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Formulation and Nutritional Evaluation of

Instant Diet for Children Fortified with
Inshore Lizardfish (Synodus foetens)

Abstract

The limited resources and inappropriate knowledge on effective
utilization of available resources like fisheries in Eritrea have been resulting in
severe malnutrition, especially among children. Dura Milk Kebkebe (DMK - a
traditional weaning food - is one of the improved weaning foods used as a food
supplement for infants and children in addition to breastfeeding. A highly
nutritive instant diet with maize and carrot fortified with fish powder from
inshore Lizardfish has been prepared to aim to ensure the availability of low-cost
weaning food in Eritrea. The nutritional composition of developed food
contained proteins 19.50+1.58g, carbohydrates 52.50+3.15¢g, fats 6.03+2.19g,
fiber 4.84+1.15¢g, and ash 3.26+0.98 per 100g of dry weight. The fatty acid
profile of the developed weaning food has shown 1.71+1.11g of polyunsaturated
fatty acids, 2.26x0.05g of monounsaturated fatty acids 2.06+1.51 of saturated
fatty acids per 100g of sample with a potential nutritional value which was found
better than DMK. The microbiological analysis of the weaning food has also
shown within the recommended level of ISO food standards. Finally, it is learned
that the developed weaning food was nutritious, microbiologically safe, and has
gained acceptance from the consumers at organoleptic attributes. Due to the
paucity of appropriate weaning food in developing countries like Eritrea, this
product can be a good alternative to minimize malnutrition.

Keywords: Inshore lizardfish (Synodus foetens); microbiological parameter;
proximate composition; sensory evaluation; weaning food.

Introduction

Protein Energy Malnutrition is one of the serious public health
problems in all zones of Eritrea. A similar pattern of high rates of under-nutrition
with no significant seasonal variations has been reported in a survey performed
from 2001 to 2010 In spite of this, inappropriate feeding practices of infants
and young children are the most serious obstacles to maintaining adequate
nutritional status and contribute to elevating malnutrition in most developing
countries like Eritrea. The prevalence of stunting increased from 43% in 2002 to
50% in 2010 reflecting an overall increase in chronic malnutrition particularly
among children aged of 6 -12 months?3,
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Among the children of age group below five years,
fifteen percent are suffering from severe acute
malnutrition, and this malnutrition is aggravated by
inadequate health care, shortage of food due to market
instability, insufficient food grains in the country*.

Most children in developing countries such
as sub-Saharan Africa and Southeast Asia are
conversely affected by lack of food or inadequate
supply of balanced nutrients due to poverty and poor
nutritional knowledge®. Feeding infants from six
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months of cereals, pulses, cooked and mashed
vegetables, carrots, and fish along with breastfeeding
will improve the micronutrient status®. The weight of
the infant triples within the first year, then slower;
while the weight of the first year will be doubled by
the age of five years. Meantime, the length of the child
will be increased and continue till teenage. For proper
growth of the body, a child needs an adequate amount
of macronutrients such as protein, fats, carbohydrates,
and micronutrients such as minerals and vitamins’
(Table 1).

Tablel: Nutritional Requirement of Infants and Young Children

Age (Years)* | Weight (kg)? | Energy (kcal)® | Protein (g)* | Fat (g) | Carbohydrate (g) | Fiber (g)¢
0-% 5.4 585 10 30° 60°
-1 8.8 960 14 30° 95P
1-3 11.9 1250 14 352 156° 10
3-5 15.9 1510 18 428 188°
5-7 19.6 1710 20 48° 213
7-10 25.9 1880 26 522 235°

aMinistry of health guidelines (2013)8, State of Eritrea; "Wardlaw and Smith’; Calculated from reference intake

(50%) of energy required per day?; a%auate jntake®

In Eritrea, Dura Milk Kebkebe (DMK) is the only
weaning food prepared at household by mixing cereal
such as maize, wheat, barley, and rice with the
available pulses. The composition of the ingredients
varies at every household depending on the available
grains in the local market and the economic status of
the family. The typical weaning food among the
populations with a high prevalence of malnutrition, in
the case of infants and young children, consists
predominantly of a starch-rich staple with incomplete
proteins with little or no animal-source food. Protein
from animal sources like fish provides the highest
quality foods due to the completeness of easily
digestible proteins!®. A few studies have reported that
the incorporation of fish meat or fish powder or fish
protein concentrate into starch-based materials
produces nutritious products that were acceptable by
consumerst't,

