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Abstract: Detection of non-alcoholic beer contaminants is complicated as lengthy incubation time is
required for cultivation; indeed, this is a need for rapid detection methods. A recent study was conducted
to determine the microbiological quality of non-alcoholic beers of four brads (A-D) in Tehran, Iran.
Polymerase chain reaction (PCR) is applied as a rapid and specific method for the detection of
contaminants in beer manufacturing. The PCR protocols were effective for the detection of yeasts in
beers during processing until packaging. The presence of wild yeasts and molds during processing could
be risky and will affect the final product quality. The predominant contaminants of non-alcoholic beer
were found to be the species of Saccharomyces, Pichia, Rhodotorula, Alternaria, Hansenia,
Wickerhamomyces, and Cladosporium. It is essential to inform the producers about hazards, and critical
control points in non-alcoholic beer processing stages, including; wort boiling, clarification, filtration,
and packaging, and the implication of environmental hygiene are deniable.

Keywords: Non-alcoholic beer; Polymerase chain reaction; Critical control point; Microbial
contamination; Pasteurization, Spoilage microorganisms.
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1. Introduction

Non-alcoholic beer is produced and widely consumed by people in the Islamic regions
of the world [1, 2]. This valuable drink is used as a refreshing, thirst-quenching, vital, and
appetizer food component in these countries. Iran is one of the producers of this product in the
world [3- 5]. Non-alcoholic beer is produced from a controlled and non-fermentation of barley
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malts in Iran. Major components used for producing this kind of beer includes water, malts,
sugar, and flavoring agents [6, 7]. Widely consumption of this kind of beverage causes many
concerns about its microbial quality and sanitary production in Iran. Natural components of
beer are one of the main sources of microbial contamination in the beer. The presence of molds
(Aspergillus and Fusarium species) in barley may negatively affect the quality of malt and the
beer produced from it. Equipment another factor that may affect the microbial contamination
of the beer during processing when sanitation rules are not followed well during brewing [8,
9]. Beer contamination also contributes to the inadequate pasteurization stage of non-alcoholic
beer [10-12]. Moreover, if pasteurization has been done before the packaging stage, container
material is another impressive factor that may transfer annoying germs into the pasteurized
beer [13].

To develop a better understanding of contamination related to non-alcoholic beer
production, applying hazard analysis critical control point (HACCP) strategy became
important. HACCP strategy defines hazards related to each stage of primitive ingredients,
processing, and handling. This method monitors the relative risks in the production chain and
determines effective control measurement points in each stage [14-16]. Traditionally, fungal
contamination is detected using various methods, including a) observing colony morphology,
b) the ability of an organism to survive in different temperatures, c) flocculation tests, and d)
oxygen demands. These methods are time-consuming and do not discriminate between a
variety of fungi, precisely [17]. Hence, there is a need for a rapid and accurate detecting method
to monitor the quality of non-alcoholic beers.

Polymerase chain reaction (PCR) is one of the DNA-based tools which is recognized
as a rapid and sensitive technique that could be applied as a diagnostic method for food product
contaminants [18]. PCR has also proved to be a promising method for the rapid and sensitive
detection of contaminations in the brewing industry. Most of the researches refers to the
application of PCR in diagnosing lactobacilli and yeasts in beers. Therefore, specific primers
of microbial species have been designed for the most prevalent beer spoiling microorganisms.
Specified primers are used for the amplification of small segments of a microorganism genome.
PCR technology has different advantages beyond the traditional methods include precise
identification of a pure single colony base on its fingerprints in less than 24 h and identification
of microorganisms base on genotype rather than phenotypic properties [19]. In addition, this
easy and rapid technology is applicable in any location of the brewing process where pure
colony detection is obtained by traditional culturing methods.

In the recent study, the hazards of brewing, which are versus to safety consumption of
non-alcoholic beer, are assessed, and the critical control points (CCP) are determined.
Moreover, four specific primers on the 16s rDNA gene were applied for the amplification of
specified genomes and fungi present in beers.

