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Abstract

Fortification is one of solution to alleviate the deficiency of iron. Prevalence of iron deficiency anemia mostly on children under five years, i.e baby instant porridges. Purple sweet potatoes have a potential to be baby instant porridge. The aims of this research was to investigate the effect of fortificant’s type on Fe level as nutritional value, physicochemical properties (bulk density, rehydration capacity, and color) of baby instant porridges made from purple sweet potatoes. This study consists of several stages, which are the stage of making flour, fortification stage, the stage of making instant porridge and phase analysis results. The results show that iron-fortified added to instant baby porridge for nutritional characterization is below to the concentration of additional fortificant. The higher Fe identified on the addition of the iron concentration of 90 ppm (76.12 ppm) and lowest for the addition of concentration of 70 ppm (32.14 ppm). The results of physical properties for bulk density of instant porridge are (0.804 to 0.874 g / ml) showed there is no significant difference between variables and iron fortification no significant effect. Rehydration capacity (1.4 to 1.8 ml/g) with the addition of the iron various variable does not provide significant value changes and provide a lower value than the baby porridge with no fortificant (2 ml / g).
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INTRODUCTION
Anemia is the most common blood disorder and also a public health problem globally. It most suffering people in the developing countries. The general cause of anemia is iron deficiency. Iron deficiency anemia (IDA) has negative affect on physical growth, mental development, impaired cognitive development of young children and improve mortality of women (Tripathi at al., 2012; Baltussen et al., 2004). The prevalence of IDA in Middle east region is about 63% of the preschool children and the rest among adolescents and pregnant women (Al Zabedi et al., 2014). 
Some strategies have been conducted to alleviate iron deficiency in people society, including supplements production, dietary modification, and micronutrient fortification (Handayani et al., 2014; Prom-u-thai et al., 2010; Cakmak, 2008). Supplementation is not effective in long term, while dietary modification may increase iron level, but it needs nutrient expertise and the effectiveness rely on season changes and other agronomic practices (Prom-u-thai et al., 2010). Fortification is an effective method that can be used to overcome micronutrient deficiencies. In children under five years, iron fortification can be carried out on baby instant porridge as complementary feeding. Commonly, baby porridge is made up from rice flour, skim milk, and sugar.  Purple sweet potatoes (Ipomoea batatas L.) is one of local commodity that have high nutritional value. They are particularly rich in beta carotene and anthocyanin. This anthocyanin provide pharmaceutical properties such as free radical scavenging characteristic (Peng et al., 2013). Potatoes can be converted into flour as an intermediate product. Therefore, it also has a potential to replace the use of rice flour as baby foods.
Many researches have been conducted to investigate the effectiveness of fortification (Handayani et al., 2014; Wei et al., 2013; Hei et al., 2013; Rustanti et al., 2012; Akhtar et al., 2011). Based on author’s knowledge, study of iron fortification on purple sweet potatoes flour to produce a baby instant porridge has never been done before.
The aims of this research was to investigate the effect of fortificant’s type on Fe level as nutritional value, physicochemical properties (bulk density, rehydration capacity, and color) of baby instant porridges made from purple sweet potatoes. 

MATERIALS AND METHODS
Raw material
Purple sweet potato obtained from local market in Indonesia, demineralized water, sodium bisulfite FeSO4.7H2O and NaFeEDTA (food grade).
Preparation of Purple Sweet Potato Flour 
Purple sweet potato peeled, washed with water, sorted the good quality, then thinly sliced to a thickness of ± 1mm, soaked in 0.3% Sodium Bisulfite solution for 1 hour to prevent  browning, then dried at temperature 60 °C for 20-22 hours using oven, then reduced it size using grinder to obtain a powder and sieved to 40-60 mesh.
Fortification of Purple Sweet Potato Flour
The flour is then added a fortificant FeSO4.7H2O, NaFeEDTA with predetermined variables (50 ppm, 70 ppm, 90 ppm, 110 ppm). First fortificant dissolved in 100 ml of free mineral water so obtained flour ratio : 1:1 for flour-free mineral water. Then put into the stirred tank until the mixture becomes homogeneous and form a slurry. The slurry was dried using a oven with a temperature of 60 °C for 5 hours.
Baby Instant Porridges Production
The slurry was dried using an oven with temperature of 60 °C for 5 hours. Results are drying flake further sieved with 60 mesh sieve. Flake when added to hot water (60 ° C -70 ° C) will be a instant porridge.

