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Abstract | The current investigation was performed to examine the bacteriological status of three bovine meat products
namely, ground beef, beef burger, and beef sausage retailed in Saudi Arabia. Bacteriological examinations involved the
estimation of total bacterial count (TBC), total psychrophilic count (TPsC), most probable number (MPN) of coli-
torms, and MPN of E. co/i. In addition, isolation, and identification of shiga toxin producing E. co/i were further con-
ducted. An experimental trial was done for improvement of the bacteriological status of the ground beef using diluted
acetic acid, citric acid, and their mixture containing equal volumes of both acetic and citric acids at 0.5%, 1%, and 2%.
'The achieved results in the current study declared high microbial counts for the tested meat products, particularly for
the ground beef. E. co/i was isolated from the examined meat products at 40% for ground beef, 20% for beef burger, and
10% for beef sausage, respectively. The recovered E. co/i were further identified into six serotypes, namely E. co/i O2:HS,
026:H11, 055:H7, 078:H-, 086:H11, and 0119:H4. Detection of shiga toxin producing genes (szxI and szx2) in the
recovered serotypes was followed using multiplex PCR. A significant decrease in the microbial loads was recorded after
dipping of the formulated ground beef as meat balls in the acid solutions, particularly at the acid cocktail 2%. To the
best of our knowledge, this is the first study to report isolation and identification of shiga toxin producing E. co/i from
retailed meat products in Al-Ahsa, Saudi Arabia.
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INTRODUCTION manufacture of meat products control the bacterial con-
tamination in such meat products. Such hygienic practic-

ovine meat products including ground meat, beef es additionally control the shelf life of the meat products.
burger, and beef sausage are among the primary sourc- Therefore, isolation of foodborne pathogens is a direct re-

es of essential amino acids. In addition, they can provide flection of the poor microbial quality of food. Microbial
humans with many minerals such as phosphorus, and iron; ~contamination of meat products might occur during the
vitamins such as vitamin B group, and polyunsaturated fat- manufacture process or due to the use of contaminated
ty acids. Meat products’industry had increased worldwide, raw ingredients (Darwish et al., 2015). Therefore, there is
particularly in Saudi Arabia (Hessain et al., 2015). a large need for continuous monitoring of the bacteriolog-
ical status of the meat products intended for human con-

The hygienic practices followed during preparation and sumption (Aberle et al., 2001; Darwish et al., 2018).
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Escherichia coli (E. coli) is a normal inhabitant of the intes-
tinal tracts of humans and animals. Therefore, its detection
in animal products indicates fecal contamination. Besides,
E. coli is one of the foodborne pathogens linked to the
occurrence of several human illness outbreaks (Xia et al.,
2010). Shiga toxin producing E. co/i (STEC) is responsible
for many cases of human hospitalizations worldwide (Dar-
wish et al., 2015). Several E. coli pathotypes are classified
as STEC. Of these, E. co/i 0157 causes more than 50%
of E. coli-related human food poisoning cases, while oth-
er pathotypes such as 026, 045, 0103, 0111, 0121, and
0145 have been associated with E. co/i- related food-
borne infections (Scallan et al., 2011). There is a scarce
information about the prevalence of shiga toxin producing
E. coli in retailed meat products in Saudi Arabia.

Organic acids such as acetic, citric, lactic, and propionic,
acids are regarded as safe interventions that used largely
by the meat industry sector to reduce microbial contami-
nation on carcass surfaces. Such organic acids were found
to be effective for reducing several foodborne pathogens
such as Salmonella typhimurium, and Listeria monocytogenes
(Fabrizio et al., 2002). However, the effects of organic acids
such as acetic and citric acids against shiga toxin producing
E. coli received less attention.

'This study was conducted to investigate the bacteriological
status of ground beef, beef burger, and beef sausage retailed
in Saudi markets. Evaluation of the microbial status of such
meat products were done via estimation of total bacteri-
al count (TBC), total psychrophilic count (TPsC), most
probable number (MPN) of coliforms and MPN of E. co/i.
Furthermore, prevalence of shiga toxin producing E. co/i in
such meat products was further conducted. Detection of
shiga toxin coding genes (szx1, and szx2) was additionally
screened. A trial for improving the bacteriological status
of the bovine ground meat formulated as meat balls was
done using diluted acetic, citric acids, and their acid mix-
ture containing equal volumes of both acids.

