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Abstract

Pasta holds greater potential for improving the nutritional status of the population and its fortification with 
micronutrients like iron and vitamin A could be an effective strategy to provide the essential nutrients in the diet. 
This study quantified the losses of two different micronutrients (iron and vitamin A) in fortified pasta post-
processing and during storage for 4 months. Chemical salts of iron, namely, ferric sodium ethylene diamine 
tetra-acetic acid (NaFeEDTA) and ferrous sulphate (FeSO

4
), were added to pasta formulation at 4,5,6 mg/100g 

and 6,7,8 mg/100g respectively, whereas for vitamin A, retinyl acetate (RA) was added at 700, 800 and 900 µg/100g. 
After processing, the prepared pasta with both iron salts showed retention of 94–95% for iron and 90–92% of 
vitamin A activity. Iron and vitamin A-fortified pasta with maximum retention during processing and exhibiting 
optimum colour attributes and sensory score were stored alone and in combination (NaFeEDTA and RA) at 
25 and 40 °C in laminates (aluminium laminates) and polypropylene packets for a period of 4 months and evalu-
ated for changes in their iron and vitamin A contents. An overall retention of 93–95% of the iron and 56–62 % of 
vitamin A was observed after 4 months considering losses during processing and storage. Variations in tempera-
ture had a non-significant effect on the stability of iron, whereas for vitamin A a loss of 33–37% was noted for 
pasta stored at accelerated temperature of 40 °C. Among the two packaging materials used, laminates retained 
more of iron and vitamin A activity than polypropylene. No difference in retention rates was observed for iron 
and vitamin A when fortified alone or in combination.

Keywords: pasta; micronutrients; vitamins; storage

1. Introduction

Quality Assurance and Safety of Crops & Foods, 2020; 12 (2): 50–60

50� ISSN 1757-837X online, DOI 10.15586/QAS2019.656

P   U   B   L   I   C   A   T   I   O   N   S
 CODON

children aged 5 years or less are the most susceptible 
population subgroups.Globally, the World Health 
Organization (WHO) estimates that 25% of the 
population (1.62 billion people) is suffering from anaemia 
and among them the highest prevalence was observed in 
preschool children (47.4%) and pregnant women 
(41.8%). Because of the deficiency of vitamin A, night 
blindness affects 5.2 million preschool age children and 
9.8 million pregnant women, which corresponds to 0.9 
and 7.8% of the population, respectively (WHO, 2009).

‘Micronutrients’ is the term applied to all 
essential vitamins and minerals that are 
required by the body in very minute quantities 
throughout life to perform a range of 
physiological functions. According to the 
reports of Food Agriculture Organization (FAO, 
2013), more than 2 billion people are suffering 
from one or the other micronutrient affliction. The 
deficiencies were mostly found for vitamin A, 
folate, iron, iodine and zinc. Pregnant women and 
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Recently, a number of food-based strategies or approaches 
have been adopted and applied to address the problem of 
micronutrient deficiency like dietary diversification and 
direct supplementation. However, numerous factors gov-
ern their implementation, for instance acquiescent 
behaviour, consistent financial support from the govern-
ment or international donors and national health care 
distribution systems that may or may not be equally 
accessible to various segments of the population. 
Fortification of food is a cost-effective, flexible and gener-
ally acceptable method to improvise the nutrient intake 
of groups at risk in order to guarantee nutritional ade-
quacy of the diet (Hoffpauer and Wright, 1994). In any 
fortification programme, choice of a suitable fortificant is 
one of the major considerations that determine the suc-
cess or failure of that programme. The fortification vehi-
cle can be either a staple food or a more processed, 
commercially available product that is affordable, palat-
able and ethically acceptable. However, it is of prime 
importance to assess the physiochemical changes taking 
place in the vehicle carrying the fortificant, as it should 
retain its original characteristics after fortification and 
under local conditions of storage (Flour Fortification 
Initiative [FFI], 2008).

In most of the developing countries, 95% of the popula-
tion consumes cereals or cereal-based products, which 
makes them an appropriate vehicle for the fortification 
programme (Ranum, 2000). However, the biggest prob-
lem associated with the fortification of cereal based food 
with iron is the presence of phytate, which chelates with 
the iron present in cereal based foods and renders it 
unsuitable for absorption under physiological condi-
tions (Fiel, 2001), and sometimes oxidative status of iron 
also decides its absorption rate. The chemical nature of 
vitamin A (the presence of double bonds, esters, alde-
hydes or alcohols) determines their stability in the forti-
fied foods. The need for fortification of commonly 
consumed foods was realised long before and has already 
been implemented in many countries globally. A num-
ber of attempts have been made to fortify various types 
of cereal-based foods with iron and vitamin A, for exam-
ple, sugar (Bauernfeind, 1991; Molina, 1991), salt 
(Nestel, 1993), Mono Sodium Glutamate (MSG) 
(Bauernfeind, 1991; Nestel, 1993), oils (Combs et al., 
1994; Nestel, 1993), margarine (Bauerfiend, 1991), rice 
(Lee et al., 2000), and bread and maize flour (Alam et al., 
2007; Cort et al., 1976; Crandall et al., 2014; Tripathi 
et al., 2012). The efficacy results and implementation at 
a large scale had a positive impact on the improvement 
of the micronutrient status of people. However, calorie 
intake, loss of nutrients during processing and health-re-
lated issues associated with some of these foods are cer-
tain factors that limit their use as fortification vehicles. 
In spite of an increased recognition of the importance of 
fortification, pasta epitomised the unexploited potential 

