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Introduction
Chicken eggs are of excellent nutritional 

value for human consumption and the 

only food of animal origin which can be 

stored for several weeks in their natural 

condition without losing specific charac-

teristics. The ability of eggs to be stored for 

several weeks evolved through their func-

tion as source of nutrients for the deve-

loping embryo. Under natural conditions 

the hen collects a clutch of about 10 eggs 

before starting to brood. Therefore, the 

egg content has to be protected against 

spoilage for more than a week before 

brooding begins and another three weeks 
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until the chicks hatch. Most nutrients for 

the embryos are located in the egg yolk. 

The albumen`s main functions are to sup-

ply water and to prevent microbes from 

entering the egg and multiplying. In addi-

tion albumen protects the embryo against 

mechanic insults. The yolk and albumen 

are enclosed by the eggshell, which allows 

the exchange of carbon dioxide, oxygen 

and water through its pores. The eggshell 

has about 10,000 to 20,000 cone shaped 

pores with the smaller diameter at the in-

ner position. The cuticle on the surface of 

the mineral shell contains proteins, poly-

saccharides and lipids. Inside the pores the 

cuticle material forms a block which closes 

the opening. This arrangement allows the 

exchange of gases and at the same time 

prevents intrusion of microbes. An intact 

cuticle is therefore of utmost importance 

for the shelf life of eggs. According to EU 

regulations, eggs of class A must have an 

intact cuticle and the air cell must not be 

larger than 6 mm. It is assumed that eggs 

stored up to 4 weeks still comply with the 

regulations, and the shelf life (best-before 

date) printed on retail egg packages is 28 

days after packing. However, the effect of 

storage temperature and humidity during 

storage should be taken into account. Low 

temperature and high carbon dioxide 

(CO2) concentration during storage may 

be used to minimize the enlargement of 

the air cell (Scholtyssek, 1988), but the al-

bumen height will decrease continuously 

even at low storage temperature and in-

creased CO2 content of the surrounding 

air. As water and CO2 escape through the 

egg shell, pH of the albumen increases. 

The binding capacity of ovomucine and 

lysozyme decreases with storage time, 

resulting in reduced viscosity of albumen 

(Acker and Ternes, 1994). The size of the 

air cell depends on the storage conditions 

and is thus not a reliable criterion for the 

age of the egg. Albumen height is more 

reliable in this regard, but depends on egg 

size. The commonly used “Haugh Units” 

are albumen height corrected for egg size.

Other factors which influence the interior 

egg quality are egg size, egg shell thick-

ness and hen age. These factors are often 

confounded. Eggs from older hens are 

usually larger and have thinner egg shells 

(Akyurek and Okur, 2014; Bozkurt and Te-

kerli, 2009; Maciel et al., 2011; Ramos et al., 

2010; Sung Heon and Kying Woo, 2014). 

The nutrition of the hens, especially supply 

of calcium, phosphorus and vitamin D, in-

fluence eggshell thickness and resistance 

to breakage. Albumen quality mainly de-

pends on genetic factors and can only be 

marginally influenced by nutrition. Low pH 

in the drinking water may improve albu-

men height. Organic acids in the feed how-

ever, do not affect this criterion (Grashorn 

and Simonovic, 2009). Respiratory diseases 

like infectious bronchitis and egg drop 

syndrome have negative effects on both 

eggshell thickness and albumen viscosity. 

The present study of internal egg quality is 

focused on the effects of egg storage time 

and temperature at different hen ages?. 

The results can be used as reference data 

for the prediction of internal egg quality 

after storage.

Materials and Methods
A total of 569 eggs of grade A and weight 

class L (63–72g) from a barn system were 

used. 300 eggs from 35 weeks old and 

269 from 65 weeks old LSL Classic hens 

were obtained for the study. Both flocks 

were kept in the same farm and under 

the same feeding and management con-

ditions. The study involved two collection 

days (batches). At arrival in the laboratory, 

45 eggs were assigned to each of three 

storage temperatures (22, 15 and 6 °C) 

and three storage durations (3, 18 and 28 

days). Treatments and number of eggs are 

shown in table 1. 

Eggs should not be kept below 5 °C at any 

time, and since it is not compulsory to cool 

eggs in the EU, retailers may keep them 

under moderate cooling at about 15 °C. 

The low temperature of 6 °C corresponds 

to the EU regulation EG 589/2008, which 

defines 5 °C as minimum storage tempe-

rature for eggs, plus a safety margin of 1 

°C; the high temperature of 22 °C corres-

ponds to room temperature. Large refrige-

rators with air exchange were used for the 

lower temperatures. 

The first analysis was carried out 3 days af-

ter oviposition. At this age the eggs should 

qualify as “extra fresh”, i.e. the air cell size 

should not exceed 4 mm. The next level 

of storage duration, 18 days, corresponds 

to the EU regulation that eggs can only be 

sold until that age without prior cooling, 

while 28 days storage corresponds to the 

“best-before” date printed on egg cartons. 

