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ABSTRACT

Nine baby food blends were prepared from cerealseat, rice,
sorghum, legumes; faba beans, chickpeas, cowpeladrea skim milk for
preschool children. Legumes were subjected to rdiffie treatments
including germination and cooking to remove theirattritional factors
(ANF) . Germination caused an apparent increageratein, whereas fat,
fiber, ash and carbohydrate content decreased.eWihilcooking process
carbohydrate was increased but fat, fiber, ashpotein were decreased.
Treatments minimized ANF in raw materials; e.gytfhacid decreased to
55.8 — 86.2% and trypsin inhibitor decreased t8-636.2% in faba beans.

Protein, fat, ash, fiber and carbohydrate contehtth® blends
(calculated on dry weight basis) ranged from 16.82.0%, 1.12 to 2.36% ,
3.99 to 5.30%, 1.39 to 1.90% and 69.68 to 73.68%paetively.

The mixtures were rich in amino acids improved @xdeyptophan
which was detected as a limiting amino acid.

Nutritional evaluation of baby food indicated hightritive value for
all prepared mixtures. The superior blends No. (&), (3) and (4) for their
high values of protein digestibility (ranged to ®. — 82.90 and 71.38 -
73.52 by pepsin and trypsin enzymes respectivbig)ogical value (ranged
to 75.91- 81.91) and protein efficiency ratio @ad to 2.47 — 3.04).
Organoleptic evaluations were acceptable.
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INTRODUCTION

The most common baby foods used to feed preschoiddren in
developing countries are starchy gruels producaah traditionally refined

cereal grains (Delgado and Saldivor., 2000).

However, vegetable protein are characterized by tbe nutritional
value due to presence of antinutritional factorshsas inhibitors, phytic
acid, unbalanced amino acids composition and layestibility. Therefore
blending or mixing two or more different materiatgether will help to
solve and overcome the deficiency proplem of ceraad legumes if used

as food protein source (Pipes and Trahms., 1993).

Also, germination is considered a suitable procedorimprove the
nutritional value of legumes seeds by reducing Igeva antinutritional
factors (Donangelo et al., 1995), and the bulkt®fgruels (Marero et al.,
1988). While protein content increased (King and/&stein., 1987).

Cooking process after germination of legumes causedction of
phytic acid and trypsin inhibitor, and improved tthigestibility of protein
(Ismail et al., 2000 and Zahran, 2000).

Faba bean is an abundant and economical sourasdfgdrotein and

some mineral elements (Finney et al., 1988 and ¥afiet al., 1987).

Chickpea and cowpea are important cheap sourceg#table protein
which contained adequate amounts of most esseatraho acids for
preschool children (Paredes —Lopez et al., 199émeént et al., 1998 and
Abd EI Akher et al., 1995).
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The aim of this investigation is to produce nubritally balanced baby

foods from locally available raw materials at lowst

MATERIALS AND METHODS

1 —Materials:

a) Cereals: Wheafl(iticum species), sorghum variety Giza 15 and rice

(Oryza sativa).

b ) Legumes: Faba beavidia faba), chickpea Cicer arietinum) and
cowpea Yigna unguiculato) cereals and legumes were obtained from

Agriculture Research Center, Giza, Egypt.

D) Dried skim milk was obtained from the NatiorRRésearch Center,
Dokki- Giza, Egypt.

2 —Methods:
a) Preparation of the different materials:

Dry cereals and dry legumes were cleaned from iitipsirand then
washed thorough with tap water. The washed cersaésls were
separately soaked in tap water overnight and tlgunhes were
separately germinated according to the method ofeMaet al.,

(1988).Germinated seeds were husked by hands wnigng water.

