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Stability evaluation of quail egg powder obtained by freeze-drying
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Abstract

This study aimed to produce quail egg powder by freeze-drying and to evaluate its stability in different types of flexible
packages (low-density polyethylene, polypropylene and pigmented polypropylene) in high relative humidity
(approximately 81%) at 25 °C during 59 days. The packages were evaluated for water vapor permeability and freeze-
dried egg was characterized as to bulk density and hygroscopicity (initial time), and moisture, water activity, pH and
color (until the end of storage). GAB, BET and Peleg sorption isotherm models were adjusted to the experimental data
to predict monolayer moisture content in the powdered eggs. The freeze-dried quail eggs presented a little oscillation in
color coordinates, reduction in pH, and increase in moisture content and water activity during storage for all packages
used. No evaluated packaging was sufficiently effective as a moisture barrier. GAB and BET models fitted better to the
experimental data for the freeze-dried quail egg, and the estimated monolayer moisture values were 0.0333 and 0.0227
g H>O/g solids, respectively. The powdered quail egg has industrial potential, however, it is susceptible to significant
changes throughout storage when exposed to high relative humidity and conditioned in the tested packages.
Commercially, as this product can be sold in regions with different temperatures and relative humidity, it is essential to
consider the use of preservatives or anti-wetting agents.

Keywords: Poultry; Powdered egg; Storage; Package permeability.

Resumo

O objetivo deste estudo foi produzir ovo de codorna em pé através da liofilizacdo e avaliar a sua estabilidade em
diferentes tipos de embalagens flexiveis (polietileno de baixa densidade, polipropileno e polipropileno pigmentada) em
alta umidade relativa (aproximadamente 81%), a 25 °C durante 59 dias de armazenamento. As embalagens foram
avaliadas quanto a permeabilidade ao vapor d’dgua e os ovos liofilizados foram analisados em relacdo a
higroscopicidade e densidade aparente (tempo inicial), e pH, umidade, atividade de agua e cor (até o fim do
armazenamento). Modelos de isotermas de sor¢do de GAB, BET e Peleg foram utilizados para a previsdo da umidade
na monocamada dos pds. Para todas as embalagens, o ovo de codorna liofilizado apresentou uma pequena oscilagéo nas
coordenadas de cor, reducdo no pH e aumento de umidade e atividade de dgua ao longo do armazenamento. Nenhuma
embalagem avaliada foi suficientemente eficaz como barreira a umidade. Os modelos de GAB e BET se ajustaram
melhor aos dados experimentais para o ovo de codorna liofilizado e os valores estimados de umidade na monocamada
foram de 0.0333 e 0.0227 g H,O/g sélidos, respectivamente. O ovo de codorna liofilizado possui potencial industrial,
porém, é suscetivel a alteraces durante o armazenamento quando exposto a alta umidade relativa e acondicionado nas
embalagens testadas. Comercialmente, como este produto pode ser vendido em regides com diferentes temperaturas e
umidades relativas, é fundamental considerar o uso de conservantes ou antiumectantes.

Palavras-chave: Aves; Ovo em pd; Armazenamento; Permeabilidade de embalagem.
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Resumen

El objetivo de este estudio fue producir huevo de codorniz en polvo mediante liofilizacién y evaluar su estabilidad en
diferentes tipos de empaques flexibles (polietileno de baja densidad, polipropileno y polipropileno pigmentado) a alta
humedad relativa (aproximadamente 81%), a 25 °C durante 59 dias de almacenamiento. Los empaques se evaluaron
para determinar la permeabilidad al vapor de agua y los huevos liofilizados se analizaron para determinar su
higroscopicidad y densidad aparente (tiempo inicial), y para determinar el pH, la humedad, la actividad del agua y el
color (hasta el final del almacenamiento). Se utilizaron modelos de isotermas de sorcion de GAB, BET y Peleg para
predecir la humedad en la monocapa de los polvos. Para todos los empaques, el huevo liofilizado mostré una ligera
oscilacién en las coordenadas de color, una reduccién del pH y un aumento de la humedad y la actividad del agua
durante el almacenamiento. Ningin empaque evaluado fue suficientemente eficaz como barrera contra la humedad. Los
modelos GAB y BET se ajustan mejor a los datos experimentales para el huevo de codorniz liofilizado y los valores de
humedad estimados en la monocapa fueron 0.0333 y 0.0227 g H,O/g sélidos, respectivamente. El huevo de codorniz
liofilizado tiene potencial industrial, sin embargo, es susceptible a cambios durante el almacenamiento cuando se expone
a alta humedad relativa y se almacena en los empaques probados. Comercialmente, como este producto puede venderse
en regiones con diferentes temperaturas y humedad relativa, es fundamental considerar el uso de conservantes o agentes
antihumectantes.