Eritrea has long coast of the Red Sea with a
high population of fishery resources within hundred
kilometers from the coastline which accounts for 73%
implies the comparative advantage in the marine
sector!2, According to National Fisheries Corporation
records, the total catches of fishery by foreign vessels
are 6587.062 tons in 2019, from which 1201.175 tons
were discarded. Inshore lizardfish (S. foetens) is one of

the underutilized soft bottom demersal fish often
caught as shrimp by-catch'® which has high nutritive
values accounts for 18.22% of the total catch. The
consumption of lizardfish by the local community is
negligible due to inappropriate knowledge in value
added processing'*. Therefore, the production of
edible fish protein powder from discarding fish could
be an important protein source for direct human
consumption. Fish protein powder is a dried fish
protein with complete nutritional content in which
proteins are highly concentrated and is an excellent
source of easily digestible amino acids®. Effective
methods for processing, development of value-added
products from underutilized fish, and promotion of
their nutritional values play an important role to
minimize the malnutrition problems of the country and
it is also an important strategy to reduce industrial
waste which is economically essential's.

Material and Methods
Sample collection

The Inshore lizardfish (S. foetens) samples
were collected from the Eritrean coast of the Red Sea
at the vicinity of Dahlak Archipelago in the month of
November. Initially, the fish was stored in ice (1:1
ratio), then on landing, they were transported within 5

76



CJST

— 6 hours to Food Processing Laboratory, Massawa
College of Marine Science and Technology. The
maize (Zea mays L.) and carrots (Daucus carota L.),
Wheat (species of Triticum L), Chickpea (Cicer
arietinum L.), and groundnut (Arachis hypogaea L.)
were purchased from the local markets of Massawa.
All the materials were transported to Food Processing
Laboratory for further processing.

Preparation of fish meal powder

The fish meal powder was prepared by the
method described by Balachandran, (2012)%* with
slight modifications. The fish samples were washed
several times under tap water, weighed, and beheaded.
The gut was cleaned and blood was washed, the meat
was separated by using a fishbone meat separator. The
minced meat was cooked for one hour at 100°C to
coagulate the proteins and release the fat. The cooked
fish meat was pressed to remove the fat and water
content, then dried in an oven for 12 hours at 60°C to
reduce the moisture content. Then, the hot sample was
ground into a fine powder and sieved to get a powder
of 550um particle size. Finally, the fish powder was
packed in low-density polythene bags and sealed to
avoid any contamination.

Preparation of maize powder

The yellow maize (Z. mays- local cultivar)
grains were soaked in water for 12 hours with a ratio
1:4, and then allowed for six days for germination to
improve the nutritional value and also reduce the anti-
nutrients such as phytate, trypsin inhibitors, and
haemagglutinins’”. The sprouted maize was washed
and then dried in an oven at 100°C for 18 hours. The
dried maize was ground and sieved using 550um
mesh; then the flour was packed in low-density
polyethylene bags and hermetically sealed.

Preparation of carrot powder

The fresh and healthy carrots (D. carota L.) were
selected and peeled, washed, and chopped into small
pieces. They were blanched for two minutes to
deactivate the enzymes that can be palatable®. The
blanched pieces were dried in an oven for 12 hours at
90°C, and then ground into powder, sieved using
550um mesh to get fine carrot powder. The powder
was packed in low-density polyethylene bags and
hermetically sealed.
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Formulation of DMK and weaning food mix

In Eritrea, every household prepares DMK
using various cereals and pulses available in the local
market which are seasonal and are imported from
neighbouring countries. So, the composition of DMK
changes depending on the availability of grains in the
market and the social-economic status of the family.
However, the DMK used in this study was prepared by
mixing 70% wheat (species of Triticum L.), 15% of
Chickpea (C. arietinum L.), and 15% of groundnut (A.
hypogaea L). This composition has been widely
practiced in the majority of the population of the
country.

The weaning food was prepared with the
primary intention of balancing protein since protein is
vital for body development and growth in infants and
young children. The formula has been adopted from
Kuna et al., (2013)* with slight modification. In the
development of the food mixture 15% of fish powder,
15% of carrot powder, and 70% of germinated maize
powder were used. The 15% of fish powder was
selected by considering the fact that, the average
amount of protein in lizardfish powder has been
measured as 85 to 90%%°. While the average protein
requirement for infants with an average body weight
of 7.1kg is 1.75g/kg/day and for children below 10
years with an average body weight of 18.32kgs is 1.00
g/kg/day?™.