Germinated legumes seeds (faba bean, chickpea @anpgea), and
cereals seeds (wheat, sorghum and rice) were cowked pressure

cooker also separately for 10 and 8 minutes resjedct
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b)

d)

Thereafter , the cooked materials were dried imiamiryer at 65-7C
and milled in an electrical mill, then sieved thgbu a 35 mesh seiver

(425 microns).
Preparation of baby food mixtures:

The baby food mixtures were prepared to be aspoes children. The
quantity of each ingredient of these mixtures waresen according to
essential amino acid contents of each materiatlaaéattern of amino

acid requirements for preschool children, (Table 4)
Preparation of baby food diets:

To produce 100 g of the prepared baby foed, @5 ml water was
added to 25 g of the mixture, then mixed direatlyptoduce a thick

gruel.
Chemical analyses:

* Moisture, crude protein , fat, fiber, total ashdaminerals were
determined according to the AOAC (1990). Total oagurates

were calculated by difference.

* Amino acids were identified through the acid hylgzate with 6 N.
HCI at 116C for 24 hr. according to the procedure of Mootele
(1958).

* Phytic acid was determined according to the mashof Wheeler
and Ferrel (1971).

* Trypsin inhibitor was determined according to timethod of Roy
and Reo, (1971).
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* The in-vitro-protein digestibility index by pepsiand trypsin
enzymes in a single system was assessed accoalihg method
of Saunder, et al., (1973).

* Total energy in the resultant products was exgedsin calories,

and was calculated according to Tamime, et al§7{)L9
e) Organoleptic evaluations.

Organoleptic tests of baby food mixtures were staecording to
Notter et al., (1959).

RESULTS AND DISCUSSION
* Chemical composition of raw, germinated and cookethaterials.

The raw, germinated and cooked materials understigagion, i.e., cereals
(rice flour, wheat flour and sorghum flour) ; legesn(faba bean flour,
chickpea flour and cowpea flour) and dried skimkmilere analyzed for
protein, fat, ash, moisture, carbohydrate and $ibérhe results are
presented in Table (1), it could be noted that ficer, wheat flour and
sorghum flour had the highest carbohydrates coriiemg 89.7, 81.9
and 80.4% respectively. But chickpea flour, cowflear and faba bean

flour had almost the carbohydrate content rangeh 8.0 to 62.6.

High protein levels were observed in dried skimkn{36.0%), faba
bean (33.4%), cowpea (29.0%) and chickpea (24.8%h)le in wheat, rice

and sorghum ranged from 8.0 to 13.5.
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Dried skim milk had the highest level of ash (8.4%)lowed by faba
beans ( 3.6%), cowpea (3.4%) chickpea (2.8%) songlil.6%), wheat
(1.4%) and rice (0.7%).

The highest level of fiber content was in cowped@¥d, followed by
faba bean (3.5%), but chickpea, sorghum, wheatiaedcontained 2.8, 1.6,
1.3 and 0.8% respectively, while dried skim milkihreo fiber content.

The germinated legumes possess a higher amouhtgirotein than
the ungerminated ones, as that found by Finey et(84980) . These
increment may due to the effect of germination psscwhich lead to a
slight increase in curde protein as compare tordlae samples (Khalil and
Mansour, 1995). On contrary , fat, ash, carbohgdeatd fiber content are
decreased slightly.

Cooking process, which is followed the germiantmocess, lead to
decrease in protein by about 5.03% , 5.98% and 609fr faba bean,
cowpea and chickpea respectively. Also , moistiate fiber and ash content

showed a decrement of all tested materials.

Morever, carbohydrates content of tested matewals increased due to
cooking process. This trend seeamed to be the aamaported by Cardoso-

Santiago and Areas (2001) in chickpea.
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Table (1): The chemical composition of raw, germinated andked

materials (Calculated on dry weight).

