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Abstract

Background and Aim: Pre-slaughter management and slaughter operations are considered critical factors for animal
welfare and meat quality. Previous studies have found poor animal welfare management at municipal slaughterhouses in
Ecuador, and little is known about how this affects the microbiological quality of the meat. Therefore, the aim of the study
was to analyze the association of the microbiological quality of beef carcasses and animal welfare indicators in a municipal
slaughterhouse in Ecuador.

Materials and Methods: Data for 6 months were collected from a municipal slaughterhouse in Ecuador. Five trained
researchers were strategically located along the slaughter process. A total of 351 animals were observed with regard to
welfare indicators, and their carcasses were sampled to evaluate microbiological quality. Antemortem (slipping, falling, and
vocalization) and postmortem animal welfare indicators (bleed interval, pH, temperature, and bruises) were measured. To
determine the total aerobic bacteria (TAB) and Escherichia coli counts and the presence of Salmonella spp., we collected
samples by swabbing four different points of each carcass. The association between microbiological quality and animal
welfare indicators was studied using univariate and multivariate logistic regressions.

Results: The mean TAB count was 5.3 log CFU/cm?, and the mean total count of E. coli was 2.4 log CFU/cm?. Salmonella
spp. were isolated in 3.1% of the carcasses. An electric goad was used in all animals, 19.1% slipped at least once, and 19.9%
vocalized. The mean pH of the carcasses was 7.2, and 79.2% of carcasses had bruises. Multivariate analysis showed that
Salmonella spp. and the TAB count were associated with pH and the number of bruises (p = 0.01 in both cases).

Conclusion: Although there was non-significant association between the majority of animal welfare indicators and
microbiological quality, the poor management affecting animal welfare and carcass hygiene are worrisome.

Keywords: animal welfare, beef carcasses, Escherichia coli, Salmonella spp., total aecrobic bacteria.

Introduction livestock, with an average of 2.8 heads per house-
hold [1]. In 2016, Ecuadorians were estimated to have
consumed 182,000 tons/year of beef, with 17.6 kg of
beef per person per year [3].

Pre-slaughter and slaughter operations are con-
sidered the most important critical factors for meat
quality and food security [4]. Pre-slaughter factors,
such as failures in handling practices during loading
and unloading and during transport, unskilled drivers,
long-distance travel, high density during transport,
and inadequate lairage facilities at the slaughterhouse
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Beef production is an important global economic
activity, especially in developing countries. In Latin
America and the Caribbean, livestock is considered
the basic protein source for food security, and the con-
sumption of animal-sourced proteins is considered the
most important strategy to bolster the health of local
populations [1]. In Ecuador, the cattle population is
approximately 4.13 million heads, located mainly
in rural areas [2], and 84% of rural households own
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can affect the carcass quality due to cross-contamina-
tion [9]. Post-slaughter factors, such as temperature,
humidity, and storage time, also affect the final micro-
biological quality of the meat [10].

In many countries, the identification of micro-
organisms such as Salmonella spp., the total aero-
bic bacteria (TAB) count, and the Escherichia coli
count are used as criteria for assessing good slaugh-
ter hygiene in beef [11]. Therefore, microbiological
data are essential to implement meat-quality-monitor-
ing programs to prevent the transmission of common
foodborne diseases [12]. In Ecuador, most slaughter-
houses are public and operated by municipalities pro-
viding slaughter service at subsidized rates to whole-
salers. Service quality is low with regard to animal
welfare and humane handling practices [13]. The
demand for high-quality beef is increasing, and con-
sumers are willing to pay more for products obtained
with better animal welfare and sanitary control [13].
However, previous studies have found poor animal
welfare management at municipal slaughterhouses in
Ecuador [14-17], and little is known about how this
affects the microbiological quality of the meat.

Therefore, this study determined the association
between animal welfare indicators and the microbi-
ological quality of beef carcasses from a municipal
slaughterhouse in Ecuador.