Nutritional analysis of the product mix

Proximate composition of the prepared food
mixture was determined as crude protein was
estimated by semi-micro Kjeldahl method (AOAC,
2000)?2, the protein content was calculated by
multiplying the total nitrogen content with 6.25. The
ash content was determined by using a muffle furnace
at 570°C and moisture content was measured by using
a conventional oven method (AOAC, 2000)?2. The
carbohydrate content was measured at 315 nm using a
double beam spectrophotometer (VWR - model 6300)
and concentrated Sulphuric acid (Ammar et al.,
2015)%, crude lipid (Bligh and Dyer,1959)?*, The
crude fiber was determined by using Hennenberg-
Stohmann method (AOAC, 1995)%. Saturated and
unsaturated fatty acids were quantified by capillary
Gas Chromatography-Mass Spectrometry (GC/MS),
Thermo Triple-Q GCMSMS. Briefly, the FAME was
analyzed by injecting 1uL (30:1split ratio) into GC-
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MS equipped with capillary column (30 m x 0.25 mm
x 0.25 ) 2,

Microbiological analysis

Microbiological parameters of the samples
were analyzed at the Quality Control Laboratory,
Ministry of Marine Resources in Massawa, Eritrea by
ISO methods?® ?”. The microbiological analysis
included total plate count (TPC), total fungal count
(TFC), total coli forms (TC), Staphylococcus aureus,
anaerobic sulphate reducing bacteria, Salmonella sps.,
and Vibrio parahaemolyticus.

Analysis for enumeration of microorganisms
for TPC was done using the pour plate technique, and
total fungal count (TFC) was done by the spread plate
technique at 30°C (1SO 4833:2003). The ISO method
(4831:2006) was used to enumerate the TC count at
44°C using the multiple tube technique, while
anaerobic sulphate reducing bacteria were enumerated
by ISO 7937:2004. Multiple tube technique was also
used to enumerate beta-glucuronidase-positive E. coli
(ISO 16649-3:2001), while coagulase-positive S.
aureus was enumerated by spread plate technique
(ISO 6888-1:2003). Salmonella sps. was detected
using 1SO (6579:2002) and V. parahaemolyticus was
detected by I1SO (8914-1990) method.

Sensory evaluation of the weaning foods

The sensory evaluation of the new weaning
food was conducted in Ghindae Referral Hospital,
Northern Red Sea region, Eritrea. Fourteen infants and
twenty-five young children of below 5 years age along
with their mothers were inquired to assess the samples
in uncooked and cooked form of the developed foods.
All panelists were briefed to make understand the
sensory attributes before evaluation. The panelists
were asked to rinse their mouths after tasting each
product. The quality attributes appearance, color,
odor, texture, flavor and overall acceptability of the
prepared weaning food were evaluated in comparison
with the DMK powder. For the cooked product taste
was evaluated in addition to above mentioned sensory
attributes using a five-point hedonic scale ranging
from ‘Like extremely’ to ‘Dislike extremely’282°,

Statistical analysis

Statistical data was analyzed by program (SPSS 20.0)
for Windows.
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Results and Discussion
Raw material parameters

The mean length of inshore lizardfish (S.
foetens) was measured 22.86 + 2.15 cm, while the
weight was measured as 91.13+£3.18g. The amount of
minced meat from the whole fish was 50% and the
dried fish powder was 12.5%. The minced meat and
dry powder are in harmony with the results of
Ratnakumar and Pancharaju (2018) who have reported
50% of minced meat and 15.6% of dried fish powder
from lizardfish species (Saurida tumbil) collected
from Thoothukudi, India®®. While Jitesh et al., (2011)
have reported 42.22% of minced meat yielded from
the S. tumbil collected from Gujarat coast of India. It
is established that, the yield parameters of fish vary
with environmental condition of ecosystem, nutrients
availability, season, age and maturity of the fish®.

Nutritional parameters

The nutritional composition of both DMK
and fish powder fortified diet were given in the table
2. In this study, the moisture content of DMK reported
(7.6x1.17%) was higher than fish powder formulation
(4.6x1.04). Similar results have been reported in the
biscuits prepared by incorporation Chinese Sturgeon
Fish Fillet Powder, The moisture content is used as
an indicator for the quality of cereal based products,
which should be 3 — 8%°; the moisture content below
10% is acceptable for microbial safety of fishery
products®:. Both DMK and fish powder diets contain
an acceptable range of moisture.

