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Abstract: A shelf stable, convenience product whole Egg Cube (EC) was developed by incorporation of
optimized quantities of wheat flour, corn starch, maltodextrin, soya protein in liquid egg. Dehydrated EC was
packed in metalised polyester pouches, stored at ambient condition (27+£2°C) for 6 months and sampled
periodically for quality evaluation. The protein and fat content of dehydrated EC was 33.43£2.10% and
25.90£1 .95, respectively. A good amount (mg/100 g) of caleium 125.214+10.54, won 6.594+0.88 and zinc 2.71+0.17
was available n the product whereas vitamin A and cholesterol was 17.240.23 pg/100 g and 289+17 mg/100 g,
respectively. The shelf stability of the product was achieved by keeping a moisture content (3.88+0.43%) and
water activity (0.3620.01) low. An excellent rehydration capacity (78.16£5.74%) was observed in the EC.
Changes in free fatty acids, thiobarbituric acid, textural profile analysis and Hunter colour units (L., a and b)
during storage did not affect the quality characteristics of the product. About 67% loss in carotenoid content
was recorded during storage of the product. Standard plate count was <1 cfu g™ Staphylococci aureus,
E. coli, Salmonella, Shigella, yeast and molds, however were not detected 1n any sample throughout the storage
period. Sensory evaluation revealed that rehydrated whole egg cube had excellent egg flavour and texture. The
EC had very high ir vitro digestibility (88.32%) with highest PDCAAS score 1.00 for all the group of population.
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INTRODUCTION

Eggs are a rich and well-balanced source of essential
nutrients for human diet composed by fatty acids,
minerals, vitamins and proteins of high biological value.
With these properties, eggs are one of the few products
that are used throughout the world and therefore, the egg
mndustry 1s an important segment of the world food
industry. Therefore, egg considered particularly important
in human nutrition and health. Research work by the
South African Egg Board on new egg products, viz., egg
and bacon patty, bite-sized egg snacks, frozen egg pizza
and egg fingers (crumb-coated scrambled eggs and bacon
bound by white sauce) has been reviewed by Willense
(1991). Information is available on different egg products
such as egg coated potato (Muller, 1994), premixed
flavoured egg product (Wu et al, 1995), egg flakes
containing monosodium glutamate and onion/garlic
extracts (Lee et al., 1998), egg white chips containing
stabilizers and flavouring (Yang ef af., 2000), formulated
fried egg (Merkle ef al., 2003), egg loaf containing spices
and refined wheat flour (Yashoda et al., 2004), deep

fatfied egg albumen cube and egg yolk cube (Modi ef al.,
2008) and egg chips containing millet
(Yashoda et al., 2008). Today’s consumer needs products

fours

that are simple to prepare, convenient, healthy and rich in
natural ingredients.

Hen’s egg is one such ingredient that can provide all
these benefits. It would also provide sufficient nutritional
benefits to the health consciousness consumers who
require whole protemns. However, although nutritional
qualities are well documented, information on products
using egg that would appeal to the consumer both
nutritionally and sensorially are scanty.

Against this background, whole egg was used for the
development of shelf stable Egg Cubes (EC). EC can be
used in soups or in cwrTy preparation similar to paneer in
curry, a delicacy in Indian cuisine (Paneer 1s an acid and
heat coagulated milk product used extensively in India for
various culinary preparations).

The main objective of this research was to produce
a dried product that 15 shelf-stable, shorter reconstitution
time and microbiologically safe with mimmal degradation
of nutrients and sensory properties. The other objective
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was to study its physico-chemical properties, textural
quality, colour, microbiological, sensory acceptability and
oxidation changes during storage at ambient temperature
(27£2°0).