Palabras clave: Aves; Polvo de huevo; Almacenamiento; Permeabilidad del empaque.

1. Introduction

The quails are small birds (100-200 g, in adulthood) which belong to the Galliformes order and Phasianidae family, and
the Coturnix genus is the most used for captive breeding worldwide, specially, Coturnix coturnix japonica (Japanese quail), that
is the most common quail regarding egg production. The Japanese quail requires a relatively small breeding area, reaches sexual
maturity early, has high egg-laying rate (about 300 eggs during your reproductive period), is resistant to disease, and easy to
handle. Therefore, its breeding can be an excellent income-generating opportunity (Chetmonska et al., 2008; Shanaway, 1994;
Thélie et al., 2019).

The quail egg performs an important role in human food due to its high nutritional potential, being a source of proteins,
amino acids, minerals, and vitamins. Its composition is similar to the chicken egg (Arthur & Bejaei, 2017; United States
Department of Agriculture [USDA], 2021a; USDA, 2021b), however, the production and consumption of quail egg in the world
are still very low compared to chicken eggs (Food and Agriculture Organization of the United Nations [FAQ], 2021).

The quail egg weighs an average of 9 g, approximately 1/5 the weight of a medium chicken egg (USDA, 2021a; USDA,
2021b). Therefore, in several recipes the use of the quail egg becomes inconvenient. In addition to the small size, the greater
fragility of the quail eggshell (Sun et al., 2019) is also an inconvenience, resulting in significant losses along the production
chain.

The quail egg processing can be applied, offering convenience to consumers, in addition to promoting a longer shelf
life, adding value to the product (Arthur & Bejaei, 2017) and avoiding losses. A good example is the dehydration of the quail
egg by freeze-drying, which is a mild method because it does not use high temperatures. In this process, the previously frozen
food is subjected to a vacuum, and the present water changes directly from the solid state to steam (Jayaraman & Gupta, 2006;
Lechevalier et al., 2013; Sokhansanj & Jayas, 2006). In addition to choosing a suitable dehydration method, it is essential that
the powder produced is correctly stored to presents good stability throughout the storage period. Therefore, the choice of
packaging is essential since it must protect the food from external factors, such as moisture and oxygen.

Considering that quail breeding can be a good source of income and given the small world production of quail eggs
compared to chicken eggs, there must be an incentive for quail breeding and processing its eggs, which have great nutritional
and industrial potential. However, there is a lack of literature about the production and characterization of quail egg powder. In
this way, further studies about the processing, stability and packaging of powdered quail eggs must be developed, promoting a
new world trend.

Several studies have already been developed to evaluate the interference of packaging on the stability of powdered
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foods, such as apple peel (Henriquez et al., 2013), macauba palm (Oliveira et al., 2015) and sweetened yogurt (Seth et al., 2018)
throughout storage. Moura et al. (2008) evaluated the effects of different packages on the internal quality of fresh Japanese quail
eggs. However, concerning the quail egg powder, there is no still publication with this same purpose.

This study aimed to produce quail egg powder by freeze-drying, to characterize and evaluate its stability in different
types of flexible packages (low-density polyethylene, polypropylene and pigmented polypropylene) in high relative humidity
(approximately 81%), during 59 days.

2. Methodology

The present study consists of experimental, applied and quantitative research (Gil, 2008; Kdche, 2011; Pereira et al.,
2018). Methodological support was provided by the third, fourth and fifth authors. All experiments were carried out in the
laboratories of the Food Engineering course, at the Federal University of Uberlandia, campus Patos de Minas, MG, Brazil. As
this is a quantitative research, the experimental data were treated statistically, as detailed in item 2.8.

2.1 Obtaining and preparing eggs

The Japanese quail eggs (Coturnix coturnix japonica) were obtained in the local market. For the production of powdered
quail eggs, first, they were broken, homogenized and filtered, to remove fragments of shells, chalazae, and membranes. After
homogenization, the samples were pasteurized in an Ultratermostatic Bath SL - 152/18 (Solab, Piracicaba, SP), at a temperature
of 60 °C for 3.5 min.