The crude protein content was found
14.01+2.01 and 19.50+1.58 in DMK and fish product
formulation respectively. According to FAO/WHO
(1982) minimum protein content of 15% is required in
food for proper growth and maintenance of the body?°.
The Codex Alimentarius Standards for weaning foods
reports (1994) recommended the range of protein
should be from 1452 to 37.70% for maximum
complementation of amino acids in foods®. Thus, both
DMK and fish powder formulations satisfy the protein
demands of weaning foods for infants and children
recommended by the ministry of health, the
government of Eritrea®. However, the ingredients used
in DMK formulation are deficient of certain essential
amino acids such as, chickpea is deficient of sulphur
containing amino acids Methionine and Cysting®,
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groundnut and wheat are deficient of Lysine,
Threonine, and sulphour containing amino acids®®. On
the other hand, fish is a good source of easily
digestible protein with all essential amino acids®
indicating new formulated fish food is reported more
suitable for better growth of the body.

The total fat content of the DMK was found
3.18+1.27%and 6.03+2.19% in formulated fish
powder diet. In DMK, the groundnut is a major source
of fat, which contains a high amount of linoleic acid
and oleic acid®. The literatures have shown 1.13%° —
1.89% of total fat in lizardfish (S. tumbil) and
classified lizardfish as lean fish®. The total lipids
content in fish varies significantly with age, maturity,
geographical differences, and species variation®. It
could be reasons that, maize has contributed to the
high fat content in fish powder fortified diet, which
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contains 4.06% of fats?. The fat content of formulated
foods was recommended to have less than 10% for
better shelf-life stability by minimizing the
possibilities of oxidative rancidity®. Both diets have
reported less than the recommended level of fat
indicates the shelf-life stability of the products. Maize
is a good source of linoleic acid, while the fish is a
good source of linolenic acid® which has contributed
to the amount of mono and polyunsaturated fatty acids
in the fish powder diet. The fatty acids are essential for
the physical properties of membranes including
membrane-bound enzymes, antigenic recognition,
signal transduction, and receptor activity*®. At the
same time, consumption of a high amount of saturated
fatty acids will increase the blood cholesterol levels;
therefore the fish powder diet is much better in
connection to coronary health than the diet of DMK.

Table 2: Proximate Composition of DMK and Fish Powder Fortified Diet

Nutritional parameters* DMK Fish powder fortified diet
Moisture (%) 7.6+1.17 4.6+1.04
CP (%) 14.01+2.01 19.5041.58
Total fat 3.18+1.27 6.03+2.19
Saturated fatty acids (%) 2.17+0.98 2.06+£1.51
MUFA (%) 1.11+0.05 2.26+0.05
PUFA (%) ND 1.71+£1.11
CHO (%) 54.3042.75 52.5043.15
Ash (%) 2.6+1.12 3.26+0.98
Fiber (%) 14.57+1.98 4.84+1.15
Energy (Kcal)/100g 302.76 396.27

*CP: Crude Protein; CHO: Carbohydrates; MUFA: Mono-unsaturated fatty acids; PUFA: Poly-unsaturated fatty
acids; ND: Not detectable.

The carbohydrate content of DMK is 54.30+2.75 in
which wheat is the major source of carbohydrates,
whereas the formulated fish powder diet prepared by
mixing germinated maize as a source of carbohydrates
contains 52.50+3.15, whereas maize is a good source
of carbohydrates, containing 70% carbohydrates®.
The low amount of carbohydrates in both diets can be
attributed to the milling® process and the germination
processing in which some amounts of carbohydrates
are lost in the milling process and/or consumed for the
sprouting process. Both DMK and formulated fish
powder diet have satisfied the minimum requirements
of carbohydrates (41.13 to 73.799/100 g) as per the
Codex Alimentarius Standards (1994)°.

The fiber content of the formulated diet was
14.57+1.98 in DMK and 4.84+1.15 in the fish powder

diet. The high fiber content of DMK is attributed to the
raw materials used such as wheat, chick pea and
groundnut, which are good sources of fiber, while
carrot (2.1%)*, maize (1.42%)° and fish (0.0-
0.28%)5%! contains a comparatively low amount of
fiber. The low fiber content in fish powder fortified
diet can be attributed to germination of maize, which
could decrease the fiber content due to enzymatic
changes during the sprouting process. As a thumb rule,
fiber is an essential dietary constituent that play role in
preventing constipation, colon cancer, obesity, and
cardiovascular diseases. However, high dietary fiber
content impairs the absorption of Zinc, Iron, and
Calcium®. Hence, moderate fiber diets are suitable for
weaning foods so fish fortified diet has advantageous
than DMK.
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The ash content of DMK was found
2.6x1.12% and the fish powder diet was 3.26+0.98.
Fish is a good source of minerals such as phosphorus,
magnesium, iron, zinc, and iodine®, the high ash
content in the fish powder diet is an indicator of the
presence of more minerals in the food product. Though
the Codex Alimentarius Standards do not specify the
ash content for weaning foods®, it is stated that both
products are considered to be a good diet with respect
to ash content.

