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ABSTRACT: Eggs are considered a functional food and are consumed worldwide. They are classified
as perishable because they may undergo changes in their physicochemical properties, which are
often associated with the environmental conditions at the point of sale. Therefore, this study
aimed to assess the physicochemical quality of brown eggs sold in Pau dos Ferros, RN (Brazil). The
experimental design followed a 2x2 factorial scheme, referring to two commercial brands at two
storage times (0 and 21 days — refrigerated at 7°C), totaling 48 eggs. Procedures included weighing
the whole eggs (POI), shells (PCS), and yolks (PG), measuring the pH of the yolk (pH G) and albumen
(pH A), as well as evaluating the albumen’s foam-forming capacity. The results showed that storage
and temperature conditions affected the whole egg weight of brand B, as well as the pH of both
yolk and albumen in both brands. Significant statistical differences (p<0.05) were also observed in
the yolk and albumen percentages. Furthermore, the foam properties of the eggs declined
significantly, leading to a decrease in foam durability and whipping indices after the storage period.

Keywords: egg; storage; physicochemical; foams.

Avaliacdo da qualidade fisico-quimica de ovos vermelhos comercializados em
Pau dos Ferros-RN

RESUMO: O ovo é entendido como um alimento funcional, sendo consumido em todo o mundo. E
considerado perecivel, pois pode sofrer alteracGes no seu aspecto fisico-quimico e que muitas vezes
estas mudancas estdo associadas com a condicdo do ambiente de venda. Assim, objetivou-se com
este estudo, avaliar a qualidade fisico-quimica de ovos vermelhos comercializados em Pau dos Ferros
— RN. O delineamento experimental seguiu um esquema fatorial 2x2, referente a duas marcas
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comerciais em dois tempos de armazenamento (0 e 21 dias — a 72C de refrigeracdo), totalizando o uso de
48 ovos. Foram realizados procedimentos como pesagem dos ovos inteiros (POIl), da casca (PCS) e da gema
(PG), medicdo do pH da gema (pH G) e do albumen (pH A), além da capacidade de formacdo de espumas
do albumen. Posto isso, foi evidenciado que o armazenamento e as condi¢cdes de temperatura interferiram
no peso do ovo inteiro da marca B, além do pH da clara e da gema de ambas as marcas. Sobre as
porcentagens da gema e do albimen, também foram verificadas diferencas estatisticas (p<0,05). Ademais,
as propriedades da espuma dos ovos decairam significativamente, conferindo a redugdo dos indices de
durabilidade e batidas apds o periodo de conservagao.

Palavras-chaves: ovo; armazenamento; fisico-quimica; espumas.

INTRODUCTION

The national poultry market has been changing due to buyer markets and production
requirements. With increasing demand from the consumer market, animal production faces a scenario full
of opportunities for businesses aimed at meeting more demanding and conscious consumer markets
(Costa, 2023).

Egg production in Brazil in 2022 reached 52.06 billion units, according to data from ABPA — Brazilian
Association of Animal Protein. The egg sector has been contributing to the international market in recent
years. In 2022, although exports still represented less than 1% of national production, the product was
present on the tables of consumers in 93 countries. Brazil aims to establish itself among the global market
leaders. This large production may be linked to the diverse markets in which eggs are involved, considering
their functional nature. Being a protein of high biological value, high quality, and affordable price, eggs
have become a widely consumed food around the world (Soares, Ximenes, 2023).

Eggs are among the most complete foods for human consumption due to their excellent content
of vitamins, minerals, fatty acids, and especially high-biological-value proteins — a convenient feature due
to the presence of essential amino acids (Régo et al., 2012). Structurally, the egg is divided into four main
parts: yolk, white (albumen), shell, and shell membrane (Alcantara, 2012).

The shell represents 8 to 11% of the composition and is considered a natural packaging against the
penetration of microorganisms and dirt. However, its structure is porous, which allows water to evaporate
and substances to penetrate that can alter the egg’s smell and taste (Ornellas; Kajishima; Verruma-
Bernardi, 2007). The shell membrane, in turn, consists of two layers—one external and one internal—that
together provide resistance to the shell and protect the egg content from microorganisms (Ramos, 2008).

