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ABSTRACT 

Background: Animal studies have demonstrated that iron may be related to carcinogenesis, and human studies found 
that heme iron can increase the formation of N-nitroso compounds, which are known carcinogens. Objectives: One of 
the postulated mechanisms linking red meat intake to cancer risk involves iron. Epidemiologic studies attempt to inves- 
tigate the association between heme iron intake and cancer by applying a standard factor to total iron from meat. How- 
ever, laboratory studies suggest that heme iron levels in meat vary according to cooking method and doneness level. We 
measured heme iron in meats cooked by different cooking methods to a range of doneness levels to use in conjunction 
with a food frequency questionnaire to estimate heme iron intake. Methods: Composite meat samples were made to rep- 
resent each meat type, cooking method and doneness level. Heme iron was measured using atomic absorption spec- 
trometry and inductively coupled plasma-atomic emission spectrometry. Results: Steak and hamburgers contained the 
highest levels of heme iron, pork and chicken thigh meat had slightly lower levels, and chicken breast meat had the 
lowest. Conclusions: Although heme iron levels varied, there was no clear effect of cooking method or doneness level. 
We outline the methods used to create a heme iron database to be used in conjunction with food frequency question- 
naires to estimate heme iron intake in relation to disease outcome. 
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1. Introduction 

Both red and processed meat intake have been positively 
associated with a variety of cancers, in large prospective 
cohort studies, including colorectal, esophageal, pancre- 
atic, lung and liver cancer [1]. One of the key character- 
istics defining red meat is its iron content. Red meat is 
the largest dietary source of heme iron, which is more 
readily absorbed than non-heme iron [2,3]. Although 
both non-heme and heme iron can induce oxidative DNA 
damage by catalyzing the formation of reactive oxygen 
species [4,5], heme iron specifically has additional det- 
rimental effects. Heme iron is associated with increased 
cytotoxicity of fecal water [6,7] and the promotion of 
chemically-induced colorectal cancer in rats [8]. Fur- 
thermore, heme iron intake increases endogenous forma- 
tion of N-nitroso compounds (NOCs) [9,10], which are 
known carcinogens [11]. 

Despite the interest in heme iron, there are limited data  

for concentrations in meats, attributable to the lack of 
appropriate analytical methods, the variation of heme 
iron concentrations between meats (e.g. beef, chicken, or 
pork), the variation between different cuts of meats from 
the same animal, and the many different methods of 
preparation [12-14]. Limited studies have addressed each 
of these factors, but none were designed to support epi- 
demiologic studies. In many cases, heme iron is still de- 
termined by difference; i.e. total iron minus non-heme 
iron. Thus far, epidemiologic studies have either assessed 
total dietary iron or attempted to estimate heme iron in- 
take by applying a standard factor to total iron from meat 
[15,16]. However, research indicates that heme iron in 
meat can be partially converted to non-heme iron de- 
pending on cooking techniques [17-19]. This study de- 
scribes the analysis of heme iron in different meat types 
cooked by various methods to a range of doneness levels. 

2. Methods 

Meat Samples: We measured the heme iron content of *Corresponding author. 
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bacon, hotdog, pork chop, processed pork products (bo- 
logna, ham slice, luncheon meat), sausage (links and pat- 
ties), roast beef, hamburger, steak, chicken breast and 
chicken thigh—both with and without skin; the total 
number of meat samples measured was 88. The cooking 
methods included broiled, baked, barbecued, micro-waved, 
pan-fried and restaurant prepared (for hamburger only), 
and we examined four levels of doneness—rare/just, me- 
dium, well and very-well done. The cooking methods 
and doneness levels considered depended on each meat 
type. Specifically, steak and hamburger samples were 
cooked by three different methods (barbecued, pan-fried 
and broiled) and to up to four different doneness levels 
(rare, medium, well and very-well done); in addition to 
cooked hamburgers obtained from a fast-food restaurant. 
Hotdog samples were cooked by four different methods 
(barbecued, pan-fried, broiled and boiled) and had either 
a standard doneness level (for broiled) or for the other 
cooking methods, three doneness levels (just done, well 
and very-well done). We analyzed pork chop cooked by 
broiling and pan-frying to three doneness levels (just 
done, well and very-well done). Bacon samples were 
cooked by pan-frying (to just done and very-well done), 
broiling (to just done, well and very-well done), and mi- 
crowaving (to just done and very-well done). With regard 
to chicken, we analyzed 33 different samples represent- 
ing four different cooking methods (barbecued, pan-fried, 
oven-broiled, and baked) for both chicken breast and 
thighs, both with and without skin and with and without 
bone. Doneness for chicken was categorized as standard 
(for whole chicken roasted or stewed), just done, well or 
very-well done.  

