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Abstract

In the present study, a total of 80 sample materials were used (30 powdered
baby formulas, 25 jarred baby foods, and 25 cereal-based products). The
isolation of Bacillus ceveus from the samples was performed with the classical
culture technique. The isolates were confirmed as B. cerens with PCR targeting
the hemolysin gene. Emetic (ces) and diarrheal toxin genes (nhe, hbl, cytK)
were detected by multiplex PCR in confirmed isolates.

As a result of the study, 62.5% (50/80) of the samples were found to be
contaminated with B. cereus. B. cereus could not be detected in jarred baby
toods. B. cereus was detected at 83.3% (25/30) and 100% (25/25) in
powdered baby foods and cereal-based products, respectively. Thirteen
(26%) of 50 isolates confirmed by PCR carried at least one gene responsible
for toxin synthesis. Only nke gene was found in three (6%) isolates, and
nhe and cytK genes were found together in 10 (20%) isolates. It was found
that none of the isolates had ces and 44/ genes and all isolates were able to
torm hemolysis on blood agar and two isolates were psychrotrophic. In
conclusion, the presence of enterotoxigenic and psychrotrophic B. cereus
strains in powdered baby formulas and cereal-based products may be risky for
infants and young children whose immune systems and intestinal microbiota
are not fully developed.
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1. Introduction

Although babies need to receive breast milk for their healthy growth
and development, ready-made formulas can also be used as an alternative
source when breast milk is insufficient or is interrupted (WHO/FAO, 2004;
Rahimi et al., 2013; WHO, 2021). Infant formulas are prepared in liquid or
powder form to meet the nutritional needs of normal infants, can be used
instead of breast milk when necessary, and with a composition close to breast
milk (Seyrekbasan, 2000).

Although the composition of baby foods varies according to the
age of use, it generally includes skimmed milk, skimmed milk powder,
whey powder, lactose, vegetable oils, fish oil, starch, vitamins, minerals,
emulsifiers, and stabilizers (Gokgay et al., 2012). Powdered infant formulas,
dried dairy products, and other medicinal foods are produced by using
similar techniques. In production, the first step is mixing the content, and
after mixing the raw materials and additives, the mixture is pasteurized.
After pasteurization, homogenization and standardization processes are
performed in terms of oil, vitamin, and mineral content. Then, it is packaged
with the appropriate packaging method and heat treatment (sterilization)
is applied. The final stage is spray drying (Becker et al.,1994; WHO/FAOQO,
2004; Dalkilig Kaya, 2011; Gokgay et al., 2012).

Previous studies show that the heat treatment applied during the
production of baby foods and supplementary foods used in infant and child
nutrition can destroy the vegetative forms of pathogenic bacteria that have
the potential to be present in the raw material, but the spore forms are not
inactivated and can maintain their viability. Milk and dried dairy products
and starch contained in baby foods are suitable media for microorganisms
(Shadlia-Matug et al., 2008; Bahgeci et al., 2018; Geng and Vural, 2021).
Microorganisms likely to be found in foods used in infant and young
children’s nutrition were examined in three different categories by the
World Health Organization and the Food and Agriculture Organization as
Cronobacter sakazalkii, and Salmonella enterica, which are known to cause
infection in babies in category A, coliform group bacteria in category B,
B. cereus, Clostridium difficile, Clostridium perfiingens, Clostvidium botulinum,
Staphylococcus aureus, and Listeria monocytogenes are in C category (WHO/
FAO, 2004). It was stated that B. cerens can be used as an indicator in
determining the microbiological safety and contamination level of infant
formulas (Pei et al., 2018).

The B. cereus microorganism can be found in various environmental
sources in the form of spores, it is resistant to adverse environmental
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conditions and can maintain its vitality for a long time (Wong et al.,
1988; Reyes et al., 2007; Stenfors Arnesen et al., 2008; Tallent et al.,
2012; Gdoura-Ben Amor et al.,, 2019). By synthesizing two different
toxins of diarrheal and emetic types, it causes two different foodborne
infections (emetic syndrome and diarrheal syndrome) (Kotiranta et al.,
2000; Stoeckel et al., 2013). Diarrheal enterotoxins are responsible for the
diarrheal syndrome and are heat-sensitive and are produced by bacteria
while growing in the intestinal tract. The diarrheal form is characterized
by diarrhea and abdominal pain. The proteins responsible for the diarrheal
syndrome are hemolysin BL (HBL), non-hemolytic enterotoxin (NHE),
and cytotoxin K (Park et al., 2009; Logan, 2012). The emetic syndrome is
characterized by nausea, vomiting, and abdominal cramps, similar to food
intoxication caused by Staphylococcus aureus, due to the incubation period
and observed symptoms (Tewari and Abdullah, 2015; Abraha etal., 2017).
Emetic toxin is heat-stable and synthesized in foods. The emetic toxin is
designated as “cereulide” and is encoded by the ces gene (Sdnchez-Chica et

al., 2021).

