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The aim of the study was to investigate the dynamics of the main chemical compounds in the powdered
eggs stored under constant environmental conditions (temperature=10+0.5°C; relative humidity=65+1%)
and packaged in bags made of different plastic fabric (Lc group = high density polyethylene - HDPE, Lexp
group = low density polyethylene - LDPE). The assessments were run to measure the inner water and dry
matter contents, as well as the ash, proteins, lipids and nitrogen free extract levels. The analysis of data
gathered throughout 90 days of storage suggested that the product packaged in low density polyethylene
bags - LDPE (Lexp group) absorbed +0.82% humidity from the environment, compared to Lc group (highly
significant differences), lost 0.41% from its initial proteins level and 0.59% of the nitrogen free extract, while
lipids and ash values were not affected by the experimental factor (different package). Consequently, it
might be concluded that the type and quality of the utilised package could significantly influence the
proximate chemical composition, due to the transfers from the outer storage environment toward the inner
volume of the package, whose intensity is given by the direct influence of the barrier features of the fabric

the packages are made of.
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Egg production industry must solve, among many
issues, the one created by the increased amount of eggs
pumped into market by the laying hens farmers.
Sometimes, the momentary or temporary demand for this
commodity (table eggs) is quite low, due to some seasonal
particularities (religious fasting periods, decrease of energy
concentrated food during summer and so on) [1, 2].

In order to be able to capitalize the available eggs on the
market, the food industry adapted since the very beginning of
the "70s and started to transform the exceeding amounts into
egg products. Such foods mainly preserve the nutritional
qualities of the raw eggs and also have longer shelf life and
better stability [3, 4].

These new food products are in accordance with the actual
preferences of the consumers and especially with the
increasing demand of certain food industry sectors which use
eggs as main or auxiliary ingredients [5].

Despite the fact that the raw matter used in manufacturing
eggs derived products is suspected to have a certain level of
microbial contamination, this is significantly decreased
through appropriate temperature treatment on the production
flow [6, 7].

Pasteurizing applied on raw matter could directly influence
the technological properties of the final products to be used in
certain branches of the food industry [8, 9].

Generally speaking, egg white pasteurization is made at
higher temperature levels, compared to the yolk pasteurization,
whose proteins are more thermosensitive [10, 11].

One of the most appreciated eggs derived products is
the powdered eggs (whole, made of white or of yolk), due
to the extended shelf life, to the facility in usage/storage
and to the high diversity of usage possibilities [12, 13].

Initial quality of the powdered eggs relies upon the
quality of the eggs used as raw matter, the main traits
being represented by eggs freshness, chemical
composition, ratio between egg compartments and so on
[14].
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The method used in drying the eggs is also relevant, as
well as the rightful way in which the powdered eggs
manufacturing stages are observed [15], because they
could influence the product composition and some of its
processing properties [16].

Ultra-high temperature is used during liquid product
transformation (atomisation/drying) into the final product
- powdered eggs. This also render microbiological sterility
to the product [17, 18].

The way in each the powder is kept upon usage also
affects its inner quality. The main changes are represented
by the decreasing of solubility (due to water absorption),
lipids oxidation, proteins cleavage, accentuated sensorial
alterations etc. [19, 20]. Such changes usually occur when
the powdered eggs is kept under inappropriate conditions
(high moisture and temperature environment, differing
from the manufacturer recommendations [21, 22].

Another element influencing quality depreciation in
powdered eggs is the type of package used as well as the
packaging method (under vacuum, using inert gas etc.),
aspect already proven in other type of animal products such
as meat based ones [22-24] or dairy ones [25, 26].

Many research results suggested a negative correlation
between package quality/type and microbial
contamination level during storage [21-24].

A wide range of materials are available for food
packaging, as the subsequent industry is very diversified.
The food protection level is given by the used package
quality and the selling price varies accordingly [25].

The powdered eggs produced in Romania are marketed
(depending on the beneficiary) in bulk packages (25 or 50
kg) or in small packages (0.5 or 1.0 kg), bearing a shelf life
potential of 12 months if standard storage parameters are
provided (temperatures below +25C) [8].

