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Abstract

Despite being a staple in the daily diet of the Brazilian population, industrialized tomatoes and their derivatives are
often subject to countless contaminants during their production process, which may affect the final quality of these
products. This study aimed to investigate the microbiological quality and the presence of extraneous matter in
industrialized tomato sauces commercialized in Brazil. To this end, two samples of 21 different “traditional tomato
sauce” brands (a total of 42 samples) commercialized in supermarkets in the municipality of Bauru, state of Sao
Paulo, Brazil, were analyzed from April to November 2016. Overall, 20 (47.6%) of the 42 samples analyzed were in
disagreement with the current Brazilian legislation. After incubation at 35 to 37 °C and 55 °C, no changes in the
packages and pH variation >0.2 were observed. However, 9.5% of the samples showed a non-characteristic aspect
and 11.9% presented growth of fungi. Regarding the presence of extraneous matter, 11.9% of the samples showed
rodent hair above the permitted limit (1 in 100 g) - indicative of risks to human health, whereas 26.2% of them
contained non-rodent hair - indicative of failure in adopting good manufacturing practices. Mold filament counting
was conducted using the Howard method, and 14.3% of the samples presented values above 40% (acceptable limit)
positive microscopic fields. In addition to subsidizing health surveillance actions, such data highlight the need for
quality improvement of the raw material used and greater control during the processing of these products.
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Resumo

Apesar de estarem amplamente inseridos na alimentacdo diaria da populacdo, frequentemente, tomates
industrializados e seus derivados estdo expostos a inimeras contaminagdes durante o processo de produgdo, que
podem prejudicar a qualidade dos produtos finais. O objetivo deste estudo foi avaliar a qualidade microbioldgica e
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a presenca de matérias estranhas em molhos de tomate industrializados, comercializados no Brasil. Para isso, foram
colhidas duas amostras, de diferentes lotes, de 21 marcas distintas do produto (totalizando 42 amostras), do tipo
“molho de tomate tradicional”, comercializadas em supermercados do municipio de Bauru (SP), no periodo de abril
a novembro de 2016. De forma geral, das 42 amostras analisadas, 20 (47,6%) estavam em desacordo com as
legislagdes vigentes. Apds a incubacdo dos molhos a 35-37 °C e 55 °C, ndo foram observadas alteracbes das
embalagens e varia¢des de pH > 0,2. No entanto, 9,5% das amostras exibiram aspecto nao caracteristico do produto
e 11,9% apresentaram crescimento de fungos. Quanto a presenca de matérias estranhas, 11,9% das amostras
apresentaram pelos de roedores acima do valor maximo permitido (1 em 100 g) — indicativos de riscos a saude
humana —, e 26,2% exibiram pelos ndo caracteristicos de roedores — indicativos de falhas na adocdo das boas
praticas. Na contagem de fungos filamentosos pelo método de Howard, 14,3% das amostras evidenciaram valores
de campos positivos acima de 40% (limite aceitavel). Além de subsidiar as acdes de Vigilancia Sanitéria, tais dados
evidenciam a necessidade de melhoria na qualidade da matéria-prima empregada e maior controle durante as
etapas de processamento dos produtos.

Palavras-chave: Molho de tomate; Analise microbioldgica; Microscopia; Fungos; Matérias estranhas; Qualidade.

1 Introduction

The tomato (Lycopersicum sp.) presents wide distribution, and is listed among the produce of greater
distribution worldwide. In South America, Brazil leads tomato production for industrial processing, and the
largest consumer market for its industrialized derivatives (Instituto Brasileiro de Geografia e Estatistica,
2015).

Commonly, industrial tomatoes may present physical, chemical and microbiological contamination,
including bacteria, viruses, parasites and fungi, at various stages of the production process: (1) in the field,
in contact with soil, water and fertilizers; (2) during harvest, with possible mechanical lesions; (3) in
transportation, often associated with excessive stacking (with kneading and breaking) and high temperatures;
(4) during processing, through equipment contamination; (5) in storage, due to exposure to inappropriate
conditions (Reis & Lopes, 2012).

The numerous types of physical contamination related to tomato pests, mainly by mites and insects such
as whitefly (Bemisia tabaci, biotype B), triplets (Frankliniella schultzei and Thrips palmi), aphids (Myzus
persicae and Macrosiphum euphorbiae), tomato pinworm (Tuta absoluta) and tomato fruit borer
(Neoleucinodes elegantalis), are capable of causing changes in the vegetative and/or reproductive
development of plants and fruits (Moura et al., 2014), and certainly the presence of bacteria (especially of
family Enterobacteriaceae) on the tomato surface represents food safety risks, because the fruit may be a
source of pathogenic microorganisms (Telias et al., 2011). In fact, in the past decades, tomatoes have been
one of the main products responsible for produce-associated salmonellosis in the United States of America
(Gravani, 2009).

