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Abstract
Background and Objective: The citizens of developing countries are not interested about the quality of egg but only quantity so the
knowledge regarding the quality of the commercial eggs are limited, although it would be a good source of micronutrients. This study
was aimed to evaluate the physical and chemical quality of the egg. Methodology: Considering the fact a number of 100 eggs was
collected from five different commercial poultry farms (20 from each farm). Feed was also collected simultaneously to analysis the
proximate components and carotenoid fractions. Physical properties of whole egg (weight and shape index), egg shell (shell % and shell
thickness), albumen (height, index and haugh unit) and yolk (height and index) were determined. The visual color was assessed using
a Hoffmann La Roche yolk fan (0-15, where higher values indicate a darker color) and three co-ordinates parameters representing the
lightness, redness and yellowness of the color was assessed by Minolta Chroma Meter (CR-300, Minolta Camera Co., Ltd. Japan). Egg yolk
was analyzed for total carotenoids using iCheck(™) (BioAnalyt GmbH, Germany). The HPLC was used to assess different component of
caroenoids, retinol and  "-tocopherol.  Results:  The  proximate  components  of  feeds  varied  from   different  sources but  remained
within the range of standard feed for laying hens.  The  concentration  of  carotenoid  components (lutein, zeaxanthin, $-cryptoxanthin
and $-carotene) of different feeds was very low and their sum varied from 1.12-3.02 mg kgG1 feed. The physical property, color, total
carotenoid, retinol and tochopherol contents of eggs from different farms varied significantly. Conclusion: The micronutrients namely
carotenoids (lutein, zeaxanthin, $-cryptoxanthin and $-carotene), retinol and tocopherol in egg yolk were found to be very low in
concentration which is a reflection of their content in feed. So, it is clear that the commercial farmers in a developing country do not
compromise with the macro nutrients but ignored the micronutrients content in feeds.
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INTRODUCTION

An egg contains enough nutrients to hatch a chick, so it
is considered a complete food. The yolk also provides all or
most of the minerals, vitamin A and thiamine. Albumen is an
important reservoir for water, essential ions and protein, the
latter forming 99% of the dry matter of albumen and also
having useful anti-microbial properties1.
Carotinoids   are   important   components   of  yolk

accumulated in direct proportion to the concentration in
feed2. This has been used as pigments for many years in
poultry diets in order to obtain a desired color of egg yolk or
broiler skin. Besides providing  an  attractive  color,  they also
act as anti-oxidants and anti-carcinogenic agents. As the
consumer customarily tends to associate golden yellow or
orange yolk with good health, the researches has been
conducted to demonstrate that carotenoid, especially lutein
and zeaxanthin, play an important role in prevent diseases3.
Lutein may also play a role as an antioxidant in macular
surface  membranes4.  Both  lutein  and  zeaxanthin seem to
be preferentially deposited in the retina, unlike "-carotene,
which  shows  limited  accumulation  in  the  retina,  despite
being the most common xanthophyll pigment in our diets5.
Landrum et al.6 showed that the optical density of the macular
pigment increased by 30% in humans supplemented with
lutein.
Although egg would be a good source of micronutrients

most of the developing countries people consider the egg in
terms of quantity during production and marketing because
price determined based on that factor. But it would be a good
source of health related micronutrients. So, its quality could be
ensured by supplementing those nutrients in the diet of laying
hen. In this connection it is important to determine the
physical and chemical quality of eggs producing commercially
in Bangladesh.

MATERIALS AND METHODS

Hens, housing and feeding: Shaver 579 brown commercial
layers (aged around 33 weeks, reared in cage) were reared in
five different farms located in same environmental region in
Bangladesh. The hens were fed mash diets formulated at the
farm mixing as per their own formulation with conventional
ingredients,  premix  and  additives.  Eggs  were  collected
simultaneously in similar day.

