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			ABSTRACT

		

		
			This study was aimed to determine the effect of fortified wheat flour on the hemoglobin level of anemic hostel girls belonging to Abbottabad. In this interventional study, fortified wheat flour was provided to hostel kitchen for the study subjects. Blood hemoglobin concentrations and anthropometric measurements of all participating hostel girls (n=219) were determined initially (Day-0) and at the end of 4 months feeding period. Mean age of the subjects was 21.88 years, with an average initial BMI of 24.71 kg/m2. Findings of the efficacy trial showed that the average hemoglobin level in anemic girls increased from 8.99 to 9.94g/dl. The prevalence of severe anemia was reduced from 8 to 4% (p < 0.05), moderate anemia reduced from 80 to 68%. However percentage of mild anemic girls increased from 12 to 28% as a result of shift of moderate anemic subjects to mild anemic group. It is concluded from the study results that prevalence rate of anemia among hostel girls reduced significantly and Hb levels improved after consuming iron fortified chapatti for 120 days.
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			The concomitant high prevalence of malnutrition, and micronutrient deficiencies in Pakistani population, especially among mothers and children under five years of age, observed continuously over several decades and testified by the findings of the previous three National Nutrition Surveys (NNS, ; ) indicate towards an urgent necessity of large-scale nutritional interventions. The most important micronutrient deficiencies are those of iron, iodine and vitamin A, while several others are emerging including those of vitamin D, vitamin B12, zinc and folic acid. Losses to the country due to these deficiencies, in terms of low health standards, disease burden, reduced work efficiency, repeated infections due to reduced resistance etc. are unimaginably high and have contributed to the very high prevalence of stunting (43 %) and wasting (16.8%) among the children (; ).

			Food fortification seems to be one of the most efficient and cost-effective approach for reducing the prevalence of micronutrient deficiencies among populations at risk (Gibson and Anderson, 2009). Food fortification and dietary supplements are ways to consume micronutrients in satisfactory quantities that not certainly exist in foods (Hertrampf, 2002). The food habits and eating culture prevalent in the country, clearly identifies Pakistan as a staple dependent society. By way of a policy to reduce the high prevalence of iron deficiency, a number of states have approved regulation for the incorporation of iron and vitamins to wheat flour (Hertrampf, 2002). The fortification of wheat flour with iron and B vitamins can be dated back to over 70 years before (Mannar, 2001). Literature has proved that iron is well absorbed from bread fortified with iron (Cook et al., 1973). With annual per capita consumption of 124 kg, one of the highest in the world (FAO, 2017), wheat flour becomes the natural option as fortification vehicle for alleviating Pakistan’s micronutrient malnutrition crises and to provide the limiting micronutrients to the population in Pakistan (Anonymous, 2005). Flours fortified with elemental iron do not experience the organoleptic changes because the iron is inactive; however, it is absorbed in inferior proportions (Walter et al., 2004).

			Being cheapest and easily available, elementary iron and FeSO4 are the usually used iron sources for flour fortification but in current era NaFeEDTA has been preferred to fortify flour (Walter et al., 2004). NaFeEDTA, as an innovative iron fortificant, was overviewed innumerable benefits, such as maximum absorption in plant based diets, least influenced by iron absorption inhibitors such as phytic acid and polyphenol, and good stability in food vehicles.

			The currently on-going five-year food fortification programme in Pakistan is probably the most comprehensive one in the history of food fortification initiatives in the country. The programme has been gradually expanded to the whole country, aiming to fortify roller milled wheat flour with iron, folic acid, zinc and vitamin B12 and edible oil/ghee with vitamin A and D. Aim of the present study was to investigate the effect of standard fortified wheat flour on the hemoglobin level of anemic college girls residing in hostels.

			Materials and methods

			This was an interventional non-randomized (quasi experimental) study with pre-, post-test, undertaken at the University Institute of Diet and Nutritional Sciences (UIDNS), Faculty of Allied Health Sciences, The university of Lahore. The statistical population included all female college students residing in college hostels in Abbottabad. Single stage cluster sampling technique was used for data collection because entire cluster was selected. Sample size was calculated by using the formula (Steel et al., 1997):

			Z2 1-α/2 P(1-P) / d2 

			Where, Z2 1-α/2 is (1.96)2, P (anemia) is 21% 19, 1-P is 1-0.21, and α is 0.05.

