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ABSTRACT In order to evaluate the efficiency of
the pasteurization process in liquid whole eggs, an
UV/visible spectrophotometric method was developed
and validated for the assessment of alpha-amylase ac-
tivity. Samples were collected from 30 lots of raw eggs
(n = 30) and divided into three groups: one was re-
served for analysis of the raw eggs, the second group
was pasteurized at 61.1◦C for 3.5 minutes (n = 30), and
the third group was pasteurized at 64.4◦C for 2.5 min-
utes (n = 30). In addition to assessing alpha-amylase
activity, the microbiological quality of the samples was
also evaluated by counting total and thermotolerant co-
liforms, mesophilic aerobic microorganisms, Staphylo-
coccus spp., and Salmonella spp. The validated spec-
trophotometric method demonstrated linearity, with a
coefficient of determination (R2) greater than 0.99, lim-
its of detection (LOD) and quantification (LOQ) of
0.48 mg kg−1 and 1.16 mg kg−1, respectively, and ac-
ceptable precision and accuracy with relative standard
deviation (RSD) values of less than 10% and recov-
ery rates between 98.81% and 105.40%. The results for

alpha-amylase activity in the raw egg samples showed
high enzyme activity due to near-complete hydrolysis
of the starch, while in the eggs pasteurized at 61.1◦C,
partial inactivation of the enzyme was observed. In the
samples of whole eggs pasteurized at 64.4◦C, starch
hydrolysis did not occur due to enzyme inactivation.
The results of the microbiological analyses showed a
decrease (P < 0.0001) in the counts for all the stud-
ied microorganisms and in the frequency of Salmonella
spp. in the pasteurized egg samples according to the
two binomials under investigation, compared to the raw
egg samples, which showed high rates of contamina-
tion (P < 0.0001). After pasteurization, only one sam-
ple (3.33%) was positive for Salmonella spp., indicating
failure in the pasteurization process, which was con-
firmed by the alpha-amylase test. It was concluded that
the validated methodology for testing alpha-amylase
activity is adequate for assessing the efficiency of the
pasteurization process, and that the time-temperature
binomial used in this study is suitable to produce pas-
teurized eggs with high microbiological quality.
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INTRODUCTION

Eggs are used in the food processing industry for var-
ious applications, such as emulsifying, foaming, gelling,
and whipping. Because of their high nutrient content,
care must be taken to prevent eggs from becoming a
source of toxic infection and to ensure a high standard
of quality when they reach consumers (Figueiredo et al.,
2014).

Pasteurizing eggs has become an important alterna-
tive for increasing yields in egg-related industries and
guaranteeing food safety. In addition to eliminating all
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the pathogenic microorganisms that may be present,
pasteurization also greatly decreases microorganisms
that cause deterioration, while increasing product shelf
life. The principal objective of combining different bi-
nomials of time and temperature in egg pasteurization
is to eliminate Salmonella spp., and may vary according
to the legislation of each country. In the United States,
for example, pasteurization of whole eggs is performed
for 3.5 minutes at a temperature of 61.1◦C, while in the
European Community pasteurization is performed at a
binomial of 64.4◦C for 2.5 minutes (European Economic
Community, 1989; USDA, 2013).

To ensure the safety of the final product, methods are
needed to evaluate the efficiency of the pasteurization
process in industry to prevent the release of lots which
have not reached the appropriate combinations of tem-
perature and time. Conducting microbiological tests on

3375



3376 SILVA ET AL.

raw and pasteurized eggs and observing the elimination
of pathogens and reduction in microbe counts after heat
treatment is one way of evaluating the efficiency of the
process. However, more time is required to obtain the
results, which can be a problem for foods with a short
shelf life.

As a result, the use of rapid methods to evaluate the
efficacy of heat treatment is one alternative for ensuring
product safety. Use of UV/visible spectrophotometry to
assess the activity of the alpha-amylase enzyme present
in raw eggs has been proposed by some authors to de-
termine the efficiency of the egg pasteurization process
(Brooks, 1962; Murthy, 1970; Codex, 1974). However,
not only did the methodologies vary between the stud-
ies cited above, the results were not validated. Non-
validated methods can generate unreliable results and
are not officially recognized by international authorities
and the scientific community (European Commission,
2002).