The total caloric contents of DMK and fish
powder fortified diets are 302.76 and 396.27kcal/100g
respectively. As a matter of fact, the calorific value of
diets is attributed to their carbohydrate, protein, and fat
content. The energy density of both DMK and fish
fortified diets are lower than the minimum energy
(483.9 Kcal/100g) recommended in the Codex
Alimentarius ~ Standards for weaning foods®.
Therefore, to provide the required energy,
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approximately 160g of DMK and 122g of fish fortified
diet should be given per day to satisfy the total energy
requirement recommended by Codex standards.

Microbiological parameters

The microbial analysis of both diets was
ascertained  through assessment of microbial
parameters including total plate count (cfu/g), total
coliforms, (MPN/g), E. coli (MPN/g), Staphylococcus
aureus (cfu/g), Anaerobic sulphate Reducing bacteria
at 35°C (cfu/g), Salmonellaspp. (Occurrence in 25 g),
V. parahaemolyticus (occurrence in 25 g) and total
fungal count (cfu/g) which are indicated in table 3. All
the microbial parameters in both products were shown
within the acceptable limits of WHA/FAO standards?®
27 Since both the products comply with microbial
safety guidelines, finally it is said that they are
absolutely fit for consumption immediately after
cooking.

Table 3: Microbiological analysis of DMK and fish powder fortified diet

Results of analysis
Parameter Standard DMK | Fish fortified diet

Total plate count (cfu/g) 5x10* 2.1x 10° 2.8x 10°
Total coliforms at 37°c (MPN/g) 5 <3 <3
E.coil (MPN/g) 5 <3 <3
Staphylococcus aureus (cfu/g) <2x10? 1.5x 102 1.0x 102
Anaerobic sulfate Reducing bacteria at 35°C (cfu/g) <5x10° 10 10
Salmonella species (occurrence/259) Absentin 25 | Absentin 25 Absent in 25
Vibrio parahaemolyticus (occurrence/25g) <10® Absent in 25 Absent in 25
Total fungal count (cfu/g) <2x10° 2.3x10? 2x102

Sensory evaluation

The cooked and uncooked products of fish-based diet
were reported highest score in all attributes than DMK
(Figure 1).

Sensory analysis of both products in cooked and
uncooked form was given in Table 4.

Figure. 1 Samples of DMK (A) and Fish fortified diet (B) before cooking (left) and after cooking (right)

In the case of Appearance, both diets were shown
significantly different, whereas colour and texture

registered statistically non-significant. Odour has
shown significantly in uncooked however the overall
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acceptability recorded statistically non-significant.
Taste attribute is shown significantly different in the
cooked form of both diets. The cooked form fish diet

Caribbean Journal of Science and Technology, 2021, 9(1), 75-83

has shown the highest acceptability by all the
panellists, which indicates that the diet is a better
source of nutrients with high consumers’ acceptability.

Table 4. Sensory analysis of DMK and Fish fortified diet

Uncooked form Cooked form
Attributes OMK Fish (ai(i)gbs) omk | Fishpowder | f(i)g(')s)

powder diet ’ diet 0=
Appearance 3.45+ 0.42" 4.39+ 0.07 st 3.39+0.27 4,13+0.12 S
Colour 2.35£0.26 3.56+0.14 NS™ 3.73+£0.12 453+0.21 NS
Odour 3.45+ 0.27 3.80+0.16 S 3.19+0.11 4,48+ 0.18 NS
Texture 3.02+0.07 3.82+0.14 NS 3.64+0.13 4,41+ 0.13 NS
Taste N/A N/A - 4,18+ 0.08 4,30+ 0.10 S
Overall acceptability 3.32+0.21 4.27+0.12 NS 4.27+0.12 4,38+ 0.18 S

* Mean + standard deviation; # S=significant;

Conclusion

In this study, the results of both products
were evaluated up to the level, recommended by
Codex Alimentarius standards and the Ministry of
Health, Government of Eritrea. All the raw materials
used in the preparation of the fish powder diet were
available in the local market at a low price and the diet
was proved a better source of proteins and essential
fatty acids, which are vital for child growth compared
to DMK. At the same time, carrots were reported as a
good source of carotenoids, which are precursors of
vitamin A, indicating that the newly formulated fish
powder diet has additional health benefits. Thus, the
nutritive value of the assessed formulated fish powder
diet shows additional nourishment, thereby helping to
reduce malnutrition among children. Overall, this
study could contribute to the effective utilization of
discarding fish species to augment food security in the
country.
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