			Fortified wheat flour was obtained from a local flourmill at Abbottabad. Wheat flour was fortified according to the standard fortification procedures used under the Food Fortification Programme (FFP) of Pakistan. It requires addition of fortification premix containing NaFeEDTA, folic acid, zinc oxide, and vitamin B12. The addition rate was 200 g/MT (or 4g/20kg or 0.2g/kg) and results in fortification of the flour with 15 ppm iron in the form of NaFeEDTA, 1 ppm folic acid, 30 ppm zinc in the form of zinc oxide and 0.008 ppm vitamin B12.

			This study was conducted involving female students residing in hostels of different girls’ colleges of Abbottabad. After permission of the relevant hostel authorities, students were invited to participate as subjects in the study. Fortified wheat flour was provided to the hostel kitchens for the study subject. The participating students underwent a medical examination. Blood analysis for hemoglobin concentrations (Nkrumah et al., 2011) and anthropometric measurements (WHO, 1995), of all participating hostel girls were conducted initially (Day-0) and at the end of 120 days feeding period. Twenty-four-hour dietary recall questionnaire was got filled from the participants to calculate the nutrient intake. Data on prevalence of anemia and Hb-levels among females were analyzed using paired sample T-test, where the p value less than 0.05 was considered statistically significant.

			The study was approved by the Institutional Review Board of University of Lahore (UOL), and prior written informed consents were obtained from all the participants. Doses of iron fortified n wheat flour were within the safe range. Blood samples were obtained by a qualified phlebotomist.

			The collected data were analyzed using the statistical software SPSS, version 24 (SPSS Inc., Chicago, IL., USA). Descriptive statistics, paired sample t-test, were performed to analyze the results. P < 0.05 was considered significant.

			Results

			Table I shows the general changes during the intervention period in different parameters. Average age of the participants was 21.88 years with 1.54m mean height and 58.18kg mean initial weight. 

			Average weight of the participants was significantly (p <0.05) influenced by the intervention. Mean weight increased from an initial value of 58.1kg to 60.33kg during the 4 months intervention period. That resulted an increase in average BMI status from initial 24.71 to final value of 25.48.

			Table I.- Anthropometric and demographic characteristics of the study subjects.

			
				
					
					
					
					
					
				
				
					
							
							Variables

						
							
							Day-0

						
							
							Day-120

						
							
							t-value

						
							
							p-value

						
					

					
							
							Age (years)

						
							
							21.88±2.76

						
							
							-

						
							
							-

						
							
							-

						
					

					
							
							Height (m)

						
							
							1.54± 0.026

						
							
							-

						
							
							-

						
							
							-

						
					

					
							
							Weight (kg)

						
							
							58.18 ±9.95

						
							
							60.33±10.05

						
							
							-2.91

						
							
							0.008

						
					

					
							
							BMI - (kg/m2)

						
							
							24.71±5.861

						
							
							25.48±5.10

						
							
							-2.14

						
							
							0.42

						
					

					
							
							Hb (g/dl)

						
							
							8.99 ±1.03

						
							
							9.94 ±1.01

						
							
							-3.16

						
							
							0.004

						
					

				
			

			Values are mean±SD.

			Changes in the average weight alone during the intervention period probably may not amply explain the influence of the intervention. Interesting changes in the distribution of BMI values among the study participants were also noted. Significant (p < 0.05) increase in the mean hemoglobin level of the individuals were observed after intervention (Table I). Mean blood Hb level increased from 8.9 to 9.94g/dl, resulting in an average increase of 0.95g/dl.

			As it is evident from Figure 1, the overall increase in weight during the 4 months intervention period were accompanied by significant shifts among various BMI classes. The percentage of underweight individuals was reduced from initial 8% to a final prevalence of 4%; however, many of the individuals initially falling in normal BMI range ended up in slightly overweight class, entailing in a reduction of the normal BMI prevalence from 48% to 28%. That simultaneously resulted in an increase of the overweight class from 20 to 44%. However, the prevalence of obese individuals (BMI > 30) did not change from 24% during the intervention period.

			The study essentially was conducted on anemic hostel girls. Figure 2 gives the distribution of different anemia classes among study participants before and after intervention. As a result of the iron, folic acid, vitamin B12 and Zn intervention for 4 months the prevalence of severely anemic girls was reduced from 8 to 4%. Initially 80% girls were moderately anemic and a reduction of 12 percentage points was noted in this class of anemic girls as a result of consuming fortified wheat flour for 4 months. The final prevalence of moderately anemic girls was 68%. However, prevalence of mild anemia increased from an initial value of 12% to a final prevalence of 28%. This increase, however was not due to an overall increase in the anemia prevalence, rather it was because many of the participants who were rated as moderate anemic, improved their blood hemoglobin concentrations and shifted from moderate anemia to mild anemia. Hence the phenomenon actually indicates an overall improvement in the iron nutritional status of the group.

