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Abstract

Background: Iron Deficiency isamajor health problem
in Egypt, especially among children. Several approaches have
been used to aleviate such a problem, one of which is diet-
based programs. Ascorbic acid has been shown to be an
enhancer of iron bioavailability and isreadily availablein
Egypt. Omega-3 is polyunsaturated essentia fatty acid which
can't be constructed by the body and must be obtained through
diet and isimportant for human health. Omega-3 fatty acids
sources include salmon, sardine, tuna, mullet and olive and
canolaoils. Omega-3 fatty acids have anti-inflammatory
properties and are helpful in treatment of many diseases.

Aimof Sudy: The present study was designed to determine
if nutritional status could be improved by using asimple
school food-based approach of an enhancer (orange and fish)
to iron absorption and omega 3 fatty acid supplements.

Subjects and Methods: The first phase of the study started
in January 2016, and the second phase in November 2016,
and the oranges and fish (tuna sandwich) were served within
the school lunch program to a group of school children. The
period of intervention was 2 monthsin the 1 st phase, and 4
months in the 2nd phase, to assess the effect of longer periods
of intervention. The oranges and fish (tuna sandwich) were
provided 6 days aweek for both phases duration. A school
meal (biscuits fortified with iron) was also provided to those
receiving the oranges and tuna sandwich and to the control
group who did not receive either orange or fish (tuna sandwich).
The children were tested for their hemoglobin, serum ferritin
and omega 3 index levels at the beginning and at end of the
designated intervention period. Stool analysis for presence
of parasites was a so performed.

Results: During the first phase, there was slight improve-
ment of the mean levels of hemoglobin, ferritin and omega
3 index due to the short duration of orange and tuna sandwich
intake. The mean hemoglobin increased from 12.1g/dL to
12.33g/dL, the mean ferritin increased from 26.2ng/ml to
27.6ng/ml while the omega 3 index increased from 1.8% to
2.2%. One hundred and fifty of the intervention children were
below 12¢g/dL (25%). At the post-test, mean hemoglobin for
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intervention children was 12.43%1.04g/dL. Control group had
amean hemoglobin level of 11.67g/dL at the end. The same
rising trend was aso seen in the levels of the serum ferritin
and the omega 3 index. About forty percent of the intervention

group was found to be infected with at least one parasite.

Hemoglobin levels, ferritin and omega 3 index were higher
in children with no parasites.

Conclusion: The results of this study showed significant
improvement in the nutritional status among the intervention
group, but not in the control group after providing the oranges
and fish (tuna sandwich) for 4 months.

Key Words: Nutritional status— Iron deficiency — Orange —
Tuna sandwich — Omega 3 fatty acid — Dietary
supplement and school children.

Introduction

IRON deficiency and iron deficiency anemiawere
and still major health problems in Egypt especially
for children and pregnant women. The composition
of the Egyptian diet is comprised mainly of non
heme iron, a poor source of dietary iron. To further
intensify the problem, these diets also contain
severa inhibitors of iron absorption (phytates and
tannates) and lack the enhancers of iron absorption.

Ascorbic acid is a strong enhancer of non heme
iron absorption. It may exert its "enhancing” effect
by promoting acid conditions within the stomach
so that the dietary iron is efficiently solubilized;
by reducing ferric iron to its better absorbed ferrous
form; by forming chelates with iron in the stomach;
and by maintaining the solubility of non hemeiron
when the food enters the alkaline environment of
the small intestine which counteracts the inhibitory
effect of dietary ligands such as hydrates and
tannins. The latter effect can be explained by the
fact that ascorbic acid forms complexes with soluble
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food iron at alower pH than do inhibitory ligands.
The overdll result isthat iron from the common
non heme pool complexes with ascorbic acid in
the stomach and passes into the intestine as an
iron-ascorbate complex, thereby reducing the in-
fluence of the inhibitory ligands that bind iron in
the more alkaline pH of the duodenum [1].

Iron absorption from a semi synthetic meal
increased three-fold after adding 75mg ascorbic
acid and four-fold after adding 100mg ascorbic
acid [2-7] . The most profound effects of ascorbic
acid occur when meals have a high content of
"inhibitors" such as phytates and tannins, which
arefound in atraditional maize-based Latin Amer-
ican meal [11,12]. A similar level of iron absorption
enhancement was obtained using synthetic ascorbic
acid versus the same amount of natural ascorbic
acid consumed in foods such as cauliflower and
papaya [8-10] . This enhancing effect of ascorbic

| Fats and fatty acids
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acid on iron absorption is dose-related, both from
single meals such as a maize meal containing 100g
maize [11], and a semi synthetic meal containing
dextrimaltose, corn oil, ovalbumin, and 4.1mg iron.
Theincreaseiniron absorption (0.77 to 7.1 percent)
was directly proportional to the amount of ascorbic
acid added over the range of 25 to 1,000mg [2].