MATERIALS AND METHODS

COLLECTION OF SAMPLES

Ninety random samples were collected from three bovine
meat products marketed at retail shops in Al-Ahsa, Sau-
di Arabia. The examined meat products were ground beef,
beef burger, and beef sausage (n = 30 each, each sample
weighs 50-100 g). The collected samples were transferred
cooled directly without undue delay to the laboratory for
bacterial isolation and identification.

ORGANOLEPTICAL EXAMINATIONS
Sensory evaluation of the examined samples was done ac-

cording to Varnam and Sutherland (1995). Samples with

brick red color, fresh odor, and firm consistency were con-
sidered normal as used in the present investigation.

BACTERIOLOGICAL EXAMINATIONS

Samples were prepared for bacteriological examination ac-
cording to the protocol recommended by APHA (2001).
In brief, to prepare a dilution of 10 from the sample ho-
mogenate, twenty-five grams of each sample were homog-
enized with 225 ml of sterile buffered peptone water 0.1%
for 1-2 minutes at 2000 rpm using sterile homogenizer
(Precyzina, Poland). One ml from the prepared dilution
(107) was aseptically transferred to another sterile tube
containing 9 ml of sterile 0.1% buffered peptone water and
turther tenfold decimal serials dilution were prepared.

TotaL BACTERIAL CounTt (TBC)

Total bacterial count was estimated using plate count agar
and according to the method of APHA (2001). After 48
h incubation of the culture plates at 35 + 2 °C, all colonies
including pinpoint size colony forming units were record-
ed.

TBC/g = average No. of colonies x reciprocal of dilution
Counted colonies expressed as log cfu/g.

DETERMINATION OF TOTAL PSYCHROPHILIC COUNT
(TPsC)

'The pour plate technique was adopted using standard plate
count agar medium and incubated at 7 °C for 10 days
(APHA, 2001). Results were recorded in the same way as
TBC. Counted colonies expressed as log cfu/g.

DETERMINATION OF MOST PROBABLE NUMBER (MPN)
oF COLIFORMS:

The three tubes method was used for determination of
MPN of coliforms (APHA, 2001). One mL of each pre-
pared dilution was inoculated into three test tubes contain-
ing MacConkey broth with inverted Durham’s tubes fol-
lowed by incubation at 37 °C for 24-48 hrs. Positive tubes
with acid and gas production were recorded. The most
probable number of coliforms was calculated according to
the recommended tables.

DETERMINATION OF MPN OF E. coLr

Loopfuls from positive tubes showing acid and gas produc-
tions on MPN of coliforms experiments were inoculated
into tubes containing 7 ml of E. co/i (EC) broth (Himedia,
Mumbai) and incubated at 44.5° C for 24-48 hrs (APHA,
2001). Positive tubes, showing acid and gas production,
were used for calculation of MPN of E. co/i according to
the recommended tables.

ISOLATION OF ESCHERICHIA COLI
Eosin Methylene blue (EMB) agar was used for isolation
of E. coli using the protocol of APHA (2001). From
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Table 1: Primer sequences of shiga toxin producing genes

Primer Oligonucleotide sequence (5’ — 3') Product size (bp) References

stx1 (F) 5" ACACTGGATGATCTCAGTGG "3 Dhanashree and Mallya
stxl (R) 5’ CTGAATCCCCCTCCATTATG '3 614 (2008)

stx2 (F) 5" CCATGACAACGGACAGCAGTT "3 Dhanashree and Mallya
stx2 (R) 5’ CCTGTCAACTGAGCAGCACTTTG 3 77 (2008)

each positive tube (acid and gas) of EC broth, a loopful
was streaked onto EMB agar. The inoculated plates were
incubated at 37 °C for 24 hrs. Typical colonies of E. coli
appeared as metallic greenish with dark purple center. Sus-
pected colonies were purified and subcultured onto nu-
trient agar slope and incubated for further investigations.