2. Materials and Methods
2.1. Selection of beer brands.

Evaluation of hazards in Iranian non-alcoholic beer was done by a survey study of four
famous brands (A, B, C, and D) samples, which were packed in Polyethylene terephthalate
(PET), glass bottle (G), and aluminum can (C). This research was recorded in a close
relationship with four beer producers in Tehran province. All brands used malt or its extract,
tapped or reverse osmosis water, and some additives (sugar, flavoring agents) as materials for
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brewing. Brands A and B packed a beer in the glass bottles and PET packaging materials.
Brands C and D packed the final product in PET and aluminum cans, respectively. The methods
of preparation of beers in each company were similar in general but different in detail, for
instance, brand D packed beers in sterilized packaging materials after the pasteurization
process.

2.2. Hazard analysis.

Assessing the hazards in each brand was different due to some differences in the method
of beers production in each company. The microbial hazards of beers were analyzed in different
stages, including a) before pasteurization (Wort boiling and filtration stages), b) after
pasteurization, and c) after the packaging process. Also, packaging materials were checked to
identify sources and kinds of actual or potential contaminations (Figure 1).
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Figure 1. Non-alcoholic beer production line. Critical control points are indicated by *.

2.3. Sample collection.

One hundred milliliters of beer formulation of each brand from each step of the
production line and final products (were packed in different packaging materials) were
collected in sterile conditions. Samples were poured into sterile containers until analysis.
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2.4. Enumeration of microorganisms.

Yeasts, molds, and bacteria were enumerated according to the method described by
Millet Lonvaud-Funel [20]. 1 ml of each sample was diluted with peptone water based on the
serial method. According to evaluate the effect of packaging material, 100 ml of sterile peptone
water was poured into each one of the empty containers of beers and was shaken. An aliquot
in each container was evacuated into sterile Erlenmeyer flasks, and an appropriate serial
dilution of each sample was prepared. An aliquot 2 ml of diluted samples were cultured on
different solid mediums. This method was applied for determining total viable microorganisms
counts, molds, yeasts, and food molds and yeasts by culturing on different microbial mediums
include plate count agar (PCA), yeast extract glucose (YEG), wort agar, and malt extract agar,
respectively. All cultured plates were incubated at 37 °C for 48-96 h except for total viable
counts, which were incubated at 37 °C for 24 h [21]. All mediums were prepared based on
manufacturer instructions.

2.5. DNA extraction from pure cultures.

Four colonies of molds and yeasts with different morphology were isolated from malt
extract agar. Two milliliters of each culture was centrifuged at 14000 g for 5 min at 4 °C for
pelleting the cells, which were subjected to DNA extraction according to the method described
by Cocolin et al. [22]. The pelleted cell was resuspended in 300 ml of breaking buffer [2%
Triton X-100, 1% sodium dodecyl sulphate, 100mM NaCl, 10mM Tris (pH 8), and 1mM
EDTA (pH 8). Subsequently, 300 mL of phenol/chloroform/isoamyl alcohol (25: 24: 1, pH 6.7,
Sigma) was added for extraction of DNA. The homogenized cells were centrifuged at 14000 g
for 5 min at 41°C, and the aqueous phase was then purified based on the kit manufacturer's
suggestion.

2.6. Polymerase chain reaction (PCR).

The extracted DNA was used as a template to perform the PCR process. All primers
used in this study were targeted on the 16S rDNA and 26S rDNA gene (Table. 1). The DNAs
extracted from cultures were amplified with the pairs of primers F27 and R1492. For the
analysis of the diversity of fungal species, the proliferation of the gene, encoding 26S rDNA,
was performed using PCR general primers includes NS1 / FR1. The amplification process was
performed by PCR with a final volume of 25 pl, including 1 pl of the sample, 2.5 ul of PCR, 2
ul deoxynucleotide triphosphate (AINTP) mixture, 10 U Taq polymerase enzyme, and 0.4 uM
of the primer. The reaction was performed in the Mastercycler. The PCR products were
amplified on 8% polyacrylamide gel, directly. Polyacrylamide gel contained urea and
formaldehyde to obtain a concentration gradient of 20-50% for fungi. The denaturing gradient
gel electrophoresis (DGGE) process was carried out for 30 min at 40 V, and 15 h and 30 min
at 60 V, followed by ethidium bromide staining.

