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A study was made on the effect of various drinks and supplement foods on the
non-heme food iron availability. The drinks and supplement foods were taken with 3
different groups of breakfast meals. In the first 2 breakfasts, boiled rice and steamed
rice meals were added with orange juice, milk, coffee and tea. In the third group,
steamed rice meals were added with vanilla flavour cereal, chocolate flavour cereal,
milo and ovaltine.

An in vitro radiometric (°Fe) method was used to determine the percentage
of food iron ionizability based on the simulation of gastrointestinal digestion and
absorption. In the first 2 breakfast meals, orange juice increased the percentage of
ionizable iron by 2 to 2.5 times. Milk has no significant effect. A reduction in iron
absorption was seen when coffee was added (23 to 60%) or tea was added (85 to
88%) to the meals. In group 3 breakfast a reduction in the percentage of ionizable
iron was seen when chocolate flavour cereal was added to the meal (37 to 64%) or
milo (54%) or ovaltine (62%) was added. The present study shows that the choice of

drink or supplement food to be taken with a meal can markedly affect the availability

for non-heme iron.
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CHAPTERI1

INTRODUCTION

Iron is an essential trace element which plays a role of central importance in
oxygen transport by haemoglobin and myoglobin in human body. It involves in many
reaction of the cellular metabolism, notably in mitochondrial electron transport, the
citric acid cycle, detoxification reaction and the synthesis of deoxyribonucleotides
(1,2). Iron in excess of functional needs is stored within the body as ferritin and
haemosiderin, which are specially designed for holding it in a relatively non- reactive
form. Altogether man has a complement of 35 to 40 mg per kg of functional iron and
a reserve of between 0 and 20 mg per kg of storage iron (3).

The iron in food is absorbed in order to maintain the supply of iron to all

' cells. There are two kinds of iron in the diet with respect to mechanisms of absorption:
heme and non- heme iron. Heme iron is derived mainly from meat which is generally
high biovailability, its absorption is not affected by the composition of the diet. Non-
heme ifon in rice, vegetables, cereals, fruits forms the main part of dietary iron. The
absorption is very much influenced by a number of dietary factors (4,5,6,7).
Although heme iron is well absorbed, meat has virtually disappeared from the diet of
many people, particularly in developing countries. It is the iron in most vegetable

staples, which is usually of low availability and is considered to be one of the most
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factors in the etiology of iron deficiency. Iron deficiency result when the amount of
iron absorbed from the diet cannot meet physiological requirement — the basal losses
of body iron, the menstrual iron losses, the requirements for pregnancy and for growth
in infants and children. By using an extrinsic tag method (8,9,10) inorganic tracer
'A uniformly labels the non- heme iron in a meal, made it possible to measure food iron
absorption from different types of meals and to study various factors influencing
absorption. The absorption of non- heme iron is variable, being dependent on the
relative proportions of promotors and inhibitors of iron absorption present in the diet.
It is important to obtain more information about factors affecting the bioavailability of
dietary iron in Thai meals. While the most reliable method for determining
availability of iron from various food sources is to measured iron absorption in human
using extrinsic tag method, it is time consuming and unsuited to the screening of large
numbers of meals or food items. Several attempts have been made to design in vitro
systems that will accurately predict absorption in human (11,12,13). In the systems
“determining of ionizable, soluBle or dialyzable iron after enzymatic digestion under
physiological condition have been developed (14,15). A variety of in vitro methods
have been shown to have advantages for rapid screening large numbér of foods and
diets for predicting the iron availability from them and to evaluate dietary factors that
influence absorbed iron requirements (16,17). Since no work have been done on food
iron iénizability from common Thai breakfast. The determination of ionizable iron by
an in vitro method is interested for investigation . In this thesis we have described a
modified in vitro procedure for predicting dietary iron availability based on iron

ionizability determination in HCI- pepsin followed by incubation with pancreatic
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enzyme and pH adjustments to level close to neutrality to simulate gastrointestinal
digestion of food iron.

The purpose of this thesis is to determine whether this modified method can
be applied in evaluating a more precise estimation of iron absorption and provide the
information on iron nutrition of the common Thai breakfast. To study the effect of
different drinks ( orange juice, milk, coffee and tea ) and supplement food ( nutritions
cereal, milo, ovaltine ) on the non- heme iron ionizability which were served with
breakfast. This study may lead to a better understanding of a drink taken together with
a meal which may affect the availability of dietary iron by its content of factors that
enhance or reduce the ionizability of iron. The results could be useful to improve iron
nutrition by diet planning for higher dietary iron intake and choocing of drink to be

| taken with meal for promoting iron availability or between meal because of its

‘inhibiting effect when served with the meal.
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CHAPTER 11

LITERATURE REVIEW

1. Iron

Iron is an essential transition metal with and atomic weight of 55.85.
Although it presents in living organisms in only minute amounts but participates in a
number of biologic processes essential to life. It exists not in the free state but as part
of several compounds necessary for oxygen transport and oxidative processes. The
major portion of body iron is found as the iroﬁ porphyrin complexes, hemoglobin,
myoglobin and a variety of haem-containing enzymes. About 60 to 70 percent of the
3 to 5 g total body iron is present in hemoglobin, some 3 to 5 percent in muscle
myoglobin and about 10 percent in other cellular proteins (18). The remaining iron is
sfored withih the body as ferritin and haemosiderin. The distribution of iron-
containing compounds in the human body is given in Table 1. Iron is required by the
body in quantities of few milligrams per day and absorbed from food. Food iron is

.. classified as heme and non-heme iron. Heme is derived from meat and forms an
fmportant source of dietary iron intake because of its high bioavailability. All iron in
plants are non-heme, various dietary factors markedly affect its absorption, where as

the absorption of heme iron is much less affected by the other ingredients of the meal.
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The iron requirements varied widely in different individuals depending on their age

and sex.

2. Body iron compartments

Two major compartments, namely functional and storage iron can be
considered for body iron (3). Functional iron accounting for 35 - 40 mg per kg is in
‘the form of erythrocyte hemoglobin, smaller amount in muscle myoglobin, together
with a number of heme and non-heme iron containing enzymes which are essential for
cellular metabolism, growth and division (19,20). The storage iron compartment is an
intrinsically more variable compartment accounting in normal individuals for between
0 and 20 mg iron / kg body weight (21). The iron in this compartment is stored in
association with proteins in non-reactive form in the compounds ferritin and
hemosiderin. It is located primarily in the reticuloendothelial system that consists of
macrophage elements found predominantly in the bone marrow, liver and spleen, and
in parenchyma cells of the liver. It serves both as a repository for dietary iron
absorbed in excess of functional requirements and as an emergency reserve supply for
sudden deficits in functional iron requirements. The interfacing system between
storage and functional compartments is transport system that may be considered as a
third compartment. In this compartment iron is bound to transferrin. The transferrin
has been traditionally characterized as a class of two-sited iron binding protein whivch
carry iron to meet tissues need throughout the body. This small fraction of transport

iron is about 0.2 mg per kg. It is distributed throughout most of the extracellular fluid
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(22) of the body, with a continuous circulation from plasma to interstitial fluid and

then back to the blood via the lymph vessels.

TABLE 1. Distribution of iron — containing compounds in the normal human

adults (18).
Total in | Iron content | Percent of total
Compound Body (g) (g) iron in body
Iron porphyrins (heme compounds) |
Hemoglobin 900 3.0 60 - 70
Myoglobin 40 0.13 3-5
Heme enzymes
Cytochrome ¢ 0.8 0.004 0.1
Catalase 5.0 0.004 0.1
Other cytochromes - - -
Peroxidase - - -
Nonporphyrin iron compounds
Siderophilin (transferrin) 10 0.004 0.1
Ferritin 24 30
Hemosiderin 1.6 1.2-15
Total iron 40-5.0 100
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3. Iron demands

Iron must be obtained from the diet in order to replace obligatory losses
‘from the body, and, to provide for growth not only from infant to childhood but also
childhood to adulthood.
3.1 Basal Iron Losses
The total amount of basal iron lost in adult males is about 12 to 14
ng/kg/day (23,24). It is passively lost from the desquamation of éurface cells from the
skin, epithelial cells from lumen of the gastrointestinal and urinary tracts, and small
ambunts of gastrointestinal blood loss. In females because of smaller body surface
areas, the lossés of iron would be expected to be correspondingly less and can be
assumed to be in the range of 0.7 - 0.8 mg daily compared to 0.9-1.0 mg daily in
males.
3.2 Increases Iron Losses
3.2.1 Menstruation
Monthly menstrual blood loss in the adult female is between 20
and 30 mg. It is highly variable between women and constant within any individual
(25,26). This loss increases daily requirements from 0.8 mg to 1.47 mg and up to 2.84
mg in 95 percent of females to maintain iron balance (27). Variation in menstrual
losges may become from the methods of contraception. With oral contraceptives
reduces losses by approximately SO percent (28) and intra-uterine devices which

doubles menstrual iron losses (29).
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3.2.2 Pregnancy
In pregnancy the first trimester iron needs one actually lower
.than in the nonpregnant state, due to the cessation of menstrual iron losses. The
requirements increase during the second and third trimester for the exponential
growth of placenta and fetus, the linear growth of red cell mass and basal iron losses
by the mother (30). The amount of iron needs in 9 — months gestation for a 55 kg
woman are as follows : 360 mg for the products of conception (fetus 270 mg, placenta
and umbilical cord 90 mg), 230 mg for basal, 150 mg as peripartum blood loss. Total
iron loss in pregnancy is 740 mg. An additional 450 mg of iron required for expanded
red cell mass is not included because of temporary need for total oxygen transport to
mother and fetus, it is returned to the mother during postpartum contraction of red cell
mass (31).
3.2.3 Pathological blood loss
It was found that the main cause of pathological blood loss is in
the gastrointestinal tract. Oesophagitis, gastritis, peptic ulcers, neoplasm, liver
cirrhosis, inflammatory bowel disease and hemorrhoids are the example of
gastrointestinal blood loss (32,33). Moreover the parasitic infestation, particularly by
hookworm is the secondary pathological blood loss. In heavy parasitization with
faecal egg loads in the region of 5000 per gm may increase daily iron requirements by
as muéh as 3 — 4 mg (34).
3.2.4 Non - pathological blood loss
The widespread use of aspirin for its cardio — protective and
anti - inflammatory properties, blood donors and autologous blood banking prior to

elective surgery are the example of some situations in which blood loss increases as a
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consequence of neither pathology nor normal physiology. Regularly used of aspirin
has been well - documented to enhance intestinal loss of red blood cells which can be
as much as ten times the basal loss (35,36). Other therapeutic agents such as
anticoagulants, corticosteroids, non-steroidal anti-inflammatory agent have the same
effects. Blood donation increases iron losses, with one donation of 500 ml blood per
year imposes and additional daily iron requirement of 0.5 mg (37).
3.3. Growth
Iron requirements are increases for growth and expansion of
erythropoiesis in infants, children and adolescents.
3.3.1 Infancy
Total body iron content of normal full - term infant is 80 mg
per kg (38) about one - third is in storage form (39) and two-thirds in circulating
haemoglobin (40). A newborn infant weighing 2 kg would have about 160 mg of iron,
enough to support growth to about 4 kg, while a 4 kg infant with 320 mg would have
sufficient iron to support growth to 8 kg. Rapid growth in infant increases
requirements, however it is independent of nutritional iron because of the low intake,
so the stores are depleted. Growth and subsequent erythropoiesis exhausts the stores
within six months. The body iron content at birth is directly proportional to the birth
‘weight and defines the amount of iron that must be obtained from the diet during
'infancy‘. The full - term infant who has started life with a full complement of about
270 mg iron need absorb only about 100 mg during the whole year or 0.3 mg per day.

For premature or low birth weight infants may require up to 1 mg per day (41).
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3.3.2 Childhood
Iron requirement for the growth rate during the second year of
life is approximately 0.4 mg per day. From the second birthday to the twelfth in the
rﬁale and the tenth in the female, the mean increase in body weight is about 2.5 —2.75
kg per year, equivalent to an iron requirement of about 0.3 mg per day. It is less than
that of infancy on account of the reduced growth rate from two years to the beginning
.- of adolescence. A rise in the haemoglobin concentration and an increase in obligatory
losses during this period from 0.5 to 0.8 mg further increase the daily requirement.
3.3.3 Adolescence
Adolescence is the period between childhood and adulthood. It
is a time of rapid growth and physical and psychological development. The growth
spurt of adolescence accelerates the mean increase in body mass to about 4.6 kg per
year in the male and 4 kg per year in the female. The daily iron requirement for
growth alone in male and female is about 0.7 mg and 0.45 mg, respectively.
Adolescence females also have an additional demand for menstruation. The overall
daily iron requirements for adolescents are estimated to be 1.45 —2.03 mg in boys and
| 1.22 - 1.46 mg in pre-pubertal girls and 1.39 — 2.54 mg after menstruation has started

(42).
4. Recommended daily iron intake

Daily iron requirements are widely individuals different depending upon
their age and sex, women of fertile age having the greatest need of iron. The smallest

amount of 18 pg/kg/day is an adequate iron requirement for the post-menopausal
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women and adult men. In pregnancy during second and third trimester requirements
carinot be met by diet alone. The estimated iron requirements and recommended daily
iron intakes for the various groups stratified by age and sex at 95™ percentile of the

population, which based on the recent report of the FAO/WHO Expert Consultative

Group (43) are summarized in Table 2.