Due to the gap of knowledge related to the physical
quality of polyethylene bags (permeability for oxygen/water
vapours) used in packaging the powdered eggs under the
maximum allowed moisture levels and to the dynamics of
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degradations occurring in product after package seal
breaking, we aimed to investigate the chemical
composition of the powdered eggs stored under the same
environmental conditions and packaged in two different
types of polyethylene bags (high density-HDPE and low
density -LDPE fabric, respectively).

Experimental part
Material and method

The investigations were carried on whole powdered
eggs (melange - yolks and albumens mixed together)
procured from a company producing egg derived
commodities. The powder was bought in the very
production day, packaged in a 25 kg paper bag.

Seventy samples have been randomly taken from the
initial package, in order to avoid interference with other
influential factors than the experimental ones. Each sample
weighed 250 g. Half of the samples (35 pcs.) were
allocated to the control group — Lc —and were packaged in
high density polyethylene bags (HDPE), while the other 35
samples were packaged in low density polyethylene bags
(LDPE) (experimental group Lexp).

All 70 packages were sealed through thermal suture,
then submitted to storage throughout 90 days period, under
homogenous microclimate environment (temperature of
10+0.5°C and relative air humidity of 65+1%).

The assessment on the chemical composition traits
were carried on several moments, starting from
procurement day (day 0) and continuing every 15" day till
the 90" day. Five bags from each group have been
withdrawn from the storage environment in every
scheduled inspection moment (10 bags/inspection) and

have been unsealed in order to sample powdered eggs to
submit it to analytical chemistry tests.

The chemical traits studied during the experiment
comprised the water content and the main dry matter
fractions (ash, proteins, lipids, nitrogen free extract).

Water content was assessed through oven drying, at
+105°C [26], proteins content through the Kjeldahl method
[27], lipids content through the Soxhlet method (Velp
Scientific-SER 148 device) [28], while the ash content was
measured gravimetrically, after samples calcination in
furnace at +550°C. Dry matter and nitrogen free extract
were algebraically calculated based on the other analytical
findings [29-38].

The acquired date were processed to obtain the main
statistical descriptors (average, variance, standard
deviation, standard mean error, variation coefficient), while
the significance of the differences between groups mean
values was tested using the ANOVA single factor method
(Fisher module).

Achieved results

Water content. The assessments run on fresh
powdered eggs (day 0) revealed very close water levels
of both groups, i.e. 4.93+0.03% in Lc and 4.94+0.03%
in Lexp. The moisture in the analysed product gradually
and successively increased, less obvious in the product
packaged in high density polyethylene bags-HDPE (Lc) and
more clear in the one packaged in low density polyethylene
bags-LDPE (Lexp) (table 1).

If the inspections run until the 60™ day of storage din not
revealed statistical significance when the group means
were compared, starting from the 75" experimental day,
distinguished differences occurred, basing on average

Storage duration Group Statistical descriptors
(days) X = sy (%) Vo
Lc 4.9320.03 0.81
0 Lexp 4.94=0.03 0.60
Fisher Test Foo< F3% (2.99) n.s.
Lc 4.95=0.03 388
15 Lexp 4.08=0.04 3.02
Fisher Test F227< F3% (2.99) n.s.
Lc 4.07=0.04 4.96
30 Lexp 5 05=0.04 4.97
Fisher Test F231< F3% (2.99) n.s.
Lc 4.99=0.05 5.02 Table 1
45 Lexp 5 00=0.05 500 DYNAMICS OF WATER CONTENT
Fisher Test F145< F3% (2.99) n.s.
Lc 4.00=0.05 5.16
60 Lexp 5.11=0.06 5.20
Fisher Test F171< F3% (2.99) m.s.
Lc 5.03=0.06 6.05
Lexp 5.3520.07 6.88
Fisher Test Fs1n > F3% (2.99) =+
75 Lc Lexp
Student Test Lexp 032 0
Le 0
t2=0.19;t =029
Lc 5.06=0.08 9.06
Lexp 5.89=0.08 15.61
Fisher Test Fi1z21 > F3% (2.90) *=*=
Q0 Lc Lexp
Student Test Lexp 0.83 0
Le 0
t2=030; t p=0.39
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values of 5.03%0.06% water in Lc group and 5.35+0.07%
water in Lexp group.

