^ ^ T T ' " ^ — — ^ ^ Ii , ' 

Kimax). Meanwhile, the test tubes containing 1-ml blood samples were taken out from 

the freezer and blood was allowed to thaw at room temperature. 

To remove the carbon from blood samples, 2 ml of the digestion mixture were 

first added into each tube containing either standards or blood samples along with 2-3 

acid-washed glass beads (3-5 mm diameter). Following that, tubes were heated over a 

Fisher burner one at a time, and the mixture inside was brought to a boil for complete 

digestion. Digestion continued until white fumes were driven off and the volume in 

each tube had been reduced to approximately 1 ml. This procedure resulted in a mixture 

free of carbon. 

Following digestion, 6 ml of 0.008 M EDTA were added to each tube followed 

by 2 ml of concentrated ammonium hydroxide (NH4OH). The pH value for the mixture 

in the test tubes was then adjusted to approximately 2.0 with a pH meter, using a few 

drops of either concentrated NH4OH or H2SO4. At this time a diaminonaphthalene 

(DAN) solution was prepared by dissolving 50 mg of 2,3-diaminonaphthalene (Sigma 

Chemical Co., St. Louis, MO) in 50 ml of sulfuric acid solution (140 ml of concentrated 

sulfuric acid diluted to 1 liter) by stirring on a hot plate set at 65 °C. Once dissolved, 

the solution was transferred to a separatory funnel and 50 ml of spectrophotometric 

grade cyclohexane were added afterwards for the removal of any interfering 

fluorometric material from the DAN solution. Having been shaken for 10 minutes, the 

DAN solution was allowed to separate from the cyclohexane for 5 minutes. The lower 

sulfuric acid phase (DAN solution) then was drawn for immediate use after the 

cyclohexane phase had been checked to confirm the removal of any interfering 

fluorometric material. In this study the DAN solution required four washes. 

When the DAN solution was ready, 4 ml were added to each tube. The mixture 

was allowed to mix well before being transferred to a water bath and incubated at 50 °C 

for 20 minutes. The mixture was cooled for 5 minutes after incubation and then 4 ml of 

cyclohexane were added to each tube. The tubes were capped and shaken vigorously for 

5 minutes before being centrifuged for another 5 minutes to assure the removal of all 

aqueous material from the cyclohexane phase. Finally, 1 ml of cyclohexane solution 
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was directly transferred to the fluorometric cuevette. Fluorescence from the resulting 

4,5-benzopiazselenol complex was read in a Perkin-Elmer 650-40 Fluorescence 

Spectrophotometer (Norwalk, CT) by excitation at 363 nm and emission at 525 nm. 

Statistical Analysis 

Statistical analyses were performed using the Statistical Analysis System 

(Release 6.12, SAS Institute, Gary, NC) at the Advanced Technology Learning Center 

on campus. The level of statistical significance was set at p < 0.05^ 

The relationship between estimated beef intakes based on the 3-day food records 

and food frequency questionnaires was related was tested against Spearman's rank order 

correlation coefficient (rj) (Ott, 1993). Pearson's correlation coefficient (r) was used to 

test for correlation between variables. 
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CHAPTER rv 

RESULTS AND DISCUSSION 

The purpose of this study was to investigate the relationship between the levels 

of beef consumption and iron, zinc, and selenium status of female college students. All 

the subjects met the criteria for participation in the present study, which excluded 

female students who recently participated in pilot tests for this study, currently used 

vitamin and/or mineral supplements, were currently pregnant or have been pregnant, 

suffered from any medical condition or illness, and/or followed special diet or dieting 

frequently. Demographic information on ethnicity and age was obtained through a 

questionnaire. Anthropometric measurement of weight, height, and triceps skinfold 

(TSF) was taken by the investigators. Quetelet's body mass index (BMI) was calculated 

by dividing weight in kilogram by height square in meter^. Nutrient intakes were 

assessed using 3-day food records. Beef intakes were estimated using 3-day food 

records and food frequency questionnaires (FFQ). Forty-two female college students 

aged 18 to 28 years old participated in this phase of the data collection. However, due 

to the difficulty of blood-drawing and subsequent hemolysis of blood samples, two 

subjects were excluded from the final statistical analysis. Besides, laboratory reports on 

blood parameters of mineral status were missing for some subjects. Therefore, the data 

presented were the results for 40 subjects unless specified elsewhere. Data for variables 

are reported as mean ± standard error of the mean. 

Demographic and Anthropometric Characteristics 

Ethnic classification among participants included 87.5% Caucasian, 5% black, 

5% Hispanic, and 2.5% Asian/Pacific Islander. Mean ages and anthropometric 

characteristics of the subjects are summarized in Table 1. Subjects had a mean age of 

20.4 years (range = 18-23 years). The average weight and height of the subjects were 

67.3 kg and 166.9 cm, respectively. The average BMI was 24.1 (range = 18.3-36.8) ^ 

which compared favorably with that of American females 20-29 years old (BMI = 24.1) 
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Table 1. Average^ Age and Anthropometric Measurements. 

Mean SEM 

Age (years) 

Weight (kg) 

Height (cm) 

BMI' (kg/m^) 

TSF* (mm) 

20.4 

67.3 

66.9 

24.1 

18.7 

+ 

± 

± 

± 

± 

0.2 

2.1 

0.9 

0.7 

0.7 

^Mean ± standard error; n = 40. 

^BMI = Body mass index. 