2.2 Moisture of liquid egg
The moisture of the liquid quail egg was determined by the gravimetric method, using an oven with forced air circulation
model Q314M252 (Quimis, Diadema, SP), at 60 °C for 72 h (adapted of Vilela et al., 2016). Three replicates and three repetitions

were performed.

2.3 Freeze-drying

After pasteurization, the samples were frozen in an Ultra Freezer CL 520-86V (ColdLab, Piracicaba, SP) at -80 °C for
a minimum period of 12 h. In sequence, the samples were freeze-dried in a freeze dryer L101- Liotop® (Liobras, Sdo Carlos,
SP) for 24 h, and then, defragmented using a domestic mixer to obtain the powder.

For packaging powders, low-density polyethylene (LDPE), polypropylene (PP) and pigmented polypropylene (P-PP)
packages were used, all with an area of 0.64 m? and thicknesses of 70.00 + 1.8 pum, 63.00 + 0.94 pm and 46.16 + 0.23 pm,
respectively, acquired in the local market.

2.4 Powder characterization after freeze-drying

The egg powder was characterized as moisture, bulk density, and hygroscopicity. The moisture was determined by the
gravimetric method, as previously mentioned (item 2.2), until constant weight. The bulk density was determined by mass ratio
to the volume, expressed in g/cm®. The hygroscopicity was measured according to Tonon et al. (2008), to the unpacked egg
powder and egg powder packaged in LDPE, PP and PP-P packages. The samples were weighed, disposed in a desiccator at 25
°C and relative humidity (RH) of approximately 75%, conditioned by NaCl saturated solution and weighed again after 7 days.
The hygroscopicity of the powders was expressed as a percentage of water adsorbed by the mass of dry solids. All of these

analyzes were performed in three repetitions.
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2.5 Water vapor permeability of packages

The LDPE, PP, and PP-P packages were evaluated for water vapor permeability (WVP), as Ortiz et al. (2017) performed,
with modifications. The packages were placed in stainless steel capsules, sealed with rubber rings and screws, with an internal
relative humidity of 2%, conditioned by the presence of dry CaCl,. The whole set was stored in a desiccator with 75% RH,
conditioned by NaCl saturated solution at 25 °C. The capsules were weighed for 7 days, at 24 h intervals. For this analysis, two

repetitions were performed. WVP was calculated using Equation (1).

_ K xt
AxPx(RH,-RH,)

1)

Where: WVP = water vapor permeability (g.um/m?.h.Pa); K = water vapor permeability rate (g/h); t = thickness (um); A =
permeation area (m?), P = water vapor pressure at 25 °C (Pa); RH; = equilibrium relative humidity/water activity outside the
capsule; RH, = equilibrium relative humidity/water activity inside the capsule. The permeation rate (K) was found from linear

regression of the water gain data plotted by time, corresponding to the slope of the line.

2.6 Powder characterization during storage

Powders were evaluated during storage as moisture, water activity, pH and color. For this, samples of 3 g were placed
in different packages. The LDPE and PP packages were sealed by heating in a sealer model M-300T (Barbi, Itu, SP). At the
same time, the PP-P already had its adhesive layer for sealing due to its limitation concerning sealing by high temperature. All
were stored for 59 days in BOD TE-371 (Tecnal, Piracicaba, SP) at 25 °C, with 80.99 + 0.28% RH, obtained by (NH4).SOx

saturated solution (Greenspan, 1977).

2.6.1 Water activity and moisture analysis

The water activity was obtained by reading directly on the AqualLab LITE equipment (Decagon Devices, S&o José dos
Campos, SP). The moisture was determined by the gravimetric method, as previously mentioned (item 2.2). Three repetitions
were performed for both analysis.

2.6.2 pH analysis

The pH was determined by a pHmeter model mPA-210 (MS Tecnopon, Piracicaba, SP) previously calibrated, after
diluting the powder in distilled water in a proportion of 1:10 (w/v) (Instituto Adolfo Lutz, 2008). Three repetitions were
performed.

