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Abstract 

Food fortification has been defined as the addition of one or more essential nutrients to a food whether or not it is normally 

contained in the food. Iron acts as an integral part of hemoglobin and is required for the transport of oxygen and carbon dioxide 

in blood. Cereal foods can be successfully fortified with iron. Among the cereals, wheat has additional advantage to be used as 

vehicle. The bioavailability of iron added to wheat is several times greater than other staples such as maize and rice. Ferrous 

sulphate has excellent bioavailability. It is the fortificant of choice when used in wheat flour and is the best iron source because 

of its high bioavailability and low cost. In this study the effect of ferrous sulphate fortified wheat flour on the hemoglobin 

status of adolescent girls was examined in district Buner. A total of 200 adolescent girls were randomly selected and divided 

into two groups, study and control each group having 100 girls. The subjects of the study group were fed with ferrous sulfate 

fortified wheat flour while the control group were fed with non-fortified wheat flour as a placebo. The hemoglobin level of 

both groups was determined 4 times, prior to intervention, after 1
st
, 2

nd
 and 3

rd
 month of consuming ferrous sulfate fortified 

wheat flour with the help of Hemo Cue. The mean (± S.D) Hb values (g/dl) of control and study groups prior to intervention, 

after 1
st
, 2

nd
 and 3

rd
 month were (11.878 ± 0.46, 11.754 ± 0.61), (11.91 ± 0.50, 11.837 ± 0.60), (11.88 ± 0.53, 11.93 ± 0.65), 

(11.87 ± 0.66, 12.107 ± 0.63) respectively. The results showed no significant difference between study and control groups by 

comparing baseline data with the 1
st
 month while showed significant difference by comparing baseline data with 2nd and 3

rd
 

month of intervention. The study suggests that the hemoglobin status of adolescent girls was significantly improved by 

consuming wheat flour fortified with ferrous sulphate. 
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1. Introduction 

Anaemia is a condition in which the number of red blood 

cells is insufficient to meet the body’s physiologic needs. 

Specific physiologic needs vary with a person’s age, gender, 

residential elevation above sea level, smoking behaviour and 

different stages of pregnancy. The prevalence of anemia is an 

important health indicator and when it is used with other 

measurements of iron status the hemoglobin concentration 

can provide information about the severity of iron deficiency 

[1]. 

Anemia is one of the most commonly recognized disorders. 
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Its prevalence in women and preschool children is high 

therefore, it needs more attention. Evidence from studies 

showed that adolescents are at an increased risk of 

developing anemia due to increasing iron demand during 

puberty, menstrual losses, limited dietary iron intake and 

faulty dietary habits [2, 3]. 

Iron deficiency is most common among groups of low 

socioeconomic status. The cut off points for mild, moderate 

and severe anemia in women are 120 g/l, 110-119 g/l and 80-

109 g/l respectively [4]. 

Nutritional iron deficiency is a leading public health concern 

both in industrialized and developing countries. It affects 

significant portion of population in the entire developing 

world including Pakistan. Maximum of our population 

particularly women and children are more prone to iron 

deficiency. In 2001 the prevalence of anemia in children was 

49.7% and 45% in pregnant women [5] but in 2011 the 

prevalence of anemia reported in children is 62.5% and 

52.1% in women [6]. 

Recent statistics shows a prevalence of around 45% of iron 

deficiency anemia in Pakistan realizing failure of public 

health measures to control it [7]. It has been found that 

overall more than one fifth of women in Pakistan suffer from 

anemia [8].
  

The daily elemental iron requirement for adolescent girls and 

premenopausal women is approximately 20 mg elemental 

iron. However, this amount often is not attained because 

absorption from dietary sources is limited by the absorptive 

capacity of the intestine. Iron deficiency occurs readily 

owing to regular iron losses, increased requirements, or 

decreased intake. In premenopausal women, cumulative 

menstrual blood loss is a common cause. Vitamin C 

deficiency can contribute to IDA by producing capillary 

fragility, hemolysis, and bleeding [9]. 

Dietary supplements and food fortification have permitted 

humans to consume micronutrients in sufficient amounts that 

are not naturally present in foods. It has been claimed that 

millions of lives are saved each year, and the quality of life of 

many more is improved by dietary supplements and food 

fortification. Bread made from refined wheat flour is 

consumed extensively throughout the world, especially by 

populations in developing countries. Several countries have 

passed legislation for the addition of iron and vitamins to 

wheat flour as a strategy to decrease the high prevalence of 

iron deficiency [10]. 