for contributing good nutrition through fortification. 
Pasta, an economical food typically prepared from 
durum wheat, is consumed worldwide by people of all 
age groups. Technically, pasta can be an excellent vehi-
cle for the production of novel fortified products because 
it is a cold-extruded product, and additives can be easily 
blended into its formula with little changes to the micro-
nutrient content. For pasta and noodles, fortification 
can be done either by the use of fortified semolina or by 
the wet dispersion of required vitamins or minerals, 
which can be carried out at the dough-making stage. In 
addition, economics of the product, ease of preparation, 
high storage stability and greater variability in its serv-
ing makes pasta an effective food fortification vehicle. 
The WHO and the Food Drug Administration (FDA) 
regard pasta as a suitable vehicle for the incorporation of 
nutrients (Chillo et al., 2008).

Therefore, the present investigation was planned to assess 
the potential and the stability of NaFeEDTA and FeSO

4
 as 

iron fortificants and retinyl acetate (RA) as a possible 
vitamin A fortificant during processing and under various 
conditions (temperature and packaging material) of stor-
age for a period of 4 months.

2. Materials and methods

Raw materials

Commercial durum wheat semolina (Triticum durum L.) 
was purchased from the local market, Ludhiana, which 
was then stored in polyethylene terephthalate (PET) jars 
at room temperature, prior to further investigation. The 
fortificants, that is, ferric sodium ethylene di-amine-tetra 
acetic acid (NaFeEDTA) and ferrous sulphate 
(FeSO

4.
7H

2
O) of food grade for iron, and RA of food 

grade for vitamin A were purchased from Central Drug 
House, Laboratory (P) Ltd.

Proximate analysis

For assessing the physicochemical composition of raw 
materials, standard methods (AACC, 2000) were used to 
estimate ash content (method 08-01) and protein 
(N × 5.75) for wheat semolina, and fat content was deter-
mined using a 16-h soxhlet extraction with petroleum 
ether (AACC, 2000). Crude fibre of raw materials was 
estimated using Fibertec (FOSS). Per cent total carbohy-
drates were determined as (100% estimated proximate 
components)

Fortification of semolina blends

Data in Table 2 show the fortificants used in the present 
investigation, with their respective micronutrient con-
tents, their targeted levels and their amounts to be 
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added in pasta. The fortificants were mixed thoroughly 
with semolina by sieving them thrice through a 20 bss 
mesh sieve.

Pasta preparation

For the preparation of micronutrient-fortified pasta, 
fortificant-semolina blends were mixed with an opti-
mum amount of water in the mixing compartment of a 
pasta extruder (le monferrina Masoero Arturo and 
C.S.N.C., Italy) for 10 min to obtain a uniformly mixed 
semolina dough (30–32% moisture) at constant extru-
sion temperature of not more than 50  °C. The moist 
semolina mixture was passed to a metal extruder 
attachment of the pasta machine fixed with an adjust-
able die (fusilli shaped). Extruded pasta was dried at 
45–50 °C in a hot air oven for about 4–5 h to attain the 
final moisture of 6.5%. The resultant dried products of 
various fortificant blends were packed in high-density 
polyethylene (HDPE) bags for subsequent analysis 
(Kaur et al., 2015).

Micronutrient analysis

Iron estimation 

Iron contents of fortificant semolina blends and the 
prepared pasta were estimated by the wet ashing method 
using a Flame Atomic Absorption Spectrophotometer 
(Varion AAS-FS 240 model, US). Accurately weighed 1 
g of the sample was digested in 20 ml of concentrated 
HNO

3
 and HCl (1:1, v/v) solution until one-fourth 

fraction of the mixture remained. The digested sam-
ple  was kept for cooling to room temperature and 
diluted to 100 ml using distilled water. The Fe cathode 
lamp (248.3 nm wavelength) was used for applying 
the  AAS-flame. From an iron stock solution 
(1,000  mg/L), a series of Fe standard solutions 
(0–5 mg/L) were prepared to obtain the standard curve 
for iron (AOAC, 2005).