The objectives of this study were to develop and val-
idate a spectrophotometric method to verify the effi-
ciency of pasteurization of whole liquid eggs and to as-
sess the impact of the variables of time and temperature
of pasteurization (61.1◦C for 3.5 minutes and 64.4◦C for
2.5 minutes) on alpha-amylase enzyme activity in whole
eggs and on microbiological quality.

MATERIALS AND METHODS

Solutions, Reagents, and Instrumental
Parameters

The reagents used to assess alpha-amylase were sol-
uble starch, trichloroacetic acid (TCA), resublimated
iodine, and potassium iodide, which were obtained from
Vetec (Sigma-Aldrich, St. Louis, MO). All reagents used
were of pure grade for analysis (p.a.).

A 1% starch solution (pH 7.3) was prepared by dis-
solving 0.5 g of soluble starch in 50 mL of 0.02 M
phosphate-saline buffer. This solution was heated to
90◦C ± 2◦C for the starch to fully solubilize.

A 15% TCA solution (v/v) and a stock solution of
iodine and potassium iodide (0.1 M) were also prepared.

To prepare the iodine and potassium iodide solution
for immediate use, 0.25 g of potassium iodide was added
to 1 mL of the iodine and potassium iodide stock so-
lution, which was completed to 100 mL with distilled
water, resulting in a 0.001 M solution.

Validation Procedures

Samples of whole liquid egg pasteurized at 60◦C
for 3.5 minutes, 62◦C for 3.5 minutes, and 64.4◦C for
2.5 minutes (time-temperature condition to inactivate
alpha-amylase) were used to evaluate the following per-
formance parameters: linearity, matrix effect, precision,
accuracy, limit of detection (LOD), limit of quantifica-
tion (LOQ), and robustness.

To assess linearity, the samples were spiked with the
1% starch solution at concentrations of 0.5, 1.0, 2.0,
4.0, 5.0, and 6.0 mg kg−1 and the analysis was repeated
seven times. After the analysis, a plot was created re-
lating the absorbance obtained by the formation of the
starch-iodine complex to concentrations, and by linear
regression the curve equations were determined and the
determination coefficients (R2) (European Commission,
2002; INMETRO, 2010).

To evaluate the matrix effect, two calibration curves
were developed: one with fortified matrix extracts and
another without the matrix (using only standard starch
solution). The samples were spiked with a 1% starch so-
lution at concentrations of 0.5, 1.0, 2.0, 4.0, 5.0, 6.0 mg
kg−1. The curves were prepared and evaluated using F
test and Student t test at 95% significance for evalua-
tion of variance and means between slopes of the cali-
bration curves (European Commission, 2002).

The precision of the analyses was assessed by deter-
mining the relative standard deviation (RSD) in terms
of repeatability and intra-laboratory reproducibility,
using the results obtained by successive analyses of
the same sample over short time intervals and carried
out under the same conditions and different conditions
(equipment and analysts), respectively. The pasteur-
ized egg matrices were fortified with the standard solu-
tion at three levels of concentration: low (1.0 mg kg−1),
medium (2.0 mg kg−1), and high (6.0 mg kg−1), consid-
ering the linear interval of the method with six replica-
tions (European Commission, 2002).

Accuracy was assessed via recovery tests using anal-
yses with the linear range of the method in three
concentrations: low (1.0 mg kg−1), medium (2.0 mg
kg−1), and high (6.0 mg kg−1), with six replications.
The recovery obtained for each concentration was cal-
culated using the equation R = [(C1/C2)] × 100,
which considers the concentration of starch obtained
in the spiked sample (C1) and the concentration of
starch added to the spiked sample (C2) (European
Commission, 2002).

The LOD and LOQ were calculated from equations
that consider the parameters of the analytical curve,
LOD = [(3 × σ) / S] and LOQ = [(10 × σ) / S], using
the standard deviation (σ) of the response and the slope
of the analytical curve (S) (ICH, 2005).

