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ABSTRACT 
 
This experiment was conducted in the Animal Products and Processing laboratory, Department of 
Animal Production, University of Jos, Jos-North Local Government Area (LGA) of Plateau State. A 
total of 300 eggs from a battery cage and deep litter housing system were collected from the Poultry 
Division of National Veterinary Research Institute, Plateau State (NVRI) at once for this study. Eggs 
were obtained from Lohmann brown hens, at 44 weeks of age to evaluate egg quality 
characteristics. Out of the 300 eggs, (150 eggs from each housing system), 30 were picked at 
random after the following storage days (0, 5 and 10 days respectively) for determination of egg 
quality characteristics in a 2 x 2 Factorial arrangement in a Completely Randomized Design. The 
storage methods were room temperature (ambient) range from 26.6 - 29.4

0
C and refrigeration at 

5°C. External and internal quality characteristics of eggs were taken, which include egg length, egg 
width and weight. Data were analyzed using ANOVA at α0.05.  Result showed that egg weight loss, 
yolk weight, diameter, ratio, yolk:albumen index, colour and albumen length were significantly higher 
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at day 10 of storage with least values obtained at day 0. As the storage days increased, Yolk height, 
Index, pH, Albumen weight, Height, Ratio, Index and Haugh Units decreased with highest values 
obtained at day 0. There were no significant differences in the interaction effect of storage time and 
temperature on egg external quality obtained from battery cage and deep litter systems. Yolk height 
was greatly affected by storage days and temperature. As the storage days increased, there was a 
decrease in yolk height and index while an increase was obtained in yolk diameter. Refrigerator 
temperature had high impact on yolk height, index and diameter from egg in deep litter system while 
lower values were obtained in yolk height, index and diameter from egg in battery cage system.  
Albumen height, length, pH, index and Haugh unit was greatly affected by storage days and 
temperature. As the storage days increased, there was decrease in albumen height, pH, index and 
Haugh unit while an increase was obtained in albumen length. Refrigerator temperature had high 
impact on all the albumen quality parameters measured in this study. The results obtained in this 
study reveals that both the storage days and temperature had great influence on the egg quality. 
Eggs can be kept up to day 10 in both room and refrigerator temperature without any adverse effect 
on the egg quality. 

 
 
Keywords: Egg quality; storage time; storage temperature; housing system; Haugh unit. 
 

1. INTRODUCTION 
 
One of the most important consumer criteria of 
eggs quality is their freshness [1], which can be 
characterized by numerous traits related to shell 
or content parameters. However, characteristics 
of egg content can be modified by many factors. 
As time of storage increases, the overall egg 
quality as measured by conventional grading 
standards declines.  The longer the storage time, 
worse will be the egg internal quality because 
carbon dioxide transfer through egg shell is 
favoured by temperature and humidity [2]. Cold 
storage preserves eggs for 6 to 9 months, with a 
particularly increased shelf life with subcooled 
storage at −1.5°C [3].  Packing eggs under 
modified atmosphere increase their internal 
quality up to 28 days [4]. 
 
Egg production and eggshell quality traits are 
affected by modified and conventional cages and 
deep litter systems [5,6,7]. Albumen quality is a 
standard measure of egg quality that is most 
often measured from height of the inner thick 
albumen or a function of this, such as the Haugh 
unit. Albumen quality can also be measured by 
the albumen pH. A high pH value is a reflection 
of lower albumen quality [8,9]. The factors that 
will influence albumen height are strain and age 
of the laying hen, storage time, storage 
conditions, environmental temperature, feeding 
stuffs, egg size and water consumption [10-14]. 
The albumen height of all eggs is at maximum 
when the egg is laid and decreases with storage 
length  [9,15]. Hence, this study seeks to 
evaluate the egg quality changes in storage time 
0 to 10 days with different temperature. 
.  

2. MATERIALS AND METHODS  
 
This experiment was conducted at the Animal 
Products and Processing laboratory, Department 
of Animal Production, University of Jos, Jos-
North Local Government Area (LGA) of Plateau 
State. It is situated at the extreme North of the 
State and located between latitude 9

0
E55’ North 

of the Greenwich meridian and longitude 80E54’ 
East of the Equator [16].  
 