Polyunsaturated fatty acids are further subdi-
vided into omega-3 fatty acids which are derived
from a-Linolenic Acid (ALA) and omega-6 fatty
acids which are derived from Linoleic Acid (LA).
They share the same pool of enzymes and go
through the same oxidation pathway while being
metabolized. Fats from each of these families are
essential “Essential Fatty Acids (EFAS)” that can't
be constructed by the human body. The body can
convert one omega-3 to another omega-3, but can't
create an omega-3 from omega-6 or saturated fats
[11].

Saturated fats animal fats, butter I

| Unsaturated fats ]

Y

l Polyunsaturated fats l

v

| Monounsaturated fats l

V ) v

Omega 3 fatty acids Omega 6 fatty acids Omega 9 fatty acids
Eicosapentanoic acid: Corn oil Oliveail

Fish, shellfish Sunflower ail
Docosahexanoic acid:

Fish, shellfish

a linolenic acid:
Flaxseed, soybean, walnut

Fig. (1): Classification of fatty acids [12].

Omega-6 eicosanoids are generally pro-
inflammatory and omega-3ei cosanoids are much
less so. The amounts and balance of these fatsin
aperson'sdiet will affect the body's el cosanoid-
controlled functions. Omega-3 fatty acids are con-
sidered an important anti-inflammatory factor able
to reduce pro-inflammatory cytokines [11].

Fish are the mgjor source of omega-3 fatty acids
in diet specially Eicosapentaenoic Acid and Do-
cosahexaenoic Acid (EPA and DHA) such as salm-
on, herring, mackerel and sardines [13].

Botanical sources are rich source of omega-3.
Flaxseed oil consists of approximately 55% ALA.
Flax contains approximately 3 times as much ome-
ga-3 as omega-6. Chicken eggs are one of the
sources of omega-3 and if fish oil is added to the

diet of chicken, it will increase its omega-3 con-
centrations [14] .

Cod liver oil contains high levels of omega-3
FAs (EPA and DHA), and very high levels of
vitamin A and D but fish oil is extracted from the
tissues fatty fish like salmon and is a good source
of EPA and DHA and contains very little levels of
vitamin A and D [15].

Four major food oils (palm, soybean, rapeseed,
and sunflower) provide more than 100 million
metric tons oil annually, providing more than 32
million metric tons of omega-6 linoleic acid and
4 million metric tons of omega-3 apha-linolenic
acid [17] . Sources of omega-6 fatty acidsinclude
“Poultry, Avocado, Cereals, Whole-Grain Breads,
Cottonseed Oil, Sunflower Seed Qil, Corn Oil,
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Most Vegetable Qils, Safflower Qil, Evening Prim-
rose Qil, and Borage Qil.

Table (1): Adequate intake for omega-3 fatty acids according
to age [18].

Adequate intake for Omega-3 Fatty Acids DHA

Life stage Age Gram/day
Infants At birth-12 months 0.5
Children 1-3 years 0.7
Children 4-8 years 0.9
Children 9-13 years 12
Omega-3 Fatty Acids (DHA).

Table (2): The Adequate Intake allowed (Al) afor infant

formula/diet.
Fatty acid Percent of fatty acids
LADb 10.00
ALA 1.50
AAc 0.50
DHA 0.35
EPA d (upper limit) <0.10

Omega-3 Fatty Acids (LA b, AL a, AA c, DHA and EPA d).

The Adeguate Intake (Al) for omega-3is 1.6
g/day for men and 1.1g/day for women, while the
Acceptable Macronutrient Distribution Range (AM-
DR) is0.6% to 1.2% of total energy. Approximately
10 percent of the AMDR can be consumed as EPA
and/or DHA [19] . Adequate intake for DHA for
childrenisshownin (Tables 1,2) [19].

Polyunsaturated fatty acids are vitally important
structural elements of cell membranes and essential
for formation of new tissues, as occurs during
pregnancy and fetal development [20].

Deficiencies of omega-3 fatty acids especially
EPA and DHA have been linked to decreased cog-
nitive abilities, increased aggression and memory
loss. Sufficient dietary intake of omega-3 fatty
acids has been shown to be effective in promoting
cognitive and emotional health [21,22].

Large doses of omega-3 reduce platelet aggre-
gation but smaller amounts have platelet inhibitory
effects. Dietary consumption of omega-3 fatty
acids decreases platel et aggregation by the reduced
formation of the pro-aggregatory TXA2 through
aninhibitory effect of omega-3 fatty acids on cyclo-
oxygenase (COX) enzyme which converts AA to
TXA2 making thrombus formation less likely Figs.
(2,3) [23].
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Fig. (2): The effect of omega-6 fatty acids on platelets [24] .

