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Abstract
Vitamin A deficiency is a major public health problem affecting poor populations in developing countries. Biscuits
baked with Nigerian vitamin A fortified flour (30 IU/g) have been consumed by pre-school children. This study
aims at determining vitamin A content and stability in retailed biscuits at point of consumption. Pre-tested,
semi-structured, interviewer-administered questionnaire was used to collect biscuit consumption pattern of
pre-school children (n=1600). Out of 18 brands of biscuits reported, eight cartons of 8 commonly consumed
brands were purchased from major markets in Lagos. Vitamin A (retinol) stability was determined by storing
biscuit samples for 30 days. Pre- and post-storage retinol analyses were carried out using high performance liquid
chromatography. Vitamin A stability was calculated as percentage of initial vitamin A biscuit values. Crunchiness
and packaging of biscuit samples were also assessed. Data were analysed using descriptive and T-test at p<0.05. At
pre-storage level, 62.5 % and 37.5 % samples had vitamin A and zero contents respectively. At post-storage, 25%
had vitamin A content while 75% had zero content. Pre- and post-storage vitamin A content of samples was
5.2±4.9 IU/g and 1.9±1.8 IU/g. Mean vitamin A stability and loss in retailed biscuits at 2 months was 16.8% and
83.2% respectively. A significant difference was found in vitamin A content and stability of biscuits at pre- and
post-storage levels. Biscuits lost crunchiness at post-storage level. Vitamin A content of retailed biscuit samples
was below 30 IU/g resulting in very low stability. Use of fortified quality raw materials and compliance are
essential.
Keywords: biscuits, flour, fortification, high performance liquid chromatography, pre-school children, retinol,
vitamin A deficiency, vitamin A stability
1. Introduction
The World Health Organization estimates that at least a third of the world’s population is affected by
micronutrient malnutrition (Allen et al. 2006). Vitamin A is a fat-soluble vitamin which plays an important role
in vision, bone growth, reproduction, and in the maintenance of healthy skin, hair, and mucous membranes
(FAO/WHO, 2002). Vitamin A cannot be synthesised within the body and so can only be derived from dietary
intake from animal and plant sources. Inadequate consumption of vitamin A sources results in vitamin A
deficiency leading to adverse effects on growth, reproduction and resistance to infection. Xerophthalmia is a
severe consequence of vitamin A deficiency (VAD) which might lead to an irreversible blindness especially in
pre-school children, pregnant and lactating mothers. A common cause of vitamin A deficiency might be a shift in
the local diet to imported and ready-to-eat foods (Englberger et al. 2005). The increasing use of highly refined
foods, and foods prepared from highly purified ingredients, may contribute to dietary vitamin A inadequacies in
certain population (Manan, 1994). It has been suggested that the high prevalence of VAD in Nigerian
communities was due to low dietary intake of vitamin A, dominant dietary staples being cassava and other
carbohydrate-rich foods that are virtually devoid of vitamin A and carotenoids (Tee, 1995).
Vitamin A deficiency has also been reported as essentially a result of poor-socio-economic environment (Oomen,
1976). Vitamin A deficiency (VAD) is a global public health nutritional problem. In Nigeria 29.5% pre-school
children are vitamin A deficit (NFCNS 2001-2003, 2004; Maziya-Dixon, Akinyele, Sanusi, Oguntona, Nokoe, and
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Harris, 2004; Sight and Life, 2013). Forty one percent of the childhood deaths are caused by measles while 4% are
as a result of diarrhoeal disease (World Health Organization (WHO, 2014). These diseases are related to vitamin A
deficiency (VAD). Flour fortification is one of the long-term sustainable nutritional strategies to eradicate
micronutrient deficiencies in vulnerable populations in the world. Nigeria is the only country in Sub-Saharan
Africa fortifying three staples with vitamin A: wheat (Triticum aestivum) and maize (Zea mays) flour (30 IU/g),
refined sugar - white and brown (25 IU/g) and margarine (26 – 33 IU/g). Wheat flour is one of the major raw
materials for baking biscuits also referred to as cookies in some countries.
Vitamin A is unstable to many environmental, physical and chemical factors such as moisture, heat, sunlight,
metals (copper, iron, zinc), humidity, high temperature and pH. Many developed countries have reported good
stability of vitamin A in flour and its products (Murphy, 1995; Piza and Nelson, 1998; Mansoor, 2007;
USAID/DSM, 2007a, b). However, the standard technology for fortification of different foods have not been fully
resolved with regard to nutrient levels, stability, physical property characteristics and consumer acceptance in
terms of cooking properties and taste, among other factors (WHO/FAO/UNICEF/GAIN/MI/FFI, 2009). Stability
of staple food additives under different storage and cooking conditions is a one of the problems encountered in
vitamin A fortification (Mannar and Gallego, 2002). Vitamin A degrades with time (Wirakartakusumah and
Hariyadi, 1998). Significant losses can occur on storage if the encapsulation and antioxidant protection system is
poor (Flour Fortification Initiative, 2014). While fortification of flour with vitamin A has been initiated in a few
countries, questions remain about the cost of adding vitamin A to flour, as well as the stability of the vitamin A in
flour and flour products (Flour Fortification Initiative, 2008).
There have been some few reports on vitamin A stability in biscuits. According to Piza and Nilson, (1998), when
wheat flour is fortified with vitamin A, the typical losses during the production of bread and biscuits are 30 % and
40 %. Vitamin A losses from premixes with different forms of added iron ranged from 3 % to 46 % in products
such as baked loaves of bread, raw noodles (prepared from hard flour), and biscuits (prepared from soft flour).
Vitamin A losses, however, were 20 % to 30 % in biscuits, irrespective of the type of iron fortificant (Solon,
Sancex-Fermin, Wambangco, Solon, 1999). Naturally, biscuits contain no vitamin A. It is the fortified flour that is
used as major raw material that is expected to introduce vitamin A into biscuits. The aim of this study therefore is
to determine vitamin A content and stability in Nigerian retailed biscuits produced with fortified flour at point of