Many studies have shown that iron is well absorbed from 

bread fortified with iron in the form of soluble salts [11]. 

However at high levels these salts produce organoleptic 

changes in the flour, especially when stored for long periods 

of time. Flours fortified with elemental iron do not undergo 

the same organoleptic changes because the iron compound is 

inert; nevertheless, it is absorbed in lower percentages [12]. 

2. Materials and Methods 

2.1. Selection and Classification of the 
Subjects 

The current study was conducted in district Buner in 

adolescent girls [13]. A total of 200 adolescent girls were 

selected randomly from different union councils of district 

Buner. Leady Health Workers of national program were 

involved in enrolment and follow ups of the subject. 

Inclusion criteria for the study subjects were all adolescent 

girls who are free of chronic infectious diseases and not 

taking any medication or iron supplementation. The selected 

subjects were randomly divided into 2 groups, study and 

control, each group having 100 subjects. The hemoglobin 

level of both groups was determined 4 times, prior to 

intervention, after 1
st
, 2

nd
 and 3

rd
 month of intervention. The 

subject of the study group was fed with iron fortified wheat 

flour while the control group was fed with non-fortified 

wheat flour as a placebo. The hemoglobin level of both 

groups was compared to see the effect of iron fortified wheat 

flour by the help of Hemo Cue [14]. Those who fulfilled the 

inclusion criteria were asked to sign the consent form for 

participation in the study. The subjects were interviewed for 

dietary intake, demographic information and also their BMI 

was calculated by taking their weight and height according to 

standard procedures. 

2.2. Anthropometry 

Weight and height of all individuals was determined by 

following the recommended procedure of WHO [15]. Before 

taking weight measurements, the adolescent girls were asked 

to remove heavy clothing, shoes, purse and other unnecessary 

things. The weight was noted up to the nearest 0.01kg. 

Similarly before height measurements, the adolescent girls 

was asked to remove shoes and heavy garments and to stand 

in the centre of the platform of the scale, looking straight 

with his head, back, buttocks, calves and heels touching the 

rod. The head piece was levelled and height was recorded up 

to the nearest 0.1cm. Body mass index (BMI) was calculated 

prior to the experiment with the help of formula, Weight (kg) 

/ Height (m
2
).  

2.3. Dietary and Demographic Information 

Data regarding dietary and demographic information like 

age, education level, occupation, medical history, family size 

and source of income was collected by interviewing. For 

dietary assessment 24 hour dietary recall questionnaire was 
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used to see the nutrients intake of the adolescent girls. 

Dietary assessment was recorded 4 times from each study 

group on each month to know about the pattern of dietary 

intake of iron. The 1st was recorded before feeding the 

fortified and non-fortified wheat flour, second, third and 

fourth was collected after first, second, and third months of 

feedings. 

2.4. Composite Flour Preparation and 

Feeding 

For composite flour preparation, the flour was collected from 

one flour shop of the same flour mill, brand and with 75% 

extraction rate to maintain the same level of phytic acid 

concentration naturally found in wheat flour. The extraction 

rate of flour is critical for selecting the type of iron that can 

be used for fortification. Whole wheat grains are good 

sources of some of the B-complex vitamins as well as iron 

and other minerals, which are concentrated in bran. The 

extent, to which the bran is separated or extracted from the 

endosperm, or the weight of the flour relative to the original 

weight of the wheat grain, is known as the extraction rate. 

Ferrous sulfate is recommended for fortification of wheat 

flour with 75% extraction rate [16]. 

The required fortification level of ferrous sulfate for 

countries consuming wheat flour greater than 300 g/day is 20 

ppm [17]. Levels of ferrous sulfate higher than 40 ppm or 

storage for more than 3 months under high temperatures and 

humidity have been found to cause rancidity and taste 

deterioration [18].  

One kg of the composite wheat flour based on 143g small 

bags was given to each individual of the study group for 7 

days. Similarly one kg of non-fortified wheat flour based on 

143 g small bags was provided to each individual of control 

group as a placebo. The both groups were instructed to 

consume one bag per day through preparing bread without 

sharing to other family members and was provided on 

weekly basis to both groups for 3 months to see the effect of 

iron fortified wheat flour consumption on the hemoglobin 

status of the adolescent girls. 