Vitamin A estimation

An amount of 1 g of finely ground sample (40 bss mesh 
sieve) was taken in a 50-ml centrifuge tube and 5 ml of 
methanol-ascorbic acid (0.1%) and 4 ml of KOH solution 
(12.5%) were added into it. The content was first heated in 
a water bath at 70 °C for 30 min, vortexed for proper mix-
ing and then cooled to room temperature. Extraction of 
vitamin A was carried out with 5 ml n-hexane. The hex-
ane fraction was collected. The extraction process was 
continued with 1 ml of methanol-ascorbic acid solution 
(0.1%) and 20 ml of n-hexane. Hexane fraction was col-
lected again and added back to the fraction obtained 
above and evaporated to dryness. High Performance 
Liquid Chromatography (HPLC) grade methanol was 
added in the dried hexane collection for re-dilution, 
transferred to a 50 ml volumetric flask and brought to 
volume using the same and filtered through a 0.45 µm 
filter. Samples and standard solution (20 µl) were injected 

Table 1. Proximate composition of raw semolina.

Components

Moisture (%) 14.00 ± 0.40
Ash (%) 1.51 ± 0.31
Protein (%) 11.33 ± 1.2
Fat (%) 2.01 ± 0.18
Fibre (%) 1.13 ± 0.22
Carbohydrates (%) 70.02 ± 2.3
Iron (mg/100 g) 1.99 ± 0.08
Vitamin A (RE µg/100 g) 22.85 ± 3.2

n (no. of samples) = 3.

Table 2. Micronutrient fortificants and their fortification levels.

Micronutrient Fortificant Micronutrient content in 
the fortificant source

Targeted level of micronutrient 
to be added in product

Amount of fortificant 
source added

4 307
Iron NaFeEDTA 

(mg/100g)
13 % 5 384

6 462
6 182

FeSO4 
(mg/100g)

33 % 7 212
8 242

700 4240
Vitamin A Retinyl Acetate 

(µg/100g)
500000 IU/g 800 4804

900 5405
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separately and analysed with HPLC (Waters e2695, USA) 
having a UV-VIS detector with RP-18 column. Methanol 
was used as a mobile phase with a flow rate of 0.7 ml/min. 
Vitamin A was measured at a wavelength of 323 nm. 
A  standard solution of RA with a working standard 
concentration of 5 µg/ml was used in every run to assure 
accurate quantification. Until analysis, all ground samples 
were stored under dark at 4 °C (Ministry of Health of the 
People’s Republic of China, 2010).

Colour analysis

The colour of the prepared pasta was determined in trip-
licates using a colorimeter (Minolta CR 300, Japan). 
Measurements were taken at random positions on the 
surface of the pasta, and colour parameters like L*, a* and 
b* values were noted. Three measurements were recorded 
for each sample and are represented as averages.

Overall acceptability

Sensory analysis of cooked pasta was carried out using 
the nine-point hedonic scale (Ranganna, 1986) by a semi-
trained panel of 15 members. The panel evaluated the 
pasta for sensory parameters like colour, appearance, 
texture and taste, and the mean value of the score was 
considered as overall acceptability.

Storage of micronutrient-fortified pasta 

Pasta with selected or optimised levels of fortificants 
(alone and in combination) was prepared as described 
in Table 5 and stored in two different packaging materi-
als,  that is, aluminium laminates (150 gauge; WVTR: 

3,000  cm3/m2/24 h) and polypropylene (150 gauge; 
WVTR: 2,000 cm3/m2/24 h) at 25 and 40 °C, respectively, 
for a period of 4 months under natural light. The stored 
pasta samples were withdrawn at the end of every month 
and analysed for micronutrient content and retention.
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Statistical analysis

For comparison of iron and vitamin A content of fortified 
semolina blends and fortified pasta, paired samples t-test 
was used. Data obtained during storage were analysed 
with analysis of variance (ANOVA). Post hoc (Tukey’s b) 
multiple comparison test was applied to obtain significant 
differences in the mean content of micronutrients in for-
tified pasta stored for a period of 4 months.

3. Results and discussion

Effect of processing on the micronutrient content 
of fortified pasta

Iron

The data of the mean iron content of both fortificant 
semolina blends and resultant pasta are represented in 

Table 3. Stability of iron and vitamin A in fortified pasta during processing.