Meanwhile, the yolk is composed of 52% fat-in-water emulsion, this “mixture” consisting of 16%
protein, 34% lipids, fat-soluble vitamins A, D, E, and K, glucose, pigments, and other components
(Alcantara, 2012). Finally, the egg white makes up the largest part of the egg, consisting of subparts that
together protect the yolk from shocks and temperature changes. It also contains a natural source of
proteins with biological, technological, and nutritional value (Ramos, 2008).

As stated, the egg has functional properties due to its characteristics—color and viscosity—and
actions, whether emulsifying, gelling, or foaming. These qualities make the egg an important raw material
in the production of specific products such as cookies, cakes, fillings, breads, and other baked goods that
require structural integrity (Sarcinelli; Venturini, 2007).

For example, the foaming property ensures improved texture and consistency during processing
stages, helping achieve the desired characteristics in confectionery products. This is due to the abundant
proteins in the egg’s composition, highlighting its nutritional and structural quality (Santana, 2017).

However, eggs can also be vulnerable to contamination during production and sale, which may
result from handlers, equipment, facilities, or even the bird itself (Lacerda, 2011). Therefore, it is incorrect
to state that the egg’s natural barriers are sufficient for the desired protection, which highlights the need
for preventive methods, especially since eggs are highly perishable and undergo rapid deterioration
(Pereira, 2015).
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Given this and noting the increasing consumer demands, it is essential to seek information on food
quality in commercial environments, now analyzing external aspects such as the shell and weight, which
serve as visible parameters for sale (Pires et al., 2015). Likewise, these commercial products are easily
affected by factors ranging from collection to the consumer’s table, which may compromise product
quality even if preventive measures from Decree No. 56.585 of 1965 are followed. Thus, it is reasonable
to seek information on the chemical, physical, and biological aspects of eggs in today’s market, observing
both quantitative and qualitative elements.

From this perspective, storage is one of the main challenges, as it directly influences obtaining a
proper final product. This is proven by the fact that, after laying, the internal quality of the egg naturally
begins to decline, making refrigeration necessary (Coutts; Wilson, 2007).

In commercial settings, eggs are often not handled with the required care, being stored in
unrefrigerated places, either due to negligence or lack of proper facilities. This, in turn, leads to the sale of
products with questionable quality. Additionally, inadequate storage affects the quality of products that
primarily use eggs in their composition, whether for structure or other features (Pereira, 2015).

Therefore, it is necessary to research, understand, and delve into the variables that modify
important characteristics that influence the use of this raw material in the food industry, whether directly
for the consumer or in the confectionery sector. Thus, understanding the food quality involved in the egg
market and its respective processes is essential. With that in mind, this study aimed to evaluate the
physicochemical quality of brown eggs sold in Pau dos Ferros-RN.

MATERIALS AND METHODS S

Eggs from two different batches of two different brands were used, each purchased from
supermarkets in the city of Pau dos Ferros — RN. The samples were taken from display shelves where they
were kept at room temperature and exposed to light. It is worth noting that the packaging of both brands
consisted of cardboard boxes wrapped in polyvinyl chloride plastic film. The eggs had brown shells and
were classified as large. All eggs were obtained on the same day and were three days old at the time of
analysis.

The eggs were transported in isothermal boxes to the Laboratory of Physicochemical Food Analysis
at the Federal Institute of Education, Science and Technology of Rio Grande do Norte (IFRN), Pau dos Ferros
campus. For quality analysis, 12 eggs per brand were used at each time point (0 and 21 days), totaling 48
units, considering only intact eggs without cracks. The samples were then stored under refrigeration and
protected from light, simulating common consumer practices as reported by Souza et al. (2022). The
storage period was 21 days.

The quality analysis included the following parameters: average whole egg weight (WEW), weight
loss, yolk weight (YW), yolk pH (pH Y) and albumen pH (pH A), and evaluation of foam quality, according
to methods described by Brasil (1999); Romanoff and Romanoff (1963); and Silversides et al. (1993),
respectively.

The first step was to weigh the whole eggs at time 0 and after 21 days of storage to compare the
results within the same batch and determine whether weight loss had occurred. Next, the percentage of
yolk and albumen was determined. The eggs were broken, and their parts were separated to weigh the
yolk and shell individually on an analytical balance. The shell was weighed only after being washed and
dried at room temperature for 72 hours. The albumen weight was obtained by subtracting the weights of
the yolk and shell from the whole egg weight. The percentages of alboumen and yolk were calculated by
dividing their respective weights by the total egg weight and multiplying the result by 100.

