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Chicken and porcine blood curds are the iron-rich foods from animal, which have the
lowest costs per mg of iron. The blood curds were pressed in order to remove certain
amount of water before using in the developments of blood-fortified cookies and
traditional Thai fish chips (Kow-krieb). The fortification was performed by adding
blood curds into the original recipes at 10, 20, 30 and 40%. Total, heme and nonheme
iron contents were analyzed. Iron contents of all forms were not significantly different
in both kinds of blood curd (p>0.05). Iron contents of the blood curds collected from
6 different markets and/or at different times were not much different and on average
about 15 mg/100 g (about 230 mg/100 g dry basis). Pressed blood curds contained
about 190 mg of iron/100 g dry basis. Addition of either chicken or porcine blood
curd affected sensory qualities of cookies and chips. The sensory scores for general
appearance, color, overall acceptability, odor, taste, texture, crispness and off-flavor of
the fortified products: chicken blood fortified cookies (CkC)and chips (ChC), and
porcine blood fortified cookies (CkP) and chips (ChP) were significantly better at the
10% fortification level (p<0.05). The overall acceptability scores of the 40%CkC,
40%ChC, 40%ChP, and the 30%CkP products were higher than 5 on 9-point hedonic
scale (neither like nor dislike, to like slightly); the products were studied for shelf
stability along with the 10% fortification samples. The iron contents in the CkC and
ChC products at 10 and 40% fortification levels were 3.07, 8.62 and 2.39, 5.15
mg/serving, respectively, and were 3.68, 7.24 and 2.57, 5.06 mg/serving in the CkP
and ChP at 10, 30 and 10, 40% fortification levels, respectively. Upon processing,
heme iron of fortified blood curds significantly changed into nonheme iron (p<0.05).
During the 30-day storage, the senscry acceptability scores of the blood-fortified
cookies did not significantly change (p>0.05). However, the scores for general
appearance of deep-fried blood-fortified chips significantly changed during storage (p
<0.05). Nonheme iron contents in the products of higher fortification levels (30,40%)
significantly increased (p<0.05). The water activities of the products were in the range
of 0.3-0.4 and remained under 0.6 during storage. The peroxide values of the cookies
at 10% fortification levels were lower than of the cookies at 30% and 40% fortification
levels during storage. However, such difference was not observed in the deep-fried
chips. Costs of raw materials for fortified cookies were about 56 and 65 Baht/kg in
10% and 30-40%fortification, respectively. While, the costs of deep-fried chips were
about 50 and 60 Baht/kg in 10% and 4C% fortification.
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CHAPTER

INTRODUCTION

Iron deficiency anemia (IDA) is one of the uttermost severe malnutrition
problems found in Thailand. Primary school children and pregnant women are among
the prevalent groups, which account for 12.6 and 12.9%, respectively (1). About 30%
of pregnant women in the south of Thailand are confronting with the iron deficiency
anemia (2). IDA in pregnant women can lead to low birth weight baby, fetal
morbidity and mortality, maternal morbidity and mortality (3). While IDA in general
population can lead to decreases in learning ability, attention span, work performance
and immune status (3-4), and finally lowers the efficiency of people in the nation. The
main cause of IDA is normally based on the fact that the amount of iron consumption
per day of Thai people is lower than the requirement of each specific age, gender and
stage of development (5). Thai RDI recommends iron intake of 15 mg (6), however
the average iron intake for the Thais was only 11.8 mg. and the consumption of iron
from animal sources, which is the best bioavailability, contributes only 3 mg in one
day (5). The problem can be worsening in pregnant women since their iron
requirement is as high as 45 mg/day (7). Supplementation with iron tablet is an
important strategy used for preventing IDA especially in pregnant women. However,
iron tablet intake sometimes causes unacceptable symptoms such as vomiting,
constipation, epigastric discomfort, diarrhea (3). Dietary modification is therefore
another suitable and practical strategy, especially in the country like Thailand, which
is one of the biggest food producers in the world (8). Food sources for iron can be

from both plants and animals. The disadvantage of this food-based strategy, however,
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is based on the fact that the availability of iron, especially from plant sources, is
usually low due to natural inhibitors found in plant itself. It has been known that iron
from animal source is the best in term of bioavailability.

Animal blood, which is a by-product from slaughterhouse, is widely consumed
among Thai population. Animal blood is therefore a potential source of iron from
animal, which can reach the target population. Many researchers had performed
studies on the uses of animal blood for fortifying food products such as chip, biscuit.
However, most product developments were based on the use of heme iron concentrate,
which cannot be locally produced. Products developed by using cooked blood curd
did not contain iron in the amount that could have significant contribution.
Furthermore, the change in heme iron content during processing of blood curd also
needed to be considered, since such change can decrease the bioavailability. Very
often, this has not been investigated.

This research was designed to develop the iron-rich food products, which can
be produced by using locally available animal source and technology. The products
should be acceptable and affordable by general consumers, and have a reasonable

shelf life.

Objective of the study

General objective
To develop iron-rich food products from animal sources, which are acceptable

to consumers in Thailand.
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Specific objective
1. To select the appropriate animal sources of iron for product development.
2. To develop iron-rich food products.
3. To evaluate the nutritive value of animal blood curd and products.
4. To evaluate the shelf stability of the products.

5. To determine cost of the products.
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CHAPTERI11

LITERATURE REVIEW

2.1 Overview of Iron

Iron is the 26™ element of the periodic table and has an atomic weight of 55.85
(9). Iron is the fourth most common elements after oxygen, silicon and aluminum
(10). Element iron, Fe’, is rarely found in biological environment but does occur in
food, as it is a common food additive (11). Dietary iron is present in food both in
inorganic forms as ferrous (Fe**) and ferric (Fe**) compounds and in organic forms,
which the most important of these being heme iron (figure.1) (12). Another organic
form of iron existed in bacteria, plants and animals is nonheme iron protein which iron
is incorporated not to nitrogen but to sulfur of some sulfur-containing amino acid such
as cysteine (figure 2) (13). The major function of iron in the body is oxygen carrier in
blood and muscle tissue, electron carrier in cytochromes and enzyme catalysis (13).
In differing chemical environments, several oxidation states of iron ranging from Fe®
to Fe?" were found (14, 11). In aqueous solution, iron exists mostly in two oxidation
states, Fe?*, the ferrous form and Fe*”, the ferric form (9). A special properties of iron
is how easily it changes between these two forms which enables iron to serve as a
catalyst in redox reactions by donating or accepting electrons (9). The importance of
iron as an element necessary for life derives from its redox reactivity as it exists in two

stable, interchangeable forms of the



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Food and Nutrition for Development) / 5

ferrous (Fe**) and ferric (Fe**) forms (12). The importance of iron to the world’s
population in the nutritional point of view is that about 2,150 million people
worldwide are confronting with the iron deficiency and anemia (15). The research
coped with searching the way to alleviate iron deficiency is therefore undertaken

worldwide.

CH,COOH

histidine (N)\

Figure 1 Structure of heme-iron in hemoglobin/myoglobin/cytochrome
Source: Spallholz et al. 1999 (13)

Figure 2 Structure of Iron-sulfur protein
Source: Spallholz et al. 1999. (13)
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2.2 Distribution of Iron in the Body

Iron is present in all cells of the body (16). It accounts for 0.004 percent of
body weight (17) which is equivalent to 2.5 to 4 g of iron. The precise amount of iron
in an individual depends on gender, age, size, nutrition status and health (18).
Approximately two thirds of body iron is utilized as functional iron such as
hemoglobin (in the blood), myoglobin (in the muscles), and the rest of functional iron
as a component of enzymes in the cells. The remaining one-third of body iron exists
as storage iron such as ferritin and hemosiderin, which are found in the liver, spleen
and bone marrow (18), and as iron in transit bound to the protein transferrin within the
blood or the cells of the intestinal wall (18,12). The amount of stored iron in the body
'is variable, being more in men (approximately 1000 mg) than in women
(approximately 400 mg) (18). Up to 40 mg of iron is transported each day while only

about 4 mg of iron is being transported within the blood at any time (18).

2.3 Nutritional Aspects of Iron

Iron is among the minerals known to be dietary essentials that are required in
exceedingly small or trace amount (19). It is the fourth most abundant terrestrial
element, comprising approximately 4.7% of the earth’s crust (10). This great
abundance of iron in nature makes it surprising that iron deficiency is the most
common nutritional deficiency in the world. The clinical sign of iron deficiency is

known as the nutritional anemia.
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2.4 Function of Iron

The major function of iron is oxygen transport (17). However, the known
function in general is the constituent of (a) hemoglobin for oxygen transport, (b)
myoglobin for muscle storage of oxygen, (c) cytochromes for oxidative production of
cellular energy in the form of ATP (9), and (d) formation of red blood cell.(16)

2.4.1 Hemoglobin for oxygen transport

Hemoglobin is the oxygen-carrying protein of vertebrate blood (20). Itis a
multi-subunit of protein comprising with four subunits. Each hemoglobin molecule
binds to four oxygen molecules. When the red blood cells pass through the capillaries
of the lungs, oxygen from the lungs binds to the hemoglobin molecules in the cells.
Then, the red blood cells transport oxygen-bearing hemoglobin through the body. In
the tissues, the oxygen is released from the hemoglobin to diffuse out of the red blood
cells, out of the blood and into the tissues cells (18). Hemoglobin also transports
carbon dioxide, a by-product of cellular metabolism back to the lungs for excretion
(17).

2.4.2 Myoglobin for muscle storage of oxygen

Myoglobin is a single-subunit protein consisted of a single heme with a single
globin chain (18). It functions as a temporary oxygen reserve in muscle metabolism
(17). The oxygen is needed to combine with nutrient molecules and to release the
energy to meet the needs during muscle concentration (9). If the rate of diffusion of
oxygen from the red blood cells to the cells is limited, the concentration of muscle
myoglobin is drastically reduced. This is due to the rate of diffusion of dioxygen from

erythrocytes to mitochondria is limited (10).
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2.4.3 Cytochromes for oxidative production of cellular energy

Cytochromes are heme-containing compounds. Their role in respiration and
energy metabolism is through mitochondrial electron transport. Cytochromes are
essential to the production of cellular energy by oxidative phosphorylation. They
serve as electron carriers in the transforming of adenosine triphosphate (ATP), which
is the primary energy storage compound. Cytochrome C is found highest in the heart
muscle that has a high rate of oxygen utilization (9).

2.4.4 Iron containing enzymes

Some nonheme iron containing enzymes such as the iron-sulfur complexes of
NADH dehydrogenase and succinate dehydrogenase are also involved in energy
metabolism. These enzymes are required for electron transport chain (ETC) (9).

2.4.5 Formation of red blood cell

Because the iron-containing protein hemoglobin is a major component of the
red blood cells (erythrocytes), iron is obviously required for the formation of red
blood cells. This can be expressed in other way that iron is essential for formation of
red blood cells which is formed in the bone marrow in the process known as
erythropoiesis. During the erythropoiesis process, the heme groups become bound to
globin molecules, also synthesized by the erythroblast, to form a completed
hemoglobin molecules. This process requires the help of vitamin Bg and the mineral
copper (18). When the red blood cell production starts to deteriorate, plasma iron
concentration begin to fall. If the situation continues, the effects of the reduced supply
of the oxygen to the cells become evident in the symptoms of nutritional or iron

deficiency anemia (19).
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2.5 Metabolism of Ironr

2.5.1 Digestion

Iron is present in food in two forms i.e. the heme and nonheme iron. Most
nonheme iron in food is present as insoluble ferric iron (Fe**)(10). In the stomach,
insoluble ferric iron is solubilized by hydrochloric acid and is reduced to the ferrous
form (Fe2+) (21). At the same time, peptic digestion release heme iron from its globin
bound form, but is not degraded (22). However, iron availability is not entirely
dependent on factors within the stomach alone. Various dietary components in the
intestine also influences iron bioavailability.