Fortificant Fortification level Semolina blends Pasta Retention (%)

Iron (mg/100g)

Control - 1.99 ± 0.14 1.84 ± 0.38 92.46 ± 0.55
NaFeEDTA 4 5.56 ± 0.28 5.29 ± 0.06 95.20 ± 0.04

5 6.37 ± 0.25 6.07 ± 0.06 95.25 ± 0.04
6 7.60 ± 0.16 7.25 ± 0.04 95.35 ± 0.03

FeSO4 6 7.59 ± 0.31 7.14 ± 0.10 94.07 ± 0.50
7 8.39 ± 0.20 7.91 ± 0.23 94.03 ± 0.30
8 9.63 ± 0.19 9.09 ± 0.14 94.44 ± 0.40

Vitamin A (µg RE/100g)

Control - 22.85 ± 0.04 21.64 ± 0.04 94.70 ± 0.08
Retinyl acetate 700 660.50 ± 10.60 594.18 ± 8.48 90.03 ± 1.03

800 742.00 ± 8.48 682.64 ± 10.60 91.89 ± 2.85
900 816.48 ± 14.14 755.60 ± 16.97 92.55 ± 2.00

Values are represented as averages ± SD.
n (no. of samples) = 3.
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Table 3. Control (semolina) contained 1.99 mg/100 g of 
total iron content. Addition of iron fortificants into the 
semolina at varying levels significantly (P ≤ 0.05) raised 
their iron contents. With an increase in the level of 
NaFeEDTA added into the semolina, from 4 to 6 mg/100 g, 
the total iron concentration increased from 1.99 mg/100 g 
in control to 5.56–7.60 mg/100 g. Similarly, for FeSO

4
 

incorporation into the semolina, the same trend was 
observed, with an increase in iron content from 
1.99 mg/100 g (control) to 7.59, 8.39 and 9.63 mg/100 g, 
with their respective levels of fortificant addition as dis-
cussed earlier. The increased iron contents are correlated 
with the addition of fortificants at varying levels. Our 
results are in close agreement with the study conducted 
by Ayelign et al. (2011), where they reported that wheat 
flour fortified with ferrous sulphate at a level of 40 ppm 
contributed to an increase to 55.51 ppm in the total iron 
content in fortified flour. Different fortificants behaved 
differently with respect to their micronutrient content, 
under different conditions of processing, which was also 
observed for the data for different iron fortificants in the 
present investigation. Iron is a mineral and is very stable 
when exposed to light, heat, temperature and extreme 
pH  or other factors affecting the organic compounds 
(Miller,  2008). However, on processing of iron fortifi-
cant-semolina blends to pasta, both iron fortificants 
showed different retention rates. Control semolina when 
processed to pasta retained up to 92.46% of the total iron 
content (1.99  mg/100 g) when compared to the initial 
content (1.84 mg/100 g). However, higher iron retention 
rates were noticed in NaFeEDTA-fortified pasta than that 
fortified with FeSO

4
, with values ranging from 5.29 to 

7.25 mg/100 g and corresponding retention rates of more 
than 95% at all three levels of NaFeEDTA addition. On the 
other hand, significant differences were observed between 
the iron contents of FeSO

4
-fortified semolina blends and 

their resultant pasta, as analysed by the paired samples 

t-test. More than 94% of retention was observed at all lev-
els of FeSO

4
 addition. The superior rates of iron retention 

in case of NaFeEDTA-fortified pasta could be attributed 
to its highly stable structure, which resists leaching of 
iron from the EDTA structure. In a similar study by 
Le et al. (2007), it was observed that in the production of 
instant noodles, which includes deep-frying in oil at high 
temperatures (140–160  °C), the iron content (added in 
the form of NaFeEDTA) was not affected.

Vitamin A

Data in Table 3 clearly depict the vitamin A content of 
the RA-fortified semolina blends and the prepared pasta. 
The mean vitamin A content in the control pasta was 
22.85 µg/100 g, which increased significantly (P ≤ 0.05) 
from 660.5 to 816.48 µg RE/100 g, as the level of addition 
of RA increased from 700 to 900 µg/100 g. Processing of 
RA-fortified semolina blend to pasta significantly affected 
the vitamin A content of the product. The resultant pasta 
retained up to 90.03–92.55% of the total vitamin A. It was 
also observed that increasing the addition level of RA into 
the sample resulted in the reduction of vitamin A losses. 
Reported 90–100% retention of vitamin A during baking. 
Butt et al. (2007) reported that vitamin A has excellent 
stability in cookies during baking, with losses falling in 
the range of 8.69–11.11%. Similarly, a study conducted by 
Herawati et al. (2015) recorded more than 100% retention 
of vitamin A, after baking the sweet potato flour cookies 
fortified with retinyl palmitate at 691.1 mg/kg, which was 
attributed to the increased recovery during baking. In 
another similar study by Fratianni et al. (2012), it was 
reported that processing of pasta resulted in a steady 
increase in cis-retinol along with a slight decrease in 
trans-retinol because of the increase in the degree of 
isomerisation from cis- to trans-retinol, from 12% in mix 
to 32% in final pasta.

Table 4. Colour of iron- and vitamin-A-fortified pasta.

