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Benzoic and ascorbic acids are common additives of many non-carbonated drinks but despite the presence of
those preservatives, inappropriate production processes may allow the growth of spoilage. Furthermore, over
time these acids tend to react, producing benzene, a known carcinogen. This study analysed the regular and
low-calorie versions of three brands of commercial non-carbonated soft drinks, assessing their microbiological
and chemical quality. Preservative resistant yeast analysis was performed in TGY medium supplemented with
glacial acetic acid (TGYA) and incubating at 30 °C/72 h and lactic acid bacteria analysis was done in MRS
medium incubating at 35 °C for 5 days. Isolated strains were identified by partial amplification of 16S rDNA.
Benzoic acid and benzene quantification were carried out using, respectively, HPLC and HS-SPME-GC.
Some soft drinks samples showed evidence of growth of spoilage bacteria, identified as members of the
Acetobacteraceae family. Spoilage growth can change the sensorial standard of the products and make
consumers discredit the product generating great damage to a brand’s reputation. In some samples, benzoic
acid and benzene concentrations were above the thresholds established by regulatory agencies. Benzene’s
risk arises from chronic exposure, which is usually the problem for soft drink consumers, and corrective
measures must and can be taken.
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1. Introduction

Many non-carbonated drinks include additives to prolong their shelf life, as benzoic and ascorbic acids.
However, over time these compounds tend to react, producing benzene, a known carcinogen (Gardner and
Lawrence, 1993). Additionally, inappropriate production processes may allow the growth of spoilage, despite
the presence of preservatives (Stratford et al., 2013; Rojo et al., 2015). The acid environment in soft drinks
inhibits the growth of non-acidophilic bacteria, including most of the pathogens, however, other
microorganisms such as acid bacteria, yeasts, and filamentous fungi require the use of preservatives. Current
regulations worldwide do not call for testing spoilage microorganisms (Brazil, 2001; CFR, 2017).

Interactions involving sodium benzoate and ascorbic acid have recently been the target of research, as it
results in benzene formation, a substance which chronic exposure can cause from vomiting to leukaemia
(Weisel, 2010; Smith et al., 2011). This reaction, due to benzoate ion decarboxylation by hydroxyl radicals
formed by the reduction of oxygen in the presence of ascorbic acid, catalysed by traces of metal ion, is
accelerated with exposure to heat, such as during the transportation and storage of beverages (Gardner and
Lawrence, 1993). This reaction must be considered by beverages industries to discuss changes in shelf life
time or in conservation method, and yet no regulation about benzene in finished products exists worldwide.
Considering many instances of benzene in non-alcoholic beverages reported in the literature (Fabietti et al.,
2001; Sanchez et al., 2012), studies about quantification of the preservative precursor and identification of
benzene in food matrices are of general concern for public health. In 2016 the worldwide soft drinks industry
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sold 726 million litres and earned 777 billion dollars, with annual sales growth of 3% in volume (Euromonitor
International, 2017), stating the relevance of this market.

This study analysed the regular and low-calorie versions of three brands of commercial non-carbonated
guarana soft drinks, used as a proof of concept, which account for a significant share of the beverage market
in Brazil (ABIR, 2017), assessing their microbiological and chemical quality.

2. Materials and methods

Regular and low-calorie versions of three brands (A, B and C) of non-carbonated commercial guarana soft
drinks were analysed. For each soft drink, four different batches were tested, three samples for batch. All
analyses were performed with the drinks before the expiration date, totalizing 72 sample units analysed. The
sample units were polypropylene (PP) cups heat- and pressure-sealed with aluminium foil with capacity for
290 mL.

2.1 pH evaluation

The pH analysis was performed using a countertop pH meter (Tecnopon, Brazil) previously calibrated on pH 4
and 7. Each sample was analysed in separate, resulting in triplicate for each batch.