*TSF = Triceps skinfold. 

i>0 
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for the Third National Health and Nutrition Examination Survey (NHANES m) 

(Kuczmarski et al., 1994) and is considered as desirable (Jequier, 1987). Mean TSF was 

18.7 mm, which falls between the 25 and 50 percentiles for the American females 

18-34 years of age for the NHANES H (National Center for Health Statistics, 1987). 

Therefore, the 40 participants represented a population of young and apparently healthy 

females with desirable body composition and college experience. 

Beef Consumption and Nutrient Intakes 

The amounts of beef consumed by the subjects were estimated based on the 

dietary information collected using 3-day food records and food frequency 

questionnaires (FFQ). The beef content in each food item was estimated by consulting 

food composition tables (Adams, 1975). In addition, from the subjects' 3-day food 

records, nutrient composition of the diet was generated using a computerized program. 

Data on the consumption of bread/grain products were also provided by the computer 

program as numbers of servings of a size as defined in the Daily Food Guide 

(USDA/USDHHS, 1995). The nutrient composition of the subjects' diets is shown on 

Table 2. 

Subjects consumed a diet with an average caloric content of 1800 kcal/day. The 

diet consisted of 255 g carbohydrate, 61 g fat and 66 g protein. The average 

consumption represented 56% of the total kilocalories as carbohydrate, 30% as fat, and 

14% as protein. The recommendations for these energy nutrients for Americans are that 

> 55% of total kilocalories as carbohydrate, < 30% as fat, and 15% as protein (National 

Research Council, 1989). The subjects consumed a diet that was close to the 

recommended dietary patterns. 

As Table 2 shows, the average daily vitamin C intake was 71.5 mg, which met 

the Recommended Dietary Allowance (RDA) for this nutrient (60 mg/day) for the age-

gender group in the present study. The average daily dietary intake for iron for all 

subjects was 13.2 mg/day or 88% of the RDA, for zinc, 7.2 mg/day or 60% of the RDA, 

and for selenium, 50.5 |ig/day or 100% of the RDA for subjects 18 years old and 92% 
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Table 2. Average^ Intake of Calories and Nutrients from 3-day Food Records. 

Intake 

Energy, kcal 

Carbohydrate, g 

Fat,g 

Protein, g 

Vitamin C, mg 

Iron, mg 

Zinc, mg 

Selenium, p.g 

Mean 

1815.8 

254.6 

61.1 

65.6 

71.5 

13.2 

7.2 

50.5 

+ 

+ 

+ 

± 

± 

± 

± 

± 

SEM 

56.2 

9.3 

3.4 

2.6 

7.3 

0.7 

0.4 

3.7 

% Energy 

-

56 

30 

14 

-

-

-

-

%RDA 

-

-

-

-

119 

88 

60 

101^ 

92* "*S 

^Mean ± standard error, n = 40. 

^For females 18 years of age. 

*For females > 18 years of age. 

^Estimated based on grams of macronutrients. 
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for those older than 18 years of age. The average daily dietary iron intake for all 

subjects compared favorably with national figures ( 83% of the RDA) from the third 

National Health and Nutrition Examination Survey. However, the average daily dietary 

zinc intake was less than that (80% of the RDA) of their national counterparts (Alaimo 

et al., 1994). As for the average daily selenium intake, the subjects consumed less 

dietary selenium than that estimated for females aged 25-30 years old (129% of the 

RDA) from 1982-1991 Total Diet Study (Pennington, 1996), but the average daily 

dietary selenium intake appeared to be adequate. Nevertheless, when using 66% of 

RDA as a cutoff point, 25% of the subjects had inadequate dietary intakes of iron, 55% 

had suboptimal intakes of zinc, and 33% had low intakes of selenium (Figure 1). This 

shows that based on dietary intakes, the potential risk of mineral deficiency was indeed 

a health concern for many of the young female college students. 

Beef consumption was estimated using 3-day food records and food frequency 

questionnaires. The food frequency questionnaire used in the present study was 

designed specifically for the collection of data on beef consumption but not nutrient 

composition of subjects' diets. Analysis found that the estimated beef intakes based on 

the 3-day food records and food frequency questionnaires (FFQ) were positively 

correlated (rj = 0.37, p = 0.002) although the relationship was not strong, which 

suggests that a significant degree of consistency exists between 3-day food record and 

this specific FFQ. 

Based on the dietary information collected using the 3-day food records, the 

average amount of beef consumed by the subjects was 1.8 oz. or 51.1 g per day (2.4 oz. 

or 68.1 g based on the FFQ's), which constituted about 1/3 of the daily recommendation 

for total meat consumption according to the Daily Food Guide (USDA/USDHHS, 

1995). Nicklas et al. (1995) reported a mean beef intake of 67.9 g/day for 204 white 

women aged 19-28 years old and 29.1 g/day for 89 black women of the same age range. 

The average daily beef intake based on the 3-day food records in the present study fell 

between the amounts consumed by the two groups of subjects in the previous work. 

Relationship between the beef consumption and nutrient intakes were examined and are 
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Figure 1: Percentage of subjects failing to meet 66% of the RDA 
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presented on Table 3. Results showed a mild positive correlation between beef 

consumption and dietary fat intake (r = 0.48, p = 0.002) and between beef intake and 

dietary zinc intake (r = 0.33, p = 0.04). This is in accordance with the findings that 

female meat eaters who included beef in diets had significantly higher dietary intakes of 

fat and zinc than those who did not eat beef (Cade et al., 1998). There was no 

relationship between beef intakes and dietary selenium intakes. Neither was there a 

relationship between beef intakes and dietary iron intakes. Cade et al. (1998) also 

reported the lack of difference in dietary iron intake between non-beef meat eaters and 

other meat eaters, which they attributed to cereal-based foods as major dietary iron 

sources. 