2.5.2 Absorption

The majority of iron absorption takes place in the duodenum and upper
jejunum (10). Absorption involves at least two stepg: (i) uptake of iron from the
intestinal lumen into the mucosa and (ii) transfer across the mucosal cell and serosal
membrane into the circulation (12). The ferrous form (Fe?*) must first traverse in the
mucous layer to reach the brush border of intest?nal epithglial cells. Ferrous form
(Fe?*) must be oxidized to ferric form (Fe®*) before it enters the epithelial cell. At the
brush border of the epithelial cells, the ferric form (Fe*") is bound to a receptor
protein, which then transfers iron into the cellular apotransferrin. The receptor protein
plays a regulatory role by facilitating iron absorption when the body’s needs for iron
are augmented. The final step in iron absorption is the release of iron from the
mucosal cell to plasma (22).

The body iron store as reflected by the hemoglobin level is a strong
determinant of intestinal uptake of nonheme iron (9). The absorption of nonheme iron

from food is about 1-8% of that consumed (23), and its absorption depends on the
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individual's iron status, and on the presence of enhancers and inhibitors consumed
during the same meal (23). In the case of heme iron, after iron is liberated from heme
by the enzyme heme-oxygenase (21), it traverses into the cell for transferring to
plasma as ferric iron (Fe*"). However, a small portion of the heme absorbed by
mucosal cells enters the portal blood as heme (21). Although heme iron accounts for a
smaller proportion of iron in the diet than nonheme iron, it is absorbed readily, 2-3 -
times more than nonheme iron. About 20-25% of heme iron consumed is absorbed,
independent of the iron status and unaffected by the other components of the diet (23).

2.5.3 Transportation

Transferrin is a plasma transport protein, which transports iron from the
intestine to the tissue (9). Transferrin delivers iron to the tissues by cell membrane
receptors specific for transferrin. The receptors bind the transferrin iron complex at
the cell surface and carry it into the cell, where iron is released. Tissues such as the
erythroid precursors, the placenta and the liver that have a high iron uptake, contain .
large numbers of transferrin receptor (9). When cells are in an iron-rich environment,
the number of transferrin receptors decreases. Conversely, when iron supply to the
cells is inadequate because of iron deficiency or increased iron demand related to high
cell turnover, thie numbers of transferrin receptors increases (9).

2.5.4 Storage

The iron stored in the body is in the range of 200 to 1500 mg body weight
(24). The amount of iron stored in the body is 30% in the liver, 30% in the bone
marrow, and the rest is found in the spleen and muscles (24). The iron storage
- compounds are ferritin (about 20 %) and hemosiderin (10 %) and both of these are

protein-iron complexes (10). The iron bound to ferritin is more readily mobilized
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than iron bound to hemosiderin (9). However, the storage iron concentration in the
body varies depending on gender and iron status (10). Generally it is higher in healthy
adult males than in premenopausal women (18,19). Stored iron serves as a reservoir
to supply cellular iron needs, which is used for hemoglobin production (9,24).
However, storage iron can be mobilized up to 50 mg/day and of this, only 20 to 25 mg
is used for hemoglobin production (21, 24). A small amount of circulating ferritin are
detectable and closely correlate with body iron stores (24). More than 90% of
hemoglobin iron is repeatedly recycled (21). In general, poor iron status improves
absorption (19).

2.5.5 Excretion

The basal excretion of iron from the body are occurred primarily in the feces,
desquamated mucosal cells, blood, desquamated skill cells, sweat and urinary (9). The
total losses average 1.0 mg/day and 0.8 mg/day in adult men and women, respectively

(12). For premenopausal women, the iron lost in the menstrual blood average 0.4-0.5

mg/day (9).

2.6 Recommended Daily Dietary Allowances of Iron

The amounts of iron that must be received each day to compensate for the
normal losses and meet the body’s needs for good health is what is described as daily
recommendation. Iron requirements are increased during pregnancy and period of
rapid growth (23). The current recommended dietary allowances (RDA) for iron is
based on average iron stores of 300 mg and an average daily iron losses of 1 mg for

men and 1.5 mg for women (9,25). In 1989, Ministry of Public Health established the
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recommended daily dietary allowance (RDA) for healthy Thai people (7). According
to Thai RDA, the iron requirement depends on age and gender (Table 1). Later, in the
year 1995, Thai recommended daily intake (Thai RDI) was established by Thai Food
and Drug Administration to be used for nutrition labeling and as a guideline for the
development of fortified product (6). The Thai RDI for dietary iron is 15 mg/day for

people aged 6 years old and over(6).

Table 1 Recommended dietary allowance of iron (Thai RDA)

Group Age Iron (mg)
(months)
Children 3-5 6
6-8 7
9-11 8
(year)

Boy-Girl 1-9 10
Boy 10-15 12
Male 16 10

Female 10-49 15

50- 10

Pregnant 30
Lactating 15

Source: Thai RDA (1989), (7)

2.7 Sources of Iron in Foods
Iron in food can be found in three forms i.e. food iron such as animal and plant
products, fortification iron, and contamination iron (3).

2.7.1 Food Iron

One of the best food iron sources is the animal product such as meat, fish and

poultry (MFP). These products contained between 30 to 60 percent iron in the heme
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form and the rest is appeared in the nonheme form (26). The study of
Kangsadalampai and Wattanapenpaiboon, (1987) depicted that beef, pork and chicken
were good sources of iron with regard to their high total and heme iron contents (27).
Liver and heart contained higher total and heme iron than that of the meat (27).
Among the animal products, it is well accepted that cooked blood curd contained the
highest in both the total and heme iron contents. Wang et al. (1994) showed that the
average total iron content in porcine blood curd was 224 mg/kg. The content of iron
from animal sources, however, varies between animals and products. The total and
heme iron contents of cooked porcine blood curd were found to be 161.79 and 142.33

ng/g. Total and heme iron contents in cooked chicken blood curd were only 99.94

and 80.67 pg/g (27). A study indicated that the quantities of heme and nonheme iron
in porcine blood were 182 and 43 mg/kg, respectively (28). Whereas the total iron
content of heme iron concentrate was found to be 2.5-3.3 mg/g (29), dry pig blood
powder contained about 2.3-2.6 mg/g of total iron (30). On this ground, it can be
concluded that cooked or dried blood may be a good source of iron for fortification in
other food products.

Another source of food iron is iron from plants. Plant iron can be a fairly good
source of iron, but most of their iron is present in the nonheme form (18). Potatoes,
white sesame seeds, green stalks, dark green leaf are good sources, and whereas high
amount of iron is also found in legumes, especially soybean hulls (18,26,31).
However, certain dietary factors such as phytate and fiber, decrease the absorption of

iron from plants (26).



Poonsub Insung

Literature Review / 14

Table 2 Total iron, heme and nonheme iron contents of animal sources in Thailand

Iron content (pug/g wet basis)
Sources Total Iron Heme Iron Nonheme Iron
Beef round 41.63 27.42 14.22
Beef tenderloin 42.77 22.71 20.06
Pork round 11.52 6.85 4.67
Pork tenderloin 8.82 3.24 5.58
Chicken leg 11.41 3.48 7.93
Chicken breast 12.86 1.27 11.70
Liver
Beef 122.28 51.53 70.76
Hog 214.37 28.95 185.42
Chicken 99.19 18.56 80.73
Heart
Beef 52.48 27.15 25.28
Hog | 57.98 24.88 33.10
Chicken 36.99 15.83 21.16
Cooked blood
Hog blood 161.79 142.33 19.46
Chicken blood 99.94 80.67 19.32

Sources: Kangsadalampai O and Wattanapenpaiboon N, 1987 (27)




Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Food and Nutrition for Development) / 15

2.7.2 fortification iron

There are several examples of iron fortification applications that are successful
on a large scale such as wheat flour, cereal products, pasta products, milk powder,
infant formulas, rice flour, salt and curry powder (32). Most of these iron criterions
depicted that iron can be fortified successfully by using these food vehicles.

2.7.3 Contamination iron

An additional iron source is iron cooking utensils. Most of foods (90%)
contained significantly more iron when cooked in iron utensils than when cooked in
non-iron utensils (33). According to a study of Liu et al (1986), it was found that the
amount of dissolved iron in food cooked in Chinese iron pots was two to five times
higher than that in food cooked in the other types of pots (34). Moreover, the iron

added to food cooked in iron pots is bioavailable (35).

2.8 Dietary Factors Affecting Iron Bioavailability

The bioavailability of iron from diets depends on the interaction of the
enhancers and inhibitors of iron absorption present in the meal or consumed
immediately after eating (36). The factors enhancing the bioavailability of dietary iron
are animal tissue and ascorbic acid, whereas several potential inhibitors have been
identified, including phytate, polyphenols (tannins) and calcium (12,37-41).

2.8.1 Enhancers

(a) Meat
The heme iron in meat is absorbed as intact metalloporphyrin via specific and high-

affinity mucosal brush border heme-binding site (42). The absorption of heme iron is
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unaltered by dietary composition (12). Moreover, meat is an excellent source of
bioavailable food iron and it also enhances absorption of nonheme iron from a variety
of staple foods of low bioavailability. Cook and Monsen (1976) showed that the
substitution of beef, pork, liver, fish and chicken in the semi-synthetic meal resulted in
an increased rate of iron absorption between two to four folds. Whereas substitution
of milk, cheese or egg will not increases iron absorption (42). Hallberg and Rossander
(1984) found that adding 75 g of lean meat (15 g protein) in the basal meal (maize,
black bean and rice) can increase the absorption of nonheme iron by about 2.5 times
(43). Hallberg et al. (1978) studied on iron absorption from Southeast Asia diets and
found that the addition of fish to the basal meal doubled the absorption of iron while
the iron absorption from the simple meal was negligible (37). Hulten et al. (1995)
measured on iron absorption from the whole diet to compare with types of diets. The
result showed that iron absorption was increased from the diet with high iron
bioavailability, which usually contained more meat and less phytate (44).

(b) Ascorbic acid

Ascorbic acid promotes acid conditions within the stomach enhancing the
efficiency of solubilization of dietary ferric iron to ferrous forms, thereby precluding
the formation of insoluble ferric hydroxides. Ascorbic acid forms chelates with
solubilized ferric iron within the stomach and maintain solubility of ferric iron until
the chyme enters the alkaline environment of the small intestine (12). Ascorbic acid
has a dose related enhancing effect on iron absorption, but the nature of relationship is
affected by the composition of the meal (41). Hallberg and Rossander (1984) reported
that the addition of boiled cauliflower containing 65 mg ascorbic acid in the meal

increased the bioavailability of iron three to four times. While the addition of 50 mg
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pure ascorbic acid in the same meal was increased three times (43). Ballot et al.
(1987) observed that the absorption of nonheme iron by serving the fruit juice of
pawpaw and guava with rice meal was markedly increased. The increase was directly
related to the high ascorbic acid contents in both fruit juices, pawpaw and guava (45).

Furthermore, the addition of ascorbic acid to the typical South-East Asian meal
(rice, fish-curry, Namprikkapi, Yod Kratin) with high content of iron binding phenolic
groups, and a bread meal with high phytate content counteracted the inhibitory effect
of these compounds on nonheme iron absorption and improved the bioavailability of
iron from these meals (38-39). Hamdaoui et al. (1995) reported that the addition of 20
mg ascorbic acid in the mixed meal with the tea decoction increased the nonheme iron
absorption from this meal by more than 100%. However the addition of 5 mg ascorbic
acid in the meal was not able to overcome the inhibitory effect on nonheme iron
absorption (36). Davidson et al. (1998) evaluated the influence of ascorbic acid on
iron absorption from an iron fortified chocolate-flavored milk drink in children. Iron
absorption from the milk drink containing the standard commercial amount of ascorbic
acid (25 mg/ 25 g dry powder) was significantly greater than that of the chocolate milk
drink with no added ascorbic acid; In this study, doubling the amount of ascorbic acid -
in the chocolate milk drink from 25 to 50 mg increased the iron absorption from 5.4%
to 7.7% (45).