Table 1. Primers used in this study.

Specificity Primer name Sequence 5’ - 3’ Annealing temperature (C) | Reference
Bacteria F27 AGAGTTTGATCMTGGCTCAG 56 [23]
R1494 CTACGGYTACCTTGTTACGAC 56 [24]
Fungi NS1/FR1 GTAGTCATATGCTTGTCTC 49 [24]
AIC CAT TCA ATC GGT AIT -
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Gel imaging was done with a digital camera. The desired bands were separated from
the gel by a sterile blade and incubated at 4 °C in Tris-EDTA buffer (pH = 8), which allowed
separating DNA from the polyacrylamide gel. The resulting DNA is used directly for further
amplification. Bands separated by the GC-Clamp primers were amplified as mentioned above
and re-injected onto DGGE gel to confirm their identity and purity before sequencing. For
sequencing, the isolated DNA was amplified by previous primer pairs without GC-Clamp as
the method described in the previous steps.

2.7. Sensitivity of method.

The sensitivity of Real-time PCR assays was determined by amplifying decimal diluted,
purified DNA of known concentration of each target species, individually or simultaneously.
The experiment was run in triplicate for each dilution.

2.8. Statistical analysis.

All experiments were performed at least three replicates. Duncan Multiple Range Test
was performed to determine the least significant difference (LSD) by SPSS 18.1 software. LSD
was used to compare means of total counts, yeast, and mold counts in all beers samples.

3. Results and Discussion
3.1. Enumeration of microorganisms.

Microbial counts at different stages of non-alcoholic beer production in four different
brands are shown in Tables 2 and 3.

Table 2. Viable microbial counts (log10 CFU mi-1) in beers at manufacturing control points of non-alcoholic
beers (before packaging)*.

Control point Viable counts (logi CFU mlIY)
Brand A Brand B Brand C Brand D
After Wort boiling
T ok 1.86 +0.23° - nd
Y+M — 1.10 £ 0.17A¢ — nd
Y - nd - nd
FY+M - nd - nd
After clarification
T - 4.43 + 0,517 - 4,51+ 0.3972
Y+M - 1.20 £ 0.17A¢ - nd
Y - nd - nd
FY+M - nd - nd
After filtration
T 3.96 +0.30%2 4,10 £ 0.17Aab 173+ 175+
0.51B2 0.188¢b
Y+M 3.38 2.33+0.5780 1.40 £ nd
0.37A% 0.34¢2
Y 2.77 £ 0.1570 nd nd nd
FY+M 2.02 +0.26A¢ nd nd nd
Unpacked beer after pasteurization
T - nd nd nd
Y+M - nd nd nd
Y - nd nd nd
FY+M - nd nd nd

*Means in the same column and row with different small and capital letters (respectively) are significantly different (p<0.05).
** This stage is not a manufacturing control point in a special brand.
nd: not detected; T, total microorganism count; Y+M, yeast and mold count; Y, Yeast count; FY+M, food yeasts, and molds; nd, not detected;

—, not determined at the corresponding stage.
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According to Tables 2 and 3, empty packaging materials and some beer samples before
pasteurization contain low counts of microbial species; however, viable counts (total microbes
or yeast or mold) were not detected in most of the brand’s samples before the pasteurization
stage. According to Table 3, none of the viable organisms were detected in all pasteurized
samples. Bacterial contaminations (ranging from 5.64 to 10.22 log10 CFU mlt) were observed
in empty packaging materials of most of the brands (Table. 3). Packaging materials were
cultured in YEG determined the presence of yeasts and molds (between the ranges of 1.74 —
4.39 log10 CFU mlY).

