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ABSTRACT

It is widely accepted that quantitative reference materials (RM), are indispensable tools for verification of the precision
and accuracy of analytical measurements. The RM can be used by food microbiology laboratories, as part of their qual-
ity assurance programmes, to achieve their quality control. In Brazil, Anvisa RDC No. 12/01 specifies the enumeration
of coliforms as one of the parameters for evaluating cheese quality. The aim of this study was to produce a quantitative
RM for proficiency testing (PT) for use in the testing of enumeration of coliforms in cheese matrixes. A sample of an
ultra-filtered cheese with a coliforms count of <3.0 MPN/g and a total n° of viable aerobes of 1.2 x 10° CFU/g was used
as the matrix to produce the RM. The ultra-filtered cheese matrix was distributed in flasks, contaminated with a specific
concentration of an Escherichia coli strain and submitted to freeze-drying. Sucrose was used as the cryo-protector. The
RM produced was considered sufficiently homogeneous and stable at <—70°C during the entire study period (348 days).
The material was also considered sufficiently stable at 4°C for six days, but instable at 30°C and 35°C for the same pe-
riod. At —20°C the RM was sufficiently stable for 161 days. It was concluded that the material showed all the necessary
requirements for a quality RM to be used as PT items and could be transported to the laboratories taking part in a PT at
up to 4°C for up to 6 days, since the results indicated maintenance of the cell concentrations during this period. This is
the first study to describe a methodology for producing RM containing coliforms in a cheese matrix.
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1. Introduction The RM can be used by food microbiology laboratories,
as part of their quality assurance programmes, to achieve
their quality control, method validation, staff training
control and evaluation of the laboratory’s performance
[3]. Furthermore, they are employed in laboratory ac-
creditation, as well as in the establishment of traceability
in the framework of internationally agreed standards [1].
The formal recognition of the technical competence of
assay laboratories, including food microbiology labora-
tories, is done by accreditation to the ISO/IEC 17025
standard [4]. The use and traceability of RM, as well as
the laboratory participation in proficiency testing (PT)
schemes by interlaboratory comparisons are requirements
of the aforementioned standard [4].

"Corresponding author. According to ISO guide 35, a RM is a “material, suffi-

Food safety and quality are two of the most important
factors determining the consumer acceptance and pur-
chase dynamics of a product. Laboratories of food mi-
crobiology are extremely important in the performance of
productive sector and for the control of the sanitary-hy-
gienic quality. Official food control laboratories are re-
quired to use validated methods wherever possible. For
this reason, analytical methods must be subjected to in-
ternal and/or external validation studies [1].

It is widely accepted that quantitative reference mate-
rials (RM), are indispensable tools for verification of the
precision and accuracy of analytical measurements [2].
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ciently homogeneous and stable with respect to one or
more specific properties, which has been established to
be fit for its intended use in a measurement process” [5].
To be considerate RM for food microbiology exams, the
number of organisms present must be distributed homo-
geneously over the units of the batch and must remain
stable over a determinate period of time [2].

A great variety of techniques and matrix supports have
been used to produce homogenous and stable micro-
biological RM. Spray-dried is a common technique used
to prepare large batch of contaminated milk powder cap-
sules [6,7]. The freeze-drying by lyophilization has also
been used in the production of RM in the field of food
microbiology [8-11]. The main challenge in RM produc-
tion destined to microbiological assays is the natural in-
stability of micro-organisms, which difficult the devel-
opment and maintenance of these RM [2]. The principal
advantage of the lyophilized material is to allow storage
for long periods with low risk of contamination. How-
ever, these methods cause damage to the microbial cells
and the survival rate of many micro-organisms is low
after the rehydration [12]. To circumvent these problems,
some authors emphasize the importance of the use of
cryo-protector, such as carbohydrates, during the pro-
cesses of freezing and desiccation, with the goal of
increasing the viability of bacterial cells [13]. Sucrose
has been one of the most commonly carbohydrate used
and presented satisfactory results in the production of
food RM containing micro-organisms [11].

In Brazil, the Anvisa RDC No. 12/01 specifies the
enumeration of coliforms as one of parameters for evalu-
ating cheese quality [14]. Soon, food microbiology
laboratories in Brazil must be able to perform this testing
and provide reliable results.This study aimed to present
and discuss the preparation of a quantitative RM for PT
for use in enumeration assays of coliforms in cheese ma-
trixes.

