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Abstract

Utilize small size of bolti and sardine fish in preparing fish based weaning
foods rich in protein, essential amino acids, fat high in omega 3 fatty acids,
minerals and vitamins was investigated. The proximate composition, nutri-
tional value, physical and sensorial properties were evaluated, The results of
the chemical composition showed that the moisture content of fish based
weaning food purees ranged from 67.73% to 72.05%. On dry weight basis, the
five prepared formulations considered rich in protein (37.39% - 44.86%), fat
(26.55% - 30.43%), ash (6.53% - 12.23%) and low in carbohydrates (20.70% -
22.18%). Using fish bones with muscles in preparing weaning food puree
caused a marked rise in its content of Ca, P, Fe, and Zn levels especially in
purees formulated from bolti. Weaning food purees containing sardine fish
rich, in fat, were higher in vitamin A and D than those formulated from bolti
one. Palmitic acid (C16:0), stearic acid (C18:0), and myristic acid (C14:0)
represented the major saturated fatty acids in the prepared formulations.
Weaning food purees containing sardine fish had relatively higher levels of
sulfur-containing amino acids and slight lower values of lysine, alanine and
glycine than these including bolti fish. The In vitro protein digestibility index
(IVPDI) of the different formulations was found to be 100%. The visual co-
lour of such products can be described as yellowish. Except hardness, the
other texture characteristics; cohesiveness, springiness, gumminess, and che-
winess of the weaning food purees did not significantly change. The child-
ren’s mothers accepted the appearance, flavor, and mouth feel of all weaning
food purees prepared in this study.
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Children Nutrition

1. Introduction

Through the first month of life, an infant is fed on breast milk or formula. After
four to six months of age, the requirements of child nutrition are increased. There-
fore, the use of supplementary feeding, weaning foods, is necessary. Weaning
has been defined as the process of expanding the diet to include foods and
drinks other than breast milk or infant formula. Hence, most important aspect
of weaning is the introduction of solid foods, and not to stop the breast milk.
Most mothers give their babies at the age of about 6 months some diluted cow's
milk, biscuits, bananas, cereal products, meat and fish [1].

Food and Agriculture Organization (FDA) and Integrated Child Development
Scheme have advised developing weaning foods from the locally available foods
to avoid children malnutrition [2] [3]. These foods are introduced in the form of
gruel or paste free from fiber materials to avoid diarrhea and based on hunger
rather than fixed hour. Fibers lowered food energy density and phytates reduce
absorption of micronutrients [4].

Nutritional quality of weaning foods based on their formula ingredients. It
should provide necessary extra energy and micronutrients. Cereal, vegetables, meat,
eggs, fish and their mixture can use to prepare such products. On the commer-
cial scale, such weaning products are available in different varieties ranging from
dry to sterilized canned puree form [5]. Most of the weaning foods are semisolid
with soft texture. The flow characteristics of infant foods must be thick enough
to stay in the spoon, but not too thick as to make swallowing difficult [6] [7].

Generally using supplementary feeding in this critical stage of child life must
concern on providing optimal caloric content, protein containing balanced
amino acids composition and macronutrients. Protein is important to ensure
adequate growth and organs development. Carbohydrate is essential to provide
calories. Also, lipids are the primary source of caloric intake primarily in the
form of triglycerides, exogenous cholesterol, essential and free fatty acids. Nu-
trient elements such as Ca, P, Fe, Zn, and Mg are important to avoid diseases
such as rickets, Fe—deficiency and abnormal development. Also, water and fat
soluble vitamins play an essential role in the growth and development of skin,
eyes, bones, and pulmonary epithelium [8].

[9] explained that the infant digestive system cannot fully hydrolyze proteins
during the first two years of life and the use of predigested foods, could be good
for these age groups.

Therefore, the aim of this study was to utilize the previous species of fish in
preparing new fish based formulating weaning foods rich in protein and essen-
tial amino acids, fat high in omega 3 fatty acids, minerals, and vitamins after

removing fish odour and mixing with other ingredients. The proximate compo-
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sition, nutritional value, physical and sensorial properties of these formulations
were evaluated after preparing in sterilized puree form in small glass jars to in-
troduce as homogenized weaning foods.