MATERIALS AND METHODS

Fresh hen eggs and binders viz; wheat flour and com
starch and foam stabilizer, defatted soya flour were
procured from local market. Fggs were stored under
chilled conditions whereas binders were stored in air tight
glass containers for further use. The maltodextrin was
supplied by HiMedia Laboratories Pvt. Ltd, Mumbai and
a combination of acidulates (malic acid and citric acid) was
used n formulation was supplied by Loba Chemie Ltd,
Mumbai. The garlic powder was supplied by Venkatesh
Food Industries, Chindwara. The appropriate optimized
quantities of ingredients of EC are shown in Table 1.

Product preparation: Hen eggs were procured from local
market. A batch of 100 eggs (50-55 g each), kept under
room temperature (27+2°C) were broken over a sieve to
separate albumen and yolk. The liquid egg albumen was
mixed with a wire balloon whisk in Hobart mixer (Model
M-50, UUSA) for 4-5 min at speed 2 to get the maximum
fully blown foam. Later egg yolk was added and mixed for
1-2 min. Malic acid and citric acid were added at the
begmning of beating, when egg volk starts becoming
frothy. The binder mix containing garlic powder wheat
flour, comn starch, maltodextrin and soya protemn was
added slowly to homogenize liquid egg while mixing
continuously to obtain a batter with homogenous
congistency. The mixing was carried out for 3-4 min till a
uniform smooth batter was obtained. The resultant batter
was transferred to rectangular stainless steel moulds of
22x9x9 ¢m (1xbxh) dimension lined with polypropylene
sheet and the product steamed at atmospheric pressure
for 35 min (internal temperature 86+2°C) to obtain
solidified product followed by cooling at ambient
temperature (274+2°C) for 30-45 min. The loaf was cut into
cubes by using a cutting mould of 1x1x1 em. size. The
resultant product was then dried in cross flow dryer (C.M.

Table 1: Formulation for the preparation of ege cube

Ingredients Percentage
Egg albumin 50.90
Fgg yolk 29.90
Wheat flour 13.25
Corn starch 2.82
Salt 1.12
Garlic powder 1.00
Maltodextrin 0.56
Saya protein 0.28
Malic acid 0.07
Clitric acid 0.07
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Equipments and Instruments India Pvt. Ltd, Bangalore,
India) by spreading in stainless steel trays at the rate of
0.75 kg m . The drying was carried out at 82+3°C for 3 h
to obtam dried cubes called EC. The dried EC were
allowed to cool. After cooling, the product was then
packed in metalized polyester (polyester 10-11 micron/
aluminum foil 9-12 micron/polythene 100 gauges) bags of
50 g capacity each and stored at ambient temperature
(2742°C). The stored products were drawn periodically for
6 months for quality evaluation.

Quality evaluation

Physical properties: The percentage vield on drying of
the product was determined by weighing the EC before
and after drying. Rehydration in terms of percent water in
rehydrated cube was carried out by following the
procedure described of Ranganna (1993) with some
modifications. About 15 g sample was placed in 500 mT.
beaker, 300 mL of distilled water was added and covered
with watch glass, brought to a boil within 2 min on an
electric heater and boiled for 3 min. Temperature of the
heater was controlled to avoid excess boiling and
evaporation of water. The samples were removed from the
heater and transferred mto a 100 mm glass funnel, drained
for 2 min undisturbed, until the drip from the funnel has
stopped, removed from the funnel and weighed. The
rehydration (%) was calculated usmng the Eq. 1. The
drained rehydrated EC samples were set aside in covered
petri-plates for textural profile and shear force analysis:

Wt.(g) of rehydrated EC —
Moisture (%) in dried EC
Wt.(g) of rehydrated EC

(1)
%100

Rehydration (%) =

The percent increase in the volume after rehydration
was determined by measuring the area (1xbxh) of EC
pieces before and after rehydration by using the Eq. 2. An
average of six measurements was recorded:

Area (cm®) after rehydration —

_Area (cm®) before rehydration

Area (cm”) before rehydration

(2

Bulk density of the product was determined by filling

the product to the rim of 500 mL graduated cylinder and

weighing the sample filled n cylinder. The results were

expressed as glcc (mass/volume). An average of five
measurements for all physical parameters is reported.