Materials and Methods

Ethical approval

Ethical approval was not necessary for this study
since it merely focused on observing the animal wel-
fare management performed at the slaughterhouse, and
no questionnaire survey was performed. However, the
skin painted used on selected animals was done with-
out any harm, and the microbiological samples were
collected according to standardized methods.

Study design, period, location, and sampling

This cross-sectional study was conducted from
November 2018 to April 2019 in a slaughterhouse in
Ecuador. The slaughterhouse provides slaughter ser-
vice to wholesalers coming from the coast, highlands,
and Amazon regions of Ecuador. On an average, 500
animals are slaughtered every day. On the basis of
this number, we calculated a desired total sample size
of 351 animals at a 95% confidence interval (CI). To
ensure correct observation of animal welfare indica-
tors and considering the time constraints for bacterial
isolation, we randomly selected an average of 25 ani-
mals from pens 1 day/week (only Mondays).

Five researchers were strategically located along
the slaughter process, from pens to the final point in
the slaughter line commercial area. For sampling, the
researchers talked to each other using walkie-talkies
to follow individual carcasses. Each selected animal
was assigned a number, which was drawn on the ani-
mal’s skin on both the head and the flank with blue
paint. Once the skin was removed at the first point of
the slaughter line, the carcass was identified with a

livestock tag ring with the same number. The tag ring
was attached around the animal’s Achilles tendon,
which was removed after sampling. This procedure
has been used in previous studies in the same slaugh-
terhouse and was found to be useful to follow animals
and carcasses. Workers at the slaughterhouse saw
these marks during every trial, but they kept doing
their job as usual [15,17].

Assessment of animal welfare

We evaluated antemortem and postmortem animal
welfare indicators using the recommendations of the
North American Meat Institute (NAMI) and the World
Organization for Animal Health [18,19]. Antemortem
indicators were observed directly and included the
number of times an animal slipped and fell, the number
of vocalizations, and the use of an electric goad (yes/
no). Slipping, falling, and vocalizations were counted
during animal handling from the holding pen to the
stunning box. Falling was counted as loss of contact
of all four legs with the floor or the belly of the animal
touching the floor. Slipping was counted as any loss of
footing. Vocalizations were measured only when they
occurred due to the electric goad, hits by handlers, or
other abusive actions, such as holding the animals by
the horns. The use of an electric goad was counted
when electric discharge was effectively done [18].

Postmortem indicators were measured after
stunning and included the number of shots needed
for stunning, the stunning-to-bleed interval, pH, tem-
perature, and the number of bruises. The stunning-
to-bleed interval was defined as the time from effec-
tively stunning (i.e., unconsciousness) the animal to
cut the blood vessels in the neck and upper chest and
was measured in seconds. To evaluate the return to
consciousness, we observed the animal’s eye reflexes
(e.g., corneal reflexes and mydriasis), reaction to pain,
rhythmic breathing, and vocalizations [18]. Any tissue
lesion with a decoloring zone due to the rupture of
blood capillaries was considered a bruise [20]. Bruises
were counted in four regions: (1) The front, from the
neck to the front leg; (2) the back, the muscles around
the spine from the shoulders to the lumbar region; (3)
the ribs, the muscles in the flanks; and (4) the rump
and rear legs. The pH and temperature were measured
45 min after stunning, using a portable potentiome-
ter (Hannah Instruments,USA) with a penetration
electrode in the Longissimus dorsi muscle. The lat-
ter procedure was in accordance with the Ecuadorian
standard INEN-ISO 2917:2013 [21].

Isolation and bacterial identification

Microbiological analyses were performed in the
Laboratory of Bacteriology at the Faculty of Veterinary
Medicine and Zootechnics, Central University of
Ecuador. Carcasses marked with livestock tag rings
were sampled for microbiological quality at the end of
the slaughter line after washing.