In Egypt, a large amount of small size underutilized bolti ( 7a/ibia nilotica) and
sardine (Sardina pilchardus) fish are found in fish market in the first and the end
of their maximum production seasons. It is considered an important source of
protein, fat, and minerals. Generally, fish muscle is the main component of
many homogenized weaning foods. Fishbone is also rich in minerals especially
Ca and P. It is technically possible to process the flesh of some fish with bone by

careful prior homogenization and thus raise their mineral content [10].

2. Material and Methods
2.1. Material

Small fish sizes (20 - 25 fish/Kg) of bolti ( 7alibia nilotica) and sardine (Sardina
pilchardus) were obtained at the beginning of 2020 from Alexandria fish market,
Alexandria, Egypt. Fresh onions, refined fine iodized common salt, unsalted
butter 100% cow milk (Lurpak butter), instant whole milk powdered, fresh ce-
lery, food grade corn starch, 22% tomato paste,5% vinegar and small glass jars,
250 g capacity, were obtained from local market, Alexandria city, Egypt. All rea-

gents and chemicals used in this study were an analytical grade.

2.2. Methods

2.2.1. Technological Methods

Weaning food formulations: Each of bolti and sardine fish species was cleaned
and washed with water. The head, tail and fins of each fish were removed before
soaking in water solution containing 2% common salt and 2% vinegar for nearly
5 - 10 min to remove the fishy odor then washed by running water. Five samples
of minced fish were prepared using fish muscles and/or fish muscles with their
bones, whole fish. The different samples were bolti muscles (F1), bolti muscles
with its bones (F2), sardine muscles (F3), sardine muscles with its bones (F4)
and a mixture of 1:1 w/w of muscles of bolti and sardine (F5). Each one of the
above samples was minced 3 times through Luska hand mincer (particle size 0.5
cm.), then cooked at 96°C for 15 min in 100% distilled water in water bath with
continuous stirring to get puree structure before adding in weaning food formu-
lations at 24% wet weight basis as shown in Table 1. Weaning foods of each
formula was packed in glass jars, well closed with tinplate covers and sterilized at
121°C for 55 min in a vertical batch steam retort, then cooled in a water bath to

room temperature (20°C + 2°C).

2.2.2. Analytical Method

1) Physicochemical properties: The colour values, lightness (L*), redness
(a*) and yellowness (b*), of weaning food samples were evaluated using a Hunt-
er Lab Ultra Scan, VIS model, colorimeter (USA). The instrument was standar-

dized during each sample measurement with a black and white tail (L* = 94.1, a*
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Table 1. Ingredient and percentages used for weaning food formulation.

Ingredients Percentage in weaning foods
Fish puree 24.0
Starch 6.0
Butter 5.0
Powdered milk 12.0
Tomato concentrate 4.0
Onion 4.0
Celery 2.0
Salt 1.0
Water (distilled) 42.0

= 1.12, b* = 1.26). Mean of five readings of each colour index of Hunter scale
(L*, a*, b*) were recorded [11]. Texture Profile Analysis (TPA) of weaning food
was performed using TA-XT 2 Texture meter (Texture Pro CT3 V1.2, Brook-
field, Middleboro, USA) as described by [12]. Force time deformation curves
were obtained during applying a 5 kg load cell, at a 1 mm/s cross head speed.
The following texture attributes were calculated; hardness, cohesiveness, sprin-
giness, gumminess and chewiness.

2) Chemical analysis

a) Proximate composition: Moisture, crude protein, crude fat and ash con-
tents of weaning foods were determined according to [13] while carbohydrates
were calculated by difference.

b) Amino acids analysis and nutritional value: Amino acids in acid hydro-
lysate of weaning foods samples were analyzed using the high performance
Amino Acid Analyzer (Biochrom 30) according to the method described in [14].

In vitro protein digestibility index (IVPDI) was determined according to [15]
using pepsin followed by pancreatin digestion procedures.