2.1 Collection of Experimental Material 
 
A total of 300 eggs from battery cage and deep 
litter housing system were collected from Poultry 
Division of National Veterinary Research 
Institute, Plateau State (NVRI) at once for this 
study. Eggs were obtained from Lohmann brown 
hen, at 44 weeks of age to evaluate egg quality 
characteristics. Out of the 300 eggs (150 eggs 
from each housing system), 30 were picked at 
random after the following storage time (0, 5 and 
10 days respectively) for determination of egg 
quality characteristics. The storage methods 
were room temperature (ambient) range from 
26.6 - 29.4

0
C and refrigeration at 5°C.  

 

2.2 Sampling Procedure 
 

2.2.1 Sampling and storing of egg 
 
Immediately after egg collection, the eggs were 
labelled and numbered using a non-harmful 
permanent marker. Eggs were weighed at day 0 
using sensitive scale. To study the effect of 
storage days on egg quality parameters, eggs 
were stored in refrigerator at 5°C, ambient 
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(room) temperature of 26.6 - 29.40C for 0, 5 and 
10 days, and humidity was 55 - 60% for all 
treatments. The stored eggs were identified and 
analyzed at each corresponding storage days 
and temperature. 
 
2.2.2 Evaluation of egg quality 
 
External quality characteristics of eggs were 
taken, which are the egg length and egg width 
(cm) measured with a digital vernier caliper, egg 
weight was measured by weighing egg 
individually using a sensitive scale, and its shell 
weight was taken as the weight of the oven dried 
egg shell. The shell thickness which is the 
thickness of the dried egg shell was measured 
with a micrometer screw gauge (mean of the 
three points- narrow, broad and middle).  After 
this process, eggs were carefully cracked with a 
spoon in a flat plate on a table without breaking 
the vitelline membrane, in order to measure the 
internal quality characteristics. The parameters 
were then taken immediately. The internal 
parameters measured were: 
 
Yolk Width: Measured as the widest horizontal 
circumference with a vernier caliper. 
 
Yolk Height: Measured as the height of the yolk 
at mid-point with a tripod micrometer. 
 
Albumen Height: Measured as the height of the 
thick albumen. 
 
Albumen Width: Measured as the widest 
horizontal circumference and,  
 
Albumen Weight: Calculated as the difference 
in weight of the egg and weight of the yolk plus 
shell. 
 
Yolk Index: Calculated as the yolk height divided 
by the yolk width (cm). 
 
Albumen Index: calculated as the ratio of the 
albumen height to egg width. 
 
Haugh unit was determined using the formula 
below: 
 

HU= 100log (H + 7.5 - 1.7W ^ 0.35) 
  
Where  
 
HU= Haugh unit  
H= Height of the thick albumen (mm) 

W= Egg weight (grams) 
 

2.3 Experimental Design 
 

A 3 x 2 Factorial arrangement in a Completely 
Randomized Design was used. 

  
Factor A: storage time with level of 0, 5 and 10 
days.  
 

Factor B: temperature with level of ambient and 
refrigerator with 20 replications. 
 

2.4 Statistical Analysis 
 
Data collected were analyzed using             
Assistat version 7.7 where statistical variations 
were observed, means were separated using 
Tukeys.  
 
3. RESULTS 
 
The main effects of storage days on external and 
internal egg qualities are shown in Table 1. 
Significant differences were obtained as the 
storage days increased for some egg qualities 
while the storage days had no effect on         
others egg qualities. Egg weight loss, Yolk 
weight, Diameter, ratio, Yolk:Albumen index, 
Colour and  Albumen length were significantly 
higher at day 10 of storage with least values 
obtained at day 0. The yolk height, index, pH, 
albumen weight. Height, ratio, index and haugh 
units were all affected by the storage days. As 
the storage days increased, Yolk height, Index, 
pH, Albumen weight, Height, Ratio, Index and 
Haugh Units decreased with highest values 
obtained at day 0. The storage time did not affect 
egg weight, length, width, shape index and egg 
surface area. 
 
Table 2 shows the main effect of storage 
temperature on external egg qualities. It was 
observed that storage temperature had no effect 
on the external egg qualities. 
 

