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Abstract

This study aimed to determine the effects of storage temperature and washing on egg quality and physicochemical
properties. A total of 200 eggs (100 washed and 100 unwashed eggs) were obtained from 30-week-old Hy-Line Brown
laying hens. The experiment’s main effects were storage temperature (refrigerator and room temperatures) and egg
washing (washed and unwashed eggs). The results indicated that eggs stored at refrigerator temperature increased
(p<0.05) in albumen height and Haugh unit at 1 to 4 weeks than those stored at room temperature. Eggs stored at room
temperature and unwashed eggs had less (p <0.05) thiobarbituric acid reactive substances and volatile basic nitrogen
at 4 weeks than those subjected to other conditions. These findings suggest that refrigerator temperature improves
egg quality, and unwashed eggs and those stored at room temperature potentially inhibits lipid oxidation and protein
deterioration in eggs.

Article Highlights

e Storage temperature and egg washing affect egg quality and physicochemical properties.

e Unwashed eggs and those stored at refrigerator temperature increase albumen height and Haugh unit values.

e Washed eggs and those stored at room temperature increase thiobarbituric acid reactive substance and volatile basic
nitrogen.

e Unwashed eggs and storing them at refrigerator temperature have beneficial effects on egg freshness.

Keywords Haugh unit - Refrigerator temperature - Room temperature - Unwashed egg - Washed egg

1 Introduction

Among livestock products, eggs are expected to experience the greatest in average monthly sales (9.5%) compared with
their 2022 [1]. Eggs are high-protein products, and they are rich in proteins such as ovalbumin, ovotransferrin, ovomu-
coid, ovomucin, and lysozyme as well as fatty acids, vitamins, and minerals [2, 3]. Eggs are composed of the eggshell,

Yeong Bin Kim and Seung Yun Lee are contributed equally to this work.

4 Jong Hyuk Kim, jonghyuk@chungbuk.ac.kr | 'Department of Animal Science, Chungbuk National University, Cheongju 28644,
Republic of Korea. 2Division of Animal Science, Institute of Agriculture and Life Science, Gyeongsang National University, Jinju 52828,
Republic of Korea.

Discover Applied Sciences (2024) 6:111 | https://doi.org/10.1007/542452-024-05760-1

Check for
updates

@ Discover


http://orcid.org/0009-0007-9151-0135
http://orcid.org/0000-0002-8861-6517
http://orcid.org/0009-0005-2969-7395
http://orcid.org/0009-0003-8909-2393
http://orcid.org/0000-0003-4804-0848
http://orcid.org/0000-0002-0238-4736
http://orcid.org/0000-0002-4782-1098
http://orcid.org/0009-0001-1146-2695
http://orcid.org/0000-0001-8033-0410
http://orcid.org/0000-0003-0289-2949

Research Discover Applied Sciences (2024) 6:111 | https://doi.org/10.1007/s42452-024-05760-1

albumen, and egg yolk. The eggshell accounts for 10.5% of the total egg weight, while the albumen and egg yolk, which
are the edible parts, constitute approximately 58.5% and 31.0%, respectively. In addition, they predominantly contain
approximately 75% moisture [4]. Owing to their high moisture content, alterations in egg quality may also occur due to
various factors such as moisture evaporation and the breathing of eggs during storage.

The major determinants of egg quality are color, weight, eggshell strength, eggshell thickness, albumen properties
(height, weight, and pH), the Haugh unit, and moisture content [5, 6]. Egg quality is reportedly influenced by washing
conditions (washing methods and washing agents) and temperature (storage temperature and temperature of washing
water) [7-9]. Egg washing has been found to damage egg cuticles and decrease cuticle integrity, which is responsible
for pathogen defense via certain antimicrobial compounds and strong eggshell strength [10, 11]. Despite the reported
effects, many countries (e.g. US and Asian countries) allow egg washing for hygiene and consumer safety. However, the
European Union prohibits washing of class A eggs based on past reports of increased egg spoilage due to washing [12].
Increasing storage temperature and period tends to decrease albumen height and Haugh unit (HU) values, thus dimin-
ishing egg quality. Long-term storage of eggs results in an increase in loss in weight, yolk and albumen pH, air cell size,
and a decrease in albumen whiteness [13]. In addition, water evaporation from the egg during long-term storage period
is reportedly detrimental to egg quality, and potentially results in up to 5% decreased hatchability per day after 7 days
storage [14, 15]. Wash water temperature has been implicated in the reduced spoilage and bacterial contamination of
eggs at temperatures lower than the egg temperature [16].

Compared with that in the past, consumer interest in food hygiene has increased. In particular, establishing a hygienic
management process and providing eggs of high quality to consumers are imperative because eggs have a relatively
brief distribution process between producers and consumers. Therefore, this study aimed to determine the optimal
conditions in terms of storage temperature and egg washing, and identify the factors that influence egg quality and
physicochemical properties.