Materials Moisture | Protein | Fat | Ash | Carbohydrates | Fber
Wheat 8.5 135 1.9 14 81.9 1.3
Rice 5.8 8.0 0.8 0.7 89.7 0.8
Sorghum 9.7 135 29 16 80.4 1.6
Chickpearaw 9.8 243 | 7.5 2.8 62.6 2.8
Germinated 7.1 258| 70 24 62.4 2/4
Cooked 4.3 240, 55 26 65.7 2.2
Faba beanraw 10.3 334 | 1.5 3.6 58.0 3.5
Germinated 6.7 33.8] 11 34 58.6 3/1
Cooked 4.2 321 1.0 3.1 60.9 2.9
Cowpea raw 9.9 29.0 19 34 62.0 3[7
Germinated 6.3 30.1] 18 372 61.9 3/0
Cooked 4.0 283 16 3.1 63.8 2.9
Dried skim milk 4.2 36.0 1.1 8.4 54.5 -

Essential amino acids content of the materials

The nutritive value of protein mostly would depeyd its amino acids
profile, in general and the quantities of the e8ak amino acids in
particular. Protein requirements can be satisfigdploviding the total

essential amino acids rather than increasing tia&enof protein.

Table (2) showed the ten amino acids content inkedolegumes
(chickpea, faba bean and cowpea) and skim milk povedmpared with
FAO/WHO (1985) pattern.

The data revealed that the essential amino acikgicbof the materials
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exceeded their corresponding quantities in FAO epattexcept for
methionine, cystine and tryptophane in cooked fdlgan flour and

threonine in cooked chickpea flour.

Table (2): Essential amino acids content of the tested métec@mpared

with FAO pattern of preschool children.

Amino acids Cooked Cooked Cooked Dried FAO/WHO
(gm/100gm chickpea | faba bean| cowpea skim (1985)
protein) flour flour flour milk
Isoleucine 3.40 4.80 5.07 5.90 2.80
Leucine 7.85 6.80 8.04 9.80 6.60
Methionine 1.60 0.89 2.05 1.50 2.50
Cystine 1.30 0.91 1.03 2.00
Phenylalanine 4.00 3.56 5.29 4.00 6.30
Tyrosine 4.50 3.07 3.20 5.10
Threonine 3.25 3.50 3.75 3.60 3.40
Valine 4.30 5.40 5.35 6.20 3.50
Lysine 6.90 6.70 7.92 7.30 5.80
Tryptophane 1.31 0.80 1.10 1.20 1.10
Histedine 3.10 2.01 3.82 4.00 1.90
Total E.A.A. 41.51 38.44 46.62 50.6 33.90
Limiting A.A Tyr. Cys.+ - - -
Meth.+ Try.
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Antinutritional factors affected by germination and cooking

processes:

Nutritional value of legumes limited by the conteh&antinutrients such
as phytic acid and trypsin inhibitors (Rincon et &B98). The effect of the
pretreatment (germination and cooking) processeploiic acid content
for cowpea, chickpea and faba bean was studiech pratsented in Table
(3) showed that there was dramatically reductionphytic acid in all
legumes due to the germination process. Thesetsemd agreed with that
found by Shabib, (1999) and Ravindran et al., (3994

It could be illustrated as Khan et al., (1988) mipwd that , during
legumes germination, the phytase activity increasath concomitant

decrease in phytate.

The present study showed, also that the germingtioness followed
by cooking process lowered the phytic acid valuéha chickpea, cowpea
and faba bean to 1.4, 0.7 and 0.5 gm/100gm resp8ctiThe effect of
cooking process could be illustrated by the findimigSandberg et al.,
(1987) who reported that during cooking, about 28%exaphosphate was
hydrolyzed to pentatetra phosphate.

Results in Table (3) showed , also that the trypshibitor value in the
faba bean flour seemed to be higher in that fonrzhickpea and cowpea flour
(39.9, 34.7 and 26.5 mg/g sample; respectivelyynB®tion process leads to

an extensive reduction in trypsin inhibitor in alf the tested samples.