Concurrently, the pH values of the yolk and albumen were measured in samples at 0 and 21 days
using a Tecnal R-TEC-7-MP potentiometer.

Finally, the foam quality of the alboumen was assessed by weighing 50 mL of albumen (measured
in a graduated cylinder) and transferring it to a 600 mL beaker. The foam was generated by beating the
sample with an egg beater for 1 minute and 30 seconds. Based on the resulting foam, the whipping index,
foam stability, specific density, and air phase were determined (Bovskova; Mikova, 2011) using the

following equations:
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Volume of the foam formed
Volume of egg white used

e BeatingIndex: IB = x 100 (%) (1

Volume of foam formed — Drained volume

e Durability Index:ID = x 100(%) (l)

Volume of egg white used

PWeight of 50 mL of foam
VVolume of foam formed

e Specific Density: DE = (g/mL) (1)

Overrun

e AirPhase: FA = (IV)

Overrun +100

The beating index refers to the foam-forming capacity and relates the final foam volume to the
initial volume of albumen used. The durability index measures the stability of the formed foam, relating
its final volume with the drained liquid volume — over a certain period — and the initial volume of albumen
used (Barros et al., 2016).

Furthermore, the determination of overrun — which indicates the aeration potential of albumen
protein present in eggs during beating, thus linking its maturation time to final yield (BARROS et al., 2016)
— was carried out following the procedure described by Talansier et al. (2009), using the following
equation:

Weight of 50 mL of Albumen — Weight of 50 mL of Foam
Weight of 50 mL of Foam

e Qverrun: Qv = x 100 (%) (V)

The collected data were subjected to Analysis of Variance (ANOVA) in a Completely Randomized
Design (CRD) under a 2x2 factorial scheme (2 egg brands and 2 storage times — 0 and 21 days). The means
were compared using Tukey’s test at a 5% significance level, with the software STATISTIC 7.0 (Statsoft,
2004).

RESULTS AND DISCUSSION

The results presented in Table 1 highlight the analyzed characteristics of red eggs from brands A
and B, sold in the city of Pau dos Ferros — RN, and stored for 21 days under refrigeration at 7°C — a
temperature commonly used by consumers.

REVISTA CIPPUS — UNILASALLE Canoas/RS ISSN: 2238-9032 v. 13 n. 1jun./2025



Adalva Lopes Machado, Isaac Nicolas Lemos Fernandes Batista, Alice Lins Mendes Barreto, Lara
Barbosa de Souza, Gleison Silva Oliveira e Thamirys Lorranne Santos Lima

Table 1 - Analyzed characteristics of red eggs from brands A and B sold in Pau dos Ferros — RN, stored for
21 days under refrigeration at 7°C.

Brand A
Time O Time 21
Whole egg weight (WEW) 61,99° + 5,75 58,622+ 3,01
Shell weight (SW) 6,222+ 0,75 5,77+ 0,43
Yolk weight (YW) 15,462+ 2,30 16,852 + 1,37
Yolk pH (pHY) 5,97°+0,27 6,58+ 0,30
Albumen pH (pH A) 8,90°+ 0,15 9,03°+0,11
Albumen weight (AW) 40,30+ 3,93 35,99% + 2,50
Albumen percentage 65,04+ 3,08 61,36° +2,19
Yolk percentage 24,92+ 2,84 28,782+ 2,06
Brand B
Time 0 Time 21
Whole egg weight (WEW) 57,24* + 1,69 55,34+ 2,41
Shell weight (SW) 6,132+ 0,45 6,072+ 0,50
Yolk weight (YW) 15,20° + 1,61 16,00° + 0,96
Yolk pH (pH Y) 6,030+ 0,18 6,812+ 0,34
Albumen pH (pH A) 9,172+ 0,11 9,05 + 0,07
Albumen weight (AW) 35,91# + 1,59 33,27+ 2,37
Albumen percentage 62,762+ 2,78 60,07 + 2,06
Yolk percentage 26,53+ 2,39 28,952+ 2,22

Mean * standard deviation. Different lowercase letters in the same row indicate differences between storage days
(p<0.05). Identical letters indicate no significant difference according to Tukey’s test (n=48).

Observing the values, it is noted that for both brands there was a significant difference for pH and
weight of the albumen and egg white. Authors such as Coutis & Wilson (2007) attribute changes in these
components to variations in temperature and relative humidity during storage, with loss of CO2 and
moisture, causing a decrease in the whole egg weight. It is worth noting that after 21 days, only eggs from
brand B exhibited this behavior, which may be attributed to the refrigerated environment.