2. Materials and Methods

The RM was prepared following ISO guide 34 “General
requirements for the competence of reference materials
producers” [15].

2.1. Strain

The E. coli type 1 strain No. 03 was used to produce the
RM. This strain was isolated from a sample of whole
fresh lettuce and his identity was determinate with
Vitek™2 Compact (bioMérieux), API 20E (bioMérieux)
and classic method IMViC (++--), where I = indole
production, M = methyl red reaction, V = Voges-
Proskauer reaction (production of acetoin), and C =
citrate utilization [16]. This strain was deposited in the
Collection of Reference Micro-organisms in Health
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2.2. Selection of the Matrix

An ultra-filtered cheese sample previously analyzed and
confirmed free of coliforms (<3.0 MPN/g) was used as
matrix to produce the RM. The total viable aerobic
microbial load in this matrix was also evaluated by
pour-plate technique described by Maturin and Peeler
[17]. Two grams of the ultra-filtered cheese matrix were
weighed into sterile glass vials of 10 mL capacity (Schott,
Brazil) until a total of 216 vials. The vials were frozen at
freezer <—70°C (Thermo, USA) for 24 h and lyophilized
for 24 h below —105°C under pressure lower than 13 Pa
(0.1 mmHg; Liotop, Séo Carlos, SP, Brazil).

2.3. Preparation of the Reference Material

The E. coli strain (item 2.1) was streaked for purity on
sheep blood agar (Merck, Germany) and incubated for 24
h at 35°C £ 2°C. After incubation, a single colony was
suspended in 10 mL brain heart infusion broth (Merck,
Germany) and incubated for 24 h at 35°C + 2°C. Then,
0.5 mL of the culture were transferred to 15 mL of Luria
Bertani broth (Difco, USA) with 10% of NaCl and
incubated for 28 h at 35°C + 2°C. After, the culture was
centrifuged, and the pellet washed, three times, with
0.1% peptone saline solution (PSS) and suspended with 2
mL of PSS. The concentration of the suspension was
adjusted using a colorimeter (Libra S2, Biochrom,
England) at 520 nm until a transmission value of 2%
(approximately 5 x 10° cells/mL) and diluted in PSS to
achieve a concentration of 5 x 10° cells/mL. Two milli-
liters of the cell suspension were added to 198 mL of
PSS containing 100 mM sucrose (used as cryo-protector)
and homogenized in a magnetic stirrer (PC-410, Corning,
USA) for 30 min in an ice bath. Portions (0.5 mL) were
distributed into sterile glass vials containing the lyo-
philized cheese (item 2.2), frozen at <—70°C for 24 h and
lyophilized for 24 h below —105°C under pressure lower
than 13 Pa (0.1 mmHg; Liotop, Sao Carlos, SP, Brazil).
The vials were numbered and sealed with aluminum caps
under vacuum and stored at <—70°C.

2.4. Microbiological Examinations

The cell quantification of vials was realized using the
solid medium method described in the Bacteriological
Analytical Manual—FDA [16]. The freeze-dried material
was reconstituted with 2.0 mL of 0.1% PSS and
incubated at room temperature. After 15 min, the matrix
was transferred to a sterile plastic bag filter (Nasco, USA)
followed by addition of 16 mL of 0.1% SSP to reach the
proportion 1:10. The bag was homogenized in stomacher
apparatus (Seward, Fisher Scientific, Canada) for 1 min.

Detection
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Aliquots of 1.0 mL were plated, in duplicate, by pour-
plate technique, in 10 mL of Violet red bile agar (VRBA)
(Difco, USA) until solidification. After this time, a 10
mL VRBA overlay was added, and the plates were
incubated at 35°C + 2°C for 24 h. Later, the purple-red
colonies on plates were enumerated and the counts were
converted to log;o/g.

2.5. Homogeneity Assessment

For the homogeneity study, 24 vials taken randomly were
enumerated under repeatability conditions, using the
methodology described previously (item 2.4). The data
were subjected to statistical analysis described in the
International Harmonized Protocol for the Proficiency
Testing of Analytical Chemistry Laboratories [18] as-
signing a standard deviation for proficiency assessment
(0,) of 0.35. The material was considered homogeneous
if: s <c;where s> = isthe between-sample variance

sam sam

of the batch, and c is the critical value.