Similarly, a significant positive correlation was detected between the 

consumption of bread/grain products and dietary iron intake (r = 0.51, p <0.001). The 

subjects consumed an average of 5.6 servings/day of bread/grain products, which was 

slightly lower than the daily recommendation for this food group according to the Daily 

Food Guide (USDA/USDHHS, 1995). The observed coirelation can be attributed to the 

iron fortification of grain, flour, and cereal products. Grain and cereal products were 

found to contribute more than half of the dietary iron intake in various food surveys 

(Pennington et al., 1984). No relationship was observed between the consumption of 

bread/grain products and the dietary intake of either zinc or selenium. 

Beef Consumption and Mineral Status 

Concentrations of biochemical indicators for iron, zinc, and selenium status were 

obtained by analyzing the 12-hour fasting blood samples collected. The indicators 

assessed were hemoglobin, hematocrit, and serum ferritin for iron status; serum alkaline 

phosphatase level and plasma zinc for zinc status; whole blood selenium for selenium 

status. For the subjects in the present study who were apparently healthy, hemoglobin, 

hematocrit, serum ferritin, and whole blood selenium levels tended to reflect a long-

term effect of diet on iron and selenium status while plasma zinc and serum alkaline 

phosphatase activity react quickly to changes in dietary intakes. Food frequency 
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Table 3. Correlation between Beef Intake^ and Nutrient Intakes. 

Intake 

Energy 

Carbohydrate 

Fat 

Protein 

Vitamin C 

Iron 

Zinc 

Selenium 
^Based on 3-day food records. 
"Pearson's correlation coefficient. 
*Significant level: p < 0.05. 

0.23 

0.04 

0.48 

0.08 

•0.27 

-0.21 

0.33 

-0.17 

NS 

NS 

0.002 

NS 

NS 

NS 

0.04 

NS 
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questionnaire (FFQ) is considered to provide dietary data more resembling the habitual 

dietary intake (Lee and Neiman, 1996), and useful for investigating long-term effects of 

diet on health status (Zulkifli and Yu, 1992). Additionally, as shown previously, there 

was a weakly positive correlation between the estimated beef intakes based on the 

FFQ's and 3-day food records. Consequently, beef intakes estimated based on the 

FFQ's were used in the investigation of a relationship between beef consumption and 

mineral status assessed biochemically. The average concentrations of selected 

biochemical indicators of iron, zinc, and selenium status are shown in Table 4. 

Beef Consumption and Iron Status 

Hemoglobin, hematocrit, and serum ferritin were used as biochemical indicators 

for iron status. A report on hemoglobin and hematocrit levels for one subject from the 

clinical laboratory was missing, so the data represents the analysis for 39 subjects. 

Table 4 shows the results of the average levels of hemoglobin, hematocrit, and serum 

ferritin. 

The average hemoglobin concentration was 13.5 g/dl and the average 

hematocrit content was 40.0%. The average hemoglobin concentration for all subjects 

equaled that for females 20-49 years of age in the third National Health and Nutrition 

Examination Surveys (NHANES HI) (Looker et al., 1997). The average hematocrit 

content was the same as the median level for females aged 18 to 44 years old in the 

NHANES n (Yip et al., 1984). Cutoffs of hemoglobin and hematocrit levels for 

anemia for nonpregnant women of 18 years of age or older are 12.0 g/dl and 35.7%, 

respectively (Anonymous, 1998). The normal ranges for hemoglobin set by the clinical 

laboratory contracted for the present study were 12.0-16.8 g/dl for females 18 years of 

age and 12.0-15.6 g/dl for those older than 18 years of age. The normal ranges for 

hematocrit level were 36.0-49.0 for females 18 years old and 35.0-46.0 for those older 

than 18 years of age. Therefore, on the average the participants in the present study had 

no indication of anemia. The average serum ferritin level for all subjects was 25.4 

ng/ml which was higher than the median value for women aged 15 to 19 years old 
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Table 4. Average Levels^ of Selected Biochemical Indicators for Iron, Zinc, 
and Selenium Status. 

Indicators N Mean SEM 

Hemoglobin (g/dl) 

Hematocrit (%) 

Serum ferritin (ng/ml) 

Alkaline phosphtase (u/L) 

Plasma Zn (mg/l) 

Whole Blood Se (ng/ml) 

39 

39 

40 

39 

40 

35 

13.5 

40.0 

25.4 

60.2 

4.3 

60.9 

± 

± 

± 

± 

± 

i-i-

0.1 

0.4 

2.7 

2.9 

0.3 

4.1 

^Means ± standard errors. 
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(18 ng/ml), but was lower than the median value for women aged 20 to 44 years old 

(28 ng/ml) in the NHANES n (Pilch and Senti, 1984a). Subjects' average serum ferritin 

level was above 15 ng/ml, the cutoff point set by the Centers of Disease Control and 

Prevention that indicates depleted body iron stores (Anonymous, 1998). The normal 

range set by the clinical laboratory contracted for the present study was 12-156 ng/ml. 

Therefore, on the average the participants appeared free of depleted body iron stores. 

Nevertheless, upon the examination of individuals' laboratory values, two 

subjects (5% of all subjects) had hemoglobin concentrations indicating anemia 

(< 12.0 g/dl). One of the two subjects also had a serum ferritin concentration of 

12 ng/ml, which fell at the lower-end of the normal range set by the clinical laboratory. 