Samples were collected using a nondestruc-
tive swab method with a sponge soaked in buffered
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peptone water [22]. Samples were taken at four points
identified as highly contaminated areas: Hip, skirt,
chest, and neck [23]. The sampling area was 100 cm?,
defined by a sterile plastic frame. Subsequently,
the sponge was placed in a Ziploc bag and kept at
4°C [22]. Next, the samples were diluted (1:10) in
buffered peptone water (Difco, USA) and then seri-
ally diluted in 0.45% saline solution until a dilution of
10~ was obtained. Then, 100 uL of dilutions 102 and
103 was plated on Chromocult Agar (Merck, USA)
for the E. coli count and Plate Count Agar (BD-Difco,
USA) for the TAB count (CFU/cm?); the estimation
was done according to the ISO 7218 standard [24].

Salmonella spp. isolation was done according
to the ISO 6579 standard [25]. Briefly, three drops
of the initial suspension were dispensed on Modified
Semi-Solid Rappaport Vassiliadis (BD-Difco) and
incubated at 42°C for 24-48 h. Presumptive colo-
nies were observed and classified according to their
growth and migration (CM), growth without migra-
tion (CNM), and non-growth (NC). A loopful from
the edge of the migration zone was streaked into a
xylose lysine deoxycholate agar plate (BD-Difco) and
incubated at 37°C for 24 h. For confirmation, two pre-
sumptive Salmonella spp. colonies were tested using
Triple Sugar Iron agar (BD-Difco), Lysine Iron agar
(BD-Difco), Urea agar (BD-Difco), and Sulfur Indole
Motility medium (BD-Difco) [26].

Statistical analysis

Statistical analyses were performed using R Cran
3.6.1 and R Studio version 1.1.442 (R Foundation for
Statistical Computing, Vienna, Austria, URL https://
www.R-project.org/). TAB and E. coli counts were
expressed as log CFU cm? and compared by reference
to mean values. Salmonella spp. were expressed as
their absence and presence. Reference values for ani-
mal welfare indicators were based on NAMI and Food
and Agriculture Organization guidelines and similar
studies [18,27-29]. Reference values for microbio-
logical quality parameters were based on European
Union guidelines and the Food Security Criteria from
Argentina [30,31].

Visual inspections of histograms showed a clear
binomial distribution of TAB and E. coli counts.
Therefore, these variables were categorized for fur-
ther analysis as below and above reference values.
The above category for the TAB count was applied
for counts more than 5.0 log CFU/cm? and for E. coli
counts more than 2.5 log CFU/cm?.

To explore the association of microbiological
parameters with welfare indicators, logistic regression
models were applied to calculate crude and adjusted
odd ratios (ORs) and their 95% Cls. Univariate analy-
sis was used to identify potential explanatory variables
to be included in multivariate analysis. Models were
fitted separately with the TAB, E. coli, and Salmonella
spp. as binary outcome variables. The following
explanatory variables were considered: Falling (yes/

no, counts), slipping (yes/no, counts), vocalizations
(yes/no, counts), bruises (yes/no, counts), tempera-
ture, and pH.

Multivariate models were built using forward
stepwise selection, and the model with the lowest
Akaike information criterion (AIC) was considered
the best. The AIC has been widely used to evaluate
the goodness of fit [32]. Variables that were not statis-
tically significant and did not improve the AIC were
excluded from the models.

Results

Microbiological animal welfare

parameters

Table-1 shows the parameters related to animal
welfare and the microbiological quality of the car-
casses. Aerobic bacteria were isolated in 100% of
the carcasses, and E. coli and Salmonella spp. were
isolated in 34.5% (121/351) and 3.1% (11/351) of the
carcasses, respectively. The TAB count was 4.1-6.43
log CFU/cm?, and 81.8% (287/351) of the samples
were above the reference limit of 5 log CFU/cm?.
The E. coli count was 0-5.4 log CFU/cm?, and 65.5%
(230/351) of the samples were above the reference
limit of 2.5 log CFU/cm?. With regard to antemor-
tem indicators, 7.7% (25/351) of the animals fell and
19.08% (67/351) slipped on the way to the stunning
box. An electric goad was used in all observed animals,
with a mean of 5.2+4.2. In addition, 19.9% (70/351)
of the animals vocalized due to human handling, with
a mean of 0.743.4 vocalizations per animal. The mean
stunning-to-bleed interval was 135.8+107.2 s.