Computed protein efficiency ratio(C-PER) and computed biological value of
protein (C-BV) were calculated according to [16] using the following regression
equations:

i) (C-PER):

PER, =-0.684+0.456 Leu—0.047 Prol
PER,; =—-0.468+0.435 Leu+0.105 Tyr

PER. =-1.816+0.435 Meth + 0.780 Leu + 0.211 Hist — 0.944 Tyr

The mean of these equations was taken as C-PER value.

ii) C-BV (%) = 39.55 + 8.89 Lysine.

The total calorie (energy) content of each weaning food formula was calcu-
lated by multiplying the protein and carbohydrates value by a factor of 4 and the
fat value by 9 [17]. Also the percentage protein-calorie to total one of each for-

mulation was measured.
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iii) Fatty acids profile: Fat of weaning food was extracted and fatty acids me-
thyl esters were prepared (AOAC, 2000) before analysis by gas chromatographic
analysis using ACME model 6100 GC (Young LIN Instrument Co., Korea) fitted
with a split injector and FID detector. Nitrogen was used as the carrier gas with a
flow rate of 0.5 ml/min. The component were separated on 30 m SP-2380 fused—
silica capillary column with 0.25 mm i.d. and 0.2 um film thickness (Supelco,
Belleonte, PA) and the detector temperature was set at 260°C. The injector tem-
perature was set at 220°C and in split mode (split ratio 1:80). The column was
initially maintained at 140°C for 5min, and the temperature was subsequently
increased to 240°C at rate of 4°C/min [18].

iv) Minerals determination: Ca, Fe, P and Zn were determined using induc-
tively coupled plasma atomic emission spectroscopy (ICP-OES) according to
standard method US EPA Meth d 200.7 and US EPA Method 6010 C.

v) Vitamins: Vitamin A and D were determined by HPLC System Controller
(SCL-6A) using a Shimadzu CTO 6-A column supplies with a SPD-6AV detector
(Japan), under high-pressure solvent delivery unit (LC-20AD) according to [13].
A sample volume of 20 pl was run at a flow rate of 2 ml/min forl5 min at 20°C.
Vitamin A and vitamin D were identified and quantified by comparing their re-

tention times to known previously injected standards.

2.2.3. Sensory Evaluation
The prepared fish based weaning food purees were subjected for the sensory eval-
uation using the following questionnaire to record the response of ten of the
mothers of children in agriculture collage pre-schooling house, Alexandria, Egypt.

1) How did you like the puree?

A) Like B) OK  C) Dislike

2) According to your acceptability, describe each of the following characteris-

tic; appearance, flavor, feel in mouth and easy to use of the purees as good, fair

or poor.

2.2.4. Statistical Analysis
Data of proximate analysis and physicochemical properties were statistically
analysied and expressed as Mean * Standard deviation using the software

Graphpad Insat 2000 version.

3. Results and Discussion
3.1. Chemical Composition

3.1.1. Proximate Composition

Results in Table 2 showed that moisture content of fish based weaning food pu-
rees ranged from 67.73% to 72.05%. It was significantly higher in F1, F4 and F5
than F2 and F3 formulations. This means that each of fish species, presence or
absence of bones with fish muscles, fish tissues, affected the moisture value of
purees. It is known that fish species high in fat content, such as sardine contains

low moisture value than those rich in protein and low in fat as bolti one. Also,
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fish bones have lower moisture level than fish muscle in the same species [19].

On dry weight basis, the five prepared weaning food purees considered rich in
protein (37.39% - 44.86%), fat (26.55% - 30.43%), ash (6.53% - 12.23%) and low
in carbohydrates (20.70% - 22.18%), Table 2. Also, the total calories of the dif-
ferent formulations varied from 492.88 to 512.15 Kcal/100g of food. The percent
protein derived calories were ranged from 29.20 to 35.46% among the different
puree formulations. This means that the prepared fish based weaning food pu-
rees in this study is adequate in the protein requirement and in conformity with
the specifications of world standards weaning foods. According to [2] [20] wean-
ing foods should had 20%protein, up to 10% fat, 90 - 102 Kcal/Kg of child
weight, more than 7.1% protein calorie and 30 to 50% fat calorie from total calo-
ries requirement. [21] showed that the content of protein and carbohydrates in-
creased with age stage contrary to the fat content which decreased, the percen-
tage of compliance with the protein Dietary Recommended Intake (DRI) in-
creased from birth to 12 months of age from 25% to 37%, contrary to what oc-
curs with fats and carbohydrates, up to more than 50% of the DRI for protein
and carbohydrates but less than 30% of the daily recommended fat intake.