2.5. Determination of Heamoglobin 

The Heamoglobin level of both groups was determined by 

using Hemo Cue. Total of 4 readings of Heamoglobin was 

taken from each group. First reading was taken before the 

feeding of the fortified and none fortified wheat flour, 

second, third and fourth readings was taken after first, second 

and third months of feeding the fortified and non-fortified 

wheat flour. 

2.6. Statistical Analysis 

The collected data was entered into computer for statistical 

analysis using MS Excel and Statistix 8.1 package. 

Completely randomized design was used to see the variation 

in mean values between study and control groups at 5% level 

of significance.  

3. Results and Discussions 

3.1. General Characteristics of the Subjects 

Table-1 describes the general characteristics of the subjects. 

The mean ages of case and control groups were 15.970 ± 

2.48 and 15.950 ± 2.37 years while the mean weights of 

these groups were 46.906 ± 7.58 and 46.336 ± 7.30 kg 

respectively. The mean heights of these groups were 151.22 

± 5.52 and 151.47 ± 4.91 cm while the mean BMI of these 

groups were 20.640 ± 3.91 and 20.218 ± 3.16 kg/m
2
. Data on 

BMI showed that all the individuals were neither obese nor 

underweight as BMI range 20-25 is considered normal [19]. 

The P-value given in the table indicates that there were no 

significant differences in the mean values for age, weight, 

height and BMI among both groups respectively.  

Table 1. Anthropometric and Demographic characteristics of the subjects enrolled for the study. 

Anthropometric and Demographic characteristics of both groups 

Variables Fe Supplemented group (n= 100) (Mean ±S.D) Placebo group (n=100) (Mean ±S.D) P 

Age (Year) 15.970 ± 2.48 15.950 ± 2.37 0.9535 

Weight (kg) 46.906 ± 7.58 46.336 ± 7.30 0.5899 

Height (cm) 151.22 ± 5.52 151.47 ± 4.91 0.7426 

BMI (kg/m2) 20.640 ± 3.91 20.218 ± 3.16 0.4016 

Education level (%)   

 

Illiterate 24 28 

Primary 44 47 

Middle 21 14 

High 8 9 

Above 3 2 

Occupation   

Employee 5 7 

Students 23 18 

Housewife 72 75 
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3.2. Nutrient Intake of the Subjects 

Table 2. Show energy, carbohydrates, protein, fats, iron, 

vitamin C, B12 and Folate intakes of both groups. The 

mean energy intake of placebo and study groups were 

1722.7 ± 9.19 and 1725.8 ± 5.33 (kcal) respectively. The 

mean carbohydrate intake of these groups was 179.56 ± 

0.62 and 172.66 ± 0.29 (g) respectively. The mean protein 

intake of these groups was 40.145 ± 0.16 and 43.404 ± 

0.11 (g) respectively. The mean fat intake of these groups 

was 102.40 ± 0.42 and 107.01 ± 0.39 (g) respectively. The 

mean iron intake of these groups was 12.193 ± 0.04 and 

12.656 ± 0.31 (mg) respectively. The mean vitamin C 

intake of these groups was 36.217 ± 0.12 and 32.133 ± 

0.05 (mg) respectively. The mean folate intake of these 

groups was 84.898 ± 0.31 and 82.776 ± 0.31 (mcq) 

respectively. The mean B12 intake of these groups was 

6.94 ± 0.03 and 4.92 ± 0.01 (mcq) respectively. There was 

no significant difference in the nutrient intake of the 

subjects participated in the study at 5% level of 

significance as determined by analysis of variance during 

the time frame of the study.  

Table 2. Nutrients intake of studied groups. 

S. No Nutrient  Placebo (Mean±S.D) Fe supplemented (Mean±S.D) P –Value 

1 Calories 1722.7 ± 9.19 1725.8 ± 5.33  0.8001 

2 Carbohydrates 179.56 ± 0.62 172.66 ± 0.29 0.2641 

3 Protein 40.145 ± 0.16 43.404 ± 0.11 0.0630 

4 Fat 102.40 ± 0.42 107.01 ± 0.39 0.2775 

5 Fe 12.193 ± 0.04 12.656 ± 0.31 0.8483 

6 Vitamin C 36.217 ± 0.12 32.133 ± 0.05 0.2201 

7 Folate 84.898 ± 0.31 82.776 ± 0.31 0.6649 

8 B12 6.94 ± 0.03 4.92 ± 0.01 0.532 

 