In Brazil, in order to ensure sanitary control, processed products derived from tomatoes must comply with,
among other legislation, Resolution RDC 12 (02/01/2001), which regulates the microbiological standards for
food intended to human consumption (Brasil, 2001), and Resolution RDC 14 (03/28/2014), which provides
for the presence and tolerance limits of extraneous matter (any macroscopic and/or microscopic material not
constituent of the product) in foods and beverages (Brasil, 2014).

Undoubtedly, microbiological analyses and investigations of extraneous matter - such as arthropods and
other invertebrates (dead or alive, whole or in parts), parasites, fungi, hard objects, and filth in general — are
among the most important parameters to determine the quality of industrial tomatoes, enabling evaluation in
terms of processing, storage, distribution for consumption, shelf life, and human health risks (Santos, 2014).

Fungi, especially species of the Fusarium, Alternaria, Stemphylium, Rhizopus, Aspergillus, Penicillium,
Geotrichum, Phytophthora and Botrytis genera, are often the main contaminants of tomato fruits, causing

Braz. J. Food Technol., Campinas, v. 23, €2019276, 2020 | https://doi.org/10.1590/1981-6723.27619 2/10



Microbiological quality and presence of extraneous matter in industrialized tomato sauces
Anversa, L. et al.

considerable economic losses to producers and industry (Mailafia et al., 2017), in addition to presenting
potential risk to human and animal health, because they may be associated with production of mycotoxins
that have hepatotoxic and mutagenic effects (Afsah-Hejri et al., 2013).

Although the fungi can be inactivated in the thermal processing phase during tomato industrialization and,
therefore, present negative results in microbiological cultures, their structures (hyphae) remain in the
products, indicating that the fruit was contaminated or possible lack of good processing practices. Thus, in
practice, mold filament counting by the Howard method is a good quality indicator of the tomatoes used
(Association of Official Analytical Chemists, 2005).

Considering that the tomato processing industries require very mature fruits (Centro de Produgdes
Técnicas, 2010), that conventional pasteurization processes do not destroy mycotoxins (Murphy et al., 2006),
and the possible occurrence of heat-resistant fungi (Salomao et al., 2008), research addressing the quality of
the fruits used and the hygiene conditions involved in production becomes even more relevant.

The general objective of this study was to investigate the microbiological quality and the presence of
extraneous matter in industrialized tomato sauces commercialized in Brazil.

2 Material and methods

Two samples of 21 different “traditional tomato sauce” industrial brands (a total of 42 samples of different
batches), marketed in hermetic packages stable at room temperature, were purchased from supermarkets in
the municipality of Bauru, state of Sao Paulo, Brazil, from April to November 2016. It is worth noting that
the sample unit consisted of five product packages (from the same batch), which were subjected to different
analyses.

After collection, the samples were transported at room temperature to the Instituto Adolfo Lutz, Bauru
Regional Laboratory Center (IAL-CLR Bauru), where the analyses were carried out.

Microbiological and physicochemical analyses included the incubation test of the closed packages,
followed by analysis of sensorial characteristics and pH variation. In order to perform the incubation test,
three packages were individually wrapped in filter paper; one was incubated at 35-37 °C for 10 days, one
was incubated at 55 °C for 5 days, and one remained at room temperature (Brasil, 2001). After incubation
and evaluation of possible changes in packaging, the other analyses were conducted: sensorial analyses were
carried out by comparing the samples, observing their appearance, color, scent and texture (Instituto Adolfo
Lutz, 2005) and pH measurements were performed using a pH-meter (DIGIMED-DM20).

In addition, in the case of samples with sensorial modifications, artificial color analysis was performed
according to the techniques 051/IV and 086/IV, which are based on separation and identification of food
color by ascending paper chromatography as described in the 4" edition of the Instituto Adolfo Lutz technical
manual - Physical-chemical methods for food analysis (Instituto Adolfo Lutz, 2005).

For investigation of the hygiene conditions of the product, counting of mesophilic and thermophilic
aerobic bacteria, molds, and yeasts was performed. These analyses were conducted according to the
methodologies recommended by the American Public Health Association (APHA) described in the
Compendium of Methods for the Microbiological Examination of Foods (American Public Health
Association, 2015). Counting of the mesophilic and thermophilic aerobic microorganisms was performed by
pour plate method using Plate Count Agar (PCA) at the following incubation conditions: 35 £ 1 °C for 48 h
and 55 + 1 °C for 48 h, respectively. Molds and yeasts were investigated by the spread plate technique using
Dichloran Rose-Bengal Chloramphenicol (DRBC) agar with incubation at 25 °C for 5 days.