2 Materials and methods
2.1 Egg preparation and experimental design

A total of 200 eggs originated from the same flock of 30-week-old Hy-Line Brown commercial laying hens. One hundred
washed and 100 unwashed eggs were obtained from a local farm. The washed eggs were basically washed with water
through an egg washer in the farm (Seosan farm, Pocheon, Gangwon-do). All hens were raised under normal condi-
tions in consecutive cages. A commercial layer diet was fed to laying hens on an ad libitum basis. The experiment was
conducted in 2 x 2 factorial arrangements including two storage temperatures (refrigerator temperature [4-6 °C] and
room temperature [20-22 °C]) and egg washing (washed and unwashed eggs). Eggs kept at refrigerator temperature
were stored in egg boxes made of paper in the refrigerator and eggs kept at room temperature were stored in egg boxes
made of paper. The relative humidity was maintained at 50-60%. Fifty eggs were assigned to each treatment, and the
experiment lasted 4 weeks.

2.2 Egg quality

Egg quality was measured weekly in 10 selected eggs per treatment at 0, 1, 2, 3, and 4 weeks of storage. Eggshell color
was determined using an eggshell color fan (Samyangsa, Kangwon-do, Republic of Korea; where 15 =very dark brown
and 1=very light and pale) and egg yolk color was ascertained using the Roche color fan (Hoffman-La Roche Ltd., Basel,
Switzerland; where 15=dark orange and 1 =light pale). The color reader (model CR-10, Konica Minolta Optics Inc., Tokyo,
Japan) was used to measure the CIE Lab values for eggshell and egg yolk color. Color reading was expressed as lightness
(L*), redness (a*), and yellowness (b*) values. Egg, egg yolk, and eggshell weights were measured using an electronic
auto balance (HS-1000A, Hansung Instrument, Gwangmyeong, Republic of Korea). Albumen weight was calculated by
subtracting the egg yolk and eggshell weights from the total egg weight. Also, egg yolk, albumen, and eggshell were
obtained and weight to calculate the proportions of morphological egg yolk, albumen, and eggshell weight in the egg
weight expressed as a percentage of the total egg weight. Eggshell strength was estimated using an eggshell strength
tester (FHK, Fujihira Industry Co. Ltd., Tokyo, Japan). Eggshell thickness was measured in three regions (top, middle,
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and bottom) using a dial pipe gauge (FHK NFN380, Fujihira Industry Co. Ltd., Tokyo, Japan). HU values were calculated
from egg weight (W) and albumen height (H), using the following equation as proposed by Eisen et al. [17]: HU=100
log (H - 1.7 W®37 +7.6). Egg yolk moisture was measured in egg yolk using a drying oven (HB-501 M, Hanbeak Science,
Bucheon, Republic of Korea) at 105°C for 24 h. Egg yolk and albumen pH was determined using a pH meter (HI99163,
Hanna Instruments, Rhode Island, USA).

2.3 Thiobarbituric acid reactive substance (TBARS)

Ten milliliters of each yolk sample, 25 mL of deionized water, and 15 mL of cold 10% perchloric acid generated by diluting
70% perchloric acid (Samchun Chemicals, Pyeongtaek, Republic of Korea) were added to a conical tube. Samples were
shaken for 30 s and filtered using Whatman No.2 filter paper. Thereafter, 5 mL of 0.02 M 2-thiobarbituric acid (TBA; Sigma
Aldrich, Darmstadt, Germany) solution and 5 mL of the filtrate were thoroughly mixed and placed in a cool, dark place
for 16 h. The blank comprised deionized water and 5 mL of 0.02 M 2-TBA solution. Thereafter, absorbance was measured
at 529 nm using a spectrophotometer (Mobi, MicroDigital Co., Ltd., Seongnam, Republic of Korea). The TBA content is
presented in mg of malondialdehyde (MDA) per kg of sample (mg MDA/kg). The standard curve used at this time had
the following coordinates: x=0.0011 (r=0.999) and y =0.1975, where x=TBA value and y=absorbance.

2.4 Volatile basic nitrogen (VBN)

After adding 5 mL of the yolk sample to a conical tube containing 45 mL of deionized water, the mixture was shaken for
30 s and subsequently filtered through Whatman No.2 filter paper. Thereafter, 1 mL of 0.01 M boric acid solution and three
drops of Conway solution, which comprises a mixture of 0.066% bromocresol green (Samchun Chemicals, Pyeongtaek,
Republic of Korea) and 0.066% methyl red (Samchun Chemicals, Pyeongtaek, Republic of Korea), were introduced into
the inside of a Conway unit. Thereafter, 3 mL of filtrate was added to the outside the Conway unit. Afterwards, 1 mL of
50% K,CO; (Samchun Chemicals, Pyeongtaek, Republic of Korea) was added to the outside of the Conway unit and sub-
sequently incubated for 120 min at 37 °C. Thereafter, the boric acid solution inside the Conway unit was titrated using
0.01 M sulfuric acid. The resulting VBN value is expressed in mg per 100 g of the sample (mg%).

28014 = 1 mL of 0.01 M H,50,
VBN = ([ab] x 100 x 28.014 x F) /sample amount

The following variables were used: (@) which represents the volume of sulfuric acid added in milliliters (mL); (b) which
denotes the quantity of sulfuric acid added to the blank sample in mL; and F, which represents the amount of N neces-
sary to react with 1 mL of 0.01 M H,SO,.