TABLE 2. Calculated daily iron requirements and recommended daily iron intake as

a function of estimated dietary iron bioavailability in various categories

M.Sc.(Radiological Science) /11

by age and sex. Values are based on 95™ percentile calculations.

Group Age Requirements Recommended intake (mg/day)
(yrs) (ug/kg/day) Low Intermediate High
(5%) (10%) (15%)
Children 0.25-1 120 21 11 7
1-2 56 12 6 4
2-6 44 14 7 5
6-12 40 23 12 8
.Boys 12-16 34 36 18 12
Girls 12-16 40 40 20 13
Adult men 18 23 11 8
Adult women :
Menstruation* 43 48 24 16
Post-menopausal 18 19 9 6
Lactating 24 26 13 9

*Recommended intakes for Low Intermediate bioavailability are unlikely to be achieved with

conventional diet.
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S. Dietary iron

Dietary ingredients and products of digestion exert a profound influence on
't.he availability for absorption of the ingested iron, and the amount that can be
absorbed is determined by not only the iron content of the diet but also its exact
composition. Therefore the absolute iron content and the bioavailability of iron are
the two essential components in the ingested food which influence the role of dietary
iron in iron balance.
S.1 Food iron content
The iron content of foods varies widely, which leads to great
différences in the supply of iron through different diets. Even the same food may
show extensive variations in iron content depending upon its origin, habitat and
“treatment. Large variations in iron content have been found in végetable foods even
when grown under normal condition (44). With chemical analysis of typical Western
meals indicate that the iron content is generally about 6 mg / 1000 kcal (45,46).
Examples of the iron content of some of the most common foods are given in Table 3.
From the table milk and most milk products contain only from 0.06 to 0.58 mg/100 g.
In many fruits and berries such as apples, bananas, oranges, cantaloupe, pears,
watermelon and grapeftuit, the iron content is less than 1 mg / 100 g. Meat, fish and
Whole eggs have the moderate iron content of 1 — 5 mg / 100 g. Many vegetables
(spinach, mustard greens, turnip greens and beet greens) have and average iron
content of 3 mg / 100 g. Liver, egg yolk and oysters are classified into high iron
v. content foods with the iron content more than 5 mg per 100 g. Together with dried

beans and wheat - germ have a relatively high iron content of about 8 mg per 100 g
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Foods of low mg/100 g | Foods of moderate | mg/100g Foods of high mg/100g
iron content iron content iron content
(0-0.99mg/100 g) (1.0-4.99mg/100 g) (5.0-18.2mg/100 g)
Buttermilk 0.07 Mayonaise 1.0 Egg yolk, fresh 72
Chocolate milk 0.07 Eggs, whole, fresh 2.7 Eggs whole, dried* 8.7
Dry skimmed 0.58 Chuck roast 2.8 Corned beef, dried 8.1
milk or chipped*
Dry whole milk 0.58 Corned beef, 4.0 Liver, fresh 12.1
canned
Evaporated milk 0.17 Heart, fresh 6.2
Fresh skimmed 0.07 Hamburger 2.4 Liver sausage 54
Fresh whole milk 0.07 Loin steaks 2.5 Tongue, fresh 6.9
Cream 0.06 Round steaks 2.9 Oysters 7.1
Ice cream 0.10 Stewing meat 2.4 Beans, dry — seed, 10.3
Common or
kidney*
Cheddar cheese 0.57 Lamb 2.7 Beans,lima,dry- 7.5
Seed *
Cottage cheese 0.46 Ham 2.3 Peas, spread * 6.0
Cream cheese 0.17 Pork chop 25 Soy-beans, whole, 8.0
mature
Bacon 0.8 Pork link sausage 1.6 Peaches,dried (sul- 6.9
phered)*
‘Butter 0.2 Veal 29 Oatmeal* 52
French dressing 0.1 Baloney 22 Bouillon cubes* 9.2
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TABLE 3. (Continued) Foods and their iron content (47).
Foods of low mg/100 g | Foods of moderate | mg/100g Foods of high mg/100g
iron content iron content iron content

(0-0.99mg/100 g) (1.0-4.99mg/100 g) (5.0-18.2mg/10 g)
Lafd & other 0 Frankfurter 2.3 Wheat — germ 8.1
Shortening
Oleomargarine 0.2 Hash 1.3 Yeast, brewers 18.2
Salad & cooking 0 Chicken 1.9
oil
Cod 0.9 Turkey 3.8
Asparagus, fresh 0.9 Salmon 13
Cabbage, fresh 0.5 Sardines 1.8
Carrots, fresh 0.8 Shrimp 2.0
Celery, fresh 0.5 Tuna 1.7
Corn, fresh 0.5 Beans, canned 34
Cucumbers, fresh 03 Almonds 4.4
Eggplant, fresh 0.4 Peanut butter 1.9
Letiuce 0.5 Peanuts, roasted 1.9
Okra 0.7 Pecans 2.4
Onions, mature 0.5 Walnuts, english 2.1

-| Parsnip 0.7 Béans lima, green 23
VPeppers‘, green, 0.4 Beet greens 3.2
fresh
Potatoes, white 0.7 Beets 1.0
Rutabegas, fresh 0.4 Broccoli 1.3
Squash, fresh 0.4 Brussel sprouts 13
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TABLE 3. (Continued) Foods and their iron content (47).

. Foods of low mg/100 g | Foods of moderate | mg/100g Foods of high mg/100g
iron content iron content iron content
(0-0.99mg/ 100 g) (1.0-4.99mg/100 g) (5.0-18.2 mg /100 g)
Squash, winter 0.6 Cauliflower 1.1
| Sweet potatoes 07 | Chard 4.0
‘Tomatoes 0.6 Dandelion greens 3.1
Turnips 0.5 Kale 22
Canned corn 0.5 Lettuce 1.1
Canned 0.5 Mustard greens 2.9
Sauerkraut
Tomato catsup 0.8 Peas, green 1.9
Tomato juice 0.4 Radishes 1.0
Tomatoes canned 0.6 Spinach 3.0
Apbles, fresh 0.3 Lima beans 1.7
Apricots, fresh 0.5 Peas, green, canned 1.8
Avocado 0.6 Spinach, canned 1.6
‘| Banana 0.6 Tomato puree 1.1
.Blueberries 0.8 Beets, puree 1.8
Strawberries 0.8 Beans, green, puree 1.0
Other berries 0.9 Carrots, puree 1.0
Cantalbupe 0.4 Greens, mixed 1.4
Grapefruit 0.3 Peas, puree 1.8
Grapes 0.6 Spinach, puree 1.0
Lemon 0.1 | Vegetable soup 1.0
Orange 0.4 Plums, canned 1.1
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Table 3. (Continued) Foods and their iron content (47).

Foods of low | mg/100 g | Foods of moderate { mg/100g Foods of high mg/100g
iron content iron content iron content
(0-0.99mg/100g) (1.0-4.99mg/100 g) (5.0-18.2mg/100 g)
Peach 0.6 Apricots, dried 4.9
Pear 0.3 Prune, dried 3.9
Pineapple 03 Fruits (apricots 1.3
& apples, strained)
Plums - 0.5 Pears & pineapple, 1.3
strained
Tangerines 0.4 Cornmeal,whole- 2.7
grain
Watermelon 0.2 Wheat flour, 2.9
enriched
| Applesauce, 0.2 Whole-wheat flour 38
canned
Apricots, 0.3 Whole - wheat 2.6
canned bread
Cherries, 03 Crackers 1.5
canned
Cranberry sauce 0.3 Cormnflakes 1.0
Orangé juice 0.4 Wheat flakes, 3.7
puffed
Pineapple juice 0.5 Shredded wheat 3.8
Pears, canned 0.2 Barley, pearled 20
.| Pineapple,canne 0.6 Hominy 1.0
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TABLE 3. (Continued) Foods and their iron content (47).

Foods of low mg/100 g | Foods of moderate | mg/100g Foods of high mg/100g
iron content iron content iron content
- (0-0.99mg/100 g) (1.0-4.99mg/100 g) (5.0-18.2mg/100 g)
Cornstarch 0 Macaroni,spaghetti 12
Rye bread 0.8 Noodles 1.9
Rice, puffed or 0.9 Tapioca 1.0
flakes
Farina 0.8 Sugar, brown, 2.6
dark
Rice, white 0.7 Syrub, table 41
blend
Honey 0.9 Cocoa 2.7
Jam, jellies 0.3 Co_conut, dried 3.6
'| Sugar, granulated 0.1
.Gelatin dessert 0
powder
Wine 0.3

* It should be note that the iron content in these foods is based on dry weight and that

this value will be variably reduced upon preparing the food.
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5.2 Food iron bioavailability

While the dietary iron intake is obviously important, of even greater
nutritional significance is the bioavailability of food iron (48). The bioavailability of
dietary iron can be classified into two forms : heme iron, which is easily absorbed
whatever the composition of the diet, and non- heme iron, which is usually of low
bioavailability. Non - heme iron is the largest component whatever of its origin in a
meal, it has been shown to behave to a large extent as a single pool and its absorption
is influenced by the balance between promotors and inhibitors which may be present.
The -availability of food iron in a Western diet is in the range of 14 — 17 percent (27).
As the iron content expressed in relation to food caloric value of 6 mg/1000 kcal a
2000 kcal food intake could provide 1.8 mg iron per day. This is insufficient to meet
. the requirements of many mensfruating women and all pregnant women. Excess of a
2000 kcal diet must be ingested to obtain sufficient iron. For US women would be
3264 kcal and 3440 kcal for menstruating females in Sweden (27). Using the single
meal studies it is possible to arrange foods in terms of relative bioavailability of the

non-heme iron as shown in Table 4 (49).
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largely on single meal studies (49) .

Foods Bioavailability
Low Medium High
Cereals Maize Cornflour
| Oatmeal White flour
Rice
Sorghum
Whole wheat flour
Fruits Apple Cantaloupe Guava
Avocado Mango Lemon
Banana Pineapple | Orange
Grape Papaya
Pear Tomato
Peach
Vegetables Legumes Potato Broccoli
Soy flour Cabbage
Isolated soy protein Cauliflower
Lupines Pumpkin
Turnip
Beverages Tea Red wine White wine
Coffee




Rujira Chokchai

Literature Review /20

TABLE 4. (Continued) Relative bioavailability of non - heme iron in a number

of foods based largely on single meal studies (49).

Foods

Bioavailability

Low

Medium

High

Nuts

Animal proteins

Almond
Brazil
Coconut
Peanut
Walnut
Cheese
Egg
Milk

| Poultry

Fish

Meat

6. Iron absorption and its regulation

Dietary iron absorption requires its processing into a form in which it can be

taken up by the intestinal mucosa. The most active site of absorption is the duodenum

and the upper jejunum (50,51). It was also found that more iron is absorbed from the

proximal small intestine than from the distal regions (52,53). The body’s need for iron

also influence absorption, and not all the iron presented in an absorbable form to the

intestinal mucous membrane is necessarily transferred to the plasma. Absorption can

be subdivided into two steps, namely the entry of iron into the mucosal cell from the
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lumen of the gut — ‘uptake’ and its transfer from the mucosal cell into the body —
‘transfer’ (54). The exact mechanisms, which permit iron to enter the cell and regulate
its transfer into the plasma, are unknown. Three major factors, which affect the
absorption of iron from diet, are (1). the amount and availability of iron ingested (2)
the behavior of the intestinal mucosal and (3) the body’s need for iron. There are two
_pathways where by dietary iron enters the gastrointestinal mucosal cell according to
the major forms of dietary iron, namely heme and non - heme iron. These two kinds
of iron utilize two different receptors on the mucosal cells for their absorption. Heme
iron is absorbed into the mucosal cell as the intact porphyrin complex via a luminal
surface heme receptor (55). After mucosal uptake, it is rapidly catabolized by heme
oxygenase (56) and the released iron then enters a common cellular pool. Its
absorption is not affected by the many factors in the diet whereas non - heme iron is
markedly influence by other ingredients (57). Solubilized non ~ heme iron present in
the different constituents of a composite meal enters a common non - heme iron pool
| in the gastrointestinal lumen. Absorption occurs from this pool and different factors
‘present in the meal such as the.combination of enhancers and inhibitors influence the
amount of iron available to the mucosal cell.
6.1 Heme iron absorption
The main source of heme iron is derived from meat, which forms only
a small fraction of the dietary iron. Even in industrial countries heme iron constitutes
approximately 10 — 15 percent of ingested iron, but because of its high bioavailability,
may account for about one — third of the iron absorbed (58,59). When heme iron,
ranging from 0.25 mg to 6 mg which is the physiological amounts, is eaten with food,

percent absorption remains constant despite increasing heme iron content of the food
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(60). The average absorption of heme iron in meat is usually around 25 percent but
may vary from about 10 to 40 percent (61,62). When hemoglobin is ingested without
other food constituents, a decreasing proportion of iron absorption from the
“hemoglobin occurs with increasing hemoglobin doses (63,64). Due to the linear
relationship between the dose ingested and percent absorption of hemoglobin iron,
increasing the dose results in an increase in the absolute amount of heme iron
absorbed although the percentage absorbed declines. Pure hemeb molecules have
lattice building qualities and bind with each other to form macromolecular polymers
that are poorly absorbed (65). Hemoglobin iron is better absorbed than heme iron
because of the enzymatic breakdown of globin into amino acids in the duodenum in
vx;hich the primary amines coordinated with heme to maintain it as a small molecule in
a monomeric state which is easily absorbed by mucosal cells. Absorption of heme
iron is increases in patients with iron deficiency compared with normal subjects (63).
‘Heme iron can be degraded and converted to non-heme iron if foods are cooked at a
ﬁigh temperature for too long (66,67).
6.2 Non — heme iron absorption
Non - heme iron is the major part of dietary iron. It is found in foods
of both plant and animal origin. The physical form of ingested food and the retention
time in the stomach may play a role in solubilizing non - heme iron from food. The
hydrochioric acid content of gastric juice is also important for solubilization of non -
heme iron (68). Absorption of ferric iron is more affected by achlorhydria than ferrous
iron (69). Ferrous iron remains in solution at a higher pH than does ferric iron. Upon
-entry to the duodenum the pH rise results in rapid precipitation of ferric iron due to

the formation of ferric oxyhydroxide. It is probable that iron can only be absorbed
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‘into the cells and pass the mucosal membrane in its ferrous form (70). In duodenum
not only the bicarbonate secretion and the resultant rise in pH reduced non-heme iron
solubility but also pancreatic enzymes themselves may have an inhibitory effect on
non-heme iron absorption (71). Once non - heme iron enters the common pool it is
subject to the influence of the major dietary components namely protein, fat and
carbohydrate together with a number of exogenous iron ligands such as ascorbic acid
as an promoter and phytate as an inhibitor. Proteins and the exogenous ligands are the
major influences that affecting bioavailability of non-heme iron. Fat and carbohydrate
are relatively inert in terms of iron absorption (72).