With regard to postmortem indicators, we found
bruises in 79.2% (278/351) of the carcasses, with a
mean of 2.5+2.2 per carcass. The majority of bruises
were located on the rump (78.8%) and were subcu-
taneous (65.1%). The mean pH was 7.2, with 46.1%
(166/351) of the carcasses having pH values of >7.3.
The mean temperature in the sampled carcasses kept
in the commercial area was 29.9°C (Table-1).

quality and

Association between animal welfare indicators and
microbiological quality of carcasses

Tables-2 and 3 show the ORs for high TAB and
E. coli counts and the presence of Salmonella spp.
Most of the antemortem and postmortem animal wel-
fare indicators were not associated with high TAB
and E. coli counts and the presence of Salmonella
spp. in beef carcasses. Interestingly, univariate anal-
ysis revealed that the increase in pH significantly
decreased the odds for high TAB counts (OR=0.34,
95% CI=0.13-—0.80, p=0.02) and the presence of
Salmonella spp. (OR=0.08, 95% CI=0.02-0.43,
p=0.003) (Table-2). This effect was still significant
when adjusting for slipping and vocalizations for the
TAB count (OR=0.28, 95% CI=0.11-0.70, p=0.01) and
the number of bruises for Salmonella spp. (OR=0.10,
95% CI=0.02-0.51, p=0.01) (Table-3).

In addition, the presence of Salmonella spp.
was significantly lower with the presence of bruises
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Table-1: Summary data of parameters regarding microbiological quality in beef carcasses and animal welfare indicators.

Parameters n (%) Mean (SD) Range Reference values? Above reference
n (%)
Microbiological quality
TAB (log UFC/cm?) 351 (100.0) 5.32 (0.39) 4.1-6.4 3.5-5.0 287 (81.8)
E. coli (log UFC/cm?) 121 (34.4) 2.4 (1.8) 0.0-5.4 0.7-2.5 230 (65.5)
Salmonella spp. 11 (3.1) - - Absence 11 (3.1)
Animal welfare indicators
Antemortem
Falling 25 (7.1) 0.1 (0.3) 0.0-1.0 <1% 25 (7.1)
Slipping 67 (19.1) 0.27 (0.7) 0.0-5.0 <3% 67 (19.1)
Vocalizations 70 (19.9) 0.7 (3.4) 0.0-49.0 <3% 70 (19.9)
Electric prod usage 351 (100.0) 5.2 (4.2) 1.0-32.0 <25% 351 (100.0)
Postmortem
Bruising 278 (79.2) 2.5 (2.2) 0.0-9.0 NA NA
Front 24 (8.6) - - - -
Back 7 (2.5) - - - -
Ribs 28 (10.1) - - - -
Rump 219 (78.8) - - - -
Subcutaneous 181 (65.1) - - - -
Muscle 97 (34.9) - - - -
S/B interval (s) - 135.8 (107.2) 31.0-1282.0 <60 s 300 (85.5)
pH - 7.2 (0.3) 5.8-8.0 <7 237 (67.5)
Temperature (°C) - 29.9 (1.3) 25.0-34.1 <35°C 0 (0.0)

NA=Not applicable, S/B interval, stunning bleed interval measured in seconds; pH ,; pH measured 45 h after slaughter.
aReference values for microbiological quality were based on a combination of regulations from the European Union and
Argentina, and for animal welfare indicators were mainly based on the NAMI and FAO guidelines. Reference values for
antemortem animals welfare indicators refer to the maximum percentage of animals over the total observed animals.
There is no reference value for number of bruises. E. coli=Escherichia coli, TAB=Total aerobic bacteria

(OR=0.20, 95% CI=0.06-0.70, p=0.01) and when
the carcasses had one to four bruises (OR=0.11, 95%
CI=0.02-0.52, p=0.01). However, the number of
vocalizations was weakly associated with the presence
of Salmonella spp. (OR=1.09, 95% CI=1.01-1.20,
p=0.02), but this effect disappeared when included
in the multivariate model (Table-3). We did not find
a significant effect of animal welfare indicators on
E. coli presence. However, the odds for having the
E. coli count increased by ~20-30% when the animal
fell and the carcasses had bruises (Table-2).