2.6.3 Color profile

The color of the powders was determined by a Konica Minolta CR-400 colorimeter (Konica Minolta, Ramsey, NJ) with
a viewing angle of 0° and illuminant C, previously calibrated. The colors, measured on the CIE L*a*b* scale, were expressed in
terms of luminosity (L* = 0: black and L* = 100: white) and chromaticity (- a* = green and + a* = red; - b* = blue and + b* =
yellow). The global color change (AE*) was calculated to express the overall color difference of the samples during the storage

period (in relation to the day 0), defined by Equation 2. Three repetitions were performed.

AE = (ALY +(aa ) +(a0)
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2.7 Sorption isotherms

The sorption isotherms were determined by the static gravimetric method at 25 °C. Eight saturated saline solutions were
prepared: LiCl, CH3COOK, K>CO3, Mg (NOs)2, KI, NaCl, KCl and BaCl,, for approximate values of relative humidity of 11.3%,
22.6%, 43.2%, 52.9%, 68.9%, 75.3%, 84.3% and 90.2%, respectively (Dufour et al., 1996; Greenspan, 1977). For each of the
relative humidity, 1 g of freeze-dried quail egg was used. The samples were weighed at regular intervals until they reached
equilibrium. The mathematical models of GAB, BET, and Peleg, shown in Table 1, were adjusted to experimental data. The
routine program was performed by the software Matlab R2013a® (Mathworks Inc., USA). For each saline solution, three

repetitions were performed.

Table 1. Mathematical models used for adjustment of the experimental data for freeze-dried quail egg.

Model Equation

X ,,CKaw
GAB X =

[(1- Kaw)(1- Kaw+ CKaw)]

X Caw

BET X =
[A—aw)(1+ (C —Daw)]

Peleg X =Kaw" + Kaw"”

X is the equilibrium water content (dry basis), Xm is the monolayer water content
(dry basis), aw is water activity, C e K are model constants and Ki, Kz, n1 and nz
are model parameters estimated using non-linear regression by Matlab software.
Source: Modified from Conceicéo et al. (2016).

2.8 Statistical analysis
The influence of the storage time and the material used in the packaging of the quail egg powder was evaluated through

analysis of variance (ANOVA) and mean comparison test (Tukey) at 95% confidence level, using the Statistica 7.0 software
(StatSoft Inc, Tulsa, OK, USA). The results will be presented as mean + standard deviation (SD).

3. Results and Discussion
3.1 Moisture of liquid and powdered egg

The liquid quail egg moisture obtained in the present study was 73.12% (+ 0.91), a value close to 74.35%, provided in
the quail egg composition table of the USDA (2021a). After freeze-drying, the egg presented moisture of 1.56% (+ 0.78), a value
close to that obtained by Velioglu (2019), which was 2% for freeze-dried whole quail egg. Kog et al. (2011a) produced powdered
whole chicken egg by spray-drying at an inlet temperature of 171.8 °C and reported a 2.02% of moisture after drying.

3.2 Bulk density

Bulk density is directly associated with the transport and storage capacity, as it expresses the volume occupied per unit
of mass of powder (Fitzpatrick, 2013). The bulk density of the powdered quail egg was 0.299 g/cm?® (+ 0.009), close to the value
obtained by Kog et al. (2011a), which was 0.305 g/cm?®for spray-dried chicken egg powder.

3.3 Water vapor permeability of packages and powder hygroscopicity
Table 2 shows the results of water vapor permeability of packages and powder hygroscopicity.
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Table 2. Hygroscopicity of freeze-dried quail egg, water vapor permeability rate (K), and water vapor permeability (WVP) of

packages.
Packaging material ~ Higroscopicity (%) K (g/h)  WVP (g.um/m?2.h.Pa)
No packaged 8.46 £ 0.102° - -
PP-P 2.62£0.712° 0.000092 2.81x10%a
LDPE 3.50 £ 0.043° 0.0004° 1.90x10
PP 3.30 £ 0.081° 0.0004° 1.71x10°7

Values with different lowercase letters in the same column differ statistically (p < 0.05); P-
PP: pigmented polypropylene, LDPE: low-density polyethylene, PP: polypropylene.
Source: Authors (2021).

The moisture gain by a hygroscopic powder can considerably damage its technological properties (Henriquez et al.,
2013). Therefore, powdered foods must be stored in packages that offer proper protection against the water passage.