2.2 Microbiological analysis

The analysis of preservative resistant yeast was performed by pour plate method inoculating 1 mL of sample
in TGY medium (tryptone, glucose, yeast extract) supplemented with 0.5% (v/v) of glacial acetic acid (TGYA)
and incubating at 30 °C for 72 hours (Pitt and Hocking, 2009). The analysis of lactic acid bacteria was also
done by pour plate method with overlay inoculating 1 mL of the beverage in DeMan, Rogosa and Sharpe
(MRS) medium and incubating at 35 °C for 5 days (Hall et al., 2001).

The isolated colonies were submitted to Gram stain (Hucker, 1921), motility, catalase and oxidase tests to
characterize them (MacFaddin, 2004).

2.3 Statistical analysis

The growth frequency of microorganisms in each version of the beverage was determined statistically at a 5%
significance level using the Z test for proportions. Statistical analyses were performed with the software
STATISTICA 13.0, from StatSoft, Inc.

2.4 Microorganisms’ molecular identification

Partial amplification of 16S rDNA was performed using the primer pair 27F (5'-
AGAGTTTGATCCTGGCTCAG-3") and 1512R (5'-ACGGCTACCTTGTTACGACT-3") (Reboucas et al., 2016),
Platinum PCR Supermix (Thermo Fisher Scientific) in a 96 wells thermal cycler (Applied Biosystems).
Sequences of identities were determined using the BLASTn algorithm in the GenBank database (NCBI, 2018).

2.5 Benzoic acid determination and quantification

The benzoic acid analysis was performed using high-performance liquid chromatography (HPLC) according to
the methodology proposed by Mota et al. (2003). Reverse phase column Hypersil ODS (4.6 X 250 mm, 5 um)
was used. The mobile phase consisted of 0.005 M acetate buffer (pH = 4.4) and methanol (65:35) with a flow
rate of 0.8 mL/min and UV detection at 235 nm. The standards were a benzoic acid solution in HPLC grade
methanol at concentrations ranging from 50 to 1000 pg/mL.

Preceding the analysis, samples of guarana soft drink were centrifuged for 20 min at 3000 rpm and purified
with C18 cartridge previously activated. The activation was performed by passing 2 mL of methanol followed
by 4 mL of water, and for purification, 1 mL of the supernatant obtained after centrifugation of the drink was
passed through the cartridge, cleaned with 4 mL of n-hexane and then eluted with 3 mL of methanol. The
resulting methanol extract was filtered through a 0.45 pm membrane.

2.6 Benzene determination and quantification

The determination of benzene was carried out by gas chromatography coupled to solid phase micro extraction
headspace (HS-SPME-GC) following the methodology proposed by Sanchez et al. (2012) with modifications.
The chromatograph used was GC-2010 Plus (Shimadzu), associated with FID and MS detectors. The mass
spectrometer (MS) was used to identify and later the ionization detector (FID) was used for the quantification
of benzene.

The CAR-PDMS (carboxen-polydimethylsiloxane) fibre was used for the adsorption of benzene in the matrix
and subsequent desorption in GC injector at 300 °C for 5 minutes. The standards were solutions with
concentrations ranging from 0.5 to 15 pg/L of benzene in water prepared from benzene in methanol ampoule
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(200 pg/mL). A volume of 10 mL of both standards and samples was added to 3 g of sodium chloride (NaCl)
and placed in vials of 20 mL. The vials were submitted to an ice bath at 0 °C for 15 minutes while the fibre was
exposed to vial's vapour phase, rich in benzene.

The injector temperature was maintained at 300 °C, the capillary column used was Restek RTX-1 (30 m X
0.25 mm X 0.25 pym) with helium gas flow rate of 5.5 mL/min. The temperature was raised from 40 °C to
100 °C at a rate of 10 °C/min, followed by 15 °C/min until 180 °C. These conditions were maintained in the
analysis using MS and in the analysis using FID.