consumption.
2. Materials and Methods
2.1 Assessment of Consumption Pattern of Biscuits in the Diet of Pre-School Children
The consumption pattern of biscuits by pre-school children was assessed using a pre-tested semi-quantitative food
frequency questionnaire (FFQ) as done by Steyn and Labadarios (2002) and Blanton et al. (2006).
2.2 Identification of Commonly Consumed Brands of Biscuits by Pre-School-Aged Children
2.2.1 Inclusion Criteria
Samples were selected for inclusion in the study based on percentage of the population reporting the food. Only
samples consumed by at least 5% of the total population in each LGA were considered as commonly consumed as
done by Fox, Reidy, Karwe and Ziegler (2006). Out of 18 brands of biscuits reported, 8 were commonly consumed
by at least 5% of the children.
2.2.2 Sample Sourcing
Eight commonly consumed biscuit brands were sourced at point of consumption (wholesale outlets) according to
methods of Nalubola, Nestel, Dexter and Alnwick (1998) and Yusufali, Sunley, de Hoop and Panagides (2012).
The most current batch of selected commonly consumed biscuit samples in the market were purchased in cartons
from major markets in the same study locations - Ejigbo, Mushin, Oshodi, Agege and Ikorodu markets in Lagos
State. Samples were bought in cartons to be sure of their production dates. Production date helped to determine
sample freshness. Sampling replicates were carried out according to consumption pattern as follows: Sample A: 2;
Sample B: 3; Sample C: 1; Sample D: 1; Sample E: 3; Sample F: 3; Sample G: 1 and Sample H: 1. The following
information was recorded for each sample: (i) Date of production written on cartons and packets in order to
determine how long the sample has stayed or the post-production time. (ii) Date of sampling/analysis (iii). Brand
name (iv). Batch number if given and (v). Laboratory sample code for identification of each sample.
2.2.3 Selection of Samples
As standard laboratory procedure, 30% of biscuit samples were randomly selected from each biscuit carton for
analysis as done by Oyunga-Ogubi, Okwach, Waudo, Makokha, and Oiye (2009). Suitable sample interval was used to
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select packets of biscuits from cartons. This procedure was followed for selecting samples from all the eight brands
of biscuits.
2.2.4 Sample Storage
Biscuit samples were stored for 30 days after initial analysis under room temperature similar to that done by F.
Solon, M. Solon and Nano, (1998); Solon et al. (1999); Solon, Klemm, Sanchez, Darnton-Hill, Craft, Christian and
West Jr., (2000); F. Solon, M. Solon, Nano, Limson, Mondoza, Sanchez and Wambangco (2008); Cort, Borenstein,
Harley, Osadca and Scheiner (1975) and Cort, Borenstein, Harley, Osadca and Scheiner (1976).
2.2.5 Vitamin A Content Analysis
Pre- and post-storage retinol analyses were carried out using high performance liquid chromatography (HPLC)
according to Association of Official Analytical Chemists methods (AOAC, 2000) as described in Uchendu and
Atinmo (2012); Uchendu, Atinmo and Oyewole (2012) and Uchendu and Atinmo (2016). The analysis was carried
out in batches in three laboratories at different times of sample collection: Standard Organization of Nigeria (SON),
Honeywell Flour Mills Plc and BATO Chemical Laboratories Limited. All samples were analysed for vitamin A
content within 24 hours of collection in duplicates and mean values taken. Each sample was analysed on the day it
clocked 30 days post-production.
2.2.5.1 Preparation of Sample Matrices
i). Random selected samples of biscuits were shredded and crushed into tiny pieces.
ii). The samples were quickly ground to a fine powder just before the analysis started using Sonik grinder. This
increased the surface area of the samples for the subsequent analysis.
iii). Samples were homogenized very well. A random sample was taken by dividing the sample into four equal
parts and samples were taken from each part of the quarter.
iv). Appropriate weights of samples were quickly transferred into 250mls quick-fit/50mls centrifuge bottles,
corked and labelled A, B, C, D, E, F, G, H, etc for easy identification ready for analysis.
2.2.5.2 Vitamin A Extraction and Quantification Procedures
Sample matrix: biscuits
Procedure
1. About 5.0 g unknown sample (biscuits) was weighed into a 30 ml screw cap bottle.
2. About 1.0 g of Ethylene diamine tetra acetic acid (EDTA) was weighed and added to each of the samples.
EDTA is a chelating agent and was added to remove elementary iron in the flour. It is also an anti-oxidant which
improves the stability of vitamin A even at high temperatures.
3. 25 ml Ascorbic acid was added to each of the samples using pipette filler under fume extractor as antioxidant
to avoid vitamin A oxidation from peroxides present in ethyl acetate, diethyl ether, and isopropyl ether used in
vitamin A extraction.
4. The samples were agitated with vortex mixer for two minutes.
5. 10mls 50 % KOH* was added to the samples. This was done three times.
6. The samples were agitated with vortex mixer for two minutes.
7. The samples were incubated in a water bath for 45 minutes at 65 ºC to melt the retinol (MP = 62-64 ºC) in the
matrix.
8. The samples were brought out and allowed to cool for about 10 minutes.
9. 25 ml Hexane was added to the samples each. This extraction was done three times.
10. The samples were agitated with vortex mixer for two minutes.
11. The samples were allowed to sediment into layers for 5minutes.
If emulsion was formed, the sample bottle was tapped or that side of the bottle was placed on the vortex mixer to
check it off.
12. From the two layers formed, the upper layer which is assumed to be the vitamin A is pipetted into another 30
ml screw cap bottle already labelled using micro pipette.
13. The vitamin A extracts were filtered into the 1.5 ml ember vial bottles using 0.45 µl disposable filter and
syringe.
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14. The 1.5ml ember vial bottles were put in the HPLC and the readings taken.
15. The machine was flushed for 1 hour after the analysis to avoid clogging the column.
16. The calculation of this HPLC is automated. It read the vitamin A contents of the samples in IU/Kg.
Quantification is with HPLC- UV detector
Mobile Phase: Hexane 99 %, Isopropanol 1 %
Flow rate- 1 ml/min
Response time – 1.0 sec
UV Detection at 325 nm
Premix was treated as sample.
17. Calculation of vitamin A content was similar to that of A2Z USAID, 2010 and Andarwulan et al. 2014.
Cvitamin As =