6.3 Factor influencing non-heme iron absorption
The physicochemical form of iron affects iron absorption. It was found
that ferrous iron is absorbed in greater quantities than ferric iron (73,74,75), dietary
constituents which solubilize iron may enhance absorption, whereas compounds that
~ cause precipitation or molecular aggregation of iron decrease absorption (76). Figure

1 shows the different types of dietary iron and a simplified model of the dietary non
heme iron absorption. Native non heme iron is potentially available for absorption.

Noﬁ- native forms are the extra iron of extrinsic origin such as fortification, and

contamination and iron derived from food preparation equipment. These forms of iron

are mainly unavailable for absorption. A number of dietary factors have been shown

to influence the bioavailability of the potentially available non — heme iron.
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Figure 1. Iron in the diet and a simplified model of the dietary non- heme iron

absorption.

6.3.1 Enchancers
The main enhancers of non - heme iron absorption are ascorbic
acid, meat, poultry, fish, seafood and organic acids.
(a) Ascorbic acid
Ascorbic acid either in native or synthetic forms is a very
powerful enhancer of non - heme iron. Native ascorbic acid in fruits, vegetables and
juices increases iron absorption to the same extent as synthetic vitamin C. It

potentiates non - heme iron absorption by two mechanisms, first by reduction of ferric
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- to ferrous iron in the stomach, second as a chelator in the stomach and upper small
intestine. These both help to maintain iron in a soluble state by preventing its
polymerization and binding to other inhibitory ligands. The enhancing effect of
ascorbic acid is dose-effect relationship (77,78). The relationship was much affected
by the composition of the meals (79). More ascorbic acid is needed to achieve a
certain absolute increase in iron absorption if more inhibitors are present in a meal
(80,81,82).  Ascorbic acid in food may be partially or completely destroyed by
cooking. The extent of destruction depends on the temperature, time and method of
food preparation. Even prolong warming of food may destroy the ascorbic acid and
therefore have a deleterious effect on the bioavailability of dietary iron (83).
(b) Meat, poultry, fish and seafood
Animal tissue protein has an enhancing properties on non-
heme iron absorption. It has two roles in iron nutrition. First, it provides heme iron
o.n average about 50 percent of iron in meat (beef, pork and lamb) with a variation
form 10 to 70 percent. Second, it contains an unknown factor or meat factor that‘
markedly enhances the absorption of both heme and non-heme iron. This enhancing
-factor is also present in pouitry, fish and other seafood (5,84). The mechanism
Whereby meat factor facilitates non - heme iron absorption is not clear. It may be that
meat factor has an iron solubilizing property to maintain iron in solution during
progreésive alkalization within the small intestine. Many attempts to isolate the
potentiating meat factor of animal tissue protein have been made, since understanding
the nature of this factor and its isolation could be of potential value in promoting iron

absbrption from less bioavailable foods.
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Free amino acids, particularly the divalent amino acids
asparagine, glycine and serine enhance iron absorption in the rat (85). In human,
cysteine and cysteine — containing peptides have been identified as contributing to the
meat factor (86,87).The cystine—containing peptides are stable in the gastrointestinal
tract and their thiol groups tend to remain unoxidized. The myofibrillary proteins
| actin and myosin contain significant numbers of cysteine residues per molecule and it
is possible that these proteins supply significant numbers of binding sites to iron in the
gastrointestinal tract, thus maintaining it in solution (88).
(¢) Organic acids
Besides ascorbic acid, other organic acids also have
enhancing effects on non - heme iron absorption. Lactic acid has been identified as
the factor that enhances iron absorption not only from sorghum and maize-derived
beers in sub-Saharan Africa (89) but also from fermented cabbage (sauerkraut) (90).
Citric acid present in citrus fruits and certain vegetables induces a significant three —
to four-fold enhancing effect on non-heme iron absorption from a rice meal (91).
Malic acid, a component of deciduous fruits, causes a significant two—fold enhancing
affect on absorption from the rice meal and tartaric acid found in white wines displays
a similar effect. (91).
6.3.2 Inhibitors
A number of factors have been identified which inhibit non-
heme iron absorption from the common pool such as phytates, polyphenols and

calcium.
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(a) Phytate

Phytate is a salt of inositol hexaphosphates, acting as a
“storage of phosphate and minerals in grains, seeds, nuts, vegetables and fruits. It has
.a negative effect and in dose-dependent on iron absorption. Even rather small
amounts, it has a marked effect (80). Bran has a very high content of phytate and a
quantitative inhibiting effect occurs with increasing bran content of a meal (92).
Unpolished rice has an inhibitory effect on non-heme iron absorption, which does not
occur with polished rice and flour (81). The inhibiting effects present in beans,
sorghum, oat products and in certain vegetables are partly related to their phytate
content. (90,93). Removal of phytate from bran using endogenous phytase or dilute
hydfochloric acid results in significantly improved absorption (94). The phytate
content of rice may vary from region to region based on differences in soil nutrients
'_ and also on differences in milling practice (81). Wet milling of wheat reduces phytate
content (82). The exact mechanism by the inhibition of phytate is unknown. The
formation of diferric and tetraferric phytate complgxes in the gastrointestinal tract
renders the iron unavailable for absorption by the mucosal cell (95). The inhibitory
~ effects of phytate are significantly counter-balanced by both meat and ascorbic acid

(81,82).

(b) Polyphenols

The polyphenols or the polymers of phenolic compounds
are chemical substances, which have one or more aromatic rings, bearing hydroxyl
groups in different patterns. They are common constituents in a number of food items
~such as the beverages [tea (96), coffee (97), red wine (98)], vegetables [beans (99),

peas (100), lentils (101), spinach and aubergine (90), spices (102), and pigmented
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sorghum (103)]. Extremely high content is found in betel (104). They have significant
'inhibitory effects on non-heme iron absorption. Tea is a strong inhibitor (105,106).
The inhibition of absorption by coffee and vegetables is related to their polyphenol
content (6,107). The extent of inhibition is inversely related to the content of
polyphenol and specifically to the nonhydrolysable condensed polyphenol (90). The
mechanism of inhibition is thought to be due to the formation of complexes between
the hydroxyl groups of the phenolic compounds and iron molecules. The inhibitory
effécts of the polyphenols can be overcome by the addition of ascorbic acid to foods.
(6,82).
(c) Calcium

Inhibitory effect of calcium on iron absorption is dependent
bon the amount and form of calcium present in the meal (7,108,109). A condition for
inhibition is that iron and calcium are in the same meal. When the intake of calcium
and iron was separated in time (2 hours and 4 hours) no inhibition was seen (110).
The exact inhibitory mechanism of calcium on absorption is not known. It was
suggested that the inhibition be not localized to the gastrointestinal lumen but to the
mucosal cell itself and to the common final transfer step for heme and non-heme iron
( 11 1'). The magnitude of the calcium effect is dependent on the type of meal. Low
bioavailability meals tend to have more effect if significant amounts of calcium are

present (109).
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7. Methods for measuring the bioavailability of iron from food

Iron absorption from the whole diet can be estimated by several methods.
Each method has its limitations and advantages which are important considerations in
the choice of method to study specific problems and in the interpretation of results.
There are two main methods to study the bioavailability of dietary iron, namely in
vivo. and in vitro methods.
7.1 1Invivo method
The most reliable method for determining dietary iron bioavailability
by using radioiron labelled foods in human volunteer is an extrinsic tag method. The
extrinsic tag method can be used to measure non - heme iron absorption from
different meals, to search for and study various factors that may inhibitor or promote
non-heme iron absorption, and to study the bioavailability of heme iron. The heme
iron is biosynthetically labelled with radioiron-usually hemoglobin produced in iron
deficient animals. The non - heme iron is labelled with inorganic radioiron tracer.
Tlhe. most significant advance in food iron absorption methodology was the
demonstration that extrinsic radioiron added to food has essentially the same
absorption as the food’s intrinsic iron for both heme and non-heme iron (112). This
-method is based on the concept that food iron is absorbed from the two pools, the
heme and the non-heme iron pool (9,113). Solubilized non-heme iron present in the
different constituent of a composite meal enters a common non-heme iron pool in the
gastrointestinal tract lumen. Absorption occurs from this pool and different factors
present in the particular meal such as the combination of enhancers and inhibitors

influence the amount of iron available to the mucosal cell. Similarly, heme iron
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present in different food constituents enters a common pool form which heme iron is
absorbed. The enhancing and inhibiting factors influencing absorption from the non-
heme iron pool are, for the most part, without effect on the heme iron pool. From the
use' of *Fe and **Fe radioisotopes, absorption is estimated from the amount of
radioiron incorporated into circulating red blood cells two to three weeks after
ingesting the radioactive label. Incorporation of absorbed radioiron is approximately
80% in normal subjects. Comparing, iron absorption results from different studies and
't‘he significant variation in absorption between individuals, it is customary to measure
absorption from a standard reference dose of inorganic radioiron containing 3 mg iron
as ferrous ascorbate (48,114). The ratio of absorption from a given meal to absorption
from the reference dose can then be used as a measure of the relative bioavailability
of the non-heme iron in the meal. A more concrete measure of the latter is obtained
by standardizing the test measurement to a reference value of 40%, the mean
absorption value in subjects who are borderline iron deficient (113,115).
7.2 In vitro method
Several attempts have been made to design in vitro systems that will
“accurately predict absorption because of the radioisotopic evaluations of iron uptake
are limited in human volunteers (12,16,116,). Most of the in vitro systems, ionizable,
soluble or dialyzable iron was measured after an enzymatic digestion under
physio‘logical conditions (15,117). The extent of isotopic exchange between the added
tracer (*Fe) and dietary iron under simulating gastrointestinal digestion include acid
hydrolysis, proteolytic digestion by pepsin and pancreatin is measured. Single food
types or complex food mixtures can be evaluated and allowed examination of the

effect of promotory and inhibitory ligands in modulation the amount of iron available
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for absorption. Its results give a general prediction of food iron bioavailability rather
tha'n absolute levels of iron absorption (90,118). This may be due to effects of
gastrointestinal motility, transit time, pH, enzyme concentrations and diffusion
barriers, all affecting the proportion of ingested iron that is absorbed. However, in-
vitro methods have an advantage in the elimination of variations in iron absorption
‘which occur in vivo due to differences in iron status and day-to-day variability. The
in vitro technique with some modifications from the previously published methods
(11,12,16,116) was use for studying the dietary iron bioavailability in this thesis

(119).
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CHAPTER 11

MATERIALS AND METHODS

Méterials

Test meals: Thirty - four menus of common breakfast meals were studied. They were
divided into 3 groups.

(1) Nine menus of boiled rice.

(2) Ten menus of simple steamed rice meals.

(3) Fifteen menus of more complex steamed rice meals (ie. with 2 food

items)and the supplemental food.

In the groups of boiled and simple steamed rice, four kinds of drink were compared
together with the breakfast. All the drinks are orange juice, milk, coffee and tea.
Six brands of the supplemental food, which are:

- Vitamax

. Vitamax — chocolate

- Monie Gold

- Monie Gold - chocolate

- Milo

- Ovaltine
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were used to study in the fifteen menus of more complex steamed rice breakfast.

Details of all menus were shown in Appendix E.

Radioactive iron : Iron - 59 (NEZ 037) as ferric chloride in 0.5 M Hydrochloric acid
with specific activity of 10-20 mCi / mgFe obtained from DuPont NEN® Research

Products, Boston, Massachusetts, USA, was used in this study.

Reagents

| 1. Reagents for determination of ionizable iron in breakfast meals
0.17 N HCl
Add 14.17 ml conc. HCI to a 1 litre volumetric flask and bring to volume
with iron free water.
*Fe radioactive
*Fe as FeCls was prepared 1uCi/ 100 pl in 0.17 N HCI
1.% Pepsin in 0.17 N HCI
0.27 g Pepsin (Sigma G — 7000) was dissolved in 27 ml of 0.17 N HCI
0.1 M NaHCO; |
4.2 g NaHCO; (Sigmé S — 8875) was prepared in 500 ml iron free water.
i% Pancreatin in 0.1 M NaHCO;
0.42 g Pancreatin (Sigma P- 7545) was dissolved in 42 ml of 0.1 M NaHCO;.
Bathophenanthroline solution
Dissolve 0.01079 g of 4, 7 — diphenyl —1,10 — phenanthroline in 52 ml ethyl

alcohol and brought to130 ml with iron free water.