However, even after this period, there was no statistical difference (p>0.05) in the analyzed
weights (albumen, yolk, and whole egg) for brand A, which supports the statement by Seabra, Melgarejo,
and Honorato (2014), who discussed the viability and physical characteristics of commercial white and
brown eggs, affirming that eggs stored for 25 days showed no statistical discrepancy, indicating product
quality maintenance.

Regarding brand B, it is also important to highlight that the whole egg weight was lower than that
of brand A, which consequently also resulted in lower weights of the shell, yolk, and albumen compared
to the first brand. Moreover, it is observed that in most analyses, the result variations were quite similar
between brands, except for the whole egg weight, which decreased in the present brand, showing
statistical differences between storage days (p<0.05). This finding may be explained by the loss of alboumen
weight, which ultimately leads to the decrease in egg weight (Santos et al., 2009).

From this perspective, these results were expected, as Leandro et al. (2005) stated in a study on
internal and external quality aspects of eggs sold in different establishments in the Goidnia region: as the
egg storage time increases, the vitelline membrane weakens, allowing water to pass both from the
albumen to the yolk, increasing its volume through osmosis, and to the external environment.

Additionally, Lana et al. (2017), studying the quality of commercial layer eggs stored at different
temperatures and periods, also reported changes in parameters such as weight with increasing
temperatures. Similar alterations were observed in other studies relating to prolonged storage time at
room temperature and refrigeration, such as those by Silversides and Scott (2001), Jones and Musgrove
(2005), Samli, Agma, and Senkoylu (2005), Barbosa et al. (2008), Garcia et al. (2010), Figueiredo et al.
(2011), and Lopes et al. (2012).
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Furthermore, it is noted that the shell weight parameter for both brand A and B numerically
decreased during storage, while yolk weight increased. However, in both properties, there was no
statistical difference (p>0.05) in these values, contradicting the statement by Lacerda (2011) in her work
on the microbiology of commercial eggs, who states that as time passes, the perivitelline membrane
becomes more fragile and elastic, allowing water to enter the albumen, consequently increasing yolk
weight and decreasing internal egg quality.

That said, due to their various characteristics and compositions, eggs are highly susceptible to
external factors such as temperature and storage location, which, if improperly managed, reduce their
composition. Moreover, Pascoal et al. (2008), in a survey in Imperatriz— MA, emphasized that over 90% of
eggs sold “in natura” in the domestic market lack refrigeration and therefore deteriorate within a
maximum of 15 days. Given the data presented, it is evident that many eggs undergo physicochemical
changes, whether small or significant. In this regard, the values obtained align with this statement, as even
after 21 days, many analyzed aspects remained constant.

Moreover, pH values, for example, are among the factors influenced by these conditions. Thus, in
the present study, results for brands A and B regarding the alboumen pH as well as yolk pH — both presented
in Table 1 — showed changes. Simultaneously, for both brands A and B, yolk pH increased over the
stipulated time and showed a significant statistical difference (p<0.05). Similarly, Saccomani (2015, p. 43-
44), in her study titled “Physicochemical quality of eggs from hens raised in conventional, cage-free, and
free-range systems,” reported that regardless of the different conditions, the pH values of albumen and
yolk increased proportionally with storage time at 7, 14, 21, and 28 days, leading to a consequent
worsening of internal egg quality.

However, regarding albumen pH, while brand A agreed with Saccomani’s findings, eggs from brand
B showed the opposite behavior. Although also showing significant statistical changes as in brand A
samples, albumen pH in brand B eggs decreased over time, becoming more acidic. This reaction aligns with
what Stadelman and Cotterill (1995) observed, who highlighted that an increase in pH (i.e., decreased
acidity) is the natural expected reaction during egg storage, as carbonic acid (H2CO3), present in the
albumen buffering system, dissociates over time, forming water and carbon dioxide — which diffuses
through the shell.

Furthermore, it is appropriate to clarify that the standard pH of the egg yolk is approximately 6.2,
which may change with storage time and temperature, as well as the albumen (SEIBEL, 2005). Observing
Table 1 and the average yolk pH values of both brands at time zero, eggs from brand A appeared more
“worn” than those from brand B even before the long storage period, since the potential values were
higher than expected at purchase. Despite this condition, it is worth noting that all eggs had the same
production date, both brands being 3 days old at acquisition. This difference may be attributed to factors
related to ambient temperature during sale and transport in the mentioned period.