Robustness was evaluated by the fractional facto-
rial design proposed by Youden and Steiner (1975).
Three analytical parameters, which were considered
critical factors in the analysis, were selected, and small
variations were induced in the nominal values of the
method (Table 1). Then, six determinations were per-
formed using blank samples spiked with starch solu-
tion at 3.0 mg kg−1 to determine the influence of each
parameter and the different combinations in the final
result. The influence of each parameter was evaluated
by the Student t test and the effect of the combina-
tion of the parameters on method robustness was de-
termined by the F test. The additional criteria used to
determine the acceptability of the robustness was the
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Table 1. Analytical parameters and variations for evaluation of
robustness.

Parameter Nominal condition1 Variation2

A/a Temperature of water bath 44◦C (A) 40◦C (a)
B/b pH of starch solution 7.3 (B) 6.6 (b)
C/c Wavelength 585 nm (C) 595 nm (c)

1Capital letters (A, B, and C) denote the nominal values of the
method.

2The corresponding lower case letters (a, b, and c) denote the alter-
native values.

comparison of standard deviation of intra-laboratory
reproducibility (srepro) with a standard deviation of the
difference of factors (sfactor), with sfactor > srepro implying
unacceptable robustness.

Assessment of the Efficiency of the
Variables Time and Temperature in
Pasteurizing Eggs

Sampling of Whole Liquid Eggs The samples of
whole eggs were taken from 30 different production
batches obtained from an egg producer which is under
official inspection. Sample eggs were collected from each
production batch prior to pasteurization (raw eggs). Af-
ter collection, the lots of raw eggs were divided into
two groups, one of which was pasteurized in a plate
pasteurizer at 61.1◦C for 3.5 minutes (n = 30) and the
other pasteurized at 64.4◦C for 2.5 minutes in a tubu-
lar device (n = 30). The pasteurizers have three dis-
tinct sections, namely: regeneration, heating and cool-
ing. The cold raw product (0 to 7◦C) is preheated at
the regeneration section before being heated up to the
pasteurization temperature, at the heating section. In
the plate pasteurizer (Inoxil, Guarulhos, São Paulo,
Brazil), this heating section consists of plate heat ex-
changers, where the whole egg reaches the tempera-
ture of 61.1◦C for 3.5 minutes, while in the tubular
pasteurizer (Actini, Evans-les-Bains, France) the pas-
teurization temperature reaches 64,4◦C and is holding
for 2.5 minutes in tubular heaters. At the regeneration
section, the hot pasteurized product is used to pre-
heat the incoming raw eggs before being cooled to a
storage temperature (0 to 4◦C) at the cooling section.
After collection, the samples were kept refrigerated
until analysis.

Analysis of Enzymatic Activity Using
UV/visible Spectrophotometry

To evaluate the activity of alpha-amylase in the eggs,
0.5 g ± 0.0005 g of each sample, to which 250 µL of 1%
starch solution was added, was weighed in duplicate.
After this step, the samples were incubated in a water
bath at 44◦C for 30 minutes and immediately placed
in an ice bath at an average temperature of −1◦C for
2 minutes. Next, 5 mL of TCA 15% (v/v), 9 mL of

boiling distilled water (90◦C) and 9 mL of cold dis-
tilled water (5◦C) were added to inactivate the enzyme.
The resulting solution was decanted for 15 minutes and
filtered in qualitative filter paper (J.Prolab, São José
dos Pinhais, Brazil). Subsequently, 4 mL of the filtrate
were transferred to a test tube and 2 mL of the so-
lution with added iodine and potassium iodide were
added. The final starch concentration in the samples
of pasteurized whole liquid egg was obtained by lin-
ear regression based on the absorbency readings con-
ducted in a UV/visible spectrophotometer (Biospectro,
Curitiba, Brazil) at a wavelength of 585 nm using the
line equation obtained in the linearity assessment. Next,
alpha-amylase activity was measured by assessing the
percentage of hydrolyzed starch through the equation:
[(C0-Cf)/C0]

∗100, which considers the initial concentra-
tion (C0) and the final concentration of starch in the
samples (Cf).