Omega-6 fatty acids (also referred as n-6 or
c0-6) are afamily of unsaturated fatty acids that
have a common final carbon-carbon double bond
in the n-6 position “sixth bond, counting from the
methyl end of the fatty acid”. Linoleic Acid (LA)
isa PUFA used in the biosynthesis of Arachidonic
Acid (AA) and thus some Prostaglandins (PGS).
Itisfound in thelipids of cell membranes. Itis
abundant in many vegetable oils (eg. sunflower,
and corn ails) Fig. (2) [16].

Fig. (3): The effect of omega-3 fatty acids on platelets [24] .

Omega-3 fatty acids support healthy levels of
calcium, improve calcium absorption and promote
calcium deposition in the bone tissue and therefore
strengthen the bones [25] .

Severa limitations are encountered in previous
published studies addressing the effect of ascorbic
acid on iron absorption and the effect of fish on
Omega 3 supplementation. These limitationsin-
cluded: The effect is studied using single meals
and not on whole meals, the effect is studied using
synthetic ascorbic acid and omega 3 capsules and
not of natural origin of both, the effect is studied
in communities with low prevalence of iron and
omega 3 deficiency, and the effect is studied for
short periods.
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Aim of the study:

The present study was designed to determine
if nutritional status could be improved by asimple
school food-based approach for an enhancer (tuna
sandwich and orange) of both omega 3 fatty acid
and iron absorption.

The main objective was. To decrease prevalence
of iron deficiency among school children (10-12
years old) and to spotlight the importance of omega-
3 fatty acid daily intake to the health of children.

Thiswill be fulfilled through: (1) Introduction
of natural ascorbic acid in the form of orange with
the standard school lunch meal for the school
children, (I1) Introduction of natural omega3in
the form of fish (tuna sandwich) in the standard
school lunch. AND (I11) Increase the bioavailability
of absorbed iron for the children participating in
the study to raise their hemoglobin levelsto above
12gm%.

Patients and M ethods

The study took place in Shebin El-Kom district,
Menoufia Governorate. This study could be as-
sessed as two phases. The first phase started on
January 2016 and ended on November 2016, while
the 2nd phase started on April 2016 and ended on
January 2017. The intervention period for the 1 &
phase was for 2 months, while that for the 2 nd
phase was extended for 4 months.

A written consent was taken children parents
after explanation of the objectives of the study to
them. The acquaintance with the community started
and the explanation of the objectives of the study
to the school personnel were undertaken. The local
district authorities were the first to be met, and
explanation took place. The school authority per-
sonals were the next in line for acquaintance, and
the visiting team was accompanied by the district
authority personnel. Three of the school personnel
were chosen to be the key figures that were going
to be used in the study later on. The three supervi-
sors were advised to meet with the parents even
in the evenings, in the district clubs or in the cafes
and to explain the research and the benefits that
their children will gain from it later on.

A sample of the school lunch and its compara-
tive alternative (if school lunch isnot available),
were analyzed to estimate the iron, omega 3 and
vitamin C content. The lunch program was irregu-
larly served by the school and covered only 120-
180 days of the whole school year.

Improving Nutritional Satus of School Children

In the s phase, 300 children from fourth and
fifth primary grades (10-12 years) were randomly
selected from nine classes in three schools to
receive the orange and fish (tuna sandwich). There
were 152 girls and 148 boys. The intervention
included serving 150 children with afresh orange
and the school lunch (tuna sandwich) for six days
aweek for two months.

In the 2nd phase, 600 children from fourth and
fifth primary grades (10-12 years) were randomly
selected from 12 classes in four schools to receive
the orange and fish (tuna sandwich). There were
302 girls and 298 boys. The intervention included
giving all the children afresh orange and alunch
(tuna sandwich) six days aweek for four months.
Controls (150 children in 1 st phase, and 100 chil-
dren in 2nd phase) also came from the same schools.

The biscuit and tuna sandwich were the food
items given to all schools children. The biscuit
weighed ~150 grams and contained a mean of 4mg
of iron in the form of ferrous sulfate, the tuna
sandwich weighed ~350 and contained 1.2gm of
omega 3 fatty acid. The oranges weighed between
100-200 grams (mean 126 grams) and had between
50-75mg of Vitamin C (mean 65mg) and iron a
mean of 5.1mg. The controls were served the lunch
meals that lacked the orange.