The methods recommended by the Association of Official Analytical Chemists (AOAC) - Technique
955.46 B (16.13.14) and Technique 965.41 (16.19.02) - were used for the analyses for extraneous matter and

mold filament counting by the Howard method, respectively (Association of Official Analytical Chemists,
2005).
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The results were analyzed according to the current legislation - RDC 12 (02/01/2001) (Brasil, 2001) and
RDC 14 (03/28/2014) (Brasil, 2014) - with samples were classified as satisfactory or unsatisfactory. Counting
of mesophilic and thermophilic aerobic bacteria, molds, and yeasts was performed only to investigate the
hygiene conditions of the product, and the results were not determining for classification of the samples as
satisfactory or unsatisfactory.

3 Results and discussion

Table 1 shows the results of the microbiological and microscopic analyses of the industrialized tomato
sauces marketed in Brazil and evaluated in this study.
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Table 1. Results of the microbiological and microscopic analyses of industrialized tomato sauces commercialized in Brazil.

Sample Incubation A pH Sensory analysis Mesophiles Thermophiles Yeasts and Insi’:tranm;s;;:;::r (in 100 ) Hair ml(-)ll(:iw;lfn t Overall
test >(.2 (CFU/g) (CFU/g) Molds (CFU/g) . Mites evaluation
fragments hair (*) (%)
Al —(*%) — — — — 10 1 0.5 — 0.5 8 Unsatisfactory
Bl _ _ — - - - 2 1 - - 82 Unsatisfactory
C1 _ _ — - - — 1 — - - 4 Satisfactory
D1 _ _ — - — - 1 1 - - 10 Satisfactory
El _ — _ — - - 2 — - 0.5 11 Unsatisfactory
F1 - - — - - - 1 0.5 - 0.5 4 Unsatisfactory
G1 _ _ — - — - 1 — - - 8 Satisfactory
H1 - — - - — - 1 0.5 - - 3 Satisfactory
I - - — - - 10 2 1.5 - - 8 Unsatisfactory
1 _ _ _ - - - - — - - 4 Satisfactory
K1 _ _ _ - - - 1 — - - 2 Satisfactory
L1 _ _ — - - - - — - - 55 Unsatisfactory
M1 _ _ _ - - - 1 — - - 2 Satisfactory
N1 _ _ — - - — 1 — - - 4 Satisfactory
o1 _ _ _ - - - 1 — - - 8 Satisfactory
P1 B _ Non-characteristic B B _ 1 _ _ _ 98 Unsatisfactory
appearance
Q1 _ _ _ - - - 1 - - - 8 Satisfactory
R1 - - - - - - 1 1.5 - 0.5 12 Unsatisfactory
S1 _ _ — - - - — 4.5 - 1 9 Unsatisfactory
T1 B _ Non-characteristic B B Countless 3 _ _ _ 100 Unsatisfactory
appearance
Ul - - — - - - 2 2.5 - - 12 Unsatisfactory
A2 _ _ — - - - 2 — - 1 24 Unsatisfactory
B2 _ — - — - - 4 — - 0.5 74 Unsatisfactory
C2 _ _ — - - - 1 — - - 10 Satisfactory
D2 _ _ _ - - - 4 — - - 10 Satisfactory
E2 _ _ _ - - - - — - - 34 Satisfactory
F2 _ — _ - - 55 - — - 0.5 10 Unsatisfactory
G2 _ _ — - — - - — - - 10 Satisfactory
H2 _ _ — - — - - — - - 8 Satisfactory
12 _ — - - — — — - - 1 10 Unsatisfactory
n _ _ _ - - - 3 - - - 12 Satisfactory
K2 _ _ _ - - - 2 - - - 8 Satisfactory
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Table 1. Contined...