Her average daily beef intakes were 0.2 ounces (oz.) based on her food frequency 

questionnaire (0.7 ounces oz. based on her 3-day food record). The other subject had 

normal value for serum ferritin and her average daily beef intakes were 0.9 oz. based on 

her FFQ (2.0 oz. based on her 3-day food record). The beef intake for these two 

subjects was much lower than the average for all subjects based on FFQ data, 

suggesting that low beef intake may contribute to their low hemoglobin levels because 

beef is a good source of highly bioavailable iron. However, this hypothesis was not 

supported because there was not a relationship between beef intakes and hemoglobin 

concentrations (Table 5). On the other hand, anemia can be attributed to causes other 

than iron deficiency, such as folate and vitamin B-12 deficiency (Herbert and Das, 

1994). Information on free erythrocyte protoporphyrin and transferrin saturation level 

can help identify if iron deficiency was the underlying cause for the low hemoglobin in 

the two subjects. 

When the individuals' serum ferritin levels were examined, 8 subjects (20% of 

all subjects) had a serum ferritin level < 12 ng/ml, indicating depleted body iron stores 

by the standard of the clinical laboratory contracted for the present study. Puolakka 

(1980) assessed the serum ferritin status in 17 healthy Finnish female students (mean 

age = 22.1 years) and found absent or scanty iron stores in 70% of the subjects. 

Recently, the prevalence of iron deficiency is estimated using models, which include 
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Table 5. Correlation between Beef Intake^ and each of the Biochemical 
Indicators for Iron, Zinc, and Selenium Status. 

Indicators r*̂  j 

Hemoglobin 

Hematocrit 

Serum ferritin 

Alkaline phosphatase 

Plasma zinc 

Whole blood selenium 

^Based on food frequency questionnaires. 

^Pearson's correlation coefficient. 

*Significant level: p < 0.05. 

0.09 

0.07 

0.05 

0.43 

0.07 

0.13 

NS 

NS 

NS 

0.006 

NS 

NS 
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more than one biochemical indicators. One of the models, the ferritin model, defines 

iron deficiency as having at least two abnormal values on three biochemical indictors of 

iron status: serum ferritin, free erythrocyte protoporphyrin, and transferrin saturation 

(Looker etal., 1995). Using the ferritin model. Looker and coworkers (1997) reported 

a prevalence of iron deficiency of 11% for women of child-bearing age from the third 

National Health and Nutrition Examination Survey. The prevalence of iron deficiency 

in the present study could not be evaluated since only serum ferritin was measured. The 

average daily beef intakes estimated based on food frequency questionnaires (FFQ) for 

the eight subjects ranged from 0 to 5 ounces (oz.) and had a mean of 2.4 oz., which was 

the same as the average beef intake for all subjects based on the FFQ. This suggests that 

the contribution of beef intake to serum ferritin status was not significant in the subjects 

in the present study. Later, this is supported by the result that there was no significant 

correlation between beef intake and any of the biochemical indicators for iron status 

used in the present work (Table 5). 

In contrast, Galan and coworkers (1998) reported a positive correlation between 

hemoglobin and meat intake (r = 0.06, p < 0.002) and between serum ferritin 

concentration and meat intake (r = 0.18, p < 0.001) for a national sample of French 

women aged 35-60 years. In their study, meat also included poultry but not fish, and the 

sample size was much larger than that of the present study. Additionally, in another 

study of 52 nonpregnant premenopausal women without iron supplementation, 

Worthington-Roberts et al. (1989) reported superior hemoglobin, hematocrit, and serum 

ferritin levels for heavy red-meat users, than those whose main dietary protein sources 

were fish/poultry or those who were lacto-ovovegatarians. These findings can be 

attributed to the higher amounts and more available form of iron found in red-meats 

(Anonymous, 1997; Shricker et al., 1982). In the present study, only the contribution of 

beef to iron status was investigated. This may explain why no significant relationship 

was observed. 
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Beef Consumption and Zinc Status 

Serum alkaline phosphatase activity and plasma zinc concentration were 

measured for the assessment of zinc status. A report on serum alkaline phosphatase 

activity level for one subject from the clinical laboratory was missing. Therefore, the 

results for alkaline phosphatase were from the analysis for 39 subjects. The average 

serum alkaline phosphatase activity and plasma zinc concentrations are shown in Table 

4. 

The subjects had an average serum alkaline phosphatase activity level of 

60.2 u/L, which was within the normal range (20-165 u/L) for this gender-sex group set 

by the clinical laboratory contracted for the present study. Additionally, none of the 

subjects had abnormal value for serum alkaline phosphatase activity. Average plasma 

zinc concentration for all subjects was 4.3 mg/L. The normal value for plasma zinc is 

75 -125 ^g/dl (0.75-1.25 mg/L) (Zeman, 1983). Pilch and Senti (1984b) reported a 

median serum zinc level of 86 M-g/dl (0.86 mg/L) for females aged 20-44 years old in the 

NHANES n. The average value in the present study was exceedingly higher than that 

previously reported. One explanation for the high plasma zinc values in this study is 

hemolysis of the red blood cells. The erythrocyte zinc content is high and has been 

reported to represent 10 times the level of zinc in plasma in adolescent females (Sloane 

et al., 1985; Gibson, 1990). Other possible sources of zinc contamination are rubber 

stoppers or silicon coating of the blood-collecting tubes, and anticoagulant EDTA 

(Iyengar et al., 1998). Therefore, the values obtained are not considered accurate or 

valid for interpretation in this study. 

