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Il Abstract

The objective of this study was to compare different techniques for counting mould filaments in industrialized
tomato sauces available on the Brazilian market. In order to do so, 42 samples of the product “traditional tomato sauce”
(from 21 different brands), sold in supermarkets in the municipality of the city of Bauru, Brazil, were collected during
the period from April to June, 2016. The mycelial moulds were counted by the Howard method according to the official
methodology recommended by the Association of Official Analytical Chemists (AOAC), applying techniques 965.41 and
945.92. Notably, the application of technique 945.92 using sodium hydroxide (NaOH) to eliminate the starch in the samples,
facilitated counting of the hyphae and, consequently, the percentages of positive fields observed were significantly higher
(median = 10%) when compared with the percentages obtained after using technique 965.41 (median = 6%) (p < 0.001).
The present findings reveal the need to expand the discussion concerning the application of different techniques for the
counting of mould filaments in industrialized tomato sauces, especially in Brazil and in other countries that do not prohibit
the addition of starch to this kind of product.

Keywords: Tomato, Tomato sauce; Howard method,; Mould filaments, Microscopic analysis;, Contamination.

Il Resumo

O objetivo do presente estudo foi comparar diferentes técnicas para a contagem de fungos filamentosos em molhos
de tomate industrializados, comercializados no Brasil. Para isso, foram colhidas 42 amostras do produto do tipo “molho de
tomate tradicional”, de 21 marcas diferentes, comercializadas em supermercados do municipio de Bauru-SP, no periodo de
abril a junho de 2016. A contagem de filamentos micelianos pelo método de Howard foi realizada segundo a metodologia
oficial, recomendada pela Association of Official Analytical Chemists (AOAC), aplicando-se as técnicas 965.41 e 945.92.
Notadamente, a aplicagédo da técnica 945.92, que utiliza hidréxido de sédio (NaOH) para eliminar o amido presente nas
amostras, facilitou a contagem das hifas e, consequentemente, as porcentagens de campos positivos observadas foram
significativamente maiores (mediana = 10%), quando comparadas com as porcentagens obtidas apés a utilizacdo da técnica
965.41 (mediana = 6%) (p < 0,001). Nossos achados apontam a necessidade de se ampliar a discuss&o sobre a aplicacéo
de diferentes técnicas para a contagem de fungos filamentosos em molhos de tomate industrializados, especialmente no
Brasil e em outros paises que nédo proibem a adicdo de amido nesse tipo de produto.

Palavras-chave: Tomate; Molho de tomate; Método de Howard; Fungos filamentosos; Andlises microscopicas;
Contaminacéo.
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Il 1 Introduction

Originating in the occidental part of the Central
and South Americas, from where it was taken to other
continents, the tomato (Lycopersicum sp.) is an important
vegetable on the global scenario, that rates together
with other products highly widespread throughout the
world, such as potatoes, onions and garlic (CAMARGO;
CAMARGO FILHO, 2008). According to the World Health
Organization for Food and Agriculture (FAO), Brazil rates
in 8th place in the global production ranking of tomato,
producing around four million tons per year (IBGE, 2015).

Along with the in natura form, tomatoes are also widely
consumed in industrialized products such as purees, pulps,
juices, jams, ketchup, and especially sauces (SOARES;
RANGEL, 2012), the latter being increasingly inserted
in the daily diet of the population, due to the increase in
demand for ready-to-eat food.

According to Brazilian legislation, “sauces” are
generally defined as products in the form of liquids, pastes,
emulsions or suspensions, including spices, seasonings
and/or other ingredients, fermented or not, that can be
used to prepare and add flavour to food (BRASIL, 2005).
However, inevitably, the industrialized tomatoes that are
used in the preparation of these products are exposed
to physical, chemical and microbiological contamination
during all the production processes, fungal contamination
being the major agent responsible for the decrease in
productivity and quality of these tomatoes and their
derivatives (CPT, 2010).

Despite the fact that most of the fungi are destroyed
during the thermal phase of the manufacturing process,
the presence of hyphae (cell filaments that form the fungal
mycelium) in the final product indicates that the raw material
was contaminated with these organisms or that flaws
occurred during the application of the good manufacturing
practices whilst processing (ATUI et al., 2012).