			[image: ]

			Fig. 1. Distribution of BMI among study subjects before and after intervention.
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			Fig. 2. Distribution of anemia study subjects before and after the intervention.

			A significant improvement in symptoms associated with anemia such as glossitis, spoon shaped nails, paleness of skin, coated tongue and depression reduced by 4, 8, 8, 8 and 8 percentage points, respectively. Twenty percent of the study participants reported high appetite at the end of the study as compared to 8% in the beginning. Similarly, 20% reported quicker digestion after intervention as compared to 8% before the intervention. 

			Table II.- Findings of the pre- and post-intervention medical examination.

			
				
					
					
					
					
				
				
					
							
							Symptoms

						
							
							Pre-intervention

						
							
							Post-intervention

						
					

					
							
							Lips

						
							
							Dry

						
							
							8%

						
							
							4%

						
					

					
							
							Normal

						
							
							84%

						
							
							92%

						
					

					
							
							Glossitis

						
							
							8%

						
							
							4%

						
					

					
							
							Skin

						
							
							Pale

						
							
							16%

						
							
							8%

						
					

					
							
							Normal

						
							
							76%

						
							
							88%

						
					

					
							
							Dry

						
							
							8%

						
							
							4%

						
					

					
							
							Appetite

						
							
							Poor

						
							
							4%

						
							
							8%

						
					

					
							
							Normal

						
							
							88%

						
							
							72%

						
					

					
							
							High

						
							
							8%

						
							
							20%

						
					

					
							
							Tongue

						
							
							Coated

						
							
							12%

						
							
							4%

						
					

					
							
							Normal

						
							
							84%

						
							
							96%

						
					

					
							
							Swell

						
							
							4%

						
							
							0%

						
					

					
							
							Digestion

						
							
							Slow

						
							
							8%

						
							
							4%

						
					

					
							
							Normal

						
							
							84%

						
							
							76%

						
					

					
							
							High

						
							
							8%

						
							
							20%

						
					

					
							
							Nails

						
							
							Pale

						
							
							4%

						
							
							4%

						
					

					
							
							Normal

						
							
							76%

						
							
							88%

						
					

					
							
							Brittle

						
							
							8%

						
							
							4%

						
					

					
							
							Spoon shaped

						
							
							12%

						
							
							4%

						
					

					
							
							Emotional status

						
							
							Calm

						
							
							68%

						
							
							80%

						
					

					
							
							Anxious

						
							
							8%

						
							
							8%

						
					

					
							
							Agitated

						
							
							12%

						
							
							8%

						
					

					
							
							Depressed

						
							
							12%

						
							
							4%

						
					

					
							
							Gums health

						
							
							Good

						
							
							92%

						
							
							96%

						
					

					
							
							Bad

						
							
							8%

						
							
							4%

						
					

				
			

			Discussion

			Current study suggested that iron fortified wheat flour improve the blood hemoglobin levels among adolescent females, as compared to 0day. Dad et al. (2017) supplemented the wheat flour with ferrous sulfate. The subjects of the study group were fed with ferrous sulfate fortified wheat flour while the control group was fed with non-fortified wheat flour as a placebo. The study suggested that the hemoglobin status of adolescent girls was significantly improved by consuming wheat flour fortified with ferrous sulphate, in comparison to placebo group.

			The results of the study by Sun et al. (2007) did not demonstrated significant change between the Hb level, prevalence of IDA and iron status of the control group. On the other hand, fortified flours showed positive effects on IDA and improving iron status. Their result suggested that that NaFeEDTA has the best effectiveness in remedying IDA and refining iron status, within 2 months. FeSO4 was also operative, but not as worthy as NaFeEDTA.

			Gera et al. (2012) also determined the change in Hb levels in a pseudo randomized study to explore the effect of iron fortification on Hb and ferritin levels. Results showed that iron fortified food increased average hemoglobin level by 0.42 g/dL. According to National Nutritional Survey (2001), there was a high proportion of anemia in Pakistan among women and children. The prevalence of iron deficiency anemia was 45% in women and 49.7% in children. After 10 years the prevalence of anemia seemed to have increased and that time 52% women and 62.5% children were found anemic.