Micronutrient Fortificant Fortification level L* a* b*

Control - - 55.154±0.322 0.420±0.028 8.56±0.128
Iron NaFeEDTA (mg/100g) 4 56.163±0.265 0.416±0.025 8.37±0.045

5 55.553±0.526 0.470±0.017 8.54±0.158
6 55.530±1.140 0.473±0.040 8.54±0.155

FeSO4 (mg/100g) 6 52.720±0.295 0.510±0.017 9.51±0.028
7 51.803±1.143 0.524±0.034 9.69±0.105
8 50.850±0.112 0.540±0.032 9.84±0.189

Vitamin A Retinyl Acetate (µg/100g) 700 55.70 ± 0.597 0.50 ± 0.020 8.63 ± 0.24
800 53.87 ± 1.570 0.65 ± 0.110 8.68 ± 0.21
900 54.10 ± 2.180 0.57 ± 0.03 8.74 ± 0.04

Values are represented as averages ± SD.
n (no. of samples) = 3.
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Colour analysis of micronutrient-fortified pasta

Colour is the main concern in fortified food, especially 
iron-fortified foods, because colour changes frequently in 
these products, which in turn induces organoleptic 
changes in the food vehicle. Pasta samples had a particu-
lar colour profile. It had more yellow-white colour with 
high brightness. As depicted by the data presented in 
Table 4, L* values of NaFeEDTA- and RA- fortified pasta 
were almost similar to the control, whereas ferrous-
sulphate-fortified pasta was observed to have reduced L* 
values. Iron in NaFeEDTA is protected within the EDTA 
structure; therefore, the use of NaFeEDTA as a fortificant 
might reduce the undesirable changes in colour of the 
fortified food. No significant (P ≤ 0.05) pattern appeared 
in the a* values of pasta fortified with various fortificants 
used in the study except for ferrous sulphate, which was 
observed to be comparatively darker. The b* colour values 
followed the similar trend as that of L* values, with no 
significant changes in the NaFeEDTA- and RA-fortified 
pasta, whereas when FeSO

4
 was employed as a fortificant 

into the pasta, the degree of yellowness increased slightly 
when compared with control. These results might be due 
to the characteristics of ferrous sulphate, which causes 
colour alterations in foods more readily owing to its 
higher solubility in water. Our results are in agreement 
with the study conducted by Theuer (2002) who observed 
that addition of ferrous sulphate to wheat porridge 
resulted in significant changes in all the colour parame-
ters of the porridge. Similarly, Kongachuichai (2007) also 
reported higher red and yellow tones for noodles fortified 
with ferrous sulphate at 5 mg per serving. However, as 
reported by Reungmaneepaitoon and Sikkhamondhol 
(2008), no significant (P ≤ 0.05) changes in the b* values of 
rice pasta fortified with ferrous sulphate was noted with 
doubling the fortification level from 30% of Recommended 
Reference Intake (RDI) for iron to 60% into the pasta. The 
various levels of fortificants contributed significantly to 

the variation in the colour parameters, but it has no prac-
tical consideration as all values fall in such a narrow 
range. The instrumental colour effects of NaFeEDTA 
obtained in the present study contrasts with the results 
found in iron-fortified tortillas by Richins et al. (2008), 
who reported that addition of NaFeEDTA at a level of 
16.98 mg/100 g reduced the L* and a* values of unfortified 
tortilla from 71.25 and 0.42 to 66.16 and 0.28, 
respectively.

Sensory analysis of micronutrient-fortified pasta

For any fortificant to be successfully added in a suitable 
food vehicle, it should not influence any of the sensory 
properties of the fortified food. According to Figure 1A, 
the general appearance scores for NaFeEDTA-fortified 
pasta samples at various levels were found not to be sig-
nificantly different from the controlled one (P ≤ 0.05). No 
prominent differences were observed for the flavour pro-
files of the fortified samples and were similar to the con-
trolled one. However, scores for the mouthfeel of the 
fortified ones are less. The overall acceptability scores of 
the fortified samples were almost similar to the controlled 
sample, with an average score ranging from 8.19 to 8.34. 
On the other hand, the panellists scored less for 
FeSO

4
-fortified pasta samples (Figure 1B), basically 

because of the dull appearance of the fortified sample, 
which is in contrast to the study conducted by 
Kongkachuichai et al. (2007) who reported no change in 
the sensory acceptability of instant noodles when fortified 
with NaFeEDTA and FeSO

4
, at various levels.

RA-fortified pasta samples (Figure 1C) again exhibited no 
significant differences between the fortified and con-
trolled samples with regard to their appearance, mouth-
feel and the overall acceptability, with average scores 
ranging from 8.31 to 8.40.

Figure 1.   Organoleptic quality of (A) NaFeEDTA fortified pasta, (B) FeSO4 fortified pasta and (C) Retinyl Acetate fortified pasta.
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Optimisation of micronutrient-fortified pasta

The different levels of fortificants were tested for their 
retention during processing and colour characteristics. 
The best selected levels are represented in Table 5. 
Selection of the best level of fortificants was carried out 
considering their ability to meet the recommended 
requirements of both the micronutrients. The levels of 
fortificants that caused little or no effect on the colour 
attributes were chosen for the storage studies.