All packages performed a barrier role, significantly reducing water absorption with no difference concerning the
materials used in packaging. Despite the lower water vapor permeability of the PP-P package compared to the others, it was not
sufficient to promote a significant difference in hygroscopicity.

Kog et al. (2011a) found a hygroscopicity value of approximately 5% for the unpackaged powdered whole chicken egg,
produced by spray-drying, exposed for 90 minutes to an atmosphere of 75.3% RH at 25 °C. According to these authors, the

highest absorption of moisture occurred in this interval.

3.4 Powder characterization during storage
3.4.1 Water activity and moisture analysis
Tables 3 and 4 show the results of water activity and moisture, respectively, for powdered quail eggs for the three

packages during storage.

Table 3. Water activity of freeze-dried quail eggs during storage at a 25 °C and ~81% RH.

period (days) Water activity
PP-P LDPE PP
0 0.191 + 0,010%A 0.191 £ 0,010%4 0.191 £ 0,010%4
7 0.427 +0,098>A 0.423 + 0,008"A 0.421 +0,013>A
17 0.610 + 0,022°A 0.542 +0,015%8 0.511 +0,020°8
24 0.539 + 0,097¢PA 0.614 + 0,007%A 0.588 + 0,012"A
31 0.545 + 0,074°PA 0.645 + 0,012"A 0.614 +0,016%%A
38 0.620 + 0,060 0.668 + 0,005794 0.642 + 0,00184
45 0.593 + 0,066%04 0.648 + 0,005~ 0.640 £ 0,0044
52 0.695 + 0,012¢4 0.687 + 0,00694 0.658 + 0,03924
59 0.711 £ 0,033¢4 0.722 + 0,009%4 0.719 +0,0079A

Values with different lowercase letters in the same column differ statistically (p < 0.05). Values
with different uppercase letters in the same row differ statistically (p < 0.05). P-PP: pigmented
polypropylene, LDPE: low-density polyethylene, PP: polypropylene.

Source: Authors (2021).
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Table 4. Moisture (wet basis) of freeze-dried quail eggs during storage at a 25 °C and ~81% RH.
Moisture (%)

Period (days)

P-PP LDPE PP
0 1.56 + 0.080%4 1.56 + 0.0804 1.56 + 0.080%4
7 3.00+ 0.651°4 3.18 £ 0.178°A 3.77 £ 0.508>A
17 6.68+ 0.019°¢A 5.83 + 0.046°8 5.67 + 0.503%8
24 4.14 + 0.392>4 6.55+ 0.536°¢B  5.48 + 0.335°8
31 6.11 £ 0.874°A 7.77 £ 0.554¢81B 7.05 + 0.2320A8
38 6.98 + 0.349°4eA 722 +0.188%¢A  7.02 + 0.106%A
45 7.63 £ 0.209%¢A 7.69+0.3818%A  7.10 + 0.5394A
52 9.03 +0.537"A 7.98 +0.258%"8 8.09 + 0.4159A8
59 8.12 + 0.140A 8.29 + 0.314A 7.59 £ 0.38094

Values with different lowercase letters in the same column differ statistically (p < 0.05). Values
with different uppercase letters in the same row differ statistically (p < 0.05). P-PP: pigmented
polypropylene, LDPE: low-density polyethylene, PP: polypropylene.

Source: Authors (2021).

Throughout the storage period, there was a significant increasing in water activity and moisture in powders for all
packages, limiting their shelf lives. Maximum moisture of 5% (w/w) and water activity until 0.3 are generally quality
requirements for dried foods intended for commercialization, since under these conditions, microbial growth and undesirable
reactions are avoided (Henriquez et al., 2013; Sangamithra et al., 2014). The water activity and moisture values were already
above these limits on the 7th and 17th day of storage, respectively. Therefore, despite being water barriers, the packaging used
were not sufficient to guarantee the stability of the powdered egg totally during storage, under the established conditions of
relative humidity and temperature.

It is also important to note that quail eggs did not have any additives to help extend their shelf life. Furthermore, because
they are a product rich in nutrients and with low humidity and water activity, the potential gradient of moisture adsorption is
high when subjected to a high RH, as in this study. Commercially, as this product can be sold in regions with different
temperatures and RH, it is essential to consider the use of preservatives or anti-wetting agents.

In some periods, it was possible to notice that the type of packaging influenced the moisture gain by the powders.
However, on the last day of storage, there was no significant difference between the moisture values of the different samples.