Microbiological Assays of the Samples
of Whole Eggs

To analyze aerobic mesophilic bacteria in the samples
of raw egg and whole liquid eggs, which were pasteur-
ized at 61.1◦C for 3.5 minutes and 64.4◦C for 2.5 min-
utes, Petrifilm Aerobic Count Plates (3 M, St. Paul,
MN) were used (Curiale et al., 1990) in dilutions of
10−1 to 10−4. Populations of total and thermotoler-
ant coliform bacteria were determined using Petrifilm
E. coli/Coliform Count Plates (3M, St. Paul, MN) in
plates with dilutions between 10−1 and 10−3, in accor-
dance with Curiale et al. (1991). Staphylococcus spp.
were counted according to Bennet and Lancette (2001)
in dilutions between 100 and 10−3. For Salmonella spp.,
the immunoenzymatic method (Elisa linked fluorescent
assay, or ELFA) was used (Curiale et al., 1997) in a
Vidas30 device (bioMeriéux, Hazelwood, MI).

Experiment Design

The assays were conducted in a randomized block
design with the blocks represented by the different
whole eggs used. Three products were evaluated: whole
unpasteurized egg (raw egg), whole egg pasteurized
at 61.1◦C for 3.5 minutes, and whole egg pasteur-
ized at 64.4◦C for 2.5 minutes, with 30 repetitions
each. To assess alpha-amylase activity and evaluate
the counts for mesophilic aerobic bacteria, total and
thermotolerant coliforms, and staphylococci bacteria,
the data were transformed and the data which did
not exhibit normal distribution and/or homoscedas-
ticity were submitted to non-parametric statistical
analysis. The results were compared using the Fried-
man test at a significance level of 0.01%. To assess
the frequency of Salmonella spp., the data were dis-
tributed in a contingency table and interpreted by the
chi-square test.
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RESULTS AND DISCUSSION

Validation of the Spectrophotometric
Method for Evaluating Activity of
Alpha-amylase as an Indicator of the
Efficiency of Egg Pasteurization

The analytical method used to study alpha-amylase
activity to indicate that liquid whole eggs had been pas-
teurized was adequate for use only in eggs pasteurized
at 64.4◦C for 2.5 minutes. Partial inactivation of the en-
zyme, when time and temperature were less than 64.4◦C
or 2.5 minutes, affected the linearity of the method, and
the samples of liquid eggs that were pasteurized at 60◦C
for 3.5 minutes and 62◦C for 3.5 minutes could not be
used to evaluate the other performance parameters re-
quired in the procedure to validate the method. There-
fore, the validation procedures were performed using
only pasteurized egg samples at 64.4◦C for 2.5 min-
utes. Other authors have also observed that the use of
alpha-amylase enzyme as an indicator of the efficiency
of the pasteurization process is possible for pasteur-
ized eggs at temperatures above 64.4◦C for 2.5 minutes
(Brooks, 1962; Shrimpton et al., 1962; Murthy, 1970).
However, the validation of the methodology was not
performed in these studies. According to EURACHEM
(2014), one method should be validated when it is nec-
essary to demonstrate that its performance character-
istics are adequate for use for a particular purpose. It
is stated in ISO/IEC 17025 (2005) that the labora-
tory shall validate: non-standard methods; laboratory-
designed/developed methods; standard methods used
outside their intended scope; amplifications and modi-
fications of standard methods.

The equations of the curves and the coefficients of
determination (R2) and correlation, which were used to
evaluate linearity in the range from 0.5 to 6.0 mg kg−1,
are presented in Table 2. The values obtained show
that the model is adequate because the coefficient of
determination is greater than 0.99, which is considered
evidence of an excellent fit between the data and the
regression line. The estimate of R2 provides an evalu-
ation of the quality of the curve obtained, because the
closer its value is to 1.0, the lower the dispersion and
uncertainty of the set of experimental points. Accord-
ing to the criteria of European and Brazilian legislation,
values higher than 0.99 are recommended for linearity
tests (European Commission, 2002; INMETRO, 2010).

Comparison of the slopes obtained from the linear
regression curves of the spiked blank matrix and the
analyte in solution showed that the matrix effect is sig-
nificant (Figure 1). Therefore, when the starch is added

Figure 1. Linear regression equations used in the matrix effect eval-
uation for spiked blank matrix and analyte in solution (starch solution
at concentrations of 0.5, 1.0, 2.0, 4.0, 5.0, and 6.0 mg kg−1).