There was a significant positive correlation between serum alkaline phosphatase 

activity and beef consumption based on food frequency questionnaires (r =0.43, p = 

0.006) (Table 5). A 3-ounce serving of ground beef provides approximately 31% of the 

recommended dietary allowance for zinc (National Live Stock and Meat Board, 1988). 

The bioavailability of zinc nutriture in beef is greater than that in food of plant-origin 

(O'Dell et al., 1972; Zheng et al., 1993), and the inclusion of beef in a diet enhances the 

absorption and retention of zinc in the diet (Johnson and Walker, 1992). Consequently, 
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beef intake is a significant contributor to dietary zinc intake, as observed in the present 

study (Table 3). Furthermore, beef intake in turn contributes markedly to the zinc 

status, as reflected on the levels of alkaline phosphatase activity in the present study. 

Beef Consumption and Selenium Status 

Whole blood selenium concentration was measured to assess selenium status of 

the subjects. Due to questionable values (negative readings returned by the fluorescence 

spectrophotometer used) in 5 subjects, the data shown represents the results for 35 

subjects. An explanation for the undetectable whole blood selenium concentrations in 

these subjects is not clear. An investigation into the dietary selenium intakes found that 

only 1 out of the 5 subjects had selenium intakes less than 66% of the recommended 

dietary allowance (RDA). Since no subjects reported any medical condition or illness at 

the time of participation, the undetectable whole blood selenium might not be attributed 

to a true low selenium status. In addition, it was reported that using the same analytical 

procedure, the selenium concentrations between seemingly identical samples varied up 

to 20% and higher discrepancy was observed when specimens contained 25 ng of 

selenium or less (Spallholz et al., 1978). It was not stated how the degree of variation 

was assessed. On the other hand, in the present study, the intra-sample coefficient of 

variation (CV) of the selenium analytical procedure for the 35 subjects ranged from 

0.8% to 111.5%, with a mean of 36.7%. Although it is not possible for a direct 

comparison on precision between the present and aforementioned studies, the average 

intra-sample CV in the present study suggests that the analytical procedure alone 

introduced a high degree of variation to the whole blood selenium concentrations 

obtained. This, in turn, may affect the accuracy of the data and the validity of the 

interpretation based on the data. 

As Table 4 presents, the subjects had an average whole blood selenium 

concentration of 60.9 ng/ml (range = 21.8 -104.1 ng/ml). Whole blood selenium 

concentrations in the American population range from 190 to 250 ng/ml (0.19-
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0.25 ^g/ml) (Allaway et al., 1968; Burk, 1984). Whanger and coworkers (1988) studied 

blood selenium concentrations of individuals from New Zealand, Oregon, and South 

Dakota w here the exposure to selenium are considered low, medium, and high, 

respectively. Their results indicated that the mean whole blood selenium concentrations 

were 60, 200, and 400 ng/ml for subjects from the low, medium, and high exposure 

areas, respectively. Moreover, Chinese from low-selenium and selenium-adequate areas 

were reported to have a mean whole blood selenium concentrations of 27 and 91 ng/ml, 

respectively (Yang et al., 1983). Therefore, the subjects in the present study appeared to 

have a mean selenium level similar to that of individuals residing in low selenium areas, 

in spite of an adequate average selenium intakes of > 90% of the RDA (Table 2). 

Individually, none of the 35 subjects had whole blood selenium concentration 

> 190 ng/ml and only 20% of them had a whole blood concentration > 91 ng/ml. 

Further investigation is required to identify factors contributing to the low average blood 

selenium level in these apparently healthy female students. 

On the other hand, the selenium content in foods of plant- and animal-origin is 

highly influenced by the selenium content of the soil in the regions where plants are 

grown (National Research Council. 1983). The dietary selenium intakes were generated 

from the nutrient analysis on the 3-day food records. Consequently, the results may not 

be of a true reflection of the food consumed in this area. 

The relationship between beef consumption and whole blood selenium 

concentration of the subjects was investigated. There was no correlation between beef 

consumption and whole blood selenium concentration (Table 5). 

Beef Consumption, Dietary Mineral Intakes, and Mineral Status 

The relationship between dietary mineral intakes and selected biochemical 

indicators for mineral status was examined in 40 female college students. Dietary 

intakes of iron, zinc, and selenium were generated from the 3-day food records. Levels 

of selected biochemical indicators for iron, zinc, and selenium status were measured by 

analyzing 12-hour fasting blood samples. The selected biochemical indicators for 
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mineral status included hemoglobin, hematocrit, and serum ferritin for iron status, 

serum alkaline phosphatase and plasma zinc for zinc status, and whole blood selenium 

for selenium status. Results of the average levels for the dietary mineral intakes and 

biochemical indicators are shown in Table 2 and Table 4, respectively. With the 

exception of dietary iron intake and biochemical indicators for iron status, none of the 

other dietary mineral intakes investigated showed significant correlation with the 

corresponding biochemical indicators for mineral status (Table 6). The lack of 

association between dietary nutrient intake and blood nutrient levels are not uncommon 

in large-scale nutritional surveys. Explanations may be the use of improper statistical 

method and/or errors in dietary and biochemical measurements (Schutz, 1982). 