Half of the packaging materials of all brands were contaminated with food yeasts. PET
packaging materials of brands A and B were free from yeasts. The maximum yeast and mold
colonies were obtained from glass packaging material of brand B (p < 0.05).

Table 3. Viable microbial counts (log10 CFU ml-1) in packed beers before or after pasteurization (after
packaging)*.

Control points Viable counts (logio CFU mlY)
Brand A Brand B Brand C Brand D
PET packed before pasteurization
T 4,76 +0.15% — — —
Y+M 2.99 +0.30° — — —
Y 2.29+0.34° — — —
FY+M 2.65+0.75° — — —
PET packed after pasteurization
T nd nd - nd
Y+M nd nd - nd
Y nd nd — nd
FY+M nd nd — nd
Can packed after pasteurization
T —** nd — nd
Y+M — nd — nd
Y — nd — nd
FY+M — nd — nd
Glass bottled before pasteurization
T 5.48 + 0.53¢ — —
Y+M 4.02 + 0.56¢ — —
Y 4.33 +0.34¢ — —
FY+M 4,28 +0.32¢ - —
Glass bottled after pasteurization
T nd - - -
Y+M nd - - -
Y nd - - -
FY+M nd — — —
Empty PET container
T 7.97 £0.28°° 7.97 +£0.2872 — 5.64 + 0.29B2
Y+M 1.74 £ 0.184f 1.74 +0.18Ad — 1.74 £ 0.18%¢
Y nd nd — 1.00 + 0.004
FY+M nd nd — 1.4 +0.347d
Empty can container
T — 6.89 + 0.10AP 7.22 +0.48 A2 6.22 + 0.5982
Y+M - 1.81+ 1.81 +0.20ABP 2.64 +£0.95°
0.20ABd
Y — 1.30 + 0.008¢ nd 1.69 + 0.094°
FY+M - 1.85+0.00~ nd 1.60 + 0.008d
Empty glass bottle
T 10.22 +0.4872 7.16 +0.73B2 — —
Y+M 1.81 + 0.208f 4,39 +1.394¢ — —
Y nd 1.68 + 0.14Ad — —
FY+M nd 1.85 + 0.00d -

*Means in the same column and row with different small and capital letters (respectively) are significantly different (p<0.05).

** This type of packaging is not available in corresponding stage or by special brand.

nd: not detected; T, total microorganism count; Y+M, yeast and mold count; Y, Yeast count; FY+M, food yeasts and molds.
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Glass materials had the maximum total viable microorganisms count (10.22 log10 CFU
mlt) among all others. Microbial contamination of beer (total viable microorganisms and yeast
and mold) were detected in brand B in most of the stages (after boiling, sedimentation, and
clarifying) prior to pasteurization and packaging stages, while bacterial contaminations were
the only contaminants in brand D beers (Table 2). Greater counts of bacteria were isolated from
brands B and D (after the sedimentation process) followed by brands A and C (after the
clarification stage). Before pasteurization, the least occurrence of bacteria was seen in brand D
after the clarifying stage (p < 0.05). On the other hand, all kinks of evaluated microorganism
(bacteria, yeast, and molds) were growing in brand A samples even after the clarifying stage.
However, living organism species in brand C were similar to brand B (Table. 2). According to
the experimental data, pasteurization had an impressive effect on the destruction of all kinds of
living germs (p < 0.05). As clearly shown in Tables 1 and 2, the presence of microorganisms
was detected in all steps of beer processing before pasteurization.

Non-alcoholic beer is accepted by all Muslims and other religious people in Iran and is
consumed as an alternative drink to alcoholic beverages in most ceremonies. Production of
beer under unhygienic conditions enhances the risk of microbial contamination due to the
presence of nutritious components in this product [15, 21, 25-27]. Different microorganisms
are involved in the beer spoilage, including lactic acid bacteria (Lactobacilli and Pedicocci
genesis), wild yeasts (Saccharomyces cerevisiae and Candida pelliculosa), and cereal mold
(Fusarium) [28-30].