. . . Extraneous matter (in 100 g) Howard
Sample Incubation A pH Sensory analysis Mesophiles Thermophiles Yeasts and Insect Rodents ' Hair mold count Overa.ll
test >(0.2 (CFU/g) (CFU/g) Molds (CFU/g) fragments hair Mites *) (%) evaluation
12 — — — — — - 1 — - - 18 Satisfactory
M2 —_ — — — — — 2 0.5 — — 0 Satisfactory
N2 _ — - - - - 2 — - 0.5 6 Unsatisfactory
02 _ _ — - — - 5 2 - - 6 Unsatisfactory
P2 _ _ Non-characteristic B _ _ 0.5 _ _ _ 99 Unsatisfactory
appearance
Q2 _ _ — - — - 1 — - - 6 Satisfactory
R2 _ _ — - — - 1 — - - 14 Satisfactory
S2 — - - — - 20 1 — - 1 8 Unsatisfactory
o _ _ Non-characteristic B _ _ _ _ _ _ 35 Unsatisfactory
appearance
U2 - - — - - - — 0.5 — — 4 Satisfactory

*Non-rodent animal hair. **No change or not found. CFU: Colony Forming Unit. A pH: pH variation.
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Microbiological analysis (after incubation of the sauces at 35-37 °C and 55 °C) of the 42 samples of different
brands of the product showed no changes in the packages and pH variation >0.2. However, four (9.5%) samples
presented a non-characteristic aspect of the product, and were thus in disagreement with the current legislation.

According to the RDC 276 (22/09/2005), which regards the “Technical Regulation for spices, seasonings and
sauces”, sauces are products in liquid form, pasty, emulsion or suspension based on seasonings, spices and other
ingredients used to prepare or add scent/flavor to food. Product manufacturing must comply with the current
legislation of good practices for not adding substances (physical, chemical, or biological) that represent a risk to
consumer health (Brasil, 2005).

All the samples with sensory changes (color, odor, texture, and flavor) presented artificial food color (specifically
Bordeaux S). These sauces were also in disagreement with the legislation, RDC 04 (01/15/2007), which states that,
in cases of products whose name includes the word “tomato”, addition of natural and/or artificial food coloring is
prohibited (Brasil, 2007). The presence of the artificial food coloring in these samples indicates intentional fraud,
because this additive is not allowed for this category of food, and can bring economic loss to the consumer when
acquiring the product. In addition, artificial food colorings are not completely innocuous, and can be harmful to
human health because they can cause adverse reactions, including allergies, changes in behavior in general, and
even carcinogenic effects in cases of prolonged ingestion (Polonio & Peres, 2009).

None of the samples assessed presented mesophilic and thermophilic aerobic bacteria; however, growth of molds
and yeasts was observed in five (11.9%) samples. As previously reported, fungi occur very often in tomatoes and
their derivatives, but considering that these products undergo industrial processing, which includes washing,
selection, heat treatment and pasteurization stages, the growth of molds and yeasts detected in microbiological
analysis is not expected and may indicate contamination by heat-resistant fungi.

Thermotolerant filamentous fungi are often involved in the deterioration of thermally processed fruit products,
because many of them produce ascospores (sexed form of reproduction) that survive thermal treatments and,
subsequently, germinate inside the packages, causing great economic losses (Ferreira et al., 2011). In addition, in
Brazil, fungicide contamination has been observed in some tomato products since the 1990s, even under aseptic
packaging conditions (Kawashima et al., 2002).

Additionally, the occurrence of fungi in tomato sauce samples alert to the possibility of presence of mycotoxins,
which may pose serious risks to human health (Pawlowska et al., 2012). Some studies conducted in Germany,
Argentina, Switzerland and Brazil have demonstrated presence of mycotoxins in different tomato products,
including purée, pulps, juices, ketchups and sauces (Motta & Soares, 2001; Van de Perre et al., 2013; Santos, 2014).

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

Investigation of extraneous matter enables evaluation of the quality of raw material and product processing in
order to verify the hygiene conditions employed and protect the health of consumers (Tilocca et al., 2015).

The current Brazilian legislation, more precisely Resolution RDC 14 (03/28/2014), defines two types of
extraneous matter: those that indicate health risks and those that do not present risks, but can show that failures in
the processes of production, manipulation or storage of the product have occurred. Also in accordance with that
legislation, in certain foods, including tomato products, presence of some unavoidable extraneous matter is tolerated
(within the limits set), even with the application of good practices. The tolerance limits for this extraneous matter
are established according to the following criteria: a) health risk, considering the exposed population, processing,
preparation conditions, and how the product is consumed; (b) available national data; ¢) occurrence of extraneous
matter even with adoption of the best available practices; d) existence of international reference (Brasil, 2014).

In the present study, for the presence of extraneous matter indicative of lack of good practices, insect fragments
were observed in 32 (76.2%) of the samples analyzed, but within the tolerance limits established by the Brazilian
legislation (< 10 fragments in 100 g). Mites, whose tolerance limit for food in general is five dead mites per analyzed
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aliquot, were not found in any sample, and fragments of non-rodent hair, which are not tolerated in any type of food,
were found in 11 (26.2%) samples, rendering the product unsatisfactory.

Fragments of rodent hair, considered an indicative of health risk, were observed in 12 (28.6%) samples, of which
five (11.9%) presented values above the maximum tolerance limit (1 fragment in 100 g).