2.8.2 Inhibitors

(a) Phytate

Phytate is a strong complex form of phytic acid, which occurs in many plant
foods. It is the storage form of phosphorus in most seeds and in cereal grains (46).

Normally, the phytate presents in high fiber diets. Insolubility and/or indigestibility of
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complexes formed between iron, phytate and protein or fiber is a major cause of
inhibition of iron absorption (12). Phytate compounds have been shown to have
varying effects on iron availability. However the addition of phytate equivalent to 300
mg of phytic acid to the study meal produced a dramatic reduction in iron absorption
from 21.69% to 2.15%. When the no phytate protein sources were compared to those
with phytate, the lowest iron absorption was observed when either egg white, meat or
soy protein was fed alone with phytate in the meal (47).

(b) Polyphenols

The phenolic compounds found in vegetables, seeds, fruits, cereals, tea, coffee
and spices occur in several chemical forms. The form of iron binding with phenolic
compounds such as phenolic galloy group, phenolic catechol groups also contribute to
the effect of inhibition of iron absorption (48). Cook et al. (1995) studied the effect of
red and white wine on nonheme iron absorption in humans. The iron absorption from
the meal containing red wine was less than one-half of meal containing white wine or
water (49). Similarly, the addition of tea decoction to the study meal reduced the
absorption of nonheme iron from standard meal by 50% (36). Davidsson et al. (1998)
measured iron absorption of iron-fortified chocolate flavored milk drink in children by
stable-isotope technique. The result showed that absorption was significantly lower
from the chocolate flavored milk containing no ascorbic acid (45). For coffee, it is
well documented that the polyphenols bind to iron in the intestinal lumen, forming an
insoluble complex and thereby inhibiting iron absorption (50-51). Tuntawiroon et al.
(1991) studied on dose-dependent inhibitory effect of phenolic compounds in food on
nonheme iron absorption in men. The presence of increasing amounts of Yod Kratin

(Leucaena glauca) decreased the iron absorption more (38).
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( ¢) Calcium

Barton et al. (1983) concluded that calcium could probably induce iron
deficiency by delaying the uptake of iron into the intestinal mucosal cells or by
influencing the further transfer of iron from these cells into the circulation (52). When
the calcium dose between 40 and 600 mg were added to wheat roll prepared with low-
extraction flour. The degree of inhibition appeared to be dose-related with addition up
to 300 mg Ca, which decreased in nonheme iron absorption. In the same study, a
similar degree of inhibition of iron absorption occurred when comparable amounts of
dietary calcium in the form of dairy products were added rather than inorganic calcium
(41). In another report, iron inhibition was observed in normal subjects when
comparable amounts of supplemental calcium with two different forms were added to
meals of either high or low iron availability. The reduction of iron absorption was
28% and 55%, respectively. In another result of the same study, three forms of
calcium supplements (calcium carbonate, calcium citrate and calcium phosphate) were
shown to inhibit the absorption of iron sulphate if taken with food (40). Gleerup et al.
(1995) reported that 30-50% more iron was absorbed when the intake of calcium was

low at lunch and dinner compared with the higher intake of calcium at this meal (53).

2.9 Effect of processing on content and form of iron in food

In many steps of food processing has the potential to markedly alter the form
of iron in food products. Iron in food or food products may be lost through leaching
into processing water. It is found that the losses of iron in food processing are solely
due to leaching into cooking or processing water (54-55) or through the removal of

iron-rich parts of plants and animals (54,56). The size of pieces, the amount of water
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used, the cooking method and the length of cooking time affect the extent of iron loss
55, 57-58). Kimura and Itokawa (1990) found that losses of iron are varied dependent
on the type of cooking, size of pieces and time of cooking method. More iron is lost,
when the food with thin size were boiled in a large volume of water using slow heating
and long cooking time (28, 57). On the other hand, the loss of iron were least with
less water cooking (55). However, it was also found that iron in water to used for
cooking rice affected in an increase of iron content of rice after it has been cooked
(57). Moreover, an increase of iron content in the food containing sour ingredients
which is cooked in a cast iron utensil was reported by Torelm et al. (1997). This might
mean that iron was extracted from the cooking utensil (59). However,
Jansuittivechakul et al. (1985) showed that normal cooking and processing do not
appreciably affect the quality of iron in meat (60).

It is well accepted that the food processing influences the change in forms of
iron (heme and nonheme) of animal sources (28, 61-63). Moreover, the factors
affecting the change of iron form include temperature (28, 60-61, 63-67), method of
cooking (60, 64, 66), time (28, 64, 69) and surface area of food source (66, 57).
Numerous studies demonstrate dramatic changes in form of iron after food processing.
The result indicated that the interaction of heat processing with those factors decreased
heme iron content and increased nonheme iron content from animal sources (28, 61,
65-66,68,70). Schricker et al. (1982) showed that heating meat and red blood cells
increased the amount of nonheme iron (65). Schricker and Miller (1983) reported that
the cooking of fresh beef round using common household methods (braising, roasting,
microwave cooking) resulted in an increase of nonheme iron generally less than 10%

(66). Jansuittivechakul et al. (1985) reported that the heme iron in beef and bovine
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hemoglobin decreased due to cooking method and time of cooking (60). Similarly,
Wang and Lin (1994) depicted that the nonheme iron content of the porcine blood curd
increased significantly (p<0.05) with heating at temperature above 55°C whereas the
nonheme iron content was enhanced linearly with heating time at 80°C. In contra'st,
the heme iron decreased relatively with heating time (28). As the degree of cooking is
increased, more heme iron is destroyed, and the iron released into the nonheme form
(60 ,66, 68). Slow heating resulted in more release of hbnheme iron than fast heating
(28, 67). Moreover, the cooking methods either baking (60, 66) or frying (57) had an
effect on change of forms of iron.

This conclusion is in the line with the finding of Gall et al. (1983) who
concluded that it has small losses of major minerals of low fat fish curing baking (71).
However, Schricker and Miller (1983) reported that baking increases nonheme iron in
meat (66). It is found that the heme iron content in both the product containing bovine
hemoglobin and meat was decreased during baking with increasing temperature (60).
King et al. (1990) studied the effect of temperature; time and rate of heating on change
of nonheme iron concex;tx'ation of a hemoglobin iron concentrate (HIC). It was found
that the baking temperature at 100°C did not increase the nonheme iron content
significantly from the original level in spray dried HIC except when heated over 60
minutes. However, baking the product with the temperatures 150°C and 300°C, the
nonﬁeme iron content were increased significantly (p<0.05) comparing with non

* baked HIC (70).
| Frying has little or no impact on change of the mineral content of fried food
(57,72). Fillion et al. (1998) found that in potatoes and fish, the iron content was very

little affected by deep-fat frying (72). Whereas, the loss of iron content of thin slice
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meat in frying without flour was largest, followed by frying with dry flour and with
wet flour, respectively. Cooking loss of minerals is suspected to be caused by outflow
of minerals from food material (57). Moreover, cooking such as braising, roasting and

microwave cooking resulted in an increase of the non-heme iron content (66, 70).

2.10 Food-based Strategy

The food-based strategies to improve dietary iron intake and its bioavailability
can be emerged as the feasible strategy that can be implemented immediately within
the existing systems. However, it was suggested that food-based strategies must be
taken into account at household level food security and food habits of community in
order to have a workable and practical food combination (73). Two main important
points of view ie. food to food fortification and selection of food vehicle are
considered in this work.

2.10.1 Food to food fortification

Food to food fortification is a prominent food-based strategy, which has been
using worldwide as a tool for solving malnutrition problems. In Thailand, the food to
food fortification strategy had been introduced to Thai population at different levels
including family, community and industry (73). Some food products such as cracker
(Khao-Kreb-Khung) were used as the vehicle for the fortification of iron using animal
blood as iron source (73). In other counties such as China, the biscuit has been used as
a vehicle for iron fortification using dry blood powder as iron source (30). In Chile,
the research on the hemoglobin fortified cereal (74-76) as well as the use of a bovine
heme iron concentrate in the fortification of biscuits had been carried out (29).

Comparing with other food fortification strategies, the food to food fortification posses
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more advantageous point than that of others. This might ground on the fact that there
are different fortification sources, which can be selected appropriately for use as
source of iron in each location. Among the fortificants used in food to food strategy,
animal blood such as chicken and porcine blood are selected more frequently than
other sources. Blood as a waste can be easily taken from the slaughterhouse.
Therefore, the use of chicken or porcine blood as iron sources is a value-added
strategy, as well.

2.10.2 Selection of food vehicles

There are four criteria for selecting an appropriate food vehicle for
fortification. First, the food vehicle should be staple food consumed throughout the
year by the large proportion of the target population, especially for young children,
adolescents and pregnant women. Second, the level of fortification must be such that
it contributes significantly to nutritional requirement and it should be no risk of over
consumption. Third, the fortificants should not affect the organoleptic properties (e.g.
taste, smell, appearance, texture), physical structure or shelf life of the food vehicle.
Finally, the fortified product should not cost significantly more than the unfortified
food (23). Snack food is one of the eligible foods that have been selected as a vehicle
for iron fortification. Successful methods of fortifying common snack foods such as
cookies, biscuit, and extruded cereals with animal blood have been developed in Chile,

China, Peru, Taiwan and Russia (29, 30, 76-77).
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2.11 Utilization of Animal Blood in Food Products

2.11.1 Animal blood and its nutritive value

The blood is a visceral scarlet-colored fluid confined to the circulatory system
of the animal body (78). The content of blood is estimated about 3-4% of animal live
weight (79). In cattle and hogs, the yield of blood has been reported to be 10-12 liters
and 2.5 liters/animal, respectively (80). The amount of blood in chicken ranges
between 3.2-3.5% of their body weight (80). The blood recovered from slaughtered
animals can be classified as inedible and edible by-products (81-83). Edible blood
by-product was used as human food whereas an inedible by-product was used for
different purposes such as fertilizer or feed ingredients (79-80). Customarily, the use
of blood in foods is prohibited in some religions such as Muslims and Jews (78-79).

Whole blood is a liquid with dry matter content of 18-20%, of which 90-95%
is protein (79). Although blood is a source of protein and essential amino acids, it is
deficient in isoleucine and low in methionine (82). Fresh blood contains abundant of
hemoglobin of about 125 mg/g wet weight and the iron of about 0.44 mg/g wet weight
(84). Blood is the excellent source of heme iron (80, 84). Iron contents in chicken,
porcine and cattle blood are 23.9, 20.4 and 44 mg/100 g, respectively (85). The iron
contents in fresh ox and pig blood are about 49 and 55 mg/ 100 g, respectively (86).
Level of hemoglobin in animal blood varies with age, sex, nutrition, pregnancy,
lactation, disease and living altitude (87).

Iron contents of cooked chicken and porcine blood curds are 9.94 and 16.18
mg/100 g, respectively (27). Heme iron content of cooked chicken and porcine blood
curd were 8.6 and 14.2 mg/100 g, respectively (27). A study in Taiwan indicated that

porcine blood curd contained a higher iron content of about 22.4 mg/100 g, of which
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18.2 mg/100 g is heme iron (28). Other forms of blood product are blood powder and
bovine hemoglobin concentrate which usually contains a much higher iron content i.e.
230-260 and 280 mg/100g, respectively. (30, 74).

2.11.2 Processing of animal blood

(a) Preparation of porcine blood curd

Sodium chloride was added in to porcine blood and stirred throughly. A
liquors of the blood were transferred into the cup. The blood were boiled until being
curd and then were removed and cooled in cool water.

(b) Preparation of chicken blood curd

About five ml of sodium chloride (NaCl) solution was poured into a 300 ml
cup using for chicken blood collection. The chicken was bled by cutting the jugular
vein. Into each cup, about 300 ml of blood was collected through the collecting
funnel. The blood in cup will clot in a short period of time after collection. The clot
blood was then transferred into boiling water for 15-20 minutes, and immediately put
into cold water. The chicken blood curd is used as an alternative food source for iron.