In 1910, B. J. Howard described a method for
counting mould filaments known as the “Howard method”.
This author demonstrated there was a relationship between
the hyphal count in the final product and the percent in
weight of rotten fruit present in the raw material (ATUl et al.,
2012). Thus in practice, the Howard mould filament count
is an important indicator of the quality of the raw material
that was used (TANIWAKI et al., 2011; LATIMER JUNIOR,
2016).

In Brazil, industrialized products derived from tomatoes
must attend, amongst other legislation, the directives of
Resolution RDC 14/14/ANVISA/MS concerning the presence
and tolerance limits of extraneous matter in food and
drinks (BRASIL, 2014). According to this legislation, the
Howard mycelial mould count applied to tomato sauces
should not show values above 40% of positive fields, and
should be carried out according to technique 965.41 as
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recommended by the Association of Official Analytical
Chemists (AOAC). In the cases of the tomato sauces
present in pork and beans, spaghetti, ravioli, chili, tamales
and others, the maximum value allowed is 12% of positive
fields and the analysis must be carried out by applying
technique 945.92, also recommended by the AOAC.

However, the industrialized tomato sauces available
in Brazilian supermarkets nowadays frequently contain
starch in their composition, which makes the application
of the 965.41 technique difficult. Thus considering the
above, the objective of this study was to compare different
techniques (Tech. 965.41 and Tech. 945.92) for counting
the mould filaments in industrialized tomato sauces
commercialized in Brazil.

I 2 Material and methods

Samples of industrialized tomato sauce were bought
in supermarkets located in the city of Bauru, Brazil, during
April and June, 2016. Two samples were collected from
two different batches from each of 21 different brands of
the product (total of 42 samples) of the type “traditional
tomato sauce”, sold in airtight packaging and stable to
room temperature, within the shelf life of the product and
showing no visible signs of violations or alterations.

After collection, the samples were sent at room
temperature to the Chemical and Bromatological Centre
of the Adolfo Lutz Institute, Regional Laboratory Centre
of Bauru (IAL - CLR Bauru), where the analyses were
carried out.

The Howard mycelial mould count was carried out
according to the recommendations of the Association of
Official Analytical Chemists (LATIMER JUNIOR, 2016),
applying techniques 965.41 and 945.92, the second of
which differs from the first by including treatment with a
1 + 1 sodium hydroxide (NaOH) solution.

Description:

AOAC Official Method 965.41: Moulds in Tomato
Products

Applicable to tomato juice, sauce, ketchup, paste
and puree.
In making mould counts of tomato products, use

the juice and sauce as they come from the container.
Proceed as in 984.29.

AOAC Official Method 945.92: Moulds in Tomato
Sauce

Applicable to the sauce in pork and beans, spaghetti,
ravioli, chili con carne, tamales, etc.

Place the unopened, punctured can in hot water and
heat until the contents are thoroughly warmed. Open the
can and transfer the contents to a No. 6 sieve. Drain until
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the majority of the liquid has passed through. Mix the
sauce thoroughly, place 10 mL in a centrifuge tube, and
add 3 mL NaOH solution (1+1). Stir until the starch has
dissolved and the tissues are clear. Add enough H,O to
fill the tube and centrifuge. The time required to centrifuge
the mixture varies greatly. With a centrifuge arm length of
5% in. (13.3 cm) and speed of ca 1600 rpm, ca 20 min is
required for the average product. When the supernatant
is clear, pour it off, but if is not entirely clear, check the
supernatant for mould before discarding. Add enough
H,O to the residue in the tube to come to volume, mix,
and make the mould count as in 984.29.

AOAC Official Method 984.29: Howard Mould Count

Clean the Howard cell so that Newton’s rings are
produced between the slide and the coverslip. Remove the
coverslip and with a knife blade or scalpel, place a portion
of well-mixed test sample on the central disk, spread it
evenly over the disk with the same instrument, and cover
with the coverslip so as to give a uniform distribution.
Use only enough test material to reach the edge of the
disk. Discard any mount showing an uneven distribution or
the absence of Newton’s rings, or one where the liquid has
crossed the dip between the coverslip and the shoulder.