2.5 Statistical analysis

All data were analyzed by 2-way ANOVA (analysis of variance) as a completely randomized design using the PROC MIXED
procedure of SAS (SAS Institute Inc., Cary, NC). All data were checked for normal distribution and outliers with the UNI-
VARIATE procedure of SAS [18]. The statistical model used was

Yijk =u+ Ti + WJ + TWIJ + eujk
where Yijk is the individual observation, i is the overall mean, T; is the effect of storage temperature, Wj is the effect of
egg washing, TWj; is the effect of interaction, and ey is the random error. The LSMEANS procedure was used to calculate
treatment means and the PDIFF option of SAS was used to separate the means when the interaction was significant.
Statistical significance was set at p <0.05.
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3 Results and discussion
3.1 Eggshell color

The effects of storage temperature and egg washing on eggshell color are shown in Table 1. Regarding the eggshell
color score, interactions (p < 0.05) between storage temperature and egg washing were observed for the eggshell color
score at 2 weeks. Therefore, the eggshell color score of unwashed eggs stored at room temperature was lower than that
of unwashed eggs stored at refrigerator temperature. The eggshell color score of washed eggs increased (p < 0.05) com-
pared with that of unwashed eggs, regardless of storage temperature. At week 4, the eggshell color score was greater
(p<0.01) for eggs stored at refrigerator temperature than for those stored at room temperature. However, no significant
difference in eggshell color fan was observed by egg washing. Significant interaction (p <0.05) effects of storage tem-
perature and egg washing on eggshell lightness (L* value) were noted at 2 weeks. In addition, washed eggs exhibited
significantly less (p < 0.05) eggshell lightness at 4 weeks than washed eggs. The eggshell redness (a* value) at 1 week
of washed eggs increased (p <0.01) compared with that of unwashed eggs. At 1 to 4 weeks, eggs stored at refrigerator
temperature increased (p <0.05) in eggshell redness compared with those stored at room temperature. Regarding the
eggshell yellowness (b* value), interactions (p < 0.05) between storage temperature and egg washing were observed for
the eggshell yellowness at 4 weeks. At 1-4 weeks, washed eggs increased (p <0.01) in eggshell yellowness compared
with unwashed eggs. Eggs stored at refrigerator temperature had greater (p < 0.05) eggshell yellowness at 2 weeks than
those stored at room temperature. Eggshell color has predominantly been used as a determinant of egg quality. The

Table 1 Effects of storage temperature and egg washing on eggshell color

Items Week  Treatments SEM p-value
Washed eggs Unwashed eggs
Refrigerator temp Room temp Refrigera-  Room temp Washing Temperature Wash-
tor temp ingxTem-
perature
Eggshell color (Eggshell color fan)
0 11.9 11.7 11.4 12.3 0.29 0.86 0.23 0.06
1 12.3 11.5 11.8 11.5 0.40 0.53 0.17 0.53
2 12.32 12.5° 12.12 10.8° 0.36 0.01 0.14 <0.05
3 12.3 11.9 12.3 12.0 0.38 0.90 0.37 0.90
4 12.4 11.0 11.7 10.9 0.30 0.18 <0.01 0.32
Eggshell color (CIE Lab value)
L* 0 57.5 57.5 584 557 0.78 0.54 0.10 0.10
1 54.6 558 57.0 55.8 0.64 0.07 0.96 0.07
2 55.1% 54.2° 54.9° 57.2° 0.78 0.09 0.38 0.04
3 549 555 55.6 55.2 0.66 0.79 0.90 0.45
4 54.8 56.5 57.1 57.5 0.69 0.02 0.12 0.35
a* 0 19.1 19.6 19.3 19.5 0.41 0.88 0.39 0.70
1 21.8 20.0 20.5 19.2 0.31 <0.01 <0.01 0.40
2 21.8 19.7 21.2 19.0 0.39 0.12 <0.01 0.93
3 21.8 18.7 21.9 19.3 0.31 0.22 <0.01 0.40
4 21.8 17.7 20.4 17.7 0.37 0.07 <0.01 0.08
b* 0 30.1%° 31.6° 30.3 28.7° 0.53 0.02 0.85 <0.01
1 30.0 29.8 27.6 27.2 043 <0.01 0.53 0.78
2 30.4 29.0 28.0 27.4 0.41 <0.01 0.02 0.36
3 28.9 293 279 27.0 0.55 <0.01 0.61 0.23
4 29.52 28.9% 26.6¢ 27.9° 037 <001 0.41 0.01

Temp, temperature; L*, lightness; a*, redness; b*, yellowness
a~“Means within a variable with no common superscript differ significantly (p <0.05)
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color values (AE* ab values) of brown and white eggs displayed slight washing-induced differences; nevertheless, no
significant differences were noted between washed and unwashed eggs [19]. Eggshell pigments include protoporphy-
rin, zinc porphyrin, zinc biliverdin, and biliverdin [20]; in particular, protoporphyrin IX is the main brown pigment in the
cuticle layer. This study found the eggshell color to be higher at refrigerator temperature, exhibiting inconsistency with
a previous study that reported no storage temperature-based differences in eggshell color [21]. The eggshell cuticle
can be partially damaged by washing water or mechanical abrasion during the washing process [22]. Chlorine, one of
the chemicals in washing water, is known to influence eggshell color. Wash water containing > 50 ppm of chlorine has
been found to affect eggshell color owing to decomposition of the eggshell surface emanating from chlorine’s effect
on specific amino acids, such as glutamic acid and glycine, present in the eggshell’s cuticle layer [23]. Therefore, altera-
tions in eggshell color can be considered to result from the potential effects of mechanical abrasion or chemicals in the
washing solution on eggshell pigments during the washing process.