Several authors also reported increased moisture and water activity in powder products stored in different packaging
materials during storage (Kog et al., 2011a; Oliveira et al., 2015; Udomkun et al., 2016). Seth et al. (2018) reported an increase
from 4.85% to almost 9% moisture (dry basis) for powdered sweetened yogurt (spray-dried), stored in LDPE package for 49
days at 38 + 1 °C and 90% RH. On the other hand, Raitio et al. (2011) evaluated the stability of cauliflower soup powder, prepared
with rapeseed oil and different antioxidants (rosemary extract, carnosic acid, citric acid, tocopherols extract and ascorbyl
palmitate), during 12 weeks of storage at 40 °C and 75% RH, in polypropylene package, and reported no gain for moisture and
observed small increase (approximately 0.1) for water activity, for all the samples of powders.

Kog et al. (2011a) reported a slight increase of approximately 0.05 in the water activity and 0,5% in the moisture of
powdered whole chicken egg, produced by spray-drying, in 180 days, with small oscillations during this period. However, the

powders were stored in 50% RH, lower than used in this study, and packaged in aluminum laminated polyethylene pouches.
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3.4.2 pH analysis

Table 5 shows the results of pH values for powdered quail eggs for the three packages during storage.

Table 5. pH values of freeze-dried quail egg during storage at a 25 °C and ~81% RH.

pH
Period (days)
P-PP LDPE PP
0 9.11£0.010*A  9.11+£0.010*A  9.11 + 0.010%4
7 8.85+0.006""  8.86 +0.000°A  8.85+ 0.031°A
17 8.78 £ 0.025"A 8,84 +0.031A  8.83 +0.015°A
24 8.87 £0.056""  8.83 £0.061°A  8.84 +0.021°A
31 8.62+0.135°¢A 857 +£0.032°4  8.61 + 0.006°*
38 8.43+0.070%*  8.42+0.012%*  8.46 + 0.040%~
45 8.44 £0.134¢~  8.30+0.067"  8.26 £ 0.021°4
52 8.17+0.036%*  8.30+0.015*®  8.17 +0.036"*
59 8.16 £0.160%* 8,10 £0.062"A  8.19 +0.026%"A

Values with different lowercase letters in the same column differ statistically (p <
0.05). Values with different uppercase letters in the same row differ statistically (p <
0.05). P-PP: pigmented polypropylene, LDPE: low-density polyethylene, PP:

polypropylene.
Source: Authors (2021).

Powdered eggs, packaged in the three types of packages, showed a significant reduction in the pH value during storage.
However, the packaging material did not affect the pH profiles of the eggs, except for the 52nd day, where the pH of the egg
packaged in the LDPE package was higher than the others.

One of the reasons for this drop in pH during storage, which was accompanied by the moisture gain of the powders,
may have been the action of lipolytic enzymes, which promote the release of free fatty acids and phosphoric acid, and proteolytic
enzymes, with the release of amino acids (Lieu et al., 1978). Another possibility is transforming of basic amines into less basic
structures, and the formation of acids from the degradation of sugars in the Maillard reactions (Beck et al., 1990; Martins et al.,
2001).

Although there are no recent studies that evaluate the pH of egg powder over storage, a similar behavior to that found
in this study was reported by Lieu et al. (1978), that observed a reduction in the pH of powdered chicken egg (initial moisture of
5%) vacuum packed in PVC plastic bags, wrapped in aluminum foil, from 8.6 to 7.7 in 6 months of storage at 23.9 °C. The

storage relative humidity was not specified by the authors.

3.4.3 Color profile

Table 6 shows the color coordinates for powdered quail eggs for the three packages during storage.
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Table 6. Color coordinates (L*, a* and b*) of freeze-dried quail eggs during storage at 25 °C and ~81% RH.