			In a review by O’Mahony (2017) on the effects of fortified foods with different fortificants, the impact of food fortification on micronutrients status was evaluated and measured the efficacy and effectiveness of food fortification. Results revealed that food fortification improves biological values of iron, hemoglobin and other nutrients. It also helps to improve cognition, growth, development and disease rate. NaFeEDTA is the preferred iron (Fe) compound, more suitable for fortification of flours.

			Findings of the current study are also supported by a those reported from a randomized, controlled, double-blind school feeding trial conducted on children between the age of 6 to 15 years in India (Muthayya et al., 2012). The intervention group was provided with iron-fortified lunch in comparison to non-fortified controlled group. Findings of this seven months feeding study showed that at the end there was a significant increase in Fe and hemoglobin levels in anemic children. The levels of serum ferritin, Hb and RBCs increased in intervention group than controlled group. NaFeEDTA-fortified wheat flour noticeably improved body iron stores (BIS) and reduced iron deficiency (ID) in Fe-depleted children.

			Conclusions

			It can be concluded from the study that prevalence rate of anemia among hostel girls reduced significantly and Hb levels improved after consuming iron fortified chapatti for 120 days. There was also a clear reduction in symptoms of iron deficiency anemia such as glossitis, pale nails, coated tongue and inflamed gums. BMI status improved with intervention due to weight gain observed at the end of study.
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ABSTRACT
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interviewed-the-partieipants—SB-facilitated

he concomitant high prevalence of malnutrition, and

micronutrient deficiencies in Pakistani population,
especially among mothers and children under five years
of age, observed continuously over several decades and
testified by the findings of the previous three National
Nutrition Surveys (NNS, 2018; Bhutta et al., 2011)
indicate towards an urgent necessity of large-scale
nutritional interventions. The most important micronutrient
deficiencies are those of iron, iodine and vitamin A, while
several others are emerging including those of vitamin D,
vitamin B12, zinc and folic acid. Losses to the country
due to these deficiencies, in terms of low health standards,
disease burden, reduced work efficiency, repeated
infections due to reduced resistance etc. are unimaginably
high and have contributed to the very high prevalence of
stunting (43 %) and wasting (16.8%) among the children
(NNS, 2018; Bhutta et al., 2011).

Food fortification seems to be one of the most efficient
and cost-effective approach for reducing the prevalence
of micronutrient deficiencies among populations at risk
(Gibson and Anderson, 2009). Food fortification and
dietary supplements are ways to consume micronutrients
in satisfactory quantities that not certainly exist in foods
(Hertrampf, 2002). The food habits and eating culture
prevalent in the country, clearly identifies Pakistan as a
staple dependent society. By way of a policy to reduce
the high prevalence of iron deficiency, a number of
states have approved regulation for the incorporation of
iron and vitamins to wheat flour (Hertrampf, 2002). The

fortification of wheat flour with iron and B vitamins can
be dated back to over 70 years before (Mannar, 2001).
Literature has proved that iron is well absorbed from
bread fortified with iron (Cook et al., 1973). With annual
per capita consumption of 124 kg, one of the highest in
the world (FAO, 2017), wheat flour becomes the natural
option as fortification vehicle for alleviating Pakistan’s
micronutrient malnutrition crises and to provide the
limiting micronutrients to the population in Pakistan
(Anonymous, 2005). Flours fortified with elemental
iron do not experience the organoleptic changes because
the iron is inactive; however, it is absorbed in inferior
proportions (Walter ef al., 2004).

Being cheapest and easily available, elementary
iron and FeSO4 are the usually used iron sources for
flour fortification but in current era NaFeEDTA has been
preferred to fortify flour (Walter ef al., 2004). NaFeEDTA,
as an innovative iron fortificant, was overviewed
innumerable benefits, such as maximum absorption in
plant based diets, least influenced by iron absorption
inhibitors such as phytic acid and polyphenol, and good
stability in food vehicles.

The currently on-going five-year food fortification
programme in Pakistan is probably the most comprehensive
one in the history of food fortification initiatives in the
country. The programme has been gradually expanded to
the whole country, aiming to fortify roller milled wheat
flour with iron, folic acid, zinc and vitamin B12 and edible
oil/ghee with vitamin A and D. Aim of the present study
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