Sampling of diets and eggs: Representative samples of diets
were collected from  each  individual  farm  for  the  analysis of

proximate components, lutein, zeaxanthin, $-cryptoxanthin
and $-carotene. From each farm a number of 20 eggs were
also taken at random for physical properties, color parameters,
total    carotenoids,     lutein,      zeaxanthin,    $-cryptoxanthin,
$-carotene, retinol and "-tocopherol.

Physical properties of egg: After weighing the eggs were
broken to release the albumen and yolk. The yolk and
albumen were then carefully separated and placed in Petri
dishes, which had initially been weighed. The difference in the
weight of each Petri dish after and before the introduction of
the yolk and albumen was taken as the weight of the yolk and
albumen respectively. The yolk and albumen heights were
determined using a tripod micrometer. Different traits were
measured as per procedure described by Monira et al.7.
Haugh8 score was calculated using the egg weight and

albumen height as follows:

HU = 100 log (H+7.6-1.7W0.37)

where, HU is  Haugh  unit, H is   height  of the   albumen (mm),
W is weight of egg (g).
Shell weight (with  membrane)  was  determined  by

electronic weighing scale. The thickness of each shell was
determined using a micrometer screw gauge. Shell thickness
was measured at the broad end, middle portion and narrow
end of the shell.
Yolk index was calculated as a ratio of the yolk height to

its width as follows:

(1)Yolk heightEgg yolk index = 100
Yolk width



 
Yolk color analysis: Separated yolk was rolled on a tissue
paper to remove remaining albumen. The yolk colour was
analyzed  by  a  Minolta  Chrome  Meter  (CR-300,  Minolta
Camera Co., Ltd. Osaka 541, Japan). The three coordinates
parameters represent the lightness of the color (L* = 0 yields
black and L* = 100 indicates diffuse white), its position
between red/magenta and green (a*, negative values indicate
green  while  positive  values  indicate  magenta)  and  its
position  between  yellow  and  blue  (b*,  negative  values
indicate  blue   and   positive values  indicate  yellow).
Furthermore, a Roche Yolk Color Fan (RYCF) reading of yolk
color ranged 1-15  (lightest  to  darkest yellow) was recorded
by 5 people.

Determination of total carotenoid: Egg yolk was analyzed for
total carotenoids using iCheck(™) (BioAnalyt GmbH,  Germany).
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For that an amount of 0.40 g egg yolk was diluted to a final
weight of 2.00 g with dilution buffer. Approximately 400 µL of
the  diluted  egg  yolk  were   injected  into   the   extraction
vial.  Thereafter,  it  was   shaken  for  10    sec vigorously  and
left for complete phase separation for at least 5 min. The
concentration is measured in the portable photometer and
final concentration (mg kgG1) is calculated based on sample
weight and final buffer weight9.

Extraction of carotenoids from feed and yolk sample: The
extraction of carotenoid (lutein, zeaxanthin, $-cryptoxanthin
and $-carotene), retinol and "-tocopherol was performed with
organic solvents for feed as well as egg yolk. 1.5 g of well
mixed  sample  was  mixed  with  4  mL  of distilled   water for
30 min and then vortex for 30 sec and extracted two times
with 5 mL solvent (n-hexane/isopropanol, 3:2 v/v), for 15 min
on shaker (RM multi-1 Starlab international, EU). The sample
was then centrifuged and the whole solvent collected in tube
A after each time of extraction, this combined extraction
solvent were washed by adding 5 ml of 0.1 M NaCl, mixing
vigorously and incubating for 30 min until two layers were
separated. The upper hexane layer was transferred to tube B.
The remaining part of lower  layer  was  vigorously washed
with 7.5 mL and once more with 5 mL of n-hexane/BHT
(0.05%) in each case for 30 min in darkness until two layers
were  separated.  The   upper   hexane   layers  were  removed
to  tube   B   and   the   volume  was  filled  up  to  20  mL with
n-hexane/BHT  0.05%.   For   HPLC  analysis,  100   µL  of  this
sample  was   evaporated   to   dryness  (Techne  sample
concentrator, model FDB03OD (Camlab Ltd, Cambridge, UK)
and  then  re-dissolved   in  200  µL  isopropanol  for  HPLC
injection.