The commercial weaning foods including fruit puree presented higher content
of carbohydrates than the vegetable, meat and fish ones, which is not surprising
if it is considered the natural starch content of these products and the natural
sugar from fruits [22].

As seen from Table 2, weaning food purees containing bolti fish was rich in
protein, lower in fat and ash contents than that formulated from sardine tissues.
F5 having 1:1 w/w mixture of muscles of both fish species considered higher in
protein, lower in fat and moderate in ash levels comparing with others formula-
tions. Using fish muscles and bones caused a significant decrease in protein and
an increase in ash contents of weaning food.

According to [23] fish muscle is an important source of protein and mineral
content. Also fishbone is a rich source of calcium (Ca) and phosphour (P), both

are essential for optimal bone mineralization. [24]

3.1.2. Mineral Content

It is clear from the data in Table 2 that using fish bones with muscles in prepar-
ing weaning food puree caused a marked rise in its content of Ca, P, Fe and Zn
levels especially in purees formulated from bolti than sardine fish. In contrast,
purees containing sardine fish muscles had higher level of Ca and P, lower values
of Fe and Zn than those having bolti muscles. According to [10] mineral content
in fish depends on species, sex, biological cycle, ecological factors and the part of
the fish which is analyzed. From nutritional point of view, the same amount of
Ca and P (1/1) should be ingested; although a molar Ca/P ratio of 1/1.5 is ac-
ceptable, injurious effects appear when this relation is inverted (1/2) [25]. It can
be noticed from Table 2, that Ca was found in highest concentration in the five
prepared weaning foods purees followed by P, Fe and Zn respectively. The Ca/P
ratio was 1.28, 1.5, 1.3, 1.22 and 1.36 in F1, F2, F3, F4 and F5 weaning food pu-
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rees respectively. This means that this ratio in the five prepared weaning purees
are acceptable and without injurious effects. The recommended level of Ca, P, Fe
and Zn for children are 341.2, 281.2. 8.5 and 3.7 mg [26] and [27]. More than
these levels of such minerals were present in the five prepared weaning purees in
this study.

3.1.3. Vitamin A and D

Data in Table 2 showed also that weaning food purees containing sardine fish
rich, in fat, was higher in vitamin A and D (762.715, 843.087 and 738.392,
206.302 ug/100g respectively) than those formulated from bolti one low in fat
and rich in protein. Both vitamins were found in considerable levels in F5 puree
containing 1:1 w/w mixture of bolti and sardine muscles. Using sardine or bolti
bones, F2 and F4, lowered from vitamin D level. The same observation was no-
ticed in vitamin A in F2 (355.520 pg/100g) compared with F1, free from bolti
fish bone (472.011 pg/100g). In contrast, F4 puree more vitamin A than that of
F3, sardine bone free. This is an indication that the levels of both vitamins are
related with the level of fat in such tissues. Generally, the levels of both vitamins
in the five prepared purees in this study were higher than that recommended by
[26]. The recommended level is 300 IU for vitamin A and 5 IU for vitamin D.

3.1.4. Fatty Acid Profile
Table 3 summarized the fatty acid profile (g/100g) of the five fish based weaning

Table 2. Proximate composition, some minerals and vitamins A &D of fish based weaning food puree.