The main effect of storage temperature on egg 
yolk qualities is presented on Table 3. Yolk 
weight was affected by housing system. The 
deep litter had the highest yolk weight than the 
battery cage while Yolk height and index were 
greatly affected by refrigerator temperature with 
higher values obtained than those that were 
stored at room temperature for both eggs 
obtained from battery cage and deep litter 
systems.  
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Table 1. Main effects of storage days on external and internal egg qualities 
 

Parameters DAY 0 DAY 5 DAY 10 SEM 

Egg weight (g) 58.25 58.25 58.25 2.63 

Weight loss (%) 0.00c 0.57b 2.58a 0.01 

Egg length (mm) 54.55 53.5 55.23 2.60 

Egg width (mm) 42.95 42.9 43.33 0.88 

Shape index (%) 78.77 78.39 78.52 1.54 

Yolk weight (g) 13.58
b
 13.40

b
 14.15

a
 0.57 

Yolk height (mm) 14.45
a
 14.28

a
 13.53

b
 0.56 

Yolk diameter (mm) 35.75b 36.25b 38.55a 1.14 

Yolk ratio (%) 22.78b 23.58ab 24.35a 1.26 

Yolk index (%) 40.61
a
 39.57

a
 35.73

b
 2.13 

Yolk:Albumen ratio 0.38
b
 0.38

b
 0.43

a
 0.01 

Yolk colour 7.10
ab

 6.63
b
 7.20

a
 0.53 

Yolk pH 6.41a 6.19b 6.14b 0.17 

Albumen weight (g) 36.55a 35.18ab 33.48b 2.25 

Albumen height (mm) 8.45a 6.78b 5.75c 0.54 

Albumen length (mm) 74.85
b
 81.23

a
 84.65

a
 3.82 

Albumen pH 8.14 8.10 7.79 0.40 

Albumen ratio 62.61
a
 59.73

ab
 57.69

b
 2.89 

Albumen index (%) 11.37a 8.53b 7.21c 0.87 

Haugh unit (%) 92.14a 81.69b 73.37c 3.30 

Egg surface area 466.65 472.86 466.65 21.04 
a, b, c, d means with different superscripts on the same column differ 

Significantly (P<0.05); SEM - Standard Error of Mean 

 
Table 2. Main effect of storage temperature on external egg qualities 

 
 Parameters  Battery cage Deep litter SEM 

Room 
Temperature 

Refrigerator 
Temperature 

Room 
Temperature 

Refrigerator 
Temperature 

Egg weight (g) 58.8 56.73 58.6 59.9 3.33 
Weight loss (%) 1.33 0.95 1.06 0.87 0.05 
Egg length (mm) 54.63 52.77 54.8 55.5 3.3 
Egg width (mm) 43.13 42.77 43.2 43.13 1.12 
Shape index (%) 78.98 78.61 78.85 77.8 1.94 

SEM - Standard Error of Mean 

 
Table 3. Main effect of storage temperature on egg yolk qualities 

 
 Parameters Battery cage Deep litter SEM 

Room 
Temperature 

Refrigerator 
Temperature 

Room 
Temperature 

Refrigerator 
Temperature 

Yolk weight (g) 13.17
b
 12.90

b
 14.30

a
 14.47

a
 0.72 

Yolk height (mm) 13.17b 14.57a 13.77b 14.83a 0.71 
Yolk diameter (mm) 37.83

ab
 34.37

c
 38.73

a
 36.47

b
 1.45 

Yolk ratio (%) 22.56
c
 22.85

bc
 24.50

a
 24.26

ab
 1.6 

Yolk index (%) 35.09b 42.61a 36.10b 40.74a 2.71 
Yolk:Albumen ratio 0.38

bc
 0.37

c
 0.41

ab
 0.43

a
 0.01 

Yolk colour 7.17a 7.46a 6.37b 6.90ab 0.61 
Yolk pH 6.21 6.27 6.27 6.11 0.21 

a, b, c, d
 means with different superscripts on the same column differ significantly (P<0.05); 

SEM - Standard Error of Mean 



 
 
 
 

Sati et al.; AJRAVS, 6(3): 15-25, 2020; Article no.AJRAVS.60741 
 
 

 
19 

 

Table 4 shows the main effect of storage 
temperature on egg albumen qualities. Storage 
temperature had no effect on albumen weight for 
both eggs obtained from battery cage and deep 
litter systems while albumen height. Index and 
Haugh Unit was significantly influenced by 
refrigerator temperature for both eggs obtained 
from battery cage and deep litter systems.  
Albumen pH and length was favoured by room 
temperature than refrigerator temperature for 

both eggs obtained from battery cage and deep 
litter systems. 
  