High-Performance Liquid Chromatography (HPLC): The
determination of   different    carotenoids   (lutein,   zeaxanthin,

$-cryptoxanthin  and   $-carotene),  retinol  and   "-tocopherol
content   in   feed   and  yolk  was  conducted  on  a Waters
HPLC system (Waters GmbH, Eschborn, Germany) equipped
with   a   binary  pump  system,  a  degasser,   an  auto-sampler
and  a  Diode  Array  Detector  (DAD).  The   separation  was
carried out with a C30 analytical column, 250×3 mm,  5  µm
(YMC  Europe  GmbH,  Dinslaken,  Germany).  The  column
 temperature was  kept  at  20EC.  The  binary  mobile  phase
consisted  of  methanol-ammonium  acetate,  0.4   g LG1  in
distilled  water   (9:1,  v/v;  solvent  A)  and  methyl-t-butyl
ether-methanol- ammonium acetate,  0.1  g  LG1  in  distilled
water  (90:8:2,  v/v/v,  solvent  B).  The  flow  rate  was  kept at
0.2 mL minG1.  Detection  was  conducted  at  450 nm. Elution
was carried out with a gradient program: 100, 93, 85, 80, 75,
45, 13, 7, 1 and 1% at, 0, 1, 2, 3, 11, 21, 29, 32, 33, 45, 45.1 and
60 min, respectively for solvent A. Feed samples were also
analyzed for proximate components following method using
by AOAC10.

Statistical analysis: Initially, the raw data were organized
using Microsoft Excel (Microsoft Corp., Redmond, WA) and the
data were analysed using SPSS 11.5 (SPSS Inc., Chicago,IL). All
data were analysed by One-way ANOVA and statistical
differences among the treatment means was determined
using Duncan’s new multiple range test with a level of
significance at 5% level11.

RESULTS AND DISCUSSION

Composition of  diet:  The  chemical   composition   of  diets
(Table 1) is within the range of the standard layer ration but
numerical difference exists for crude protein and total ash due
to farm to farm variation. Different component of carotenoids
also varies a lot and the values were very poor in amount in
comparison to lutein free diet which contained unavoidable
amount of 10 mg lutein kgG1 feed12.

Table 1: Nutrient concentration of ration
Nutrients Farm 1  Farm 2 Farm 3 Farm 4 Farm 5
Proximate components (g/100 g air dry)
Moisture 10.50 10.30 9.80 10.60 9.64
Crude protein 18.27 16.70 18.20 17.70 16.30
Crude fiber 3.20 3.43 3.83 3.47 3.88
Ether extract 3.87 3.31 3.25 3.48 3.33
Ash 8.67 7.93 9.70 7.26 9.08
Nitrogen free extract  55.49  58.33  55.22 57.50 57.77
Carotenoids (mg kgG1 feed)
Lutein 0.46 0.85 0.36 0.67 0.66
Zeaxanthin 0.90 1.57 0.54 1.29 1.25
$-cryptoxanthin 0.34 0.43 0.14 0.40 0.37
$-carotene 0.12 0.16 0.06 0.13 0.13
Total 1.82 3.02 1.12 2.49 2.41
NB-sample analyzed triplicate
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Table 2: Physical quality of eggs collected from different sources
Physical qualities Farm 1 Farm 2 Farm 3 Farm 4 Farm 5
Whole egg
Weight (g) 63.30±2.8b 54.40±3.9a 60.00±3.1ab 55.30±4.6a 57.00±3.5a