14549 1 ax 38008
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Acetate solution
Dissolve 55.1 g Sodium acetate granular (NaC,H303 .3H,0) in 100 ml iron
free water.
4N-Acetic acid
| Dilute 23.5 ml concentrated acetic acid to 100 ml with iron free water.
Acetate buffer solution

4 ml of 4 N acetic acid was mixed with 96 ml acetate solution.

2. Reagents for determination of total iron in breakfast meals

Acetate buffer pH 4.75

450 g sodium acetate (C,H3Na0,.3HO,) was dissolved in deionized water,
the pH adjusted to 4.75 using glacial acetic acid, the final volume was made up to one
litre deionized water.
1~% Paranitrophenol

Dissolve 1g paranitrophenol in 100 ml iron free water.
Chromogen solution

200 mg disodium 4, 7 diphenyl 1, 10 — phenanthroline disulphonate was
‘dissoved in deionized water, after adding 1 ml of thioglycolic acid solution (MW
92.12) the volume was adjusted to 100 ml.
Stock iron standard 1 mg/ml

100 mg of iron wire was dissolved in 2 ml concentrated hydrochloric acid,

the volume was then adjusted to exactly 100 ml with deionized water..
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Working iron standard 1 pug/ ml

1 ml of stock iron standard was transferred into a volumetric flask and the

volume was adjusted to one litre with deionized water.

3. Reagents for determination of phytate

'Hydrochloric acid (HCI) 2.4 %
Add 54 ml conc HCl to a 1 litre volumetric flask and bring to volume with
iron free water.
Sodium chloride solution (NaCl) 0.1 M and 0.7 M
NaCl 0.1 M : Dissolve 5.8443 g NaCl in 1 litre of iron free water.
NaCl 0.7 M : Dissolve 40.9101 g NaCl in 1 litre of iron free water.
P-hbsphate standard solution (80 pg P/ml)
Weigh 0.350 g of dried dessicated potassium acid phosphate (primary
standard) into a 1 litre volumetric flask, add approximatety 500 ml of iron free water,
~add 10 ml of 10 N sulfuric acid (H,SO4) dilute to mark with iron free water.
| Molybdate Solution
Dissolve 12.5 g ammonium hepta molybdate in 200 ml of iron free water.
Transfer to 500 ml volumetric flask add 50 ml of 10 N sulfuric acid make to volume
with iron free water.
Sulfonic acid reagent
Dissolve 0.16 g of 1- amino — 2 — napthal — 4 — sulfonic acid, a.nd 192 g
sédipm sulfite (Na,SO3) and 9.60 g sodium bisulfite (NaHSOs) in 90 ml iron free

water. Transfer quantitatively t0100 ml volumetric flask. Heat to dissolve if
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nécessary. Make to volume. (Freshly prepared weekly and store in brown bottle in
refrigerator)
Na,EDTA - NaOH reagent

Weigh 10.23 g disodium-ethylenediaminetetra - acetate (Na,EDTA) and 75 g
NaOH into 250 ml flask bring to volume with iron free water.
Standard phytic acid

Dissolve 26.6 mg of phytic acid in 25 ml iron free water.

4. Reagents for determination of iron-binding phenolic compounds

Acétate buffer 0.1 M, pH 4.4
| Solution A: Add 11.55 ml acetic acid (CH;COOH) to1000 ml iron free water. |
Solution B: 16.40 g sodium acetate (CH;COONa) was dissolved and diluted
1000 ml in iron free water. |
| Mix 305 ml of A with 195 ml of B, adjust the pH to 4.4 with sodium
hydroxide (NaOH) and diluted to 1000 ml with iron free water.
50% Urea in acetate buffer
Dissolve 500 g urea (H,NCONHS,) in 500 ml acetate buffer 0.1 M pH 4.4.
1% Arabic gum
. Dissolve 1 g arabic gum in100 ml iron free water.
5 % FAS (Ferric Ammonium sulfate)
Dissolve 5 g FAS [NH4Fe(S04)2.12H0] in 100 ml 1M hydrochloric acid

(HCI).
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50% DMF. ACB
Mix 500 ml DMF (Dimethylformamide) with 500 ml 0.1 M, pH 4.4 ACB
(Acetate buffer).
Food blank reagent
Prepare by mixing, just before use.
89 parts of 50 % urea solution in 0.1M acetate buffer.
10 parts of 1 % solution of arabic gum.
1 part of 1 M HCL
FAS reagent (Iron — reagent)
Prepare by mixing, just before use.
89 parts of 50 % urea solution in 0.1 M acetate buffer.
10 parts of 1 % solutién of arabic gum.
Ipart of S % solution of ferric - ammonium sulfate.
Standard stock - solution T.A
Dissolve 0.5 g of tannic acid (SIGMA Cat.No.T-0125) in 50%DMF- acetate
and make up to 100 ml volume.
Standard stock - solution C
Dissolve 0.5 g of catechin (SIGMA Cat.No. C-1788) in 50 % DMF- acetate
and make up to 100 ml volume.
Standard solutions
To prepare a calibration curve, pipet 1, 2, 4, 6 and 8 ml aliquots of tannic
‘acid stock solution into 100 ml volumetric flasks and make up to volume with 50%
DMF-acetate to produce standards at 25, 50, 100, 200 and 400 ng of tannic acid per

ml. Pipet 1, 2, 4, 6, and 8 ml aliquots of catechin stock solution into100 ml volumetric
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flasks and make up to volume with 50%DMF-acetate to produce catechin standards
at 25, 50, 100, 200 and 400 pg per ml.Take 2 ml of each solution and add 8 ml FAS -
reagent for colorimetric determination.

Note: Standard solutions and stock solutions must be stored in darkness
then they are stable up to one week.

This analytical method was not determine the total phenolic compounds in
fc;ods, but measures, in vitro, only those phenolic compounds that might inhibit iron
absorption in vivo. The phenolic compounds which have iron — binding structures
(galloyl and catechol groups) had proved to have such effect.This method thus

-measures the content of extractable phenolics with galloyl and catechol groups.

Instruments and special glasswares

Instruments and special glasswares were listed as follows:

Food Homogenizer, Moulinex France,

- ‘Shaker Bath, Cat No 6250, Eberbach Corporation, Ann Arbor, Michigan.

- Shaker, New Brunswick Scientific, Model R -2, Serial No0.382260, Edison, N—J.,
USA.

- Vortex —mixer, Vortex — Genic 2, Scintific Industries, Inc., Bohemia, N.Y. 11716,
USA.

- IEC Centra — 8 Centrifuge, Model 2477, International Equipment Company, 300

second Avenue, Needharm Heights, MA 02194, USA.
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- Spectrophotometer Spectronic 21, Milton Ray Company, Analytical Products
Division (Formerly a division of BAUSCH & LOMB) 820 Lindess Avenue,
Rochester, N.Y.14625.

- Digital pH meter, Model SP-7, Suntex Instruments Co., Ltd., TATWAN.

. Magnetic stirer, Ikamag REC-G Janke & Kunkel Gmb H.U.CoKG, IKA-Werk
7813 staufen.

- CompuGamma Gamma Counter, Model 1282, LKB Wallac, Wallac Oy, P.O. Box
10, 20101 Turku 10, Finland.

] Mettler Electric Balance, Mettler P1210, Mettler, Zurich, Switzerland.

- Sauter Electric Balance, August Sauter GmbH D-7470 Albstadt 1-Ebingen.

- HAVARD TRIP Balance, OHAUS, USA.

- Econo—column, Chromatography Columns, Catalog No. 737-1232 Bio-Rad
Laboratories, 32™ & Griffin Avenue, Richmond, California 94804.

- Labconco Micro-Kjeldahl Digestors, Model 60301 — 01, Labconco Corporation,
8811 Prospect, Kansas City. Mo. 64132.

- The stainless steel Perchloric Acid Hood. Labconco Model 47807, Labconco
Corporation, 8811 Prospect, Kansas City, Mo. 64132.

'-_ Eppendorf Pipette 300, Eppendorf Geratebau, Netheler + Hinz GmbH, Postfach
650670, 2000 Hamburg 65.

- Anion Exchange resin AG — 1 X4. 100 — 200 mesh chloride form, Biorad Lab. Cat
No. 140 — 1341,

- Micro Kjeldahl Flask (100 mi), Labconco Model 60375.

- Whatman filter paper No. 541, cat. No.1541125.



Rujira Chokchai Materials and Methods / 40

Methods

Chemical composition of meals

The breakfast meal sample was homogenized in a food blender with
deionized water to a creamy consistency. After blending, the homoginized sample
A '. was weighed for analyzing of ibnizable iron, total iron, total phosphorus, phytate and

iron — binding phenolic compound.

Determination of ionizable iron
An in vitro method for the determination of availability of nonheme iron
from food described by Sritongkul (16,119) was used in this study.
Detailed in Appendix A.
Determination of total iron
The total iron content in meal was determined by the recommended wet
_digestion method (120).
Detailed in Appendix B.
Determination of total phosphorus and phytate
Phosphorus and phytate were analysed using anion exchange procedure as
described by Harland and Oberleas (121).
Detailed in Appendix C.
v Determination of iron — binding phenolic compound (Tannin)
Determination of iron binding phenolic compound was performed, using
modiﬁed FAS method (103).

Detailed in Appendix D.
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Statistical analysis

All calculations for descriptive statistics, graphic presentations and statistical
-analyses were made by using SPSS for windows. Differences in meal compositions
and the percentage of iron ionizable, percentage of estimated iron absorption, expect
absorbed iron within and between groups were evaluated by nonparametric test

(Kruskal — Wallis Test). Differences among the means of those variables were

determined by nonparamatric test (Mann — Whitney Test) at p <. 0.05.
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CHAPTER 1V

RESULTS

1. General characteristics of test meals

1.1 Total iron content, iron density and energy intake
1.1.1 Boiled rice as basal breakfast
Table 5 shows mean total iron content in 9 meals assigned as basal
“breakfast (boiled rice), basal breakfast with orange juice, milk, coffee and tea ranged
from 0.99 to 1.14 mg per meal, the mean + SEM were 0.99 +0.15, 1.14 + 0.15, 1.07
+0.14, 1.12 + 0.15 and 1.03 + 0.15 mg per meal respectively. The medians were
0.91, 1.06, 0.94, 1.0 and 0.91 mgFe/meal respectively. The mean and median of the
iron density were 2.91 and 2.03 mgFe/1000 kcal. These values were much lower than
the recommended value of 6 to 12 mgFe.1000 kcal. The mean caloric intake was
453.1 kcal per meal which is quite usual for breakfast meal.
1.1.2 Steamed rice as basal breakfast
The mean total iron content in 10 meals assigned as basal
breakfast (steamed rice), basal breakfast with orange juice, milk, coffee and ranged
from 3.43 to 3.61 mg per meal, the mean + SEM were 3.46 + 1.65, 3.61 + 1.65, 3.55
f 1.65, 3.60 + 1.65 and 3.43 + 1.61 mg per meal respectively as shown in Table 6.

The median were 1.1, 1.26, 1.2, 1.28 and 1.15 mgFe/meal respectively. The median
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'Qf the iron density was 2.88 mgFe/1000 kcal. The mean + SEM of 7.73 + 3.47
mg/1000 kcal although lay within the normal range, the median was down below the
accepted standard, 6 — 12 mg/1000 kcal. The mean caloric intake was 431.1 mg/meal.

1.1.3 Steamed rice with supplement food
The mean + SEM of the total iron content per meal and iron
density per 1000 kcal were 3.22 + 0.48 and 7.01 + 1.26 mg respectively as shown in
T«able 7 and Figure 6. The medians of the iron intake and iron density were 2.66
mg/ineal and 5.52 mg/1000 kcal. The mean iron density of 7.01 mg/1000 kcal was
within the recommended range. Figure 2 shows the means and medians of iron

- density among the three test meals. The total energy intake per meal was 484.07 kcal.

O median

A mean

BR R R+S

| Figure 2. Means and medians of iron density (mg per 1000 kcal) of 3 types of basal
breakfast.

BR = Boiled rice, R = Steamed rice, R+S = Steamed rice + Supplement food
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TABLE 3. Showing general characteristics of test meals: weight, energy intake, total

phosphorus, phytate, total iron and iron density in boiled rice meals with

different drinks.
N | ID | Wt | kcal | mg/meal Total Fe (mg / meal) Fe density

o ) Phos [Phy | B | O | M | C | T | mg/1000keal
111 500 3215149501341 {088 | 1.03]0.94 | 094 | 091 2.74
21 2 [500 |3658|111.1 885|053 0.68|0.63{0.63]0.58 1.45
31 3 [500 4372|1651 116 |1.66 | 1.81]1.70(1.69 | 1.83 3.80
4| 4 | 500 |552.0| 1603 . 299 | 112 | 127 | 1.12 [ 1.25 | 1.12 2,03
5 5 | 500 |535.6{234.1 {450 {091 |1.06}1.00]1.00]1.00 1.70
6 | 6 | 500 [369.4 (1946|107 |091 { 1.06 | 091 { 1.01 | 0.85 2.46
71 7 | 500 (3274|1651 148|048 | 063|059 ]0.70 | 0.48 1.47
8 8 | 500 |535.6]204.1 (297 (0.70|0.85{091|0.82]0.82 1.31
91 9 | 500 |633.4{2494 150|176 (191]1.79{202]1.72 2,78
Mean 500 | 453.1 {1704 | 6.81 | 0.99 1.14 107 | 1.12 | 1.03 2.19
'Median 500 | 437.2 | 165.1 [ 450 | 091 | 1.06 | 0.94 | 1.00 | 0.91 2.03
SD 0 | 1139(61.55]474 045 |0.45|042 ) 0.46 | 0.46 0.82
SEM 0 379912052158 |0.15]0.15]0.14 [0.15 [ 0.15 0.27

B = Basal meal (Boiled rice)

O = Basal meal + orange juice

M = Basal meal + milk

C = Basal meal + coffee

T = Basal meal + tea
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"TABLE 6. Showing general characteristics of test meals: weight, energy intake, total
phosphorus, phytate, total iron and iron density in simple steamed rice

meals with different drinks.