L*
Period (days) PP-P LDPE PP
0 34.66 + 1.167*P¢A 34,66 + 1.1672PA  34.66 + 1.1672PA
7 30.93 + 0.805%A 32.29 + 0.520*A 32.64 + 2.0963A
17 33.30 £ 1.802*P¢A 33,63 +0.728*A 33.21 £1.175%A
24 33.61 +1.2952P¢A 3246 + 2.5972A 33.06 + 1.36134
31 33.55+0.1192P¢A 32,13 +1.808*A 33.48 £ 1.297%A
38 36.01 + 3.7450¢A 32.41 £ 1.2443A 33.64 £ 2.417%A
45 34,52 +1.5502P¢A 32,58 + 0.958*A 32.70 + 2.150%4
52 33.08 + 1.595%bA 33.92 £0.810%4 32.46 £ 1.290%4
59 38.07 £ 0.909¢4 38.02 + 1.750°4 38.99 + 0.2634
a*
Period (days) PP-P LDPE PP
0 1.21 £ 0.155%4 1.21 £0.155%0¢A 1,21 + 0.155%PA
7 0.49 + 0.251>4 0.81 £ 0.24134 0.89 + 0.384>4
17 1.16 + 0.250%A 0.96 + 0.06720A 1.05 +0.1173bA
24 1.08 + 0.240%bA 1.26 £ 0.02020¢A 1,05 + 0.151304
31 1.36 + 0.269*A 1.31 +0.466PA  1.45 +0.0862>A
38 1.46 + 0.155*A 1.58 + 0.291P¢A 1.40 + 0.27120A
45 1.13 £ 0.02134 1.34 +0.1562>¢AB 158 + 0,255%B
52 1.48 £ 0.270%A 1.40 £ 0.1273bcA 156 +0.1972A
59 1.46 £ 0.130%4 1.84 +0.143%A 1.40 £ 0.24930A
b*
Period (days) PP-P LDPE PP
0 20.22 +0.4192bA 20.22 +0.419%A 20.22 + 0.419%bA
7 18.52 + 0.9213A 18.74 + 0.1513A 19.28 + 0.7243A
17 20.06 + 0.638%PA 19.10 + 0.564%A 19.33 + 0.405%A
24 19.99 + 1.1402bA 19.26 + 1.50134 19.74 + 0.6132bA
31 19.89 + 0.7292bA 19.75 £ 1.170%A 20.25 + 0.2842bA
38 18.28 + 1.220%4 20.18 + 1.08224 20.00 + 1.086%04
45 19.51 + 0.26020A 19.98 + 0.5323A 20.30 = 0.6672bA
52 20.19 + 0.4192bA 19.92 + 0.600%4 20.07 = 0.0532bA
59 21.09 + 0.201°A 21.08 + 0.465%4 21.16 + 0.244A

Values with different lowercase letters in the same column differ statistically (p < 0.05).
Values with different uppercase letters in the same row differ statistically (p < 0.05). P-PP:
pigmented polypropylene, LDPE: low-density polyethylene, PP: polypropylene.

Source: Authors (2021).

Although some variations of L*, a* and b* were observed in the storage period (there was no significant variation of b*
for powdered eggs packaged in LDPE packages), there was no significant difference between the first and the last day of analysis

concerning color coordinates.
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The packages did not influence the values of L* and b*, while for a*, there was only interference from the packaging
on the 45th day, being higher in the egg packaged in the PP package compared to the others.

Chudy et al. (2015) reported an oscillatory profile in the luminosity (L*) of powdered eggs. The authors used dark
storage of the egg powders for 24 months, at 20 °C and with a maximum RH of 75%, packaged in polyester and polyethylene
bags.

There are several possibilities for the color change of the powdered egg during the storage period. One of them is the
Maillard reaction, which occurs due to reducing sugars, even in low concentrations, and protein (Rao & Labuza, 2012),
promoting the non-enzymatic browning of the egg. Another reaction associated with egg browning during storage is lipid
oxidation (Chudy et al., 2015). With darkening, therefore, there is a decrease in the value of L*.

In a study carried out by Rao & Labuza (2012), a relation was observed between the reduction of luminosity in
hydrolyzed egg white and the gain in moisture. According to the authors, this fact can be justified by the increase in the motility
of the components, with the moisture gain accelerating browning reaction rate. Other points to be considered are the change in
light reflection promoted by the absorption of water by powder particles (Rao et al., 2012) and degradation of carotenoids during
storage. Wenzel et al. (2011) produced powdered egg yolk by freeze-drying and spray-drying and stored in plastic packages
vacuum sealed, in the dark, for 26 weeks. At 20 °C there was a significant reduction in the lutein and zeaxanthin content, the
main carotenoids present in the egg, especially in the first 4 weeks. In addition, these authors also reported that there was
isomerization of carotenoids, which may justify changes in a* and b* values. Therefore, it is difficult to associate changes in
color coordinates during storage with just one reason.

