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Microbiological quality and presence of foodborne pathogens in fresh-squeezed orange
juice samples purchased from street vendors and hygienic practices in Morelia, Mexico
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Abstract

Few studies have screened fresh orange juice for the presence of foodborne pathogens. This study therefore evaluated the
microbiological quality and occurrence of Salmonella, Shigella, Escherichia coli, and diarrheagenic E. coli pathotypes (DEP) in
fresh-squeezed orange juice purchased from street vendors in Morelia, Michoacan, Mexico. The general hygienic practices of
street vendors were poor. All 100 samples analyzed were positive for aerobic mesophilic bacteria, with concentrations ranging
from 2.41 to 6.03 log CFU/mL. A total of 90 (90%), 35 (35%), and 14 (14%) samples were positive for total coliforms, fecal
coliforms, and E. coli, respectively, present with concentrations ranging from < 1 to 4.84 log CFU/mL, < 3 to > 1,100 MPN/mL,
and < 3 to 210 MPN/mL, respectively. Salmonella was not detected in any of the samples, whereas Shigella sonnei was isolated
from one sample. Two samples were positive for DEP; one harbored ETEC strains and the other STEC strains. Our results

highlight the elevated risk for consumer health associated with the ingestion of fresh-squeezed orange juice.

Keywords: street-vended orange juice; microbiological quality; foodborne pathogens; hygienic practices.

Practical Application: Fresh orange juice made by street vendors harbors foodborne pathogens; therefore, its consumption
may represent a public health risk. Much of this risk could be reduced through proper hygienic practices.

1 Introduction

Street foods are defined as ready-to-eat foods and beverages
sold on the streets by vendors who cook, transport, and display
these items in a variety of ways, including in pushcarts, modified
bicycles, tricycles, and stationary stalls (Rosales Chavez et al.,
2021). In recent years, street foods have assumed important
cultural, economic, and social dimensions. Civil and public
health administrators have come to realize that street foods have
significant economic potential, where food is made available prices
at affordable to lower- and middle-income groups, particularly
the urban middle classes. The selling of food by street vendors
also generates employment for the unskilled and unemployed
sections of societies (World Health Organization, 2011).

Street vendors in Mexico provide ready-to-eat food to a
high proportion of the inhabitants. In a national food intake
survey assessing food expenditure and food consumption away
from home, 19% of the respondents reported consuming a meal
at a restaurant at least once a month, whereas 60% reported
consuming a meal, snack, or drinks from street vendors at
least once a month (Langellier, 2015). The consumption of
fresh-squeezed orange juice is part of the traditional breakfast
in Mexico. Hence, as expected, it is one of the most popular
beverages sold by street vendors. Fresh-squeezed orange juice
is preferred by consumers because of the “fresh flavor” and
contains several micronutrients, antioxidants, and polyphenolic

compounds. Additionally, orange juice is also rich in vitamin C
and provides appropriate amounts of folate, potassium, niacin,
and riboflavin. In this way, orange juice might improve human
health and decrease the risk of cardiovascular and degenerative
diseases (Motallaei et al., 2021). Also, 100 g of natural orange
juice contains about 8.4 g of sugars, of which the main ones are
sucrose, fructose, and glucose (Motallaei et al., 2021). Thus, orange
juice contributes to the daily intake of simple carbohydrates for
consumers (Chanson-Rolle et al., 2016).

The feature of fresh-squeezed orange juice that sets it apart
from processed fruit juice products is the lack of pasteurization,
and street-vended orange juice sometimes is prepared, handled,
and served in unhygienic conditions; therefore, it is not surprising
that unpasteurized orange juice has been identified as the vehicle
of foodborne pathogens in several outbreaks. Pathogens involved
in these outbreaks include enterotoxigenic Escherichia coli
(Singh et al., 1995), Shigella (Thurston et al., 1998), Salmonella
(Vojdani et al., 2008; Jain et al., 2009; Noel et al., 2010), and
hepatitis A virus (Frank et al., 2007). In Mexico, street-vended
fresh-squeezed orange juice also has been shown to harbor
human pathogens (Castillo et al., 2006; Cerna-Cortes et al.,
2016). Because in Mexico, few studies have screened fresh orange
juice for the presence of specific pathogenic bacteria, and due
to the hygienic conditions in which the street vendors produce
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orange juice being practically unknown in Mexico, the aims
of this study were (i) to determine the microbiological quality
of fresh-squeezed orange juice purchased from street vendors
in Morelia, Michoacan, Mexico, ii) to evaluate the presence of
Salmonella, Shigella, E. coli, and diarrheagenic E. coli pathotypes
(DEP) in the samples, and iii) to identify poor hygiene practices
associated with orange juice contamination at the point of sale.