Identification of isolates was done based on staining and
biochemical tests (APHA, 2001).

SERODIAGNOSIS OF E. coLI
'The confirmed E. co/i isolates were exposed to serological

identification using specific E. co/i antisera sets (Difco, De-
troit, USA) (Kok et al., 1996).

DNA PREPARATION
DNA extraction from each of glycerol stock E. co/i isolates

was done according to the method described before (Dar-
wish et al., 2015).

DETECTION OF SHIGA TOXIN PRODUCING GENES IN
THE IDENTIFIED ISOLATES

A multiplex polymerase chain reaction (multiplex PCR)
method was used for detection of shiga toxin producing
genes in the identified E. co/i isolates. Primer sequences
and amplified products sizes were shown in Table 1. The
amplification was performed on a Thermal Cycler (Ep-
pendorf, Hamburg, Germany). PCR assays were carried
out using the method of Dhanashree and Mallya (2008).
Amplification conditions consisted of an initial 95 °C for
3 min as a denaturation step, followed by 35 cycles of 95
°C/20 sec, 58 °C/40 s, and 72 °C/ 90 sec. A final cycle
was done at 72 °C for 5 min. The reference strains were
E. coli O157:H7 Sakai and E. co/i K12DH50 were used as
positive and negative strains, respectively.

Amplified DNA products were analyzed and visualized on
2% of agarose gel electrophoresis (Applichem, Germany,
GmbH) in 1x TBE buffer stained with Ethedium bromide.
A 100 bp plus DNA Ladder (Qiagen, Germany, GmbH)

was used as a DNA marker.

IMPROVEMENT OF THE BACTERIOLOGICAL STATUS OF
GROUND BEEF USING DILUTED ORGANIC ACIDS

A reduction trial for the bacterial load of the ground beef
samples was conducted using diluted acids. Ground beef
samples were formulated as meat balls and grouped into

three groups. Group 1: Meat balls (n = 5 for each treat-
ment) were immersed in acetic acid 0 (DDW), 0.5%, 1.0%,
and 2.0%. Group 2: Meat balls (n = 5 for each treatment)
were immersed in citric acid 0 (DDW), 0.5%, 1.0%, and
2.0%. Group 3: Meat balls (n = 5 for each treatment) were
immersed in acid cocktail (equal parts of acetic acid and
citric acid 1:1) 0 (DDW), 0.5%, 1.0%, and 2.0%. Such
reduction trials were conducted to investigate the effect
of different concentrations of the diluted acids on TBC,
TPsC, MPN of coliforms, and MPN of E. co/i. Five meat
ball samples (50 g/each) were used in each exposure. Sen-
sory evaluation and bacteriological examination were con-
ducted as mentioned before.

STATISTICAL ANALYSIS

All values are expressed as means SD. Statistical signifi-
cance was evaluated using the Tukey—Kramer HSD test. In
case of reduction experiments, measurements were com-
pared with that of the control (DDW) using Dunnett’s
test. In all analyses, P < 0.05 was used to indicate statistical
significance using JMP statistical package, SAS Institute
Inc., Cary, NC.

RESULTS

Sensory evaluation of the examined samples revealed that
all samples had normal organoleptic characteristics (Data
are not shown). Microbiological examination of the meat
product samples in the current study declared that the
mean values of TBC were 5.25 + 0.28,3.59 + 0.15 and 6.50
+ 0.21-log cfu/g in the examined ground beef, beef burger,
and beef sausage, respectively (Fig. 1A). The average con-
centrations of TPsC in the examined ground beef, beef
burger, and beef sausage were 3.69 + 0.11,2.60 + 0.22 and
4.69 + 0.18-log cfu/g, respectively (Fig. 1B). Most probable
number of coliforms (MPN) was evaluated in the exam-
ined samples, the recorded results demonstrated that the
mean values of MPN of coliforms were 4.21 + 0.14,3.47 +
0.25 and 4.85 + 0.21-log MPN/g in the examined ground
beef, beef burger, and beef sausage, respectively (Fig. 2A).
By the use of EC broth, MPN of E. co/i was additionally
estimated. The recorded results showed that MPN of E.
coli in the examined samples were 3.25 = 0.18,2.11 + 0.22
and 4.15 + 0.19-log MPN/g in the examined ground beef,
beef burger, and beef sausage, respectively (Fig. 2B). Figure
3A showed the prevalence rates (%) of E. co/i in the exam
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Table 2: Improvement effects of acetic acid, citric acid, and their acid cocktail on the microbial load of ground beef