N | ID | Wt | kcal | mg/meal Total Fe (mg / meal) Fe density
) (® Phos | Phy | B 0 M C T | mg/1000kcal
1 |10 [ 500 | 49252240603 |1.12 127121132116 227

2.1 11 | 500 |407.8 2052 |6.03[0.88]1.03]1.00][1.02]1.00 2.16

‘3 { 12] 600 37725028109 109|124 (119124 ]1.13 2.89

4|13 | 600 51863519 (911|158 |159[159[159]159 30.45

5| 14 | 500 [328.8]234.1 123094 1.09]0.94[103]1.00 2.86

6 | 15 | 500 |388.6 433.0| 189|103 | 104]104]104 [ 946 26.45

7116 | 550 | 543.8(316.4 [ 6.59 [0.77]0.92{0.87 [ 0.95 | 0.81 1.42

8 | 17 | 550 | 390.0 | 152.5 [ 6.59 [ 0.90 | 1.05 | 1.03 | 1.02 | 1.01 231

9 | 18 | 550 (38123166 | 16.7 | 123 | 138|134 | 141 | 127 2323

101 19 | 600 | 482.1 |243.0|10.8 [ 1.58 | 1.73 | 1.68 | 1.66 | 1.62 3.28
Mean | 545 |431.12979 (104 | 3.46 | 3.61 [ 3.55 [ 3.60 | 3.43 7.73
Median | 550 | 398.9 [279.7 (996 | 1.11 [ 126 | 12 [ 128 [ 1.15 2.88

SD 438 17198 | 1.8.6 | 454 [ 522 |522(522{522]5.10 10.97

SEM 13.8 {2276 | 3434 | 144 | 1.65 | 1.65 | 1.65 | 1.65 | 1.61 3.47

B= Basél meal (Steamed rice).
| O = Basal meal + orange juice
M = Basal meal + milk

C = Basal meal + coffee

T = Basal meal + tea
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TABLE 7. Showing general characteristics of test meals: weight, energy intake, total

phosphorus, phytate, total iron, iron density and expected absorbed iron in

the more complex steamed rice meals with different supplemented foods.

No | ID | Wt kcal mg / meal Fe density
(8 Phos | Phy Total Fe | Absorbed iron* mg/1000kcal
1 20| 600 | 605.1 | 502.8 | 63.30 3.30 0.36 5.45
2 |21 600 | 547.8 | 531.8 | 51.04 7.07 1.42 12.91
3 1221 600 { 507.8 { 290.8 | 27.80 1.41 0.10 2.78
4 | 23] 600 | 492.0 | 280.9 | 21.70 1.24 0.25 2.52
5 |24 | 600 | 576.8 | 336.7 | 19.31 2.66 0.28 4.61
6 | 25| 600 | 4355 | 290.8 | 11.95 2.05 0.38 471
7 1206 600 | 374.2 | 2809 | 12.87 223 0.16 5.96
8 |27 600 | 501.2 | 353.7 | 24.72 4.33 0.60 8.64
9 |28 600 | 5351 | 608.6 | 18.71 3.74 0.36 6.99
10 | 29 | 600 | 3838 | 417.5 | 24.72 2.12 0.40 5.52
‘11 |30 | 600 | 3479 | 2244 | 3093 7.58 0.80 21.78
12 | 31| 600 4284 | 411.5 | 33.06 3.28 0.44 7.66
13 | 32| 600 | 619.5 | 321.4 | 16.75 2.16 0.14 3.49
14 | 33 600 550.6 | 576.7 | 26.77 | 2.20 0.28 3.99
15 {34 | 600 | 3553 | 488.3 | 22.68 2.88 0.33 8.11
Mean 600 | 484.1 | 3945 | 27.09 3.22 0.42 7.01
Median | 600 | 501.2 | 336.7 | 24.7 2.66 0.36 5.52
SD 0 91.15 | 121.2 | 13.80 1.86 0.33 4.88
SEM 0 23.53 | 31.30 | 3.56 0.48 0.08 1.26

*
Expected absorbed iron calculated from y = 0.3145 + 0.4312X (12).



Fac. of Grad. Studies, Mahidol Univ. M.Sc.(Radiological Science) / 47

1.2 Total phosphorus and phytate contents
The mean + SEM of the phosphorus contents for the 2 basal breakfasts
(boiled rice and steamed rice) were 170 + 20.52 and 297.96 + 34.34 mg per meal and
tﬁe mean + SEM of the phytate contents were 6.81 + 1.58 and 10.41 + 1.44 mg per
meal respectively (Table 5 and 6). For basal meal with supplement food, the mean +
SEM of the total phosphorus and phytate contents were 394.46 + 31.30 and 27.09 +
'3.56 mg per meal as shown in Table 7. Summary of general characteristics of the 3

groups of test meals was shown in Table 8.

TABLE 8. Summary of the general characteristics of test meals.

Sample N | kcal mg / meal Iron density
Phos Phy Fe mg/meal

Boiled rice 9 |[453.1] 17036 | 6.81 0.99 2.19, (2.03)*
(0.91)°

Steamed rice 10 | 431.1 | 29796 | 10.41 3.46 7.73, (2.88)*
1.1)°

Rice + supplement 15 | 484.1 | 394.46 | 27.09 3.22 7.01, (5. 52)*
food (2.66)

* L .
‘medians in parenthesis
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As shown in Table 8, the boiled rice breakfast showed the lowest mean iron

intake, 0.99 mg/meal and also the lowest mean iron density, 2.19 mg/1000 kcal. The
second breakfast although had higher mean iron intake and iron density, 3.46 mg/meal
and 7.73 mg/1000 kcal, the medians were in the same magnitude as the first group
0.91 VS 1.11 mg/meal and 2.63 VS 2.88 mg/1000 kcal. The third breakfast meals
with supplement foods had higher mean and median of the observations than the first-
two groups, 7.01 mg/meal and 5.52 mg/1000 kcal. However, their caloric intakes
were within the same magnitude, 453.1, 431.1 and 484.1 kcal respectively.

Statistical analysis by nonparametric Kruskal Wallis test using SPSS for
windows showed that the iron content, iron density, phosphorus and phytate contents
ambng the three rest meals were significant different at p < 0.001 except for the

caloric intake. Test statistics were summarized in Table 9.

TABLE 9. Summary of the test statistic by Kruskal — Wallis test of the 3 groups of

breakfast.
Statistics Fe Fe density | Phosphorus Phytate kcal
Chi-square 15.449 14.568 17.215 22.603 1.630
P -value <0.001 <0.001 <0.001 <0.001 0.443

Comparisons between 2 groups by nonparametric Mann-Whitney test were

summarized in Table 10.
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TABLE 10. Summary of the test statistic (Mann-Whitney Test) for total iron, iron

density, total phosphorus and total phytate contents between 2 meals.

Meal Fe Fe density Phosphorus Phytate
1-2 NS NS <0.01 NS

1-3 <0.001 <0.001 <0.001 <0.001
2-3 <0.05 <0.05 NS <0.001

'~ NS = Not significant, 1 = Basal breakfast (boiled rice), 2 = Basal breakfast (steamed

rice), 3 = Basal breakfast (steamed rice with supplement food)

1.3 Determination of tannin and catechin in drinks and supplement
food
Table 11 shows the contents of tannin and catechin per meal in coffee,
-tea, milo, ovaltine and chocolate in supplement food. The highest tannin content was
fbund in tea. Distribution of the contents was shown in Figure 3.

Table 11. Contents of tannin and catechin in coffee, tea and chocolate in supplement

food.
mg/g mg/meal
Drink

Tannin Catechin Tannin Catechin

Céffeg 12.55 97.40 94.13 730.50
Tea 47.35 133.20 415.80 383.40
Milo 5.30 13.70 79.50 205.50

.| Ovaltine 4.30 11.0 64.50 165.00
| Chocolate 30.05 40:60 150.00 203.00
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O Tannin

Catechin

Amount of tannin and catechin (mg.meal

Figure 3. Distribution of the contents of tannin and catechin (mng/meal) in coffee

(¢), tea (T), milo (Mi), ovaltine (Ov) and chocolate (Co).

2. Determination of food iron ionizability and percentage of the

estimated iron availability
The percentage of the ionizable iron (%lII) and the estimated iron absorption
(% EIA) from 3 different group of test meals were shown in Table 12, 13, 14(a) and
14(5). The calculation of the percentage of estimated iron absorption was based on
the correlation between percent ionizable iron and percent in-vivo absorption, food
iron absorption was estimated from the predication equation y = 0.3145 + 0.4312 x,
- where y is the estimated percent iron absorption and x is the percent ionizable iron at
' ipH 5.8.
2.1 Boiled rice as basal breakfast
The effect of adding a variety of drinks into boiled rice breakfast was

shown in Table 12. The mean + SEM of the percent ionizable iron in boiled rice meal
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and boiled rice plus orange juice, milk, coffee and tea were 11.7 + 2.1, 25.3 + 3.51,
213 + 3.46, 7.08 + 0.62 and 1.57 *+ 0.08 respectively. The percentage of the
estimated iron absorption (mean + SEM) being 8.43 + 1.70,20.85 +3.47,8.60 + 1.41,
6.47 + 0.99 and 1.28 + 0.17 percent respectively. As shown in Table 12, orange juice
improved food iron availability approximately by 2.5 time (+148%), milk showed
almost no effect (+2%), coffee and tea decreased iron absorption by 23% and 85%
respéctively.
2.2 Steamed rice as basal breakfast
As shown in Table 13, the mean + SEM of the percent ionizable iron
for basal meal alone and basal meal with orange juice, milk, coffee and tea were 14.85
+3.08,33.16 + 5.07, 22.39 + 3.61, 6.41 + 0.26, 1.42 + 0.11 respectively and the mean
+ SEM of the percentage of estimated iron absorption being 11.17 + 2.63, 22.01 +
3.41, 10.64 + 1.52, 4.48 + 0.27 and 1.37 + 0.13 percent respectively. Orange juice
improved iron absorption almost 2 times (97%), milk, coffee and tea decreased iron
absorption by 5%, 60% and 88% respectively.
| 2.3 Steamed rice meals with supplement foods
As shown in Table 14(a), the mean + SEM of the percent ionizable
| iron of basal meal alone and basal meal with supplement foods, Vi, Vi-c, Mo, Mo-c,
‘Mi and Ov were 14.83 + 1.7, 13.81 +1.64,9.31 +1.54,15.0 +2.05, 5.41 +1.23, 6.78
+ 1.25 and 5.63 + 1.17% respectively. It was observed that chocolate drinks,Vi-c,
Mo-c, Mi and Ov decreased the percent of food iron ionizability remarkedly. The
percentage reduction was found to be 37%, 64%, 54% and 62% respectively.
The percentage of estimated iron absorption was in Table 14(b). The

mean + SEM were 12.86 + 1.22, 18.0 + 1.07, 12.8 £ 0.69, 12.6 + 1.12, 7.3 £ 0.56, 9.9
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-+ 0.56 and 7.9 + 0.48% for basal meal alone, basal meal with Vitamax, Vitamax-
chocolate, Monie Gold, Monie Gold-chocolate, milo and ovaltine respectively.
Statistical analysis using nonparametric Mann-Whitney test showed
that there was no significant different in either the percent ionizable or the percentage
of tﬁe estimated absorbed iron among these 3 groups of breakfast at the significant
level of 0.05.
"TABLE 12. The percentage of ionizable iron and estimated iron absorption in boiled

rice meals with different drinks.

No | ID %Il % EIA

B 0) M C 3N B 0 M C T

1 1 | 164 | 346 | 13.0 | 620 | 2.00 | 13.1 | 246 | 5.01 | 8.10 | 1.70

2 2 | 169 | 290 | 293 | 570 | 1.20 | 127 | 275 | 103 | 5.19 | 0.97

3 3 1920 | 114 | 11.1 | 810 | 1.60 | 294 | 566 | 471 | 7.17 | 1.74

4 4 | 800 | 179 | 133 [ 105 | 1.90 | 3.60 { 11.2 | 6.10 | 124 | 2.17

5' 5 169 | 30.1 | 384 | 950 | 1.60 | 990 | 316 | 16.1 | 9.10 | 0.92

6 6 | 245 | 318 | 326 | 590 | 130 | 16.7 | 262 | 114 | 430 | 0.80

717 1106 | 325|249 | 5.10 | 1.50 | 8.70 | 284 | 124 | 3.60 | 0.70

'_8 8 [ 640 | 341 | 189 | 660 | 1.50 | 6.20 | 272 | 790 | 420 | 1.10

9 9 | 610 | 670 [ 103 | 6.10 | 1.50 | 2.10 | 530 | 3.50 | 420 | 1.40

Mean 11.7 | 253 | 213 | 7.08 | 1.57 | 843 | 209 | 8.60 | 6.47 | 1.28

SD 629 | 105 | 104 | 1.86 | 0.25 | 5.11 | 104 | 422 | 296 | 0.50

SEM 210 | 351 | 346 | 062 | 008 | 1.70 | 3.47 | 141 [ 099 | 0.17

% change 0 +148 | +2 -23 -85
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TABLE 13. The percentage of ionizable iron and estimated iron absorption in sample

steamed rice meals with different drinks.