3.3. Dietary Pattern and Food Consumption 

During the Trail 

Table 3. Shows the mean nutrients intakes of control and 

study group. The mean nutrients intake of control group such 

as energy was 1725.04 ± 9.19 (kcal), protein was 39.92 ± 

0.16 (g), carbohydrate was 179.71 ± 0.62 (g), fats was 102.50 

± 0.42, (g), vitamin C was 42.29 ± 0.12 (mg), iron was 12.20 

± 0.04 (mg), folate was 84.97 ± 0.31 (mcq) and B12 was 6.94 

± 0.03 (mcq). The mean nutrients intake of study group such 

as energy was 1727.16 ± 5.33 (kcal), Protein was 49.92 ± 

0.11 (g), carbohydrate was 172.72 ± 0.29 (g), fats was 107.1 

± 0.39 (g), Vitamin C was 32.14 ± 0.05 (mg), iron was 12.66 

± 0.31 (mg), folate was 82.85 ± 0.31 (mcq) and B12 was 4.92 

± 0.01 (mcq). 

Table 3. Dietary intake of both groups. 

Dietary intake of both groups (Mean and SD) 

Control group Calories Ptn CHO Fat Vit C Iron Folate B12 

Baseline 1732.37 39.96 179.82 102.59 42.3 12.21 85.04 6.95 

1st Month 1723.59 39.96 179.82 102.59 42.3 12.21 85.04 6.95 

2nd Month 1724.76 39.98 179.97 102.64 42.35 12.22 85.09 6.95 

3rd Month 1710.24 39.64 178.65 101.76 42.09 12.14 84.43 6.89 

SD 9.19 0.16 0.62 0.42 0.12 0.04 0.31 0.03 

Mean 1725.04 39.92 179.72 102.5 42.29 12.2 84.98 6.94 

Mean + SD 1725.04 ± 9.19 39.92 ± 0.16 179.71 ± 0.62 102.50 ± 0.42 42.29 ± 0.12 12.20 ± 0.04 84.97 ± 0.31 6.94 ± 0.03 

Study group Calories Ptn CHO Fat Vit C Iron Folate B12 

Baseline 1727.41 49.94 172.67 107.13 32.1 12.66 82.89 4.92 

1st Month 1718.37 49.77 172.3 106.48 32.21 12.61 82.34 4.91 

2nd Month 1730.98 50.02 173.01 107.35 32.12 12.68 83.07 4.93 

3rd Month 1726.56 49.85 172.65 107.08 32.1 12.66 82.8 4.92 

SD 5.33 0.11 0.29 0.37 0.05 0.03 0.31 0.01 

Mean 1727.16 49.92 172.73 107.1 32.15 12.66 82.85 4.92 

Mean + SD 1727.16 ± 5.33  49.92 ± 0.11 172.72 ± 0.29 107.1 ± 0.39 32.14 ± 0.05 12.66 ± 0.31 82.85 ± 0.31 4.92 ± 0.01 

 

3.4. Hemoglobin Status of Both Groups 

Tables 4, 5, and 6 show hemoglobin status of the subjects of 

both control and study groups during three months duration 

in comparison to baseline values. Table 4 shows mean values 

of hemoglobin at 0 month (baseline) which was 11.878 ± 
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0.46 and 11.754 ± 0.61 and after one month of the trail that 

was 11.91 ± 0.50 and 11.837 ± 0.60 for both control and 

study groups. Table 5 shows mean values of hemoglobin 

after second month which was 11.88 ± 0.53 and 11.93 ± 0.65 

for both control and study groups. Table 5 shows mean 

values of hemoglobin after third month after the trail that was 

11.87 ± 0.66 and 12.107 ± 0.63 of control and study groups. 

Hb status of the FeSO4 group showed significant effects at 

second and third month than that of the baseline and control 

groups [20]. There were significant differences in the 

hemoglobin values of the study groups at second and third 

month of the trial while no significance differences were 

observed during the trial in the hemoglobin valves of control 

groups. 

 

Table 4. Hemoglobin status baseline with first month. 

Hemoglobin status (g/dl) Mean ± SD of Baseline with first month 

Groups Baseline 1st Month P-value 

Control 11.878 ± 0.46 11.91 ± 0.50 0.647 

Study 11.754 ± 0.61 11.837 ± 0.60 0.333 

Table 5. Hemoglobin status baseline with second month. 