For each meat type/cooking method and doneness 
level, multiple samples were cooked by nutritionists at 
the Human Nutrition Research Center at the US Depart- 
ment of Agriculture (USDA), Beltsville, MD. These meat 
samples were prepared for a previous study and detailed 
information on the samples and cooking conditions have 
been previously published [20-22]. Composite samples 
representing each cooking method and doneness level for 
any given meat type were made from multiple cooked 
meat samples. 

Analysis: Cooked meat samples were analyzed by the 

Food Composition Laboratory, Human Nutrition Re- 
search Center, of the USDA, Beltsville, MD. Each batch 
of 13 samples contained one of each of the two quality 
control samples blinded to the laboratory. In addition, the 
laboratory analyzed its own in-house control sample with 
every batch. The blinded quality control samples were 
from a well-done, pan-fried hamburger patty and a ham- 
burger broken into pieces and stir-fried at a low tem- 
perature. The in-house control samples are described in 
detail below. 

The full protocol involved the analysis of duplicate 

samples. The first sample was subjected to an acid diges- 
tion and analyzed for iron by inductively coupled plasma- 
atomic emission spectrometry (ICP-AES) to provide the 
total iron content. The second sample was extracted with 
acidified acetone as described by Hornsey [23] and ana- 
lyzed by flame atomic absorption spectrometry (FAAS) 
to provide the heme iron. We define heme iron as iron 
incorporated in a porphyrin structure without globin. The 
remaining solid was subjected to a total acid digestion 
and analyzed by ICP-AES to provide the non-heme iron.  

The material balance was computed as the sum of the 
heme iron and non-heme iron divided by the total iron 
times 100%. The percent heme iron was computed as the 
ratio of heme iron to total iron. All control samples and 
1/3 of the food samples were analyzed by the full proto- 
col. The other 2/3 of the food samples were analyzed 
using a modified protocol; only the total iron and the 
heme iron were determined (no material balance was 
computed). All samples were prepared in duplicate. 

Total iron: Approximately 1 g of sample was weighed 
into a digestion tube. Two mL of concentrated HNO3 
was added and the sample was allowed to sit overnight. 
The next morning the sample was gently heated to 90˚C 
in a heating block for an hour and then allowed to cool. 
After cooling, drops of 10% H2O2 were added as neces- 
sary to provide a clear solution. The sample was trans- 
ferred to a 25 mL volumetric and brought to volume. 
Samples were analyzed directly for iron by ICP-AES 
(PS3000, Teledyne Leeman Labs, Hudson, NH) using 
inorganic iron standards in 5% HCl. ICP-AES was used 
because initial results using FAAS revealed a suppres- 
sion interference that ranged from a few percent to 40%. 
An accurate material balance was impossible to achieve 
using FAAS. 

Heme iron (flame atomic absorption spectrometry): Ap- 
proximately 1 g of sample was weighed into a digestion 
tube and mixed with 8 mL of acidified acetone (ace- 
tone:H2O:HCl = 80:10:10). The mixture was agitated 
vigorously on a vortex mixer and then centrifuged to 
separate the phases. The acidified acetone was quantita- 
tively (as near as possible) transferred to a 25 mL volu- 
metric and brought to volume with acidified acetone. The 
sample was analyzed by FAAS (Model 932 Plus, GBC 
Scientific Equipment, Hampshire, IL) using heme iron 
standards prepared from hemin dissolved in acidified 
acetone. FAAS was found to be more accurate than tradi- 
tional molecular absorbance measurements (640 nm). 
ICP-AES could not be used because the acidified acetone 
solution quenched the plasma. 

Heme iron (HPLC): Twenty µL of the acidified ace- 
tone extract (after bringing to volume of 15 mL) was 
injected onto the C18 column of an HPLC (System Gold, 
Beckman Coulter, Inc., Danvers, MA). The mobile phase 
was 0.5% trifluoroacetic acid in water. In every case only 
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a single peak was observed and the peak area was quan- 
tified at 640 nm using hemin standards dissolved in 
acidified acetone. 

Non-heme iron: The remaining solid (after removal of 
the acidified acetone phase) was digested in the same 
manner used for total iron; i.e. 2 mL of concentrated 
HCL was added, it sat overnight, was heated to 90˚C the 
next day, cooled, treated with H2O2 as necessary, trans- 
ferred to a 25 mL volumetric, brought to volume, and 
analyzed by ICP-AES. 