Discussion

This study analyzed the microbiological qual-
ity of beef carcasses, including the TAB count, the
E. coli count, and the presence of Salmonella spp.,
and its association with animal antemortem (vocaliza-
tion, slipping, falling, and use of an electric prod) and
postmortem (bruises, stunning/bleed interval, pH, and
temperature) animal welfare indicators in a municipal
slaughterhouse in Ecuador. The majority of animal
welfare indicators were not associated with microbi-
ological quality. However, there was evidently poor
welfare management.

A higher pH reduced the risk of the presence of
Salmonella spp. and a TAB count of >5.0 log CFU/
cm?. Probably, this result is an effect of the mea-
surement of pH 45 min after stunning, resulting in
a mean of 7.1. According to NAMI guidelines, the
measurement of postmortem indicators, such as pH,
temperature, and bruises, should be done 24 h after
slaughter [18]. However, the slaughterhouse in this

study only provides slaughter service, and beef car-
casses are dispatched to wholesalers immediately
after slaughter. Therefore, postmortem indicators were
measured just before dispatch. The pH, water activity,
and temperature of carcasses are factors that affect
microbial growth and survival. In fact, pH values of
>9 or <4 can inhibit Salmonella spp. growth [31].

Our results showed that the risk of the presence
of Salmonella spp. is low when the number of bruises
is high, regardless of the fact that 79.2% of the car-
casses had at least one bruise. The presence of bruises
has been widely used as an indicator of animal wel-
fare [33-35]. Its presence is associated with poor
pre-slaughter handling factors related to transport,
food and water privation, lairage, and stunning, which
lead to physical distress and subsequent changes in
meat quality [4]. For instance, food and water depri-
vation of 12-24 h results in a significantly higher mus-
cle pH (up to 5.6, p<0.05) in poultry, and it increases
the number of bruises in pigs [36,37]. Although these
effects are hard to see in cattle after 12-24 h [38], it is
possible that both the presence of bruises and a pH of
7 could lower the risk of the presence of Salmonella
spp. as much as it did in our study (OR=0.10, p=0.01),
in addition to TAB and E. coli counts. However, fur-
ther studies are necessary to fully understand these
associations by measuring pH and bruises after 24 h
and including samples from bruises for microbiolog-
ical analysis.

Surprisingly, we did not find a significant asso-
ciation between antemortem animal welfare indica-
tors and microbiological quality, regardless of the
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Table-2: Univariate odds ratio for the presence of Aerobic Bacteria, E. coli and Salmonella spp. based on animal welfare