Before providing the meal plus/minus the or-
ange, all children were subjected to blood sampling
using avacutainer and a disposable needle for each
vacutainer. The experienced team of doctors and
personals collected all samples viathe hand veins
using strict aseptic conditions.

Each blood sample was collected in two vacu-
tainers. One with EDTA for the hemoglobin, and
the other empty vacutainer used for serum collec-
tion. Each vacutainer was labeled with a serial
number and the children's name for double-
checking.

Each child was given an empty labeled plastic
container and was asked to provide a fresh stool
sample the next morning. Only 94 children out of
300 children (1 st phase), and 240 children out of
600 children (2nd phase) returned their stool sam-
ples.

The blood samples were taken to the hospital
laboratory immediately. The hemoglobin levels
were analyzed using the cell analyzer (Sysmic) on
the same day. In addition, serum was separated
and frozen at 70°C on the same day. When al the
samples were collected for the pre-and post-
intervention, serum ferritin was analysed using the
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ferritin autoanalyser kits and also omega 3 index
was assessed.

We started giving the children daily school
lunch (biscuits fortified with iron) with or without
an orange and tuna sandwich immediately after
blood sampling in the beginning of January 2016
for phase 1, and November 2016 for phase 2. They
were provided these meals six days aweek, for 2
months (1 st phase) and 4 months (2 nd phase).

The three supervisors ensured that the children
ate the, biscuits, tuna sandwich and orangesin
their lunch at school.

Satistical analysis:

Data were recorded and analyzed using SPSS
21.0 for Windows (SPSS Inc., Chicago, IL, USA).
All tests of significance were two-tailed. p-values
of <0.05 were considered statistically significant.
Comparison of variables representing quantitative
data before and after intervention was performed
using the paired t-test for normally distributed
variables and wilcoxon test for non-normally dis-
tributed variables.

Results

During the first phase, there was slight improve-
ment of the mean levels of hemoglobin and ferritin
due to the short duration of orange intake. The 138
children, of the intervention orange group, showed
that the mean hemoglobin level was 12.09+0.61 g/dl
(Table 3A). This mean was insignificantly different
from the mean of the control group (134 children)
of 12.22+0.48g/dl. Average improvement in the
intervention group was 0.21 g/dl for hemoglobin
and 1.42ng/ml for serum ferritin. Sixty of the
intervention group (40%) had hemoglobin levels
below 12g/dL before intervention, the numbers
decreased to 50 children after the intervention
(Table 4A). In addition, there were 40 intervention
children with ferritin levels below 10ng/ml de-
creased to 18 after intervention. Specifically, those
with hemoglobin levels below 12g/dl and serum
ferritin levels below 10ng/ml improved significant-
ly. Resultsindicated that among the intervention
group, both hemoglobin and serum ferritin levels
in the blood improved because of the food-based
intervention. All children, despite the number of
parasites had higher mean levels of hemoglobin
and serum ferritin at the end of the intervention
Fig. (4A) & (Table 5A). The mean hemoglobin
levels were highest in children not infested with
parasites being 12.25+0.51g/dl. The hemoglobin
and ferritin means showed higher improvements
in children infested with one parasite than two
parasites.
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Table (3): Phase | and Il t-tests of hemoglobin and serum
ferritin levels among cases and controls.

Mean Sample size

A =Phasel

¢ Cases:
HB before (g/dl) 12.09+0.61 150
HB after 12.30+0.52

« Controls:
HB before (g/dl) 12.22+0.48 150
HB after 12.12+0.60

e Cases:
S. Ferritin before (ng/ml) 26.18+3.31 150
S. Ferritin after 27.60+5.62

« Controls:
S. Ferritin before (ng/ml) 2541+43 150
S. Ferritin after 24.09+3.1

B = Phasell

e Cases:
HB before (g/dl) 11.81+0.41* 600
HB after 12.44£0.40

« Controls:
HB before (g/dl) 11.72+0.61 100
HB after 11.69+0.50

e Cases:
S. Ferritin before (ng/ml) 39.62%3.81* 600
S. Ferritin after 49.49+5.20

« Controls:
S. Ferritin before (ng/ml) 50.06+4.81 100
S. Ferritin after 49.49+3.30

*: p<0.01.