The overall results were shown in Tables 2 and 3, revealed the microbial contamination
in the brewing line of four famous Iranian brands before the pasteurization step. Heat treatment
of food products reduces the number of pathogenic microorganisms and enhances the storage
quality of the product by suppressing molds, yeasts, and bacteria that cause infection [23].
Indeed, the pasteurization process is a specific stage for improving beer’s microbial quality and
can be considered as a CCP in brewing.

Beers produced by four manufacturers attained a temperature of about 65 °C at the wort
boiling stage. This temperature is not enough to kill all the viable cells and spores; however, it
reduces the viable cells counts. The total counts of 1.86 log10 CFU ml * recorded for brand B
after the boiling step revealed the survival of some microorganisms, which could originate from
malt seeds [26]. Moreover, an increase in the total viable counts after sedimentation of brands
B and D indicated the participation of these microorganisms in the processing of beers. After
clarifying the process, high counts of microorganism’s species in brand A could be associated
with the method of processing since this producer steeps malt for a long time in tanks before
extraction. Steeping malt for a long time provides enough time for the proliferation of
microbes. The isolation of yeasts and molds from brand A, B, and C is attributed to malt
contamination [31-33]. However, low pH (< 5) of all non-alcoholic beers samples and the
presence of natural antimicrobials may have contributed to low counts of microorganisms in
all samples [34, 35]. Fermented products are considered as safe products due to acidic nature,
but an unhygienic process or low quality of raw materials cause microbial contaminations [35].

All samples were exposed to a similar temperature that was about 74 °C. This
temperature is an adequate temperature for eliminating most of the microorganisms, causing
spoilage. On the other hand, the destruction of the microorganisms after pasteurization should
not lead to neglecting to provide hygiene conditions in previous stages. Factors such as
contaminated surfaces and equipment, sources of water, and infected malt are the
contamination sources of such drinks before the pasteurization process [26].

https://biointerfaceresearch.com/ 9664


https://doi.org/10.33263/BRIAC112.96589668
https://biointerfaceresearch.com/

https://doi.org/10.33263/BRIAC112.96589668

Isolation of yeasts and molds from samples may be contributed to malt seeds, air,
improper packaging materials, and poor environmental hygiene [21]. Molds and yeasts grew
at a wide range of pH and temperature, and cause developing off-flavor and undesired taste
and color. In addition, fungus family organisms are able to produce mycotoxins, which is a
harmful component for human health [14, 36].

The major hazards in the processing of non-alcoholic beers are the presence of
fermentative bacteria, yeasts, and molds, which could grow before pasteurization and develop
undesirable products that influence final product quality. So, it is required to inform the beer
producers about hazards and CCPs of non-alcoholic beers processing. Such control involves
monitoring raw materials and water contamination, washing raw materials before the steeping
stage, performing cleaning in place (CIP) practice before and after processing, using hygiene
water for malt washing, steeping, and also for beers formulation diluting and following all
sanitary rules in the processing line.

3.2. Identification of organisms.

In the present study, all of them specifically designed primers were amplified with non-
specific DNA. According to PCR results, different strains of Saccharomyces cerevisiae were
present in beers contributed to brand A and B before pasteurization (Table 4). Moreover, Beers
which produced by brand C contained Saccharomyces cerevisiae and Alternaria tenuissima.
The results also determined the presence of Cladosporium cladosporioides, Candidia
daunpuri, in the beer samples of brand C in the different stages of critical processing points.
As shown in table 4, the presence of Pichia, Rhodotorula, Hansenia, and Wickerhamomyces
anomalus was confirmed by PCR (Table 4). Wickerhamomyces anomalus is one of the
candidian spoilage, which contributes to the contamination of food products with soil,
contaminated fruits, and warm-blooded animals [38, 39].

Table 4. Representative yeast species in beer samples were detected by a polymerase chain reaction.