(RFA) (Ps) (Vml)
(Ws)

(1)

where:
Cvitamin As = Vitamin A concentration in sample, IU/Kg (as retinol)
RFA = Response /Correction factor for vitamin A
Ps = Total peak area of test sample (all trans- and 13-cis retinol)
Vml = Volume of hexane used for dilution/extraction (ml)
Ws = Sample weight (g)
2.2.6 Calculation of Percentage Vitamin A Stability in Samples
Vitamin A stability was calculated as percentage of initial vitamin A value as follows:
% vitamin A stability = Mean sample post-storage vitamin A content x 100
Pre-storage vitamin A content

(2)

2.2.7 Calculation of Vitamin A Stability Losses in Samples
Vitamin A losses were computed in percentages to estimate baking losses as follows:
Vitamin A stability losses (%) = 100 – Vitamin A stability (%)

(3)

2.2.8 Tastes for Biscuit Crunchiness
At purchase and post-storage, biscuit samples were tasted to check freshness and crunchiness (hardiness and
crispiness).
2.2.9 Biscuit Packaging
The packaging of the biscuit samples were examined to know the type of packaging used.
2.2.10 Statistical Analysis
Samples were grouped as 1 and 2 months using sample production dates. Data were arranged in tables and
percentages. Data were analysed using descriptive and student T-test to test significance of sample vitamin A
content and stability at p<0.05 significant level.
3. Results
Table 1 shows that out of 18 brands of biscuits reported, 8 were commonly consumed by at least 5% of the
children.
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Table 1. Brands/ Types of Biscuits Consumed by Pre-school-aged Children (N = 1599)
Brand of biscuits:
None
A
B
C
D
E
F
G
H
I
J
K
L
M
N
O
P
Q
R