However, concerning albumen pH, both brands were outside the standard, as Alleoni and Antunes
(2001) state in their work on Haugh unit as a measure of quality of refrigerated eggs — it should be
between 7.6 and 7.9, a much narrower range compared to the average values of eggs in this study.

Regarding albumen weight and percentage, both decreased significantly (p<0.05) during the
storage period for both brands. The decrease in albumen weight can be explained by water transfer from
albumen to yolk and to the environment, resulting in a lower percentage of albumen weight and an
increase in yolk weight relative to whole egg weight (Figueiredo et al., 2011). According to Lana et al.
(2017), in their work titled “Quality of commercial layer eggs stored at different temperatures and storage
periods,” this occurs due to the osmotic pressure gradient between the two parts, progressively
accentuating as water passes from the albumen to the yolk.

This phenomenon explains the constant decrease in the albumen percentage previously analyzed,
being inversely proportional to the yolk percentage, where the latter increases and the former decreases
due to osmotic action. Temperature and storage period also influence these factors.

This occurrence coincides with the cited work by Lana et al. (2017), in which the authors explain
that the reduction of aloumen weight over 30 days of storage led to a decrease in egg weight. Additionally,
from the 6th day of storage, the albumen percentage began to decrease linearly.
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However, this contrasts with Barbosa et al. (2008), whose research on the quality of eggs from
commercial layers stored under different times and conditions found that yolk percentage values showed
little statistical difference from 0 to 21 days. For eggs stored at room temperature, the increase was about
0.25% per storage day, and for eggs under controlled conditions, about 0.13%.

Thus, both brands showed similar results in variations of analyzed characteristics, allowing for a
notion of standardization in how temperature and storage conditions influence their properties. In this
regard, it is worth noting Brake et al. (1997), who defined storage temperature reduction as responsible
for slowing water movement from albumen to yolk, thus reducing the rate of changes eggs undergo —
though itis impossible to completely prevent such transformations, especially concerning pH and albumen
and yolk percentages.

In another section, analyzing results on foam quality and other aspects of red eggs sold in
supermarkets in Pau dos Ferros — RN, stored at refrigeration temperature (7°C) for 21 days, the values are
shown in Table 2.

Table 2 - Evaluation of foam quality of red eggs sold in Pau dos Ferros — RN, under refrigeration (7°C)..

Brand A

Time 0

Tempo 21

Beating index (BI)
Durability index (DI)

840,00° £ 56,57
840,00° £ 56,57

160,00° + 56,57
80,00° + 56,57

Specific gravity (SG) 1,34°£0,23 0,09°£0,00
Air phase (AP) 0,86° 0,01 0,79° + 0,06
Overrun (Ov) 614,387 + 74,86 383,72° £ 57,59
Brand B
Tempo O Tempo 21
Beating index (BI) 880,00° + 28,28 140,00° + 0,00
Durability index (Dl) 880,00° + 28,28 40,00° + 0,00
Specific gravity (SG) 1,21+ 0,04 0,07* + 0,00
Air phase (AP) 0,852+ 0,00 0,852+ 0,01

Overrun (Ov)

577,51° + 3,64

556,29° + 22,35

Mean + standard deviation. Different lowercase letters on the same line differ between storage days (p<0.05).
Identical letters indicate no significant difference according to Tukey’s test at 5% probability (n=48).

In general, observing the results obtained in Table 2, it is noted that the values decreased over the
21-day period for all parameters—except for the air phase in brand B, which remained unchanged—and
in both categories, showing that, once again, the longer the storage period, the greater the nutritional
losses, decreasing the moisture content and, especially, the protein content, which hinders foam
formation as well as its possible stability (LAWAL, 2004). Based on this, Pires et al. (2015), in a study on
factors affecting the quality of commercial layer eggs, stated that factors such as temperature, storage
time, and humidity directly influence the internal quality of eggs, thus requiring conservation at low
temperatures.

At first, the IB (beating index) refers to the foam-forming capacity and relates the final foam volume
to the initial volume of albumen used (Bovskova; Mikova, 2011). In view of this, in both brands, this index
dropped drastically after the 21-day storage period, which aligns with results obtained by Barros et al.
(2016)—in research on the quality evaluation of eggs sold in supermarkets, groceries, and markets, stored
under refrigeration—in which values also decreased considerably for supermarket eggs compared to farm
and open market eggs, similar to this study.