Due to the positive but minimal increasein iron
statusin the 1 st phase, the period of intervention
was extended to 4 continuous monthsin the second
phase. The complete results of 600 children of the
intervention group showed that the mean hemo-
globin level was 11.81+0.41g/dl (Table 3B). This
mean was insignificantly different from the mean
of the control group of 11.72+0.61g/dl. Average
improvement in the intervention group was 0.63g/dl
for hemoglobin and 9.87ng/ml for serum ferritin
which were both statistically significant (p<0.01).
three hundred and fifty children of the intervention
group (58.3%) had hemoglobin levels below 12g/dl
(Table 4B). Also, there were 44 children with
ferritin levels below 10ng/ml. Specifically, those
with hemoglobin levels below 12g/dl and serum
ferritin levels below 10 and above 10ng/ml im-
proved significantly. Results indicated that among
the intervention group, both hemoglobin and serum
ferritin levels in the blood improved significantly
as aresult of the food-based intervention. The
improvement included the iron deficient anemic
children (low hemoglobin and ferritin) and iron
deficient children (low hemoglobin and normal
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ferritin). All children, despite the number of para-
sites had higher mean levels of hemoglobin and
serum ferritin at the end of the intervention Fig.
(4) & Table (5B). Forty percent of the intervention
group was found to be infested with at |east one

Improving Nutritional Satus of School Children

parasite. The mean hemoglobin levels were highest
in children not infested with parasites being 12.27 +
0.51g/dl. The hemoglobin and ferritin means
showed higher improvements in children infested

with one parasite than two parasites.

Table (4): Phase | and 11 t-test of hemoglobin and serum ferritin levels among cases & controls above & below cut off points*.

Mean Sample size Mean Sample size

A =Phasel: B = Phasell:

e Cases <12¢g/dl: ¢+ Cases<12¢g/dl:
HB before 11.41+0.38* 60 HB before 10.96+0.60* 350
HB after 12.02+0.41 HB After 12.19+0.53

« Cases> 12g/dl: + Cases> 12g/dl:
HB before 12.90+£0.70 20 HB before 12.91+0.12 250
HB after 12.83+0.62 HB after 12.77+0.11

« Controls <12g/dI: + Controls<12g/dl:
HB before 11.31+0.43 50 HB before 11.35+0.51 60
HB after 11.26+0.49 HB after 11.38+0.34

» Controls> 12g/dI: + Controls> 12g/dI:
HB before 12.45+0.61 100 HB before 12.39+0.83 40
HB after 12.34+0.72 HB after 12.17+0.62

« Cases <10ng/m: + Cases <10ng/ml:
S. Ferritin before 7.35+0.60* 40 S. Ferritin before 7.51+0.80* 44
S. Ferritin after 21.21+5.42 S. Ferritin after 33.23+3.70

« Cases > 10ng/m: + Cases> 10ng/mi:
S. Ferritin before 33.01+7.42 110 S. Ferritin before 42.05+6.83* 556
S. Ferritin after 38.42+5.80 S. Ferritin after 50.43+7.31

 Controls <10ng/ml: + Controls <10ng/mi:
S. Ferritin before 7.53+0.52 36 S. Ferritin before 7.66+0.42 20
S. Ferritin after 9.61+1.30 S. Ferritin after 10.59+1.61

« Controls > 10ng/m: + Controls> 10ng/m:
S. Ferritin before 32.15+7.22 114 S. Ferritin before 51.93+8.22 80
S. Ferritin after 32.0316.61 S. Ferritin after 51.23+6.81

¢ Cases <0.9%: ¢ Cases <0.9%:
S. Omega 3index before  0.8+0.20* 50 S. Omega 3 index before 1.0+0.31* 150
S. Omega 3 index after 1.6+0.42 S. Omega 3 index after 1.9+0.42

» Cases> 0.9%: » Cases> 0.9%:
S. Omega 3 index before 1.4+0.33 100 S. Omega 3 index before 1.8+0.33 450
S. Omega 3 index after 1.8+0.53 S. Omega 3 index after 2.2+0.53

« Controls <0.9%: » Controls <0.9%:
S. Omega 3 index before 1.2+0.38 30 S. Omega 3 index before 1.3+0.38 40
S. Omega 3 index after 15+041 S. Omega 3 index after 16041

« Controls > 0.9%: « Controls> 0. 9%:
S. Omega 3 index before 17+0.31 120 S. Omega 3 index before 1.8+0.31 60
S. Omega 3 index after 1.9+0.45 S. Omega 3 index after 2.0+£0.45

*: p<0.01.
Cutoff points selected according to:

WHO Technical Report Series 3. Nutritional Anemia 2011.

Worwood, M: erum Ferritin. Critical Reviewsin Clinical Laboratory Sciences. Vol. 10 pages 171-204.

Dallman & Siimes: Percentile curves for hemoglobin and red cell volume in infancy and childhood. J. Pediatrics, 94: 26, 1979.
Reeves et a.: Iron deficiency in health and disease. In Zuckerman & Chase, Y ear Booh Pediatrics: 281, 1984.