The values obtained for the global color change of freeze-dried eggs from the 59th day concerning the day 0 (zero), for
the PP-P, LDPE and PP packages were 3.531, 3.528 and 4.437, respectively, with no significant difference. Therefore, the
pigment layer of the P-PP package, did not protect the powder egg against color change.

In a study by Kog et al. (2011b), powdered whole chicken egg produced by spray-drying had a global color change of
1.617 after storage for 180 days, in aluminum laminated polyethylene package, at 20 °C and 50% RH. Compared to the values
obtained in this study, the smallest global color change may have been due to the lower RH and the lower storage temperature.
This may also indicate a possible greater barrier of packaging used by these authors against water vapor and oxygen. Another
factor to be considered is that spray-drying occurs at high temperatures, differently from what happens in freeze-drying, which

affects the final color of the powder and consequently the color change throughout the storage.

3.4.4 Sorption isotherms

The sorption isotherms describe the behavior of water binding to dried foods and are of great importance to estimate
and even promote an increase in the shelf life of these products (Seth et al., 2018).

The isotherm obtained for the freeze-dried quail egg showed a sigmoidal behavior of type Il, according to the
classification of Brunauer (Rahman, 2009), as can be seen in Figure 1. The same behavior was reported by Kog et al. (2012), for

powdered chicken egg produced by spray-drying.
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Figure 1. Sorption isotherm (experimental data) of freeze-dried quail egg and fits of the GAB, BET and Peleg models.
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Source: Authors (2021).

The GAB and BET models were the ones that best fit the experimental data since they presented higher values of R?
and adjusted R? and lower RMSE, as can be seen in Table 7. According to the GAB and BET models, the moisture monolayer
contents (Xm) for the freeze-dried quail egg were 0.0333 g H,O/g dry solids (~3.3 g H20/g powder) and 0.0227 g H.O/g dry
solids (~2.2 g H.O/g powder), respectively.

Table 7. Predicted parameters, coefficient of determination (R?) and Root Mean Square Error (RMSE) of the fitted models to

the experimental data for moisture sorption isotherm of freeze-dried quail egg.

Parameters R?
T(K) Models R? ] RMSE
Xm C K K1 K N N2 (adjusted)
GAB 0.0333  6.459 0.953 - - - - 0.9624  0.9197 0.02149
298 BET 0.0227 111.6 - 0.9229 0.9210 0.02274
Peleg - - - 0.3206 0.012 7.769 0.7809  0.9143  0.9079 0.02301

Source: Authors (2021).

Monolayer moisture refers to the amount of water strongly adsorbed on the particles’ surface in the food. It indicates
the ideal moisture for a maximum period of shelf life, being, very important for the stability of the product (Rao & Labuza, 2012;
Tonon et al., 2009). Based on X, values found for the two models with better fit, it is proven that the moisture values of the
powders during storage were much higher than they should have been, for the product to have a maximum shelf life, especially
in the last weeks.

Rao & Labuza (2012) obtained a good fit of the GAB model for spray-dried hen egg white (mean absolute percentage
error < 5%), and the X, value found was 0.062 g H>O/g dry solids. Kog et al. (2012), reported values of 0.062 g H.O/g dry solids
(R? =0.982 and RMSE = 1.494%) and 0.145 g H,O/g dry solids (R = 0.997 and RMSE = 2.747%) for adjustments of the BET
and GAB, respectively, for spray-dried chicken egg.
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4. Conclusion

The powdered quail egg has industrial potential, mainly due to the product nutritional value, and its processing should
be further studied. Through this study, it was possible to observe that, despite the good stability in the visual evaluation of freeze-
dried quail eggs, the quail egg powder is susceptible to changes in storage when exposed to the high relative humidity and
packaged in bags with a low water barrier. To promote more stable characteristics during the storage of freeze-dried quail eggs
in high relative humidity, thicker packages or other strategies (like additives) should be used together to ensure an extension of
the shelf life of this nutritionally rich product. The authors suggest for future research, that the stability (including microbiological
quality) of powdered quail eggs obtained by freeze-drying, as well as by other drying methods, stored in packages with higher
barriers to water permeability and under different conditions of relative humidity and temperature, be evaluated, in order to

define packages that promote a longer shelf life for powdered quail eggs, for different experimental conditions.
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