Measurements on each egg included egg 

weight, air cell height, shell weight, shell 

thickness, Haugh Units and egg yolk co-

lor (DSM fan). Haugh Units were calcula-

ted according to the following equation 
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Table 1: Mean initial egg weight (N) of the two batches and flock age

Batch Age Total

35 65

1 66.1 (150) 66.5 (135) 66.3 (285)

2 66.4 (150) 66.3 (134) 65.9 (284)

Total 66.5 (300) 66.5 (269) 66.5 (569)

Effects of storage conditions on egg quality
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(Haugh, 1937; cited by Wells, 1968): 

HU = 100log (h - 1.7G 0.37 +7.6)
where
HU = Haugh Unit;
h = albumen height (mm-2);
G = egg weight (g)

Statistical analysis
A preliminary check for normal distribu-

tion confirmed that none of the traits ex-

cept yolk color deviated significantly from 

normality. The data were then subjected 

to a 3-factorial analysis of variance, with 

batch as blocked variable, hen age (35 and 

65 weeks), storage duration (3, 15 and 28 

days) and storage temperature (6, 15 and 

22 °C) as main effects and all interactions 

between the three effects. A 2-factorial 

analysis of variance was conducted for the 

initial egg weight of the two batches and 

age groups. When the F-tests of the ana-

lysis of variance showed significant effects 

(P > 0.05) for the factors or interactions, 

the respective means were tested using 

Student´s t-test. Yolk color was analysed 

using ordinal logistic regression. Multiple 

linear regressions for weight loss, air cell 

height and Haugh Units were fitted in 

response to storage duration and tempe-

rature. The probability that air cell height 

exceeded 6 mm with increasing storage 

duration and temperature was estimated 

using nominal logistic regression and in-

verse prediction. The software JMP/SAS 11 

was used for the statistical analysis. 

Results
Initial egg weight on the day of egg coll-

ection and sample size are shown in table 

1. A preliminary 2-factorial analysis of va-

riance revealed that the eggs of batch 1 

were lighter than those of batch 2. Neither 

the effect of hen age nor of the interaction 

between both factors was significant. The 

results of the analyses of variance for air 

cell height, weight loss, Haugh Units and 

eggshell thickness are shown in table 2. 

The effect of batch was significant for all 

criteria except yolk color. Hen age showed 

a significant effect only on shell thickness. 

Storage duration significantly influenced 

air cell height, weight loss, Haugh Units 

and shell thickness but not yolk color. Si-

gnificant interaction effects on air cell size, 

weight loss and Haugh Units were found 

between storage duration x storage tem-

perature, hen age x storage duration and 

storage temperature. 

Table 3 shows the eggshell thickness (with 

shell membranes) for different hen age 

and storage duration. There was a slight 

but significant decrease of shell thickness 

in 65 weeks old hens versus 35 weeks old 

hens. Shell thickness decreased conti-

nuously with storage duration in both age 

groups; the difference between 3 and 28 

days storage was significant. This reflects 

the shrinkage if shell membranes during 

storage. Weight loss increased linearly 

with storage duration, and the slope was 

steeper at 15 and 22 °C than at 6 °C (figure 

2). The linear fit showed a high coefficient 

of confidence at 15 and 22 °C storage tem-

peratures but not at 6 °C. The means per 

storage temperature and storage duration 

are shown in table 3. 

Up to 3 days of storage, storage tempe-

rature had no significant effect. During 

18 and 28 days of storage, weight loss 

increased significantly with storage tem-

perature. When the eggs were stored at 6 

°C the weight loss did not exceed 1 g, but 

at 15 and 22 °C weight loss reached 2.58 

g and 4.54 g respectively. Air cell size and 

Haugh Units showed a similar response to 

storage temperature and storage time as 

weight loss (figures 3 and 4). 

When the eggs were cooled at 6 °C, ave-

rage air cell size remained below 4 mm at 

28 days of storage. At 22 °C the average air 

cell size exceeded 6 mm after 25 days of 

storage. The Haugh Units changed only 

marginally with storage time at 6 °C sto-

rage temperature. The slope was modera-

te at 15 °C and very high at 22 °C. Since 

the individual egg quality varies conside-

rably within the experimental groups, the 

means are unreliable criteria of quality. 

The probability that the critical limit of 6 

mm air cell size is exceeded was therefore 

calculated using nominal regression. The 

percentage of eggs exceeding 6 mm are 

presented as predicted values for a range 

of storage temperature from 6 to 22 °C. 

The results are shown in figure 4. 

Up to 10 days of storage the probability 

that the air cell size is greater than 6 mm 

was close to zero for all storage tempera-

tures. Thereafter the air cell size increases 

exponentially.. All regressions had high co-

efficients of determination between 0.92 

and 0.99. 