Dallman M: Developmental changesin red blood cell production and function. In Rudolph, Pediatrics: 1091, 1991.
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Table (5): Phase | (n=94) and Il (n=240) mean hemoglobin & serum ferritin levels
before & after interventions by number of parasites/child.

Number of parasites/child 0.0 1.00 2.00

A= Phasel:
HB before (g/dl) 12.25+0.51 12.05+0.61 11.91+£0.43
HB after (g/dl) 12.69+0.62 12.24+0.73 12.12+0.51
S. Ferritin before (ng/ml) 25.84+5.42 24.25+6.13 25.71%7.22
S. Ferritin after (ng/ml) 28.92+6.53 2521+6.71 26.45+5.22
S. Omega 3 index before (%) 1.3+0.40 1.0+0.23 0.8+0.22
S. Omega 3 index after (%) 17+0.51 15+041 1.0+0.34

B = Phasell:
HB before (g/dl) 12.27+0.51 11.55+0.41 11.73+£0.43
HB after (g/dl) 12.73+0.62 12.33+0.72 12.20+0.61
S. Ferritin before (ng/ml) 45.91+£554 39.26+4.84 49.67+5.22
S. Ferritin after (ng/ml) 56.72+7.53 54.21+6.32 47.43+4.91
S. Omega 3 index before (%) 14%0.31 11+0.21 0.9+0.20
S. Omega 3 index after (%) 2.0+0.37 1.6+0.40 11+0.33

Percent of children complains of parasite
infestation according to number of parasite

Phase|

B Prasell

Fig. (4): Phase | (n=94) and Phase Il (n=240) percent of
intervention children with parasites.

Discussion

Ascorbic acid can improve iron absorption even
in the presence of inhibitors such as phytatesin
cereals and soy, tanninsin tea, and calcium
[10,26,28] . The addition of ascorbic acid (50 or
100mg) significantly counteracted the inhibitory
effect of phytate added to wheat rolls at various
levels, i.e. 0, 25, and 250mg of phytate phosphorus
[26] ; the latter constitutes 28 percent of the phytic
acid molecule. Similarly, 30mg of ascorbic acid
overcame theinhibitory effects of 10 to 58mg of
phytate phosphorus, and it was concluded that
more than 50mg ascorbic acid would be required
to overcome the inhibitory effects on iron absorp-
tion of any meal containing more than 100mg
tannic acid [29] . The inhibitory effect of tannic acid
in tea consumed with maize-meal porridge was
counteracted by giving large amounts of ascorbic
acid (250 or 500mg) to iron-deficient Indian women

[10] . Likewise, the inhibitory effect of taking a
calcium supplement (500mg calcium as calcium
citrate malate) on iron absorption from a breakfast
test-meal was overcome when postmenopausal
women drank 450mL orange juice with the calcium
supplement [27].

These studies show that the greater the level
and effect of inhibitorsin a meal, the greater the
amount of ascorbic acid required to overcome the
inhibition. However, a given quantity of ascorbic
acid causes a proportionately greater increasein
the amount of iron absorbed from diets higher in
inhibitors.

One limitation of the studies that have been
conducted with ascorbic acid is that they were
predominantly limited to measuring itsimpact on
iron absorption from single meals. Thereislittle
information on the effectiveness of increasing
ascorbic acid intake on iron status over the longer
term, or at the population level. Long term ascorbic
acid-induced increases in non heme iron bioavail-
ability might be less than that observed from single
meals, particularly among those who are not iron-
deficient. For example, two g/day of ascorbic acid
with meals for 16 weeks did not increase serum
ferritin in non-iron-deficient volunteersin the U.S.
eating self-selected diets [28] . Thiswas not caused
by adaptation to the high ascorbic acid intake
because iron absorption from single meals was
still stimulated by a dose of ascorbic acid at the
end of the 16 weeks. Similarly, 100mg of ascorbic
acid, fed with meals three times per day for eight
weeks failed to increase serum ferritin [28] . Cook
et al., (1991) [29], observed that non hemeiron
absorption from an enhancing diet was 2.5-fold
higher than that from an inhibitory diet, when each
diet was fed over atwo-week period. In contrast,
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iron absorption from a single enhancing meal was
5.9-fold higher than from an inhibitory meal. Hunt
et al., (1994) [30], reported no significant effect of
ascorbic acid (500mg, three times per day) on
serum ferritin although the observed increase (from
11.4 to 12.9¢g/L with predicted poorly-available
iron, and from 10.7+ to 11.9 with atypical diet in
adeveloped country) may have become significant
if the treatment had been given for more than five
weeks. Iron balance was not improved but this
measure is relatively insensitive to changesin
absorption. The level of inhibitors tested in these
longer-term studies was much lower (less than
500mg phytate per day) compared with many
traditional diets, especially those that are maize-
based. For example, in rural Mexico, adult women
consume more than 4,000mg of phytate per day,
and adult men consume 5,000mg [31]. As Hallberg
et a., (1986) [37] pointed out, "a more marked
long-term effect of ascorbic acid on iron balance
can only be expected when the diet has afairly
high content of inhibitors. In addition, improve-
mentsin iron status would be more apparent in
iron-deficient populations.