Shape index 78.50±1.3ab 79.80±2.4b 77.80±2.4ab 77.10±0.7ab 76.50±1.2a

Shell
Weight (g) 7.10±0.3c 5.20±0.5a 6.10±0.8b 5.20±0.6a 6.10±0.3b

Shell (%) 11.30±0.2c 9.50±0.6a 10.10±0.9ab 9.40±0.5a 10.80±0.3bc

Thickness (mm) 0.38±0.01a 0.35±0.03a 0.38±0.02a 0.38±0.01a 0.36±0.02a

Albumen
Height (mm) 5.58±0.8b 6.78±1.0c 4.21±0.7a 3.98±0.6a 4.21±0.3a

Diameter (mm) 91.30±10ab 80.20±7a 98.10±12b 92.50±6ab 100.10±3.6b

Albumen index 0.07±0.01ab 0.08±0.03b 0.04±0.01a 0.04±0.01a 0.04±0.01a

Haugh unit 92.88±3.7b 81.83±7.2a 85.78±4.1ab 85.23±3.1a 84.73±4.6a

Yolk
Height (mm) 16.30±0.59b 16.63±1.12b 14.55±0.87a 14.80±1.10a 15.68±0.49ab

Diameter (mm) 40.63±0.51a 40.01±2.09a 41.25±0.94a 41.42±1.54a 40.98±1.16a

Yolk index 0.40±0.01b 0.41±0.03b 0.35±0.02a 0.36±0.02a 0.38±0.01ab
abcMeans having different superscripts in the same row differed significantly (p<0.05), (N =  20)

Table 3: Yolk color parameters of eggs yolk collected from different sources
Parameters Farm 1 Farm 2 Farm 3 Farm 4 Farm 5
Minolta
Lightness (L*) 57.68±5.0a 60.63±1.0ab 59.27±1.7ab 62.81±2.6b 62.74±0.5b

Redness (a*) -2.35±0.9a -0.30±0.2b -1.35±0.1ab -2.31±1.1a -2.34±1.3a

Yellowness (b*) 31.92±0.7a 34.12±0.4b 32.66±1.3ab 33.08±1.1ab 33.63±0.6b

RYCF 5.65±0.5a 7.30±0.5c 5.95±0.9ab 5.85±0.9ab 7.01±0.9bc
abcMeans having different superscripts in the same row differed significantly (p<0.05), (N =  20)

Physical quality of eggs: Weight and shape index of eggs
(Table 2) from different sources varied significantly (p<0.05).
Shell quality like weight, shell percentage and shell thickness
among the eggs from different sources was also found to be
different (p<0.05). Overall the albumen and yolk quality of
eggs was also poor (p<0.05).

The US market for shell eggs consists of 3 primary weight
classes: medium (49.58 g), large (56.66 g) and extra-large
(63.75 g).  The  eggs  considered  in  this  study  found within
the range of the reference weight available in US market
although not graded in  the  country  of  production.  The
observed egg weight variation might be due to different
production practices13-15.

Ershad16  evaluated   brown   shelled   egg   and   found
weight, shell weight and percent of shell  weight  was  57  g,
5.62 and 9.80% (respectively) which is similar to these findings.
Mendonca et al.17 found that the shell thickness of egg was
0.35-0.40 mm which is also similar to the thickness of egg
shells found in this study. 

Percent of ash (Table 1) found higher in diet from farm 1,
3 and 5 which corresponds the shell weight and shell percent
of eggs from similar origin (Table 2). The shell weights and
thickness obtained in this study are comparable to that
reported in Nigeria and Egypt18,19.

Color of yolk: Lightness, redness and yellowness of yolk varied
significantly among the sources (p<0.05) shown in Table 3.
The  Roche  yolk  color  fan  score  shows  very  lower values
across all the eggs (p<0.05). Leeson et al.12 found that the
lutein free diet had RYCF score was 6.6 is similar to this
experiment as  it  contained unavoidable  amount  of  lutein.
So, the egg from different sources seem similar to lutein free
diet in this respect.