3. Results and discussion
3.1 Some soft drink samples showed evidence of growth of spoilage bacteria

Microbial growth occurred in both regular and low-calorie versions of brand A when tested in lactic acid
bacteria-selective medium, although the fact that the pH in all samples was below 4.0 (data not shown)
precludes the possibility of most pathogenic bacterial growth (Lawlor et al., 2009). As the current legislation
worldwide only determines limit to pathogenic microorganisms (Brazil, 2001; CFR, 2017), the growth of
bacteria in samples A and Adiet (diet version of brand A) before the expiration indicates that bacterial
inhibition that should occur by the addition of benzoic acid may not be enough as a barrier to decay. Although
spoilage growth does not represent a health security problem, it changes the sensory standard and makes the
consumer discredit the product; great damage to the brand’s representation.

We also observed bacteria, but not yeast, in preservative-resistant yeast-selective medium, as evidenced by
microscopic evaluation of gram-stained slides (Figure 1). This may have been because this media was
acidified, as specified by the protocol (Pitt and Hocking, 2009), recreating the pH 3 of the drinks, propitious for
acid bacteria growth. A similar situation was observed by Chuayana et al. (2003) and Creencia et al. (2014),
as they isolated other bacteria, and suggests that this protocol presents important limitations for the analysis
of preservative resistant yeasts.
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Figure 1: Gram-negative short rods bacteria isolated from TGYA (a) and MRS (b) media

Growth frequency showed no significant difference (at 5% significance through Z test for two proportions)
between regular and low-calorie versions of the brand A drink, which contrasts our previous theory pointing to
greater microbiological contamination in the regular version, which could be attributed to the fact that there is
no metabolizable sugar in low-calorie beverages.

3.2 Bacteria molecular identification

As shown in Figure 1, colonies growing in both culture media were short gram-negative rods. These colonies
showed motility, were positive for catalase and negative for oxidase (data not shown), indicating that the
strains isolated in both culture media belong to the Acetobacteraceae family. This was confirmed by partial
sequencing of the 16S rDNA. Komagataeibacter (25,5% incidence), Gluconacetobacter (23,5%), Acetobacter
(19,6%), Asaia (15,7%), Nguyenibacter (1,96%), Endobacter (1,96%), Kozakia (1,96%), Acidomonas (1,96%),
Neoasaia (1,96%), Ameyamaea (1,96%), Tanticharoenia (1,96%) and Swaminathania (1,96%) were identified
based on homology identity (98-100%) searches at GenBank database, all genera of Acetobacteraceae
family. Recently, genus Gluconacetobacter has been subdivided into the genera Nguyenibacter,
Komagataeibacter and Gluconacetobacter (Yamada et al., 2012) and databases have not been fully updated
to the reclassification, so it is possible that incidence assigned to Gluconacetobacter may belong to the genera
Nguyenibacter or Komagataeibacter. The presence of this family is unusual in non-alcoholic beverages, where
the most common isolates are lactic acid bacteria. These two families are very similar to each other in their
capacity to grow in acid matrices, but acetic acid bacteria are mostly aerobic, whereas lactic acid bacteria
grow better in an anaerobic environment (Kregiel, 2015). However, oxygen contact with the beverage may
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occur due to the packaging material of these soft drinks, which consists of polypropylene cups (significantly
0O2-permeable, Mirzadeh and Kokabi, 2007), and a heat- and pressure-sealed aluminium foil, which may be
subject to failures in the seal.

Acetic acid bacteria are biofilm producers (Bartowsky and Henschke, 2008) and this leads us to consider the
presence of bacterial biofilm in the mixture tank in the soft drink manufacturer's plant. Cross-contamination
between seeds or extracts and manufacturing areas, as well as inappropriate sanitation of the production
facility, may be the cause of propagation of these bacteria among different batches.

There is no legislation which includes spoilage analysis in juices, soft drinks and other non-alcoholic non-milk-
based beverages, however, it is of vital interest of both the consumer and the industry, to implement more
effective control of contamination. HACCP (Hazard and Point Analysis Critical Control) program can be an
alternative to prevent the final product quality from being compromised by the lack of appropriate action steps.