In-house control samples: Six different in-house con- 
trol samples were compiled, 3 raw lean ground beef sam- 
ples, ground beef jerky, and 2 baby food meat samples. 
Beef samples were obtained from a chuck roast pur- 
chased at the local supermarket, cleaned of all fat, ground, 
frozen, lyophilized, powdered, mixed, and stored in small 
containers. The beef jerky and the baby foods were pur- 
chased at the same supermarket. 

3. Results 

The total, heme, and non-heme iron values (in µg/g dry 
weight) and the percent heme iron and material balance 
obtained for the 6 in-house control samples are given in 
Table 1. The material balances fell between 94% and 
102% with an average standard deviation of 12%. The 
average within control sample standard deviations for 
total, heme, and non-heme iron were 11%, 12% and 12%. 

When run in conjunction with the meat samples, the 
standard deviations of the beef 3 control samples for total, 
heme, and non-heme iron was 4%, 4% and 15% and the 
material balance was 102% ± 20%. For the samples 
themselves, the average relative standard deviations for 
the total, heme, and non-heme iron determination for the 
samples was 6.3%, 5.1% and 13%. The material balance 

was 109% ± 22%. The standard deviation for the blinded 
control samples was 5.8%, 9.9% and 10.9% for low (12.9), 
medium (14.7), and high (13.0) heme iron levels. 

The meats with the highest levels of heme iron, re- 
gardless of cooking method or doneness, were hamburg- 
ers (mean: 10.3 μg/g) and steak (mean: 9.3 μg/g). All 
pork products had values in the range of 3.4 μg/g (pork 
chop) to 7.5 μg/g (ham slice). Chicken had the lowest 
heme values (mean: 2.4 μg/g for chicken breast), but 
varied considerably according to the cut of meat (Figure 
1).  

The heme iron values, irrespective of doneness level, 
did not vary significantly according to cooking method 
(barbecued, broiled and pan-fried) for steak (9.6, 9.2 and 
9.0 μg/g, respectively) or hamburgers (10.6, 10.2 and 
10.7 μg/g, respectively). There was no effect of doneness 
level on heme iron content for steak or hamburgers (Ta- 
ble 2). The mean heme iron value for roast beef (8.3 μg/g) 
was in between the values for steak/hamburgers and pork 
products and there was no pattern according to doneness 
level (Table 2). 

The heme iron values, irrespective of doneness level, 
for hot dogs did not vary significantly by cooking method 
(6.3, 5.8, 6.4 and 4.9 μg/g for barbecued, broiled, pan- 
fried and boiled, respectively) (Table 3). The heme iron 
level for pork chops cooked by pan-frying were slightly 
higher (3.8 μg/g) than for broiling (2.9 μg/g). There was 
no clear effect of doneness level on heme iron content of 
pork meats (Table 3).  

The mean heme iron levels for bacon were lower for 
pan-frying (4.2 μg/g) and microwaving (4.6 μg/g), com- 
pared to broiling (5.6 μg/g). The heme iron values were 
slightly higher for very-well done bacon, compared to 
just done, for all three cooking methods (Table 3). 

 
Table 1. In-house quality control materials (iron in µg/g, dry weight). 

Control N Total iron Heme iron % Heme iron Remaining iron in solid Sum (heme + solid) Mass balance

Beef 1 10 50.2 33.6 67% 16.7 50.3 100% 

Beef 2 34 59.7 35.8 60% 23.5 59.3 99% 

Beef 3 10 46.3 27.3 59% 19.4 46.7 101% 

Beef jerky 6 42.1 28.2 67% 11.5 39.7 94% 

Baby food 1 5 39.2 11.1 28% 28.1 39.2 100% 

Baby food 2 5 55.7 16.0 29% 40.8 56.9 102% 

Between controls, mean 70 - - - - - 99% 

Within controls, relative SD 70 11% 12% - 12% - 12% 

Beef 3, mean (ran with samples) 20 47.9 29.5 - 19.2 - 102% 

Beef 3, relative SD 20 4% 4% - 15% - 20% 

Samples1, mean 174 - - - - - 109% 

Within samples, relative SD 174 6% 5% - 13% - 22% 

1Total number of samples ran, including all quality control samples.  
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Figure 1. Mean heme iron level according to meat type. 

Table 2. Heme iron content (g/g) of beef according to meat type, cooking method and doneness level. 