In addition to human food, animal blood can also be used as animal feed,
laboratory reagent, medical preparation, industrial use, and as fertilizer (79).
Commercially, animal blood is also produced in dried form as shown in (Figure 3),

since it can reduce storage and transportation costs (78).
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2.11.3 Functional properties of hemoglobin in food product

Hemoglobin is a highly soluble protein and has high capacity to emulsify fat
and develop stable foam (82). It has a very good capacity to bind water upon swelling
and does not produce gel upon heating but becomes creamy (81). In the production of
biscuit, about 50% of egg could be replaced by blood protein (82). Isolation of globin
removes the color problem and appears to be beneficial with respect to the functional
properties of the protein (81).

2.11.4 Animal blood containing food products

In many European countries, animal blood is utilized in sausages, black
pudding, soup, bread, cookies, and pancake. The addition of 1-2.5% of whole blood to
sausage improved the color, flavor and meat taste (82). In Europe, the main ingredient
in black pudding is fresh blood which accounts for 48% (83). In Thailand, fresh blood
is sometimes added into certain local dishes. Cooked chicken and porcine blood curd
are used in certain kinds of curry (88-89). Similarly, porcine blood curd is one of the
popular dishes in Taiwan (28). Chiang et al. (1995) used 10-25% fresh porcine blood
as raw material in extruded product (76). Fajvisevskij et al. (1993) conducted an
experiment on extrusion technology of processing and utilization of slaughterhouse
blood and concluded that extrusion processing of blood and cereal mixture is a useful
method for manufacturing of blood containing foods for use as a dietary iron source
(90). Koconki et al. (1985) used 15% bovine blood (2.5% of dried hemoglobin) in
meat products (frankfurters, Kraljevska sausage, hamburgers and meat patties) and
found that total iron content increased by a factor of 3.08-3.33 compared to
conventional products. Moreover the proportion of Fe?* in total iron was increased

(91). Asenjo et al. (1985) used 6% bovine heme iron concentrate in the
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fortification of biscuit. At this level, the product contains adequate iron and protein
quantities (29). Xiuyun et al. (1987) fortified biscuit with dried blood and the product
contained 15 mg Fe/100 g (30). Benyasut (1988) fortified chip with cooked porcine
blood, it was found that the fried chip contains 0.83 mg Fe/serving (92).

(a) Effect of animal blood on sensory quality of food products

In order to utilize animal blood for human consumption and take advantage of
its iron content, acceptable product has to be obtained. As the amount of animal blood
is increased in the food product; end product become darker in color (29). Benyasut
(1988) found that the chip fortified with porcine bloods of more than 30% is
unacceptable due to the intense color (92). The color is therefore the main sensory
quality problem of this kind of product (29, 75, 92-93). The dark color is due to
oxidation of heme into hemin as hemoglobin is heated (82). Slinde and Martens
(1982) illustrated that the dark color of the sausages appeared after the sausages were
heated (94). The dark color problem can be decrease with the emulsification of blood
in a pressure homogenizer (81). Addition of animal blood in food product also causes
off-flavor (29, 75, 93,). It was found that off-flavor in sausage could be observed as
animal blood had been added up to 3.5% (94). Hertrampf et al. (1990) reported that
fortification extruded rice flour with 5% bovine hemoglobin concentrate (BHC)
resulted in unacceptable end product due to the dark color and lack of taste (75).
Asenjo et al. (1985) reported that biscuit fortified with 4% BHC could be acceptable
but not for the biscuit fortified with 8% BHC (29). The unacceptable blood taste was

also observed in improperly cooked blood replaced meat sausage (94).
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(b) Bioavailability of iron from animal blood fortified in food products.

The capacity of iron in foods and diets to meet body requirements depends on
the content of dietary iron and iron bioavailability (54). The bioavailability of iron can
be defined as the capability of iron in food or diet that can be absorbed within the body
(32). Factors affecting iron absorption and utilization regarding to food ingredient and
composition have been studied. Food processing and preparation can also have a
significant effect on both the iron bioavailability and the ratio of heme to nonheme
iron in food (28, 65-66, 70,96). The use of heme iron fortified cereal with bovine
hemoglobin concentrate (BHC) at 5% level provides an appropriate amount of
absorbed iron and adequate energy density and a protein which could complement
milk protein for infant (74). The use of an extruded rice flour fortified with a vovine
hemoglobin concentrate containing 14 mg Fe/100 g of powder showed that the iron
fortified cereal has a high iron bioavailability, good protein quality and amino acid
score (75). The hemoglobin iron bioavailability of the biscuits fortified with 6% of a
bovine hemoglobin concentrate in school-age children showed that heme-iron
absorption was about 19.7% (77). In China, it was found that when about 30 g of the
blood fortified wheat flour biscuit containing 15 mg Fe/100 g was offered daily for 42
days to the 65 primary school children (age 8-10), both the hemoglobin and the
hematocrit of the experiment group were higher than in the control group (30). Such
evidence indicated that food products fortified with animal blood sources provide high

iron bioavailability.
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2.12 Shelf stability test of food products
The shelf stability of food is the time that the quality of the product

declines to an unacceptable level or to a minimum acceptable level. The length of the
shelf life of any product depends on processing method, packaging, and storage
condition. The major causes of food product deterioration during storage can be
divided into biological, chemical, and physical factors. At one time many forms of
deterioration may take place, depending on the food and environmental conditions.
The deterioration of food product may include losses in sensory desirability, nutritive
value, safety and aesthetic appeal (97).

2.12.1 Sensory evaluation

Measuring the sensory properties and determining the importance of these
properties as a basis for predicting acceptance by the consumer represent major
accomplishments for sensory evaluation (98). Sensory evaluation defines as a
scientific discipline used to evoke, measure, analyze and interpret reactions to the
characteristics of food and materials as they are perceived by the sense of sight, smell,
taste, touch and hearing (99). The human senses play a ubiquitous role in food
acceptance and it is used to accurately describe the sensory properties of food (80). In
the sensory evaluation process, all characteristics of the tested food must be controlled
to minimize or counterbalance extraneous factors that affect judgment. When the
appropriate method, qualified panelists, experimental design and method for analysis
were considered and applied, sensory evaluation can be the objective criteria (96).
Moreover, the detail of preparation for serving the product must be considered at quiet
area free from distraction, with controlled lighting, partitions between panelist to

minimize visual contact and neutral colors of walls (98).
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(a) Hedonic scale

The hedonic relates to pleasant and unpleasant states of an organism. It
indicates the affective rate of preference or liking and disliking (100). Hedonic scale
is an important tool for evaluating sensory acceptability of a product. Since, the test
question is subjective, high number of qualified tester (at least 50) is usually required.
This scale consists of a series of 5 and 9 labeled scale points ranging from 1 = ‘dislike
extremely’ to 5 or 9 = ‘like extremely’, with a neutral category of 3 or 5 = * neither
like nor dislike’ (98). The data obtained from this method were analyzed by using the
parametric statistical analysis such as analysis of variance. The analytical results can
provide information on product differences (98).

(b) Just-about-right scale

The just-about-right scale is most frequently encountered in larger scaie
consumer testing. These scales have three or five categories, usually anchored with
statements of too much, too little, or about right for each product attribute. The just-
about-right scales are championed as a diagnostic tool for consumer tests. These
scales combine attribute intensity and preference in a single response, and are highly
susceptible to interpretive and/or semantic errors because the product attribute to be
measured is given a name. The analyses of data from these scales also present
numerous problems. Frequently, only the percentage responding in each category is
reported without any rule for determining how much of a difference between
percentages is to be considered significant (98). However, just-about-right scale is the
only level available for determining the suitability of the intensity of an attribute in

food product. Such in product can be very useful in the product quality process.
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(¢) Line scale

Line scale is a consistent method with the concept of functional measurement
and graphic rating-scale approach generally used for sensory evaluation of the
products. Although various forms of the line scales have been used for product
evaluation for many years, the philosophical approach developed by Anderson and his
co-worker in the year 1970 proved to be especially useful (98). .A line with the length
of 6 inch with word anchors located % inch from each end is generally used for the
evaluation purpose. In metric term, the line length can be 15 cm to be fully effective,
with anchors located at approximately 1.5 cm from each end. The specific length of
the line, however, varied according to the specific research. In many case, line scale is
used for measuring the intensity of an attribute in food. The scale direction always
goes from left to right with increasing intensity, i.e. weak to strong, light to dark or
some similar designated set of word anchors.

The subject’s task is to make a vertical line across the horizontal line at the
point that best reflects the relative intensity for that attribute to the tested products.
This mark is later converted to a numerical value by measuring the distance from the
left end of line. The responses obtained from each subject are used directly in
statistical analysis, that is, no transformations are necessary and the monitoring of
response patterns is directly achieved (98).

2.12.2 Water activity (Aw)

Water activity is defined by the ratio of the vapor pressure of food substrate or
solution to the vapor pressure of pure water at the same temperature (101). Pure water
has a water activity of 1.00, while fresh food and food products vary in water activity,

which is ranged from 0.20-1.00 (102). Foods contained high water content is usually
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reported deterioration due to biological and chemical changes (102). Furthermore,
water activity is a major influence on growth of mold, yeast and bacteria in food (103).
It is well éccepted that the water activity at 0.91 is the lowest point that most of
spoilage bacteria can grow, whereas spoilage molds can grow at the water activity as
low as 0.80. The food poisoning bacteria has been found to grow at Aw as low as 0.86
(101). The lowest water activity value for halophilic bacteria, xerophilic mold and
osmophilic yeast has been found to grow at Aw of 0.75, 0.65 and 0.61, respectively
(101). The limiting value of water activity for the growth of any microorganisms in
food is about 0.6 (103). Therefore the products such as cookies, crackers, bread crusts
and so on , which have Aw of about 0.3 do not allow any microbial proliferation
(Table 3).

The interaction of water activity with temperature, hydrogen ion, oxygen,
carbon dioxide and inhibitory substances can make effective in preventing the
microorganisms growth. When any of those factors is sub optimal, the inhibitory

effect of reduced water activity tends to be enhanced (102).