2 Materials and methods
2.1 Study area and sample collection

The area selected for this study was Morelia, a city located in
the north-central part of the state of Michoacan in central Mexico
(Figure 1). Morelia is the capital and largest city of the state,
with a large urban area of 1,192.4 km? with 849,053 registered
inhabitants, which account for 17.9% of the total inhabitants of
the state (Instituto Nacional de Estadistica y Geografia, 2020),
and a total of 707,482 national and international visitors per year
(Instituto Nacional de Estadistica y Geografia, 2016).

2.2 Hygienic practices of street vendors

The hygienic practices of the street vendors were recorded
by direct observation while the product was manufactured by
the vendor at the sales point and the use of a quick-assessment
questionnaire that considered five cleanliness criteria: 1)
cleanliness of the stall, 2) cleanliness of the food-handler, 3)
cleanliness of the oranges, 4) garbage disposal, and 5) cleaning
of work utensils. A score of “1” was assigned for the correct
practice and score “0” for the wrong practice.

2.3 Sample collection

Given that in Morelia, most street vendors do not register
their business with the local government, it was not possible
to use a business directory to draw a random sample of street
stalls manufacturing orange juice. Therefore, we performed an
inspection throughout the city to locate street vendors. Based on
our inspection, most of the localized street stalls were included
in this study, and a total of 100 samples of fresh-squeezed orange
juice were purchased from street vendors located throughout
Morelia City (Figure 1). Eight to nine samples per month were
collected, between March 2019 and February 2020. The sampling
schedule was from 7 to 10 am, when there is a greater influx of
people who go to work and buy orange juice as their breakfast.
Each sample consisted of 1 L of orange juice, which was poured
by the vendor into a disposable plastic cup. After purchasing,
the juice was immediately poured into a sterile polypropylene
bag (Whirl-Pak, Nasco, USA), which was placed in a rack with
frozen gel packs for transportation to the laboratory. Samples
were analyzed no more than 2 hours after purchase. The pH of the
orange juice samples was determined using a pH meter (model
pH 209, HANNA Instruments, Sarmeola di Rubano-PD, Italy).

2.4 Microbiological analysis

From each orange juice sample, 50 mL was placed in a sterile
plastic bag (Whirl-Pak, Nasco, USA), and sterile phosphate-
buffered saline (PBS) was added to obtain a final dilution of
1:10 (107"). Samples were homogenized for 1 min in a Stomacher
400 circulator (Seward, Norfolk, England). Of this homogenized
solution, 1 mL was used for preparing serial dilutions (10~ to
107%) in 9 mL of sterile PBS solution. These dilutions were used

Figure 1. Places in Morelia, Michoacan where fresh-squeezed orange juice samples were collected (®).

Food Sci. Technol, Campinas, 42, 10222, 2022



Dominguez-Gonzalez et al.

for the quantification (CFU/mL) and estimation (MPN/mL) of
various microorganisms. Each sample was tested for the presence
of aerobic-mesophilic bacteria (AMB), total coliforms (TC),
fecal coliforms (FC), E. coli, Salmonella, and Shigella, following
the methods approved by the Bacteriological Analytical Manual
of the U.S Food & Drug Administration (2019). Two to three
confirmed E. coli strains per sample were streaked on trypticase
soy agar slants, incubated at 37 °C for 24 h, and maintained
at 3-5 °C until they were used for polymerase chain reaction
(PCR). In Table 1, we list the methods of detection, identification,
confirmation, and reporting of the results for the microorganisms
found in fresh-squeezed orange juice samples.

2.5 Multiplex PCRs for DEP locus identification

We prepared bacterial lysates by resuspending single colonies
in 1 mL of deionized water (Milli-Q System, Millipore, Bedford,
MA, USA), boiling them for 1 min, and then freezing them until
needed. All E. coli strains were characterized for the presence
of genes that define DEP by two PCRs. The first multiplex PCR
assay as described by Lopez-Saucedo et al. (2003) identifies the
following loci: heat-stable and heat-labile enterotoxins (st, It) for
enterotoxigenic E. coli (ETEC), intimin (eaeA) and bundle-forming
pilus (bfpA) for enteropathogenic E. coli (EPEC), Shiga toxin