By the end of the experiment (90" day of storage), the
water content in the analysed product reached an average
value of just 5.06+0.08% in Lc group, compared to
5.89+0.08%, measured in Lexp samples; the differences
proved to be highly significant.

Variability level indicated better homogeneity in Lc
samples (V%=0.81-9.06), compared to the situation
occurred in Lexp group, especially towards the end of
storage period (V%=0.60-15.61).

Dry matter content. This trait had a decreasing trend,
as expected due to the increasing of water level in the
product (table 2).

In Lc group (high density polyethylene bags-HDPE), the
dry matter content reached 95.07+0.12% in the fresh
product (day 0) and 94.94+0.38% in that aged 90 days.
The studied trait had very good homogeneity in this group,
with variation coefficient values of 1.89-9.18%.

In Lexp group (low density polyethylene bags-LDPE),
dry matter content reached 95.060.12% level in the fresh
product and 94.11£0.50% in that stored 90 days; during
the first five inspection we run, the resulted variation
coefficient indicated good homogeneity (V%=2.13-
7.18), while the two last assessments results indicated
10.10% and 16.26% values for the same coefficient,
suggesting middle variability.

Distinct significant differences occurred between
groups, upon the inspection run in the 75" days of storage
and the final one (90" day).

Proteins content. Constant values were found throughout
the experiment in the powdered eggs packaged in high

density polyethylene bags-HDPE and slightly decreasing
ones in the product packaged in low density polyethylene
bags-LDPE. Such lower levels could be explained through
protein solubilisation and further decomposition, due to
higher water absorption rates from the storage
environment (table 3).

Proteins content assessed in the product packaged in
high density polyethylene - HDPE (Lc group) reached
49.68+0.08% in the beginning of the experiment (day 0)
and 49.65+0.11% by its ceasing (90" day of storage), while
the usage of the low density polyethylene bags-LDPE (Lexp
group) to store the product induced initial proteins level of
49.68+0.10%, and a ultimate percentage of 49.24+0.13%.
statistically significant differences did not occur between
groups and experimental moments. The investigated trait
was very homogenous, both in Lc group (V%=3.45-5.29)
and Lexp group (V%=3.12-4.62).

Lipids content. This was maintained almost constant,
during the entire analysed period (table 4).

Lipids inner content of the fresh product (day 0) reached
39.81£0.04% in Lc group and 39.82+0.05% in Lexp group,
while in the product aged 90 days (end of the experiment),
the lipids levels were quite identical (39.87+0.12%), hence
the lack of any statistical significant difference. In both
analysed situation, the variation coefficient (V%=1.05-3.17
in Lc and V%=1.02-2.64% in Lexp) indicated a very good
homogeneity of the trait.

Ash content, Following a similar trend, the minerals
content was also quite stable, therefore the assessed levels
were no influenced by the way in which the product was
preserved. The findings revealed levels of 1.11+0.01%
crude ash in Lc group and of 1.1240.01% in Lexp for the
fresh product, while an average percentage of 1.15£0.04%