3.2 Egg yolk color
The effects of storage temperature and egg washing on egg yolk color are presented in Table 2. No significant interaction
between storage temperature and egg washing was observed for egg yolk color score and egg yolk lightness (L* value).

At 1-2 weeks, washed eggs decreased (p <0.05) in egg yolk color score compared with unwashed eggs. However, the
egg yolk color score at 3 week of washed eggs increased (p <0.05) compared with that of unwashed eggs. Eggs stored

Table 2 Effects of storage temperature and egg washing on egg yolk color

Items Week Treatments SEM p-value
Washed eggs Unwashed eggs
Refrigerator Room temp Refrigerator Room temp Washing Temperature Wash-
temp temp ingxTem-
perature
Egg yolk 0 8.3 8.3 8.6 8.4 0.17 0.26 0.57 0.57
color (Yolk
color fan)
1 7.0 7.0 8.0 7.2 0.28 0.04 0.16 0.16
2 73 6.6 8.4 7.7 0.26 <0.01 0.01 1.00
3 8.0 8.1 7.8 7.1 0.27 0.03 0.27 0.14
4 8.2 8.2 7.9 8.3 0.20 0.62 0.32 0.32
Egg yolk
color (CIE
Lab value)
L* 0 60.4 61.0 59.3 61.4 0.91 0.70 0.15 0.38
1 54.3 57.8 54.2 58.1 0.94 0.92 <0.01 0.83
2 554 60.9 53.8 61.3 0.83 0.47 <0.01 0.23
3 54.1 58.2 558 61.4 0.75 <0.01 <0.01 0.29
4 53.6 57.8 54.7 58.5 0.70 0.20 <0.01 0.79
a* 0 10.1 10.1 10.3 10.2 0.41 0.83 0.95 0.91
1 94 9.7 8.4 10.4 0.48 0.73 0.02 0.09
2 10.7° 11.1° 10.0° 12,9 0.53 0.29 <0.01 0.02
3 11.2 12.2 10.6 124 0.56 0.75 0.02 0.50
4 10.8 12.5 10.5 12.8 0.43 0.95 <0.01 0.46
b* 0 49.4 50.3 47.6 51.0 1.53 0.72 0.17 0.42
1 43.0 44.8 39.8 455 1.78 0.49 0.04 0.27
2 46.7° 49.3° 45.0°¢ 53.8° 145 0.34 <0.01 0.04
3 45.7 513 47.5 53.7 1.30 0.11 <0.01 0.82
4 45.0 52.5 459 53.1 0.99 0.45 <0.01 0.88

Temp, temperature; L*, lightness; a*, redness; b*, yellowness
a~“Means within a variable with no common superscript differ significantly (p <0.05)
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at refrigerator temperature had greater (p <0.05) egg yolk color score at 2 weeks than those stored at room tempera-
ture. At week 2, washed eggs decreased (p <0.01) in egg yolk lightness compared with unwashed eggs. Eggs stored at
refrigerator temperature had less (p<0.01) egg yolk lightness at 1 to 4 weeks than those stored at room temperature.
Interactions (p < 0.05) between storage temperature and egg washing were observed for egg yolk redness (a* value) and
yellowness (b* value) at 2 weeks. At 1-4 weeks, eggs stored at room temperature had greater (p <0.05) egg yolk redness
and yellowness than those stored at refrigerator temperature. Carotenoids constitute the main pigments of egg yolk,
whose color is affected by the types and concentrations of carotenoids included in feed (grass or herbs) [24]. In addition,
egg yolk color was associated with the ratio of yellow and red carotenoids in the feed [25]. The yellowness is associated
with the concentration of yellow carotenoids, such as lutein, violaxanthin, zeaxanthin, and cryptoxanthin, obtained from
feed [25]. Washing is known to influence cuticle damage in eggs, leading to the easy penetration of external factors into
the inner side. At this time, the lipids in the eggshell membrane or egg yolk potentially produce lipid-derived radicals
and hydroperoxide via oxidation; in addition, the radicals affect carotenoid composition [26, 27]. Therefore, egg washing
might have influenced changes in egg yolk color by affecting the carotenoid content of egg yolk. In addition, the increas-
ing mass of the yolk by diffusion of water from the protein into the yolk, thus changing its color and shape index [28].
This study found egg yolk to have a higher lightness value when stored at room temperature; however, Suk and Kwon [6]
reported that egg yolk color was not significantly altered by storage temperature (3°C or 10°C). In addition, the lightness
of egg yolk observed a decreasing trend with increasing storage period in our experiment. Previous study also found that
lightness of egg yolk decreased with increasing storage period [29]. The possible reason for these observation may be
associated with Maillard reaction occurred during storage by increasing brown or black melanoids, which decreased the
lightness of egg yolk. Therefore, increase of storage period may have impact to decrease the lightness of egg yolk color.