1 and 2 (stx1, stx2) for Shiga toxin-producing E. coli (STEC), and
invasion-associated loci (ial) for enteroinvasive E. coli (EIEC).
Each PCR tube contained 23 pL of reaction mix, comprised (in
final concentrations) of Tris-HCI (10 mM, pH 8.3), KCI (50 mM),
MgCl, (2 mM), gelatin (100 ug/mL), glycerol (5% v/v), dATP,
dCTP, dGTP, and dTTP (200 uM each), AmpliTaq polymerase
(Gibco, BRL) (0.5 U/25 pL), a mixture of the 14 primers (Table 2),
and 2 pL of bacterial lysates. The solutions were then subjected
to the following cycling conditions: 95 °C (5 min, 1 cycle);
95 °C, 50 °C, and 72 °C (45 s each temperature, 40 cycles); and
a final extension step (10 min, 72 °C). The reference strains
for the multiplex PCR were ETEC H10407, EPEC E2348-69,
EHEC EDL933, and EIEC E11. The second multiplex PCR assay
targets three enteroaggregative E. coli (EAEC) plasmid-borne
virulence genes, the master regulon (aggR), dispersin (aap),
and anti-aggregation transporter (aatA) (Cerna et al., 2003), as
well as the Afa adhesin usher (afaC) characteristic of diffusely
adherent E. coli (DAEC) strains (Patzi-Vargas et al., 2013). Each
PCR tube contained 23 pL of reaction mix comprised of (final
concentrations): Tris-HCI (10 mM, pH 8.3), KCl (50 mM),
MgCl, (2 mM), gelatin (100 pg/mL), glycerol (5%, vol/vol), dATP,
dCTP, dGTP, and dTTP (200 uM each); AmpliTaq polymerase
(Gibco, BRL) (1 U/25 pL), a mixture of the eight primers (Table 2),
and 2 pL of bacterial lysates. The solutions were then subjected

Table 1. Methods of detection, identification, confirmation, and reporting of results for microorganisms in fresh-squeezed orange juice samples.

Presumptive test or Confirmatory test or

Selective medium for

Microorganisms . . ) . . Identification test Results reported as
primary enrichment  secondary enrichment isolation
Aerobic mesophilic NR® Plate count agar NR NR CFU/mL?
bacteria (Bioxon™, BD, State of
Mexico, Mexico) for 48
hat35°C
Total coliforms NR Violet red bile agar NR NR CFU/mL
(Difco™, BD, Sparks,
MD, USA) for 48 h at
35°C
Fecal coliforms Lactose broth (Difco™, E. coli broth (Difco™, NR Gas production MPN/mL¢
BD, Sparks, MD, USA) BD, Sparks, MD, USA)
for 48 h at 35 °C for 48 h at 44.5 °C
Escherichia coli Lactose broth (Difco™, E. coli broth with MUG Eosin methylene blue  Indole production, MPN/mL

Salmonella/ Shigella

BD, Sparks, MD, USA)
for 48 h at 35 °C

225 mL of Universal
Pre-Enrichment broth
for 24 h at 35 °C

(4-methylumbelliferyl-
B-D-glucuronide)
(Difco™, BD, Sparks,
MD, USA) for 48 h at
44.5°C

Rappaport-
Vassiliadis broth and
Muller-Kauffmann
tetrathionate broth
(Difco™, BD, Sparks,
MD, USA) for 24

h at 42 and 43 °C,
respectively

agar and MacConkey
agar (Bioxon™, BD,
State of Mexico,
Mexico) for 24 h at
35°C

Hektoen enteric agar
(Difco™, BD, Detroit,
MI, USA), Salmonella—
Shigella agar, xylose
lysine desoxycholate
agar, and MacConkey
agar (Bioxon™, BD,
State of Mexico,
Mexico) for 24 h at
35°C

methyl red test,
Voges—Proskauer test,
and citrate utilization
(Bioxon™, BD, State of
Mexico, Mexico) for 24
hat 35°C

Indole production,
methyl red test, Voges—
Proskauer test, motility
test, and citrate
utilization. Urease
production, lactose
and glucose utilization,
HS production, and
lysine decarboxylase
production (Bioxon™,
BD, State of Mexico,
Mexico) for 24 h at
35°C

Presence/absence in
25 mL

“NR: not required; "CFU/mL: colony-forming units per mL; ‘"MPN/mL: most probable number per mL.
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Table 2. Primers used to identify diarrheagenic Escherichia coli pathotypes (DEP).

DEP Target gene Primers (5'- 3’)