43939 7 Iys05s3
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Table 3 Water activity and growth of microorganisms in food

R an ge Microorganisms generally Food generally with in food
A, Inhibited by lowest A,, in this range
1.00-0.95 Pseudomonas, Escherichia, Proteus, Highly perishable(fresh) foods and
shigella, klebsiella, Bacillus, canned fruits, vegetables, meat, fish,
Clostridium perfringens, some yeasts and milk; cooked sausages and
breads; foods containing up to
approximately 40%(w/w) sucrose or
7% sodium chloride
0.95-0.91 Salmonella, Vibrio parahaemolyticus, Some cheeses(cheddar, Swiss,
C. botulinum, Serratia, Lactobacillus, Muenster, provolone), cured meat
Pediococcus, somemolds, yeasts (ham), some fruit juice concentrates;
(Rhodotorula,Pichia) foods containing 55%(w/w) sucrose
or 12% sodium chloride
0.91-0.87 Many yeasts(Candida, Torulopsis, Fermented sausage(salami), sponge
Hansenula), Micrococcus cakes, dry cheese, margarine; foods
containing 65%(w/w) sucrose
(saturated) or 15% sodium chloride
0.87-0.80 Most molds(mycotoxigenic Most fruit juice concentrates,
penicillaia), Staphylococcus aureus, sweetened condensed milk, chocolate
most  Saccharomyces(bailli) spp., syrup, maple and fruit syrups; flour,
Debaryomyces rice, pulses containing 15-17%
moisture; fruit cake, country-style
ham, fondants, high-ratio cakes
0.80-0.75 Most halophilic bacteria, Jam, marmalade, marzipan, glace’ed
mycotoxigenic aspergilli fruits, some marshmallows
0.75-0.65  Xerophilic molds(Aspergillus Rolled oats containing approximately
chevalieri, A. Candidus, 10% moisture, grained nougats,
Wallemiasebi), Saccharomyces fudge, marshmallows, jelly, molasses,
bisporus raw cane sugar, some dried fruits, nuts
0.65-0.60 Osmophilic  yeasts(Saccharomyces Dried fruits containing 15-20%
rouxii) few  molds(Aspergillus moisture, some toffees and caramels;
echinulatus, Monascus bisporus) honey
0.50 No microbial proliferation Pasta containing approximately 12%
moisture; spices containing
approximately 10% moisture
0.40 No microbial proliferation Whole-egg  powder  containing
approximately 5% moisture
0.30 No microbial proliferation Cookies, crackers, bread crusts, and
so on containing 3-5% moisture
0.20 No microbial proliferation Whole milk powder containing 2-3%

moisture, dried vegetables containing
approximately 5% moisture, corn
flakes containing approximately 5%
moisture,  country-style  cookies,
crackers

Source: Beauchat (1981), (104)
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2.12.3 Peroxide value

The peroxide value, an indicator of primary oxidation of fat and oil, was
observed to increase during processing and storage (105). The deterioration of fats
and oils take place by oxidation process (106). The rate of oxidation increases with an
increase in temperature, exposure to oxygen in the air, the presence of light and
contact with materials that are classified as pro-oxidants (107). An excellent example
of a pro-oxidant is nonheme iron (68). Lipid oxidation renders the product
unacceptable because of the production of rancid off-flavors and off-odors (108).
Deterioration of cookies were generally due to loss of flavor or acquisition of stale
flavors due to chemical changes such as the oxidation reaction (109). The cookies
have a distressing tendency to turn rancid because of their relatively high fat content
(109). For the fish cracker and some other fried snacks, the deterioration in quality
due to oxidation of lipids in the product since these products contain high oil content
(107). The observations of peroxide value usually support the results of sensory

evaluation (105).
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CHAPTER 11

MATERIALS AND METHODS

3.1 Selection of Iron -rich Foods

The food was primarily selected from the Food Composition Tables of
Division of Nutrition, Ministry of Public Health of 1987 and 1992 (85, 110). The
selection was based on the following criteria:

(i) The food must be from animal source and contain high iron content in
heme form.

(i1) The food should be normally consumed, affordable and accessible.

(iii) The food must be available throughout the year.

The selected foods were bought from the nearby market and analyzed for total iron
and moisture contents. Cost of iron per mg in each food was then calculated. Table 6
indicated the list of selected foods being analyzed. Blood curd was selected since it

could serve the mentioned criteria.

3.2 Selection of Food Vehicle

Traditional Thai chip “Kow krieb pla” (fish tapioca chip) and chocolate
cookies were chosen to be the vehicles for blood curd fortification since they were
widely consumed all over the country. They also had good masking qualities (dark

*

color and strong odor) and reasonable shelf life under normal conditions.
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3.3 Development of Iron-rich Food Products
3.3.1 Preparation of pressed blood curd

Cooked chicken and porcine blood curds were used as iron-rich raw materials
in this study. Blood curd was cut into block of 2x2x2 cubic centimeters, placed into a
nylon bag, and later pressed in a hydraulic press machine (SAKAY 10 TURBO,
M310RZ). The pressed blood curd was then minced in an electric chopper (National
chopper, MK-C 300N). The minced blood curd was used as iron fortificant in blood
fortified products at the levels of 10, 20, 30 and 40 percent.

3.3.2 Preparation of iron-rich food products
(a) Cookies

The ingredients used for blood-fortified cookies were listed in Table 4.
Margarine and salt were mixed together in a Kitchen Aid™ mixer (Heavy Duty,
Model K5SS, USA) for 5 minutes until soft. Minced blood curd was then added and
beaten at medium speed for 15-20 min until fluffy. Sugar was gradually added, and
mixed until the mixture became creamy. Eggs and flavors were added and beaten
vigorously until again smooth and creamy. The mixture was then mixed for another 1
minute at medium speed. Other ingredients were later added slowly and mixed
thoroughly. The mixture was chilled until firm enough, and then formed into a roll of
4 cm dia. on a wax paper. The roll was wrapped with wax paper, chilled until firm (2
h), cut for about 6 mm thick, and baked on greased cookies sheet at 175 °C for 15 min.
Cookies were removed from the oven and cooled on a cooling rack. Cookies was
packed in a sealed polypropylene bag and kept in a dark plastic-can during the shelf-

life study. The preparation method of blood-fortified cookies is shown in Figure 4.
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Fortification level (%)

Ingredient 10 20 30 40
Minced chicken blood or 10 20 30 40
Minced porcine blood

Cake flour 32.73 32.73 32.73 32.73
Baking powder 0.29 0.29 0.29 0.29
Cocoa powder 0.90 0.90 0.90 0.90
Baking soda 0.22 0.22 0.22 0.22
Margarine 22.42 22.42 22.42 22.42
Salt 0.17 0.17 0.17 0.17
Sugar 17.94 17.94 17.94 17.94
Whole egg 8.97 8.97 8.97 8.97
Chocolate flavor 0.34 0.34 0.34 0.34
Butter flavor 0.34 0.34 0.34 0.34
Roasted, crusted peanuts 15.69 15.69 15.69 15.69
Total 110.01 120.01 130.01 140.01
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Figure 4 Flow diagram for the processing of blood fortified cookies
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(b) Traditional Thai chips (Kow krieb pla)

The ingredients used for blood-fortified chips were listed in Table 5. Flour
mixture (tapioca flour and all-purpose flour) and seasonings (pepper, sugar, salt and
monosodium glutamate) were mixed in a Kitchen Aid™ mixer (Kitchen Aid Heavy
Duty model K5SS, USA) until homogenous. Minced garlic, fish sauce, minced fish,
minced blood curd and water were added and again mixed. The mixture was then
removed from the mixing bowl and hand-kneaded until a homogeneous dough was
obtained. The dough was formed into a roll of 25-30 cm long and 3 cm dia. The roll
were steamed for 40 min., cooled on a rack at room temperature, and chilled at 5-10°C
for overnight or until firm. The dough was then sliced to a thickness of 1.1-1.5 mm
and dried in a hot air oven at 60 °C for 3 h. The dried chip was deep-fried with palm
oil at 200°C and packed in polypropylene bag. Finished product was kept in a dark

plastic-can during the shelf-life study. The preparation method is shown in Figure 5.
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Table 5. Ingredients (as percentage) used for preparation of blood-fortified chips

Fortification level (%)

Ingredient 10 20 30 40

Minced chicken blood or 10 20 30 40

Minced porcine blood

Tapioca flour 58.39 58.39 58.39 58.39
All-purpose flour 5.84 5.84 5.84 5.84
Pepper 1.17 1.17 1.17 1.17
Salt 0.88 0.88 0.88 0.88
Sugar 3.50 3.50 3.50 3.50
Monosodium glutamate (MSG) 0.44 0.44 0.44 0.44
Minced garlic 5.84 5.84 5.84 5.84
Fish sauce 3.50 3.50 3.50 3.50
Minced fish 20.44 20.44 20.44 20.44

Total 110 120 130 140
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Figure 5 Flow diagram for processing of blood fortified chips
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3.3.3 Selection of the developed iron-rich food products for further study

The products developed in the experiment 3.3.2 were selected for the further
studies by using sensory acceptability test. One piece of product packed in a sealed
12.5x7 cm polypropylene bag was labeled with a three-digit random number.
Products of four different fortification levels were randomly served to each subject.
Panelists were asked to rinse their mouth with soda and distilled water in between each
sample. The test was conducted at the sensory science laboratory by 45 panelists, who
were staffs and graduate students at the Institute of Nutrition, Mahidol University
(INMU). The sensory evaluation included (i) nine-point hedonic scale (1, dislike
extremely; 5, neither like nor dislike; 9, like extremely) for general appearance and
overall acceptability, (ii) five-point hedonic scale (1, dislike very much; 3, neither like
nor dislike; 5, like very much) for odor acceptability, (iii) five-point just about right (1,
too light; 3, just about right; 5, too dark) for color, taste and texture suitabilities, and
(iv) fifteen centimeter line scale (1, none; 15, too much) for degree of off-flavor. In
case of blood-fortified chip, the suitability of crispness was additionally evaluated on a
five-point just about right scale. The questionnaires used in the sensory test are
illustrated in Appendix A and B.

The difference among mean scores of each sensory acceptability characteristic
was statistically analyzed using one-way analysis of variance (ANOVA) and Duncan
multiple range test on SPSS/PC” software. The samples that obtained mean overall

acceptability score of five and above were then used for the further study.
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3.4 Iron analysis

Total iron, was analyzed in duplicate to select the iron-rich raw materials used
for product development. Heme and non heme iron were analyzed in triplicate to
evaluate iron content in blood curds and changes in heme iron content during
preparation and storage of the developed products. The differences among mean
scores of iron contents during processing were statistically analyzed using t-test. With
the mean different of nonheme iron contents during storage was analyzed by using
one-way analysis of variance (ANOVA) and Duncan multiple range test on SPSS/PC*
software. The methods for iron analyses were described as follows.

3.4.1 Total iron (TFe)

Dry ashing technique was used to prepare samples for the determination of
total iron. Ash was dissolved in 4 N nitric acid solution and then determined for iron
content using an atomic absorption spectrophotometer (Model Spectr AA-20, Varian
Associated, Australia) set at a wavelength of 248.3 nm. (111)

3.4.2 Heme Iron (HFe)

Heme iron values were determined by the Hornsey method for total pigment
analysis (112). The samples were extracted in acid-acetone solution. The supernatant
was filtered through paper filter (Whatman no. 42). The absorbancy of the filtrate at
640 nm (Spectronic 21, BAUSCH & LOMBTM) was measured. Heme iron in the
sample was calculated. Detail of the analytical method is illustrated in Appendix C.

3.4.3 Nonheme Iron (NHFe)

Nonheme iron was determined according to Schricker et al. (1982) with the

modifications of Rhee and Ziprin (1987) (65, 113). Heme iron was separated from the
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sample by digestion with sodium nitrite (NaNO,) and then precipitating the bound
heme iron by using trichloroacetic acid (TCA). The supernatant was determined for
free nonheme iron using absorbancy at 540 nm in spectrophotometer (Spectronic 21,
BAUSCH & LOMB™). The method for nonheme iron determination is illustrated in

Appendix D.

3.5 Proximate analysis

3.5.1 Moisture

The moisture content was determined by drying the sample in 80 mm diameter
and 30 mm high glass pots. The drying process was carried out under mercury level
of 30 mm at 70°C in the vacuum-oven until a constant weight was obtained (102).

3.5.2 Protein

The nitrogen content of the sample was analyzed using the Macro-Kjeldahl
method. Crude protein was calculated by multiplying the nitrogen content by 6.25.
(111)

3.5.3 Fat

The sample was hydrolyzed by 4 N hydrochloric acid and dried in a hot-air
oven at 60°C. The dried sample was extracted with petroleum ether in a soxhlet
apparatus (Soxhlet System HT™ 1043 Extraction unit). Samples was dried in hot-air

oven at 60°C to constant weight. (111)
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3.5.4 Ash

Dry ashing method was used for the determination of ash content. Sample was
burnt on a hotplate, and transferred to a muffle furnace and burnt at 450°C. The
residue was weighed. (111)

3.5.5 Carbohydrate

Amount of carbohydrate was calculated by subtracting the percentages of
crude fat, crude protein, moisture content and ash from 100. (111)

3.5.6 Energy

Energy was determined by calculation using the following equation: Energy

(kcal/100g) = (% Protein x 4) + (% Fat x 9) + (% Carbohydrate x 4). (111)
3.6 Shelf Stability Test

The selected products packed in a 12.5x7 cm heat-sealed polypropylene bag
were kept in the dark plastic-can and stored at room temperature for 30 days. The
product was sampled at 0, 15 and 30 days for the following evaluations.