Acetic acid

Reduction (%) in total bacterial count

0% 0
0.5% 10.62
1% 21.23
2% 40.07
Reduction (%) in total Psychrophilic count
0% 0
0.5% 11.11
1% 27.78
2% 44.44
Reduction (%) in MPN of coliforms
0% 0
0.5% 13.05
1% 30.43
2% 39.13
Reduction (%) in MPN of E. coli
0% 0
0.5% 13.54
1% 25.07
2% 36.59
A)
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Figure 1: Bacterial counts of the examined meat product
samples. Values represent means SD (Log cfu/g) of A)
total bacterial count, B) total psychrophilic count in in
the examined ground beef, beef burger, and beef sausage.
Columns with different letter are significantly different at
]) < 0.05.

ined samples, E. co/i was isolated at 30%, 20% and 40% in
the examined ground beef, beef burger, and beef sausage,
respectively (Fig. 3A). The recovered E. coli was further

Citric acid Acid cocktail
0 0
12.50 17.81
24.66 38.36
45.21 58.22
0 0
16.67 22.22
33.33 38.89
50 55.56
0 0
17.39 2391
34.78 45.65
45.65 60.87
0 0
19.31 27.95
27.95 42.36
42.36 56.77
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Figure 2: Coliforms and E. co/i counts of the examined
meat product samples. Values represent means SD (Log
cfu/g) of A) Coliforms, B) E. co/i counts in in the examined

ground beef, beef burger, and beef sausage. Columns with
different letter are significantly different at p < 0.05.

identified into six serotypes, namely E. co/i O2:H6, E. coli
026:H11, E. coli O55:H7, E. coli O78:H-, E. coli O86:H11,
and E. coli 0119:H4.’The prevalence rates of these serotypes
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were 33.33%, 23.81%, 19.05%, 9.52%, 9.52%, and 4.76%,
respectively (Fig. 3B). Using PCR, detection of shiga tox-
in coding genes among the recovered E. co/i serotypes was
screened. The obtained results demonstrated that sz could
be detected in three E. coli serotypes (E. coli O2:H6, E. coli
055:H7, and E. coli 0119:H4). While stx2 could be detect-
ed in four E. coli serotypes (E. coli serotypes (E. coli O2:H6,
E. coli O55:H7, E. coli O78:H-, and E. coli O119:H4). E. coli
086:H11 did not harbor any of the tested genes (Fig. 4).
In an improvement trial for the microbial load in ground
beef samples formulated as meat balls, diluted acetic acid,
citric acid, and acid cocktail were used. The obtained results
in Table 2 showed that TBC was significantly (P < 0.05)
reduced on a concentration-dependent manner achieving
the highest reduction at 2% concentration by 40.07% (ace-
tic acid), 45.21% (citric acid), and 58.22% (acid cocktail),
respectively. Similarly, TPsC was significantly reduced af-
ter immersion in the acid solutions. The highest reduction
rates were recorded at 2% acid concentration reaching to
44.44% (acetic acid), 50% (citric acid), and 55.56% (acid
cocktail), respectively. For MPN of coliforms these rates
were 39.13% (acetic acid), 45.65% (citric acid), and 60.87%
(acid cocktail), respectively. For MPN of E. co/i, the reduc-
tion rates were 36.59% (acetic acid), 42.36% (citric acid),
and 56.77% (acid cocktail), respectively (Table 2).