The cooking process after germination process seemaive a nearest
reduction impact on trypsin inhibitor in tested prals, 96.2% in cowpea,

96.2% in faba bean and 92.5 in chickpea flour .
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Table (3) : Effect of germination and cooked process on plratid content

and trypsin inhibitor (on dry weight basis)

Phytic acid Trypsin inhibitor
Materials Reduction Total Reduction Total
gm/100gm Reduction gm/100gm Reduction
% % % %
Chickpea
flour
Raw 7.4 - - 34.7 - -
Germinated 3.8 50.8 - 12.9 62.8 -
Cooked 1.4 63.2 81.3 2.6 79.8 92.5
Faba bean
flour
Raw 3.62 - - 39.9 - -
Germinated 1.6 55.8 - 15.8 60.4 -
Cooked 0.5 68.8 86.2 1.4 91.1 96.5
Cowpea flour
Raw 3.77 - - 26.5 - -
Germinated 2.2 41.6 - 10.1 61.9 -
Cooked 0.7 68.2 81.4 1.0 90.1 96.2

Preparation of baby food mixtures

Ingredients content (gm and percent %) and proteimtent (g and
percent %) of each blend is found in Table (4), hamount of all
ingredients suggested to be 10g protein to be aqguade source to meet
recommendation of protein as described by FAO/WH@85). Dried skim
milk was predominantly used in all formulas to remothe shortage of
protein. Moreover, Khalil and Mansour, (1995) rdpdrthat the nutritive

value of many legumes was enhanced by heat progessd germination
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Table (4): Ingredients of the prepared baby food mixtures.

Mixture (1) Mixture (2) Mixture (3)
Ingredients Weight of Protein Weight of Protein Weight of Protein
materials content materials ontent materials content
gm % gm % gm % gm % gm % gm %
Wheat 7.4 16.6 1 2.2 - - - - - - - -
Rice - - - - 125 25 1 2.0 - - - -
Sorghum - - - - - - - - 7.4 16.6 1 2.2
Cooked faba bean 9.3 2.0.9 3 6.6 9.3 18. 3 610 9.8 20.9 3 6.6
Cooked Cowpea 10.6 23.8 3 6.6 7.1 14. 2| 410 10{6 3.82 3 6.6
Cooked Chickpea - - - - - - - - - - - -
Dried skim milk 8.3 18.7 3 6.6 11.1 22.2 4 8.0 8.3 18.7 3 6.6
Sucroce 8.9 20 - - 10 20 - - 8.9 20 - -
Total 44.5 100 10 22 50.0 100 10 2Q 44. 10 10 y.
Mixture (4) Mixture (5) Mixture (6)
Ingredients Weight of Protein Weight of Protein Weight of Protein
materials content materials content materials content
gm % gm % gm % gm % gm % gm %
Wheat 7.4 15.6 1 2.1 - - - - - - - -
Rice - - - - 12.5 23.5 1 1.9 - - - -
Sorghum - - - - - - - - 7.4 15.6 1 2.1
Cooked faba bean - - - - - - - - - - - -
Cooked Cowpea 14.1 29.6 4 8.4 10.6 20. 3 57 14{1 29.6 4 8.4
Cooked Chick pea 8.3 17.4 2 4.2 8.3 15.4 2 3B 8.3 174 2 4.2
Dried skim milk 8.3 17.4 3 6.3 11.1 20.9 4 7.4 8.3 174 3 6.3
Sucroce 9.5 20 - - 10.6 20 - - 9.5 2 - -
Total 47.6 100 10 21 53.1 100 10 19 47. 10 1p
Mixture (7) Mixture (8) Mixture (9)
Ingredients Weight of Protein Weight of Protein Weight of Protein
materials content materials content materials content
gm % gm % gm % gm % gm % gm %
Wheat 7.4 16.2 1 2.2 - - - - - - - -
Rice - - - - 12.5 24.3 1 1.9 - - - -
Sorghum - - - - - - - - 7.4 16.2 1 2.2
Cooked faba bean 12.5 27.4 4 8.9 9.3 18. 3 5(7 512| 27.4 4 8.8
Cooked Cowpea - - - - - - - - - - - -
Cooked Chickpea 8.3 18.2 2 4.4 8.3 16.1 2 3.B 8. 8.21 2 4.4
Dried skim milk 8.3 18.2 3 6.6 11.1 12.5 4 7.9 8.3 18.2 3 6.6
Sucroce 9.1 20 - - 10.3 20 - - 9.1 20 -
Total 45.6 100 10 22 515 100 10 19 45, 10 10
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Chemical composition of baby food mixtures