3.3 Egg, yolk, albumen, and eggshell weights

The effects of storage temperature and egg washing on egg weight are shown in Table 3 and the proportions of morpho-
logical elements in the egg weight are presented in Table 4. Regarding the egg weight, interactions (p <0.05) between
storage temperature and egg washing were observed for the egg weight at 2 to 3 weeks. At 1 to 4 weeks, washed eggs
decreased (p <0.01) in egg weight compared with unwashed eggs. Eggs stored at refrigerator temperature had greater
(p<0.01) egg weight at 4 weeks than those stored at room temperature. In the egg yolk weight, the egg yolk weight at
2 weeks of washed eggs increased (p < 0.05) compared with that of unwashed eggs. Eggs stored at refrigerator tempera-
ture had less (p < 0.05) egg weight at 1 or 4 weeks than those stored at room temperature. In the albumen weight, interac-
tions (p <0.05) between storage temperature and egg washing were observed for the albumen weight at 3 weeks. At 1 to
4 weeks, washed eggs decreased (p <0.01) in albumen weight compared with unwashed eggs. Eggs stored at refrigerator
temperature had greater (p <0.01) aloumen weight at 3-4 weeks than those stored at room temperature. Regarding
the eggshell weight, washed eggs decreased (p <0.01) in eggshell weight at 2-3 weeks compared with unwashed eggs.
Eggs stored at refrigerator temperature had greater (p < 0.05) eggshell weight at 2-4 weeks than those stored at room
temperature. No significant interaction between storage temperature and egg washing was observed for proportions
of morphological yolk, albumen, and eggshell in the egg weight. However, washed eggs increased (p <0.01) in propor-
tions of morphological egg yolk in the egg weight at 1-2 weeks than unwashed eggs. Eggs stored at room temperature
had greater (p <0.05) proportions of morphological egg yolk in the egg weight at 1, 3, or 4 weeks than those stored at
refrigerator temperature. In contrast, washed eggs exhibited significantly less (p <0.05) proportions of morphological
albumen in the egg weight at 1-2 weeks than unwashed eggs. At 1 or 4 weeks, eggs stored at refrigerator temperature
had greater (p <0.05) proportions of morphological albumen in the egg weight than those stored at room temperature.
Washed eggs increased (p < 0.05) in proportions of morphological eggshell in the egg weight at 1 week than unwashed
eggs. However, proportions of morphological eggshell in the egg weight at 2 weeks of washed eggs decreased (p < 0.05)
compared with that of unwashed eggs. Eggs stored at refrigerator temperature had greater (p < 0.05) proportions of
morphological eggshell in the egg weight at 2 weeks than those stored at room temperature. In our experiment, egg
weight did not obtain clear measurement results for egg washing and storage by week. In general, egg, eggshell, albu-
men, and yolk weight may vary depending on the random selection in the analysis. Therefore, in order to overcome this
problem, measuring the proportions of morphological elements in the egg weight can obtain accurate results. Result-
antly, the proportions of morphological yolk and albumen in the egg weight were negative tendency under both storage
temperature and egg washing. Thus, proportions of morphological elements in the egg weight displayed no significant
interaction between storage temperature and egg washing. Nonetheless, further research is warranted, as this study’s
results are potentially limited by inconsistencies with previous findings.

@ Discover



Discover Applied Sciences (2024) 6:111 | https://doi.org/10.1007/s42452-024-05760-1 Research

Table 3 Effects of storage temperature and egg washing on egg weight

Items Week  Treatments SEM  p-value
Washed eggs Unwashed eggs
Refrigera- Roomtemp  Refrigera- Room temp Washing  Temperature ~ Wash-
tor temp tor temp ingxTem-
perature
Egg weight (g) 0 61.9 59.3 57.2 59.3 0.67 <0.01 0.71 <0.01
1 56.5 56.7 62.8 61.7 0.64 <0.01 0.48 0.31
2 55.7° 57.4° 61.9° 60.0° 078  <0.01 0.92 0.03
3 59.4° 55.4 61.5° 60.4% 070  <0.01 <0.01 <0.05
4 59.3 53.2 60.8 57.1 0.72 <0.01 <0.01 0.11
Eggyolk weight(g) 0 145 145 15.8 15.9 042 <001 0.95 0.91
1 14.5 15.6 14.0 15.1 0.54 0.36 <0.05 1.00
2 153 16.0 14.0 14.8 0.52 0.02 0.16 0.97
3 14.0 14.9 14.5 14.7 0.52 0.84 0.34 0.51
4 14.7 15.4 14.3 15.6 0.47 0.86 0.03 0.52
Albumen weight (g) 0 39.3° 36.7° 33.0° 35.3% 086 <0.01 0.90 <0.01
1 33.8 331 40.9 383 0.84 <0.01 0.06 0.27
2 32.7 34.2 38.6 36.9 0.97 <0.01 0.90 0.11
3 37.6° 33.2° 38.2° 37.9° 0.92 <0.01 0.01 0.03
4 36.3 30.3 379 335 0.85 <0.01 <0.01 0.35
Eggshell weight (g) 0 8.0 8.1 8.4 8.0 0.24 0.52 0.51 0.47
1 8.2 8.0 7.9 8.3 0.27 1.00 0.72 0.28
2 7.7 7.2 9.2 8.3 0.28 <0.01 0.02 0.44
3 7.8 7.3 8.8 7.8 0.21 <0.01 <0.01 0.23
4 8.3 74 8.7 7.9 0.23 0.09 <0.01 0.77