Brand | lIdentification Access code Sequence Homology | Stage of sampling
size (%)
A Saccharomyces cerevisiae 01 KC1837221 826 88 PET Packed beer
before pasteurization
Saccharomyces cerevisiae T6 GU320706.1 807 84 Glass bottled beer
before pasteurization

Saccharomyces cerevisiae KY816912.1 841 99 Before filtration
YPDM1
Saccharomyces cerevisiae TY-1 KJ781352.1 1705 90 After filtration

B Saccharomyces cerevisiae KJ781352.1 349 75 After filtration
JYC2577
Saccharomyces cerevisiae RC231 KY102043.1 710 93 After filtration

C Saccharomyces cerevisiae TY-1 KJ781352.1 1705 90 Before filtration
Pichia codori lozoyuela 13Y MF685423.1 118 100 Before filtration
Rhodotorula dairenensis LC390315.1 556 99 Before filtration
Alternaria tenuissima ZTFb9 MH790321.1.1 515 100 After filtration
Hansenia AJ271032 284 99 After filtration
Wickerhamomyces anomalus KY605149.1 542 84 After filtration
Cladosporium cladosporioides MH647077.1 498 100 Before packaging
BEOFB1827m
Candidia daunpuri KY102043.1 409 99 Before packaging

It is difficult to identify and determine beer spoilage microorganisms since the number
of viable germs in beer is very limited. Nowadays, new methods such as PCR, immunoassay,
fluorescence, and luminescence tests are used as accurate methods for identifying
microorganisms instead of traditional methods (i.e., culturing in nutritious media) [40]. In
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recent research, for precise identification of contaminating organisms in beers, the PCR
protocols were applied to use the minimum time for denaturation, annealing, and extension.
The PCR technique gives precise results more rapidly than other conventional methods. This
technique ensures financial benefits for the beers manufacturer. Overall, the PCR assay applied
for microbial control of the finished products should be rapid, sensitive, and simple. Simplicity
helps to avoid cross-contamination of sample treatments.

Results of molecular identification of microorganisms isolated from beers of different
brands determined that saccharomyces yeast was the major microorganisms identified in all
brands. Spoilage of non-alcoholic beers is due to the presence of two yeast groups includes
Saccharomyces, which is predominantly Saccharomyces cerevisiae, and non-saccharomyces
yeast (Brettanomyces, Candidia, Debaryomyces, Hanseniaspora, Kluyveromyces, Pichia,
Torulaspora, and Zygosaccharomyces) [7]. According to results obtained by the PCR method,
both of the mentioned groups of yeasts caused beers spoilage. Furthermore, isolation of
Alternaria tenuissima and Cladosporium cladosporioides from brand C samples could be
originated from contaminated malt. This spoilage may cause undesired aroma and off-flavor
like soil taste. Moreover, production of mycotoxins is another concern that may be produced
as secondary metabolites of molds during growth and have adverse effects on the food product
quality; however, the most dangerous mycotoxins are produced by the Fusarium, Aspergillus,
and Penicillium molds. Nevertheless, as determined in the previous section, the pasteurization
process could destroy any kinds of viable organisms in beers such that no microbial
contamination was detected in pasteurized products of all four brands. Overall, also complying
with the sanitary condition during processing, which preventing production moldy off-taste
and off-flavor, is an essential way.

4. Conclusions

In the recent study, the microbiological quality of non-alcoholic beer manufacturing of
four brands (A-D) was determined by traditional and modern methods. This study
demonstrated that PCR is a promising method in detecting specific organisms in less than 10
h. PCR method distinguished all of the contaminants before pasteurization in non-alcoholic
beer, including Saccharomyces, Pichia, Rhodotorula, Alternaria, Hansenia,
Wickerhamomyces, and Cladosporium, which might originate from contaminated raw material
or unhygienic conditions processing. According to experimental results, the pasteurization
process destroyed all of the viable microorganisms in the non-alcoholic beer. The major CCPs
in non-alcoholic processing are wort boiling, clarification, filtration, packaging, and
pasteurization stages that could be controlled by producers; indeed, maintenance of proper
sanitation, using good quality raw materials, and applying pasteurization process will improve
the microbial quality of non-alcoholic beer.
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