Yolk color in laying hens is primarily dependent upon the
content and profile of carotenoid pigments present in the feed
and can be easily altered by manipulation of ingredients to
match consumer preference. So, if producers consider this
parameter they would have to incorporate carotenoids in feed
and the consumers would be ensured those micronutrients. 

Chemical  quality   of   egg   yolk:   Total  carotenoids  in  egg
yolk   as   per   iCheck   method  were  varied   (p<0.05)  from
15.35-28.20  mg  kgG1  (Table   4).  Carotenoid  fractions like
lutein, Zeaxanthin, $-cryptoxanthin and $-carotene varied
among  the  source  (p<0.05).  Some  of  the  mentioned
components,   "-tocopherol   and   retinol  also   showed
variation  (p<0.05).  From   the  Fig.  1  it  is  clear  that  the
carotenoid  content  of   feed   as   well   as   in   yolk  follows
similar trend.
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Fig. 1(a-b): Carotenoid components in feed and corresponding egg shown by HPLC graph
1: Lutein, 2: Zeaxanthin, 3: Cryptoxanthin and 4: $-carotin

Table 4: Yolk content (mg/kg) of carotenoids, "-tocopherol and retinol of commercial chicken
Parameters Farm 1 Farm 2 Farm 3 Farm 4 Farm 5
Total carotenoids 16.97±4.11a 28.20±3.8b 21.98±6.5ab 17.33±3.7a 15.35±4.4a

Lutein 2.85±0.4a 4.06±1.2a 3.95±0.5a 3.14±0.5a 2.77±0.9a

Zeaxanthin 6.00±1.0a 9.68±3.5b 8.70±1.7ab 6.10±1.3a 5.99±1.7a

$-cryptoxanthin 1.27±0.3a 1.39±0.3a 1.24±0.3a 1.19±0.3a 1.09±0.1a

$-carotin 0.66±0.6a 0.34±0.0a 0.36±0.0a 0.35±0.0a 0.34±0.0a

Sum of above 10.78±2.4a 15.47±5.0a 14.25±2.7a 10.77±2.0a 10.18±2.8a

"-tochopherol 42.26±12.1a 64.69±19.2b 45.12±9.0ab 47.11±11.0ab 63.29±6.6b

Retinol 5.43±1.5b 5.37±0.4b 3.67±0.2a 5.17±0.7b 4.83±0.6ab
abcMeans having different superscripts in the same row differed significantly (p<0.05), (N = 20)

Lutein and zeaxanthin protect the macular region by
absorbing light at blue  wavelengths  that impinge directly  on

the fovea of the retina20 thus protecting the macular cells
during  a  lifetime   of   oxidative  stress21.  But   the   eggs   from
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different  sources  in  Bangladesh  are  low  in  these  valuable
nutrient,  so,  peoples  are  deprived   from   this  nutrient
consuming the eggs.

Level of "-tochopherol in egg yolk is exceptionally lower
than the eggs found in different sources as per other
researchers17,22. Skrivan et al.23  also  found  that  the  egg  yolk
"-tocopherol   concentration   in   egg   yolk  paralleled  the
dietary   "-tocopherol   concentration   which   was   ranged
128-2304 µg gG1 yolk in low and high tocopherod diet which
is much higher than the egg studied. 

The retinol concentration of egg yolk from different
sources was found to be lower than mentioned by other
researchers17,24,25, which was around 7.64 and 8.10 µg gG1 for
free-range and caged hen eggs respectively. Skrivan et al.23

showed       the      retinol      concentration      ranged     from
13.3-16.6 µg gG1  yolk,  which is  also   higher  than  the
findings  of  this  study.  So,   retinol   concentration  of   yolk
was lower than the findings of others needed to monitor by
giving retinol supplementation in diet.

In general  the  physical  quality  of  commercial  eggs
varied  by  different  sources  and  was  due  to difference  in
feed quality and management factors. But most of the cases
micronutrient  content   found   not  up  to  the  mark which
would be  improved  by  manipulation  of  feed by increasing
awareness among the farmers and consumers.
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