Components

Fish based weaning food purees*

F1 F2 F3 F4 F5

1-Moisture

72.05 £ 1.00°  67.96 + 0.95° 67.73 £ 0.6° 71.02 £ 1.0° 7127 £1.1*

2-Proximate composition (%) On dry weight basis

Crude Protein

44.86 +1.11° 4327 + 1.00° 37.39 £ 1.5¢ 38.07 £1.04°  44.00 +2.63*

Crude fat 2655 +1.13° 2727 +1.1% 3043 +1.0° 2836+1.00° 27.01+0.98°
Ash 6.53£0.50  8.64+025  10.00+1.0° 1223+1.07*°  830+0.20°
Carbohydrates** 22.06 20.82 22.18 21.34 20.70
Total calories 506.63 501.79 512.15 492.88 501.89
Percentage of protein calories to total cal. 35.46 34.49 29.20 30.89 35.06
Minerals (mg/100g)
Calcium (Ca) 436.67 1277.42 623.24 710.78 534.34
Phosphours (P) 340.91 850.98 467.47 583.68 398.58
Ca/P ratio 1.28 1.5 1.3 1.22 1.36
Iron (Fe) 17.86 25.64 11.37 13.39 14.90
Zinc (Zn) 10.73 7.76 4.19 5.96 7.41
Vitamin A (pg/100g) 472.011 355.520 762.715 843.087 620.434
Vitamin D (ug/100g) 133.422 45.622 738.392 206.302 429.857

*Bolti muscles (F1), bolti muscles with its bones (F2), sardine muscles (F3), sardine muscles with its bones (F4) and a mixture of 1:1 w/w of muscles of bolti

and sardine (F5). **Calculated by difference. Different letters in rows indicate significant different values at P < 0.05.
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Table 3. Fatty acid profile of fish based weaning food puree.

Fish based weaning food puree*

Fatty acid %
F1 F2 F3 F4 F5
Saturated fatty acids (SFA)
Caprylic acid (C8:0) 0.56 0.55 0.36 0.56 0.41
Capric acid (C10:0) 1.74 2.09 1.19 1.74 1.45
Lauric acid (C12:0) 2.74 2.06 2.21 2.74 2.43
Myristic acid (C14:0) 11.18 9.13 10.15 11.18 10.64
Palmitic acid (C16:0) 33.02 32.66 33.87 33.02 33.62
Stearic acid (C18:0) 12.44 13.52 13.39 12.44 13.03
Arachidic acid (C20:0) 0.44 0.55 0.44 0.44 0.41
Total (X SFA)* 62.12 60.56 61.61 62.12 61.99
Mono unsaturated fatty acids (MUFA)
Mpyristolic acid (C14:1n9c) 1.01 1.02 0.88 1.01 0.92
Palmitolic acid (C16:1n9c) 3.97 3.10 3.36 3.97 3.73
Eicosenoic acid (C20:1) 0.89 1.01 0.15 0.89 0.47
Oleic acid (C18:1n9c¢) 26.28 27.59 28.41 26.28 27.39
Total (X MUFA)% 32.15 32.72 32.80 32.15 32.51
Poly unsaturated fatty acids (PUFA)
Linoleic acid (C18:2n6¢) 2.64 1.53 2.51 2.64 2.42
Linolenic acid (C18:3n3) 0.61 1.88 0.77 0.61 0.63
Total (X PUFA)% 3.25 3.41 3.28 3.25 3.05
saturated:unsaturated ratio 1:0.56 1:0.59 1:0.58 1:0.56 1:0.57

*Bolti muscles (F1), bolti muscles with its bones (F2), sardine muscles (F3), sardine muscles with its bones
(F4) and a mixture of 1:1 w/w of muscles of bolti and sardine (F5).

food purees. Palmitic acid (C16:0), stearic acid (C18:0), and myristic acid
(C14:0) represented the major saturated fatty acids in the five weaning food pu-
rees. Meanwhile the minor ones were lauric acid (C12:0) and capric acid (C10:0).
The others saturated fatty acids were found in very low concentrations. The
main sources of short chain fatty acids are butter and powder whole milk which
are used as an ingredient at 5% and 12% during preparing the purees. Among
monounsaturated fatty acids, oleic acid (C18:1) was the predominate one fol-
lowed by palmitolic acid (C16:1), myristolic acid (C14:1) and eicosenoic acid
(C20:1). The last two fatty acids were found in low values. Linoleic acid (C18:2)
considers the main polyunsaturated fatty acid in the five purees. It is ranged
from 1.53% - 2.64%. Except in F2 puree which is made from whole bolti fish, li-
nolenic acid (C18:3) was present in low level, less than 1%. Generally, it can be
noticed that fat of the prepared five weaning food purees consisted mainly of
saturated fatty acids(more than 60%), monounsaturated fatty acids (more than
25% principally oleic acid) and low values of polyunsaturated fatty acids (less
than 4% mainly linoleic acid). Slight changes can be noticed in fatty acids profile
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of the five food purees due either to species and/or the used tissue of the fish.
This is may be attributed that the major fat source in such purees was milk fat,
butter and powder milk. Foods contained polyunsaturated fatty acid (PUFA)
which in babies promote brain development, improves psychomotor perfor-