The interaction effect of storage days and 
temperature on egg external quality obtained 
from battery cage and deep litter systems is 
presented on Table 5. There were no significant 
differences in the interaction effect of storage 
days and temperature on egg external quality 
obtained from both the battery cage and deep 
litter systems.  

 
Table 4. Main effect of storage temperature on egg albumen qualities 

 

Parameters Battery cage Deep litter SEM 

Room 
Temperature 

Refrigerator 
Temperature 

Room 
Temperature 

Refrigerator 
Temperature 

Albumen weight (g) 35.63 35.43 35.17 34.03 2.84 

Albumen height (mm) 6.30b 8.10a 5.97b 7.60a 0.7 

Albumen length (mm) 85.70a 72.37c 85.47a 77.40b 4.84 

Albumen pH 8.58
a
 7.65

b
 8.28

a
 7.53

b
 0.51 

Albumen ratio 60.51
ab

 62.51
a
 59.93

ab
 57.10

b
 3.67 

Albumen index (%) 7.70
c
 11.25

a
 7.20

c
 10.00

b
 0.1 

Haugh unit (%) 77.05
b
 90.60

a
 72.25

b
 86.70

a
 4.19 

Egg surface area 471.05a 454.5 463.45 479.87 26.69 
a, b, c, d

 means with different superscripts on the same column differ significantly (P<0.05); 
SEM means: standard error of mean 

 
Table 5. Interaction effect of storage days and temperature on egg external quality obtained 

from battery cage and deep litter systems 
 
Parameter Days Battery cage Deep litter SEM 

Room 
Temperature 

Refrigerator 
Temperature 

Room 
Temperature 

Refrigerator 
Temperature 

Egg weight (g) 0 60.20 56.70 57.20 58.90 0.84 
 5 59.00 57.00 59.50 60.60 0.87 
 10 57.20 56.60 59.10 60.00 0.60 
 SEM 1.05 0.81 0.77 0.89  
Weight loss (%) 0 0.00 0.00 0.00 0.00 0.00 
 5 0.67 0.69 0.81 0.13 0.14 
 10 3.32 0.91 2.36 1.65 0.33 
 SEM 0.30 0.31 0.22 0.21  
Egg length (mm) 0 54.50 54.40 54.40 54.90 0.32 
 5 55.00 48.80 54.60 55.60 1.29 
 10 54.46 55.10 54.40 56.00 0.32 
 SEM 0.37 1.69 0.28 0.43  
Egg width (mm) 0 43.60 43.20 42.30 42.70 0.24 
 5 42.00 42.40 43.30 43.10 0.22 
 10 43.00 42.70 44.00 43.60 0.31 
 SEM 0.26 0.29 0.22 0.15  
Shape index (%) 0 80.02 79.44 77.82 77.82 0.40 
 5 77.84 78.83 79.30 77.57 0.30 
 10 79.08 77.56 79.44 77.98 0.61 
  SEM 0.34 0.68 0.73 0.48   

SEM - Standard Error of Mean 
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From Table 6, the Interaction effect of storage 
days and temperature on egg yolk quality 
obtained from battery cage and deep litter 
systems shows that Yolk height was greatly 
affected by storage days and temperature. As 
the storage days increased, there was decrease 
in yolk height and index while an increase was 
obtained in yolk diameter. Refrigerator 
temperature had high impact on yolk height, 
index and diameter from egg in deep litter 
system while lower values were obtained in yolk 
height, index and diameter from egg in battery 
cage system.  

Table 7 represents an Interaction effect of 
storage days and temperature on egg albumen 
quality obtained from battery cage and deep litter 
systems. It shows that Albumen height,           
length, pH, index and haugh unit were greatly 
affected by storage days and temperature. As 
the storage days increased, there was decrease 
in albumen height, pH, Index and Haugh Unit 
while increase was obtained in albumen length. 
Refrigerator temperature had high impact on all 
the albumen qualities parameters measured in 
this study.  
 