3.3 Some soft drink brands showed benzoic acid and benzene concentration above the limit

Figure 2 shows the concentrations of both benzoic acid and benzene for three brands of guarana based soft
drinks in regular and low-calorie versions. Benzoic acid limit allowed in soft drinks is 500 ug/mL (Brazil, 2007)
and from analytical decision limit calculation (CCa = MRL + 1.64sreproLMR) (ISO, 2000) all values above of
501.76 pg/L can be considered over the maximum allowed. Benzene limit in water is 5 pg/L (Brazil, 2011), and
after the calculation of analytical decision limit, all values above 6.64 ug/L can be considered over the limit.
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Figure 2: Benzoic acid and benzene concentrations for guarana soft drinks samples and their limits

In six batches, the benzoic acid concentration was above Brazilian regulatory limits (Brazil, 2007). The fact
that industries use benzoic acid in excess demonstrates the lack of control in weighing the supplies, which
reflects directly on microbial growth and, probably also in the formation of benzene. Weighing of components,
including preservatives, is usually performed manually in this industry and should, therefore, be considered a
critical point in the process as it depends on the precision of the operator.

In four batches of guarana soft drinks, benzene concentrations were above the levels allowed for drinking
water by regulations of both the Brazilian Ministry of Health and the Food and Drug Administration (Brazil,
2011; CFR, 2017), European Union legislation is even more stringent and only allowed 1 ppb, so almost every
sample analysed in our study would be above this limit (Council Directive, 1998). Three of those batches also
had benzoic acid levels above regulatory limits, which is significant as benzene is formed from benzoic acid
decarboxylation. This reaction is favoured at higher temperatures, suggesting that the presence of benzene
above the threshold in some batches may have been due both to problems in production (excess benzoic
acid) and in storage or commercialization (storage at too high temperatures) (Nyman et al., 2008). Neither the
United States nor Brazil have specific legislation for benzene content in non-alcoholic beverages other than
water. Our results suggest that this may be insufficient, as both countries allow the use of benzoic acid as a
preservative, generating a potential risk that benzene may reach dangerous levels in the final product if
optimal production and storage conditions are not met. Although the concentrations observed here were not
much higher than the allowed limit, the risk from benzene arises from chronic exposure, which is usually the
case for soft drink consumers. Thus, industry regulators should take corrective measures. For instance, the
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formation of benzene can be inhibited by adding chelating agents, such as ethylenediaminetetraacetic acid
(EDTA) and sodium hexametaphosphate (SHMP), which form complexes with Cu*?and Fe™ ions, catalysts of
the benzoic acid decarboxylation reaction. Alternatively, the International Council of Beverages Associations
suggests the removal, reduction or replacement of benzoate by sorbate or another additive or changing the
storage system to reduce the need for preservatives (ICBA, 2006).

Benzene migration from packaging material is another potential source of chronic contamination in soft drinks.
This issue, together with a review of the control standards for benzene in the water used for the production of
soft drinks, should be further investigated if we are to prevent benzene contamination in soft drinks from
becoming a public health issue.

4. Conclusions

Neither preservative resistant yeasts nor lactic acid bacteria were found on beverage analysed. Acetic acid
bacteria were isolated in both versions commercialized, regular and low-calorie, in one of the brands
analysed. The presence of this family is unusual in non-alcoholic beverages, where the most common isolates
are lactic acid bacteria.

By the methodology applied, considering the limits of decision (CCa) inherent to analytical procedures and
sample standard deviations, seven batches, representing 29.17% of total batches, presented benzoic acid
concentration above 500 pg/mL, which is the maximum allowed by law. Regarding benzene, four samples
showed a concentration value above 5 pg/L, maximum established for drinking water.

Although this work focused in a non-alcoholic soft drink, used merely as proof of concept, results reflect a lack
of regulation that can be extrapolated to all industrialized fruit-based beverages, even for the ones that do not
use any preservative. According to this paper, microbiological and chemical quality of this kind of matrix needs
to be evaluated to protect both consumers’ health and industries’ economic interests
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