Oshodi/Isolo
62(19.4)
19(5.9)
43(13.5)
27(8.5)
32(10.0)
22(6.9)
38(11.9)
46(14.4)
3(0.9)
7(2.2)
1(0.3)
1(0.3)
2(0.6)
2(0.6)
2(0.6)
2(0.6)
1(0.3)
3(0.9)
7(2.2)
320(100.0)

LGAs
Agege
171(53.4)
2(0.6)
43(13.5)
4(1.3)
3(0.9)
9(2.8)
41(12.9)
3(0.9)
8(2.5)
1(0.3)
2(0.6)
2(0.6)
11(3.4)
2(0.6)
1(0.3)
3(0.9)
7(2.3)
4(1.3)
3(0.9)
320(100.0)

Mushin
205(64.0)
15(4.7)
10(3.1)
5(1.6)
4(1.3)
25(7.8)
10(3.1)
4(1.3)
2(0.6)
2(0.6)
0(0.0)
2(0.6)
0(0.0)
14(4.4)
5(1.6)
1(0.3)
6(1.9)
0(0.0)
10(3.1)
320(100.0)

Lagos Island
167(52.4)
4(1.3)
65(20.3)
2(0.6)
1(0.3)
16(5.0)
37(11.6)
1(0.3)
2(0.6)
4(1.3)
0(0.0)
2(0.6)
8(2.5)
1(0.3)
2(0.6)
3(0.9)
1(0.3)
0(0.0)
3(0.9)
319 (100.0)

Ikorodu
170(53.1)
12(3.7)
10(3.1)
8(2.5)
5(1.6)
10(3.1)
12(3.8)
9(2.8)
48(15.0)
10(3.1)
0(0.0)
0(0.0)
0(0.0)
8(2.5)
0(0.0)
7(2.2)
5(1.6)
0(0.0)
6(1.9)
320(100.0)

*Numbers in brackets are in percentages

Table 2 shows the pre- and post-storage vitamin A content in retailed biscuit samples. There was a significant
difference between vitamin A content obtained from retailed biscuit brands at pre- and post-storage (1 and 2
months) levels (p<.05).
Table 2. Pre- and Post-storage Vitamin A Content in Retailed Biscuit Samples
Biscuit brands
A
B
C
D
E
F
G
H
*Mean

Pre-storage vitamin A content (IU/Kg) (1 months)**
0.0a
1,847.7 a
6, 797.6 a
12,873.0 a
0.0 a
0.0 a
3, 361.5 a
943.8 a
5,164.7 ±4,851.7

Post-storage vitamin A content(IU/Kg) (2 months)**
0.0 a
0.0 b
0.0 b
3,136.0 b
0.0 a
0.0 a
0.0 b
563.6 b
739.9 ±1361.5

P-value
0.000
0.000
0.001

0.000
0.020

*

Mean excludes samples with zero vitamin A content at 1 month and 2 months

**Means in same row followed by different letters are significantly different (p < 0.05).
Table 3 shows the pre- and post-storage vitamin A stability in biscuit samples. Significant difference existed in
vitamin A stability among biscuit brands (t = -7.100, df = 4, p = .002).
Table 3. Pre- and Post-storage Vitamin A Stability in Biscuit Samples
Biscuit
brands
A
B
C
D
E
F
G
H
*Mean

Pre-storage vitamin A content
(IU/Kg) (1 months)
0.0
1,847.7
6, 797.6
12,873.0
0.0
0.0
3, 361.5
943.8
5,164.7 ±4,851.7

Post-storage
vitamin
content(IU/Kg) (2 months)
0.0
0.0
0.0
3,136.0
0.0
0.0
0.0
563.6
739.9 ±1361.5