 Doneness level 
Beef type and cooking method 

 Standard Rare Medium Well-done Very well-done

Hamburger, fast-food restaurant Total Fe 25.5 - - - - 

 Heme Fe 8.3 - - - - 

 % Heme Fe 33 - - - - 

Beef roast, baked Total Fe - 14.3 15.7 18.5 - 

 Heme Fe - 7.8 8.3 8.8 - 

 % Heme Fe - 54 23 48 - 

Hamburger, broiled Total Fe - 19.0 23.1 19.8 21.6 

 Heme Fe - 9.9 11.2 8.7 11.1 

 % Heme Fe - 52 48 44 51 

Hamburger, pan-fried Total Fe - - 24.9 24.3 27.0 

 Heme Fe - - 9.8 9.8 12.6 

 % Heme Fe - - 39 40 46 

Hamburger, barbecued Total Fe - - 18.9 22.6 29.0 

 Heme Fe - - 9.7 10.2 12.0 

 % Heme Fe - - 52 45 41 

Steak, barbecued Total Fe - - 18.9 17.9 14.5 

 Heme Fe - - 10.8 8.7 9.4 

 % Heme Fe - - 57 48 65 

Steak, broiled Total Fe - - 20.5 24.1 22.0 

 Heme Fe - - 8.4 9.2 10.1 

 % Heme Fe - - 41 38 46 

Steak, pan-fried Total Fe - - 17.9 19.6 20.5 

 Heme Fe - - 8.3 9.9 9.0 

 % Heme Fe - - 46 50 44 
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Table 3. Heme iron content (g/g) of pork according to meat type, cooking method and doneness level. 

 Doneness level 
Pork type and cooking method 

 Standard Just done Well-done Very well-done 

Bologna Total Fe 9.3 - - - 

 Heme Fe 6.5 - - - 

 % Heme Fe 70 - - - 

Ham slice, broiled Total Fe - - - - 

 Heme Fe 7.5 - - - 

 % Heme Fe - - - - 

Luncheon meat Total Fe 8.2 - - - 

 Heme Fe 4.3 - - - 

 % Heme Fe 53 - - - 

Bacon, broiled Total Fe - 10.3 12.4 13.7 

 Heme Fe - 5.1 5.4 6.2 

 % Heme Fe - 50 44 45 

Bacon, microwaved Total Fe - 6.2 - 13.4 

 Heme Fe - 4.1 - 5.1 

 % Heme Fe - 66 - 38 

Bacon, pan-fried Total Fe - 7.2 - 15.8 

 Heme Fe - 3.1 - 5.2 

 % Heme Fe - 43 - 33 

Hot dog, barbecued Total Fe - 10.4 8.7 8.8 

 Heme Fe - 7.8 3.8 7.2 

 % Heme Fe - 75 44 82 

Hot dog, boiled Total Fe 7.2 - - - 

 Heme Fe 4.9 - - - 

 % Heme Fe 68 - - - 

Hot dog, broiled Total Fe - 9.0 10.5 8.6 

 Heme Fe - 6.4 6.3 6.8 

 % Heme Fe - 72 60 80 

Hot dog, pan-fried Total Fe  - 9.8 8.8 

 Heme Fe  6.8 7.1 6.0 

 % Heme Fe  - 73 68 

Pork chop, broiled Total Fe - 7.4 6.9 7.9 

 Heme Fe - 1.5 3.4 3.9 

 % Heme Fe - 21 49 50 

Pork chop, pan-fried Total Fe - 9.3 7.4 6.3 

 Heme Fe - 4.4 4.5 2.6 

 % Heme Fe - 47 60 40 

Sausage links, pan-fried Total Fe - 13.3 14.0 13.3 

 Heme Fe - 7.3 5.7 7.0 

 % Heme Fe - 55 40 52 

Sausage patties, pan-fried Total Fe - 10.7 13.2 15.1 

 Heme Fe - 6.8 6.4 5.7 

 % Heme Fe - 63 48 38 
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With regard to sausages, we measured both patties and 

links cooked by pan-frying to three degrees of doneness 
(just, well done and very-well done). There was no dif- 
ference in the mean heme values for sausage links (6.7 
μg/g) versus sausage patties (6.3 μg/g); furthermore, there 
was no effect of doneness level on heme iron content. 
Other processed pork products, including bologna, ham 
slices and luncheon meats had similar heme iron values 
(6.5, 7.5 and 4.3 μg/g, respectively) to other sources of 
pork (Table 3). 