2.6. Stability Assessment

Two types of stability tests were done: a long-term
stability test at reference temperature (<—70°C) and at
storage temperature (—20°C); and a short-term stability
test at higher temperatures simulating transport con-
ditions (4°C, 30°C and 35°C). The enumeration assays
were realized using the methodology described pre-
viously (item 2.4). For testing the stability of the material
stored at <—70°C, 26 vials were examined, two per assay,
at regular times intervals until a total of 348 days (classic
approach) [5]. For testing the stability at —20°C, 22 vials
were stored at —20°C and two vials stored at <=70°C (0
day) were examined, two per assay, at regular times
intervals until a total of 161 days (classic approach) [5].
The stability of the material stored at high temperatures
was determined at 4°C, 30°C and 35°C. Once a day, over
a period of three days and in the sixth day, two vials were
stared at each storage temperature. All vials and two
vials stored at <—70°C (0 day) were examined at the end
of the study period (isochronous stability study) [19].
The counts obtained for each storage temperature were
log)o transformed and analyzed using linear regression

[5].

3. Results and Discussion
3.1. Preparation of the Reference Material

A bath of 216 units of RM containing E. coli was

manufactured and tested for their quality. Although it is
known that PT samples should resemble as closely as
possible to routine samples analyzed by participant
laboratories, it is a common practice to produce lyophi-
lized samples in order to improve analyte stability [9-
11,20]. All vials presented vacuum and satisfactory
appearance after freeze-drying. The freeze-drying pro-
cess was considered satisfactory, since the integrity of
the product was not compromised over time as demon-
strated by the stability profile shown by the reference
material.

The ultra-filtered cheese sample presented a number of
total viable aerobic micro-organisms of 1.2 x 10° CFU/g.
The presence of natural competing micro-organisms in
the RM is important to demonstrate the real ability of the
laboratory to enumerate the target(s) micro-organism(s)
in a food sample [6].

3.2. Homogeneity of the Reference Material

The results of the analyses of the homogeneity study are
presented in Table 1. The Cochran test did not identified
outliers counts. The results of the homogeneity studies
were obtained using one-factorial analysis of variances
(1-way ANOVA). As the criteria s, <c is met, the
bath was considered sufficiently homogenous, with a
confidence level of 95%.

The freeze-drying process has already been success-
fully used in the production of homogeneous RM in skim
milk matrix [9,10]. A homogeneous RM produced in this
same ultra-filtered cheese matrix containing coagulase-
positive staphylococcus (CPS) was also been described
[11]. The publication of others studies about production
of RM in other types of food matrix is rare due to the
difficulties in obtaining homogeneous and stable materi-
als and because the some producers do not have interest
in disclosing their production techniques. In this study,
the procedure developed has succeeded in producing a
sufficiently homogeneous RM containing E. coli in ul-
tra-filtered cheese matrix.

3.3. Stability of the Reference Material

The results of the long-term stability analyses from May
2012 to March 2013 at <=70°C and from June 2012 to
November 2012 at —20°C are present in Figure 1.

Figure 2 presents the results of the stability test at
higher temperatures, simulating transport conditions,
over a period of 6 days.

The material was considered stable at <—70°C, —20°C

Table 1. Summary of the statistical results from homogeneity studies of test materials containing coliforms.

Analyte Average (log;o CFU/g)

o, (logjo CFU/g) o

2 2

Scam Seam c Result

Coliforms 2.65 0.35 0.011

0,0040 0.017 0.019 Sufficiently homogenous

Copyright © 2013 SciRes.
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Figure 1. Results of stability tests at reference and storage temperatures: (A), <~70°C; (O), —20°C. Each point corresponds to

the mean count of two RM units (in log;y CFU/g per unit).
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Figure 2. Results of stability tests at various temperatures: (A), 4°C; (O), 25°C; (O), 35°C over a period of 6 days. Each point
corresponds to the mean count of two RM units (in log,;y CFU/g per unit).

and 4°C according to ISO guide 35 [5], since no signifi-
cant change in number of CFU over the period tested
when using linear regression. As zero value is within the
confidential interval, the slope is not statistically signi-
ficant, and there were no detectable changes in coliforms
concentration in the course of the study times. However,
the RM was not stable at the high temperatures of 30°C
and 35°C (Table 2).