Discussion
Consumers consider freshness as the most 

important criterion of egg quality. “Fresh-

ness” implies a short time from the day of 

oviposition to egg consumption and is 

usually measured in terms of the size of 

the air cell or Haugh Units. Since the air 

cell is easy to measure, it has become the 

main criterion to check the freshness of 

eggs. Weight loss may also be considered 

as a criterion, but is difficult to determine 

under practical conditions. Awareness of 

possible weight loss during storage is im-

portant from a marketing point of view, 

because eggs are graded soon after ovi-

position and may reach the consumer at 

a lower weight than declared on the egg 

package/carton. The present data show 

that weight loss is negligible when the 

eggs are stored at low temperature but 

will increase significantly if they are not 

kept in the cold store. 

Weight loss and increase of the air cell are 

caused by the diffusion of water through 

the eggshell. The permeability of the eggs-

hell depends on the thickness of the shell, 

number of the pores and the quality of 

the cuticle. Since shell thickness declines 

with hen age and egg weight, the latter 

factors are usually reported as causes of 

weight loss and increased size of air cell. 

Egg shell thickness decreased significantly 

with increasing hen age (table 3). Eggshell 

thickness was also negatively influenced 

by storage duration. This effect has not 

been observed in other egg storage ex-

periments (Ramos et al., 2010; Maciel et al., 

Fig. 1: Measurement of albumen height (Photo LTZ)

Table 2 Results of the analysis of variance: Degrees of freedom (DF) and p-values-values of the different variance sources

Source DF Air cell size Weight loss Haugh Units Shell thickness

Hen age (HA) 1 0.696 0.893 0.533 <0.001

Storage Duration (SD) 2 <0.013 <0.001 <0.009 <0.037

Storage Temperature (ST) 2 0.098 0.860 0.910 0.225

HA by SD 2 0.521 0.875 0.693 0.257

HA by ST 2 0.489 0.819 0.564 0.111

SD by ST 4 <0.001 <0.001 <0.001 0.624

Table 3 Egg shell thickness ( means in  µm-2) in response to hen age and storage duration

Age (weeks) 3 18 28 Mean

35 418 412 411 414 a

65 409 404 401 405 b

Mean 413 a 408 ab 406 b 409

Means with different letters differ significantly (p<0.05)

Figure 2 Linear regressions of weight loss (g) in response to storage duration (days) and 
temperature (6, 15 and 22 °C)

Effects of storage conditions on egg quality
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caused by the diffusion of water through 
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factors are usually reported as causes of 

weight loss and increased size of air cell. 
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Fig. 1: Measurement of albumen height (Photo LTZ)

Table 2 Results of the analysis of variance: Degrees of freedom (DF) and p-values-values of the different variance sources
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Age (weeks) 3 18 28 Mean
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temperature (6, 15 and 22 °C)

Effects of storage conditions on egg quality
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figure 3 shows that the negative effect of 

storage duration at 22 °C on Haugh Units 

is even more pronounced than on weight 

loss and air cell size. The decline of Haugh 

Units can also be considered an indicator 

of reduced lysozyme activity (Trziszka, 

1994), known as important agent to pro-

tect the egg contents against microbial 

contamination.

Conclusions
The main factors influencing internal egg 

quality are duration and temperature of 

storage, and there is a significant interac-

tion between these two factors. Within 28 

days of storage the changes in egg weight, 

Haugh Units and air cell size are not critical 

if eggs are kept at 6 °C, but there is a rapid 

loss of quality at temperatures of 15 and 

22 °C. Haugh Units change more rapidly at 

high temperatures than air cell size. There 

is a significant decrease of egg shell thick-

ness with increasing hen age. The critical 

limit for grade A eggs, i.e. the probability 

of exceeding 6 mm air cell size, is predic-

ted for 10 percent of the eggs at 17 days 

when stored at 20 °C or at 25 days when 

stored at 6°C. Degradation of internal egg 

quality may be faster when other factors, 

such as disease or inadequate nutrition 

compromise shell quality. Cooling of eggs 

from the beginning of storage is therefo-

re recommended whenever eggs are not 

sold and consumed within short time. 
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Figure 3 Linear regressions of Haugh Units (HU) in response to  storage duration (days) and 
temperature (6, 15 and 22 °C)
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figure 3 shows that the negative effect of 

storage duration at 22 °C on Haugh Units 

is even more pronounced than on weight 

loss and air cell size. The decline of Haugh 

Units can also be considered an indicator 

of reduced lysozyme activity (Trziszka, 

1994), known as important agent to pro-

tect the egg contents against microbial 

contamination.
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ness with increasing hen age. The critical 

limit for grade A eggs, i.e. the probability 

of exceeding 6 mm air cell size, is predic-

ted for 10 percent of the eggs at 17 days 
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quality may be faster when other factors, 
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compromise shell quality. Cooling of eggs 

from the beginning of storage is therefo-

re recommended whenever eggs are not 
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