This significant numerical drop, according to Bovskova and Mikova (2011)—in their article on
factors influencing the quality and foam formation of pasteurized and unpasteurized egg white—may have
occurred due to intrinsic factors such as pH and proteins. Moreover, external factors can also be relevant,
such as storage conditions and temperature, among others. This is because when eggs are stored at high
temperatures, the proteins present—responsible for foam formation—become denatured, impairing
products that rely on this “binding” property. Thus, as analyzed in Table 2, comparing day 0 and day 21
values, these unfavorable changes become irreversible even after subsequent thermal treatment by the

v. 13 n. 1jun./2025



Adalva Lopes Machado, Isaac Nicolas Lemos Fernandes Batista, Alice Lins Mendes Barreto, Lara “
Barbosa de Souza, Gleison Silva Oliveira e Thamirys Lorranne Santos Lima

consumer.

Accordingly, according to the authors’ results, both types of egg white allowed good foam volume
formation at pH below 4.5 (acidic) and also near 7.0 (neutral); however, at extreme acid (around 1.0) or
basic levels (around 10.7), foam formation is low (Bovskova; Mikova, 2011). Based on this, note that the
pH values of albumen in Tables 1 and 2 were between 8.9 and 9.2 at time zero—likely due to the time eggs
spent stored at supermarkets before purchase, corresponding to 3 days post-production. This difference
may be attributed to the selling environment temperature and transport conditions during that period.

These values, in the authors’ study, showed a 137% drop in IB when compared to the pH range of
6to7.

Regarding proteins—the main factors responsible for the beating index and foam durability—it is
possible to deduce that, like pH, quantitative changes occurred during the 21-day storage period. In this
regard, Johnson and Zabik (1981), in a study on the ultrastructural examination of egg white protein foams,
exemplify that, in general, egg white globulins together with ovalbumin, ovotransferrin, lysozyme,
ovomucin, and their interactions strongly influence the formation and stabilization of foams.

Consequently, given that IB values decreased in both studies, as emphasized, it is plausible that
this occurred due to the reduced amount of proteins remaining at the end of storage, resulting in greater
denaturation and facilitating foam formation by mechanical action. Furthermore, ovotransferrin
constitutes about 13% of egg white proteins and is considered the best for IB capacity among all proteins
(Bovskova; Mikova, 2011), which suggests that the drop in beating index may be mainly due to substantial
ovotransferrin losses during storage.

In this context, foam is a two-phase “network” where air is the dispersed phase and the surface is
formed by a thin layer of denatured proteins. These egg white proteins denature due to mechanical
beating, which acts on their hydrophilic groups (towards the liquid) and hydrophobic groups (towards the
air phase) (Ternes; Acker; Scholtyssek, 1994). Beating causes stereometric changes as hydrophobic groups
rise to the surface, reducing surface energy and tension, which influences foam stability (Lokamina;
Mikova, 2006).

Initially, it is understood that, like IB, the durability index (ID) also suffered significant decreases
due to storage time, strongly dropping in both brand A and B, matching results by Barros et al. (2016),
where the average ID dropped from 688.4 (time 0) to 432.4 (time 21), and the greatest numerical drops
were in supermarket eggs.

By chance, the same factors influencing IB also directly affected ID, since both parameters are
linked—namely pH and proteins, as well as storage time and temperature. According to Bovskova and
Mikova (2011), foam stability is highest at pH 8.6 but decreases with abrupt changes. This explains the
drops in both brands seen in Table 2, consistent with Barros et al. (2016).

Regarding the influence of proteins, Alleoni and Antunes (2004), in their work “Stability of Albumin
Foam and S-Ovalbumin: content in eggs coated with concentrated whey protein,” emphasize that ID is
broadly associated with ovalbumin and its transformation during storage into S-ovalbumin, which
increases the drained liquid volume and thus decreases stability. This explains the extreme drop in values
in this study and those authors’, who noted a 5.71% variation in S-ovalbumin percentage accompanied by
a 1.81 mLincrease in drained liquid volume.

Thus, it can be concluded that both IB and ID—intrinsically linked to foam quality—were affected
by pH and specific protein quantities, causing a large decline after storage, as seen in brand A’s ID, which
dropped from 840 to only 80 in 21 days, demonstrating the strong influence of temperature and storage
on pH, protein action, and consequently IB and ID.