» 100

Increase in volume (%)

Chemical properties: About 50 g of dried cube samples
was powdered using mortar and pestle. The resultant
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powder was used for chemical analysis. Moisture, protein,
fat, salt and ash contents were determined according to
AOAC (2007) procedures. Carbohydrate was calculated
by difference. About 10 g of EC powder in a beaker was
stirred with 90 mL distilled water and pH measured by
immersing combined glass-calomel electrode directly ina
mixture using pH meter (Control Dynamic, APX 175 E/C,
Bangalore India). Water activity (a,) was measured using
water activity meter (Aqualab 3TE, Decagon Devices
Tnc., Washington, TUSA). An average of four
measurements is reported. For determination of Free Fatty
Acid (FFA), a sample (10 g) was mixed with anhydrous
Na,30, (100 g) and fat was extracted in 100 mL solvent
mixture of chloroform: methanol (2:1) and filtered. A
known volume of chloroform: methanol extract was then
washed 3 times with 4-5 volumes of distilled water in a
separating funnel to remove non fatty acids that may have
come from formulation ingredients. The FFA as
percentage of oleic acid was estimated in washed
chloroform: methanol extract using ACAC (2007)
procedure. Lipid oxidation, Thiobarbituric Acid (TBA)
was determined by the method of Tarladgis et al. (1960).

Instrumental colour measurements: Colour reflectance
values of dehydrated EC were measured on Hunter colour
difference meter (Labscan XE, Hunter Associates
Laboratory Inc., Virginia, TJSA) at 2° view angle. The
Hunter colour meter was standardized with a white tile
(L=9071,a=-1.11and b= 0.63). Colour was described as
coordinates e.g., I., a and b (where . measures relative
lightness, a relative redness and b relative yellowness).
The wvisual impression of colour 13 formed from hue
[h = tan™" (b/a)], Chroma [C = (a’+b*)1/2] and lightmess
(Eagerman ef af., 1977). The measurements were used to
calculate the Hue angle (H) which represents the relative
position of colour between redness and yellowness and
Chroma (C) which assesses the colour intensity. Colour
stability was expressed as the rate of change (the slope of
the fitted linear model) in L., hand C.

Texture profile analysis: Rehydrated EC samples were
subjected to texture profile analysis and shear force using
a Texture Analyzer (LRSK, LLOYD Instruments Ttd,
Hampshire, UK). The rehydrated samples were placed on
the platform of texture analyzer. A cylinder plunger of
32 mm diameter attached to a 1 KN load cell and sample
(13 mm) was compressed to 50% of its original height at a
cross head speed of 100 mm min~" twice in two cycles.
The texture parameters viz. hardness (N), cohesiveness,
adhesiveness, springiness (mm), chewiness and
gumminess (N) were measured. Shear force was measured
by applymng a load of 50 Newton with a speed of
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100 mm min~" using triangle probe. The values were
recorded based on the software, Nexigen version 6.0
(Lloyd Instruments Ltd, Hampshire, England) available
with the mnstrument. The mean value of six readings for
each texture profile is reported.

Nutritional facts and Protein Digestibility Corrected
Amino Acid Score (PDCAAS): The mineral contents viz,
calcium, iron and zinc were estimated by AOAC (2007)
procedures using atomic absorption spectrophotometer
(Model AA-6701, Shimadzu, Japan) Cholesterol was
estimated  followmng the colonmetric method
(Spectrophotometer UV-160, Shimadzu, Japan) as
described by Zlatkis et al. (1953). Vitamin A was estimated
by HPLC method (Sangeetha et al., 2008). The HPLC
system (LC-10AVP, Shimadzu, Kyoto, Japan) was
equipped with shimadzu photodiode array detector
(SPD-M20A). The vitamin was separated on phenomenon
C,;-OSU column (150x4.6 mm; 5 pm).