Bacterial counts of the long-term stability test at ref-
erence and storage temperature were stable for almost 1
year and half a year, respectively. The variability in
number of CFU observed is regarded as of no, or minor,
importance because the values of the slope for both tem-
peratures are very small (Table 2). Literature data show
that RM produced in lyophilized skim milk matrix are
stable for periods up to ~237 days stored at <-70°C
[9,10]. In cheese matrix, Brandao et al. [11] obtained a
RM containing CPS stable for 10 mouths at <—70°C.
Similar results were obtained in this study, where the RM
batch produced was stable for 348 days (=12 mouths).
The RM also remained stable at —20°C throughout the
study period, with a value of slope similar to the reference

Copyright © 2013 SciRes.

temperature (Table 2). This result indicates that the RM
likely to remain stable in this condition for a longer
period of time. Rosas ef al. [9] observed that the storage
for long periods at —20°C can compromise the stability of
freeze-dried skim milk RM. These authors have
produced two batches containing Salmonella spp. stable
for three months, but with a tendency to decrease in cell
concentration, and one year after the RM did have
insufficiently stability. This result indicates that the
material containing E. coli produced in this study has a
more lasting stability than those produced by Rosas et al.
[9]. This observation may be related to the fact that the
use of sucrose as a cryo-protector may have provided
greater stability of micro-organisms in the matrix, since
in the study realized by Rosas ef al. (2010) no cryo-pro-
tector additive was added to the matrix. This observation
was also reported by Brandao et al. [11], that used this
cryo-protector to produce a RM containing CPS stable at
—20°C for 48 days with a value of the slope of 0.00075
CFU/g per day. Sucrose was selected as cryo-protector in
this study because is the most frequently carbohydrate
used to preserve micro-organisms by freeze-drying [13].

Detection
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Table 2. Linear regression of the stability studies.

95% Confidence interval

Storage temperature Time of storage (days)  Slope per day (CFU/g) Result
Lower Higher
=70°C 348 0.00034 —0.00027 0.00095 Sufficiently stable
-20°C 161 —0.00067 —0.0021 0.00072 Sufficiently stable
4°C 4 —-0.019 -0.12 0.080 Sufficiently stable
30°C 4 —-0.025 —0.046 —0.0044 Insufficiently stable
35°C 4 —0.13 -0.22 —0.046 Insufficiently stable

The production of stable RM for longer extended to
higher temperatures is important because not all labora-
tories have equipment to store the samples at <—70°C.
Thus, the laboratories that acquire these RM could store
them in more usual equipment such as common freezers
and use them on a higher shelf life.

A short-term stability was performed in order to assess
the possible effect of transport at different temperatures
on the stability of the material. The stability data at 4°C
indicate that normal (air) mail with cooling of the RM is
possible for shipment to other laboratories if the transport
time is limited to six days. At high temperatures (30°C
and 35°C) the RM was not stable in the period of six
days. These results were different from those obtained by
Brandao et al. [11] who observed stability at 35°C for up
to 4 days. This observation may be related to the fact that
Gram-negative bacteria, as in the case the strain E. coli,
usually showed a greater rate of decline than Gram-
positive bacteria [8,21], like the strain of Staphylococcus
aureus subsp. aureus used by Brandao et al. [11]. The
instability of the RM at temperatures >30°C limits the
transportation of PT items at room temperature. Further
studies are needed to increase the resistance of micro-
organisms to higher temperatures, since the transport
under refrigeration enhances the final cost of PT.

According to the databases consulted in the literature,
the present study was the first to describe a methodology
for the production of RM containing E. coli in cheese
matrix. The development of methodologies for the pro-
duction of RM in different matrices and containing the
various classes of micro-organisms of interest in public
health is important to increase the scope of the PT
programs and consequently improving the quality of the
analytical laboratories of food microbiology.

4. Conclusion

This paper describes the development of the first quan-
titative RM containing E. coli in cheese matrix produced
by freeze-drying. The spiked material showed adequate
homogeneity and stability and it is applicable for a PT.
As proved stable under the used stored conditions, re-

Copyright © 2013 SciRes.

maining PT items can be provided as internal quality
control materials. As long as this batch of RM is avail-
able for use, the monitoring of its stability will continue.
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