indicators.
Welfare Presence of aerobic bacteria Presence of E. coli Presence of Salmonella spp.
indicators n (%) OR p-value n (%) OR p-value n (%) OR p-value
0, 0, - 0,
Mean (95% CI) Mean (95% CI) Mean (95% CI)
(SD) (SD) (sb)
Antemortem
Falling
No 267 (81.9) Ref. 212 (65.0) Ref. 9 (2.8) Ref.
Yes 20 (80.0) 0.88 0.81 18 (72.0) 1.38 0.48 2 (8.0) 3.06 0.19
(0.31-3.14) (0.58-3.65) (0.45-12.78)
Slipping
No 228 (80.3) Ref. 187 (65.9) Ref. 8 (2.8) Ref.
Yes 5 (88.6) 1.81 0.14 43 (64.2) 0.93 0.80 3 (4.5) 1.62 0.49
(0.80-4.63) (0.54-1.64) (0.35-5.77)
Counts 0.3 (0.7) 1.30 0.55 0.3 (0.7) 1.02 0.91 0.3 (0.7) 1.0 0.99
(0.85-2.31) (0.75-1.43) (0.30-1.87)
Vocalization
No 232 (82.6) Ref. 182 (64.8) Ref. 10 (3.6) Ref.
Yes 55 (78.6) 0.74 0.44 48 (68.6) 1.19 0.55 1(1.4) 0.39 0.38
(0.41-1.52) (0.68-2.11) (0.02-2.10)
Counts 0.7 (3.4) 0.96 0.19 0.7 (3.4) 0.97 0.39 0.7 (3.4) 1.09 0.02
(0.89-1.05) (0.90-1.04) (1.01-1.20)
Electric prod use 5.2 (4.2) 0.98 0.55 5.2 (4.2) 1.02 0.43 5.2 (4.2) 1.04 0.51
(0.93-1.05) (0.97-1.08) 0.90-1.15)
Postmortem
Bruises
No 58 (79.5) Ref. 45 (61.6) Ref. 6 (8.2) Ref.
Yes 229 (82.3) 1.21 0.57 185 (66.6) 1.24 0.43 5(1.8) 0.2 0.01
(0.59-2.38) (0.72-2.10) (0.06-0.70)
Counts 2.5(2.2) 0.98 0.69 2.5(2.2) 0.98 0.74 2.5(2.2) 0.96 0.78
(0.86-1.11) (0.89-1.09) (0.70-1.26)
S/B interval (s) 135.8 1.00 0.49 135.8 1.00 0.06 135.8 1.0 0.46
(107.2) (1.00-1.00) (107.2) (1.00-1.00) (107.2) (0.99-1.00)
pH 7.2 (0.33) 0.34 0.02 7.2(0.33) 0.53 0.07 7.2 (0.33) 0.08 0.003
(0.13-0.80) (0.26-1.05) (0.02-0.43)
Temperature (°C) 29.9 (1.3) 0.95 0.78 29.9 (1.3) 1.1 0.27 29.9 (1.3) 1.17 0.52
(0.69-1.33) (0.93-1.30) (0.74-1.91)

OR=0dds ratio, Ref., reference category, S/B interval, stunning bleed interval measured in seconds. E. coli=Escherichia coli

evidently poor management, probably because the
true effect of animal welfare indicators was not cap-
tured due to a high level of carcass contamination.
Indeed, 81.8% of the carcasses had a TAB count
higher than the reference value of 5 log CFU/cm?,
and 65.5% of the carcasses had an E. coli count
higher than 2.5 log CFU/cm?. Although not signif-
icant, slipping could double the risk of having a
high TAB count. Slipping, falling, and vocalization
have been related with the high use of an electric
goad [34,39] and poor infrastructure [40,41]. In this
study, 100% of the observed animals were prodded
toward the stunning box using an electric goad, of
which 7.1% fell, 19.1% slipped, and 19.9% vocal-
1ized. Of note, none of these antemortem indicators
complied with NAMI guidelines [18], reflecting the
serious shortcoming of animal welfare management
at the slaughterhouse. These results should be stud-
ied further to increase awareness of pre-slaughter
management, which certainly could affect meat qual-
ity traits such as color, pH, conductivity, shelf life,
and water retention [8].

The mean TAB (5.3 log CFU/cm?) and E. coli
(2.4 log CFU/cm?) counts found in this study were

comparable with the previous studies. Two studies
in Brazil reported a mean E. coli count of 2.11 log
CFU/cm? and 2.57 log CFU/cm?, respectively, in beef
carcasses [12,42]. A study in Europe reported a mean
E. coli count of 2.5 log CFU/cm? in beef carcasses
and a lower mean of 0.9 log CFU/cm? in sheep car-
casses [43]. We found high variability in the E. coli
count, ranging from 0.0 to 5.4 log CFU/cm?, probably
due to the geographical diversity of animals arriving
at the slaughterhouse, their age, hygiene, and facility
cleaning [42,44]. In contrast with our findings, TAB
counts were higher than the counts reported from sam-
ples collected after bleeding cattle at a slaughter line
in Brazil (4.51 log CFU/cm?) [12].