A

Vitamin A stability %
(2months)
0.0
0.0
0.0
24.4
0.0
0.0
0.0
59.7
16.8±26.2

P-value
.002

4. Discussions
Vitamin A level in biscuits was not specified in the Standard Organization of Nigeria standard (NIS: 111: 1992).
Vitamin A content standards for flour-based products should be provided to guide manufacturers. The
pre-storage vitamin A content obtained in this study is similar to that obtained by Ogunmoyela et al. (2013) but
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higher than that reported by Anyika and Uwaegbute, (2005). Mean vitamin A stability was approximately 17%.
Individually, one of the biscuit samples (Sample H) had vitamin A stability close to 60% similar to the stability
of the premix food starch matrix used. Type of food matrix used for the vitamin A premix encapsulation might
have influenced the vitamin A stability of the sample. Nigeria uses 250 CWS premix which is encapsulated with
modified food starch matrix. It has been reported that food starch matrix has the least stability among other
matrices used for vitamin A premix encapsulation. Vitamin A stability of various matrices used as vitamin A
coatings were reported as mannitol (90 %), lactose (89 %), mannitol + sucrose (88 %), mannitol + dextrose
(83 %), dextrose (81 %), sucrose (80 %), calcium sulphate (75 %), kaolin (75 %), aluminium hydroxide (73 %),
mannitol + starch (70%), mannitol + aluminium hydroxide (60 %), and starch (59 %) after one month storage
(Kee-Neng, DeKang & Banker, 1962). The stability of flour obtained in this study at one month post-production
time (60.7 %) is similar to the stability of the modified starch matrix used (59 %). This might explain the low
stability obtained in this study. More than three quarter of vitamin A stability losses in biscuits confirms the low
stability of premix matrix. Mean sample vitamin A stability losses as 83.2 ±26.2 %.
Vitamin A stability loss is closely related to vitamin A stability of matrices. Vitamin A stability losses in biscuits
were higher than that reported by Piza and Nilson, (1998) and Solon et al. (1999).
More than half (62.5 %) of the samples had vitamin A content at purchase even though not up to 30 IU/g
standard level. The 37.5 % samples that had zero vitamin A contents indicate partial compliance. Incomplete
compliance places the pre-school children that consume these brands of biscuits at more risk of VAD. At
post-storage level, only 25% (samples D and H) still had vitamin A content while three quarter (75%) had no
vitamin A content. This might be as a result of the quality of the premix. Comparing the vitamin A content of
samples with the recommended flour fortification level (30,000 IU/kg), it is clear that vitamin A was greatly
reduced in retailed biscuits or that there was low compliance. The samples that had zero vitamin A at purchase
and after storage (38%) could be because unfortified flour or un-encapsulated vitamin A premix which is cheaper
was used for baking them. Samples that had vitamin A at pre-storage and zero content after storage (62.5%)
might be due to reasons such as baking ingredients, baking temperature, level of encapsulation of vitamin A
premix used, and quality of packaging material and sealing. Interestingly, the two samples (D and H) that had
vitamin A at post-storage level were manufactured by the same company. This company declared on the biscuit
labels ingredients such as orange cream (sample H) and skimmed milk, vegetable fat, butter flavour for sample D.
Sample D had the highest vitamin A content at pre- and post-storage levels (12,873.0 IU/Kg; 3,136.0 IU/Kg).
Sample C (6,797.6 IU/Kg) declared enriched with carotenes. Sample G (3,361.5 IU/Kg) had ingredients such as
whole wheat flour, sugar, vegetable oil and milk while sample B (1,847.7 IU/Kg) had sugar, vegetable oil and
butter flavour as ingredients among others.
The high vitamin A content in some of the samples might have been contributed by the ingredients used which
are all good sources of vitamin A. Nigeria is the only country in Sub-Saharan Africa fortifying four staples- flour
(30,000 IU/Kg), sugar (25,000 IU/kg), vegetable oil (20,000 IU/kg) and butter/margarine (butter/margarine
26,000-33,000 IU/kg) with vitamin A. Milk is a very good source of vitamin A. Use of vitamin A fortified staples
as biscuit raw materials will enhance the vitamin A content of biscuits. However, sample E had the same
ingredients on its label as sample G except whole wheat flour but it had zero vitamin A and the samples were
manufactured by the same company. This difference in vitamin A content might depend on label claim integrity
and the vitamin A quality of ingredients used for each of the samples. Biscuits are susceptible to rancidity.
Rancidity or high peroxide value in vegetable oil, butter and margarine used for baking flour products could
reduce their vitamin A contents. Several studies have shown that vitamin A oxidizes faster and losses its activity
in the presence of highly-oxidized oils with a high peroxide values and that high peroxide values in oil prior to
fortification could be a potential barrier to ensuring the stability of retinyl palmitate (Andarwulan, Gitapratiwi,
Laillou, Fitriani, Hariyadi, Moench-Pfanner & Martianto, 2014).