In these analyses, we found that the heme iron level in 
chicken thigh meat was considerably higher (5.1 μg/g) 
than the levels in chicken breast meat (2.4 μg/g). Whether 
the chicken had skin or not or whether the meat was on 
the bone or not, did not appear to determine heme iron 
levels. In addition, the method used to cook chicken did 
not alter the heme iron values (Table 4). 

4. Discussion 

There are no reference materials that are certified for 
heme iron. The accuracy of the heme iron analysis was 
validated by demonstrating that the material balance 
(100% × (heme iron + non-heme iron)/total iron) for the 
in-house control samples and selected meat samples were 
close to 100%. 

Initial results in the development phase gave poor re- 
coveries. It was determined that traditional molecular 
absorbance measurements of heme iron (following acidi- 
fied extraction) were biased high due to background ab- 
sorbance. This problem was reduced by using measure- 
ments at 500 nm and 600 nm to extrapolate to the back- 
ground at 540 nm. However, these values were still 
greater than those obtained by FAAS and gave material 
balances in excess of 100%. The validity of the acidified 
acetone extraction was confirmed by HPLC. Sample ex- 
tracts provided single peaks whose retention times agreed 
with the hemin standard and whose quantity agreed with 
the FAAS analysis (data not shown). Consequently, FAAS 
was used for all the heme iron values reported here. 

Measurements of total iron and non-heme iron by 
FAAS (following acid digestion) were biased low due to 
an undetermined interference. Analysis of the digested 
samples using FAAS and the method of additions con- 
firmed suppression of the iron signals by 20% to 40% 
(data not shown). Accurate analysis of the acid digests 
was obtained using ICP-AES, yielding values equivalent 
to those obtained using FAAS and the method of addi- 
tions. Thus, material balances of approximately 100% were 
achieved by analyzing heme iron by FAAS and total iron 
and non-heme iron by ICP-AES. 

In general, the values for total iron and heme iron 
(Tables 2-4) determined in the present study fall within 
the range of values that have been reported previously in 

the literature. However, prior to this study, there was no 
available heme iron database to use in conjunction with 
dietary data from epidemiologic studies to estimate heme 
iron intake according to meat type, cooking method and 
doneness level. 

We found that the heme iron content of various meat 
types varied considerably, even within meat types from 
the same animal; for example, heme iron values of steak, 
hamburger and roast beef were different. Differences in 
iron levels by species, muscle type, age and breed have 
been documented in the literature [12-14,17,18]. 

There were no clear effects of cooking method or 
doneness level on heme iron levels within meat types 
(Tables 1-3). Previous research has consistently shown 
that the total iron concentration (μg iron/g meat) in- 
creases with cooking (raw versus cooked) and with the 
level of doneness (cooking temperature) [12-14]; this 
occurs due to the loss of mass of meat with cooking, 
while the mass of the relatively non-volatile iron remains 
constant or may increase as heme iron is degraded at 
higher temperatures. The concentration of heme iron at 
any temperature will depend on the loss of meat mass 
and the degree of degradation of heme iron; this ratio is 
further complicated by the type and length of cooking, 
factors that determine the temperature the heme iron ex- 
periences. Results from previous studies are mixed, both 
increases and decreases in the heme iron concentration 
have been reported [12-15]. Consequently, the lack of a 
visible trend for heme iron concentration versus doneness 
in Tables 2-4 is not surprising.  

Red meat intake has been associated with a variety of 
chronic diseases, including diabetes [24], cardiovascular 
disease [25] and cancer [1] and there are several potential 
mechanisms involved, including increased exposure to 
heme iron. Iron overload has many detrimental effects, 
irrespective of the iron source; therefore, the human body 
has tight homeostatic control of this trace element. How- 
ever, the absorption of heme iron is less well regulated 
than the absorption of non-heme iron [2,3]. In addition to 
being more readily absorbed than non-heme iron, there 
are detrimental effects pertaining to heme iron specifi- 
cally, including cytotoxicity [6,7], and increased endoge- 
nous formation of NOCs, which is not affected by non- 
heme iron intake [10]. 

Interest in heme iron intake has been escalating over 
recent years, leading some investigators to estimate in- 
take of heme iron using proportions of total iron. There 
are two methods of estimating heme iron: by using 40% 
of total iron from meat [15,26,27] or by using meat- 
specific proportions: 69% for beef; 39% for pork, ham, 
bacon, pork-based luncheon meats, and veal; 26% for 
chicken and fish; 21% for liver [16]. Although the animal 
specific proportions are more realistic, our data shows 
hat heme iron values in different types of meat derived  t   
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Table 4. Heme iron content (g/g) of chicken according to meat type, cooking method and doneness level. 