Regarding the specific gravity of the eggs during the analyzed period, both brands A and B showed
significant differences over time—brand A decreased from 1.34 to 0.09 and brand B from 1.21 to 0.07. This
result was also elucidated by Freitas et al. (2011) in a study of qualitative aspects of commercial eggs under
different storage conditions, where authors showed a significantly lower specific gravity index (p<0.05) at
14 and 21 days compared to time 0.
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This situation, according to Cruz (2013), can be explained by air incorporation during agitation,
since high-speed albumen agitation increases shear percentage, aiding bubble division, resulting in greater
gas incorporation into the mixture, thus lowering foam density. Additionally, Barbosa et al. (2008) found
that this reduction may also relate to weight loss during storage, since density is mass divided by volume;
thus, under these conditions, mass and density are directly proportional—greater mass loss results in
lower specific gravity.

Furthermore, regarding the air phase—which measures how much air is present in foam within a
fixed volume (Santana, 2017)—brand A varied from 0.86 to 0.79, while brand B’s value remained constant
at 0.85 during 21 days. This confirms the strong relationship of this factor with the overrun index, as shown
in Table 2, where overrun decreased considerably in brand A but remained more consistent in brand B.
Also, air phase measurement is used as an indicator of bubble morphology and integration into foam,
which changes according to increases in this value (Santana, 2017).

Regarding overrun, observing Table 2, brand A’s value dropped considerably from time 0 to 21—
from 614.38 to 383.72—while brand B showed a smaller change—from 577.51 to 556.29. Considering
overrun as the index indicating the albumen protein’s aeration potential during beating (Barros et al.,
2016), it is clear that at time 0, brand A’s eggs resulted in a larger volume of stable foam than brand B’s—
due to a higher overrun value—but by day 21, this reversed as brand A’s value dropped significantly while
brand B’s remained relatively steady.

Similar changes were also observed by Barros et al. (2016), who, in their study in Imperatriz (MA),
evaluating egg quality in supermarkets, groceries, and markets under refrigeration, reported overrun
values varying from 390.4 to 600.0. According to Campbell and Mougeot (1999), typical overrun values for
foam formed with albumen protein range from 500 to 800%. Values below this range indicate a lower
stable aeration capacity from egg white.

However, the wide variation of overrun values found in different studies may relate to factors such
as sample quality, heat treatment conditions, solution pH, beating speed, air incorporation method,
beating time, and, for dehydrated whites, reconstitution conditions (Santana, 2017).

Moreover, it is worth highlighting the existence of a phenomenon known as “overbeating,”
proposed by Raikos, Campbell, and Euston (2003) to explain the reduction of overrun. These authors
suggest that this process, which consists of prolonged beating of egg albumen, can cause excessive
coagulation of globular proteins at the air-liquid interface, leading to the development of insoluble
aggregates with a lower capacity for water retention, which results in foam collapse.

In this regard, when analyzing the data in Table 2, it is assumed that the significant drop in the
overrun index of brand A may be partly associated with this overbeating process highlighted by Raikos.
This is because the very noticeable disparities in the declines of the indices of brands A and B (with an
average difference of 210 units) indicate that, for brand A, other factors also influenced its reduction, not
just the refrigeration process.

CONCLUSION

It can be inferred, therefore, that after 21 days of storage, some parameters associated with quality
were altered, such as the whole egg weight—which, although it decreased in both brands, showed a
significant difference only in brand B—and the albumen pH—which became more acidic also in brand B.
These aspects reflect the influence of storage and temperature on the conservation of egg quality.

Based on this, regarding foam properties, the use of storage and temperature conditions also
caused a reduction in all index values, remaining constant only in the air phase (FA) property of brand B.
Thus, when comparing the studied brands, it is worth noting that brand B eggs still showed lower
qualitative losses than brand A, especially in the factor related to the capacity and quality of foam
formation.

Therefore, storage conditions directly affect the quality aspects of eggs, since, due to not being
properly treated before purchase, the eggs already exhibited certain altered physicochemical
characteristics. Thus, even after being stored under favorable conditions, these conditions could not be
reversed, evidencing the low quality of eggs that reach consumers’ tables. This study thus suggests the
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importance of determining quality parameters in eggs, which are foods highly consumed by the general
population.
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