Place the slide under the microscope and examine
with a suitable adjustment such that each field of view
covers 1.5 sg. mm. Use a magnification of x90-125. If the
characteristics of the mould filaments are not clearly
discernible in the standard field, use a magnification of
ca x200 (8 mm objective) to confirm the identity of the
mould filaments previously observed in the standard field.

From each of two mounts, examine 25 fields taken in
such a manner as to be representative of all the sections
of the mount.

Afield is scored either positive or negative. No field
can be scored positive more than once. The method
requires that the field be counted as positive when the
aggregated lengths of not > 3 mould filaments exceed
1/6 of the diameter of the field. Exactly one-sixth of the
diameter of the field is not enough to be counted as
positive - the aggregated length must exceed 1/6 of the
diameter of the field.

Calculate the proportion of positive fields from the
results of the examination of all the observed fields and
report as % positive fields.

The statistical analysis of the results was carried out
employing the Wilcoxon Test (paired samples), considering
a difference to be significant when p < 0.05.

Il 3 Results and discussion

The analysis of the extraneous matter is important for
both the selection of the raw material for food manufacturing
and in monitoring the quality of processed foods. The presence
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of extraneous matter in food products is unpleasant and can
cause serious health hazards to the consumer. The main
reason for carrying out analyses for extraneous matter in
food is to ensure the protection of consumers from harmful
or filthy food products (TILOCCA et al., 2015).

Notably, there is still little work available in the world
literature concerning the analyses of products derived from
tomato. However, tomato fruits are exposed to several physical
and biological contaminants, especially when they suffer
injury and damage to their tissues (AL-HINDI et al., 2011).

Fungal contamination is frequently the major cause
of reductions in the yield and in the quality of the tomato
fruit and its derivatives (CPT, 2010). The main fungi that
affect these products include Alternaria, Aspergillus,
Botrytis, Cladosporium, Fusarium, Geotrichum, Penicillium,
Phytophthora, Rhizopus and Stemphylium (REIS; LOPES,
2012; DOAN et al., 2016; MAILAFIA et al., 2017).

Table 1 shows, in detail, the results of the Howard
mould filament count in the samples of tomato sauce
analysed, applying the two techniques cited above.

In general, 97.6% of the samples investigated
presented mycelial moulds, detected using at least one
of the techniques employed. Despite the fact that current

Table 1. Results of the Howard mould filament count in industrialized
tomato sauces applying two distinct techniques.

Percentage (%) of positive fields

1¢t sample 2" sample
BRAND Tech. Tech. Tech. Tech.
965.41 945.92 965.41 945.92
A 6 8 20 24
B 49 82 52 74
(o 4 () 8 10
D 6 10 12 10
E 10 11 21 34
F 2 4 4 10
G 4 8 8 10
H 0 3 10 8
| 4 8 6 10
J 2 4 7 12
K 4 2 6 8
L 25 55 17 18
M 0 2 0 0
N 3 4 6 6
(0] 2 8 6 6
P 78 98 77 99
Q 2 8 0 6
R 6 12 6 14
S 8 9 0 8
T 100 100 & 35
U 6 12 2 4

(*) Analysis not carried out.
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legislation does not consider the presence of mould filaments
in foods as harmful to human health, their presence certainly
indicates the use of decayed raw material (BRASIL, 2014).

Corroborating with these findings, high filamentous
fungal counts have also been described in sweet fruit
preserves, especially those made from guava fruit,
with 100% of the samples presenting mycelial filaments
(minimum 9% and maximum 96% positive fields) (CORREIA;
RONCADA, 2002).

Comparing the results obtained by the different
techniques, 90.5% of the tomato sauces analysed
presented higher percentages of mycelial moulds when
using technique 945.92, where sodium hydroxide (NaOH),
was employed.

The analyses of the first samples showed
median values of 4% and 8%, applying techniques
965.41 and 945.92, respectively, while the analyses of the
second sample showed median values of 6% and 10%,
respectively (Figure 1).

In general, the median observed using the
945.92 technique was 10% of positive fields, which was
significantly higher when compared to the median found
after application of the 965.41 technique, which was 6%
of positive fields (p < 0.001) (Figure 2).