Temp, temperature
2~“Means within a variable with no common superscript differ significantly (p <0.05)

3.4 Eggshell strength and eggshell thickness

The effects of storage temperature and egg washing on eggshell strength and thickness are shown in Table 5. No
significant interactions were noted between storage temperature and egg washing on eggshell strength and thick-
ness. As regards the main effects of storage temperature, eggs stored at refrigerator temperature had greater (p <0.05)
eggshell strength at 2 weeks than those stored at room temperature. However, egg washing did not have any signifi-
cant impact on eggshell strength. Regarding the main effects of egg washing and storage temperature, no significant
differences in eggshell thickness were observed. Eggshell contains calcium carbonate (thin layer of hydroxyapatite
in the inner cuticle), which accounts for approximately 9-12% of the total egg weight, as well as cuticle protein, a
spongy layer with pores, and a mammillary layer [20, 30]. Egg washing has been found to damage egg cuticles, which
are involved in pathogen defense, resulting in Salmonella Typhimurium penetration of eggshells and its survival in
egg albumen [10]. Egg washing is potentially responsible for damage to the cuticle layer; therefore, external bacteria
can easily enter the egg. Moreover, the egg’s moisture content potentially decreases owing to the exposed respira-
tory pores and alleviation of surface antimicrobial proteins [31]. Furthermore, damage to the cuticle layer of eggs
may depend on the processing method and chemicals or temperature used during the egg washing process [32].
In our experiment, eggs stored at room temperature decreased in eggshell strength at 2 weeks than those stored
at refrigerator temperature. The possible reason for these observation may be associated with temperature caused
by increased damage to cuticle layer due to continuous room temperature storage. However, these results were not
found in other weeks. It is suggested that the negative effect of eggshell strength may not be directly caused by
temperature change.

@ Discover



Research Discover Applied Sciences (2024) 6:111 | https://doi.org/10.1007/s42452-024-05760-1

Table 4 Effects of storage temperature and egg washing on proportions of morphological egg yolk, albumen, and eggshell in the egg
weight

Items Week Treatments SEM  p-value
Washed eggs Unwashed eggs
Refrigera- Roomtemp Refrigera- Room temp Washing  Temperature  Wash-
tor temp tor temp ingxTem-
perature
Egg yolk proportion (%) 0 235 245 27.7 26.9 0.79  <0.01 0.93 0.24
1 257 27.6 223 24.5 0.90 <0.01 0.03 0.88
2 27.5 279 22.7 24.7 094 <0.01 0.22 0.37
3 23.7 27.0 236 243 0.97 0.17 <0.05 0.19
4 24.7 29.0 235 274 0.85 0.11 <0.01 0.85
Albumen proportion (%) 0 63.5 61.9 57.6 59.6 1.01 <0.01 0.86 0.09
1 59.8 583 65.1 62.1 1.07 <0.01 0.04 0.47
2 58.6 59.7 62.5 61.5 1.15 0.02 0.98 0.39
3 63.2 59.8 62.1 62.8 1.09 0.39 0.22 0.07
4 61.2 57.0 62.3 58.7 1.09 0.21 <0.01 0.77
Eggshell proportion (%) 0 13.0 13.6 14.7 13.6 0.44 0.07 0.58 0.06
1 14.5 14.2 12.6 13.5 0.52 0.01 0.62 0.23
2 13.9 12.5 14.9 13.8 0.53 0.03 0.03 0.78
3 13.2 13.2 14.3 12.9 0.40 0.33 0.11 0.08
4 14.0 14.0 14.2 13.9 0.40 0.91 0.64 0.70
Temp, temperature
Table 5 Effects of storage temperature and egg washing on eggshell strength and thickness
Items Week Treatments SEM  p-value
Washed eggs Unwashed eggs
Refrigera- Roomtemp Refrigera- Room temp Washing Temperature Wash-
tor temp tor temp ingxTem-
perature
Eggshell strength (kg/cm?) 0 3.8 37 3.9 3.8 0.19 042 0.55 0.98
1 39 3.8 3.8 43 0.16 0.23 0.26 0.15
2 38 34 4.0 35 0.18 045 0.01 0.85
3 35 34 3.8 3.7 0.17 0.09 0.53 0.88
4 338 37 4.0 4.0 0.16 0.19 0.93 0.98
Eggshell thickness (um) 0 403 402 407 391 6.5 0.59 0.20 0.25
1 419 398 400 396 80  0.20 0.13 0.29
2 403 413 409 404 87 086 0.77 0.39
3 408 399 404 410 9.1 0.70 0.87 0.41
4 394 396 409 411 76  0.06 0.80 1.00