B. cereus 1s a natural contaminant of raw milk and can often be found in
raw milk in spore form, although at low levels (Wong et al., 1988). Dried
dairy products may contain B. cereus spores (Becker et al., 1994; DPei et al.,
2018) and it has been reported that B. cereus is the main contaminant in
infant formulas (Rahimi et al., 2013).

The purpose of this study was as follows: 1) to determine the presence
of B. cereus in foods used in infant and child nutrition (powdered baby
formulas, jarred baby foods, and cereal-based products), ii) to determine the
hemolysis-forming ability and psychrotrophic characteristics of isolates, iii)
to detect emetic and diarrheal toxin genes (ces, nbe, hbl, cytK) in isolates by
multiplex PCR method.

2. Material and Method

2.1. Collection of Samples

In this study, 30 powdered baby formulas from different brands (20
imported, 10 domestic formulas), 25 jarred baby foods, and 25 cereal-
based products (packaged or unpackaged) that consisted of flour, starch,
rice flour, and semolina were investigated. A total of 80 samples were
used as the study material. The samples were collected and analyzed under
aseptic conditions from the provinces of Hatay and Mersin in March-
April-May 2021.
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2.2. Isolation and Identification of B. cereus

B. cereus isolation was performed in the samples with the classical culture
technique (Tallent et al., 2012). Ten grams of each sample were weighed
homogeneously into sterile polyethylene bags under aseptic conditions and
90 ml of Tryptic Soy Broth containing 10 mg/ml concentration of polymyxin
B was added to the samples. Then, the pre-enrichment broths were incubated
at 30°C for 24 hours under aerobic conditions. A loopful of samples was
taken from the pre-enriched samples and inoculated on Brilliance Bacillus
cereus agar. The plates were incubated at 30°C under aerobic conditions for
24-48 hours. Colonies that formed turquoise green pigmentation on the
agar at the end of the incubation were considered suspicious for B. cereus.
Suspicious colonies were confirmed by PCR by targeting the hemolysin
gene for B. cereus (Wang et al., 1997).

2.3. DNA Extraction

DNA extraction was performed according to the protocol recommended
by the commercial nucleic acid extraction kit (Vivantis, Malaysia). Extracted
DNA samples were stored at -20°C until PCR.

2.4. Determination of Hemolysis Ability

The obtained isolates were activated in Brain Hearth Infusion Broth,
inoculated on blood agar by the streak plating method, and incubated at 37°C
under aerobic conditions for 24-48 hours. At the end of the incubation, the
development of a greenish or clear zone of hemolysis around the colonies
was considered positive.

2.5. Determination of Psychrotrophic Characteristic

The confirmed isolates were activated in Brain Hearth Infusion Broth
and then plated onto Tryptone Soy Agar by the streak plating method and
incubated under aerobic conditions at 7°C in a refrigerated incubator. The
development of growth in the plates was checked at 24, 48, and 72 hours
and finally on the 7th day.

2.6. Investigation of Toxin Genes with Multiplex PCR Method

The presence of diarrheal toxin genes (nbe, hbl, cytK) and emetic toxin
gene (ces) in isolates confirmed as B. cerens were found with multiplex PCR
method. For this purpose, the amplification conditions and primer pairs
recommended by Ehling-Schulz et al. (2005, 2006) were used (Table 1).
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Table 1. Primer sequences and amplification conditions used in the study.

Genes Primer sequences (5°- 3%) Product | Reference
(bp)
Hemolysin | F; CTGTAGCGAATCGTACGTATC 185 Wang et
gene R; TACTGCTCCAGCCACATTAC al. (1997)
Hbl F; GTA AAT TAI GAT GAI CAA TTTC 1091
R; AGA ATA GGC ATT CAT AGATT
Nbe F; AAG CIG CTC TTC GIA TTC 766 ]sailfé-ct
R; ITT GTT GAA ATA AGC TGT GG al. (2006)
oytK F; ACA GAT ATC GGI CAA AAT GC 421
R; CAA GTI ACT TGA CCI GTT GC
Ces F; GGTGACACATTATCATATAAGGTG 1271 Ehling-
R; GTAAGCGAACCTGTCTGTAACAACA Schulz et
al. (2005)

bp: base pair; F: forward, R: reverse

3. Results

As a result of the study, 62.5% (50/80) of the samples were found to be
contaminated with B. cerens. B. cereus was detected at levels of 83.3% (25/30)
and 100% (25/25) in powdered baby formulas and cereal-based products,
respectively. B. cereus was found as 80% (16/20) in imported powdered baby
formulas, and 90% in domestic baby powdered formulas (9/10). However,
B. cereus could not be detected in jarred baby foods.

