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ABSTRACT 
The bioavailability of iron in New Zealand beef either alone or as part of a 

'typical' New Zealand meal was investigated. The solubility of iron and its in vitro 

absorption by mouse intestinal tissue were used to evaluate iron bioavailability. 

The solubility of haem and/or non-haem iron in meat (beef longissimus 

muscle), vegetables and meat-plus-vegetables was investigated. Samples were 

cooked and then subjected to in vitro gastrointestinal digestion with pepsin 

followed by a combination of pancreatic enzymes and bile. Cooking at 6S°C for 90 

minutes reduced the soluble iron concentration in meat by 81 % and reduced the 

haem iron concentration by 27%, which coincided with a 175% increase in non

haem iron concentrations. However, gastrointestinal digestion increased the 

solubility of iron in cooked meat (333%), vegetables (367%) and meat-plus

vegetables (167%). A proportion (35%) of the haem iron in the meat was broken 

down by the action of pancreatic enzymes leading to a 46% increase in non-haem 

iron concentrations, although this was not the case for the meat-plus-vegetables. 

Validation studies showed that mouse intestinal segments mounted in 

Ussing chambers maintained integrity and viability, and were responsive to 

glucose, theophylline and carbachol. Intestinal tissue from iron deficient mice was 

then used in the Ussing chambers to investigate the absorption of iron from ferrous 

gluconate and the soluble fractions of meat, vegetables and meat-plus-vegetables 

after gastrointestinal digestion. Results indicated a trend towards a higher 

absorption of iron from meat and ferrous gluconate, compared to vegetables and 

meat-plus-vegetables. However, iron absorption results were difficult to interpret 

due to the wide variation in the data. This variation was possibly due to errors 

associated with the sample processing and the analysis of iron, which was by 

inductively coupled-mass spectroscopy. 

Overall, the present study showed that before estimations can be made on 

the bioavailability of food iron, the effects of the cooking and gastrointestinal 

digestion processes must be considered. Further, the use of in vitro 

gastrointestinal digestion followed by the use of Ussing chambers to assess 

intestinal absorption is a potentially valuable system for assessing mineral 

bioavailability. 
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INTRODUCTION 

Iron is the most abundant trace element in the body and is vital in the nutrition of 

all mammalian species. The ability of this transition metal to exist in two redox 

states makes it useful at the catalytic centre of many biochemical reactions, 

including DNA synthesis, transport of oxygen and respiration. However, the same 

properties that make iron useful also make it toxic. Free iron is able to catalyse the 

formation of highly toxic oxidative free radicals that damage many important 

biological components, such as lipids, proteins and DNA. Despite such toxic 

potential, there is no physiological regulatory mechanism for excretion of iron from 

the body. Thus, the body must 'sense' its internal iron load and respond 

appropriately by altering iron absorption and storage processes. 

The body is economical in its handling of iron. The iron from senescent, damaged 

or malformed erythrocytes is recycled and reutilised by the body. Extra iron, which 

is utilised at times of increased iron requirements, can be stored by a specially 

designated protein (ferritin) and is transported within the body between sites of 

absorption, storage and utilisation by transferrin. Furthermore, iron absorption is 

regulated by the requirements of the body. In spite of the variety of mechanisms 

that control iron metabolism and participate in the conservation and recycling of 

iron, iron deficiency is the most common deficiency disorder in the world. In most 

cases, attempts to remedy iron deficiency have been by way of orally administered 

iron supplements. However, improving the diet may play a more important role in 

the prevention of iron deficiency. 

One of the leading causes of iron deficiency is low bioavailability of dietary iron. 

Bioavailability is defined as the proportion of the total mineral intake that is 

potentially available for absorption and utilisation for normal body functions (Wienk 

et al., 1999). Thus, when evaluating foods for nutritional significance to the 

human body, knowledge of iron intake alone is of little value without an 

understanding of iron bioavailability. 
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Meat is a good source of iron, which in vivo and in vitro studies suggest is highly 

bioavailable. Furthermore, meat has been consistently shown to enhance the 

bioavailability of iron from other foods by increasing the solubility and intestinal 

absorption of iron. However, the effects of cooking and gastrointestinal digestion 

on the bioavailability of meat iron have not yet been fully investigated. Thus, the 

main aim of the research reported in this Thesis was to study the bioavailability of 

iron in New Zealand beef either alone or as part of a 'typical' New Zealand meal. 

Iron bioavailability was evaluated in two phases: firstly, by measuring the solubility 

of iron after cooking and gastrointestinal digestion and secondly, by measuring the 

in vitro absorption of iron by mouse intestinal tissue. Specifically, the objectives of 

the present study were: 

1. To validate the use of total, haem and non-haem iron assays to determine 

these iron forms in the soluble and insoluble fractions of meat, vegetables 

and a combination of meat-plus-vegetables ('typical' New Zealand meal) 

(Chapter Two). 

2. To investigate the effects of pepsin and pancreatin-bile digestion on the 

solubility of haem and/or non-haem iron in meat, vegetables and meat-plus

vegetables (Chapter Two). 

3. To validate an in vitro technique using Ussing chambers for measuring iron 

absorption (Chapter Three). 

4. To use the Ussing chamber model to investigate the absorption of iron, by 

mouse intestinal tissue, from ferrous gluconate and the soluble fractions of 

meat, vegetables and meat-plus-vegetables after gastrointestinal digestion 

(Chapter Four). 