The peak 1dentifying of vitamin A was confirmed by
its characteristic spectrum. Quantification of vitamin was
evaluated by comparing its peak area with standard.
In vitro digestibility of the prepared EC was determined
by the method of Akeson and Stahman (1964). Pepsin
followed by pancreatin digestion was carried out using
sample equivalent to 100 mg protein. Initially the sample
was digested with 1.5 mg pepsin m 15mL 0.1N HCI
(pH 2.5)at 37°C for 3 h. After neutralization with 7.5 mL of
0.2N NaOH, the digestion was continued using 4 mg
pancreatin in 7.5 mI. of phosphate buffer (pH 8.0) at 37°C
for an additional 24 h. These enzymes were mactivated
using 10% tri-chloroacetic acid. The digest were filtered
and quantitatively made up to 100 mL. Digestibility was
calculated based on the soluble and total nitrogen
content. Amino acid contents were calculated based on
the published wvalues (Gopalan et al., 1996) of the
ingredients. Protein Digestibility Corrected Amino Acid
Score (PDCAAS) was calculated as per Sarwar and
McDonough (1990) by determming the un-corrected
amino acid score using the reference protein requirement
levels (mg g~ of crude protein) for pre-school (2-5 years),
school (10-12 years) children along with adults-prescribed
by FAO/WHO (1985). The un-corrected ammo acid score
15 calculated by dividing the mg of EAA mn 1 g of test
protein by mgof amino acids in 1 g of the reference protein
which is the requirement for a particular group. Finally,
multiplying the lowest of the un-corrected amino acid
scores by the digestibility value yields the PDCASS

score.

Microbiological analysis: A 10 g sample of dried EC was
placed m a sterile Stomacher bag contaimng 90 mL of
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sterile saline (0.85% NaCl) solution and blended in
Stomacher (Model SEWARD Stomacher 400, London,
England). The blended samples were tested for Standard
Plate Counts (SPC), Staphylococcus aureus, E. coli,
Salmonella, Shigella, yeast and molds, by spread plate and
pour plate method as per APHA (2001) procedures.

Sensory quality evaluation: Dehydrated EC samples were
used for the preparation of curry. A traditional curry was
prepared by using an optimum amount of spices and
condiments. The curry contained chopped onion, ginger
paste, garlic paste, green chillies, tomato puree, fresh
coriander leaves, red chilly powder, coriander powder,
turmeric powder and garam masala powder (a combination
of spices like cardamom, clove, cinmamon, cumin and
black pepper). The dried EC were added in hot cooked
curry. The curry with EC was further cooked for 2-3 min.
The rehydrated EC samples in curry were evaluated for
sensory quality for appearance (shape retention), colour,
flavour, texture, after taste and overall acceptability by 18
in house trained panelists using 9 point Hedonic scale
(Szmanko et al, 2006). The product was presented to
panelists at 60+5°C m coded white ceramic plates.
Samples for evaluation were served in a well lit room on
white enamel. The mean scores for each attributes are
reported. Freshly prepared, dehydrated and rehydrated EC
n curry was treated as control for sensory analysis.

Statistical analysis: The experiment was carried out in 4
batches (n = 4). The mean of all parameters were examined
for significance (p<0.05) by Analysis of Variance
(ANOWVA) and mean separation and the significant effect
was tested by Duncan’s Multiple Range Test using
software STATISTICA (StatSoft, 1999).

RESULTS AND DISCUSSION

Product optimization: Several trial formulations for
development of EC were attempted using different binders
and fillers and time-temperature schedules of processing
i order to obtain the product which was acceptable to
taste panelists and did not disintegrate during cooking
along with curry, retain the shape and dehydrate easily.
The trial experiments for optimization indicated that a
combmation of wheat flour and corn starch for the
preparation of EC resulted in the best quality product with
respect to rehydration properties and texture of the
rehydrated product. During optimization of ingredient
levels, care was taken to ensure that the product 1s not
disintegrated during rehydration or cooking m gravy.
Based on the textural properties of rehydrated product
and judged by sensory evaluation, 13.0% wheat flour and
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Table 2: Physical properties of dehvdrated egg cube (mean+8D, n=