 Doneness level 
Chicken type and cooking method 

 Standard Just done Well-done Very well-done

Whole chicken, roasted Total Fe - - - - 

 Heme Fe 3.7 - - - 

 % Heme Fe - - - - 

Whole chicken, stewed Total Fe 5.2 - - - 

 Heme Fe 3.0 - - - 

 % Heme Fe 57 - - - 

Chicken with bone, barbecued Total Fe - - - - 

 Heme Fe - - 4.1 - 

 % Heme Fe - - - - 

Chicken boneless, barbecued Total Fe - - 5.0 8.2 

 Heme Fe - - 3.1 2.0 

 % Heme Fe - - 62 24 

Chicken boneless, oven broiled Total Fe - 4.7 4.3 4.5 

 Heme Fe - 2.9 1.7 2.3 

 % Heme Fe - 63 41 51 

Chicken boneless, pan-fried Total Fe - 6.6 4.7 4.6 

 Heme Fe - 1.4 2.3 2.9 

 % Heme Fe - 21 49 63 

Chicken thigh with skin, baked Total Fe - 6.8 10.3 10.4 

 Heme Fe - 4.5 5.3 4.9 

 % Heme Fe - 67 51 47 

Chicken thigh with skin, barbecued Total Fe - 11.2 9.7 14.2 

 Heme Fe - 5.6 5.5 6.5 

 % Heme Fe - 50 57 45 

Chicken boneless/skinless thigh, baked Total Fe - - 7.2 - 

 Heme Fe - 4.2 2.9 5.2 

 % Heme Fe - - 40 - 

Chicken boneless/skinless thigh, barbecued Total Fe - - 8.7 - 

 Heme Fe - 5.3 5.4 6.5 

 % Heme Fe - - 61 - 

Chicken breast with skin, baked Total Fe - 4.2 4.7 4.7 

 Heme Fe - 2.7 1.8 1.9 

 % Heme Fe - 66 39 39 

Chicken breast with skin, barbecued Total Fe - 7.4 - 7.9 

 Heme Fe - 2.7 - 3.8 

 % Heme Fe - 36 - 48 

Chicken boneless/skinless breast, baked Total Fe - - 4.0 - 

 Heme Fe - 1.9 1.6 2.2 

 % Heme Fe - - 39 - 

Chicken boneless/skinless breast, barbecued Total Fe - - - - 

 Heme Fe - 2.3 - 2.8 

 % Heme Fe - - - - 
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from the same animal have varying heme iron contents. 
Using such estimations has led to inconclusive data for 
the association between heme iron intake and a variety of 
cancers. For colon cancer, one study reported an associa- 
tion between heme iron intake and higher risk for proxi- 
mal colon cancer [27], another two studies reported sug- 
gestive/borderline statistically significant positive asso- 
ciations [16,28], whereas the most recent study was null 
[29]. In addition, a positive association between heme 
iron intake and lung cancer risk has been reported [30], 
as well as a suggestive, but not statistically significant, 
positive association for upper digestive tract tumors [26], 
but no association for cancer of the breast [31] or endo- 
metrium [32] in a Canadian cohort of women. 

Despite the advantages of being able to estimate heme 
iron intake using laboratory measurements for a variety 
of meat types for the first time in epidemiologic studies, 
there are some limitations to this data. Some of the meat 
samples were extremely non-homogeneous with regard 
to fat, gristle, and charred pieces of meat; while the in- 
house reference material did not have variations arising 
from cooking, it did suffer from the same fat and gristle 
inclusions. Furthermore, all of the meat samples analyzed 
were bought locally and although many were brand name 
products, allowing the data to represent nationally avail- 
able foods, it may not adequately represent meat items 
from other countries; in addition, the cooking techniques 
used may not reflect those used in other countries. Fi- 
nally, each of the measurements on a specific meat type 
by cooking method and doneness level was made on only 
one composite sample; therefore, we were unable to es- 
timate the variation within each subcategory. 

In conclusion, we report the methodologies used to 
create a heme iron database that can be used in conjunc- 
tion with food frequency questionnaires to estimate heme 
iron intake in relation to disease outcome in epidemi- 
ologic studies. We found considerable differences in the 
heme iron content of various meat types. However, in 
contrast to the literature, we did not observe an effect of 
cooking methods or doneness level on the heme-iron 
content of meat.  
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