 
Table 6. Interaction effect of storage days and temperature on egg yolk quality obtained from 

      battery cage and deep litter systems 
 
 Parameter Days Battery cage Deep litter SEM 

Room 
Temperature 

Refrigerator 
Temperature 

Room 
Temperature 

Refrigerator 
Temperature 

Yolk weight (g) 0 12.80 13.10 14.10 14.30 0.20 
 5 13.20 12.50 14.00 13.90 0.21 
 10 13.50 13.10 14.06 15.20 0.18 
 SEM 0.22 0.19 0.19 0.20  

Yolk height (mm) 0 13.70
aj
 14.70

aij
 14.40

aij
 15.00

ai
 0.16 

 5 13.40
abj

 14.00
aij

 14.40
aij

 14.90
ai
 0.20 

 10 12.40
bj
 14.60

aj
 12.30

bj
 14.60

aj
 0.24 

 SEM 0.23 0.18 0.25 0.17  

Yolk diameter (mm) 0 35.30bi 34.70ai 37.00bi 36.00ai 0.39 
 5 37.20bi 34.40aj 37.20bi 36.20aij 0.35 
 10 41.00ai 34.00ak 42.00ai 37.20aj 0.60 
 SEM 0.53 0.4 0.69 0.24  
Yolk ratio (%) 0 21.65 23.33 24.71 24.33 0.48 
 5 22.41 21.94 23.66 23.1 0.34 
 10 23.63 23.78 25.13 23.33 0.33 
 SEM 0.49 0.44 0.41 0.41  

yolk index 0 38.95
ai
 42.40

ai
 39.37

ai
 41.72

ai
 0.62 

 5 36.05aj 41.97aj 39.07aij 41.17ai 0.73 
 10 30.27bj 43.47ai 29.84bj 39.32ai 1.12 
 SEM 0.92 0.78 1.19 0.54  
Yolk: Albumen ratio 0 0.35 0.36 0.4 0.4 0.01 
 5 0.36 0.38 0.39 0.41 0.01 
 10 0.42 0.37 0.44 0.48 0.01 
 SEM 0.01 0.01 0.01 0.01  

Yolk colour 0 7.40 7.90 6.40 6.20 0.19 
 5 7.00 6.50 6.00 7.00 0.15 
 10 7.10 8.00 6.70 7.00 0.16 
 SEM 0.19 0.20 0.16 0.20  

Yolk pH 0 6.49 6.38 6.53 6.22 0.03 
 5 6.06 6.13 6.15 6.04 0.05 
 10 6.07 6.31 6.10 6.06 0.03 
  SEM 0.05 0.08 0.06 0.03   

a, b, c, d means with different superscripts on the same column differ significantly (P<0.05); 
I, j, k, l means along the same row with different superscripts differ significantly (P<0.05); 

SEM - Standard Error of Mean 
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Table 7. Interaction effect of storage days and temperature on egg albumen quality obtained 
from battery cage and deep litter systems 

 
Parameter Days Battery cage Deep litter SEM 

Room 
Temperature 

Refrigerator 
Temperature 

Room 
Temperature 

Refrigerator 
Temperature 

Albumen 
weight (g) 

0 37.80 37.10 35.50 35.80 0.83 

 5 36.70 33.40 36.30 34.30 0.62 
 10 32.40 35.80 33.70 32.00 0.53 
 SEM 0.92 0.82 0.78 0.70  
Albumen 
height (mm) 

0 8.40
ai
 8.90

ai
 8.00

ai
 8.50

ai
 0.17 

 5 6.50
bj
 8.10

abi
 5.70

bj
 6.80

bj
 0.21 

 10 4.00cj 7.30bi 4.20cj 7.50abi 0.30 
  0.39 0.21 0.33 0.23  
Albumen 
length (mm) 

0 76.50
ci
 71.00

ai
 77.50

bi
 74.20

ai
 0.84 

 5 85.40
bi
 73.50

aj
 85.70

ai
 80.30

aij
 1.37 

 10 95.20
ai
 72.50

aj
 93.20

ai
 77.00

aj
 2.05 

 SEM 1.97 0.99 1.81 1.40  
Albumen pH 0 8.40

ai
 7.95

ai
 8.80

ai
 8.40

ai
 0.05 

 5 8.52ai 7.65ai 8.47ai 7.77ai 0.07 
 10 8.83ai 7.35ajk 8.20aij 7.55bk 0.23 
  0.05 0.07 0.06 0.27  
Albumen ratio 0 62.62 65.12 61.92 60.70 0.89 
 5 62.17 58.68 60.9 57.17 0.80 
 10 56.73 36.72 56.96 53.36 1.08 
 SEM 0.88 1.19 0.88 1.29  
Albumen index 
(%) 