mance and visual functions [28].

3.1.5. Amino Acids and Nutritional Value

As seen from Table 4, using both fish species and their tissues as an ingredient
in preparing weaning food purees had slight effect in their amino acids profile.
F3 and F4 weaning food purees containing sardine fish had relatively higher le-
vels of sulfur containing amino acids, tyrosine, histidine and slight lower values
of lysine, alanine and glycine than these including bolti one, F1 and F2. On the
other side, F5 weaning food puree containing 1:1 w/w ratio of muscles of both
bolti and sardine fish had an equilibrium level of essential and non-essential
amino acids. Also, the five formulated weaning purees prepared in this study had

higher essential amino acids than those reported in FAO provisional pattern,

Table 4. Amino acids composition (AA) and nutritional value of fish based weaning food

puree.
Amino Acids(AA) Fish based weaning food puree* Provisional
(g/100g protein) F1 2 F3 F4 F5 AA pattern**
Isoleucine 5.84 5.65 5.23 5.05 5.31 19
Leucine 7.73 7.55 8.04 8.11 8.01
Lysine 9.76 9.68 8.01 8.21 8.90 4.2
Methionine 1.49 1.32 2.66 2.59 2.17 12.2
Cystien 0.98 0.99 0.88 0.79 0.91
Phenylalanine 3.78 3.85 3.75 3.89 3.81 }15.6
Tyrosine 2.74 3.06 391 3.97 2.72
Threonine 4.11 4.21 4.46 4.52 424 2.8
Valine 5.55 5.91 5.64 5.68 5.52 4.2
Hisitidine 1.68 1.78 2.23 2.13 2.15
Argnine 2.9 3.21 3.26 3.15 3.36
Aspartic acid 10.10 10.06 9.89 9.92 10.24
Glutamic acid 17.75 18.66 10.73 18.84 18.21
Serine 4.56 4.27 4.55 5.62 5.61
Proline 5.95 5.67 5.62 5.66 6.09
Alanine 5.06 5.41 4.96 3.82 4.11
Glycine 4.78 4.45 3.88 391 4.33
IVPDT (%) 100 100 100 100 100
C-PER 3.12 2.99 2.78 3.32 3.24
C-BV 126.32 125.61 110.76 112.52 118.67

*Bolti muscles (F1), bolti muscles with its bones (F2), sardine muscles (F3), sardine muscles with its bones
(F4) and a mixture of 1:1 w/w of muscles of bolti and sardine (F5). **FAO recommended provisional amino
acid pattern for preschool children.
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Table 4. Generally including fish bones with their muscles in preparing weaning
food purees did not much affect their amino acids profile.

Results of amino acids in Table 4 revealed that among the essential amino
acids, lysine was found in the highest amount followed by leucine, isolusine, va-
line, threonine, arginine, histidine, and sulfur containing amino acids respec-
tively in the five weaning food formulations. Meanwhile, glutamic acid was the
major nonessential amino acids followed by aspartic acid, proline, alanine, se-
rine, glycine and tyrosine respectively in the five prepared weaning food purees.

The IVPDI of the five prepared weaning food puree was found to be 100%,
Table 4. This means good and easy protein digestibility. It is also an indication
that fish bones were carefully softened and homogenized during cooking. Fish
puree and through sterilization of weaning foods. Heating treatment caused
protein denaturation. Such changes facilities susceptibility of the protein to en-
zyme attacked and becomes easily digestible.