The nine mixtures were chemically analysed in otdetietermine the
main chemical composition. The data obtained amvehin Table (5). It
could be noted that the moisture content rangeddsat 3.72 and 5.31%
however, this low moisture content is of great im@oce for good keeping
quality of reasonablie shelf life period for thedl product. The protein

content of the formulated mixtures was ranged betwi9.0 and 22.0%.

Data presented in Table (5) showed also , thatetfted mixtures could
be categorized into two groups according to thaicbntent. The first group
was included mixtures No. (1), (2), (3) and (8) e¥hits fat was lower than
2%. On the other hand, the second groups, whidatitwas higher than 2%
was included mixtures No. (4), (5), (6) ,(7) and. (Bhese results are in

agreement with those reported by Ismail et al.0(20

Table (5): Chemical composition of the baby food mixtureddgkated an

dry weight)

Baby food | Moisture Protein Fat Ash Carbohy- Fiber
mixture % % % % drates% %

1 4.60 22.00 1.29 3.99 70.83 1.89
2 4.32 20.22 1.12 5.03 72.32 153
3 5.31 22.00 1.40 4.33 70.37 1.90
4 3.97 21.00 2.25 4.54 70.48 1.73
5 3.72 19.00 2.08 5.30 72.23 1.39
6 4.29 21.00 2.36 4.56 70.32 1.76
7 4.05 22.00 2.01 4.42 69.84 1.73
8 3.78 19.00 1.90 4.03 73.68 1.39
9 4.37 22.00 2.12 4.44 69.68 1.76

It could be also, seen from Table (5) that the &sgh value for
carbohydrates content was in mixture No.(8) (73.58%hile mixture No.
(2), (5), (1), (4),(3) and (6) had contained vald@s32, 72.23, 70.83, 70.48,
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70.37 and 70.32% respectively. Mixtures No. (7) &g showed lower
values of carbohydrates content (69.68 and 69.8r%pectively.

The ash content ranged between 5.30 and 3.99% highest values
were for mixtures No. (5), (2), (6) and (4) (5.303, 4.56 and 4.54%
respectively). The lowest values were in mixtures (8) and (1) ( 4.03 and
3.99% respectively). The curde fiber content fbe thine formulated
mixtures ranged between 1.39 and 1.90%. The highailstes were in
mixture No,. (3), (1), (6), (9), (7) and 4 respeely. While the lowest

values were in mixtures No.(8), (5), and (2) resipely.

Essential amino acids content of baby food mixtures
It is clear from Table (6) that the different forlated mixtures

contained high proportions of essential amino acwsiparing with FAO

provisional pattern except tryptophane was deteeted limiting amino

acid. The same table showed, also that the miXtlae(5) contained the

highest content of total essential amino acids3®@m/100gm protein)

followed by mixtures No. (6), (4), (2),(3) and (Espectively.