Temp, temperature

3.5 Albumen height and Haugh unit (HU)

The effects of storage temperature and egg washing on albumen height and HU are presented in Table 6. No signifi-
cant interaction between storage temperature and egg washing was observed for albumen height and HU. As regards
the main effects of egg washing, unwashed eggs had a greater (p <0.05) albumen height at 3 weeks than washed
eggs. Eggs stored at refrigerator temperature had greater (p <0.01) albumen height and HU values at 1 to 4 weeks
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Table 6 Effects of storage temperature and egg washing on albumen height and Haugh unit

Items Week  Treatments SEM  p-value
Washed eggs Unwashed eggs
Refrigera- Roomtemp  Refrigera- Room temp Washing  Temperature ~ Wash-
tor temp tor temp ingxTem-
perature
Albumen height (mm) 0 10.2 9.7 9.5 9.8 026 0.24 0.85 0.1
1 9.0 7.0 9.4 7.6 0.25 0.07 <0.01 0.68
2 5.7 44 6.5 48 032 0.06 <0.01 0.54
3 6.2 33 6.8 4.0 0.24 0.01 <0.01 0.84
4 6.9 4.1 74 43 0.22 0.09 <0.01 0.49
Haugh unit 0 99.5 98.0 97.1 98.6 1.18 045 1.00 0.20
1 95.3 843 95.6 86.5 134 035 <0.01 0.49
2 75.0 62.8 79.3 65.3 266 0.21 <0.01 0.72
3 77.7 524 81.2 57.6 221 0.06 <0.01 0.69
4 823 62.4 85.7 63.0 175 027 <0.01 0.43

Temp, temperature

than those stored at room temperature. Similar patterns were observed for eggshell thickness, aloumen height, and
HU, whereby higher values were yielded at refrigerator temperature. As the laying age of chickens increases, egg
quality decreases, with particular reductions in the albumen height and HU values [33]. Egg quality can be determined
based on HU value, and eggs with HU values of > 72, 71-60, 59-31, and < 31 are classified into grades AA, A, B, and
C, respectively, by the United States Department of Agriculture [34]. Although the HU value decreased with increas-
ing storage period, all the HU values observed in this study indicated grade AA, regardless of storage temperature
and egg washing. Therefore, processes such as not washing eggs and storing them at refrigerator temperature can
maintain egg quality for a longer period; in addition, this study’s findings suggest that albumen height and HU values
are suitable egg quality factors.

3.6 Egg yolk moisture, egg yolk pH, and albumen pH

The effects of storage temperature and egg washing on egg yolk moisture, egg yolk pH, and albumen pH are shown in
Table 7. No significant interactions were observed between storage temperature and egg washing on egg yolk moisture.
Regarding the main effects of storage temperature, eggs stored at room temperature had greater (p <0.01) egg yolk
moisture at 2-4 weeks than those stored at refrigerator temperature. Interactions (p < 0.05) between storage tempera-
ture and egg washing were observed for albumen pH at 1 or 4 weeks and egg yolk pH at 3 weeks. Washed eggs had
greater (p <0.01) albumen pH values at 2 or 4 weeks than unwashed eggs. In addition, eggs stored at room temperature
exhibited significantly greater (p <0.01) albumen pH values at 1 to 4 weeks than those stored at refrigerator tempera-
ture. Washed eggs increased (p <0.01) in egg yolk pH at 2 weeks than unwashed eggs. However, washed eggs had less
(p<0.01) albumen pH values at 3 weeks than unwashed eggs. Eggs stored at room temperature had greater (p <0.01)
egg yolk pH at 2 weeks than those stored at refrigerator temperature. However, eggs stored at refrigerator temperature
increased (p <0.05) in egg yolk pH at 4 weeks compared with those stored at room temperature. Albumen pH increased
significantly with increasing storage temperature [8]. Previous studies have reported that a rise in albumen pH may
affect the carbonic acid-bicarbonate buffer system by releasing carbon dioxide during storage [35]. Other studies have
also suggested that albumen pH is related to carbon dioxide loss through eggshell pores [36, 37]. In other words, a low
albumen pH can be considered a safe condition that does not cause the release of carbon dioxide via eggshell pores.
However, the albumen and yolk pH measurements yielded conflicting results depending on the egg washing and storage
temperature conditions, respectively. As regards the main effects of egg washing, unwashed eggs had higher (p <0.01)
egg yolk pH values at 3 weeks than washed eggs. Eggs stored at refrigerator temperature had higher (p <0.05) egg yolk
pH values at 4 weeks than those stored at room temperature. Other studies have found the pH changes of albumen and
yolk to be affected by refrigerator temperature [38, 39].
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Table 7 Effects of storage temperature and egg washing on egg yolk moisture, egg yolk pH, and albumen pH