All the samples had similar polyethylene aluminum laminated packaging but some laminates were better than
others. At post-storage analysis, some of the biscuits were already soft. They have lost their characteristics
hardness and crunchiness. This might be as a result of moisture and air pick up from the environment. Presence
of moisture and air in biscuits will oxidize the vitamin A and this might also explain the low vitamin A content of
the samples. The packaging for biscuits should be able to provide rancidity, moisture and air barrier to avoid
vitamin A oxidation. The barrier properties of packages are a combination of the basic moisture-proofness of the
materials used and the effectiveness of the seals. Some of the seals were rough and could have pinholes
especially sample E. Pinholes enable moisture and air to penetrate the biscuits. None hermetical sealing of the
biscuit packets might have exposed them to moisture and air leading to the oxidation of vitamin A. A standard
should be set for moisture-proofness of biscuit packages. Biscuits are exposed to air, heat and sunlight all day
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long in- front of retailers’ shops. Isomerization of retinoid compounds is often by exposure to light with or
without the addition of any catalyst (Manan, 1994). Aluminium coating can provide a complete barrier to light,
moisture, grease and air but it depends on the thickness. The aluminium coating used for biscuit samples had
light thickness and this might be due to the expensiveness of aluminium considering that the biscuits samples are
sold at lower prices (N5, N10, N20, N30).
It has also been reported that gluten protects vitamin A from degradation from water activity than starch (Arya
and Thakur, 1990). This might be one of the reasons vitamin A stability was best in sample D made with whole
wheat flour. It is recommended that biscuit fortification premix should have a higher standard to cushion the
effect of low gluten content of soft flour and higher temperature (350 oC) used in baking biscuits.
5. Conclusions
This study showed that vitamin A stability in retailed biscuit was low. The low vitamin A stability might have
been as a result of none or low vitamin A fortification compliance, quality of ingredients and packaging used. It
was discovered that use of vitamin A fortified ingredients such as sugar, vegetable oil, milk, margarine/butter and
whole wheat flour in baking might have improved the quantity of vitamin A in some of the biscuit samples. Use
of fortified quality raw materials and compliance are essential.
Conflict of Interest
The authors declare no conflict of interest.
Acknowledgement
The authors acknowledge the laboratory support from Standards Organisation of Nigeria (subsidised),
Honeywell Flour Mills Plc and BATO Chemicals Limited (subsidised).
References
Allen, L., de Benoist, B., Dary O., & Hurrell, R. ed. (2006). Guidelines on Food Fortification with
Micronutrients. Geneva: World Health Organization; Rome: Food and Agriculture Organization of the
United Nations. ISBN 92 4 159401 2.
Andarwulan, N., Gitapratiwi, D., Laillou, A., Fitriani, D., Hariyadi, P., Moench-Pfanner R., & Martianto, D.
(2014). Quality of Vegetable Oil Prior to Fortification Is an Important Criteria to Achieve a Health Impact.
Nutrients, 6(11), 5051-5060. http://dx.doi.org/10.3390/nu6115051
Anyika, J. U., & Uwaegbute, A. C. (2005). Frequency of Consumption and Nutrient Content of Some Snacks
Eaten by Adolescent Female and University Students in Abia State, Nigeria, Nign. J. Nutr. Sci., 26(2),
10-15.
Arya, S. S., & Thakur, B. R. (1990). Effect of Water Activity on Vitamin A Degradation in Wheat Flour (Atta). J.
Food Processing Preservation, 14, 123-34. http://dx.doi.org/10.1111/j.1745-4549.1990.tb00834.x
Association of Official Analytical Chemists (AOAC) 1990 . 15th ed. Vol. II, pp. 777-793
Association of Official Analytical Chemists (AOAC) (2000). AOAC International, Gaithersburg, MD. 17th ed.
A2Z USAID. (2010). Manual of Methods for Determining Micronutrients in fortified Foods. Pp. 21-34.
Cooperative Agreement No. GHS-A-00-05-00012-00.
Bankson, D. D, Russell, R. M., & Sadowsk, J. A. (1986). Determination of Retinyl Esters and Retinol in Serum
or Plasma by Normal-Phase Liquid Chromatography: Method and Applications. Clin. Chem. 3211, 35-40.
Blanton, C. A, Moshfegh, A. J, Baer, D. J, & Kretsch, M. J. (2006). The USDA Automated Multiple-pass
Method Accurately Estimates Group Total Energy and Nutrient Intake. Journal of Nutrition, 136(10),
2594-2599.
Cort, W. M., Borenstein, B., Harley, J. H., Osadca, M., & Scheiner, J. (1975). Nutrient Stability of Fortified
Cereal Products.35th Institute Food Tec Meeting. Chicago, IL. In: Fortification Basics, Stability.
http/:www.51610_fort_basics_stability.pdf (secured). Assessed 13/12/12.
Cort, W. M., Borenstein, B., Harley, J. H., Osadca, M., & Scheiner, J. (1976). Nutrient -Stability of fortified
cereal products. Food Technology, 30(4), 52-61.
Englberger, L., Marks, G., Fitzgerald, M., & Timothy J. (2005). Vitamin A intake and factors influencing it
among children and Caretakers in Kosrae, Micronesia. Ecology Food and Nutrition, 44, 307-338.
http://dx.doi.org/10.1080/03670240500187369