[9] [29] explained that the infant digestive system cannot fully hydrolyze pro-
teins during the first two years of life and the use of predigested foods, could be
good for these age groups.

Differences in the calculated values of C-PER and C-BV, Table 4, revealed the
variations in amino acids content among the five prepared weaning food purees.
Slight differences in C-PER (2.78 - 3.32) were observed among the five weaning
food formulations. In contrast, C-BV value was higher in F1 and F2 weaning
purees containing bolti fish tissues rich in lysine amino acid than other formula-
tions including sardine fish. Generally results in Table 4 confirmed the good

nutritional value of the five prepared weaning food purees in this study.

3.2. Physicochemical and Sensorial Properties

1) Colour: Data in Table 5 showed that both redness and yellowness of the
weaning food purees colour did not significantly change due to using fish species
and tissue yellowness represented the main fraction of the actual colour of the
five weaning food purees. Meanwhile the redness fraction considered the com-
plementary colour of these purees. Therefore the visual colour of such products
can be described as yellowish. Lightness of this colour was significantly differed,
Table 5, among these products. It was less in products including bones and with
high fat content, F2, F3 and F4, Table 2.

2) Texture: Except hardness, the other texture characteristics; cohesiveness,
springiness, gumminess, and chewiness of five weaning food purees did not sig-
nificantly changed, Table 5. Meanwhile, F2 formulation containing highest val-
ue of Ca and P, relatively low fat content and moisture value, Table 2, was high-
er in hardness than other formulations. It is followed by F4, F1, F5 and F3 for-
mulations respectively. This means that hardness was less in purees high in fat
and fish bone free. Also, heat treatment may affect hardness particularly in
products containing fish bones. Collagen in fish bones and skins can transform

into gelatin by heating. Solidification of gelatin after cooling to hard gel may be
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Table 5. Colour, texture and sensory characteristics of fish based weaning food puree.

Fish based weaning food puree*

Charater
F1 2 F3 F4 F5
1-Colour
Lightness (L*) 54 +1.20*° 50.78 £1.05> 52.00 +0.14°* 53.12+1.42%® 52.81 +1.06®
Redness (a*) 10+£0.81° 12.62+0.41° 10.30 £0.74* 1091 +0.42*  10.21 + 0.42°
Yelloness (b*) 26+0.21° 2588 +0.32° 2471 +1.23° 2523+132°  26.02+1.2°
2-Texture
Hardness (g) 118 +1.43* 67 +0.62¢ 61 +0.51¢ 110 + 1.00° 63.8 £2.01¢
Cohesiveness 0.5+0.01 0.51+0.01  0.76 + 0.01 0.49 + 0.01 0.48 + 0.01

Springiness (mm)  4.77 +£0.03  3.93 + 0.02 3.29 £0.04 4.73 £0.03 5.84 £ 0.41
Gumminess (g) 24 +1.00 25+0.12 24 +0.10 26 +0.21 24 +0.32
Chewiness (mg) 1.14 £0.10 1+£0.10 0.8 +0.01 1.1+£0.01 0.98 + 0.01

Sensory Properties

Appearance Good Good Good Good Good
Feel in mouth Good Good Good Good Good
Flavour Good Good Good Good Good
Easy of using Good Good Good Good Good

responsible of the relative increase of hardness in such products. Most weaning
food is semisolid with soft texture. The flow characteristics of infant foods must
be thick enough to stay in the spoon, but not too thick as to make swallowing
difficult [6] [7].

3) Sensorial properties: Results in Table 5 indicated that the children mothers
accepted the appearance, flavor and mouth feel of the five weaning food purees
prepared in this study with a good degree of acceptability. Also, they described
the method of using such products as convenience and easy. They mentioned
that all products were homogenous, with smooth texture, free from clumps and

an off-flavor.

4. Conclusion

The above data confirmed the successful use of under-utilized small sizes fish at
24% as an ingredient in preparing an edible good acceptable sterilizing weaning
food purees rich in protein, fat, minerals especially Ca and P in addition to high

nutritive value.
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