Storage studies

Effect of storage on the iron content of iron-fortified pasta

Fortified pasta samples were assessed for alterations in 
iron content as a result of extended storage of 4 months 

at two different temperatures and in two different packag-
ing materials. It is to be noted that different fortificants 
behaved differently under similar storage conditions. 
However, different temperatures and packaging materials 
showed no significant effect on the iron content of pasta 
during storage, rather different iron sources significantly 
influenced the iron concentration of stored pasta. Ferrous 
sulphate as an iron fortificant was highly susceptible to 
deterioration during storage, followed by NaFeEDTA as 
observed from the data given in Table 6. The mean iron 
retention of NaFeEDTA-fortified pasta was 94.69%, with 
95.03% and 94.52% on storage in laminated and polypro-
pylene packets, respectively, when examined at the end 
of  the last month of storage. Ferrous-sulphate-fortified 
pasta retained up to 94.03% of the total iron after 4 months 
of storage, with retention of up to 94.61 and 93.72% for 
laminate and polypropylene packaged materials, respec-
tively. The difference in the iron retention values for both 
the fortificants is minimal and not significant. Akhtar 
et al. (2010) reported higher losses (6%) in NaFeEDTA-
fortified wheat flour when compared to the wheat flour 
fortified with elemental iron, with a loss of 4%  after 
2 months of storage. Over the course of time, regardless of 
the temperature and packaging materials, mean iron con-
tents of NaFeEDTA-fortified pasta were similar with no 
significant differences observed up to the first month of 
storage. However, a slight decrease in the mean iron con-
tent from 6.07 mg/100 g to 5.98 mg/100 g was observed in 

Table 5. Optimised level of micronutrients for fortified pasta.

Micronutrient Fortificant Selected levels

Iron NaFeEDTA 5 mg/100g
FeSO4 7 mg/100g

Vitamin A Retinyl Acetate 800 RE µg/100g
Double Micronutrient 
(Iron + Vitamin A)

NaFeEDTA + 
Retinyl Acetate

5 mg/100g + 800 
RE µg/100g

Table 6. Stability of iron and vitamin A in fortified pasta during storage.

Packaging Material Temp.  
(ºC)

Storage period (months) Retention  
(%)0 1 2 3 4

Iron (mg/100g)
NaFeEDTA
Laminate 25 6.07±0.02aA 6.03±0.14aA 6.00±0.03aA 5.92±0.03abA 5.80 ±0.03bA 95.59

40 6.07±0.02aA 6.02±0.02aA 5.98±0.04aA 5.84±0.04bA 5.75 ±0.06bA 94.88
Poly propylene 25 6.07±0.02aA 6.03±0.14aA 6.00±0.03aA 5.92±0.03abA 5.73 ±0.03bA 94.47

40 6.07±0.02aA 6.02±0.02aA 5.98±0.04aA 5.84±0.04bA 5.71 ±0.06cA 94.16
FeSO4
Laminate 25 7.91±0.02aA 7.73±0.04bA 7.62±0.06bcA 7.57±0.08cA 7.49±0.04dA 94.79

40 7.91±0.02aA 7.67±0.02bA 7.56±0.04cA 7.45±0.04dA 7.41±0.03dA 94.22
Poly propylene 25 7.91±0.02aA 7.73±0.04bA 7.62±0.06bcA 7.55±0.08cdA 7.47±0.04dA 94.43

40 7.91±0.02aA 7.67±0.02bA 7.56±0.04cA 7.41±0.04dA 7.38±0.03dA 93.22
Vitamin A (µg RE/100g)
Retinyl Acetate
Laminate 25 673.12±2.80aA 621.18±3.60bA 569.11±2.60aC 502.38±7.22dA 468.01±2.42eA 69.50

40 673.12±2.80aA 608.00±4.20bB 542.42±3.80cC 498.00±2.68dA 445.21±3.46eC 66.10
Poly propylene 25 673.12±2.80aA 606.64±4.50bB 560.82±4.44cB 484.12±2.68dB 460.61±3.48eB 67.48