Dietary intake of iron positively correlated with hemoglobin (r = 0.35, p = 0.03), 

hematocrit (r = 0.32, p = 0.048), and serum ferritin (r = 0.35, p = 0.03). A positive 

correlation was reported by Galan et al. (1998) between total dietary iron intake and 

serum ferritin (r = 0.09, p < 0.0001), as well as between total dietary iron intake and 

hemoglobin (r = 0.05, p < 0.05) in 3111 women aged 35-60 years old, after adjusting for 

menopausal status and contraceptive habits. Nevertheless, in the present study, beef 

was not shown to be a significant dietary contributor to the levels of either dietary iron 

intake (Table 3) or selected biochemical indicators for iron status, namely hemoglobin, 

hematocrit, and serum ferritin (Table 5). Instead, the consumption of bread/grain 

products was positively correlated with dietary iron intake (r = 0.51, p < 0.001) although 

the consumption of bread/grain products was not correlated with any of the biochemical 

indicators for iron status investigated. The lack of correlation between the consumption 

of bread/grain products and biochemical indicators for iron status may be explained by 

the high content of non-heme iron found in bread/grain products, which is less readily 

available for absorption (Monsen, 1988). 

A positive correlation between beef intake and dietary zinc intake (r = 0.33, p = 

0.04) (Table 3) and between beef intake and serum alkaline phosphatase activity level 

was observed in the present study (r = 0.43, p = 0.006) (Table 5), suggesting that beef is 

a significant dietary factor to the status of zinc nutriture. However, there was no 
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Table 6. Correlation between Mineral Intake and the Corresponding Biochemical 
Indicators. 

Indicators 

Iron 

r* P« 

Mineral Intake 

Zinc 

r' P* 

Selenium 

/ p* 

Hemoglobin 

Hematocrit 

Serum ferritin 

Alkaline phosphatase 

Plasma zinc 

Whole blood selenium 

0.35 0.03 

0.32 <0.05 

0.35 0.03 

-0.11 NS 

0.2 NS 

-0.03 NS 
'Pearson's correlation coefficient. 

*Significant level: p < 0.05. 
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relationship observed between dietary zinc intake and serum alkaline phosphatase 

activity level (Table 6). This may be due to the fact that the bioavailability of zinc in a 

diet is decreased by other dietary components, such as fibers and phytates (O'Dell, 1972; 

Solomons, 1980). 

There was no relationship between beef intake and dietary selenium intake 

(Table 3), between beef intake and whole blood selenium concentration (Table 5), or 

between dietary selenium intake and whole blood selenium concentration (Table 6). 

Due to the uncertainty of the validity for data on dietary selenium intakes and whole 

blood selenium concentrations, the significance of beef as a dietary contributor to 

selenium status remains uncertain and requires further investigation. 

Limitations 

The generalizations from present study are limited, first of all, by the quality of 

the dietary data. The quality is limited by how accurate the actual and usual dietary 

habits of subjects were reflected by the dietary measurement techniques used in the 

study. It is also subject to the comprehensiveness of the nutrient composition database 

of the computerized program. Besides, the extent of accuracy of estimation on beef 

contents in food items appearing on the 3-day food records and the food frequency 

questionnaire introduces variations to the results. In addition, despite efforts exerted, 

the list of beef dishes included in the food frequency questionnaire may limit the 

generalization. Generalizations of the results may also be limited to the age-gender 

cohort represented by the subjects participating in the present study, as educational 

experience has been found to be a significant factor determining dietary pattern, 

including meat consumption level (Georgiou et al., 1997). The uncertainty about the 

accuracy of plasma zinc and whole blood selenium concentration data also calls for 

sound judgement when the results are used. 
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CHAPTER V 

CONCLUSION 

In the present study, the relationship between beef consumption and selected 

mineral status of female college students aged 18-28 years was investigated. Results 

indicated 25%, 55%, and 35% of all subjects had inadequate dietary intakes of iron, 

zinc, and selenium, respectively, suggesting that suboptimal mineral status is indeed a 

concern for women of child-bearing age. 

Based on the data collected, beef was not shown to be a significant dietary 

contributor to the levels of dietary iron intake. Neither did the levels of hemoglobin, 

hematocrit, and serum ferritin correlate with the amounts of beef consumed. Instead, 

the consumption of bread/grain products correlated positively with dietary iron intake (r 

= 0.51, p < 0.001). As for zinc status, a positive correlation between beef intake and 

dietary zinc intake (r = 0.33, p = 0.04) and between beef intake and serum alkaline 

phosphatase activity level (r = 0.43, p = 0.006) was observed in the present study. 

These findings suggest that beef may be a significant dietary factor in zinc nutriture. 

Nevertheless, it should be noted that the level of alkaline phosphatase is also influenced 

by non-nutritional factors. For example, the level is elevated during skeletal growth in 

adolescents (Lee and Nieman, 1996). In contrast, the investigation on the significance 

of beef as a dietary contributor to selenium status remains inconclusive, as no 

relationship was observed between beef intake and dietary selenium intake (Table 4), or 

between beef intake and whole blood selenium concentration (Table 6 ). The relative 

contributions of the various dietary sources to the mineral status is complex and difficult 

to separate. 

In a search of the literature, the contribution of beef alone to iron, zinc, or 

selenium status has not received the adequate attention of the research community. The 

present study presents an effort to elucidate the nutritional contribution of beef to the 

status of iron, zinc, and selenium in a high risk subpopulation, namely women of child-

bearing age. Further investigation is required to confirm the findings of the present 
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study and to shed new light on this interesting research topic. Due to the difficulty in 

collecting reliable data on beef consumption, clinical controlled trials may provide a 

better setting to conduct this type of investigation. For future research, it is 

recommended that additional control be exerted to ensure the quality of the biochemical 

analyses for zinc and selenium. The use of certified reference materials with known 

concentrafion for zinc and selenium as internal control, will help assure the accuracy of 

the analytical data. 
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SUBJECT# 

PARTICIPANT SCREENER 
Beef Consumption Survey 

Interviewee Name: 

Telephone Number: 

Mailing Address; 

Date: 

Comments: 

Hello. May I speak with 

My name is [research assistant's name]. I am a member of a research 
leam at Texas Tech. As part of our research, we are trying to identify 
subjects that meet a specific criteria to complete a 3-dav food record and 
a questionnaire on beef consumption. You will receive a $10.00 in 
appreciation for your participation. I would like to ask you a few questions 
for this preliminary screening. The questions will take less than 5 
minutes. Would you be able to help us with some information? 