Table 3. Repeatability, reproducibility, and recovery values ob-
tained from analyzing the samples pasteurized at 64.4◦C for 2.5
minutes and fortified with three different concentrations of starch
(1.0, 2.0, and 6.0 mg kg−1).

Starch concentration (mg kg−1)

Validation parameter 1.0 2.0 6.0 Mean

Repeatability (RSD)1 5.02% 8.41% 7.51% 6.98%
Reproducibility (RSD)1 8.66% 8.43% 7.16% 8.08%
Recovery (%)2 100.10% 105.40% 98.81% 101.44%

1RSD: relative standard deviation used to evaluate the precision of
the method.

2Recovery of additions of low (1.0 mg kg−1), medium (2.0 mg kg−1),
and high (6.0 mg kg−1) starch concentrations obtained in assess of the
accuracy of the method.

to the pasteurized egg matrix, lower absorbance values
for the starch-iodine complex are found in comparison
with the absorbencies generated with the same concen-
trations of starch in the fortified blank matrix.

The accuracy of the validated method was adequate,
with mean recovery values from 98.81% to 105.4% (Ta-
ble 3). The accuracy was within the range recommended
by the European Commission (2002) and the Codex
Alimentarius (2009), which determined a recovery per-
centage from 70 to 110% and from 80 to 110%, re-
spectively, for analyte concentrations higher than 1 mg
kg−1 (European Commision, 2002; Codex Alimentarius,
2009).

The RSD for the results obtained in the repeatabil-
ity tests ranged from 5.02% to 8.41%, while the RSD in
the reproducibility tests ranged from 7.16% to 8.66%.
These values are within the range established by the
European Commission (2002), which indicates a maxi-
mum RSD of 16% for assessment of reproducibility and
10% for evaluation of repeatability (Table 3).

The results of the study of method robustness showed
that change in wavelength was the only significant

Table 2. Linearity of the spectrophotometric method used to study alpha-amylase activity
obtained using starch concentrations from 0.5 to 6.0 mg kg−1.

Regression equation Coefficient of determination (R2) Coefficient of correlation (r)

y = 0.1597x - 0.0307 0.9984 0.9992
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Figure 2. Effect of variation of each factor studied to determine
the robustness of the method.

Figure 3. Colors obtained by adding iodine solution to water (A)
and adding the starch and iodine solution to raw egg (B), to egg pas-
teurized at 61.1◦C for 3.5 minutes (C), and egg pasteurized at 64.4◦C
for 2.5 minutes (D).

factor (P < 0.05) in evaluating the effects of variation
of each factor in isolation (Figure 2). However, altering
this factor did not significantly affect the robustness of
the method, as the value of the standard deviation of
the effects (0.37) was similar to the standard deviation
of the intra-laboratory reproducibility of the method at
a concentration of 3.0 mg kg−1 (0.24) by the F test (P
> 0.05).

Evaluating alpha-amylase activity by quantifying
starch hydrolysis can also be used as a quick test in
industrial platforms, because it provides a visual as-
sessment of pasteurization efficiency at different tem-
peratures. The colorations observed differ significantly
according to the combination of temperature and time
to which the eggs are subjected. Samples from raw
eggs are yellow, indicating that nearly all of the starch
added to the matrix was hydrolyzed and that there was
no formation of the starch-iodine complex. The eggs
pasteurized at 61.1◦C for 3.5 minutes were purplish-
pink, indicating partial hydrolysis of starch, while the

samples of eggs subjected to temperatures above the
point of enzymatic inactivation (64.4◦C for 2.5 min-
utes) were blue-violet, demonstrating the formation of
the starch-iodine complex (Figure 3).

However, considering the results obtained from both
the validation of the spectrophotometric method as well
as through visual evaluation, pasteurization using the
binomial 64.4◦C for 2.5 minutes was seen to be more
suitable for egg pasteurization than that of 61.1◦C for
3.5 minutes, which is recommended by the Food and
Drug Administration (USDA, 2013) because it per-
mits the use of a method which is fast and reliable
in verifying the efficiency of the process. The absence
of alpha-amylase activity was crucial for the validation
procedures and for distinguishing a stronger color dif-
ferentiation between the samples of raw egg and pas-
teurized eggs. Furthermore, some changes were made
in the methods described by Brooks (1962), Shrimpton
et al. (1962) and Murthy (1970) to enable the quan-
titative assessment of starch hydrolysis and the visual
evaluation of results. These changes were made in the
volume of the starch solution added to the egg sample,
in the volume of boiling water and cold water added
during the extraction process, which was standardized
to 9 mL of boiling distilled water and 9 mL of cold
distilled water, and in the final ratio between the ex-
tract volume and the volume of iodine solution (4 mL
of extract and 2 mL of iodine solution).