0 11.11aij 12.56ai 10.34aj 11.48aij 0.29 

 5 7.77bj 11.13abi 6.67bj 8.53bj 0.36 
 10 4.22

cj
 10.05

bi
 4.59

cj
 9.99

abi
 0.51 

 SEM 0.62 0.31 0.49 0.4  
Haugh unit (%) 0 91.24ai 94.91ai 90.07ai 92.33ai 0.87 
 5 79.67

bjk
 90.55

abi
 74.43

bk
 82.09

bj
 1.42 

 10 60.23
cj
 86.34

bi
 61.24

cj
 85.68

bi
 2.23 

 SEM 2.7 1.11 2.36 1.47  
Egg surface 
area 

0 482.27 454.23 458.24 471.85 6.76 

 5 472.66 456.63 476.66 485.47 7.00 
 10 452.24 452.63 473.46 482.27 4.80 
  SEM 8.38 6.53 6.14 7.11   

a, b, c, d
 means with different superscripts on the same column differ significantly (P<0.05); 

I, j, k, l 
means along the same row with different superscripts differ significantly (P<0.05); 

SEM - Standard Error of Mean 
 

4. DISCUSSION 
  
Egg weight is primarily affected by layer 
genotype [17].  Moreover, laying performance is 
an important factor contributing to egg weight. 
Egg weight is one of the basic indicators of egg 
quality [18].  Although, there were no significant 
differences in the main and interaction effect in 
egg weight between housing system, storage 
days and temperature in the present study but as 

the storage days increased the egg weight 
decreased which corresponds with the findings of 
Vlcková et al. [18], Dikmen et al. [19]. 
 
The rate of egg weight loss best describes the 
ability of the egg to maintain its freshness for as 
long as possible during storage. Faster internal 
quality changes, i.e., quality of albumen and yolk, 
occur with higher egg weight loss [20].  The 
moment an egg is laid, Physico-chemical 
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changes known as egg ageing occur. After 
laying, water and gases begin to move both 
within the egg and between the internal and 
external environments of the egg [21].  Water 
loss is more rapid in small eggs that have more 
surface area in relation to volume, which 
corresponds with higher egg weight loss and 
lighter eggs in free-range hens and younger hens 
in the study of [21]. The loss of water from the 
egg will start a series of changes in its quality. 
These changes primarily include albumen 
thinning, increased pH, weakening and stretching 
of the vitelline membrane, increased water 
content of the yolk, and increased dry matter 
content in albumen [22]. In this study, it was 
observed that the egg weight losses increased 
as the storage day increased in the eggs stored 
at room temperatures. This was in agreement 
with the study of Vlcková et al. [18] who reported 
that egg weight was not significantly decreased 
by storage for 0 to 10 days at 5

0
C. However, 

during storage at 210C, egg weight loss 
significantly increased to 0.65 and 1.03 g at 5 
and 10 days of storage time, respectively. When 
storage temperature was increased to 290C, loss 
of egg weight dramatically increased to 1.30 and 
1.94 g at 5 and 10 days of storage time, 
respectively. Also the result obtained in this study 
was similar to the findings of Walsh et al. [23] 
who reported significant (P <0.001) egg weight 
decrease of 0.36 and 0.57 g, respectively, within 
7 and 14 days of storage. Similar weight losses 
have also been reported by Silversides and 
Villeneuve [8]. In contrast, Scott and Silversides 
[12] reported that for an unknown reason egg 
weight did not differ within 10 days storage. The 
results obtained could be due to the temperature, 
airflow and relative humidity (RH) during storage. 
The longer the storage period, the more critical 
these factors become, especially under room 
temperature. 
 
Yolk weight, diameter, ratio, yolk:albumen index 
and colour were significantly higher at day 10 of 
storage with least values obtained at day 0. The 
yolk height, index and pH, were all affected by 
the storage days. As the storage days increased, 
yolk height, index and pH decreased with highest 
values obtained at day 0. Most of the yolk quality 
indices are greatly affected by storage 
temperature. The refrigerator temperature 
favoured the yolk weight, height, diameter, index 
and colour. This result obtained is in line with the 
report of Feddern et al. [24].  But eggs stored at 
room temperature did not meet 0.45 as standard 
reference [25] of a good yolk index. Also, 
according to de Oliveira and Oliveira [2], Yolk 

index must be 0.39 - 0.45. Once yolk index is 
related to height and diameter, as egg gets older, 
these characteristics are affected, demonstrating 
quality loss. Giampietro-Ganeco et al. [4] 
observed that yolk index decreased with 
increasing storage time. These authors found 
that control eggs presented yolk index =0.44 and 
along 7, 14, 21 and 28 days of storage, the 
values decreased to 0.38, 0.36, 0.32 and 0.32, 
respectively.  
 