No | ID % 11 % EIA

._1 10 | 910 | 204 | 9.20 | 530 | 2.10 | 6.80 | 16.80 | 7.89 | 2.60 | 1.90

2 |11 { 640 | 11.7 [ 970 | 540 | 1.10 | 285 | 5.56 | 3.88 | 4.10 | 2.03

3 112|360 | 458 | 440 | 650 | 1.40 | 2743 | 32.80 | 20.01 | 4.57 | 144

4 113 | 132 | 312 | 184 | 7.10 | 1.30 | 16.73 | 26.86 | 9.92 | 541 | 1.11

5 (114|670 | 313 | 183 | 6.10 | 1.20 | 6.88 | 29.69 | 11.54 | 4.10 | 0.89

6 | 15| 770 | 302 | 180 | 650 | 1.00 | 3.64 |[27.70 | 954 | 453 | 0.84

7 116 | 159 | 301 | 278 | 7.10 | 1.90 | 833 | 13.37 | 10.68 | 5.09 | 1.68

8117 {226 | 672 | 371 | 790 | 1.50 | 1740 { 33.77 | 15.04 | 5.29 | 1.14

9 | 18 | 232 | 449 | 266 | 6.40 | 1.50 | 18.47 (27.95 | 13.38 | 5.22 | 1.39

10 | 19 | 770 | 18.8 | 148 | 580 | 1.20 | 3.13 | 558 | 449 | 391 | 1.26

1 Mean 1485 33.16 [ 2239 | 6.4]1 | 142 | 11.17 | 22.01 | 10.64 | 448 | 1.37

SD 9.74 | 16.03 | 11.43 | 0.81 | 035 | 832 {10.79 | 4.81 | 0.86 | 0.40

SEM 3.08 | 507 | 361 | 026 | 0.11 [2.63 | 341 | 1.52 | 0.27 | 0.13

% change 0 +97 -5 -60 -88
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TABLE 14(a). The percentage of ionizable iron in the more complex steamed rice

meals with different supplemented foods.

No ID % 11

B Vi Vi-c¢ Mo Mo-c¢ Mi Ov

1 20 6.70 12.8 5.70 6.50 2.70 1.80 2.30

2 21 275 272 18.5 29.5 13.3 14.1 13.3

3 22 12.8 19.9 8.30 14.3 1.20 3.90 1.60

4 23 10.3 12.0 3.10 8.20 1.70 3.00 2.30

5 24 8.00 17.6 4.80 7.50 1.80 3.40 1.90

6 | 25 | 770 | 143 220 | 530 0.70 830 | 4.80

7 26 17.9 20.2 8.90 19.3 2.80 6.50 4.10

8. 27 227 23.7 18.1 20.6 11.2 134 12.0

9 28 15.0 20.7 11.0 9.20 3.10 2.10 2.50

10 29 12.8 19.3 2.80 13.8 1.70 2.90 1.60

11 30 9.90 11.0 8.30 7.60 5.80 8.00 9.90

12 31 234 23.6 213 240 16.0 18.0 14.7

13 32 15.1 335 8.50 17.0 8.00 430 3.90

14 33 10.1 12.8 5.60 13.9 4.30 5.50 4.00

15 34 226 13.6 12.5 28.3 6.90 6.50 5.60

- Mean 14.83 18.81 9.31 15.0 5.41 6.78 5.63
SD 6.57 6.37 5.98 7.94 471 4.86 4.53
SEM 1.70 1.64 1.54 2.05 1.23 1.25 1.17
% change 0 +27 -37 +1 -64 -54 -62

B = Basal meal, Vi = Basal meal + Vitamax, Vi — ¢ = Basal + Vitamax — chocolate, Mo = Basal meal + Monie

Gold, Mo - ¢ = Basal meal + Monie Gold - chocolate, Mi = Basal meal + Milo, Ov = Basal meal + Ovaltine
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TABLE 14(b). The estimated iron absorption in the more complex steamed rice

meals with different supplement foods.

No ID % EIA
B Vi Vi-c¢ Mo Mo-c¢ Mi Ov
1 20 10.84 155 9.6 7.1 8.44 7.73 7.96

2 21 20.11 212 15.6 19.6 9.71 14.2 11.6

3 22 7.43 233 14.2 3.98 3.25 9.67 5.37

4. 23 20.45 20.0 154 19.1 7.6 13.4 8.89

5 24 10.71 16.0 10.0 11.2 431 10.6 5.48

6 25 18.77 21.8 14.1 15.3 6.69 115 8.18

7 26 7.30 14.0 9.5 7.92 5.56 7.03 6.19

8 27 13.94 14.8 10.6 133 7.42 9.65 1.7

9 28 9.71 152 11.7 8.57 6.49 7.66 7.18

10 29 19.03 253 18.6 19.3 9.48 9.45 8.16

11 30 10.62 11.9 13.6 9.54 8.65 9.99 11.5

12 31 13.34 14.3 10.7 13.5 9.11 11.4 8.7

13 32 6.52 15.6 10.5 171 6.23 7.21 6.26

14 33 12.65 233 13.9 13.6 5.46 11.1 6.95

15 34 11.44 17.2 13.7 - 13.5 11.1 8.59 8.87

Mean 12.86 18.0 12.8 12.6 7.3 9.9 79

SD 4.71 4.14 2.66 433 2.16 2.15 1.36

SEM 1.22 1.07 0.69 1.12 0.56 0.56 0.48
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3. Estimation of iron absorbed from 3 groups of breakfast meals

Tables 15, 16, 17 and Figure 4, 5 and 6 show the expected amount of
absorbed iron from the 3 different breakfast meals. Since there was no significant
difference in the percent ionizable iron and the percent of estimated absorbed iron

A among the 3 breakfasts, the amount of absorbed iron will depend only on the total iron
contents in the test meals. The iron contents of meals in the 3 groups of breakfasts
were not normally distributed, some meals had extremely high iron content as they
contained haemoglobin iron in the food composition such as cooked blood/(pork).
Kruskal Wallis test showed that there was a significant difference in the amount of
iron expected to be absorbed among the 3 groups at p < 0.001. Statistical analysis
using Mann-Whitney test showed that there was no significant different in the amount
of ifon absorbed between the first 2 breakfasts, boiled rice with drinks and steamed
rice with drinks at a significant level of 0.05 but the estimated absorbed iron in groups

'. 3, breakfast with supplement food was significantly higher than the first 2 groups
at p< 0.05.

The effects of soft drinks and supplement food on food iron availability
form breakfast meals were shown by the discrepancy in p-values calculated using
Mann-Whitney test. Table 18(a) gives p-value from the comparisons between boiled
rice brgakfast with and without drinks to determine whether there are any differences
among their means, Table 18(b) is a comparison among the steamed rice breakfast
With and without soft drinks and table 18(c) is a comparison among the steamed rice

breakfast with and without supplement foods.
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TABLE 15. Estimation of the amount of iron expected to be absorbed from boiled

rice meals with different drinks.

No ID Expected absorbed iron ( mg / meal )
B o M C T
1 1 0.12 0.25 0.05 0.08 0.02
2 2 0.07 0.19 0.07 0.03 0.006
3 3 0.05 0.10 0.08 0.12 0.03
4 4 0.04 0.14 0.07 0.16 0.02
5 5 0.09 0.33 0.16 0.09 0.009
6 6 0.15 0.28 0.10 0.04 0.007
7 7 0.04 0.18 0.07 0.03 0.003
8 8 0.04 0.23 0.07 0.03 0.009
9 9 0.04 0.10 0.06 0.08 0.02
Mean 0.07 0.20 0.08 0.07 0.01
SD 0.04 0.08 0.03 0.04 0.009
SEM 0.01 0.03 0.01 0.01 0




Rujira Chokchai Results / 58

TABLE 16. Estimation of the amount of iron expected to be absorbed from simple

steamed rice meals with different drinks:.

No ID Expected absorbed iron ( mg / meal )
B 0] M C T

1 10 0.08 0.21 0.09 0.03 0.02
2 11 0.03 0.06 0.04 0.04 0.02
3 12 0.30 0.41 0.24 0.06 0.02
| 4 13 2.64 428 1.58 0.86 0.18
5 14 0.06 0.32 0.11 0.04 0.008
6 15 0.37 2.89 0.99 0.47 0.08
7 16 0.06 VO. 12 0.09 0.05 | 0.01
8 17 0.16 0.35 0.15 0.06 0.01
9 18 0.23 0.39 0.18 0.07 0.02
10 19 0.05 0.10 0.08 0.07 0.02
Mean 0.15 0.54 0.22 0.10 0.02
SD 0.12 0.89 0.30 0.14 0.02
SEM 0.04 0.30 0.10 0.03 0.006

* Extremely high result not included in the calculation
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TABLE 17. Estimation of the amount of iron expected to be absorbed from the

complex steamed rice meals with supplement foods.

Expected absorbed iron (mg/meal)

No ID
B Vi Vi-c Mo Mo-c | Milo Ov
1 20 0.36 0.51 0.32 0.23 0.28 026 | 026
2 21 1.42 1.50 1.10 1.39 0.69 1.00 | 0.82
3 22 0.10 0.33 0.20 0.13 0.05 0.14 | 0.08
4 23 0.25 0.25 0.19 0.24 0.09 0.17 | 0.11
5 24 0.28 0.43 0.27 0.30 0.11 028 | 0.15
6 25 0.38 0.45 0.29 0.31 0.14 024 | 017
7 26 0.16 0.31 0.21 0.18 0.12 A 0.16 | 0.14
8 27 0.60 0.64 0.46 0.58 0.32 042 | 033
9 28 0.36 0.57 0.44 0.32 0.24 029 | 027

10 29 0.40 0.54 0.39 041 0.20 0.20 0.17

11 30 0.80 0.9 1.03 0.72 0.66 0.76 | 0.87

12 31 0.44 0.47 0.35 0.44 0.30 0.37 0.29

13 32 0.14 0.34 0.23 0.17 0.13 0.16 0.14

14 33 0.28 0.51 0.31 0.30 0.12 024 | 0.15

15 34 0.33 0.50 0.39 0.39 0.32 0.25 0.26
Mean 0.42 0.55 0.41 041 0.25 0.33 0.28
SD 0.33 0.31 0.28 0.31 0.19 0.24 0.24

SEM 0.09 0.08 0.07 0.08 0.05 0.06 0.06
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Figure 6. Estimation of the amount of iron expected to be absorbed from the more

complex steamed rice meals with supplement food.

As shown in Table 18(a) and 18(b), drinking orange juice with boiled rice
A and steamed rice breakfasts improved food iron availability at a significant level of
p < 0.05 when compared with other drinks. Drinking tea with breakfast remarkably
decreased iron absorption (p < 0.001). Coffee, although contain considerable amount
of tanﬁin, its effect was milder. Drinking milk with breakfast showed unnoticeable
effgct when compared with having breakfast alone, no significant difference was
observed.

Table 18(c) shows the effects of different supplement foods on food iron

availability from some free choice breakfast meals in group 3. It has been shown that
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Vitamax, a vanilla taste cereal, significantly improved iron absorption at p < 0.05.
Other supplement food with chocolate showed some degrees of inhibitory effects

although significant differences were not seen.

TABLE 18. Discrepancy in p-values of the difference among the means of absorbed

iron in 3 different groups of breakfast.

a) Boiled rice meals with drinks

+0 +M +C +T
B 0.002 0.240 0.754 0.000
0 0.001 0.020 0.000
M 0.721 0.000
C 0.001

b) Steamed rice meals with drinks

+0 +M +C +T
B 0.038 0.596 0.754 0.000
0 0.085 0.007 0.000
M 0.019 0.000
C 0.004
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c) Steamed rice meals with supplement foods

+ Vi + Vi-c + Mo + Mo-c + Mi + Qv

B 0.049 1.000 0.868 0.031 0.237 0.056
Vi 0.020 0.022 0.001 0.002 0.001
Vi-c 0.819 0.022 0.110 0.012
‘Mo 0.040 0.245 0.044
‘Mo-c 0.171 0.618
Mi 0.262

14549 L aan008
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CHAPTER V

DISCUSSION

A drink or supplement food taken together with meals may affect the
availability of dietary nonheme iron by the contents of factor enhancing or inhibiting
the absorption of iron. In this study the effect of drinks and supplement foods on the
ionizability of nonheme food iron in breakfast meals was investigated.

The most marked increase of the ionizability of iron was obtained with orange
juice, the amount of estimated absorbed iron increased almost by 3 times. This finding
agrees with the results in previous studies (77,79,80). The promoting effect of orange
juice is probably one of the most effective way of increasing the bioavailability of
iron in a meal.