40 673.12±2.80aA 600.00±3.00bB 535.14±3.20cC 480.32±4.40dB 428.91±2.89e 62.88

Values are represented as averages ± SD.
Values in the same row that are followed by different superscripts (small alphabets) are significantly different (P ≤ 0.05).
Values in the same column that are followed by the different superscripts (capital alphabets) are significantly different (P ≤ 0.05).
n (no. of samples) = 3.
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the second month, which further decreased significantly 
to 5.71 mg/100 g at the end of fourth month of storage, 
corresponding to an overall retention of 94.16% as 
observed with samples stored in polypropylene packets at 
40  °C. Similarly, for ferrous-sulphate-fortified pasta, the 
overall retention was 94.17%—the initial mean iron con-
centration of 7.91 mg/100 g was reduced to 7.44 mg/100 g 
after 4 months of storage. The loss of iron during storage 
could be attributed to the interaction of electron-deficient 
iron, especially in ferrous sulphate, with other compo-
nents of food, such as protein and carbohydrates, which 
form stable complexes with electron-rich food compo-
nents (Clydesdale, 1999). Rosado et al. (2005) reported 
that iron content of tortillas prepared from flour fortified 
with iron for a period of 60 days decreased significantly 
from 4.2 to 3.6 mg/100 g, suggesting an overall loss of 14% 
iron. In a similar study conducted by Kuong et al. (2016) 
for the storage of iron-fortified cold extruded rice, it was 
reported that more than 90% of the iron was retained after 
12 months of storage. Storage temperature and packaging 
materials did not affect the iron concentration of the forti-
fied pasta in the present investigation. However, insignifi-
cant variations were observed in the mean iron content of 
NaFeEDTA-fortified pasta stored at 25 and 40 °C, with a 
slight alteration in the contents from 5.75 mg/10 g to 
5.73  mg/100 g, respectively. Kuong et al. (2016) studied 
the storage stability of iron in cold-extruded rice stored at 
20 and 40 °C, and they reported that the product stored at 
20 °C showed higher retention (100.5%) when compared 
to the product stored at 40  °C (99.70%) for 6 months. 
However, studies by Ayelign et al. (2012) reported that 
higher temperature of storage and relative humidity did 
not affect the iron content of fortified flour during storage 
for 4 days. Li et al. (2008) also reported no loss of iron in 
the NaFeEDTA-fortified ultra-rice after 32 weeks of stor-
age. Studies of FFI (2015) for the assessment of iron reten-
tion in instant noodles prepared from wheat flour fortified 
with different iron fortificants (electrolytic iron, ferrous 
fumarate, encapsulated ferrous fumarate and NaFeEDTA) 
indicated insignificant losses of iron when stored for a 
period of 42 weeks at 25, 30, 35 and 40 °C, respectively. At 
35 °C, less than 10% losses were recorded in instant noo-
dles when iron was added in the form of ferrous fumarate 
after storage of 26 weeks. When fortified with electrolytic, 
encapsulated ferrous fumarate or NaFeEDTA or at differ-
ent storage conditions (e.g. at 40 °C for 18 weeks). As iron 
is a mineral and is stable on exposure to light, insignificant 
changes in the overall iron concentration was observed for 
both fortificants packed in laminates and polypropylene.

Effect of storage on the vitamin A content of 
RA-fortified pasta

Data for the stability of RA or vitamin A in fortified pasta 
during 4 months of storage at different conditions 
are  represented in Table 6. On the whole, RA stability 

appeared to be more affected by storage period than tem-
perature of storage and the packaging materials used. 
RA-fortified pasta when stored initially contained 
673.12 µg RE per 100 g of pasta, which after storage of 4 
months decreased to 450.69 µg RE per 100 g of pasta. 
About one-third of the total vitamin A was found to be lost 
on storage for 4 months. The losses in vitamin A in the 
stored vitamin-A-fortified pasta sample are attributed 
mainly to the photo-isomerisation in the presence of light, 
and oxidative degradation by free radical attack during 
storage. In a similar work, Butt et al. (2007) studied the 
retention of RA in vitamin-A-fortified cookies during stor-
age of 30 days at ambient temperature and observed more 
than 89% of retention. In another study, Kuong et al. (2016) 
stated that more than 70% of vitamin A was retained after 
storage of 6 months at ambient temperature. Temperature 
of storage was found to be indirectly proportional to the 
stability of RA. The loss of vitamin A activity in the case of 
laminated products stored at 25°C was 30.47% when 
assessed after 4 months, whereas its other counterpart 
(polypropylene packaged) lost up to 33.85% when kept at 
40°C. The increased losses of vitamin A at higher tempera-
tures could be due to the heat-induced kitol formation, 
which follows second-order rate law (Runge and Heger, 
2000). Lee et al. (2000) in their study reported that at 
23  °C, the overall vitamin A retention was 86.6%, while 
storage of fortified rice at a higher temperature of 40 °C for 
a period of 6 months resulted in a loss of 49% of vitamin A. 
In another study by Kuong et al. (2016), more than 65% 
loss of vitamin A was observed for vitamin-A-fortified, 
cold-extruded rice after storage of 6 months at 40 °C and 
75% of relative humidity, whereas the same samples when 
stored at 25 °C retained up to 84% of vitamin A.