Amplicon size (pb) Multiplex PCR assay

ETEC It

F: GGC GAC AGA TTA TAC CGT GC

450 1

R: CGG TCT CTA TAT TCCCTG TT
st F:ATT TTT CTT TCT GTATTGTCT T 190 1
R: CAC CCG GTA CAAGCAGGATT

STEC stx1

F: CTG GAT TTA ATG TCG CAT AGT G 150 1

R: AGA ACG CCC ACT GAG ATC ATC
stx2 F: GGC ACT GTC TGA AACTGCTCC 255 1
R: TCG CCA GTT ATC TGA CAT TCT G

EPEC bfpA F: AAT GGT GCT TGC GCT TGC TGC 324 1
R: GCC GCT TTA TCC AAC CTG GTA

eaeA F: GAC CCG GCA CAA GCATAA GC 384 1
R: CCA CCT GCA GCA ACA AGA GG

EIEC ial F: GGT ATG ATG ATG ATG AGT CCA 650 1
R: GGA GGC CAA CAATTATTT CC

EAEC aggR F: CTA ATT GTA CAA TCG ATG TA 457 2
R: AGA GTC CAT CTC TTT GAT AAG

aap F: CTT GGG TAT CAG CCT GAA TG 310 2
R: AAC CCA TTC GGT TAG AGC AC

attA F: CTG GCG AAA GAC TGT ATC AT 629 2

R: CAA TGT ATA GAAATCCGCTGT T
DAEC afaC F: GGCTTT TCT GCT GAA CTG G 809 2

R: CGG TCT CAT AAT CAT GTCC

ETEC: enterotoxigenic E. coli; STEC: Shiga toxin-producing E. coli; EPEC: enteropathogenic E. coli; EIEC: enteroinvasive E. coli; EAEC: enteroaggregative E. coli; DAEC: diffusely
adherent E. coli. The sequences of primers for the loci It, st, stx1, stx2, eaeA, bfpA, and ial were obtained from Lopez-Saucedo et al. (2003), for aggR, aap, and attA from Cerna et al.

(2003), and for afaC from Patzi-Vargas et al. (2013).

Table 3. Aerobic-mesophilic bacterial (AMB), total coliform (TC), fecal coliform (FC), E. coli, and diarrheagenic E. coli pathotypes (DEP)
concentrations, and number of positive samples in fresh-squeezed orange juice samples.”

Microorganisms Minimum Median Maximum Number of positive samples (%)
AMB 2.41 4.51 6.03 100 (100)
TC <1 3.69 4.84 90 (90)
FC <3 <3 > 1,100 35(35)
E. coli <3 <3 210 14 (14)
DEP <3 <3 9.2 2(2)

an = 100. Minimum, median, and maximum values are in logm CFU per mL for AMB and TC, and in most probable number (MPN) per mL for FC, E. coli, and DEP.

to the following cycling conditions: 95 °C (5 min, 1 cycle); 95,
55.5, and 72 °C (45 s each temperature, 40 cycles); and a final
extension step (10 min, 72 °C). The reference strains for this
multiplex PCR were EAEC 042 and DAEC C18451-A. Both
multiplex PCR assays were performed in a Veriti® 96-Well Fast
Thermal Cycler (Applied Biosystems, Foster City, CA, USA).
The PCR products of both assays (5 uL) were visualized by
ethidium bromide staining after electrophoresis on a 2.5% agarose
gel in Tris-borate-EDTA buffer (Invitrogen™). The gels were
visualized under a UV transilluminator. Only the presence of the
correct-sized gene product(s) was interpreted as a positive test.

2.6 Statistical analysis

Descriptive statistics were used to summarize data in the
form of frequencies and percentages, presented in Table 3.
One-way ANOVA was also carried out to compare the degree of
contamination (AMB, TC, FC, and E. coli) among the orange juice

samples and corroborated by Tukey’s method. A p-value < 0.05 was
considered significant. All statistical analyses were run with the
program IBM SPSS Statistics version 21.

3 Results and discussion

Regarding the hygiene practices of street vendors, 48% of
vendors had a dirty stall, 30% wore unwashed clothes, 71% used
dirty oranges (they washed the oranges with the same water
contained in a bucket for hours), 20% had poor waste management,
and 45% used unclean work utensils. This result shows that street
vendors lack adequate appreciation of basic food safety issues.
However, several studies on the hygienic practices of street food
vending report that most street food vendors have knowledge of
hygienic practices but concluded that most of them do not put
this knowledge into practice (Alimi, 2016). Rane (2011) reported
that improper food handling and improper waste disposal lead
to the transference of pathogens such as E. coli and Salmonella.

Food Sci. Technol, Campinas, 42, 10222, 2022
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Moreover, the use of dirty utensils leads to cross-contamination
of food with Staphylococcus aureus, E. coli, and Shigella due to
contaminated water, dishcloths, and handlers. Different studies
performed in Mexico and other countries have shown that street
vendors often use stands that are of inefficient construction;
running water is not easily accessible, and hand and utensil
washing are performed in the same bucket, sometimes without
soap. Garbage is likewise “conveniently” discarded right next
to the stands, attracting insects and rodents. Vendors handle
money while serving food, and, in many cases, toilets are not
available, thus forcing the vendors to eliminate their body waste
also in areas close by and to return to their vending sites without
washing their hands. Such conditions and practices are likely to
lead to cross-contamination of street food (Estrada-Garcia et al.,
2004; Rane, 2011; Alimi, 2016).

Orange juice pH values ranged from 3.0 to 4.7, with 80%
of the samples showing a pH < 4. This result coincides with
previous studies carried out in Mexico (Castillo et al., 2006;
Cerna-Cortes et al., 2016; Ocana de Jesus et al., 2022).