The NaOH solution is commonly used in microscopic
techniques in order to promote acid hydrolysis of the starch
contained in the samples, transforming it into glucose,
which allows a better visualization of the histological
elements during the microscopic examination.

Brazilian law does not forbid the addition of starch
to industrialized tomato sauces, and currently different
concentrations are added by the industries. In the present
study, the use of Technique 945.92 favoured the analytical
phase of sample reading, seen as critical and difficult
to carry out, demanding trained and highly prepared
professionals. The treatment of the samples with NaOH
eliminated the starch added to the products and hence the
hyphae of the mould filaments were more clearly visible,
making it easier to count the positive fields in the samples
under analysis.

Although this was not the focus of this research, it is
also worth noting that,, according to current legislation,
using technique 965.41, 5 (11.9%) samples presented
unsatisfactory results (> 40% of positive fields), whereas
applying technique 945.92, 6 (14.3%) samples would be
disapproved.

As previously reported, although most fungi are
inactivated during the heat processing stage of industrialization,
the use of damaged tomatoes and fungi in the preparation of
tomato sauces may represent a health risk to the consumer,
since the occurrence of heat resistant fungi may deteriorate
the product (SALOMAO et al., 2008), and the presence
of mycotoxins, which are toxic secondary metabolites,
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Figure 1. Comparative analysis (median and amplitude) of
the results obtained for the Howard mould filament count in
industrialized tomato sauces applying two distinct techniques - per
sample. *p < 0.001 (Wilcoxon Test).
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Figure 2. Comparative analysis (median and amplitude) of
the results obtained for the Howard mould filament count in
industrialized tomato sauces applying two distinct techniques —in
general. *p < 0.001 (Wilcoxon Test).

may cause pathological damage due to the possible
hepatotoxic, mutagenic, teratogenic and carcinogenic
properties (MURPHY et al., 2006; SANTOS, 2014). In fact,
several mycotoxins have been reported in various tomato
products produced and marketed in Argentina, Switzerland
and Germany (VAN DE PERRE et al., 2013). In Brazil, da
Motta and Soares (2001) analysed 80 samples of tomato
products, including juices, pulps, extracts and sauces,
and found mycotoxins in 20% of the samples analysed.
More recently, also in Brazil, Santos (2014) found mycotoxins
from Alternaria alternata in ketchup samples.

Differently from the present findings, when
investigating the hygienic conditions of foods included in
the “basic baskets” marketed in the State of Sao Paulo,
Daros et al. (2010) analysed tomato purée samples using
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technique 965.41, and did not observe mycelial mould
counts above 40%. In the same fashion, Santos et al. (2015)
evaluated tomato products (purée, pulp, ketchup) from
three different brands obtained in the Federal District and
all were adequate with respect to the mould filament count.

Finally this work represents an unpublished study
comparing techniques for counting mould filaments
in industrialized tomato sauces, and the results show
that the application of technique 945.92 may favour the
counting of hyphae, especially in cases of tomato sauces
that contain starch. Thus further studies are necessary in
order to standardize possible applications of the different
techniques to carry out the Howard methodology in these
products. Furthermore, taking into account that the presence
of mycelial moulds in tomato products is attributed to
the fruit itself, it is necessary to study the influence of
the addition/concentration of starch on the indication
of positive fields by the Howard method, and hence the
maximum tolerated limit, as defined by Resolution RDC
14/14/ANVISA/MS (Brasil, 2014).

H 4 Conclusion

The use of technique 945.92 for counting mould
filaments in industrialized tomato sauces seems to facilitate
counting of the hyphae, proving to be adequate especially
in the cases of tomato sauces containing starch. Further
studies are necessary in order to broaden the discussion on
the application of different techniques to the industrialized
tomato sauces commercialized in Brazil and in other
countries that do not prohibit the addition of starch to
this type of product. In addition, the presence of mould
filaments in industrialized tomato sauces shows the need
to improve good manufacturing practices, improving the
quality of the raw material and the hygienic and sanitary
conditions employed in the productive chain, in order to
increase the safety and quality of the products, and thus
protect the health of the population.
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