Analyzing 130 samples of packaged food products that compose the Brazilian food voucher (sugar, rice, stuffed
cookies, crackers, roasted and ground coffee, sweet bars, tomato purée, cassava flour, wheat flour, beans, corn meal,
pasta, and salt), Daros et al. (2010) observed extraneous matter of many origins in 71% of the samples, and found
specifically fragments of insects and mites in samples of tomato purée. Similar data were also reported for fruit
pulps marketed in the city of Sdo Paulo, Brazil. Insect fragments were detected in pulps of guava (84%), strawberry
(78%), tomato (61%) and mango (38%), whereas rodent hair was observed in pulps of tomato (24%), guava (3%),
strawberry (1%) and mango (0.5%) (Atui et al., 2014).

In this study, neither whole insects nor insect fragments were detected in the analyzed samples. However, it is
worth noting that a study conducted by the US Food and Drug Administration (FDA) showed that the presence of
whole insects in food is a major cause of consumer complaints (Olsen et al., 2001). Worryingly, insects can carry
pathogenic microorganisms that cause foodborne diseases. Many studies have shown several species of flies
associated with the transmission of Salmonella spp., Shigella spp., pathogenic Escherichia coli, Vibrio cholerae,
Listeria spp., Campylobacter spp., Cryptosporidium parvum, Helicobacter pylori, and diseases caused by
rotaviruses (Olsen, 1998).

Rodent hair is often found in tomato processed products. The prevalence of this extrancous matter may be
associated with cultivation (open field planting), mechanical harvesting (deep harvesting and with residues),
spraying with pesticides that hinders the removal of hair attached to the epidermis of the fruit, among other factors
(Moretti, 2008; Atui et al., 2014).

Despite the difficulty in eliminating rodents in the field, their identification at any stage of the production chain
represents a serious problem to consumer health, because rodents can transmit several diseases, such as
leptospirosis, bubonic plague, salmonellosis, as well as different viruses (Meerburg et al., 2009).

Mold filament counting by the Howard method showed that 41 (97.6%) samples had mycelial filaments and six
(14.3%) samples presented values above the maximum permitted (40% positive microscopic fields).

Corroborating the findings of this study, Correia & Roncada (2002) also observed high mold filament counting
in fruit paste in sweets marketed in Sdo Paulo, Brazil.

The presence of thermotolerant filamentous fungi in tomato sauces does not necessarily pose a risk to human
health, but indicates the use of deteriorated raw material (Association of Official Analytical Chemists, 2005).
According to the Instituto Brasileiro de Frutas (2014), the tomato processing industry fails to comply with
requirements by the Howard method because of average air humidity > 50%, lack of effective detergent grid and
chemical control, intercellular infection between tomato cultures, and lack of the technological solutions for
separation of fruits with lesions (Instituto Brasileiro de Frutas, 2014). In California (USA), 25% of tomatoes without
visible changes were colonized by molds (Doan et al., 2016).

However, in the scope of the production systems, a series of factors limiting to the optimization of industrial
tomato production is still observed. The occurrence of fungi in products derived from this fruit could be avoided
through culture management, greater efficiency of irrigation techniques, levels of fertilization, crop rotation, soil
preparation, beds suitable for mechanized harvesting, weed control, and ecological management of pests and
diseases (Melo & Vilela, 2005).

Certainly, insect fragments, rodent and non-rodent hair, filamentous fungi, and other filth found in tomato sauces
originate not only from the raw material (due to ecological, environmental and crop management factors), but also
from lack of good manufacturing practices and inadequate practices in the production, storage and distribution chain
(Moretti, 2008). Regardless, producers and manufacturers should always seek to ensure the integrity and quality of
food products.
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4 Conclusion

In general, of the 42 samples of tomato sauce analyzed, 20 (47.6%) samples were unsatisfactory and in
disagreement with the Brazilian legislation, because they presented sensory changes, rodent and non-rodent hair,
and/or mold filament counting above the maximum permitted values.

Therefore, the present study presents an overview of the quality of the industrialized tomato sauces marketed in
the Brazil, pointing mainly to the presence of extraneous matter, whether they indicate a risk to human health or
lack of good manufacturing practices.

There are still major technical, economic and social challenges regarding the food safety of tomato products. It is
essential that the agricultural productive and industrial sectors act in an increasingly integrated way, seeking to add
technologies in order to improve the quality of the raw material used and increase the control during the stages of
product processing.

Finally, the findings of this study can subsidize health surveillance actions, contribute to the improvement of
products and, consequently, protect the health and rights of consumers.
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