A total of 50 isolates were confirmed as B. cerens with PCR by targeting
hemolysin gene (Figure 1). It was observed that all isolates were able to
produce hemolysis on blood agar. Also, two isolates (4%, 2/50) were found
to be psychrotrophic. In 13 isolates (26%), at least one gene responsible
for enterotoxin synthesis was detected and the isolates were found to have
the highest number of ke gene. It was also found that three isolates carried
only the nke gene (6%, 3/50), and 10 isolates carried the nbe and cytK genes
(20%, 10/50) together (Figure 2). It was found that the isolates did not
carry the ces and bl genes.
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185 bp
Figure 1. Agarose gel electrophoresis image of the obtained B. cereus strains [L; DNA ladder (100 bp),
1: Positive control, 2-15: B. cereus positive isolates (185 bp)].
= —_ —
766 bp
421 bp 500 bp

Figure 2. Presence of toxin genes in B. cereus positive isolates [L; DNA ladder (100 bp), 1: Negative control,

2-3: Positive for only nhe gene (766 bp), 4-5: Positive for both cyzK and nhe genes (421 bp, 766 bp)].

4. Discussion

When the studies performed in our country and abroad were reviewed,
Ozdemir (2003) reported that B. cerews was present in 46.6% of the
pasteurized milk offered for sale in Ankara. Can et al. (2022) reported that
they detected this bacterium in 12 (34.2%) of 35 raw milk samples. Yibar
et al. (2017) found B. cereus at the level of 3.8% (2/53) and 26% (13/26) in
raw milk and pasteurized milk samples, respectively.

In the study conducted by Te Giftel et al. (1997) in the Netherlands, B.
cerens was isolated from 133 (40%) of 334 pasteurized milk samples. In
the study conducted by Ahmed et al. (1983) in the United States, 400 milk
and its products collected from different retail outlets for 5 months were
analyzed for the presence of B. cereus. Although B. cerens was detected in a
total of 103 samples (25.75%), it was found that raw milk and pasteurized
milk were contaminated with B. cereus at 9% and 35% levels, respectively.
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It was reported that the higher presence of B. cereus in pasteurized milk
compared to raw milk may be due to the germination of spores due to the
heat treatment applied in pasteurization. These studies show that pasteurized
milk can often be contaminated with B. cereus. Competitive microflora is
suppressed by the heat treatment applied in pasteurized milk production and
due to the absence of competitive microflora in the product, B. cereus spores

can easily develop as germs (Ahmed et al., 1983; Wong et al., 1988).

In a total of 30 powdered baby formulas analyzed, B. cerens was detected
at a rate of 83.3%. In this context, when the level of B. cereus was examined
in baby foods, contrary to the present study findings and at lower levels,
Seyrekbasan (2000) stated that B. cerens was detected in 1 (2.5%) of a total
of 40 imported powdered infant formulas belonging to various companies,
Ergiin et al. (2002) in 2 (4%) of 50 powdered baby foods, Bahgeci et al.
(2018) reported that B. cereus was detected in 2 (10%) of a total of 20
imported or local baby foods. Unlike our study findings, Vural and Geng
(2022) reported that B. cereus could not be detected in a total of 30 samples
(15 of infant formula, 15 of follow-on formula) collected from the markets
in Diyarbakur.

B. cereus could not be detected in a total of 25 jarred baby foods in our
study. Similar to our study findings, Ergiin et al. (2002) reported that B.
cereus could not be detected in a total of 10 jarred baby foods. Unlike our
study findings, Vural and Geng (2022) stated that B. cereus was was detected
in 13.3% (2/15) of fruit-based jarred baby foods.

At a higher level than our study findings, Pei et al. (2018) found that
92.4% of 6656 powdered infant milk and follow-on formula samples
collected from markets in China were contaminated with B. cereus. At lower
levels than our study, in Colombia, Sdnchez-Chica et al. (2021) detected B.
cereys in infant milk by 11% (8/75), Becker et al. (1994) detected B. cereus
to be 54% of 194 infant milk and follow-up formulas, Rahimi et al. (2013)
isolated B. cereus from 84 (42%) of 200 infant formulas sold in Iran, Reyes
etal. (2007) reported that B. cereus was isolated in 175 (45.9%) of a total of
381 dried milk products (milk-rice, milk-semolina, milk-rice-cereal samples,
milk powder, milk pudding).