All samples analyzed were positive for AMB (Table 3), with
concentrations ranging from 2.41 to 6.03 log CFU/mL. These
results are consistent with those reported by Castillo et al. (2006),
Cerna-Cortes etal. (2016), and Ocarfia de Jesus et al. (2022), who
found similar AMB levels in fresh orange juice samples collected
from street vendors and popular markets in Guadalajara, Mexico
City, and Toluca. Unfortunately, in Mexico there is no national
guideline that establishes the maximum permissible limits for
microorganisms in fresh fruit juice; however, high AMB counts,
as occurred in this study, are important since this indicator
group is related to overall food quality and a lack of hygiene
during the production process (Castillo et al., 2006). Therefore,
proper raw material handling and sanitation practices need to
be promoted and implemented.

In our study, a total of 90 (90%) orange juice samples were positive
for TC, with concentrations ranging from < 1 to 4.84 log CFU/mL
(Table 3). Our results are similar to those of Ocafa de Jesus et al.
(2022), who reported that all fresh orange juice samples analyzed
and collected from different popular markets in Toluca, Mexico,
harbored TC at concentrations ranging 0.9 to 4.40 log CFU/mL.
TCare a hygienic indicator, and a high coliform count generally
indicates unsanitary conditions or poor hygiene practices during
or after food production.

Fecal coliforms were present in 35 (35%) orange juice samples,
with limits ranging from < 3 to > 1,100 MPN/mL (Table 3).
Different from our results, Cerna-Cortes et al. (2016) showed
that only 25% of the orange juice samples analyzed contained
FC at concentrations of up to 460 MPN/mL. The presence of
FC can be attributed to fecal contamination of the water used to
wash utensils or fruits or transferred directly from the vendors
and the environment in which the juice is prepared (Ocafa de
Jesus et al., 2022).

Our results also show that 14 (14%) orange juice samples
harbored E. coli at concentrations of < 3 to 210 MPN/mL (Table 3).
Similar to our results, Bagci & Temiz (2011) showed that 10 (17%)
of 60 orange samples harbored E. coli at concentrations of up to
15 MPN/mL. Our prevalence of E. coli is lower than that reported

Food Sci. Technol, Campinas, 42, €10222, 2022

by Castillo et al. (2006) and Ocafia de Jesus et al. (2022), also in
Mexico, who found that 75% and 85% of orange juice samples
evaluated in Guadalajara and Toluca, respectively, contained E.
coli. The presence of E. coli in orange juice samples is an indication
of poor sanitation in the environment where juices are prepared.
We found no difference of degree of contamination (AMB, TC
and FC) among the orange juice samples analyzed (p > 0.05).

We did not find Salmonella in orange juice samples. Similarly,
Bagci & Temiz (2011) showed that there was no Salmonella
in fresh-squeezed orange juice samples purchased in Ankara,
Turkey. Nevertheless, our results differ from those reported by
Castillo et al. (2006) and Ocana de Jesus et al. (2022) for Mexico,
who found that 9% and 85% of fresh orange juice samples
analyzed were Salmonella-positive. Regarding Shigella, in our
study, one sample contained Shigella sonnei. Shigella has been
previously reported in 5% of the orange juice samples studied
in Guadalajara Mexico (Castillo et al., 2006). Rane (2011)
informed that deficient personal hygiene of vendors leads to
the transference of Staphylococcus, Salmonella, and Shigella into
foods. Globally, S. sonnei is an emerging pathogen and the second
most common infectious species of shigellosis (bloody diarrhea)
in low- and middle-income countries and the leading one in
the developed world (Shad & Shad, 2021). Also, S. sonnei has
significantly contributed to foodborne outbreaks, highlighting
food items as the major source (Shad & Shad, 2021).

In this study, 33 E. coli strains were isolated from 14 orange juice
samples. All were genotyped for the presence of 11 characteristic
DEP loci; two samples were contaminated with DEP, one being
positive for the heat-labile enterotoxin locus (ETEC), and the
other positive for the Shiga toxin 2 locus (STEC). The presence
of ETEC and STEC strains has previously been reported in
fresh juices made from carrot and beetroot in Mexico (Torres-
Vitela etal., 2013; Gomez-Aldapa et al., 2014). STEC strains are
also referred to as enterohemorrhagic strains and cause bloody
diarrhea, hemorrhagic colitis, and hemolytic uremic syndrome
in humans, whereas ETEC strains are an important cause of
diarrhea in resource-limited settings, particularly among young
children. They are also a frequent cause of traveler’s diarrhea
(Schuetz, 2019). Therefore, it is necessary to implement good
hygienic practices and effective sanitization of oranges. In a
previous study, the treatment of oranges with hot water at 80 °C
for 1 min or 70 °C for 2 min produced a 5-log CFU reduction
in E. coli on the orange surfaces and a significant reduction of
AMB on overall fruit surfaces and in juice, without altering
the original sensory quality of the fresh juice (Pao & Davis,
1999). This sanitization method can be implemented by street
vendors for the reduction/elimination of bacteria from orange
peel surfaces.