Items Week  Treatments SEM p-value
Washed eggs Unwashed eggs
Refrigera- Roomtemp  Refrigera- Room temp Washing  Temperature ~ Wash-
tor temp tor temp ingxTem-
perature
Egg yolk moisture (%) 0 48.5 48.1 48.1 479 0.46 0.55 0.50 0.84
1 45.9 454 453 454 0.61 0.66 0.75 0.64
2 473 484 47.2 48.1 0.22 0.47 <0.01 0.65
3 484 48.9 48.1 50.0 0.40 0.29 <0.01 0.09
4 47.9 49.7 484 49.8 0.35 0.33 <0.01 0.62
pH
Albumen 0 9.16 9.25 9.00 9.18 0.037 <0.01 <0.01 0.24
1 9.16™ 9.21% 9.06° 9.27% 0.033 0.56 <0.01 0.03
2 9.35 9.59 9.30 9.51 0.019  <0.01 <0.01 0.62
3 9.22 9.41 9.30 9.43 0.026 0.07 <0.01 0.28
4 9.23° 9.40° 8.98¢ 9.30° 0.024  <0.01 <0.01 <0.01
Egg yolk 0 6.17 6.15 6.51 6.48 0.211 0.12 0.90 0.97
1 6.13 6.14 6.03 6.04 0.049 0.05 0.76 0.97
2 6.48 6.66 6.21 6.43 0.057 <0.01 <0.01 0.73
3 6.16° 6.25° 6.36° 6.29° 0.042 <0.01 0.87 <0.05
4 6.24 6.21 6.26 6.19 0.021 0.98 0.02 0.46

Temp, temperature

~Means within a variable with no common superscript differ significantly (p <0.05)

3.7 Thiobarbituric acid reactive substance (TBARS) and volatile basic nitrogen (VBN)

The effects of storage temperature and egg washing on TBARS and VBN are presented in Table 8. Interactions (p <0.01)
between storage temperature and egg washing were observed for TBARS values at 4 weeks and VBN values at 3 weeks.

Table 8 Effects of storage temperature and egg washing on thiobarbituric acid reactive substance (TBARS) and volatile basic nitrogen (VBN)

Items Week Treatments SEM p-value
Washed eggs Unwashed eggs
Refrigerator Room temp Refrigerator Room temp Washing Temperature Wash-
temp temp ingxTem-
perature
TBARS 0 0.18 0.19 0.21 0.22 0.014 0.06 0.59 0.87
1 0.24 0.24 0.24 0.25 0.005 0.02 0.23 0.39
2 0.34 0.45 0.29 0.32 0.035 0.02 0.05 0.32
3 0.55 0.34 0.37 0.18 0.047 <0.01 <0.01 0.86
4 0.47° 0.76° 0.33% 0.31¢ 0.056 <0.01 0.02 <0.01
VBN 0 2.47 5.12 2.38 3.75 0.327 0.06 <0.01 0.09
1 4.44 6.36 4.53 5.67 0.780 0.71 0.06 0.62
2 6.13 7.60 6.91 7.96 0.250 0.03 <0.01 0.42
3 8.14b 7.82° 7.82° 9.56 0.371 0.07 0.07 0.01
4 6.73 9.11 5.95 7.78 0.457 0.03 <0.01 0.56

Temp, temperature; TBARS, Thiobarbituric acid reactive substance; VBN, volatile basic nitrogen
2~“Means within a variable with no common superscript differ significantly (p <0.05)
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Regarding the main effects of egg washing, washed eggs decreased (p <0.05) in TBARS values at 1 week than unwashed
eggs. However, washed eggs had greater (p <0.05) TBARS at 2-4 weeks than unwashed eggs. Eggs stored at room tem-
perature had greater (p <0.05) TBARS values at 2 or 4 weeks than those stored at refrigerator temperature. However, eggs
stored at room temperature decreased (p <0.01) in TBARS values at 3 weeks compared with those stored at refrigerator
temperature. Washed eggs had greater (p <0.05) VBN values at 2 weeks than unwashed eggs. But, washed eggs increased
(p<0.05) in VBN values at 4 weeks than unwashed eggs. Eggs stored at room temperature had greater (p <0.01) VBN
values at 2 or 4 weeks than those stored at refrigerator temperature. TBARS, which are the secondary products of lipid
oxidation, are represented by the MDA content. Eggs are prone to freshness deterioration when stored under inappro-
priate conditions because they are rich in protein content. Since proteins decompose into organic nitrogen with low-
molecular weight through amino acids as the putrefaction process, they are used to measure the putrefaction of protein
through measuring for degree of VBN [40]. The VBN of animal products is currently limited to 20 mg% according to the
Food Code of South Korea [41]. Although TBARS and VBN values increased with egg washing and room temperature,
the values observed in this study were safe levels. Therefore, storage temperature and egg washing did not affect lipid
peroxidation or protein putrefaction in eggs.

4 Conclusion

In conclusion, egg quality and physicochemical properties were affected by storage temperature and egg washing. In
particular, eggs stored at refrigerator temperature had superior albumen height and HU values. In addition, unwashed
eggs and those stored at room temperature had decreased TBARS and VBN values. Further studies are required to elu-
cidate the effects of specific conditions, such as wash-water temperature and different washing agents, on egg quality
and physicochemical properties.
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