Nutritional evaluation of baby food mixtures

a)Nutrientcontent  From the results in Table (7) it could be notiealt,
100gm from each tested mixture provides about bird bf the energy
daily requirement. The same amount of each of dstetl mixtures
provides about 1.3 fold nearly of the protein regunients. Data in Table
(7) also, revealed that 100 gm of the individuaktomie possessed by
about 1.5 to 1.7 folds of daily requirement of tbéal essential amino
acid as reported FAO/WHO (1985). The same tablevellp also that
magnesium content in 100gm of all mixtures was digthan that
recommended by FAO/WHO (1985). All tested formutasered one
third of the daily requirement for zinc contentrfrd00gm . Also, it gave
from 50% of the daily requirement of calcium amzhiccontent.
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b) Nutritive value:

The protein digestibility (PD) of the tested mixarwas studied and
compared with casein, as a standard protein (T&bl# was found that the
mixtures No (8), (7), (2), (9) and (6) possesseadhighest PD values than
casein by trypsin enzymes, respectively. All testextures have higher PD
values by pepsin enzymes than trypsin enzymes.aAthgé PD index for
casein was the highest by pepsin than that of fantulas. The variation in
PD could be demonstrated to one or more of thewvalg reasons: PD
depends on the kind of protein and consequentlyatgent of essential
amino acids (EL-Akel. 1993).

The calculated protein efficiency ratio (PER) ot ttested mixtures
could be divided into two groups. The first onelinied mixtures No. (1),
(2), (3), (4), (5), (6) and (9), such mixtures HAAR more than 2.0. The
second group included mixtures No. (7) and (8) WwhHiad PER was less
than 2.0. However, mixture No. (5) had the higheER value (3.04) .
Harper and Jansen (1981) reported that blends wiadhPER of 2.0 — 2.3
would be expected to contain protein of high enouglality to be

satisfactory for a weaning food.

According to the biological value (BV) it is clelom (Table 8) that
the two mixtures (5) and (6) gave the highest BM.98 and 78.96
respectively), while mixtures (3), (4), (1), (28)(and (8) gave ( 76.75,
75.91, 74.33, 73.91 , 71.38 and 70.01 respectivelne lowest value was
found in mixture (7) (68.33).

18
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Table (8): protein digestibility, Protein efficiency ratio ddogical value of

baby food mixtures.

Baby food Protein digestibility % PER* BVv**
Mixtures Pepsin Trypsin

1 77.43 73.62 2.32 74.33
2 80.61 73.90 2.28 73.91
3 76.10 73.01 2.55 76.75
4 78.62 72.43 2.47 75.91
5 82.19 73.52 3.04 81.91
6 77.51 71.38 2.76 78.96
7 80.36 74.00 1.75 68.33
8 83.70 75.27 1.91 70.01
9 79.32 73.80 2.04 71.38
Casein 88.79 73.44 - -

Protein efficiency ratio (PER)* = - 1.816 + 0.43Blgthionine) + 0.780
(leucine) + 0.211 (Histidine) — 0.944 (tyrosinejsieyer et al., (1947).

Biological value (BV)** = 49.9 + 10.53 PER, Mitchelnd Block, (1946).

Organoleptic evaluation

One of limiting factor for consumer acceptabiligy the organoleptic

properties. Table (9) illustrated the mean valudeb® sensory characteristic

scores such as; color, odor, taste, texture andamppce. Also, the overall

average scores of the formulated blends. The adddaiesults indicated that

the best preferable mixture with respect to ovexatleptability was mixture
No., (2) , followed by mixtures No. (3), (1), (%) and (8) and last blend

No. (6). Such mixtures recorded lower value of altescceptability when

compared with mixture No. (6) and the differencesneen them ( No. (3),

19
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(1), (5), (4) and (8) were unsignificant. In generacould be concluded
that, all the tested food mixtures are met recontedmrrequirements of all
nutrients for such children. On the other hand, hilghest preferable food
mixture was noticed in case of blend No,(5) duehi highest degree of
BV(81.91) followed by mixtures No(6) , (3) and @ave 787.69, 76.75 and
75.91 respectively. Also, each 100g of mixture Noprovides about
118.8%, 176.5%, 67.5%, 48.0% and 29.1% of the protetal E.A..A,,

calcium, iron and total energy of daily requiremeespectively. While,

100g from each mixtures No (6), (3) and (4) covefi&il.3, 174.5,

61.0,52.1, 29.4 and 137.5, 178.3, 51.6, 60.0, 28d 131.3, 174.2, 52.1,
56.0, 29.4 of the protein, total E.A..A., calciumgn and total energy of

daily requirement respectively.
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Table (7): Nutrient in 100 gm of baby food mixtures companeih daily recommended requirements for

preschool children.