4 Conclusions

Our results show that fresh-squeezed orange juice samples
had poor microbiological quality. Some harbored foodborne
pathogens, probably due to poor hygiene practices. Thus, the
consumption of fresh orange juice can pose a potential risk
of foodborne illness, mostly in immunodeficient individuals,
that could be presented within the local population and among
national and international visitors. Much of this risk could
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be reduced through proper handling and correct food safety
practices, effective sanitization of the oranges, and the prevention
of contamination by humans. Street vendors should be trained
in food safety, and it is recommended to create a register of all
street vendors to ensure their adherence to food safety regulations.
These recommendations may help to enhance the microbiological
quality and safety of fresh orange juice sold by street vendors.

References

Alimi, B. A. (2016). Risk factors in street food practices in developing
countries: a review. Food Science and Human Wellness, 5(3), 141-
148. http://dx.doi.org/10.1016/j.fshw.2016.05.001.

Bagci, U., & Temiz, A. (2011). Microbiological quality of fresh-squeezed
orange juice and efficacy of fruit surface decontamination methods in
microbiological quality. Journal of Food Protection, 74(8), 1238-1244.
http://dx.doi.org/10.4315/0362-028X.JFP-11-021. PMid:21819649.

Castillo, A., Villarruel-Lopez, A., Navarro-Hidalgo, V., Martinez-
Gonzalez, N. E., & Torres-Vitela, M. R. (2006). Salmonella and Shigella
in freshly squeezed orange juice, fresh oranges, and wiping cloths
collected from public markets and street booths in Guadalajara,
Mexico: incidence and comparison of analytical routes. Journal of
Food Protection, 69(11), 2595-2599. http://dx.doi.org/10.4315/0362-
028X-69.11.2595. PMid:17133801.

Cerna, J. E, Nataro, J. P,, & Estrada-Garcia, T. (2003). Multiplex PCR
for detection of three plasmid-borne genes of enteroaggregative
Escherichia coli strains. Journal of Clinical Microbiology, 41(5),
2138-2140. http://dx.doi.org/10.1128/JCM.41.5.2138-2140.2003.
PMid:12734261.

Cerna-Cortes, J. E, Cortes-Cueto, A. L., Cano-Gaona, M. R., Leon-
Montes, N., Helguera-Repetto, A. C., Rivera-Gutierrez, S., Salas-
Rangel, L. P.,, Castro-Rosas, J., & Gonzalez-y-Merchand, J. A.
(2016). Microbiological quality and occurrence of nontuberculous
mycobacteria in fresh-squeezed orange juice samples purchased
from street vendors in Mexico City. Journal of Food Protection,
79(12), 2190-2195. http://dx.doi.org/10.4315/0362-028X.JFP-16-
197. PMid:28221956.

Chanson-Rolle, A., Braesco, V., Chupin, J., & Bouillot, L. (2016).
Nutritional composition of orange juice: a comparative study between
French commercial and home-made juices. Food and Nutrition
Sciences, 7(04), 252-261. http://dx.doi.org/10.4236/fns.2016.74027.

Estrada-Garcia, T., Lopez-Saucedo, C., Zamarripa-Ayala, B., Thompson, M.
R., Gutierrez-Cogco, L., Mancera-Martinez, A., & Escobar-Gutierrez,
A. (2004). Prevalence of Escherichia coli and Salmonella spp. in
street-vended food of open markets (tianguis) and general hygienic
and trading practices in Mexico City. Epidemiology and Infection,
132(6), 1181-1184. http://dx.doi.org/10.1017/50950268804003036.
PMid:15635978.

Frank, C., Walter, J., Muehlen, M., Jansen, A., van Treeck, U., Hauri,
A. M., Zoellner, L., Rakha, M., Hoehne, M., Hamouda, O., Schreier,
E., & Stark, K. (2007). Major outbreak of hepatitis A associated
with orange juice among tourists, Egypt, 2004. Emerging Infectious
Diseases, 13(1), 156-158. http://dx.doi.org/10.3201/eid1301.060487.
PMid:17370535.

Gomez-Aldapa, C. A., Rangel-Vargas, E., Bautista-De Leon, H., &
Castro-Rosas, J. (2014). Presence of non-O157 Shiga toxin-producing
Escherichia coli, enterotoxigenic E. coli, enteropathogenic E. coli and
Salmonella in fresh beetroot (Beta vulgaris L.) juice from public markets
in Mexico. Journal of the Science of Food and Agriculture, 94(13),
2705-2711. http://dx.doi.org/10.1002/jsfa.6614. PMid:24676688.