29

http://jfr.ccsenet.org

Journal of Food Research

Vol. 5, No. 5; 2016

Flour fortification Initiative (FFI) (2008). Summary Report. Second technical workshop on wheat flour
fortification: practical recommendations for national application March 30 to April 3, 2008. Stone mountain,
Georgina, USA. Pp. 1-24.
Fox, M. K.., Reidy, K., Karwe, V., & Ziegler, P. (2006). Average Portions of Foods Commonly Eaten by Infants
and Toddlers in the U.S. American Journal Dietetic Association, 106(1), S66-S76.
http://dx.doi.org/10.1016/j.jada.2005.09.042
FAO/WHO., (2002). Human Vitamin and Mineral Requirements. Report of a joint FAO/WHO expert
consultation Rome. http://www.fao.org/docrep/004/Y2809E/y2809e00.HTM. Accessed 10/4/2012
Kee-Neng, W., DeKang, H. G., & Banker, G. S. (1962). Stability of Vitamins A, B, and C in Selected Vehicle
Matrices.
Journal
of
Pharmaceutical
Sciences,
51(11),
1076-1080.
http://dx.doi.org/10.1002/jps.2600511115
Manan, F. (1994). A comprehensive Review. The Role of Vitamins in Human Diet 1. Vitamin A-nutrition. J.
Islamic Academy of Sci., 7(4), 221-236.
Mannar, V., & Gallego, E. B. (2002). Iron Fortification: Country Level Experiences and Lessons Learned. J. of
Nutr. 132 (4 Suppl.):856S-858S. PMid:11925497
Mansoor A. (2007). Flour rate hike hits the poorest hard. Intern. TheNews. http://www.thenews.com/pk/print.asp.
Accessed 6/4/2014.
Maziya-Dixon, M. B., Akinyele, I. O., Sanusi, R. A., Oguntona, T. E., Nokoe, S. K., & Harris, E. W. (2004).
Vitamin A Status of Children Under 5 in Nigeria: Results of the Nigeria food consumption and nutrition
Survey (Abstract). Paper Presented at the XX11 International Vitamin A Consultative Group (IVACG)
Meeting. Vitamin A and the Common Agenda for Micronutrients, 15-17 November 2004, Lima, Peru. Pp.
84.
Murphy, P. (1995). Annex 5-History of Technology Development for vitamin A fortification of foods in
developing countries. FAO Technical Consultation on food fortification: Technology and Quality Control.
Rome, Italy, 20-23 November.
Nalubola, R., Nestel, P., Dexter, P., & Alnwick, D. (1998). Fortification of wheat flour with vitamin A: an update.
http://www.popline.org/node/522242. Accessed 8/12/14. Accessed 8/12/14
Nigerian Industrial Standard (NIS111:1992). Revised Standard for Biscuits. Pp.1-18.
Nigerian Food Consumption and Nutrition Survey 2001-2003 (2004). Summary: Maziya-Dixon B., Akinyele I.
O., Oguntona E. B., Nokoe S., Sanusi R. A., and Harris E. (eds.). Intern. Institute of Trop. Agric. (IITA),
Ibadan, Nigeria. Pp 1-75. ISBN 978 131 221 1.
Ogunmoyela, O. A.., Adekoyeni, O., Aminu, F., & Umunna, I. O. (2013). A Critical Evaluation of Survey Results
on Vitamin A and Iron Levels in the mandatory fortified Vehicles and Some Selected Processed Foods in
Nigeria. Nign. Food J., 31(2), 52-62. http://dx.doi.org/10.1016/S0189-7241(15)30077-1
Oomen, H. A. P. C. (1976). Xerophthalmia. In: Nutrition in Preventive Medicine. The major deficiency
syndromes, Epidemiology and Approaches to Control. (Beaton G.H. and Bengoa G.M. eds.). World Health
Organization, Geneva.
Oyunga-Ogubi, M. A, Okwach, E., Waudo, N. J., Makokha, A., & Oiye, S. O. (2009). Content and
Bioavailability of Micronutrients in Street Foods of Low Income Groups, Nairobi, Kenya.
http://www.kari.org/biennialconference/conference12/docs/cowTENT&BioAvailabilty of Micronutrients in
Street.html. Accessed 20/8/11. ISBN 1684-5374
Piza, J., & Nelson, A. (1998). Food Fortification: a tool to fighting hidden hunger. J. Nutr., 19(1), 49-59.
Schulzova, I. V. (2008). Analysis of Food and Natural Products Laboratory Exercise. Institute of Chemical
Technology, Prague. Faculty of Food and Biochemical Technology. Department of food Analysis and
nutrition. Pp. 1-9.
Sight and Life, (2013). ‘Hidden Hunger Index’ Identifies Global Hot Spots of Micronutrient Deficiencies for
First Time. For Immediate Release. 13 June 2013. Pp 1-2.
Solon, F. S., Solon, M. S., & Nano, T. (1998). Wheat flour fortification with vitamin A: A formula report. Manila,
Philippines, Nutrition centre of the Philippines, 1998.
Solon, F. S., Sancex-Fermin, L. E., Wambangco, L. S., & Solon, M. A. M. (1999). Final Report: Iron and
30