Packaging is expected to exclude all those environmental 
factors that can reduce nutrient retention in the system. A 
detailed description of the effect of various packaging 
materials and conditions on the stability of various vita-
mins in cereal grain products is reviewed by Ott (1988). 
The various types of packaging materials discussed in the 
study had a profound effect on the RA content of pasta. 
RA, a vitamin A fortificant, is highly susceptible to deteri-
oration when exposed to light for a longer duration of 
time. The mean vitamin A content of laminate-packaged 
pasta was 456.61 µg RE per 100 g, whereas polypropyl-
ene-packaged pasta retained 444.76 µg RE/100 g of pasta 
at the end of the last month of storage. Under the 
experimented storage conditions and at each moment, 
retention of RA was always significantly higher in lami-
nate-packaged pasta stored at 25  °C. Our results are in 
line with those of Pinkaew et al. (2012) who reported that 
storage of retinyl-palmitate-fortified, hot-extruded artifi-
cial rice in aluminium-foiled packets for a period of 
18 weeks showed 18% higher retention of retinyl palmi-
tate than those stored in polyethylene transparent pack-
ets with 40% degradation.
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Effect of storage on the iron and vitamin A content of double 
micronutrient-fortified pasta

Data for the iron and vitamin A contents of the pasta 
fortified with two micronutrients are shown in Table 7. 
With the succession in the storage time, the mean iron 
content of the pasta decreased significantly from 6.07 to 
5.77 mg/100 g after 4 months of storage. Likewise, for all 
conditions of storage, similar trends of decline in the iron 
content was observed. Different storage temperatures 
and  packaging materials had no significant impact on 
the  stability and retention of iron of the double 
micronutrient-fortified pasta, with an overall retention of 
94–95%. However, stability of vitamin A in double micro-
nutrient-fortified pasta decreased significantly (P ≤ 0.05) 
with storage period, with a maximum loss of 38.06% (pro-
pylene packets at 40 °C) at the end of the fourth month of 
storage. Also, no interaction was seen among both the 
micronutrients on storage, with similar retention rates 
observed in singly fortified pasta samples. Crandall et al. 
(2014) also reported in their study that vitamin A stability 
of fortified flour was directly related to the temperature of 
storage and storage duration. In the same study, it was also 
reported that fortification of vitamin-A-fortified flour with 
three different iron fortificants, even when added at higher 
levels, had no association with the stability of vitamin A of 
the stored commodity when stored for 16 weeks.

Proximate composition of raw semolina

The proximate composition (moisture, ash, protein, fat, 
fibre and carbohydrates) of raw semolina used is 

discussed in the Table 1 and consisted of 1.99mg/100g 
iron and 22.85 RE μg/100g.

4. Conclusion

Micronutrient fortification of pasta is a promising tech-
nology and can be employed to combat iron and vitamin 
A deficiencies globally. The present study revealed that 
after processing and storage at various conditions, the 
overall retention of iron observed was in the range of 
89–90% and that of vitamin A was between 56 and 62%, 
when fortified individually or in combination, consider-
ing losses at the processing and storage stages. Storage at 
higher temperature and exposure to light considerably 
reduced the stability of vitamin A in fortified pasta, neces-
sitating special storage conditions to avoid further losses. 
Hence, it can be concluded that the double micronutri-
ent-fortified pasta can help meet the recommended 
dietary allowances for iron and vitamin A, when con-
sumed in sufficient quantities, and improve the nutri-
tional status of a society.
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Table 7. Stability of iron and vitamin A in double micronutrient fortified pasta during storage.

Packaging Material Temp. (ºC) Storage period (months) Retention (%)

0 1 2 3 4

Iron (mg/100g)

Laminates 25 6.07±0.04aA 6.03±0.04abA 5.94±0.06bcA 5.86±0.08cA 5.79±0.06cA 95.42

40 6.07±0.04Aa 6.01±0.02abA 5.91±0.02bcA 5.84±0.08cdA 5.78±0.07dA 95.27

Polypropylene 25 6.07±0.04Aa 6.02±0.02abA 5.94±0.04bcA 5.84±0.08cdA 5.78±0.04dA 95.27

40 6.07±0.04Aa 6.01±0.08abA 5.93±0.06bcA 5.81±0.04cdA 5.73±0.03dA 94.55

Vitamin A (µg RE/100g)

Laminates 25 673.12±2.80Aa 621.18±3.60bA 569.11±2.60cA 502.38±7.22dA 465.01±2.42eA 69.08

40 673.12±2.80Aa 608.00±4.20Bb 542.42±3.80cC 498.00±2.68dA 442.21±3.46eC 65.68

Polypropylene 25 673.12±2.80Aa 606.64±4.50Bb 560.82±4.44cB 484.12±2.68dB 452.61±3.48eB 67.24

40 673.12±2.80Aa 600.00±3.00bB 535.14±3.20cC 480.32±4.40dB 416.91±2.89eD 61.94

Values are represented as averages ± SD.
Values in the same row that are followed by different superscripts (small alphabets) are significantly different (P ≤ 0.05).
Values in the same column that are followed by different superscripts (capital alphabets) are significantly different (P ≤ 0.05).
n (no. of samples) = 3.
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