Instituto Nacional de Estadistica y Geografia - INEGI. (2016). Anuario
estadistico y geografico de Michoacan de Ocampo. Retrieved from https://
www.inegi.org.mx/contenidos/productos/prod_serv/contenidos/espanol/
bvinegi/productos/nueva_estruc/anuarios_2016/702825082055.pdf

Instituto Nacional de Estadistica y Geografia - INEGI. (2020). Panorama
sociodemografico de Mexico 2020, Michoacan de Ocampo. Retrieved
from https://www.inegi.org.mx/contenidos/productos/prod_serv/
contenidos/espanol/bvinegi/productos/nueva_estruc/702825197902.pdf

Jain, S., Bidol, S. A., Austin, J. L., Berl, E., Elson, F,, Lemaile-Williams, M.,
Deasy, M. 3rd, Moll, M. E,, Rea, V., Vojdani, J. D., Yu, P. A, Hoekstra,
R. M., Braden, C. R., & Lynch, M. E (2009). Multistate outbreak of
Salmonella Typhimurium and Saintpaul infections associated with
unpasteurized orange juice--United States, 2005. Clinical Infectious
Diseases, 48(8), 1065-1071. http://dx.doi.org/10.1086/597397.
PMid:19281328.

Langellier, B. A. (2015). Consumption and expenditure on food prepared
away from home among Mexican adults in 2006. Salud Piblica de
Meéxico, 57(1), 4-13. http://dx.doi.org/10.21149/spm.v57i1.7397.
PMid:25629274.

Lopez-Saucedo, C., Cerna, J. E, Villegas-Sepulveda, N., Thompson, R.,
Velazquez, F. R., Torres, J., Tarr, P. I, & Estrada-Garcia, T. (2003).
Single multiplex polymerase chain reaction to detect diverse loci
associated with diarrheagenic Escherichia coli. Emerging Infectious
Diseases, 9(1), 127-131. http://dx.doi.org/10.3201/eid0901.010507.
PMid:12533296.

Motallaei, M., Ramezani-Jolfaie, N., Mohammadi, M., Shams-Rad, S.,
Jahanlou, A. S., & Salehi-Abargouei, A. (2021). Effects of orange
juice intake on cardiovascular risk factors: a systematic review and
meta-analysis of randomized controlled clinical trials. Phytotherapy
Research, 35(10), 5427-5439. http://dx.doi.org/10.1002/ptr.7173.
PMid:34060162.

Noel, H., Hothuis, A., De Jonge, R., Heuvelink, A. E., De Jong, A., Heck,
M. E,, De Jager, C., & van Pelt, W. (2010). Consumption of fresh
fruit juice: how a healthy food practice caused a national outbreak
of Salmonella Panama gastroenteritis. Foodborne Pathogens and
Disease, 7(4), 375-381. http://dx.doi.org/10.1089/fpd.2009.0330.
PMid:19909088.

Ocana de Jesus, R. L., Gutiérrez Ibafiez, A. T., Rojas Puebla, I., Ponce
Garcia, N., Salgado Siclan, M. L., & Carbajal Romero, L. D. (2022).
Microbiological quality and presence of enteropathogenic bacteria in
orange juice sold in popular markets. Food Science and Technology,
42, e09621. http://dx.doi.org/10.1590/fst.09621.

Pao, S., & Davis, C. L. (1999). Enhancing microbiological safety of
fresh orange juice by fruit immersion in hot water and chemical
sanitizers. Journal of Food Protection, 62(7), 756-760. http://dx.doi.
0rg/10.4315/0362-028X-62.7.756. PMid:10419268.

Patzi-Vargas, S., Zaidi, M., Bernal-Reynaga, R., Leon-Cen, M., Michel,
A., & Estrada-Garcia, T. (2013). Persistent bloody diarrhoea without
fever associated with diffusely adherent Escherichia coli in a young
child. Journal of Medical Microbiology, 62(Pt 12), 1907-1910. http://
dx.doi.org/10.1099/jmm.0.062349-0. PMid:24025346.

Rane, S. (2011). Street vended food in developing world: hazard
analyses. Indian Journal of Microbiology, 51(1), 100-106. http://
dx.doi.org/10.1007/s12088-011-0154-x. PMid:22282636.

Rosales Chavez, ]. B, Bruening, M., Ohri-Vachaspati, P, Lee, R. E,,
& Jehn, M. (2021). Street food stand availability, density, and
distribution across income levels in Mexico City. International
Journal of Environmental Research and Public Health, 18(8), 3953.
http://dx.doi.org/10.3390/ijerph18083953. PMid:33918669.

Schuetz, A. N. (2019). Emerging agents of gastroenteritis: Aeromonas,
Plesiomonas, and the diarrheagenic pathotypes of Escherichia coli.