3.6.1 Changes of iron forms

The selected products were analyzed for the heme and nonheme iron contents
at the O™ day. During storage, changes in nonheme iron content were analyzed at the
15™ and 30" days.

3.6.2 Changes in sensory qualities

The sensory quality changes of the selected products were evaluated by using
the method mentioned in method 3.3.4. However, the tests were conducted using 40

panelists.
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3.6.3 Changes in physical property
Water activity (Ay) was the physical property used for the shelf stability test
of the selected product. The sample was cut into small pieces and placed in the
chamber of water activity meter at 24°C +1°C for 30 min using Novasina™ MIK 3000
instrument (NOVASINA AG, Switzerland).
3.6.4 Changes in chemical quality
Change in peroxide value (PV) during storage could be an indicator for
development of rancid flavor during storage. Lipid in sample was extracted by using
the mixture of methanol and chloroform, and evaporated in a rotary vacuum
evaporator (Eyela Tokyo Rikakiki Co., Ltd.). The extracted oil was dissolved in
glacial acetic acid and chloroform, and then potassium iodide was added. The solution
was titrated with 0.01 N sodium thiosulphate solution (Na,S,0;.5H,0) by using starch

solution as an indicator.

3.7 Cost estimation

The cost was estimated only for the raw materials not including other costs.
The estimation was performed during 1996 to 1997. Prices of the food commodities
were obtained from 7 markets ie. Thevej, Bangsue, Klongtoei, Bangkapi,

Salanumron, Bangkhae and Phuttamonthon.
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CHAPTER 1V

RESULTS

4.1 Selection of Iron-rich Foods from Animal Source

4.1.1 Iron content and cost of iron-rich food from animal sources

Total iron content of iron-rich foods and their costs are shown in Table 6. The
contents were different among sources. The first three highest iron-rich foods included
cooked chicken blood curd, cooked porcine blood curd and fresh porcine spleen.
However, the cost per milligram of iron for cooked chicken and porcine blood curds
are much lower than the costs of other sources. Both kinds of cooked blood curds
were therefore selected for use as the fortificants in the study. Since blood curd
contained high water content which might interfere in the further formulation process.
The curd was therefore pressed in order to remove some water . Table 7 showed that
total iron content in the pressed blood curd (wet basis) became higher than in the
unpressed one due to water loss. However, the iron content as dry basis of the
unpressed blood curd was higher than the pressed one, which affected the cost of the

pressed cooked blood curd to be slightly higher (Tables 6 and 7).
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Table 6 Content and cost of iron in different iron-rich foods.

Iron-rich food Total Iron Total Iron Cost of Iron'

mg%(wet basis) mg% (dry basis) Baht/mg Fe

Anchovy, dried 2.81 4.39 3.20
Anchovy, boiled, dried 6.49 9.14 1.54
Anchovy, big, boiled, dried 4.35 6.21 1.61

Anchovy, small, boiled, 2.46 3.51 12.20
dried

Mussel, dried 12.85 17.60 1.56

Chicken blood, cooked 15.00 220.59 0.09
Porcine blood, cooked 15.30 246.77 0.08

Porcine spleen, fresh 35.67 187.74 0.20

Porcine lung, fresh 451 23.74 0.51

River shrimp, fresh 2.70 13.50 2.22

River shrimp, dried 16.00 19.05 0.63

Tuna dark flesh, cooked 6.11 21.82 0.13

'Baht, Thai monetary unit (US $ 1 = 25 Baht at the experimental period, 1995-1996).
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Table 7 Content and cost of iron in pressed cooked chicken and porcine blood

Pressed cooked blood Total Iron’ Total Iron' Cost of Iron?

mg% (wet basis)  mg% (dry basis) Baht/mg Fe

Chicken blood 46.85 194.00 0.13

Porcine blood 5145 194.89 0.10

! Baht, Thai monetary unit (US § 1= 25 Baht at the experimental period, 1995-1996).

4.1.2 Variation of iron contents in cooked blood curds from different
sources

Heme, nonheme and total iron contents of unpressed and pressed cooked
chicken and porcine blood curds from 6 different sources are shown in Table 8 and 9,
respectively. Wide ranges of the values could be observed in both kinds of blood curd.
The average values also indicated that the unpressed cooked blood curd contained
higher iron content than the pressed one. Heme content in the blood curds were about
2-3 times higher than the nonheme.

4.1.3 Variation of iron contents in cooked blood curds of different batches
from single source

The iron contents including heme, nonheme and total iron in cooked chicken
and porcine blood curds which were purchased from Phuttamonthon market for 6
times are shown in Table 10. The contents were not significantly different among the
kinds of blood (p>0.05). The significant differences among the unpressed and pressed

blood curds were found. The pressed cooked blood curds contained higher dry matter
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content than the unpressed ones (p<0.05). While the iron contents (dry basis) in the

pressed cooked blood curds were significantly lower (p<0.05).
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Table 10 Dry matter (DM), heme (HFe), nonheme (NHFe) and total iron (TFe)

contents in unpressed and pressed cooked chicken (CB) and cooked porcine blood

(PB)'of 6 batches from Phuttamonthon market.

Process
Qualities of each Blood Unpressed Pressed
source
DM‘(%) CB 7.66+0.46° 24.70+1.43°
(7.11-8.41) (22.84-27.02)
PB 7.47+0.66° 27.0612.14
(6.34-8.16) (23.96-29.44)
HFe (mg/100g) CB 178.83+13.21° 140.71+17.94°
(164.19-195.56) (113.78-160.93)
PB 182.89+12.69° 145.86+19.05°
(159.21-197.34) (117.04-169.44)
NHFe” (mg/100g) CB 66.15+3.50° 55.56+7.11%
(62.13-70.16) (49.09-66.54)
PB 62.76+6.40® 50.1146.15°
(53.89-71.69) (42.51-59.99)
TFe*”(mg/100g) CB 244.98+13.83* 196.27+21.03°
(226.32-262.37) (171.13-227.47)
PB 245.65+12.88° 195.97+16.37°
(225.61-261.13) (170.51-218.23)
1Mean + SD (Range)

*Mean values within the same horizontal block (same quality different sources and

different processes) with different superscripts differ significantly (p< 0.05).
3Total Iron content = Heme + Nonheme.
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4.2 Selection of Appropriate Fortification Levels
4.2.1 Sensory acceptability of blood fortified cookies

The sensory acceptability scores of all characteristics at different fortification
levels of cookies fortified with chicken and porcine blood curds are shown in Tables
11 and 12, respectively. The general appearance scores of the products with lower
level of fortification were higher in both kinds of blood however insignificance in case
of chicken blood. Colors of the products with higher degree of fortification were
significantly darker and in the unacceptable ranges. The degree of odor acceptability
tended to be lower as more blood curd was added. Taste of cookies fortified with
porcine blood curd became significantly milder as more curd was added, however such
evidence was not found in case of chicken blood curd. While the texture of the
cookies fortified with higher chicken blood curd became significantly harder. The
rating of off-flavor characteristic from 15 cm line scale was presented as mode, which
most panelist rated at lower than 1 cm at all levels of fortification (except for the one
that fortified with 40% chicken blood curd), however the percentage of selection
became lower as the fortification level increased (Table 15). The overall acceptability
scores of both kinds of cookies significantly decreased as more blood curds were
added; especially in the 40% level of the porcine blood curd which was scored lower
than the acceptable range of nine point hedonic scale (lower than 5). Base on the
mention overall acceptability score, the cookie recipes selected for further study were

10 and 40% fortification levels for chicken blood, and 10 and 30% for porcine blood.
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4.2.2 Sensory acceptability of blood fortified chips

The sensory acceptability scores of all characteristics at different fortification
levels of chips fortified with chicken and porcine blood curds are shown in Tables 13
and 14, respectively. The general appearance scores of the products with lower levels
of fortification were significantly higher in both kinds of blood chips. The color of the
products with higher levels of fortification was darker. Odor acceptability tended to be
lower but not significant as more blood curd was added. While tastes of the chips
fortified with blood curd at different levels were not significantly different. The same
evidence was found in cases of crispness and texture of the fortified chips. The off-
flavor characteristic was also presented as mode, which were rated lower than 1 cm on
15 cm line-scale for all levels of fortification. The chips with higher levels of
fortification had lower percentages of selection at < 1 cm (Table 15). The overall
acceptability scores of chips produced from both kinds of blood at different levels of
fortification were not significantly different on nine point hedonic scale (p>0.05). As
considering all characteristics concerning sensory acceptability scores especially
overall acceptability scores of over 5.00, the chicken and porcine blood fortified chips

at 10 and 40% of the fortification levels, were selected for further study.
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4.3 Changes of Forms of Iron in Iron-rich Food Products

4.3.1 Cookie products

Heme and nonheme iron contents of cookies at different blood fortification
levels selected from the previous study which were analyzed before and after baking
the products at 175°C in an oven are shown in Figures 6 and 7, respectively. The iron
contents especially heme iron in the formula with a higher level of fortification were
significantly higher (p<0.05) both in unbaked or baked cookies. After baking, heme
iron in all formulas decreased significantly (p<0.05), while Figure 7 indicated that
nonheme iron also increased at the same proportion. Decreases in heme iron of about
20% were observed in the baked 10%CkC and CkP, and about 30% for the baked
40%CkC and 30%CKkP.

4.3.2 Chip products

Heme and nonheme iron contents of chips fortified with different kinds of
blood at different levels are shown in Figure 8 and 9, respectively. Total and heme
iron contents of deep-fried chips of higher levels of fortification were significantly
higher (p<0.05). After deep-frying, heme iron content decreased significantly (p
<0.05). Losses of heme iron due to deep-frying process were 35-40% in deep-fried
10% ChP and ChC, and 50% in deep-fried 40% ChC and ChP. Meanwhile the
amounts of nonheme iron were found to increase proportionally upon deep-frying

(Figure 9).
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O Unbaked
B Baked

Heme Iron (mg% dry basis)

10% CkC 40% CkC 10% CkP 30% CkP

Formula

Figure 6 Heme iron contents of selected cookies fortified with different kinds of
animal blood at different levels (10% and 40% CkC refer to 10 and 40 percent
chicken blood fortification levels, 10% and 30% CkP refer to 10 and 30 percent
porcine blood fortification levels).

254
20.62

O Unbaked
B Baked

Non- heme Iron (mg% dry basis)

10%CkC 40% CkC 10% CkP 30% CkP

Formula

Figure 7 Non-heme iron contents of selected cookies fortified with different
kinds of animal blood at different levels (10% and 40% CkC refer to 10 and 40
percent chicken blood fortification levels, 10% and 30% CKkP refer to 10 and 30
percent porcine blood fortification levels).

43939 1 1262593
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25-

O Uncooked
®Fried

Heme Iron (mg% dry basis)

10% ChC  40% ChC 10% ChP  40% ChP

Formula

Figure 8 Heme iron contents of chips fortified with different kinds of animal
blood at different levels (10% and 40% ChC refer to 10 and 40 percents chicken
blood fortification levels, 10% and 40% ChP refer to 10 and 40 percents porcine
blood fortification levels)

25+

O Uncooked
@ Fried

Nonheme Iron (mg% dry basis)

10% ChC  40% ChC  10%ChP  40% ChP

Formula

Figure 9 Nonheme iron contents of chips fortified with different kinds of animal
blood at different levels (10% and 40% ChC refer to 10 and 40 percent chicken
blood fortification levels, 10% and 40% ChP refer to 10 and 40 percent porcine
blood fortification levels).
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4.4 Shelf stability test of Iron-rich Food Products

4.4.1 Sensory acceptability evaluation

(a) Sensory acceptability of blood fortified cookies

Sensory acceptability scores of the selected cookies fortified with chicken and
porcine bloods during 30-day storage are shown in Tables 16, 17, 18 and 19. The
sensory acceptability scores did not significantly change during storage (p>0.05).
However, Table 20 shows that off-flavor intensity rated on 15 cm line scale became
higher in the stored cookies which were fortified with a higher level of blood.