The influence of pH on egg quality is closely 
related to its freshness. It has been confirmed 
[26] that albumen and yolk pH increased as a 
function of storage time and storage temperature 
but this statement was in contrast to the        
results obtained in this study. The authors 
argued that alkaline pH negatively influences       
the vitelline membrane. Also, albumen alkaline 
ions can be exchanged with yolk H+ ions, 
leading to protein denaturation, increasing            
yolk viscosity. The report of Samli et al. [27]             
was in agreement with the result of this            
study, who obtained a rapid alkalinity increase in 
albumen, even after 2 days of storage time              
was observed, regardless of temperature 
differences and extended from 7.47 - 9.2 at  
29°C during 5 days of storage. These findings 
are in agreement with the results reported by 
other researchers such as Silversides and 
Villeneuve [8], Scott and Silversides [12], Lapa˜o 
et al. [28]. In contrast, Walsh et al. [23] reported 
that neither temperature nor storage time 
influenced albumen pH. The increase in pH 
observed in yolk was not as large as in albumen, 
and it differed from 5.75 - 6.08 during 10 days of 
storage at 29°C.   
 
As for the yolk colour, the storage days and 
temperature with both housing systems did not 
have any effect. This results is in line with the 
report of Ferrante et al. [29], Dukić-Stojčić et al. 
[30], Krawczyk [31].  
 
The albumen quality indices were greatly 
affected by storage days, temperature and 
housing systems.  In this study, as the storage 
days increased, the albumen weight, height, 
ratio, index and haugh unit decreased. 
Refrigerator temperature favoured the albumen 
height, index and the Haugh Unit more than 
room temperature.  Extending storage length 
decreased Haugh unit index as reported by many 
researchers; [8,32-34]. On the other hand, 
Sauveur [35] had stated that Haugh unit was not 
affected by housing systems as observed in our 
study, whereas, Pavlovski et al. [36], Suto et al. 
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[37], Sekeroglu [38] reported that housing system 
had a significant effect on Haugh unit. 
 
Although albumen length and width showed an 
increase with storage time, increasing storage 
time caused a decrease in albumen height and 
albumen index. During storage time height of egg 
albumen showed a decreasing trend [12,14]. 
 
The Quality Control Program of the United States 
Department of Agriculture (USDA) determines 
quality conditions of eggs that will be consumed. 
According to this classification, eggs may be 
classified as follows: Eggs of excellent quality 
(AA) are those that exhibit HU values of 72 or 
higher; eggs of high quality (A) are those with HU 
values between 60 and 72; and eggs of low 
quality (B) are those with HU values lower than 
60 [39]. In this study, the HU ranged from 
60.23% on day 10 at room temperature to 
94.91% on day 0 at refrigerator temperature. In 
Vivian Feddern et al., (2017) work, eggs of HU 
range (83 to 94) values which was classified as 
AA grade up to 9 weeks at refrigerated 
temperatures. On the contrary, eggs stored at 
room temperature showed fast decline up to 4th 
week (HU = 41), which would classify these eggs 
as B quality by USDA. It was recently reported 
that at room temperature (28°C), HU differed 
significantly comparing storage at day 0 (HU=66) 
and day 21 (HU=47). However, at refrigerated 
temperature (5°C) none of the studied days 
differed (0, 7, 14 and 21) for this parameter. 
According to Giampietro-Ganeco et al. [40], eggs 
stored at refrigerated temperatures had best 
quality up to 28 days of storage with HU values 
within the established standard. In this study, 
eggs can be graded into AA, A and B according 
to the USDA grading system. Both storage day 
and temperature affected the HU value obtained.  
  

5. CONCLUSION 
 
The results obtained in this study reveals that 
both the storage days and temperature had great 
influence on the egg quality. Eggs can be kept up 
to 10 days in both room and refrigerator 
temperature without any adverse effect on the 
egg quality.  
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