http://jfr.ccsenet.org

Journal of Food Research

Vol. 5, No. 5; 2016

Vitamin A Stability in Flour and Products. Manila: Nutrition Centre of the Philippines, 1999.
Solon, F. S., Klemm, R. D. W., Sanchez, L., Darnton-Hill, I., Craft, N. E.., Christian, P., & West, K. P., Jr. (2000).
Efficacy of a Vitamin A – Fortified Wheat- Flour Bun on the Vitamin A Status of Filipino School Children.
Am. J. of Clin. Nutr., 72(3), 738-744.
Solon, F. S., Solon, M., Nano, T., Limson, E. R., Mondoza, O., Sanchez, L., & Wambangco, L. (2008). Wheat
Flour
Fortification
with
Vitamin
A.
the
Philippine
Food
Fortification
Program.
http://www.2.doh.gov.ph/food/searches.asp? Accessed 13/02/08
Steyn, N. P., & Labadarios, D. (2002). Review of Nutrition Policy Implementation 2003. In: South African
Health Review 2002: Durban: Health System Trust, 2003; Internet: http://www.hst.org.za. Accessed
29/2/2012.
Tee, E. S. (1995). The medical importance of vitamin A and carotenoids (with reference to developing countries)
and their determination. Malaysia Journal of Nutrition, 158, 23-25.
Uchendu, F. N., Atinmo, T., & Oyewole, O. (2012). Stability of Vitamin A in Selected Nigerian Bread Made
From Commercial Fortified Wheat Flour. Intern. J. of Applied Sci. and Tech., 2(3), 93-98
Uchendu, F. N., & Atinmo, T. (2012). Nigerian Bread Contribute One Half of Recommended Vitamin A Intake in
Poor-Urban Lagosian Preschoolers. World Academy of Science, Engineering and Technology Inter. J. of
Social, Edu., Econ. and Management Eng., 6(10), 2012
Uchendu, F. N., & Atinmo, T. (2016). Vitamin A stability in Nigerian wheat flour and fortification compliance
level. African J. of Food Science, 10(3), 33-40, March 2016. http://dx.doi.org/10.5897/AJFS2015.1385
USAID/DSM (2007a). Wheat Flour: Fortification Basics. Pp. 1-4.
USAID/DSM (2007b). Maizeflour/Meal Fortification Basics. Pp. 1-4.
World Health Organization (WHO), (2014). Vitamin A fortification
http://www.who.int/elena/titles/vitamina_fortification/en/. Accessed 18/11/2014.

of

staple

foods.

WHO/FAO/UNICEF/GAIN/MI & FFI (2009). Recommendations on wheat and maize flour fortification.
Meeting Report: Interim Consensus Statement. Geneva, World Health Organization,2009.
http://www.who.int/nutrition/publications/micronutrients/wheat_maize_fort.pdf. Accessed 9/11/2012.
Wirakartakusumah M. and Hariyadi P. (1998). Technical Aspects of Food Fortification. Food and Nutr. Bull,
19(2), 101-108. http://dx.doi.org/10.1177/156482659801900203
Yusufali, R., Sunley, N., de Hoop, M., & Panagides, D. (2012). Flour Fortification in South
Africa:Post-Implementation Survey of Micronutrient Levels at Point of Retail. Food and Nutr. Bull. 33(4),
(supplement) S321-S329. http://dx.doi.org/10.1177/15648265120334S308.
Copyrights
Copyright for this article is retained by the author(s), with first publication rights granted to the journal.
This is an open-access article distributed under the terms and conditions of the Creative Commons Attribution
license (http://creativecommons.org/licenses/by/4.0/).

31