(b) Sensory acceptability of blood fortified chips

The sensory acceptability scores of the blood fortified chips during storage are
shown in Tables 21-24. The general appearance scores of 40%ChC, 10%Chp, and
40%Chp formulas during each storage period were significantly different (p<0.05).
The differences in general appearance were found significantly only at the 15 day
storage of the mentioned formulas. The same evidence could be observed in the odor
scores of the 10%ChC. Meanwhile, the scores for other sensory characteristics were
not significantly different (p>0.05) during the storage. Table 25 showed that the
changes in frequency of off-flavor intensity rating on 15 cm line of the fortified chips
was found not related to the storage period. Such evidences could be observed at all

levels of fortification.
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4.4.2 Changes in forms of iron during storage

Figure 10 shows that the nonheme iron contents of all cookie formulas increased
significantly during storage (p<0.05). More changes could be observed in case of
higher fortification levels. The nonheme iron contents in chips fortified with 10%
blood curds did not show any significant changes (p>0.05) during the storage (Figure
11). The evidence in the chips with higher fortification levels (40%ChC and 40%Chp)

was the same as in cookies; the nonheme iron increased significantly during the storage

(p<0.05).
25+
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Figure 10 Nonheme iron contents of selected cookies fortified with different
kinds of animal blood at different levels during storage at ambient temperature
in sealed polypropylene bags (10% and 40% CkC refer to 10 and 40 percent
chicken blood fortification levels, 10% and 40% CkP refer to 10 and 30 percent
porcine blood fortification levels).
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Figure 11 Nonheme iron contents of selected chips fortified with different
kinds of animal blood at different levels during storage at ambient temperature
in sealed polypropylene bags (19% and 40% ChC refer to 10 and 40 percent
chicken blood fortification levels, 10% and 40% ChP refer to 10 and 40 percent
porcine blood fortification levels).

4.4.3 Nutritional Quality in Iren-rich Food Products

(a) Cookie products

The nutrient composition of blood fortified cookies from different animal
sources were quite similar in terms of proximate analysis and kinds of iron (Tables 25
and 26). As the fortification level was increased, the product contained more protein,
iron and moisture. Amounts of fat and carbohydrate became less when more blood curd
was used in the fortification. The nutrient composition and iron contents of both forms
of blood fortified cookies expressed as per 100 g edible portions are shown in Appendix
E, respectively. A photograph of the blood-fortified cookies per one serving is shown in

Appendix G.
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Table 26 Nutrient composition of blood fortified cookies (per serving size of 30 g or

about 5 pieces)

Formula Energy Moisture Protein Fat CHO Ash  Iron?
(Kcal) (%) () (8) (2) (8 (mg)

10% CkC' 164.12 0.72 3.36 9.39 1653 050  3.07

40% CkC 158.25 1.72 5.94 8.46 1460 049 8.62
10% CkP' 163.37 0.83 3.56 9.33 1628  0.58  3.68
30% CkP 159.38 1.57 5.13 8.72 15.11 058 7.24

!CkC = chicken blood fortified cookies; CkP = porcine blood fortified cookies.
“Total Iron = Heme + Nonheme.

Table 27 Heme, nonheme and total iron contents in blood fortified cookies (per

serving size of 30 g or about 5 pieces)

Formula Heme Nonheme Total Iron

mg per serving (wet basis)

10% CkC! 0.83 2.24 3.07
40% CkC 2.57 6.05 8.62
10% CkP' 0.75 2.90 3.68
30% CkP 2.13 5.11 7.24

'CkC = chicken blood fortified cookies; CkP = porcine blood fortified cookies.
*Total Iron = Heme + Nonheme.
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(b) Chip products

The nutrient composition of blood fortified chips from different animal sources
were also very similar (Tables 28 and 29). As comparing to the blood fortified
cookies, the chips contained less iron contents. The chips with higher level of
fortification also contained higher protein. The nutrient composition and iron contents
of both forms expressed as per 100 g edible portions are shown in Appendix F. A

photograph of blood fortified chips per serving size is shown in Appendix G.
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Table 28 Nutrient composition of deep-fried fortified blood chips (per serving size of

30 g or about 22 pieces).

Formula
Energy Moisture Protein Fat CHO Ash Iron

(Kcal) (%) (2) (8) (e) (&) (mg)
10%ChC  162.02 232 192 963 1701 084 239

40%ChC  162.80 1.63 3.53 9.51 1584 0.72 5.15
10%ChP  165.71 1.44 2.06 10.25 16.63  0.83 2.57

40%ChP  166.44 1.61 3.52 10.33 1492  0.81 5.06

'ChC = chicken blood fortified chips; ChP = porcine blood fortified chips.
*Total Iron = Heme + Nonheme.

Table 29. Heme, nonheme and total Iron content in deep-fried blood fortified chips

(per serving size of 30 g or about 22 pieces)

Formula Heme Nonheme Total Iron?

mg /serving (wet basis)

10% ChC' 0.54 1.85 2.39
40% ChC 1.54 3.61 5.15
10% ChP 0.70 1.87 2.57
40% ChP 1.82 3.24 5.06

'ChC = chicken blood fortified chips; ChP = porcine blood fortified chips.
*Total Iron = Heme + Nonheme.
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4.4.4 Physical property evaluation

Water activity (Ay) of blood fortified cookies increased and became stable at
about 0.3 (Figure 12). The cookies with higher levels of fortification, which already
contained higher moisture content started with a higher water activity and remained the
same during storage. Figure 13 shows that water activity of blood fortified chips
increased and remained after 15 day storage, except for 10%ChC. The water activities

of most developed products were in the range of 0.3-0.4 after 30 day storage.

0.40
0354
030 . u
o2sif e | NEE
0204} =% =
0.15¢]
0.104f
0.05{[

00 Day
@ 15 Days
830 Days

Water activity (Aw)

40% CkC 10% CkP 30% CkP

Formula

10% CkC

Figure 12 Water activity of selected cookies fortified with different kinds of
animal blood at different levels during storage at ambient temperature in sealed
polypropylene bags. (10% and 40% CkC refer to 10 and 40 percent chicken blood
fortification levels, 10% and 40% CKkP refer to 10 and 40 percent porcine blood
fortification levels).
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Figure 13 Water activity of selected chips fortified with different kinds of animal
blood at different levels during storage at ambient temperature in sealed
polypropylene bags. (10% and 40% ChC refer to 10 and 40 percent chicken blood
fortification levels, 10% and 40% ChP refer to 10 and 40 percent porcine blood
fortification levels).

4.4.5 Chemical property evaluation
Peroxide values of the 10%CkC and 10%CkP formulas were lower than those of
the 30%CkP and 40%CkC formulas (Figure 14). Peroxide values of all formulas of deep-

fried chips were quite similar regardless of the fortification levels (Figure 15).
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Peroxide value (mEq / kg lipid)

10 %CkC 40%CkC 10%CkP 30%CkP

Formula

Figure 14 Peroxide value of selected cookies fortified with different kinds of
animal blood at different levels at Day 0 (10% and 40% CkC refer to 10 and 40
percent chicken blood fortification levels, 10% and 40% CkP refer to 10 and 40
percent porcine blood fortification levels).

Peroxide value (mEg/Kg lipid)

10% ChC 40% ChC 10% Ch?P 40% ChP

Formula

Figure 15 Peroxide value of selected chips fortified with different kinds of
animal blood at different levels at Day 0 (10% and 40% ChC refer to 10 and 40
percent chicken blood fortification levels, 10% and 40% ChP refer to 10 and 40
percent porcine blood fortification levels).
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4.4.6 Cost of blood fortified products
Cost per kilogram of blood fortified products were calculated from raw
materials used and shown in Tables 30 and 31. Costs of the fortified products became

higher due to the blood curd ingredient.

Table 30 Costs of blood fortified cookies

Formula' Cost/kg (Baht)?
10%CkC 55.86
40%CkC 68.15
10%CkP 54.59
30%CkP 60.87

'CkC = chicken blood fortified cookies; CkP = porcine blood fortified cookies.
?Baht, Thai monetary unit(US $1 = 25 Baht at the experimental period :1996-1997).
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Table 31 Costs of blood fortified chips

Formula' Cost/kg (Baht)?
10%ChC 46.93
40%ChC 61.31
10%ChP 50.11
40%ChP 58.21

!ChC = chicken blood fortified chips; ChP = porcine blood fortified chips.
?Baht, Thai monetary unit (US $1 = 25 Baht at the experimental period :1996-1997).
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CHAPTER YV

DISCUSSION

By considering the cost of iron per mg (Table 6), the cooked porcine and
chicken bloods the most suitable iron sources which are eligible for using as natural
source for fortification. However, the variation of iron content in blood curds obtained
from different markets could be observed. The variation might be from the differences
in production process as well as age, sex, nutrition status, state of health and species of
animal (87). Such variation needed to be considered if animal blood was used as an
iron source. Heme iron, which was known for better absorption, contributed more
than 70% of the total iron contents in both chicken or porcine bloods. This property
made animal blood an interesting source of iron. The disadvantage in using blood
curd as an ingredient was the too high water content. An expression technique was
therefore introduced in order to remove certain amount of water (115). Iron content in
the pressed blood curd increased. However, certain amount of iron also lost in the
drained liquid, which could be observed in the dry-basis iron content in blood curds
(Table 8-10). The lowering in iron content due to the expression also affected the cost
of iron per mg to be slightly higher.

Cookies and traditional Thai fish/shrimp chips were used as the model for iron-
fortification of food products. Both were the popular snacks among Thais, which had
reasonable shelf lives and easily consumed. The chip, which was starch-based, could
be easily fortified with blood curd, and was normally consumed among people both in

the rural and urban areas. While, many kinds of cookies, which were widely
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consumed, could be acceptable even with the dark color such as chocolate and
chocolate-chip cookies. The recipes of both kinds of snack usually contained high fat
content, which was an important source of energy especially for pregnant woman.
Cooking conditions of the products were different but severe. The impact of heat
processing on changes in contents of heme and nonheme iron in food was clearly
indicated in the processes of making blood fortified cookies and chips (Figure 6-9).
Furthermore, oxidation reached during air-drying of chips and storage of the product
could also affecting loss of heme iron. Heme pigments could be destroyed by lipid
hydroperoxides with the formation of various oxidation products containing Fe *iron
decreased as the product was heated while the nonheme iron proportionally increased
(Chen et al, 1984 (67); Hamdaoui et al, (1993) (116) and Garcia et al, (1996) (64).
Such change was probably due to the release of iron from destroyed porphyrin ring
(Chen et al, 1984 (67); King et al 1990 (70); Wang and Lin, 1994 (28), which might
decrease the bioavailability of iron in the products. The loss of heme iron in chips was
higher than in cookies, due to passing more severe processes. An increase in nonheme
iron content has been found to be highly correlated with size and shape of food, and
cooking time and temperature (Hamdaoui et al, 1993 (116); Wang and Lin, 1994 (28).
However, certain studies indicated that only slight loss of total iron was observed
during the heat processing such as baking, frying (Fillion and Henry, 1998) (72).
Upon serving, the chip was also needed to be deep-fried, which contributed certain
amounts of cooking oil into the product and lowered the percentage of iron content.
Per serving, cookies therefore provided more iron content with higher ratio of heme to

nonheme iron than chips.
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The studies on sensory acceptability of cookie (Tables 11 and 12) and chip
products (Tables 13 and 14) indicated that product colors could have strong influence
on the acceptability of general appearances of both products. Product with a higher
blood content contained more hemoglobin, which provided brownish color shade.
However, the difference in color did not worsen the overall acceptability of the chips.
The overall acceptability of cookies lowered, as the fortification level was higher.
Such differences were not contributed solely from color, however other factors
especially odor and off-flavor could also play significant roles (Tables 15, off-flavor).