Food Sci. Technol, Campinas, 42, 10222, 2022


https://doi.org/10.1086/597397
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19281328&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19281328&dopt=Abstract
https://doi.org/10.21149/spm.v57i1.7397
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25629274&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25629274&dopt=Abstract
https://doi.org/10.3201/eid0901.010507
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12533296&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12533296&dopt=Abstract
https://doi.org/10.1002/ptr.7173
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34060162&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34060162&dopt=Abstract
https://doi.org/10.1089/fpd.2009.0330
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19909088&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19909088&dopt=Abstract
https://doi.org/10.4315/0362-028X-62.7.756
https://doi.org/10.4315/0362-028X-62.7.756
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10419268&dopt=Abstract
https://doi.org/10.1099/jmm.0.062349-0
https://doi.org/10.1099/jmm.0.062349-0
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24025346&dopt=Abstract
https://doi.org/10.1007/s12088-011-0154-x
https://doi.org/10.1007/s12088-011-0154-x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22282636&dopt=Abstract
https://doi.org/10.3390/ijerph18083953
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33918669&dopt=Abstract
https://doi.org/10.1016/j.fshw.2016.05.001
https://doi.org/10.4315/0362-028X.JFP-11-021
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21819649&dopt=Abstract
https://doi.org/10.4315/0362-028X-69.11.2595
https://doi.org/10.4315/0362-028X-69.11.2595
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17133801&dopt=Abstract
https://doi.org/10.1128/JCM.41.5.2138-2140.2003
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12734261&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12734261&dopt=Abstract
https://doi.org/10.4315/0362-028X.JFP-16-197
https://doi.org/10.4315/0362-028X.JFP-16-197
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28221956&dopt=Abstract
https://doi.org/10.4236/fns.2016.74027
https://doi.org/10.1017/S0950268804003036
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15635978&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15635978&dopt=Abstract
https://doi.org/10.3201/eid1301.060487
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17370535&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17370535&dopt=Abstract
https://doi.org/10.1002/jsfa.6614
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24676688&dopt=Abstract

Dominguez-Gonzalez et al.

Seminars in Diagnostic Pathology, 36(3), 187-192. http://dx.doi.
0rg/10.1053/j.semdp.2019.04.012. PMid:31036328.

Shad, A. A., & Shad, W. A. (2021). Shigella sonnei: virulence and antibiotic
resistance. Archives of Microbiology, 203(1), 45-58. http://dx.doi.
0rg/10.1007/500203-020-02034-3. PMid:32929595.

Singh, B. R., Kulshreshtha, S. B., & Kapoor, K. N. (1995). An orange
juice-borne outbreak due to enterotoxigenic Escherichia coli. Journal
of Food Science and Technology, 32(6), 504-506.

Thurston, H., Stuart, J., McDonnell, B., Nicholas, S., & Cheasty, T.
(1998). Fresh orange juice implicated in an outbreak of Shigella
flexneri among visitors to a South African game reserve. The
Journal of Infection, 36(3), 350. http://dx.doi.org/10.1016/S0163-
4453(98)94927-1. PMid:9661958.

Torres-Vitela, M. D., Gomez Aldapa, C. A., Cerna-Cortes, J. E, Villarruel-
Lopez, A.,, Rangel-Vargas, E., & Castro-Rosas, J. (2013). Presence of

Food Sci. Technol, Campinas, 42, €10222, 2022

indicator bacteria, diarrhoeagenic Escherichia coli pathotypes and
Salmonella in fresh carrot juice from Mexican restaurants. Letters
in Applied Microbiology, 56(3), 180-185. http://dx.doi.org/10.1111/
lam.12030. PMid:23199003.

U.S Food & Drug Administration — FDA. (2019). Bacteriological
analytical manual. Retrieved from https://www.fda.gov/food/
laboratory-methods-food/bacteriological-analytical-manual-bam

Vojdani, J. D., Beuchat, L. R., & Tauxe, R. V. (2008). Juice-associated
outbreaks of human illness in the United States, 1995 through
2005. Journal of Food Protection, 71(2), 356-364. http://dx.doi.
0rg/10.4315/0362-028X-71.2.356. PMid:18326187.

World Health Organization - WHO. (2011). Regional consultation on
safe street foods. Retrieved from https://www.who.int/publications/i/
item/regional-consultation-on-safe-street-foods


https://doi.org/10.1053/j.semdp.2019.04.012
https://doi.org/10.1053/j.semdp.2019.04.012
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31036328&dopt=Abstract
https://doi.org/10.1007/s00203-020-02034-3
https://doi.org/10.1007/s00203-020-02034-3
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32929595&dopt=Abstract
https://doi.org/10.1016/S0163-4453(98)94927-1
https://doi.org/10.1016/S0163-4453(98)94927-1
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9661958&dopt=Abstract
https://doi.org/10.1111/lam.12030
https://doi.org/10.1111/lam.12030
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23199003&dopt=Abstract
https://doi.org/10.4315/0362-028X-71.2.356
https://doi.org/10.4315/0362-028X-71.2.356
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18326187&dopt=Abstract