DYNAMICS OF DT;$ I,f,l AZTTER CONTENT resulted for the samples stored 90 days. The homogeneity
Storage Statistical descriptors
duration Grou = . .
(days) ! X=sx (%) V¥ Table 3
Lc 95.07=0.12 1.89 DYNAMICS OF PROTEIN CONTENT
0 Lexp 95.06=0.12 213
Fisher Test Foor= F3% (2.99) n.s. Storage Statistical descriptors
Lc 95.05=0.13 426 duration | Group T= sy (%) v
15 Lexp 95.02=0.14 475 (days)
Fisher Test F127< F3% (2.99) n.s. Lec 49.68=0.08 3.45
Lc 05.03=0.14 5.05 0 Lexp 49.68=0.10 3.12
30 Lexp 94.0520.14 5.68 Fisher Test Foa1< F3% (2.99) n.s.
Fisher Test F231<F3% (2.99) n.s. Lec 49 63000 3.97
Le 93.01=0.1% 3.87 15 Lexp 49 64=0.10 3.33
45 Lexp _24.9120.20 611 Fisher Test Foos< F3% (2.99) n.s.
Fizher Test .Fl-i_-i‘: Fi3% [29 9:} .5, Lec 40 67009 415
Le 25.01=0.21 6.01 30 Lexp 49.58=0.10 3.68
60 Lexp 24.89-0.26 118 Fisher Test £o20< F3% (2.99) n.s.
Fizher Test F171< F3% (2.99) n.s. T 10672010 156
Lc 94.9720.30 7.29 i < == '
Lexp 047020 41 10.10 45 Lexp 49.55+0.10 3.90
Fisher Test Fim > F5% (2.00) ** Fisher Test Fos1< F3% (2.99) n.s.
75 Lo Texp Lc 49 66=0.10 481
Stdent Lexp 0.18 0 &0 LEXP 4?.42:4:'. 11 397
Test Lc 0 Fizher Test Fpop= F3% (2.99) n.s.
teme=0.19; t 15= 029 Le 40 66=0.11 5.01
Lc 04.04=0.38 018 75 Lexp 49.38x0.12 413
Lexp 04.65=0.50 16.26 Fisher Test F212< F5% (2.99) n.s.
Fisher Test F1301 > F3% (2.99) #** Lc 49 65=0.11 5.20
o0 Lc Lexp 20 Lexp 49.2420.13 4.62
Student Lexp 0.29 0 Fisher Test F256< F3% (2.99) n.s.
Test Lc 0
tsmg= 0.30; t 1%=0.39
382 http://www.revmaterial eplastice.ro MATERIALE PLASTICE ¢ 544 No.2 ¢ 2017



Table 4 Table 5
DYNAMICS OF LIPIDS CONTENT DYNAMICS OF ASH CONTENT

Storage Statistical descriptors Storage __ Statistical descriptors
duration (days) | TP [ X = sy (%) V% duration (days) | P | W=y (%) V%
Lc | 39.81=0.04 1.05 Le L1001 0.73
0 Lexp | 30.8220.05 102 0 Lep | L1001 0.62

Fizher Test f.;l 12< F3% (2.99) n.s. Fizher Teat Fopr= F3% (2.99) nus.
- Lc 1.13=0.01 083
Le | 30.83-006 138 15 Lexp T1220.02 0.3

13 Lexp | 39.82-0.06 1.50 Fisher Test Fyor= F3% (2.99) L.
Fisher Test Fom< F3% (2,99) n.s. Lc 1 1=0.00 113
Lc 3082006 2.13 30 Lexp 1.1240.02 093

30 Lexp 30.83=0.07 128 Fisher Test Fon<F3%% (2.99) ms.
Fisher Test Fogo< F5% (2.99) n.s. Lc 113002 138
Lc 30.8320.07 pF5) 43 Lexp 1.13:0.02 1.01
45 Lexp | 30.830.07 1.90 R
Fisher Test Fooi< F3% (2.99) n.s. - LE;P T T

Le | 39.84=0.10 24 Fisher Test Foos< F3% (2.09) ..
60 Lexp 39.85=0.10 1.93 i 114=005 700
Fisher Test Fype< F3% (2.99) n.s. (] Lexp 115003 213

L 30 85=0.11 269 Fisher Test Froe= F3%% (2.99) ms.
73 Lexp 39.86=0.12 2.01 Lc 1.130.04 3.58
Fisher Test Fogs< F5% (2,99) ns. 90 Lexp L1004 2.63

Lec 30 87=0.12 317 Fisher Test Fpm=F3% (2.99) n.s.

o0 ]_E:lip 30.27+0.13 264 Free nitr_ogen extract content. D_ynamics of t_hiS
Fisher Test Fo0r< F3% (2.99) nas. compound in the dry matter was slightly decreasing

was very good, both in Lc group (V%=0.75-3.58), and in

Lexp group (V%=0.62-2.65) (table 5).