The sensory overall acceptability scores indicated that the chips fortified with
chicken or porcine blood curd at the level of 40% could still be acceptable (about 6
from 9-point hedonic scale). Such level of fortification could contribute iron up to
33% of Thai RDI per serving (10% of RDI was from heme iron). In case of cookies,
the fortification level of chicken blood curd, which was still sensory acceptable was
40%, and could contribute iron up to 57% of RDI per serving (17% of RDI was from
heme iron). While the fortification level of porcine blood curd in cookies could be
only at 30%, which could contribute iron up to 48% of RDI per serving (14% of RDI
was from heme iron).

The shelf life of the product either chips or cookies could be at least 30 days
without any significant changes in the sensory qualities (p> 0.05). Kinds of blood
used did not have any significant effect on the shelf life. It had been expected that iron
could be a catalyst for the oxidation reaction of the high fat products like deep-fried
chip and cookies. However, during the test period, the panelists did not significantly
change their acceptability to the stored products. A study performed by Asenjo et al.

(1985) showed that biscuits fortified with heme-iron concentrate could be stored for
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about 7 months at room temperature in hermetically sealed plastic laminated
aluminum foil bag (29). Benyasut (92) found that the shelf life of dried (non-fried)
traditional Thai shrimp chips fortified with swine blood curd at 10 to 30 %
fortification levels could be up to 10 weeks under room temperature. During the one
month storage, changes in the form of iron were observed especially in the ones with
higher fortification levels. Certain amount of heme iron changed into nonheme, which
could affect iron bioavailability. Gomez-Basauri and Regenstein (1992) found that an
increase of nonheme iron during storage was due to the breaking down of the heme
structure (62). However the rate of increase usually depends on other factors during
processing i.e. processing methods, storage time and temperature (62). The water
activities of both products during storage increased slightly, however they were still
lower than 0.6. It is well established that the low moisture food (aw < 0.6) do not
support microbial growth.

Peroxide value of the fortified cookies increased, as the fortification level was
higher. This indicated the potential that iron in the fortified blood curds could be a
catalyst for lipid oxidation reaction in cookies. However, such evidence was not
found in the deep-fried chips, since the peroxide values of the fortified chips were
similar at all fortification levels. During processing of chips, there were many severe
steps that could cause oxidation to the ingredients i.e.steaming, sundrying, deep-frying
(117). The reaction became faster in the presence of a catalyst such as iron. At the 0"
day, peroxide value of the fortified chips was already highest, and the peroxide value
of blood-fortified chips (12 mEq/kg lipid) was also much higher than the commercial
unfortified chips (5 mEq/kg lipid) (unreported data). Lipid auto-oxidation occurred

much at the faster rate in the presence of iron from hemepigment(116).
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Costs of the fortified products were increased due to the addition of blood
curds. The recipe with higher fortification level was more expensive. The costs of
fortified cookies and chips were about 5-7 Baht/kg higher than the normal recipe,
respectively. Since there were not so much differences in costs, the fortified products
therefore had potential for commercially produced.

In this study, the products were in the ready to eat form, packed only in normal
propylene plastic bag, and stored at room temperature. The shelf life of at least 30
days should be reasonable for such economical packing condition and could make the

product accessible and affordable to the target population with a lower income.
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CHAPTER VI

CONCLUSION

1. Chicken and porcine blood curds were suitable iron sources from animal due to the
high iron content and low cost.

2. There was the potential in using blood curds for fortifications of cookies and chips
at community level up to 30- 40% fortification levels, which could contribute iron
up to 50% of RDI per serving.

3. The blood-fortified products could be stored in a sealed polypropylene bag for at
least 30 days at room temperature without changing the sensory quality.

4. Costs of the fortified products were about 5-7 Baht/kg higher than the normal ones.
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APPENDIX C

Determination of heme iron

Heme iron was determined in acid-acetone extracts of the sample. The
supernatant was measured at 640 nm by spectrophotometer and heme iron in the sample
was calculated.

Reagents

1. Acetone (J. T. Baker)

2. Concentrated hydrochloric acid (Merck)

3. Deionized distilled water (INMU)

Apparatus
45 ml Polypropylene centrifuge tubes with covers
1,5 ml Sero pipette
10 ml Test tubes
125 mm Filter papers, No 42 Whatman
& 50 mm Funnels
Centrifuge (Model size-2k, USA)
Spectrophotometer (Spectronic 21, Bausch & Lomb, USA)

Vortex Genie 2 (Model G-560 E, USA)
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Procedure

1. Weigh 1-5 g sample (depending on expected heme iron content) and place
into polypropylene centrifuge tubes.

2. Add acetone, Conc. HCL and deionized distilled water.

3. Stoppered the tube, centrifuge by vortexing (1-2 minutes required).

4. Allow standing for 1 hour in refrigerator, then centrifuging at 2200g for 10
minutes.

5. Filter the solution through filter paper into a test-tube.

6. Prepare spectrophotometer (with 1 cm cell) at 640 nm wavelength at zero
with blank sample containing 80% acetone, 2% Conc. HCL, and 18%
deionized distilled water.

7. The absorbance was measured against reagent blank.

Calculation
Absorbance (OD) x (1 mole hematin / 4.8) x the final volume of extract solution / L x

55.847 / weight of sample = g Fe/g.
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APPENDIX D

Determination of nonheme iron

Nonheme iron was separated from heme iron first by chelating with 0.39% (w/v)
NaNQO; and then precipitating the bound heme iron using an acid mixture (6N HCL,
40% TCA). After centrifugation, the supernatant was removed for the determination of
free nonheme iron. The absorbance of supernatant was read at 540 nm against the

reagent blank.

Reagents

1. Sodium nitrite (NaNO,) reagent, (RPE CARLO ERBA). NaNO; solution,
39% (w/v) was freshly prepared with deionized distilled water daily.

2. Acid mixture : 6N Hydrochloric acid (Merck) and 40% trichloroacetic acid
(Merck) were mixed in equal volumes.

3. Bathophenanthroline disulfonate reagent. Bathophenanthroline disulfonic acid
(sodium salt, Sigma); 0.162 g was dissolved in 100 ml deionized distilled
water and 1 ml thioglycolic acid (98%, Sigma) added. The reagents were
stored in amber bottle for not more than 2 weeks in refrigerator.

4. Saturated sodium acetate solution. Sodium acetate (GR, Merck) 400 g was
stirred with 500 ml deionized distilled water until sodium acetate remained
undissolved.

5. Color reagent. Deionized distilled water : saturated sodium acetate solution :

bathophenanthroline disulfonate reagent (20:20:1) was freshly prepared daily.
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6. Iron standard. Using the iron stock standard, which was diluted with the acid-

mixture from 0.5-5.0 pg Fe/ml.

Apparatus
50 ml Glass test-tube with stopper
10 ml Glass test-tube with stopper
10 ml Glass test-tube
0.5-5 ml Micro pipette
Vortex Genie 2 (Model G.560 E, USA)
Gyrotory water bath shaker (Model G 76, New Brunswick Scientific, USA)
Centrifuge (Model SIZE-2K, USA)

Spectrophotometer (Model Spectronic 21, Bausch & Lomb, USA)

Procedure
1. Weight 2-5 g samples into 50 ml test-tube together with the stopper.
2. Add 0.2 ml NaNO; reagent, then mix it thoroughly by vortexing.
3. Add fifteen ml of acid-mixture to each tube and then tightly stoppered.
4. The test-tube was incubated in a water-bath shaker at 65°C for 20 hr.
5. The test-tube was cooled to room temperature and kept in cold-room for 24 hr.
6. Centrifuge at 3500 rpm for 10 minutes.
7. One ml of supernatant was transferred to test-tube and 5 ml color reagent was
added and mixed well.

8. Leave to stand for 10 minutes and the absorbance was read at 540 nm.
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9. Reagent blank : 1 ml acid-mixture plus 5 ml color reagent.

Calculation

Nonheme iron = x (15+0.2 + moisture content of sample/gram) /wt. of sample = pg/g.
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Table 32 Nutrient composition of blood fortified cookies (per 100 g edible portion)

Treatment  Energy  Moisture Protein Fat CHO Ash  Iron?

(Kcal) (%) (® (® (2) (8 (mg)
10% CkC'  547.07 0.72 11.21 31.31 55.11 1.65 10.25
40% CkC 527.51 1.72 19.79 28.19 4866 1.64 28.72
10% CkP' 544.55 0.83 11.88 31.11 5426 192 1192
30% CkP 531.25 1.57 17.10 29.05 5035 193 2486

Table 33 Heme, nonheme and total iron content of blood fortified cookies (per 100 g

edible portion)
mg/100 g (wet basis)
Treatment .
Heme Nonheme Total Iron’

10% CkC' 2.77 7.48 10.25
40% CkC 8.57 20.15 28.72
10% CkI' 2.49 9.66 11.92
30% CkP 7.09 17.04 24.86

'CkC = chicken blood fortified cookies; CkP = porcine blood fortified cookies.

“Total Iron = Heme + Nonheme.
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APPENDIX F

Table 34 Nutrient composition of deep-fried fortified blood chips (per 100 g edible

portion).

Formula Energy  Moisture Protein Fat CHO  Ash Iron’

(Kcal) (o) (® (8 (® (8 (mg)
10% ChC'  540.06 2.32 6.40 3210 5670 280 7.98
40% ChC 542.67 1.63 11.77 3170 5280 240 17.18
10% ChP!  552.37 1.44 6.87 3417 5543 277 8.58
40% ChP 554.80 1.61 11.73 3443 4973 270 16.87

Table 35 Heme, nonheme and total iron content in fried fortified blood chips

(per 100 g edible portion)'

mg/100 g (wet basis)
Formula' Heme Nonheme Total Iron’
10% ChC 1.81 6.17 7.98
40% ChC 5.16 12.02 17.18
10% ChP 2.34 6.24 8.58
40% ChP 6.06 10.81 16.87

'ChC = chicken blood fortified chips; ChP = porcine blood fortified chips.

2Total Iron = Heme + Nonheme.
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APPENDIX G

GRINED CHICKED BLOOD

CHICKEN BLOOD

Figure 16 Cooked chicken blood curd and grinned chicken blood curd

GRINED PORCINE BLOOD

PORCINE BLOOD

Figure 17 Cooked porcine blood curd and grinned porcine blood curd
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Chicken Blood Fortified Cookies

5yr.3/4 oyr.2/2
Chicken Blood 10 % Chicken Blood 40 %

Figure 18 Chicken blood fortified cookie at 10 and 40% fortification level

Porcine Blood Fortified Cookies

S5yr.3/4 Syr2/2
Porcine Blood 10 % Porcine Blood 30%

Figure 19 Porcine blood fortified cookie at 10 and 30% fortification level
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DRIED BLOOD FORTIFIED CHIPS

5YR 2/2 SYR2/2
CHICKEN BLOOD 10 % PORCINE BLOOD 10 %

5YR 2/1 5YR 2/4
CHICKEN BLOOD 40% PORCINE BLOOD 40 %

Figure 20 Dried chicken and porcine blood fortified chip at 10, 40%

FRIED BLOOD FORTIFIED CHIPS

75YR 3/6 75YR3/6
CHICKEN BLOOD 10 % PORCINE BLOOD 10 %

5YR2/4

CHICKEN BLOOD 40% b

PORCINE BLOOD 40%

Figure 21 Fried chicken and porcine blood fortified chip at 10, 40%
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Figure 22 Amount of blood fortified cookie products per serving size

(30 gram = 5-6 pieces)
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FRIED BLOOD FORTIFIED CHIPS
SERVING SIZE = 30 grams
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Figure 23 Amount of fried blood fortified chip products per serving size

(30 gram = 17-23 pieces)
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