Physical properties Values

Yield after drying (%) 44.00+2.580
Bulk density (g/cc) 0.13+0.000
Increase in volume after rehy dration (%) 134.49+10.66
Water activity 0.36+0.010

3.0% cormmn starch were found optimum (Table 1). Further
for improving the foam stability and rehydration
properties in product, a mixture of soya flour and
maltodextrin in the ratio of 1:2 was added to the
formulation. The use of citric acid and malic acid in
combination improved sensory acceptability of the
product. Further it was found that the foam formed during
beating the egg white was better stabilized at low pH and
also helped m umform distribution of binders and other
ingredients during cooking period. Further, the stabilized
egg white froth did not allow the settling of ingredients
during resting or molding time. Therefore, the pH of egg
white was brought down to 5.9 by adding malic acid and
citric acid in combmation. These acids kept the foam
elastic but stable and can expand to its fullest when
cooked (Anonymous, 2010).

Mleko et al. (2007) demonstrated that egg albumen at
low pH leads to a substantial increase mn foam firmness
and gave the foam different properties than foams from
untreated egg albumen. Further soya flour also improves
the foaming and structural stability as reported by
Heywood et al (2002). Maltodextrin improves the
dehydration by forming a gel network in the system when
used as a career and provides improved rehydration
properties upon hydration (Chronakis, 1998). Raikos ef al.
(2007} reported that the adhesiveness was highest at pH
5 for egg white.

The egg white proteins showed the best foaming
properties at pH 5 (Malgorzata et af., 2009). Optinum
levels of garlic powder (1.0%) as a natural antioxidant was
added to the formulation maltodextrin. The addition of

garlic powder also improved the sensory properties of the
product. The yield of the dried product was 44+2.58
(Table 2).

Rehydration properties: The various stages of EC (fresh
before drying, dried and rehydrated) as a product are
shown in Fig. la. Samples had a high degree of
rehydration.

The rehydration capacity of the EC was 78.16+5.74%
which m tum showed an increase in volume by
134.49+10.66% (Table 2). High rehydration capacity was
due to porous structure of product which allowed more
water absorption on rehydration. The porous structure of
the product was also due to very low value of bulk
density (0.13£0.01 g/ce). A significant increase in volume
and porosity of the product has also been showed
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Fig. 1: (a) Different stages of egg cube as a product and
(b) Curty prepared from egg cube. EC = Egg Cube
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Fig. 2: Changes in rehydration characteristics and shear
force in egg cube during storage at 27+2°C
(mean+SD, n = 4)

through photographs (Fig. 1a). An average 5.0% increase
in rehydration was observed after 6 months of storage
under ambient temperature (27+2°C) (Fig. 2).

Proximate composition: The shelf stability of the product
was achieved by keeping low moisture content
(3.88+0.43%) (Table 3) and low a,, (0.36+0.01). The protein
content was 33.4342.10% and fat content was 25.904+1.4%
(Table 4). Shelf stable dried flake shaped egg products
prepared from liquid egg using common salt, monosodium
glutamate, garlic and onion extract had a,, in the range of
0.20-0.50 with moisture content of 4.1-8.3% (Lee et al.,
1998). The salt contents in the dehydrated product were
4.0240.40%.