Hemoglobin status (g/dl) Mean ± SD baseline with Second month 

Groups Baseline 2nd Month P-value 

Control 11.878 ± 0.46 11.88 ± 0.53 0.955 

Study 11.754 ± 0.61 11.93 ± 0.65 0.047 

Table 6. Hemoglobin status baseline with third month. 

Hemoglobin status (g/dl) Mean ± SD of Baseline with third month 

Groups Baseline 3rd Month P-value 

Control 11.878 ± 0.46 11.87 ± 0.66 0.92 
Study 11.754 ± 0.61 12.107 ± 0.63 0.0001 

 

 

Figure 1. Month wise Hb comparison of study and control groups. 

Table 7. Anemic status of both groups before and after intervention.  

Anemic Status of Both groups Study group N (%) Control group N (%) 

Before intervention 

Anemic adolescent 54 (54%) 50 (50%) 

Non-anemic adolescent 46 (46%) 50 (50%) 

Chi-Sq value: 0.18 (p=0.671) 

After intervention 

Anemic adolescent 32 (32%) 51 (51%) 

Non-anemic adolescent 68 (68%) 49 (49%) 

Chi-Sq value: 6.673 (p=0.010) 

 

Table 7 shows the prevalence of anemia in adolescent girls 

before and after intervention in both cases control and study. 

Anemia was equally distributed among the both groups 

before intervention (p >0.05), however a visible reduction in 

anemia prevalence was evident in intervention group 

comparing to control (p <0.05). These findings reflect a 

positive and strong impact of intervention on iron status of 

adolescent girls. 

4. Conclusion 

The current study was conducted in district Buner to see the 

effect of iron fortified wheat flour consumption on the 

hemoglobin status of adolescent girls. Two hundred adolescent 

girls were selected randomly. The selected subjects were 

randomly divided into 2 groups, study and control, each group 

having 100 subjects. Dietary assessment was recorded 4 times 

from each study group on each month to know the pattern of 

dietary intake of iron. One kg of the composite wheat flour of 

20 ppm ferrous sulfate / kg of wheat flour based on 143g small 

bags was given to each individual of the study group for 7 

days. Similarly one kg of non-fortified wheat flour based on 

143 g small bags was provided to each individual of control 

group as a placebo. The both groups were instructed to 



6 Fazal Dad et al.:  Effect of Iron Fortified Wheat Flour Consumption on the Hemoglobin Status  

of Adolescent Girls in District Buner 

consume one bag per day through preparing bread without 

sharing to other family members and were provided on weekly 

basis to both groups for 3 months. The dietary intake and 

hemoglobin level of both groups were determined four times, 

prior to intervention, after 1
st
, 2

nd
 and 3

rd
 month of 

intervention. The mean nutrients intake of control group such 

as energy was 1725.04 ± 9.19 (kcal), protein was 39.92 ± 0.16 

(g), carbohydrate was 179.71 ± 0.62 (g), fats was 102.50 ± 

0.42, (g), vitamin C was 42.29 ± 0.12 (mg), iron was 12.20 ± 

0.04 (mg), folate was 84.97 ± 0.31 (mcq) and B12 was 6.94 ± 

0.03 (mcq). The mean nutrients intake of study group such as 

energy was 1727.16 ± 5.33 (kcal), Protein was 49.92 ± 0.11 

(g), carbohydrate was 172.72 ± 0.29 (g), fats was 107.1 ± 0.39 

(g), Vitamin C was 32.14 ± 0.05 (mg), iron was 12.66 ± 0.31 

(mg), folate was 82.85 ± 0.31 (mcq) and B12 was 4.92 ± 0.01 

(mcq). The mean values of hemoglobin level at baseline was 

11.878 ± 0.46 and 11.754 ± 0.61 and after one month of the 

trail was 11.91 ± 0.50 and 11.837 ± 0.60 for both control and 

study groups. The mean values of hemoglobin level after 

second month was 11.88 ± 0.53 and 11.93 ± 0.65 for both 

control and study groups recorded. and after third month of 

trail was 11.87 ± 0.66 and 12.107 ± 0.63 of control and study 

groups. 

These results have shown that the Hb level of control group 

did not change significantly within the 3 months trails of the 

intervention while on the other hand the fortified flour has 

significant and positive effect on the Hb level of the study 

group. 
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