No statistical significance occurred for the comparisons
run between the average values of the two groups, obtained

during each inspection moment for the analysed trait.

throughout the experiment, presenting values between
4.47+0.20% (day 0) and 4.27+0.11% (day 90) in Lc -
packaging in high density polyethylene bags-HDPE, as well
as between 4.441+0.24% (day 0) and 3.85+0.12% (day a
90-a) in Lexp samples, packaged in low density
polyethylene bags -LDPE (table 6).

Storage duration Group Statistical descriptors
(days) X=sy (%) Vg
Lc 4.47=0.20 3.38
0 Lexp 4.44=024 3.86
Fisher Test Fo52< F3% (2.99) n.s.
Lc 4.43=0.19 62
15 Lexp 4.44=020 6.56
Fisher Test Fqor< F3% (2.99) n.s.
Lc 4.42=0.18 3.75
30 Lexp 4.42=0.18 6.99
Figher Test Fooi< F3% (2.99) n.s.
Lc 4.38=0.16 3.98
45 Lexp 4.40=017 g.12
Fisher Test Fo3s< F3% (2.99) n.s.
Lc 437=0.15 436
60 Lexp 437=0.15 10.25
Fisher Test Foo< F3% (2.99) n.s.
Lc 432=0.13 6.17
75 Lexp 4.26=0.14 11.72
Fisher Test F169< F3% (2.99) n.s.
Lc 4.27=0.11 .01
Lexp 3.85=0.12 14.21
Fisher Test Fs21 > F3% (2.99) **
Q0 Eroups Le Lexp
Student Test Lexp 0.4 a
Lc 0
t=030; t 12=0.39
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The studied trait was highly homogenous in Lc
(V%=3.58-8.01) and less homogenous in the group using
packaging in lower quality polyethylene bags (V%=5.86-
14.21).

Conclusions

Studying the way in which and the package type
influences the egg powder proximate chemical
composition throughout the storage led to certain
conclusions:

- water content slightly increased throughout storage,
due to the different moisture permeability of the package
material (+0.13% in HDPE-Lc bags, compared to +0.95%
in LDPE-Lexp bags); consequently, the dry matter content
decreased accordingly, as the water one modified;

- although not significant differences occurred for
proteins content, in LDPE (Lexp) bags samples, the level
quantitatively decreased, due to protein decomposition
under the influence of water excess;

- lipids level maintained constant throughout storage
(levels of 39.81-39.87% in Lc group and of 39.82-39.87% in
Lexp group), as well as the crude ash level (1.11-1.15% in
Lcand 1.12-1.15% in Lexp), which proves the good stability
of these two compounds, throughout storage;

- the nitrogen free extract level decreased with 0.20%
(Lc group - high density polyethylene) and with 0.59%,
respectively (Lexp group - low density polyethylene) by
the end of the experiment, compared to its onset.

Therefore, the type of packaging used for powdered eggs
preservation influences its chemical composition, even if
the storage is carried on within the parameters
recommended by the producer. It is for sure that the
chemical modifications of a product presenting high
wettability will influence its inner functional and
technological traits, with consequences on the food
industry/gastronomic usage.

Under such circumstances, we elaborated certain
recommendations for the manufacturers, as well as for
the end users:

- the powdered eggs should be packaged in high density
polyethylene (HDPE) bags, hence they provide the best
protection during long term storage (90 days);

- microclimate parameters during HDPE bags storage:
max. +10°C temperature and max. 65% relative humidity;

- low density polyethylene (LDPE) bags could be used if
the shelf life of the powdered eggs is intended to reach up
to 60 days, within the same microclimate limits (max.
+10°C temperature and max. 65% relative humidity);

- the whole powdered eggs must be used within 10
days after the package seal is opened.
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