Chemical characteristics: The fall in pH from
6.674£0.15-6.5040.11 in dehydrated EP (Table 3) during
6 months storage period was marginal (p>0.5). Freshly
prepared products had low FFA values (as % oleic acid)
of 3.1240.24% whuch gradually mcreased (p=0.5) to
3.7540.23% during & months of storage. Increase in FFA
due to lipase action in food products during storage is
well documented and this merease did not increase the
rancidity of food products such as pork sausages
(Zalacain et al., 1995) and egg loaf (Yashoda et al., 2004).
The oxidative rancidity measured by TBA values
(mg malonaldehyde/kg sample) also
ascending trend (p<0.05) from the mitial values of
2.1240.10-4.07£0.28 during 6 months storage (Table 3).
The increase in TBA values could be due to increased

showed an

lipid oxidation and production of volatile metabolites in
the presence of oxygen due to aerobic packaging and
storage. On the contrary in spite of high contents of fat in
the product, the increase in oxidation was found marginal
{(p<0.05). This could be due to presence of carotenoids
(Sura) and Speake, 1998) and the inclusion of garlic
powder (Salam et «l., 2004) in product formulation,
providing antioxidant protection to the product. At the
end of 6 months of storage a significant loss (66%) in

Table 3: Changes in chemical properties of dehy drated egg cube during storage under ambient conditions (27+2°C) (mean+8D, n =4)

Storage (months) Moistur (%) pH TBA (mg malonaldehyde kg™) FFA (%0 oleic acid) Carotenoid (ug g™)
0 3.88+0.43" 6.67+0.15° 2.12+0.10* 3.12+0.24* 9.57+0.46°

2 5.55+0.25° 6.59+0.12% 2.31+0.14* 3.37+0.29* 6.75+0.28"

4 6.41+0.33° 6.58+0.13* 2.65+0.22° 3.49+0.22% 4.73+0.38°

6 6. 59+0.4(F 6.50+0.11°2 4.07+0.28° 3.75+0.23" 3.15+0.20¢
Values in column with different superscripts differ significantly (p<0.05)

Table 4: Changes in colour characteristics of egg cube during storage at 27+2°C (mean=SD, n=4)

Storage (months) Lightness (T.) Redness (a) Vellowness (b) Hue angle (H) Chroma (c)
0 77.25+6.34° -3.92+0.68* 28.35+1.42° -82.12+1.40° 29.61£1.40°
2 78.43+6.95% -3.14+0.09° 29.00+1.18 -83.82+0.83" 29.171.007
4 79.34+6.16° -2.9440.35° 29,1541.33 -84.2440.85" 29.30+£0.91°
6 79.67+6.95" -2.5741.08° 32.81+2.09° -85.52+1.63 32.9142.15

Values in column with different superscripts differ significantly (p<0.05)
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carotenoid content was recorded. Wenzel et al (2010)
reported, after the 6 months of storage, the contents of
carotenoid m the egg yolk powder were significantly
lower.

Hunter colour values: Colour reflectance values measured
on Hunter colour measuring system revealed an mcrease
(p<0.05)inL values of EC from 77.25+6.34-79.67+6.95 and
a values increased (p<0.05) from -3.92+0.68-2.5741.08
during 6 months storage (Table 4) whereas changes in b
values were marginal (p=0.5). Changes m Chroma and
Hue-angle values were m narrow range (p=0.5) from
28.35-32.81 and -82.12 -85.52, respectively after 6 months
of storage. Changes in colour values are influenced by
method of processing (Pesek and Wilson, 1986) and
mteraction of ingredients (Osuna-Garcia et al, 1997).
There was no definite trend changes in Hunter I, a and b
values during storage of fried egg yolk cubes (Modi et al.,
2008). Change n colour due to browning reaction does
not occur very rapidly m egg products containing
carbohydrates (Bergquist, 1995). In the present
investigation, despite changes in instrumental chromatic
attributes (L, a and b values), the wvisual colour
appearance of EC products was acceptable even after
& months storage at ambient conditions.

Textural profile: Changes in shear values during storage
were sigmficant (Fig. 2). It was further noticed that the
shear values were decreasing with increase in rehydration
of the product. This variation could be attributed to high
rehydration percentage which could impart a soft texture
to the product. There seemed to be appropriate binding
attributes imparted to the product when maltodextrin was
added in the formulation.