In arecent study by Cook and Reddy (2001)
[32], the effect of Vitamin C on non heme-iron
absorption from a compl ete diet rather than from
single meals was examined. Iron absorption from
acomplete diet was measured during 3 separate
dietary periodsin 12 subjects by having the subjects
ingest alabeled wheat roll with every meal for 5
days. The diet was freely chosen for the first dietary
period and was then altered to maximally decrease
or increase the dietary intake of Vitamin C during
the second and third periods. There was no signif-
icant difference in mean iron absorption among
the 3 dietary periods despite arange of mean daily
intakes of vitamin C of 51-247mg/day. When ab-
sorption values were adjusted for differencesin
iron status and the 3 absorption periods were
pooled, multiple regression analysis indicated that
iron absorption correlated negatively with dietary
phosphate (p=0.0005) and positively with ascorbic
acid (p=0.0069) and animal tissue (p=0.0285). The
reasons for the diminished influence of dietary
factors when iron absorption is measured from a
complete diet rather than from individual meals
are unknown. One possibility is that residual gastric
contents from meal s eaten throughout the day
dampen the influence of dietary factors compared
with that in fasting subjects. Another is that the
range of meals consumed over a 5-day period is
much greater than with an isolated meal and con-
sequently the biochemical composition of the total
diet is more varied. The negative influence of
phosphorus intake on dietary absorption shown in
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this study supports the idea that the facilitating
effect of ascorbic acid on iron absorption from a
complete diet is at least partly offset by dietary
inhibitors. For whatever reason, the influence of
dietary ascorbic acid on iron absorption is substan-
tially less than indicated by absorption studies with
single meals.

The superior impact of food based approaches
versus supplemental approaches have been highly
stressed in several studies and could be the expla-
nation for the previous observations. In a recent
epidemiologic investigation including 634 young
individuals aged 8-18 years, iron stores as meas-
ured by serum ferritin were compared with dietary
intake during the previous year as assessed by a
food-frequency questionnaire [33] . Individuals with
apathologic elevation in serum ferritin were ex-
cluded and multiple regression analysis was used
to control for sex, age, body mass index, total
energy intake, smoking, and the use of medications
known to affect blood loss.

There are two reports of the impact of ascorbic
acid supplementation at the community level.
These studies athough showing the same improve-
ment of iron status as the current study, they have
used synthetic ascorbic acid and not natural ascorbic
acid (orange). In India, 54 anemic preschool chil-
dren were supplemented with 100mg synthetic
ascorbic acid versus a placebo, at each of the two
main meals, for two months [34] . Usual iron and
ascorbic acid intakes were low. Ascorbic acid
treatment improved hemoglobin concentrations
significantly, from 9.38 to 11.30ng/ml on average.
There was no change in controls (9.08 versus 9.18
ng/ml). Initially 96 percent of all the children had
amicrocytic hypochromic blood profile, but only
26 percent showed this post-intervention. In China,
65 children with mild anemiareceived O, 25, 50,
100, or 150mg ascorbic acid daily for eight weeks
(Mao and Y ao, personal communications). Usual
intakes of iron and ascorbic acid were 7.5mg and
30mg respectively. Weekly iron status assessment
showed the 50mg ascorbic acid supplement to be
most effective, and an improvement in iron status
could be detected in six weeks. No community
trials have been attempted on adults, and equally
importantly, no interventions have been attempted
using local, potentially sustainable food sources
of ascorbic acid. Because citrus and other fruits
and vegetables are also high in citric acid, these
may have a stronger effect on iron absorption than
synthetic ascorbic acid.

The impact of ascorbic acid as an enhancer of
iron absorption seems to be pronounced in the
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anemic children as shown in this study and other
studies. There was significant improvement in the
children with iron deficiency and iron deficiency
anemiain the current study with no impact on the
iron replete children of serum ferritin above 12ug/L

(Table 4A,B). The results of iron absorption studies
performed by Cook and Reddy (2001) [32], augment
such findings although the overall results show
that iron absorption was minimal. Their subjects
were adults and of iron replete status, on the basis
of a serum ferritin concentration of >12ug/L, all

but one subject was iron deficient and none of the
participants were anemic. This subject although
only iron deficient but not anemic showed a highest
level of iron absorption reaching 26% from high

Vitamin C diets compared to 9% from the low
Vitamin C diets.