In this study no effect of milk on the ionizability of nonheme iron from
breakfast meals was seen. No significant change in the estimated absorbed iron was
observed. This finding is incompatible with results previously reported (7,110,112).
Differences in the methods of measuring may explain the differences in the result.
The in vitro method used in this study can demonstrate the effect of milk only at the
intestinal site while the in vitro method can measured the iron absorbed into the

circulation from the mucosal cell.
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The decrease in the percentage of iron availability was seen when coffee was
added to the meals. The percentage reduction ranged between 23 to 60%. This
inhibition can be explained by the present of tannin in coffee. Coffee also contains
chorogenic acid, which responsible for the inhibitory effect as well (122). However,
the effect of coffee was weaker than tea, which had a marked reduction effect (85 to
88%). Considering the high consumption of coffee and tea together with or
immediately after meals, it seems important that further studies are needded on role of
long term consumption of coffee and tea in relation to iron nutrition.

Supplement foods taken with meals had interesting effect since it is in general
expected that they are good for health and sometimes used as food for the elderly and
children. The increase in the percentage of the ionizability by 27%, which reflected
the increase in the amount of absorbed iron from taking a vanilla taste cereal with
breakfast meals, was quite unexpectes. We cannot identify factors which could
responsible for the promotive effect since its ingredients are not clearly clarified.
However, no enhance effect was observed from the other brand of a vanilla teste
cereal. The inhibitive effect of chocolate taste cereal, milo and ovaltine were well
seen as they contain rather high contents of tannin.

The first 2 breakfast meals had rather low contents of iron with a median value
of approximately 1.0 mg per meal. The net effect of these drinks on iron nutrition not
only related to the content of enhancing or inhibiting factors but also their contents of
iron. It was found that the expected amount of iron to be absorbed from drinks taken
with a variety of breakfast meals were extremely low which would not be sufficient
for the high risk groups of populations to maintain their iron balance. The extra iron

intake can be of importance in contributing to dietary iron contents. The groups 3
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breakfast taken with supplement foods could provide satisfactory amounts of
absorbed iron except those taken with chocolate taste cereal, milo and ovaltine. This
study indicate that iron nutrition in a population cannot only be based on the daily
dietary intake of iron but must also include the bioavailability of iron in the frequently
consumed meals. The choice of drinks and supplement foods could be markedly

affect the amounts of nonheme iron to be absorbed from the meals.
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CHAPTER VI

CONCLUSION

Nonheme food iron ionizability for estimating the amounts of iron to absorbed
wés determined in breakfast meals with and without different drinks and supplement
~ foods. Thirty-four menus of breakfast meals were studied. They were divided into 3
groups 1) nine menus of boiled rice meals, 2) ten menus of simple steamed rice meals,
3) fifteen menus of more complex steamed rice meals. In group 1 and 2, four kinds of
drink which are orange juice, milk, coffee and tea were tested sepafately. Six brands of
the 'supplement food which are Vitamax, Vitamax- chocolate, Monie Gold, Monie
Gold- chocolate, milo and ovaltine were tested in group 3 breakfast. The ionizable iron
was determined using by in vitro *Fe radiometric method which based on the
simulation of gastrointestinal digestion and absorption followed by a measurement of
: 'soluble iron. General characteristics in 3 groups of test meals were analysed by
- nonparametric Kruskal Wallis test. It was shown that the iron content, iron density,
phosphorus and phytate contents among the three test meals were significant different
at p <0.001 except for the caloric intake. In the first and second breakfast meals, it was
shown that orange juice improved food iron availability approximately by 2.5 time,
milk showed almost no effect (2%, 5%), coffee and tea decreased iron absorption

(23%, 85%) and (60%, 88%) respectively. Group 3 breakfasts with Vitamax-
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chocolate, Monie Gold- chocolate, milo and ovaltine decreased the percentage of food
iron ionizability by 37%, 64%, 54%, 62% respectively. One vanilla taste cereal
impfoved the percent ionizable iron by 27% and another one show no significant
effect. Statistical analysis using Mann Whitney test showed that the amount of
estimated absorption iron among the 3 groups of breakfast was different at a
significant level of 0.05. There was no significant different between the first and the
' .second group breakfast, but breakfast with supplement food was significantly higher
~ than the first 2 groups at p< 0.05. These findings indicate that eating behaviors and

choice of drinks and supplement food can affect iron nutrition.
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APPENDIX A

Determination of ionizable iron

Principle
An inorganic radioiron tracer (*°’Fe) is added to a homogenized food sample.
Aﬁgr a two-stage (pepsin and pancreatin) digestion, the ionizable iron was determined
by using bathophenanthroline solution. The bathophenanthroline reactive iron was
extracted with isoamyl alcohol. The *Fe activity in isoamyl alcohol extracted was
v. calculated as the percentage of ionizable iron against total amount of radioiron added

to homogenizied food sample.

Procedure

1. Weigh 20 gm of homogenized food sample into 125 ml Erlenmeyer flask.

2. Add 20 ml 0.17 N HCI, 5 ml 1% Pepsin and 500 pl *Fe.

3. MlX and incubate in a waterbath, 37°¢ for 60 minutes.

4. After incubation, weigh out the digestion mixture 1 gm into counting test tube, it's
activity represent the total amount of radioiron added to food sample. Another 4

gm was weighed into 15 ml test tube for the next incubation.
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Add 3 ml acetate buffer and 1 ml 1% pancreatin in 0.1 M NaHCO; . Mix and then
divide into 2 sets, one without adjusting pH and the other adjust pH to 6.8 by using

NaOH (conc.).

. Mix and incubate 37°c for 2 hours.

After 2 hours add 1.0 ml chloroform and mix. The tube is then centrifuged 2000

rpm, at room temperature for 10 minutes.

Pipette 1ml supernatant into counting test tube. This represents the half dilution

~ counts. Another triplicate of 0.5 ml was pipetted into 6 ml screw cap vials.

10.

11.

12

13.

Add 1ml bathophenanthroline solution into screw cap vials. Mix and then shake for
90 minutes at room temperature.

Add 1 ml isoamyl alcohol after the shaken period, mix and centrifuge 2000 rpm at
room temperature for 5 minutes.

The upper isoamyl alcohol layer is pipetted off 1 ml to couhting test tube for
measuring *°Fe activity as the ionizable iron.

Radioactivity in the total, half dilution and ionizable iron tubes were measured in a

_LKB Wallac Gamma counter.

Calculate the percentage of ionizable iron by using the following equation.

cpm”Fe/ml isoamyl alcohol extract x 5.6* x 100
cpm*Fe/g of meal (Total counts)

Tonizable iron (*Fe)% =

*Sample dilution factor
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Figﬁre 1A. Homogenized food sample in Erlenmeyer flask.



Fac. of Grad. Studies, Mahidol Univ. M.Sc.(Radiological Science) / 87

Figure 2A. After two-stage (Pepsin-Pancreatin) digestion of homogenized test meal,

added chloroform will settle down the lipid from digestion mixture and

separate soluble iron in the supernatant.
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Figure 3A. Triplicate of 0.5 ml supernatant of digestion mixture was pipetted into 6

ml screw cap vials.
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Figure 4A. Bathophenanthroline solution was added to the supernatant of digestion

mixture in a screw cap vial. Mix and then shake for 90 minutes at room

temperature.
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Figure SA. The upper isoamyl alcohol was the extracted bathphenanthroline reactive

iron from the digestion mixture.
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Figure 6A. Radioactive measurement was counted in a LKB Wallac Gamma counter.
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APPENDIX B

Determination of total iron

Principle
The organic material in food sample was ashed by the mixture of acids. Iron
content of the ash was estimated by developing colour with bathophenanthroline

- sulphonate.

Procedure

1. Weigh 10 gm homogenized food sample into a 100 ml Kjeldahl flask and add 3
élass beads.

2. Add 2.5 ml concentrated sulfuric acid and 2.5 ml concentrated nitric acid. Digest
with low heat and gradually increase the heat until it become dark brown colour.
Allow it to cool.

3. Repeat step 2 again until the solution become orange. Allow it to cool.

| 4. Add 2.5 ml concentrated nitric acid. Heat until all the orange colour changes to
yellow.

5. Once the material has become light yellow, allow the sample to cool and add 2 ml

~ of 30% hydrogen peroxide (H,O,). Heat until all the hydrogen peroxide fumes
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have evolved, and allow it to cool. Repeat this step if the sample is not water
white.

6. Transfer the sample quantitatively without glass beads to 50 ml volumetric flask,
with three to four times washing of iron free water using approximately 5 mi for
each wash.

7. Add 1 drop of 1% paranitrophenol to the volumetric flask and begin adding
concentrated ammonium hydroxide slowly until the sample just turns yellow.

8. Allow the flask to cool and make up to volume (50 ml) with iron free water.

9. Include with each analysis an acid blank containing approximately the same volume
of acid as was used for the digestion procedure. However, the total volume of acid
in this blank should not exceed 15 ml. The acid blank should otherwise be handled
in the same manner as the unknown sample.

10. Prepare solutions for colorimetric analysis in iron-free 10 ml glé.ss tubes by placing
into each tube 1 ml sodium acetate buffer, 5 ml of sample volume or iron standard
with iron free water and 0.2‘ ml bathophenanthroline sulphonate.

11. The sample were allowed to stand for at least 15 minutes before the measurement
of optical density at 535 nm.

12. The iron concentration of sample was calculated in pgFe/gm sample.

44049
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TABLE 19. Sample volume for colorimetric analysis.
Acetate DI Iron Digest Chromogen
Sample Buffer H,O STD Sample
(ml) (ml) (ml) (ml) (ml)
Water Blank 1.0 5.0 - - 0.2
Acid Blank 1.0 - - 5.0 0.2
Standard Fe
1 pug 1.0 4.0 1.0 - 0.2
2 ug 1.0 3.0 2.0 - 0.2
3 pg 1.0 2.0 3.0 ! 02
4 g 1.0 1.0 4.0 - 0.2
Unknown 1.0 4.0 - 1.0 0.2
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Figure 1B. Homogenized food sample in Kjeldahl flask.
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Figure 2B. Add 2.5 ml concentrated sulfuric acid and 2.5 ml concentrated nitric acid

into the Kjeldahl flask. T
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- Figure 3B. Digest with low heat and gradually increase the heat until it become dark

brown colour.
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Figure 4B. Add 2 ml of 30 % hydrogen peroxide ( H,O, ) into Kjeldahl flask.

£ =
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- Figure 5B. After added 1 drop of 1% paranitrophenol, slowly add concentrated

ammonium hydroxide until the sample turns yellow.
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Figure 6B. After added the chromogen solution it becomes red colour which is

directly proportional to the amount of iron in the food sample. - -
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Figure 7B. The optical density was read in spectrophotometer at 535 nm.
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APPENDIX C

Determination of total phosphorus and phytate

Principle

Phytate is extracted from food samples using 2.4% HCI. The extracted is
mixed with an EDTA/NaOH solution and placed on an ion-exchange column. Phytate
" is eluted with 0.7 M NaCl solution and wet digested with a mixture of concentrated
nitric/sulfuric acid to release the phosphorus which is then measured colorimetrically.

Amount of phytate in the original sample is calculated as hexaphosphate equivalent.

Procedure

1. Weigh carefully 16 gm of homogenized food sample into a 125 ml Erlenmeyer

flask.
2. Add 50 ml 2.4% HC.
3. Cover flask and shake vigorously at room temperature for 3 hrs,
| 4. While sample is being shaken to extract the phytate, prepare the column. Use glass
barrell columns (0.7 x 15 cm) equipped with a valve.
5. Add 3 ml iron free water to empty, clean, mounted column and then pour a water
. Slurry of 0.5 g resin (anion exchange resin, AGI — X4, 100-200 mesh, chloride form

Bio-Rad. Cat No.140-1341) into the column.
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6. After the resin bed has formed, wash column with three, 15 ml volumes of 0.7 M
"~ NaCl.
7. Then wash column with three, 15 ml volumes of iron free water.
8. Remove sample from shaker and filter through Whatman filter paper (No.541).
Sample extract is stable for at least one week, after preparation, if refrigerated.
9. Pipet 4.0 ml of filtrate into a 25 ml volumetric flask. Add 4.0 ml Na,EDTA-NaOH
solution. Bring to 25 ml volume with iron free water.
10. Mix and pour quantitatively onto column; discard eluate.
11. Elute with 15 ml iron free water, discard eluate.
12. Elute with 15 ml of 0.1 M NaCl, discard eluate.
13.'Elute with 15 ml of 0.7 M NaCl, collect this fraction in digestion vessel.
14. Add 0.5 ml concentrated sulfuric acid, and 6.0 ml concentrated nitric acid to flask.
Add 3 glass beads.

Note: Before adding the next sample to the column, regenerate the resin by
pouring three,15 m! volumes of 0.7 M NaCl and three,15 ml volumes of
iron free water through the columns. After a week, discard old resin and
replace with fresh resin.

" 15. Digest under hood on micro-Kjeldahl rack over medium heat until active boiling
ceases, and a cloud of thick yellow vapor fills the neck of the flask.
16. Heat contents for 5 minutes more on medium hgat, 5 minutes on low heat, then

turn off burner.
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17. When flask is cool, add 10 ml of iron free water, swirl to dissolve salt, or heat tube
on low temperature setting if necessary in order to dissolve salt and continue heat
flask on low temperature for 10 min.

'18. Permit solution to cool.

19. Transfer solution quantitatively to a 100 ml volumetric flask.
20. Add 4.0 ml molybdate solution, mix well.
- 21. Add 2.0 ml sulfonic acid reagent, mix well.