Maltodextrin have been found highly suitable for
obtaining desirable organoleptic (texture, fat-like mouth
feel, etc.) as well as physical properties (water holding,
gelling, crystallization prevention, etc.) of various food
products Chronakis (1998) whereas soya protein has been
reported to improve cohesiveness in sausages because of
its gelling and binding nature (Huffman et al., 1992).

Hardness and gummmess of the rehydrated EC
decreased (p<0.05) with the storage period (Fig. 3). A
decrease (p<0.05) m chewiness was observed after
2 months of storage however, further storage did not
change the characteristics of chewiness of the product.
TPA also mdicated that there was no definite trend in
and adhesiveness values

cohesiveness, springiness

during storage period. Further, time
combination of processing and formulation might be the

temperature

factors for the very low values of aforesaid characteristics
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Fig. 3: Changes in textural profile of the egg cube during
storage at 2742°C (mean+SD, n = 4)

observed in EC as 1t affects the binding properties of the
ingredients used. An average low wvalues of TPA in
samples could also be due to rich foam formation during
egg beating for product preparation. However, low TPA
values did not affect the product quality negatively.

Nutritional facts and Protein Digestibility Corrected
Amino Acid Score (PDCAAS): A good amount (mg/100
g) of calcium 125.21£10.54, iron 6.59+0.88 and zinc
2.714+0.17 was present in the product while vitamm A and
cholesterol were 17.240.23 ng/100 g and 280+17 mg/100 g,
respectively (Table 5). The calculated values of amino
acid composition (Table 6) of the EC clearly indicated the
presence of several essential amino acids like leucine
(8.46%), lysine (6.66%), valine (6.17%) and isoleucine
(5.30%) thus making it nutritionally beneficial. Difference
in protein digestibility of various foods arise from inherent
difference in the nature of the food protein, presence of
non-protein constituents or from processing conditions
that alter the release of amino acids from proteins by
processes (Kies, 1981; Sarwar, 1987). The higher
digestibility (88.32%) (Table 6) further proves quality
proteins in product. The PDCAAS values calculated from
analyzing amino acid data 1s also shown in Table 6.
PDCAAS accurately depicts protemn quality because it



J. Food Technol., 9 (1): 18-26, 2011

Table 5: Nutritional facts of dehydrated egg cube (mean+8D, n=4)

Nutrients Values

Protein/100 g 33.43+£2.100
Total fat (%) Fat (/100 g) 25.90+1.950
Carbohydrate (g/100 g) 25.5442.630
Calcium (mg/100 g) 125.21+10.54
Iron (mg/100 g) 6.59+0.880
Zinc (mg/100 g) 2.71+0.170
Vitamnin A (ug/100 g) 17.2040.230
Cholesterol (mg/100 g) 289.00£17.00
Trans fat Nil

Table 6: Essential amino acid composition and Protein Digestibility
Corrected Amino Acid Score (PDCAAS) values of dehy drated egg

cube
Uncaorrected amino acid score
Content {mg g~

Essential amino acids  crude protein)  2-5years 10-12vearsrs Adults
Histidine 24.52 1.29 1.29 1.53
Threonine 3871 1.14 1.38 4.30
Valine 61.76 1.76 2.47 4.75
Cysteine+methionine 4854 1.94 221 2.86
Isoleucine 53.03 1.89 1.89 4.08
Leucine 84.60 1.28 1.92 6.51
Tyrosinetphenylalanine  88.85 1.41 4.04 4.68
Lysine 66.62 1.15 1.51 4.16
Invitro digestibility (%) 88.32+2.33 - - -
PDCAAS - 1.00 1.00 1.00