Assessment of the Efficiency of the
Variables Time and Temperature
in Pasteurizing Eggs

Assessment of enzyme activity using UV/visible spec-
trophotometry in the raw egg showed that alpha-
amylase was present and active in all samples due
to the high percentages of hydrolyzed starch found
(Table 4). In these samples, high counts of mesophilic
aerobic microorganisms, total coliforms, and thermo-
tolerant bacteria, as well as Staphylococcus spp. were
also found (Table 4). Furthermore, 23 of the 30 samples
(76.67%) tested positive for Salmonella spp. (Table 5).

The European Union does not require testing for
Staphylococccus spp. in pasteurized eggs, only testing

Table 4. Results (log CFU mL−1) of the counts for mesophilic aerobic bacteria, coliforms at 35◦C, coliforms at 45◦C, Staphylococcus
spp., and percentage of hydrolyzed starch in samples of raw egg, egg pasteurized at 61.1◦C for 3.5 minutes, and egg pasteurized at
64.4◦C for 2.5 minutes.

Raw egg Egg pasteurized at 61.1◦C Egg pasteurized at 64.4◦C

Parameter Min.1 Max.2 Median Min.1 Max.2 Median Min.1 Max.2 Median

Mesophilic microorganism 3.00 >6.18 4.81a <1.00 3.60 2.00b <1.00 3.70 1.30b

Total coliforms 2.26 >5.18 4.11a <1.00 <1.00 <1.00b <1.00 <1.00 <1.00b

Thermotolerant coliforms <1.00 >5.18 2.70a <1.00 <1.00 <1.00b <1.00 <1.00 <1.00b

Staphylococcus spp. 1.30 5.30 4.04a 0.00 1.74 0.81b 0.00 2.15 2.08b

Hydrolyzed starch (%) 57.12 85.05 73.15a 0 75.53 14.04b 0 0 0c

1Min. = minimum values.
2Max. = maximum values.
a–cMeans followed by different letters on the same line differ among themselves according to the Friedman test (P < 0.0001).
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Table 5. Results of the analyses of Salmonella spp. in samples of raw egg, egg pasteurized at 61.1◦C for 3.5 minutes, and egg
pasteurized at 64.4◦C for 2.5 minutes.

Raw egg Egg pasteurized at 61.1◦C Egg pasteurized at 64.4◦C

Parameter Positive Negative Positive Negative Positive Negative

Salmonella spp. n1 %2 n1 %2 n1 %2 n1 %2 n1 %2 n1 %2

23a 76.67 7 23.33 1b 3.33 29 96.67 0c 0 30 100

1Absolute frequency.
2Relative frequency.
a–cFrequency of positive samples followed by different letters on the same line differ among themselves by the chi-square test (P < 0.0001).

for Staphylococcus aureus (European Economic Com-
munity, 1989); nevertheless, testing for other microor-
ganisms of this genus is important because, when
present in high numbers, Staphylococcus spp. also pro-
duce thermostable enterotoxins (Cunha et al., 2006).
Despite chemical and physical properties in the egg
that prevent the multiplication of microorganisms, af-
ter laying, the eggs can be contaminated by microor-
ganisms present in the environment or which com-
prise the microbiota in the avian intestinal tract, such
as bacteria of the genus Salmonella (Quinn et al.,
2005). The use of eggs that are dirty, cracked, or
that have defects in the shell increases susceptibility
to contamination during industrial processing, which
may explain the high microbial counts found in the
raw eggs.