Daily supplementation with fish oil capsules
providing omega-3 (EPA and DHA) and Vitamin
E for 6 months with increasing sea foods intake
can improve many symptoms of CF, breathing
easier, coughed up significantly less sputum and
the most important result was the sharp drop in
needing antibiotic medications [35] .

Fish oil consumption has a beneficial effect on
lung functions, promotes respiratory health and
lessens the effects of oxidative stress and prevalence
of asthma [36] . Several studies have reported im-
provement in cough and wheezes with higher die-
tary intake of omega-3 fatty acidsrich foods [37,3g].

Using of fish oil and cod liver oil as supple-
mentation in therapeutic diet during medical treat-
ment of asthmatic patient help in reducing the
severity of asthmatic attacks. Also it resulted in
significant decrement of IgE level and this favorable
effect could be attributed to omega-3 fatty acids
content of these supplementations [39] .

Supplementation of 60 children with moderate
persistent asthma, with Omega-3 fatty acids, Vita-
min C and zinc either singly or in combination
resulted in a significant improvement in pulmonary
function tests and sputum inflammatory markers.
There was significant improvement with the com-
bined use of the three supplementations than single
use of any one of them [40].

One study evaluated intake of Omega-3 and
Omega-6 fatty acids in association with develop-
ment of autoimmunity to pancreatic islet cellsas
seen in type 1 diabetes. The researchers concluded
that dietary intake of Omega-3 is associated with
reduced risk of islet autoimmunity in children who
are at increased risk for developing IDDM [41].
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Epidemiological studies have shown areduced
incidence of cancer in populations consuming high
levels of dietary fish. Omega-3 fatty acids have
regulatory effects on cell proliferation and apopto-
sis. They may help sensitizing tumors to different
chemotherapeutics [42], improving quality of life
and reducing post-surgical morbidity in cancer
patients [42] .

Fish oil ingestion increases the concentration
of plasminogen activator and decreases the con-
centration of Plasminogen Activator Inhibitor 1
(PAI-1). In patients with types I b and IV hyper
lipoproteinemia and in another double blind clinical
trial, ingestion of Omega-3 fatty acids decreased
the fibrinogen concentration. A recent study noted
that fish and fish oil increase fibrinolytic activity,
indicating that 200g/d of lean fish or 2g of Omega-
3 EPA and DHA improve certain hematologic
parametersimplicated in the etiology of cardiovas-
cular disease [11].

Helland et a., (2003) [43] concluded that chil-
dren whose mothers had been supplemented with
fish oil and who had been breast fed for at least 3
months after birth had a better Intelligence Quotient
(1Q). Adequate maternal intake of sea-foods during
pregnancy improves verbal communication skills
at 6 and 18 months, reduces the risk of preterm
birth and low birth weight, improves the infant's
problem solving capacity and eye and hand coor-
dination [43].

The pronounced impact in nutritional status of
the 2nd phase of intervention compared to the 1 <
phase in the current study can be attributed to
several factors. These factors include the higher
incidence of omega three deficiency and iron de-
ficiency anemia among the studied children of the
2nd phase reaching more than 50% compared to
30% of the children in the 1 & phase (Table 4A,B).
Also the longer period of orange and fish (tuna
sandwich) intervention reaching 4 monthsin the
2nd phase could have influenced the positive nutri-
tional status of those children. Another factor was
the use of natural enhancer (orange and fish) that
could have such positivity on nutritional status
compared to previous studies that used medicinal
Vitamin C and omega 3 capsules.

Conclusion:

The results of this study show improvement in
the nutritional status of children in the intervention
group who were iron or omega three deficient +
anemic after giving them an orange and fish daily
for four months. This simple and cheap approach
can be easily implemented in the schools settings.
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The diet-based approach has important implications
asit can be used along with other means to over-

come the problem of iron or omega three deficiency
in school children, both in Egypt and in other
countries. Longer periods of introducing the orang-

es and fish (4 months) in the 2nd phase, have proven
to be of highly significant improvement in the
nutritional status of the deficient children. This
study should stress the importance of using food

approaches as means of nutritional intervention
and their superiority to using other medicinal

supplemental approaches. The improvement of the
nutritional status of the school children would
improve their scholastic and daily activities with
lesser load on the teacher to explain the curriculum.

Thiswould allow better performance of both the
students and the teachers and lesser extra-scholastic
teaching and studying.

Recommendations:

Food based approaches such as providing or-
anges and tuna sandwich to the meals for long
periods would improve the nutritional status sig-
nificantly. Other approaches such as de-worming
and others should be aso implemented simultane-
ously.
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