In addition, 3.1% of our samples were positive
for Salmonella spp. compared to five slaughterhouses
in the coastal region of Ecuador where this bacterium
was not isolated from 70 samples [10]. However, this
percentage was low compared to other studies. In
three Brazilian slaughterhouses, 6.7% of the 90 sam-
ples collected at three different points in the slaughter
line (stunning, washing, and cooling) were positive
for Salmonella spp. [45]. Besides, a study in Mexico
isolated Sa/monella spp. from 18% of the carcasses,

Veterinary World, EISSN: 2231-0916

922



Available at www.veterinaryworld.org/Vol.14/April-2021/16.pdf

Table-3: Multivariate odds ratio for the presence of
aerobic bacteria (Model A) and Salmonella spp. (Model B)
based on animal welfare indicators.

Variables n/n (%) OR 95% CI SE p-value
mean (+SD)
Model A: Presence of aerobic bacteria
Slipping
No 228/284 (80.3) Ref.
Yes 59/67 (88.1) 2.10 0.97-3.86 0.42 0.08
Vocalizations
Counts 0.73 (3.4) 0.94 0.87-1.01 0.03 0.07
pH 7.17 (0.3) 0.28 0.11-0.70 0.47 0.01
Model B: Presence of Salmonella spp.
Bruises
0 6/73 (8.2) Ref.
1-4 2/214 (9.3) 0.11 0.02-0.52 0.84 0.01
5-9 3/64 (4.7) 0.55 0.11-2.30 0.75 0.43
pH 7.17 (0.33) 0.10 0.02-0.51 0.87 0.01

OR=0dds ratio, Ref., reference category. Model A and
Model B included variables based on its significant and
Akaike information criterion

39% of beef chunks, and 71% of ground beef sam-
ples, indicating that the Salmonella spp. prevalence
tends to increase with meat processing [46]. The vari-
ability in the presence of Salmonella spp. can also be
explained by the size of the establishment. One study
found a much higher Salmonella spp. prevalence in
beef carcasses in a small-scale (<500 employees)
slaughterhouse compared to that of our study (58%
vs. 3.2%), possibly due to the fact that samples in that
study were taken pre-evisceration, before the wash-
ing process [47]. In our study, carcasses were sampled
after washing, which may have lowered the load of
Salmonella spp. [48].

Our study had a few strengths but also some lim-
itations. This is the first study covering the association
of the microbiological quality of beef carcasses and
animal welfare indicators in a municipal slaughter-
house in Ecuador. Although we could not find a strong
association between them, the measured indicators
were useful to describe the hygiene and animal wel-
fare management in the slaughterhouse, which only
provides slaughter service. One limitation was the
inability to measure postmortem animal welfare indi-
cators 24 h after slaughter, which made it difficult to
compare our results with other studies. Nevertheless,
our findings showed worrisome poor welfare and
hygiene management consistent with the previous
studies performed in the same slaughterhouse [15,17].
A high bacteria count in the first point of the slaughter
line suggests higher contamination by the end of the
slaughter process [12,46,49]. Therefore, further stud-
ies should consider using different sampling points
along the slaughter line. Another limitation was the
lack of information regarding animal demographic
factors, transportation, and handling during lairage,
since these are not routinely collected. These factors
can affect the microbiological quality of meat, as
shown in other studies [50,51].

Conclusion

The majority of animal welfare indicators were
not associated with the microbiological quality of beef
carcasses. Only pH and bruises are associated with a
low risk of the presence of Salmonella spp. and the
TAB count. More importantly, the municipal slaugh-
terhouse in Ecuador has a worryingly low microbi-
ological quality of beef carcasses and poor animal
welfare management, indicating the necessity of fur-
ther studies on these two aspects.
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