A) 40
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w
=1
L

20

N
@

[
0

Prevalence (%) of £. coli
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T 1
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[N}
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E. coli0119: H4
E. coli 086: H11
E. coli 078: H-
E. coli055: H7
E.coli026: H11

E. coli 02: H6 33.33

0 5 10 15 20 25 30 35
nce (%) of different E. coli serotypes

Figure 3: A) Prevalence rates of E. co/i in the examined
ground beef, beef burger, and beef sausage. B) Prevalence
rates of different E. co/i serotypes recovered from the
examined meat products

-ve 02:He O26:H11 O55:H7 O78:H- 086:H11 O119:H4

Marker +ve

stx2 (779bp)

stx1 (614bp)

Figure 4: Agarose gel electrophoresis of shiga toxins
coding genes (szx1 & stx2) in the identified E. co/i serotypes
isolated from the examined meat products using PCR.

DISCUSSION

Bovine meat products such as ground beef, beef burger, and
beef sausage contribute largely to the national economy in
several Arab countries, particularly in Saudi Arabia. In ad-
dition, meat products are preferred by a large section of the
population, specifically among children because of their
specific aroma and flavor, and their easy and fast prepa-
ration (El-Ghareeb and Ismail, 2021). The hygienic status
of the retailed meat products reflects the sanitary meas-
ures adopted during handling, and manufacturing of such
products and affect both the microbiological quality and
the shelf-life of the end products (Tang et al., 2020). In
the current study, the hygienic status of the retailed bovine
meat products in Saudi markets were evaluated via inves-
tigation of several microbial indicators for hygiene such
as TBC, TPsC, MPN of coliforms, and MPN of E. coli.
These indicators are recommended to give a correct idea
about the hygienic practices followed during handling and
processing of the end meat products (Mossel et al., 1995;
Darwish et al., 2018).

The recorded results in the present study demonstrated
high microbial loads in the examined ground beef, beef
burger, and beef sausage samples. As declared by the high
mesophilic, psychrophilic, MPN of coliforms and E. co/i
counts. In particular, ground beef had significantly (P
<0.05) the highest counts followed by beef burger and beef
sausage, respectively. These results go in agreement with
AL-Dughaym and Altabari (2010) who examined mi-
crobiologically 10 samples for each of chicken breast fillet
and nuggets collected from Al-Ahsa markets, Saudi Ara-
bia. They recorded high total mesophilic count (6.79 and
4.43-log cfu/g) in the chicken fillet and nuggets respectively.
Furthermore, examination of meat samples from Karachi,
Pakistan revealed high aerobic count. The average aerobic
count logl0 cfu/g of chicken, mutton and beef samples
was 6.67, 6.38 and 7.05, respectively (Zafar et al., 2016).
Similarly, ElI-Ghareeb and Ismail (2021) reported high
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TBC, TPsC, MPN of coliforms in the retailed camel meat
products such as mince, and sausage in Saudi Arabia. The
high bacterial counts in the ground beef compared with
the burger and sausage as reported in the current investiga-
tion seem reasonable as the process of meat mincing might
lead to increasing the microbiological load of the produced
mince. As the mincing machine is considered as a potential
source of transferring food-borne organisms from contam-
inated meat to non-contaminated ones (Papadopoulou et
al., 2012). Presence of indicator organisms in ground beef,
beef burger, and sausage reflects the unsatisfactory hygienic
measures adopted during the manufacture process of such
meat products.