( ] Yes 
[ ] No 

(Continue) 
(Tenminate) 

Thank you. We do appreciate your time. 

QUESTION # 1: Are you a female between the ages of 18 and 28 years old? 

[ 1 Yes 
[ ] No 

(Continue) 
(Terminate) 

QUESTION # 2: Are you cun-ently enrolled as a student at a college or university? 

[ 1 Yes 
[ ] No 

(Continue) 
(Terminate) 
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QUESTION # 3; Have you recently answered a Health Knowledge Questionnaire in 
the College of Human Sciences at Texas Tech? 

[ ] Yes (Tenminate) 

[ 1 No (Continue) 

QUESTION # 4: Do you cun-ently take vitamin and/or mineral supplements? 

[ ] Yes (Terminate) 
[ ] No (Continue) 

QUESTION # 5: Are you cun-ently or have you been pregnant? 

[ ] Yes (Terminate) 

[ 1 No (Continue) 

QUESTION # 6; " \Do you suffer from any medical condition or illness? 

[ ] Yes (Terminate) 

[ 1 No (Continue) 

QUESTION # 7: Do you follow any special diet or diet frequently? 

[ ] Yes (Terminate) 
[ 1 No (Continue) 

QUESTION #8; How often do you eat beef - as in hamburgers, pizza, fajitas, 
spaghetti, brisket, tacos - not just as steak - per week? 

[ I None 
[ ] 1-2 times 
[ 1 3-4 times 
( ] 5 or more times 

I would like to share more information about our research project. I work 
for Dr. Carmen Roman-Shriver and Dr. Linda Hoover. We are working on 
a project related to beef for which we need participants. The 
participants will be asked to fill out a 3-dav food record and a 
questionnaire about their consumption of beef The questionnaires 
will be administered on the Texas Tech University campus and you will be 
asked to bring a 3-day food record that will be mailed to you before 
completing the questionnaire. You will receive a $10.00 in appreciation 
for your participation. 
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The questionnaires will be administered Wednesday, March 25 from 
7:00 - 8:00 PM at the Business Administration Building on the Texas 
Tech campus and will take less than one hour to complete. 

QUESTION # 9; May we write you down as a participant? 

( 1 Yes (Confirm name and address) 
( ] No (Thank and terminate) 

May I verify the spelling of your name and your mailing address so 
that we can fon^ard a letter outlining information regarding the 
questionnaire session to you? The letter of confirmation will include the 
campus building and room where the questionnaires will be 
administered, parking accommodations, and a map of the campus. 
Instructions to complete the 3-day food record will also be mailed to you. 
I will call you two days prior to the meeting as a reminder. 

We look foPÂ ard to you joining us and thank you for your time. Should 
you have any questions, please feel free to contact Dr. Roman-Shriver or 
Dr. Hoover at 742-3068. 

QUESTION #10: Are there any other 18 to 28-year old females present in your 
household that might be interested in our study? 

[ 1 Yes (Ask to speak to those who meet criteria) 
[ 1 No (Thank and terminate) 

Mailed 3-day food record: [ ] Yes [ ] No 

Follow-up Call: 

Comments: 

[ ] Attending [ ] Canceled 

5/6/98 
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Questionnaires Administered at the College Of Human Sciences during the 
Spring 1998 

Courses: 
RHIM 2210 
RHIM 2308 
RHIM 2312 
HD3312 
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APPENDIX B 

FOOD FREQUENCY QUESTIONNAIRE 
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Directions: For each beef item listed on the next page, mark the column that most accuratelv 
describes your usual beef intake. Under "How Often" mark uith a ('^) the average beef 
consumpaon in your recent past months. Under "Usual Serving Size" mark with a ('^) the sen'mg 
size that best descnbes your usual intake. The medium sernng size is described for vour reference. If 
your serving sizes are similar to the one descnbed for each item, mark under the M column, if the;. 
are smaller mark under the S column, if they arc brger mark under the L column. 

ADDITIONAL COMMENTS: 

> Please DO NOT SKIP any items. If you never eat a food, mark "Never or less 
than once a month." 

> Please D O NOT OMIT ser^-lng sizes. 
> .-K small serving (S) is about Vz the medium serving size shown, or less. 
> A large serving size (L) is about 1 Vi the medium serving size shown, or more. 

(GO ON TO THE NEXT PAGE->) 
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1 

SLTllECTa 

T\TE OF BEEF 
ITEM 

Beef Steak 

BeefRoAac 

Beef Ribs 
Hamburger or 

Cheeseburger 

Beef Fajitas 

BeefChiU 

BeefLjia&ga2 :̂; -
Itjdiam Beef Stuffed 

Dishes 

Beef M o t LoiJ' 

Beef Meatballs 

Beef Stew 

Beef Pot Pies 

Beef Ca**erai«s 

Beef Strips in Stir-frv 

Picza with Be«f 

Topping 

Tacos , Beef FiUing 
Bormo*, Beef 

FiDiflg 

Beef EochiUdas 
Sp«gh«tti S«uc« 

with Beef 
Salad with Beef 

Topping 

Bee f Hot D»g« 
Beef Topping on 

Nachos 
-

Beef Sausage 
Beef Luncheon 

Meats: Salami, 

Bologna, etc. 