Daily requirement Baby food mixtures
FAO/WHO
1 2 3 4 5 6 7 8 9

Energy (Kcal) 1300 379.4 375.1 378.6 382.2 378.0 3826 381.9 38p.9 2342
Protein (gm) 16 22 20 22 21 19 21 22 19 23
Total essential amino 5424 9633.8 8838.0 9669.0 9447. 95741 94647 9220.2 27.82 9244.4
acid (mg)
Calcium (mg) 800 413.1 530.1 412.8 417.Q 540.8 416|5 418.1 538.9 414
Magnesiume (mg) 80 106.7 112.8 98.2 105.3 104.1 97. 1075 10%.6 99.5
Iron (mg) 10 5.2 5.3 5.6 5.6 4.8 6.1 5.1 4. 5.6
Zinc (mg) 10 3.4 3.8 3.5 3.4 3.5 3.5 3.2 3.8 3.6

* FAO/WHO (1985).
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Table (9) : Organoleptic characteristics of baby food mixtures.

Parameters Color Odor Taste Texture Appearance Overall
acceptability
Baby food mixture (10) (10) (10) (10) (10) (50)

1 8.25° 7.65%¢ 8.02 8.14"° 8.13° 40.20
2 9.3F 8.33 9.00% 8.0 8.60" 43.2%
3 8.34 8.13" 8.02 8.23 8.16° 40.88
4 7.6F° 7.13° 757> 7.866 8.16° 37.76*
5 7.57° 8.17° 8.55" 7.58 7.18¢ 39.0F™
6 6.95 7.48" 7.17° 7.02 6.9 3547
7 7.98 7.00 6.73 7.07 7.03¢ 35.7%
8 7.93 7.17° 7.62%¢ 7.10 7.64° 37.468"
9 7.63° 7.04° 7.0r° 7.03 7.58° 37.26¢
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Table (6) : Essential amino acids (EAA) content , of baby foutktures compared with FAO pattern of

preschool children

Amino acids Baby food mixtures FAO/WHO
(9/100g protein) (1985)
1 2 3 4 5 6 7 8 9
Isoleucine 5.92 5.70 5.69 5.06 5.46 4.77 5.66 4.84 5.26 2.8
Leucine 7.99 8.30 8.45 8.24 9.41 8.75 7.74 8.2¢ 8.25 6.6
Methionine 1.49 1.45 1.44 1.72 1.92 1.66 1.29 1.34 1.24 2.5
Cystine 1.35 1.36 1.32 1.44 1.56 1.39 1.40 1.42 1.38
Phenylalanine 4.27 4.16 4.31 4.57 5.06 4.60 3.87 3.96 3.90 6.3
Tyrosine 3.60 3.90 3.71 3.86 4.40 3.93 3.86 4.14 3.93
Threonine 3.49 3.54 3.56 3.46 3.94 3.53 3.36 3.44 3.43 3.4
Valine 5.47 5.45 5.35 5.15 5.75 5.03 5.20 5.1d 5.09 3.5
Lysine 6.68 6.76 6.63 6.78 7.66 6.75 6.28 6.56 6.23 5.8
Tryptophane 1.03 1.03 1.03 1.16 1.27 1.10 1.03 1.12 1.04 1.1
Histedine 3.13 3.17 3.09 3.55 3.94 3.51 2.85 3.12 2.81 1.9
Total E.AA. 43.79 44.19 43.95 44.99 50.39 45.07 41.9FL 43.30 0242. 33.9