RESULT AND DISSCUSSION
Fe Level of Baby Instant Porridge 
Table 1 represents of Fe level on baby instant porridge fortified FeSO4 and NaFeEDTA. The highest amount of Fe detected in 90 ppm Fe variable which % Fe loss amounted to 33.05% and the lowest amount of Fe was in 70 ppm Fe variable which % Fe loss amounted to 65.7%
Table 1. Fe level on baby instant porridge
	Fe added (ppm)
	Types of fortificant
	Fe detected  (ppm)
	% Loss

	No Fortificant
	-
	23,07
	-

	50
	FeSO4
	41.66
	43.48

	70
	
	32.14
	65.70

	90
	
	76.12
	33.05

	110
	
	56.40
	57.82

	50
	NaFeEDTA
	78.43
	7.33

	70
	
	85.58
	8.05

	90
	
	87.78
	22.37

	110
	
	56.97
	57.19



The same result of FeSO4 variable, NaFeEDTA produce amount of Fe higher than no fortificant. The highest Fe was obtained at 90 ppm Fe variable. The lowest of % loss was 7.33% instead the addition of 50 ppm Fe. The lowest Fe detected was 57.19% in the addition of 110 ppm Fe. This result 
Loss on both types Fe fortificant were caused by the same factors, namely the presence of phytate in purple sweet potato as the main ingredient of instant porridge. Phytic acid is an organic compound that consists of 6 phosphate compound. According Darlan (2012), phytate is one of the non polysaccharides from plant walls as silakate and oxalate. Phytic acid is a strong chelate (compound mineral binder) that can bind divalent metal ion forming phytate complex so that minerals such as Ca, Zn, Cu, Mg and Fe can not be absorbed by the body (Arief, 2011). The insolubility of phytate is one of the nutritional factors that are considered unfavorable, since thus becomes difficult to be absorbed by the body and  its digestibility values ​​in the body is low.
Physical Properties of Instant Porridge
Color
Table 2. Color test of instant porridge purple sweet potato
	Variabel
	Warna
	Uji ke-1
	Uji ke-2
	Uji ke-3
	Average

	Tanpa fortifikan besi
	L
	59,55
	58,82
	59,37
	59,247

	
	a
	12,57
	12,63
	12,94
	12,713

	
	b
	-2,01
	-2,01
	-2,03
	-2,017

	FeSO4
90 ppm
	L
	58,98
	59,93
	60,24
	59,717

	
	a
	6,19
	5,95
	6,08
	6,073

	
	b
	-3,38
	-3,31
	-3,41
	-3,367

	NaFeEDTA 90ppm
	L
	58,78
	58,32
	57,72
	58,273

	
	a
	7,42
	6,82
	7,15
	7,13

	
	b
	-3,46
	-3,42
	-3,43
	-3,437


Analysis of color in an instant porridges was done by using a Minolta CR-400. The measurement value is displayed with Hunter color notation system. This tool uses colors system L, a, and b. L indicates the brightness of colors with a value of 0 for black to 100 for white, while a representative of the type of red or green where negative a representative of the colors green and positive a represents red and b represents a kind of yellow and blue, where negative b represents the blue and Positive b represents yellow (Soekarto, 1990).
Fortification can cause discoloration and flavor ingredients. The type of material and fortificant show different results depending on each its fortification (WHO, 2006). Based on the data in the table 2, the original color of the product no fortification has average value greater than products with fortificant which value 12.713. FeSO4 is 6,073 and NaFeEDTA is 7.13. Value of L for products no fortificant is 59.247 smaller than FeSO4 is 59.717 greater than NaFeEDTA is 58.273. Value of b for products no fortificant is -2.01 whereas for FeSO4 and NaFeEDTA are -3.367 and -3.437. This result indicates that the fortification FeSO4 and NaFeEDTA cause discoloration of the instant porridge purple sweet potato.
 
Bulk Density


Figure 1. Bulk density of instant baby porridge by fortificant type

According Hofvander and Underwood (1987) for the benefit of baby foods needed types of food products that have a minimum bulk (high bulk density value), because foods which have bulk is not suitable for baby, because baby's stomach capacity is still limited. The capacity of baby's stomach is only 30 g/kg body weight so that the food with a small volume are necessary for baby to be not satiety and nutritional intake are met (Elvizahro, 2011). The smaller the bulk density values , the less nutrient content to be received by the baby (Pramesta et al., 2012; .Hadiningsih, 2004). Bulk great density are also required to process the flour storage, because the space used to store the flour with the same weight will be smaller (Amirullah, 2008).
Can be seen in Figure 1 that the value of bulk density for all variables of instant porridge products ranged from 0.781 to 0.874 g/ml showed there is no significant differences between the all variables. Bulk density of  instant porridge with the addition of FeSO4, compared to the instant porridge with no fortificant are not show a significant effect. The same data is shown in instant porridge with the addition of NaFeEDTA. It shows that many fortificant concentration of iron added to flour have no significant effect to density of instan porridge. Handayani et al. (2014) obtained almost the same results. Fortification of zinc (ZnO) in baby porridge instant of purple sweet potato flour does not indicate impairment significant bulk density. Kusumaningrum and Rahayu (2007) explained that the bulk density of commercial weaning product that is 0:40 to 0:49 g/ml. In this study, the value of bulk density ​​obtained are higher than commercial weaning food products (0.804 to 0.874 g/ml). The all variables still gives good value for the bulk density. This shows that with the same weight, all variable instant porridge baby needs a small room on the baby's stomach, so that the baby becomes satiety and absorbed nutrition more. Iron fortification have no significant effect on the bulk density of instant porridge purple sweet potato which low bulk density (0.781 g/ml) at a variable addition of NaFeEDTA 90 ppm and the highest variable (0,874 gr/ml) in addition FeSO4 50 ppm.