As a result, in studies that were conducted in our country and abroad, the
presence of B. cereus in baby foods was determined at lower (Becker et al.,
1994; Seyrekbasan, 2000; Ergiin et al., 2002; Rahimi et al., 2013; Bahgeci
et al., 2018; Sdnchez-Chica et al., 2021; Vural and Geng, 2022) or higher
levels (Pei et al., 2018) than in our study. This may be because of the number
of samples was different, the characteristics of the samples (composition,
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production technique, packaging condition) collection of samples from
different geographical places, the different methods used in the isolation and
identification of the bacterium.

In the present study, all cereal-based products were found to be
contaminated with B. cerens (100%, 25/25). Unlike our study, Vural and Geng
(2022) could not detect B. cereus in a total of 15 cereal-based supplementary
foods. Bahgeci et al. (2018) determined it in 1 (5%) of a total of 20 grain-
based foods, and the sample found positive was unpackaged semolina. B.
cerens was found at the level of 11% in 155 grain-based samples (wheat
flour, corn starch) analyzed in Colombia (Sdnchez-Chica et al., 2021), and
in 25% of the total 293 grain samples (rice, barley) analyzed in Korea (Park
et al., 2009), these results are much lower than our study findings.

In this study; it was determined that 4% of 50 isolates identified as B. cereus
were psychrotrophic. Higher than our study findings, Te Giffel et al. (1997)
reported that 53% of 106 isolates were obtained from pasteurized milk
samples, and Can et al. (2022) reported that 66.6% of 12 B. cereus isolates
isolated from raw milk were psychrotrophic. However, contrary to our study
tindings, Reyes et al. (2007) stated that none of the 28 enterotoxigenic B.
cereus strains isolated from dried dairy products were psychrotrophic.

It was found in our study that 13 (26%) of 50 isolates confirmed as B.
cereus carried at least one gene responsible for toxin synthesis. Although
it was determined that three isolates carried only #n/ke gene (6%), and 10
isolates carried the n/e and ¢yzK genes (20%), the ces and bbl genes were not
detected in any isolates. Similar to our study findings, Reyes et al. (2007)
reported that 28 (29.8%) of 94 isolates obtained from dried dairy products
were enterotoxigenic.

Gdoura-Ben Amor et al. (2019), Park et al. (2009), and Sianchez-Chica
et al. (2021) identified enterotoxin genes (nhe, hbl, cytK) at higher levels
than our study. Sinchez-Chica et al. (2021) reported that 100%, 63.4%,
and 62% of 52 isolates confirmed as B. cerens isolated from various food
samples in powder form (baby milk, milk powder, wheat flour, corn starch)
had nbe, hbl, and cytK genes, respectively. Gdoura-Ben Amor et al. (2019)
reported the highest number of nke (100%), beeT (60.9%), hbl (52.2%),
and ¢ytK (39.1%) genes in 23 isolates in cereal products, respectively. Park
et al. (2009) reported that 73 B. cereus isolates obtained from various cereal-
based samples had the most nbe (99%), hbl (84%), and cytK (55%) genes,
respectively.
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Contrary to our study findings and at a higher level, Te Giffel et al. (1997)
found that 76% of 37 isolates isolated from pasteurized milk samples carried
the /bl gene. Unlike our study, Rahimi et al. (2013) found the most entFM
gene (61.9%) in 84 isolates obtained from infant formula.

Similar to our study findings, the ces gene responsible for emetic syndrome
could not be detected in B. cereus isolates in the studies of Gdoura-Ben Amor
et al. (2019) and Sdnchez-Chica et al. (2021). Also, consistent with our
study findings, the detection of the highest number of #/e genes in different
studies (Park et al., 2009; Gdoura-Ben Amor et al., 2019; Sdnchez-Chica et
al., 2021) supports that nhe is the enterotoxin most responsible for diarrheal
syndrome (Stenfors Arnesen et al., 2008).

5. Conclusion

As a result, it can be speculated that the presence of enterotoxigenic
and psychrotrophic B. cerens in the powdered baby formulas and cereal-
based products examined may be dangerous in the nutrition of infants and
young children whose immune systems and intestinal microflora are not
fully developed. Maximum attention must be paid to the implementation
of national and international food quality safety systems at all stages from
production to consumption of the foods used in the nutrition of this age

group.
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