22. Make to volume, mix well, let stand 15 min and read absorbance at 640 nm.
Preparation of phosphate standard curve

Reagent
-1. Phosphate standard solution.
2. Molybdate solution.

3. Sulfonic acid solution.

Procedure
1. Pipet 0.5, 1.0, 1.5, 3.0, 5.0 and 10.0 ml of standard phosphate solution (80 pg
: .P/r'nl) into each of three, 100 m! volumetric flasks. Add about 20 ml water. Mix
fhroughly.
2. Add 4 ml molybdate solution. Mix well.
3. Add 2 ml sulfonic acid solution. Mix well.

4. Bring to 100 ml volume with iron free water . Mix well.
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5. Equilibrate for at least 15 minutes.

-6. Read in a spectrophotometer at 640 nm.

TABLE 20. Standard solution, 80 pg phosphorus/ml.

ml std ng/P Absorbance (A) Conc/A (K)
0.5 40 0.0908 440.53
1.0 80 0.1805 44321
1.5 120 0.2711 442 .64
3.0 240 0.516 465.12
5.0 400 0.852 469.48
10.0 800 1.490 536.91

Mean K 466.48

Calculation of phytate concentration in food
1, Read Absorbance (A).

2. Multiply Absorbance (A) times “Mean K~ to get ug phosphorus per sample or

dilution.

(K is derived by dividing concentration of phosphorus in a standard by the
absorbance obtained for that standard). It represents the calculated concentration

per unit absorbance for each concentration of standard. The “Mean K- obtained
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from the several standards is comparable to,but a more precise estimate of the mid
point on the best straight line of a standard curve.

3. Multiply by 0.781 to obtain pg phosphorus per gm of sample. (0.781 is dilution

factor derived as follows: where 50 is ml of extraction acid, 16 is the

50
(16x4)
‘weight of the sample in gm, and 4 is ml of the extractable filtrate placed on the
column).
4. Divide by 1000 to get mg of phosphorus per gm of sample.

5. Divide by 0.282 to convert mg of phosphorus per gm of sample to mg of phytate

per gm of sample. (The phytate molecule is 28.2% phosphorus).

Calculation

mg phytate / g sample = MeanKx Ax0.781/(0.282 x 1000)

Determination of total phosphorus
| Total phosphorus in the extracted sample was determined by pipetting 4 ml of
filtrate in step 8 into digestion vessel, add 11 ml of 0.7 M NaCl and then follow the
procedure from step 14 to 22. Calculate total phosphorus concentration in the sample
from following formula :

mg Phosphorus / g sample = Mean K x A x 0.781/1000
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Figure 1C. Extract the food phytate with 2.4% HCI cover flask and shake at room

temperature for 3 hrs. .
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Figure 2C. Prepare the column use glass barrell columns (0.7x15cm) equipped with a

valve. .
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Figure 3C. Add 0.5 ml concentrated sulfuric acid, and 6.0 ml concentrated nitric acid

to Kjeldahl flask. rr
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Figure 4C. Digest under hood on micro — Kjeldahl rack over medium heat.
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Figure 5C. After digested the solution become dark brown colour.
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Figure 6C. The blue colour was developed according to amount of phosphate after

added molybdate-sulfonic acid solution. b



~ Fac. of Grad. Studies, Mahidol Univ. M.Sc.(Radiological Science) /113

Figure 7C. The optical density was read in spectrophotometer at 640 nm.
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APPENDIX D

Determination of iron-binding phenolic compound

Principle

Phenolic compounds are extracted from food samples by dimethylformamide

(DMF) in an acetate buffer. A ferric ammonium sulfate reagent is added and the

resulting colour is read spectrophotometrically at two wavelengths corresponding to

the absorbance maxima of Fe-catechol and Fe-galloyl complexes. Food blanks and

reagent blanks are substracted.

Procedure

1.

2.

Weigh 0.5 — 2.0 g food sample into a 125 ml Erlenmeyer flask.

Add 50 ml 50% DMF-acetate solution.

. The flask is carefully stoppened and shaken in a shaking machine for 16 hours at

room temperature.

Remove sample from shaker and filter through a paper filter (Whatman No.541).
’i‘he food blank is prepared by mixing 2 ml of the filtrate with 8 ml of food blank
reagent in a 15 ml test tube. kead against a blank consisting of 2 ml DMF-acetate

and 8 ml of food blank reagent at both wavelengths.
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6. 2 ml of the filtrate is vigorously shaken with 8 ml FAS — reagent in a 15 ml test
tube.After 15 min the sample is read at 578 and 680 nm against reagent blank
consisting of 2 ml DMF - acetate and 8 ml FAS — reagent.

7. Values for food blank are substracted from polyphenol extinction at each
wavelength. The resulting net extinction values at 578 and 680 nm are used in the
calculation.

8. Standard solutions containing tannic acid (TA) and catechin (C) are read with

‘unknown samples, reagent blank and food blanks in each series.

Calculations

1. Abbreviations
1.1 Unknown samples :

N°"® = Net sample extinction at 578 nm.

N680

I

Net sample extinction at 680 nm.

SW

Sample weight in milligram.

- 1.2 Standard solution :

i

St. ext. TA 578 Standard extinction tannic acid at 578 nm.

St. exf. TA 680 = Standard extinction tannic acid at 680 nm.

St. ext. C 578 = Standard extinction catechin at 578 nm.

St. ext. C 680 Standard extinction catechin at 680 nm.

i

St. conc. TA = Standard concentration tannic acid pg/mi.

St. conc C = Standard concentration catechin pg/ml.
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2. Calculations

2.1 Extinction ratios of standards

k, = St. ext. C 578 / St. ext. C 680

It

ky = St. ext. TA 680 / St ext. TA 578
2.2 Calcution of content of tannins and catechins in unknown samples.

Step 1. Calculation of true extinctions

T ext. 578

True extinction at 578 nm.

Tannin extinction

The part of the extinction read at 578 nm originating from tannin in the food
‘sample. The extinction at this wavelength orginating from catechin has thus been
substracted.

T ext. 680

True extinction at 680 nm.

Catechin extinction
The part of the extinction read at 680 nm originating from catechins. The

extinction originating from tannins at this wavelength thus been substracted.

578 630
Text 578 = 2 —AN"
1-kk,
680 _ 578
T ext. 680 = u—
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- Step 2. Calculation of amounts of catechin equivalents (mg/g sample)

and tannic acid equivalents (mg/g sample)
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St. conc. Cx50x T ext. 680
SW x ST. ext. C 680

Catechin equivalents =

(mg/g sample)

St. conc. TAx50x T ext. 578
SW x St. ext. TA 578

Tannic acid equivalents =

. | (mg/g sample)

Figure 1D. Prepare tea and coffee in different dilutions.
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Figure 2D. Standard solutions containing tannic acid (TA) and catechin (C).
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Figure 3D. The green colour was developed according to the amount of catechin.

=
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Figure 4D. The blue colour was developed according to the amount of tannin.
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APPENDIX E

Preparation, name and components in the test meals

Meal preparation

The meal was prepared for one serving. All food items were carefully weighed
uéing a direct reading Mettler balance. Boiled rice and simple steamed rice menus were
prepared in the kitchen of the Nuclear Medicine Research Laboratory at Siriraj

Hospital. The more complex steamed rice meals were supplied from hospital’s kitchen.

Drinks preparation
Orange juice

Weigh 2 g of Tang orange add 30 ml of cold water, aliquot 25 ml into sample.
Coffee

Weigh 1.5 g of Nescafe Red Cup and 2 g of Mitrphol sugar add 30 ml of hot
wafer; aliquot 25 ml into sample.
Tea

Weigh 3 g of Three Horses Bran Special Tea add 150 ml of hot water, leave for

- 20 minutes, aliquot 25 ml into sample.
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- Milk
Nong Pho UHT Fresh milk (unsweetened), aliquot 25 ml into sample.
Vitamax
Weigh 6 g of Vitamax add 30 ml of hot water, aliquot 25 ml into sample.
Vitamax — chocolate
" Weigh 6 g of Vitamax — chocolate add 30 ml of hot water, aliquot 25 ml into
sample.
Monie Gold
Weigh 6 g of Monie Gold add 30 ml of hot water, aliquot 25 ml into sample.
Monie Gold — chocolate
Weigh 6 g of Monie Gold L chocolate add 30 ml of hot water, aliquot 25 ml into
sample.
Milo
Weigh 3 g of Nestle Milo add 30 ml of hot water, aliquot 25 ml into sample.
Ovaltine

Weigh 3 g of Ovaltine add 30 ml of hot water, aliquot 25 ml into sample.

Drinks preparation for the determination of iron — binding phenolic groups
Coffee
Weigh 0.5 g of Nescafe Red Cup add 10 m! of hot water, aliquot 0.1 ml for the

determination.
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Tea
Weigh 3 g of Three Horses Bran Special Tea add 150 ml of hot water, leave for
© 20 minutes, aliquot 0.1 ml for the determination.
Milo
| Weigh 1 g of Nestle Milo add 10 ml of hot water, aliquot 0.1 ml for the
determination.
OV:;ltine
Weigh 1 g of Ovaltine add 10 ml of hot water, aliquot 0.1 ml for the
determination.
Chocolate
Weigh 0.334 g of Van Houten Cocoa add 10 ml of hot water, aliquot 0.1 ml for

the determination.



Rujira Chokchai

Appendix /124

- TABLE 21. Identification and description of the components, inhibitor and / or

promotor in the test meals.

ID. Name Major ingredients Minor ingredients Inhibitor and / or
promotor
1 | Boiled rice , Salted Green mustard pickles
mustard green
2 | Boiledrice , Pork dried | Pork dricd Pork
.3 | Boiledrice , Salted egg Salted egg Egg
4 | Boiled rice , Fried egg Fried egg Sauce Egg
5 | Boiled rice, pork Pork Soup , vegetable dressing | Pork
6 | Boiled rice, fish Fish Soup , vegetable dressing | Fish
7 | Boiled rice , shrimp Shrimp Soup , vegetable dressing | Shrimp
8 | Joke pork Pork Soup , vegetable dressing | Pork
9 | Joke pork with egg Pork , egg Soup , vegetable dressing | Pork , egg
‘10. Rice , Pork soup Pork , soybean curd Soup , vegetable dressing | Pork , soybean
curd
11 | Rice, Kaitun Egg Soup, vegetable dressing | Egg
12 | Rice, Fried fish Fish Sauce Fish
13 | Rice, Kaoiao Pork , pork liver , pork Soup , vegetable dressing | Pork , pork liver ,
blood pork blood
14 | Rice, Fried pork Pork with garlic and Sauce Pork
’ pepper
15 | Rice, Fried pork liver Pork liver with garlic Sauce Pork liver
and pepper
16 | Rice , Fried sponge gourd | Chicken , sponge gourd , | Sauce, fish sauce , oyster | Chicken , egg
egg sauce
17 | Rice , Fried meat Meat , chinese kele Sauce , oyter sauce Meat
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TABLE 21. (Continue) Identification and description of the components, inhibitor and

/ or promotor in test meals.

ID Name ngor ingredients Minor ingredients Inhibitor and / or
promotor
| 18 | Rice, Fried shrimp Shrimp , young com Sauce , oyster sauce Shrimp , young
with young corn corn
19 | Rice, Chicken Pa - Lo Cﬁicken , €88 Soup (Pa-Lo) Chicken , egg
20 | Rice , Pork soup Pork , soybean curd Soup , vegetable dressing | Pork , soybean
curd
21 | Rice, Chicken curry Chicken , chicken blood , | Chili paste Chicken , chicken
egg plant , coconut milk blood , egg plant
22 | Rice, Pork soup Pork , ashgourd Soup , vegetable dressing | Pork
23 | Rice, Celery cabbage Pork , celery cabbage Soup , vegetable dressing | Pork
soup
24 | Rice , Fried mungbean Pork , mungbean noodle Tomato , Jew’s ear Pork , mungbean
noodle | mushroom noodle
25 | Rice, Chicken curry Chicken , cabbage , Chili Chicken
coconut milk
26 | Fried rice , Fried Chicken , ashgourd Lemon juice , tomato , Chicken
chicken , ashgourd soup cucumber , soup
27 | Rice, Pork green curry | Pork , pork blood , egg Chili paste Pork , pork blood
plant coconut milk egg plant
28 | Fried rice with small Small shrimp salted Soup , vegetable dressing | Pork , small
shrimp salted fermented | fermented , celery ,pork , €gg , lemon juice , shrimp salted
celery soup cucumber , shallot fermented
29 | Rice, Fish (Tom—yum ) | Fish (Platu) Tomato , lemon juice , Fish (Platu)
Chilli , vegetable dressing
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TABLE 21. (Continue) Identification and description of the components, inhibitor and

/ or promotor in test meals.

D Name Major ingredients Minor ingredients Inhibitor and / or
promotor
30 | Rice, Pineapple curry Pineapple , shrimp , Chili paste Shrimp pineapple
_coconut milk

31 | Rice, Chicken green ' Chicken , chicken blood | Chili paste Chicken , chicken

curry , €gg plant , coconut blood ,egg plant
milk

32 | Rice, Kaitun , bitter Egg , pork , bitter melon | Soup, vegetable dressing | Egg , pork
melon soup

33 | Rice , Kai Ka - Proa Chicken Chili , Holy Basil , sauce | Chicken

34 | Fried rice , Fried chicken | Chicken, crab, cabbage | Tomato , cucumber , soup | Chicken , crab
, cabbage soup
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