Dried Bee f 

Corned Beef 

Beef Lhftr 

Sloppy Joe 

Barbecued Beef 

BeefTips 
Any etfaer beef 
prodttct:^..!: 

i USUAL SERVING 
HOW OFTEN ' SIZE 

Never or 

ess than 
once per 

month 

X 

• \ J s S V V . . 

V'^ \^ 

;̂  
•• V . \ 

.. 

Nv ^ 

.̂, 
< • 

j 
1 

1 PER 2-3 PER 
MONTH MONTH 

1 
i 

! 
; 
1 

. • . ' • ; • ' • • 

• 

• . -

V 

.. 
^ 

\, 

v ^ ^ ^ 

"• , 

^ s ^ 

S 

; 
, 0 

-

' 

: 

^ 

' '\ 

' ^ 
. 

^ 

1 PER 2 PER J-« PER S-6 PER 
WEEK WEEK U-EEK WEEK 

1 1 i 

[ j i 
i 1 

t t 

1 1 i 
: 1 I 

1 1 1 
; 

- 1 i 
! 
t 1 

1 

1 
1 

1̂  

[ 

{ 1 t 

1 1 i 
! 

'.^:';. 
':<-i''':ii^.--

-

' •• 

; 
• 

1 
1 

1 

• 

4 

1 

j 

• 

' 

• 

' 

' 

, 
: 

: 
' 

2 or 
more 

PER. PER 
DAY DAV 

1 

j 

) 

1 
; 
1 
1 

1 
' 
1 

1 

( 

1 

1 
1 
i 

MEDIU.M j 

SERVING ; S • M L 

J-4 0Z I I I 
3-4 oz. ; . 

5-4 02. 1 ! ! 
3-4 oz oc 

1 pacrv 

3-4 oz. 1 I 

I cup ; 
I I I 

1 piece (3x3} | [ 1 

• 1 

3 oz. 1 

y*m I I I 
3-4 oz '4-5) i 

1 1 1 Icup I I I 
1/3 pie 
(9" diam.) 

1 ' * 
Icup 1 ( i 

3oz 
1 

2 slices 
! 
I 

1 each 
f 1 

teach 
1 
i t 1 

I each 1 

I I 
1 cup 1 1 

i 1 

'' i l l 
2 hot dogs 1 [ j 

1 ; '' 
1/2 cup ' 

2 pacues/ 
t 1 

2 oz. or ' ; 1 

2 sUcej ' 

2 oz. { 1 
3 oz. , i 

1 1 1 
4 oi . 1 [ ] 

1/2 cup 

3 or. 
1 ^ 1 

3 o z . i 
I 

1 
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Estimation of Beef Intake Based on Food Frequency Questionnaire (FFQ): Modified 

Method Based on Block et al. (1989) 

Algorithm: 

1. Beef content in each food item listed on the FFQ is estimated consulting food 

composition tables (Adams, 1975), and expressed as ounce(s). 

2. "Times" = No. of times, in the "How often" column. 

3. "Factor" indicates the time unit: day = 7; week = 1; month = 0.2333. 

4. Portion size: small = 0.5; medium = 1; large = 1.5. 

5. Calculate sum of (Time x Factor x Portion size) for each food item. 

6. Add the sums for all the dishes, and then divide by 7 to obtain the daily estimate. 
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APPENDIX C 

3-DAY FOOD RECORD FORM 
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SUBJECT U 

3-Day Food Record 

Dircctioos for Completing the 3-day Food Record 

1 Please print all entries on the attached forms,. 

2. Include two week days and one weekend day (Saturday or Sunday) in your food record. 

3. Record all and any food and beverage consumed immediately after they are eaten. 

4. Be as specific as possible when describing the food item eaten, including: 

<> amount: 1 cup, beef stew, homemade 

O type of food : 1/2 cup 2% mi!k 

<> method of preparation: 2 oz, beef strips fried in corn oil 

O brand name, if known: 1 Oscar Meyer hot dog 

or 1 Toco Bell Burrito Supreme 

5. Record amounts in household measures — for example: ounces, tablespoons, cups, 

slices or units; as in two slices of wheat toast, or one raw apple. Refer to portion size 

attachment for meat portion sizes. 

6. Include method that was used to prepare the food item — for example: fresh, frozen, 

stewed, fried, baked, canned, broiled, raw, or braised 

7. For canned foods, include the liquid in which it was canned — for example: tuna in 

water, or sliced peaches in heavy syrup. 

8. Report only the food portion that was actually eaten — for example.- T-bone steak, 

6 oz. broiled (do not include the bones). 

9 Do not alter your usual diet during the period you keep the record. 

10. Remember to record the amounts of added fats (oils, butter, salad dressing, margarine, and 

so on) you eat or use in cooking. 
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Circle: Weekday or Weekend Date 

PLEASE PRINT ALL ENTRIES 
Time Amount Eaten Food Item Consumed and Method of Preparation 
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Circle: Weekday or Weekend Date 

PLEASE PRINT ALL ENTRIES 1 
Time Amount Eaten Food Item Consumed and Method of Preparation 
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Circle: Weekday or Weekend Date 

PLEASE PRINT ALL ENTRIES 

Time Amount Eaten Food Item Consumed and Method of Preparation 

• 
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