Standard PDCAAS values {mg g~! crude protein) as per FAO/WHO (1985)
for histidine, threonine, valine, cystinetmethionine, isoleusine, leusine,
tyrosine+phenylalanine and lysine are 19, 34, 35, 25, 28, 66, 63 and 38
(for 2-5 vear olds); 19, 28, 25, 22, 28, 44, 22 and 44 (10-12 year olds) and
16, 09, 13, 17, 13, 19, 19 and 16 (adults), respectively *(Mean+8D; n = 4)

rates protein foods relative to a given reference protein
(Sarwar and McDonough, 1990) and is based on the
needs of humans rather than on the Protein Efficiency
Ratio (PER) criterion of a protein’s ability to support
growth in young rats. The PDCAAS values for the EC
were highest (1.00) for all the group of population
(pre-school, 2-5 years, school, 10-12 years children and
adults). The PDCAAS scores for a variety of food
proteins include 1.0 (casein, soy protein isolate), 0.92
(beef protein), 0.68 (kidney beans) and 0.40 (whole wheat).
This indicated the potential of EC as a food in nutritional
programines.

Microbiological quality: The Standard plate counts were
<1 cfu g~'. Total Staphylococei counts were decreased
gradually during storage and were <1 cfu g'. The Yeast
and mold counts, E. coli, Salmonella and Shigella however
could not be detected in samples throughout 6 months
storage. Lower counts of mesophiles (SPC), yeasts and
moulds and absence of Staphylococcus aureus, E. coli,
Salmonella and Shigella could be due to thermal
processing, low a, values of the product, hygienic
practices followed during processing and storage. Further
antibacterial effects of garlic (Grohs et al., 2000) used n
formulation could have protected the product from
microbial growth. The results in the present investigation
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Fig. 4. Changes in sensory score of the egg cube during
storage at 27+2°C (mean+3D, n = 4)

indicated that the dehydrated EC is microbiologically safe
when packed in metalized polyester bags and stored at
2742°C for 6 months.

Sensory quality: The sensory evaluation of EC was
carried out in curry preparation as showed in photograph
(Fig. 1b) and the sensory quality of egg cube is shown in
Fig. 4. After thermal processing, dehydration and
rehydration in curry the analyzed products differed in
sensory properties. During storage samples received
lower scores for flavour attributes as egg and typical of
cooked egg than control. The change m flavowr was
detected after 2 months of storage, at very low mtensity
but 1t was significant after 4 months of storage. The
intensity of such flavour attributes as typical of cooked
egg further decreased after 4 months of stored. After taste
scores also decreased over the storage period A little
undesirable flavour attributes which was reflected in after
taste scores were of dehydrated storage odour, recorded
over storage and its intensity increased significantly with
time. A warmed over flavour was also noted only 1n stored
samples after 6 months of storage and was hardly
perceptible. This probably resulted from the masking
effect of the egg’s own flavour.

The panelists indicated a relatively low ncidence in
changes in appearance (disintegration on rehydration)
after storage and rehydration of EC and this 15 likely to



J. Food Technol., 9 (1): 18-26, 2011

have been due to the well set structural strength, obtained
by processing technique and product formulation. The
panelists also characterized by a soft texture in product
stored for 6 months than control. The soft texture overall
did not effect the acceptable level of product. A marginal
change in visual colour intensity was observed after 4 or
6 months of storage of BC compared to control. This
change could be due to a sigmficant loss of carotenoid
(Table 3), a principal pigment of egg volk, during storage.
Tt was also pointed out by the panelist that the product
has been becoming whiter during storage compared to
control EC. A gradual increase in FFA and TBA values
(Table 3) and constant decrease in shear values (Fig. 1)
explains the descending trends in ratings for overall
sensory quality attributes. However, the product was
rated acceptable by panelist with sensory scores of
7.4-8.2 during studied period of storage.

CONCLUSION

A convenience and ready to use product from liquid
egg was prepared using all natural food ingredients. The
dehydrated product packed m metalized polyester pouch
had a shelf life of 6 months under ambient conditions
(27£2°C). Tt has a good rehydration capacity and does not
lose its mtegrity during rehydration or curry preparation.
The texture of the rehydrated product resembles the
traditional dairy product paneer. The product was found
microbiologically safe and was rated acceptable by
panelist with high sensory scores during storage period.
Higher values of mineral, protein digestibility and
PDCAAS values made a nutritionally rich product.
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