E. coli is a primary foodborne pathogen responsible for cas-
es of foodborne infections worldwide. E. co/i is responsible
for several cases of hospitalization and deaths especially
among children and elderly. For instances, enteroaggrega-
tive E. coli O104:H4 outbreak occurred in Germany during
Many 2011 leading to about 3000 human infection cases
with 50 deaths (Franketal., 2011). Furthermore,12 persons
were infected with shiga toxin-producing E. co/i O157:H7
in four of United States due to ingestion of contaminat-
ed ground beef during 2014 (CDC, 2014). In the current
study, E. co/i was isolated from the examined ground beef,
beef burger, and beef sausage at 40%, 20%, and 10%, re-
spectively. Serological identification of the recovered E. co/i
isolates revealed six serotypes namely E. co/i O2:H6, E. coli
026:H11, E. coli O55:H7, E. coli O78:H-, E. coli O86:H11,
and E. coli O119:H4 at variable rates. Interestingly, all
identified E. coli serotypes harbored at least one shiga tox-
in coding gene (either szx1, stx2, or both) except for E. coli
086:H11 which did not harbor any of the screened genes.
In agreement with the results of the present study, Dam-
brosio et al. (2007) mentioned that E. co/i 02, 026, 0103,
and O111 are among the most E. co/i serotypes of public
health significance of non-O157 serogroups, particularly £.
coli 026 that able to cause wide range of human illnesses.
Besides, Konishi et al. (2011) reported that the major enter-
otoxigenic E. coli serogroups isolated from outbreaks in To-
kyo, Japan were 06, 027, 0148, and 0159.In Jeddah, Saudi
Arabis, Iyer et al. (2013) isolated E. co/i from cattle meat at a
higher rate (65%). While in Riyadh, Saudi Arabia, Hessain
et al. (2015) isolated shiga toxin producing E. coli O157:H7
from ground beef, beef burger, beef sausage, ground chick-
en, and chicken burgers were 5%, 10%, 0.0%, 5% and 0.0%,
respectively. Likely, Darwish et al. (2018) isolated shiga-
toxigenic E. col/i from cattle meat retailed in Egypt. They
could identify E. co/i O111:H4, 026:H11 which harbored
stx1 and stx2; E. coli 086, and O114:H21 which harbored
only stx1; E. coli O55:H7 that harbored only szx2. Contam-
ination of bovine meat products with E. co/i could be at-
tributed to mishandling of animal carcasses during dressing,
and evisceration, cross contamination from the abattoir and

processing plants environments including soil, contaminat-
ed water, cutting instruments, utensils, and equipment and

improper personal hygiene (Chang et al., 2013).

One principal task of the food technologists and food in-
dustry sector is to confirm safety of the final meat products
distributed to consumers and to try to improve the microbi-
ological quality and extend the shelf life of such meat prod-
ucts. In this direction, a trial to reduce the microbial load
in ground beef was carried out using diluted acetic, citric,
and acid cocktails. All used acid concentrations did not af-
fect the sensory characteristics of the formulated balls. Be-
sides, a clear reduction on the bacterial load was observed as
TBC, TPsC, MPN of coliforms, and MPN of E. co/i were
significantly reduced. The used acid cocktail 2% achieved
the highest reduction in all bacterial counts tested in the
present study. In correspondence with this result, Menconi
et al. (2013) recorded significant antibacterial activities for
acetic, citric, and propionic acids using raw chicken skin
as a food subject. One explanation for the reduction in
the microbial counts of the ground beef using diluted acid
solutions is possibly via producing slightly acidic medium
in the ground beef which interferes with the multiplica-
tion of the bacteria (Sallam et al., 2020). Similarly, Kout-
soumanis et al. (2006) demonstrated that lowering pH of
meat has significant antibacterial effect as declared on the
reduced growth of Pseudomonads, and Enterobacteriaceae.

CONCLUSION

To the best of our knowledge, this is the first study to isolate
and identify shiga toxin producing E. co/i in meat products
retailed in Al-Ahsa, Saudi Arabia. As E. co/i was isolated
at 30%, 20% and 40% in the examined ground beef, beef
burger, and beef sausage, respectively. Six E. co/i serotypes,
namely O2:H6, E. 026:H11, O55:H7, 078:H-, 086:H11,
and O119:H4 were recovered. The prevalence rates of
these serotypes were 33.33%, 23.81%, 19.05%, 9.52%,
9.52%, and 4.76%, respectively. In addition, this study is
also among the first reports to investigate the inhibitory
effects of acetic and citric acids against E. coli using ground
beef as a food matrix. Therefore, the principles of hygiene
are highly recommended the manufacture steps of meat
products starting from slaughter of the animal, selection of
meat with high quality, processing, transportation, and dis-
tribution in retail markets. In addition, the use of diluted
acid solutions such as acetic and citric acids by the suitable
concentrations is of significant value in reducing the mi-

crobial load of the final products.
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