Rehydration Capacity


Figure 2. Rehydration capacity of instant baby porridge 
Instant baby porridge will undergo rehydration process when brewed with hot water. Rehydration show the ease and speed of water absorption reconstitution (Nugroho, 2006). Rehydration power can be used as guidelines in the process of rehydration of instant products in powder form. Instant baby porridge purple sweet potato is expected to be a high capacity rehydration value. The high rehydration capacity require less amount of water to process its rehydration than materials which have a low rehydration capacity. Factors that affect rehydration of an instant product is a kind of basic materials and chemical composition (Slamet, 2011).
Can be seen on figure 2 that the value of rehydration capacity of fortificant FeSO4 ranging from 1.4 to 1,6 g/ml. Rated rehydration capacity in an instant baby porridge with the addition of chemical composition FeSO4 give a lower value than the instant baby porridge with no fortificant. The same thing was also shown to the value of rehydration porridge instant baby with the addition of NaFeEDTA. The lowest rehydration capacity obtained at  variable addition of 110 ppm FeSO4 and variable addition of NaFeEDTA 90 ppm is 1.4 g/ml and the highest rehydration capacity obtained at variable addition of NaFeEDTA 110 ppm is 2 g/ml. These results show that the capacity of rehydration for baby instant porridge with iron fortification did not show the significant differences.
The process of soaking and drying of materials can affect rehydration products produced (Widowati, 2010; Brennan, 1994). Soaking done to get the physical structure of the product more porous so it will be a faster absorption. In this study, the immersion process is done by adding demineralized water into purple sweet potato flour in ratio 1: 1. Drying process performed faster make product dried faster and make better quality of rehydration because the drying process will produce a porous structure that will allow water to soak into the material (Widowati, 2010)

Rehydration Time


Figure 3. Rehydration time of instant baby porridge by fortificant type

[bookmark: _GoBack]Instant food product is identical to its easy serve and it requires a relatively short time. According Hartomo & Widyatmoko (1992), one of the criteria for a good instant product properties determined by wetting the exact time that must be down (sink without clumping). The terms refer to the time of rehydration of instant porridge. In this study, rehydration time measurement is done by adding hot water (75oC) of 40 ml into 12.5 grams of instant baby porridge made from sweet purple potato flour until the product is homogeneous mix. This addition refers to the suggestion that the serve of products on the market that is pureed baby brands "Milna".
Based on figure 3, pureed baby Milna rehydration time show the highest among porridge with no fortificant and porridge with iron fortificant that is equal to 32.85 seconds. Slurry of instant baby porridge with the addition of FeSO4 fortificant have a rehydration time lower than the slurry without fortificant. Slurry of instant baby porridge of fortificant NaFeEDTA, its rehydration time is not give a significant difference with the slurry with no fortificant. Amirullah (2008), obtaining almost the same results. The fortification of mackerel fish meal and fish meal swangi in the manufacture of instant baby porridge was not give the significant effect on the rehydration time. Rehydration time strongly influenced by the water content in the material. Drier product will absorb more water because the porous structure (Widowati 2010; Izza, 2005). Diffusivity of water to be more effective with increasing porosity and more opened. (Marubi and Saguy 2004). Figure 3 also shows the results of measurements of the rehydration time instant porridge with the addition of Fe is not give the significant result. All variables showed a relatively rapid rehydration time that qualifies as an instant product to the time of rehydration ranging from 16.24 to 21.04 seconds.



CONCLUSION
Iron-fortified of instant porridge purple sweet potato for all variable of concentration results in the form of nutritional characterization of Fe below to the concentration of additional variable. The higher Fe identified on the addition of the iron concentration of 90 ppm (76.12 ppm) and lowest for the addition of concentration of 70 ppm (32.14 ppm). The results of physical properties for bulk density of instant porridge are (0.804 to 0.874 g / ml) showed there is no significant difference between variables and iron fortification no significant effect. Rehydration capacity (1.4 to 1.8 ml/g) with the addition of the iron various variable does not provide significant value changes and provide a lower value than the baby porridge with no fortificant (2 ml / g).
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