In the samples pasteurized at 61.1◦C for 3.5 minutes,
a lower percentage of hydrolyzed starch was found when
compared to the samples of raw egg, indicating that
enzymatic activity was present, but to a lesser degree.
Total inactivation of alpha-amylase occurs when tem-
perature and time variables are greater than or equal to
64.4◦C and 2.5 minutes. In this treatment, a reduction
was also seen in the counts for mesophilic aerobic bac-
teria, total and thermotolerant coliforms, and Staphy-
lococcus spp. These results were expected, because one
of the goals of pasteurization is to eliminate pathogenic
microorganisms and reduce those that cause deteriora-
tion. However, Salmonella spp. was present in one of the
30 samples (3.33%). The presence of this microorgan-
ism in a pasteurized product may indicate error during
thermal processing or re-contamination after the pro-
cess. To assess whether this sample was affected by er-
ror during the pasteurization process, we calculated the
confidence interval of the mean of the percentage values
for hydrolyzed starch in the raw egg. This sample con-
tained 75.53% hydrolyzed starch. This value is inserted
into the confidence interval for the percentage of hy-
drolyzed starch for 99% of the raw egg samples, which
ranges from 68.43% to 76.43%. This confirms that there
was failure in the pasteurization process of this sam-
ple. Some serovars of Salmonella are sensitive to ther-
mal treatments reaching temperatures greater than or
equal to 58◦C (van Asselt and Zwietering, 2006; Lianou
and Koutsoumanis, 2013; Jakočiūnė et al. 2014). In ad-
dition, associating the result obtained from analysis of
alpha-amylase test with the presence of Salmonella spp.

in the sample, it can be argued that this sample did
not reach the combination of temperature and time re-
quired for pasteurization.

In the samples of egg pasteurized at 64.4◦C for
2.5 minutes, the starch was not hydrolyzed. Considering
that the same samples were evaluated before and after
the pasteurization process, the absence of hydrolyzed
starch demonstrates that the enzyme was completely
inactivated in this treatment (Table 4). The results
of the microbiological analyses demonstrated a reduc-
tion in microbial counts, as well as total elimination of
Salmonella spp. (Table 5). The counts for mesophilic
aerobic bacteria observed in this treatment were sim-
ilar to those obtained in the samples pasteurized at
61.1◦C for 3.5 minutes, and the values found for both
treatments were lower than the limits recommended by
the European Union and the United States, which are
5.0 log CFU mL−1 and 4.0 log CFU mL−1, respectively
(European Economic Community, 1989; USDA, 2013).
The counts for total and thermotolerant coliforms were
also similar among the pasteurized egg treatments,
thereby indicating good hygienic and sanitary quality in
the industrial processes. International agencies recom-
mend testing pasteurized eggs for microorganisms be-
longing to the Enterobacteriaceae family. In the United
States (USDA, 2013), a limit of 1.0 log CFU mL−1 has
been determined, while the European Union has estab-
lished a limit of 2.0 log CFU mL−1 (European Economic
Community, 1989).

Microbiological analysis can be used as a tool to as-
sess the efficiency of the egg pasteurization process, be-
cause differences were found between the results for raw
eggs and pasteurized eggs. However, the greater time
needed to obtain the results and the required labora-
tory structure makes industrial application impractical.
The methodology proposed to test alpha-amylase activ-
ity by quantifying starch hydrolysis using spectropho-
tometry was effective in differentiating the samples of
raw and pasteurized eggs, and can be used as a routine
methodology in industry because of its ease of imple-
mentation, low cost, and rapid results.

CONCLUSION

The UV/visible spectrophotometric method presents
the performance characteristics required for validation
and evaluation of alpha-amylase activity by quantifying
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starch hydrolysis is adequate for determining the
efficacy of pasteurization in whole liquid eggs.
Furthermore, pasteurization using the time/ temper-
ature binomials of 61.1◦C for 3.5 minutes and 64.4◦C
for 2.5 minutes is effective in reducing microbe counts
and eliminating pathogenic microorganisms.
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métodos anaĺıticos: DOQ-CGCRE-008 (Guidance on validation
of analytical methods: DOQ-CGCRE-008). Rev. 03. 20p.

ISO/IEC 17025. 2005. General requirements for the competence of
testing and calibration laboratories, ISO Geneva.

Jakočiūnė, D., M. Bisgaard, G. Hervé, J. Protais, J. E. Olsen, and
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