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Abstract

Vitamin A deficiency (VAD), is strongly linked to blindness in addition to
presenting an increased risk of death and morbidity from gastrointestinal and
respiratory diseases. An edible sponge, fulfilling the criteria as a viable
micronutrient carrier, would answer and facilitate the delivery of a logical
control to this situation. The authors propose creation of a new technology
to be carried out in the Institute of Biochemistry, Faculty of Agriculture of
The Hebrew University of Jerusalem. This novel and innovative approach will
focus on hydrocolloid matrices to which oil has been added by
homogenization followed by a gelation process. The ensuing gel will be
freeze-dried to yield a crunchy chewable cellular solid (edible sponge),
designed as packaging for vitamin A and minerals. The product will be
studied for mechanical ftextura/j properties to allow customized, affordable
stable packaging for minerals and vitamins together. In parallel, the two
research teams will examine sponge digestibility, stability and efficiency
through intake experiments on animals and children. The advantages of the
proposed technology include containment of water and oil-soluble ingredients
in one package, ease of production, low price and availability of raw materials
in addition to the possible adaptability for different age groups. Since the
sponge is fibrous, it is void of flavor, odor, and color. Hence, it is possible
to control and incorporate these characteristics during processing, thus
ensuring broad acceptance by the targeted subjects. The proposed
methodology provides a fortified, stable and affordable food product
successfully comprising more than one micronutrient.

1. SCIENTIFIC BACKGROUND AND SCOPE OF THE PROJECT

The relationship between inadequate vitamin A status and xerophthalmia (nutritional
blindness) has been known for centuries. The importance of vitamin A to ocular integrity
and resistance to infections is extensively documented [1]. Vitamin A is an essential
component of the rhodopsin cycle, the visual pigment required for vision under low levels
of illumination [2]; thus, early deficiency shows a night blindness. Ocular manifestations
associated with vitamin A deficiency are reversible during the early stages with
supplementation or consumption of adequate intake of vitamin A without significant
sequelae except corneal ulceration with resultant scaring. Research on animals and humans
has revealed the role of vitamin A in the etiology of iron deficiency anemia. A recent study
of pregnant Indonesian women indicated greater effectiveness of a combined iron
supplement and vitamin A (97%) in reducing anemia than iron tablets alone (68%) and 16%
in the control group receiving a placebo [3]. At present, three approaches address the
problem of VAD: (i) a bi-annual distribution of a high dose of vitamin A to preschool children
in areas where VAD is of public health importance; (ii) horticulture and nutrition education
and; (iii) food fortification. However, at this point, they are technologically possible only
in the experimental phase in a number of countries due to costs and the difficulty in
selecting a vehicle and a food item regularly eaten by the target group in sufficient
quantities [4]. The general objective of the proposed project is improvement of the
nutritional status of poor communities in Ethiopia through food-fortification, with particular
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reference to vitamin A. Development of a technology to produce an affordable, stable, and
efficacious vitamin A fortified edible hydrocolloid sponge can meet this challenge. Phase
I of the program will center on construction of a sponge incorporating therapeutic amounts
of iron and vitamin A. Phase II will include: (i) sponge-product acceptability (color, taste,
texture) testing on a selected group of Ethiopian infants and young toddlers given the
vitamin A fortified sponge; (ii) animal studies to examine the availability and status of iron
and vitamin A in rats fed diets supplemented with the fortified sponge. Iron and vitamin A
levels will be monitored weekly for 6 weeks using high-pressure liquid chromatography
(HPLC) for detection of vitamin A level and inductively coupled plasma (ICP) for detection
of iron as well as Ferritin, an iron marker, which will be tested by a commercially available
kit; (iii) the production of the sponge will be transferred to Ethiopia prior to the field study
in Gondar, Ethiopia. Infants identified as vitamin A deficient will be provided with the
sponge. Iron and vitamin A levels will be monitored and acceptability and palatability tests
will be performed. Phase III will evaluate the process related to production, use and
consumption of the fortified sponge with special emphasis on vitamin A and iron status. The
results will delineate the potential and constraints in the attempt to fortify vitamin A and
iron micro-nutrients in an edible sponge. At this stage a stable isotope dilution technique
will be introduced to assess the vitamin A status in a selected group of children receiving
the sponge.

2. METHODS

2.1. Gum-oil gels and sponges

Food-grade commercial alginate will be used to prepare the gels using a procedure
previously described [5,6]. The alginate will carry the water soluble micronutrients designed
to be included within the matrix. Low quantities of soya oil (as a medium for oil soluble
ingredients) will be added by homogenization followed by glucono-5-lactone (GDL) solution
as a gelation inducer. Emulsifier will be included in the oil before homogenization as well
as antioxidants to retard or prevent oxidation of vitamins and oil during the shelf life of the
designed product. Gels will be kept at 5°C for 24 hours, later compressed to check their
mechanical properties between parallel lubricated plates at a constant deformation
(displacement) rate of 10 mm/min, using an Instron universal testing machine Model 1100.
All mechanical tests will be performed in triplicate, with samples taken from two separate
batches. These tests can serve to control the textural properties of the future products.
Then, the matrices will be dried and compressed as sponges, as described below. Drying
is designed to ensure extended shelf life, stability, crunchiness and to inhibit rate of
oxidation rate.

2.2. Mechanical properties and porosity of products (edible sponges)

The different sponges will be compressed to 80% deformation between parallel
lubricated plates at a constant deformation (displacement) rate of 10 mm/min, using the
Instron. Texture studies on the sponges is crucial for future texture control of the products.
The Instron's continuous voltage vs. time output will be converted into stress vs. Hencky's
(natural) strain relationships [1,2]:

o = F/AO and eH = In [Ho/Ho - AH]

where a and e are stress and Hencky's strain, respectively, F is the momentary force, AH
= Ho-H(t) is the momentary deformation, AO and HO are the original specimen's cross
sectional area and height, respectively, and H(t) is the height at time t. Since the
cross-sectional area of a compressed solid sponge specimen rarely expands to any
significant extent [7], the engineering and "true" stresses could be treated as equal for all
practical purposes [8].
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Additional information on the influence of added ingredients and different condition,
i.e. technology of drying, temperatures, times, content of oil, etc;, affecting the texture of
the final products, will be gathered by fitting the individual relationships to a compressibility
model previously developed for the sigmoid stress-strain relationships of cellular solids
[9,10]:

o = C1 /[(1+C2e)(C3-e)]

where o and e are the stress and strain, respectively, and C1, C2 and C3 are constants
calculated by non-linear regression of the Systat package. Since porosity of the sponges
is important to their textural properties and crunchiness it will be expressed as total porosity
= 1 - (bulk density/ solid density) [10].

2.3. Scanning electron microscopy (SEM)

SEM micrographs of sponges will be studied to check their structure which is related
to their success as products.

The use of stable isotope tracers of vitamin A will be used to assess the vitamin A
status prior and after the introduction of the sponge to the vitamin A deficient children. The
specific methodology will be determined with the experts of the IAEA after the first field
study in Gondar.

2.4. Time schedule

The study is planned for 24-30 months.
Phase I 8-10 months
Phase II 8-10 months
Phase III 8-10 months
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