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Evolution of IFN-g response against mycobacterial antigens used for the 
diagnosis of bovine tuberculosis in BCG vaccinated cattle under a natural 

transmission setting in central Chile

María B. Benavidesa, Pedro E. Ábalosa, Nicolás Valdiviesob, Patricio Retamala*

ABSTRACT. Bovine tuberculosis (bTB) is a chronic disease of animals mainly caused by Mycobacterium bovis, a zoonotic 
pathogen that generates economic losses in the milk and meat industry. In central Chile, the Metropolitan Region concentrates dairy 
herds with the highest bTB prevalence of the country and the official veterinary service has supported the evaluation of the M. bovis 
Bacillus Calmette-Guerin (BCG) vaccine in this area with the replacement of tuberculin purified protein derivative (PPDs) by the 
DIVA (Differentiating Infected from Vaccinated Animals) peptides for the bTB diagnosis in the herds. This study aimed to describe 
the IFN-g response against PPDs (bovine and avian PPD) and DIVA antigenic cocktails (ESAT-6/CFP-10 and Rv3615c) in BCG 
vaccinated 11-month-old heifers under a natural transmission scenario. Sixty-two animals were vaccinated via subcutaneous route with 
a 2-8 x 105 colony forming units of BCG Russia strain and 60 control animals received sterile saline. Blood sampling was performed 
at time 0, previous to vaccination, and then at 3, 6, 9, 12, 15 and 18 months post-inoculation. The follow up of the IFN-g response in 
animals determined that the BCG vaccination interferes with the diagnosis of bTB using the traditional bovine PPD between 9 and 12 
months post-inoculation. Furthermore, the sensitization with non-tuberculous mycobacteria (NTM) was also interfering the diagnosis 
relying in PPDs, suggesting the need of using DIVA antigens under this epidemiological condition, whether or not the BCG vaccine 
is administered in cattle, in order to improve the accuracy of bTB diagnosis in central Chile. 

Keywords: IFN-g response, BCG, cattle, Chile.

INTRODUCTION 

Bovine tuberculosis (bTB) is a zoonotic infectious 
disease mainly caused by Mycobacterium bovis (Olea-
Popelka et al., 2017), a pathogen distributed across the 
world which causes significant economic losses to the dairy 
industry, especially in low- and middle-income countries. 
Due to the mandatory milk pasteurization programs in 
many countries, the zoonotic infection currently becomes 
more important in occupational settings where the frequent 
contact with diseased animals in closed enclosures is the 
highest risk activity (Torres-Gonzalez et al., 2013; Vayr 
et al., 2018).

The clinical disease in cattle generally appears along 
their productive cycle, although asymptomatic and infectious 
animals contribute significantly to bacterial transmission. 
Thus, an effective control scheme of bTB requires diagnostic 
tests to identify infected animals and their prompt removal 
from herds. However, without compensations for these 
animal losses, this sanitary management is generally not 
affordable by farmers in high prevalence areas (Buddle 
et al., 2018). This epidemiological and economic scenario 
encourages the study of the vaccination as an additional 
strategy for supporting the control of the disease. 

In animals, vaccination strategies have been proposed 
and tested in many studies, evaluating attenuated, subunit 
and recombinant products (Vordermeier et al., 2016). 
However, the M. bovis BCG strain constitutes a major 
vaccine candidate for use in cattle due to its approved use 
in humans, its availability and safety record (Buddle et al., 
2018). What has prevented its official implementation is 
the interference with the standard tuberculin skin test, on 
which control and eradication programs rely for the in 
vivo diagnosis of animals. To overcome this limitation, 
novel DIVA (Differentiating Infected from Vaccinated 
Animals) antigens are now available among which ESAT-6, 
CFP-10 and Rv3615c have shown comparable sensitivity 
and specificity levels with the tuberculin test (Vordermeier 
et al., 2016; Srinivasan et al., 2019). Both ESAT-6 and 
CFP-10 are proteins encoded by genes located within 
the RD1 region of M. bovis and M. tuberculosis genome, 
which was deleted from the genome of M. bovis BCG 
vaccine strains (Vordermeier et al., 2016). Due to this, 
the IFN-g response against these antigens discriminates 
between M. bovis-infected and BCG-vaccinated cattle 
(Vordermeier et al., 2016). The Rv3615c antigen is encoded 
in the BCG genome, but its secretion is dependent on a 
secretion system encoded in the RD1 region (Millington 
et al., 2011). In BCG-vaccinated populations, the use of 
Rv3615c peptide cocktail in combination with ESAT-6/
CFP-10 peptide cocktail in DIVA tests has the potential 
to significantly increase diagnostic sensitivity without 
reducing specificity (Sidders et al., 2008; Vordermeier 
et al., 2016). 

The tuberculin skin test consists in the intradermal 
inoculation of purified protein derivative (PPD) prepared 
from a culture of M. bovis (PPDB) or M. avium (PPDA) 
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(Vordermeier et al., 2016). In the last years, the interferon-γ 
(IFN-γ) release assay (IGRA) has been implemented as 
an ancillary test for the diagnosis of bTB, using PPD 
and DIVA antigens (Vordermeier et al., 2011; Buddle 
et al., 2018).

In Chile, the distribution of bTB is characterized by 
low prevalence areas in northern and southern regions 
and a high prevalence area in the central zone (Rivera 
& Vega, 2014) where farmers have been less receptive 
to cull reactor animals due to the lack of compensation 
(Max et al., 2011). On the other hand, the prevalence of 
non-tuberculous mycobacteria (NTM) in dairy cattle has 
been scarcely reported with some evidence in southern 
Chile about M. avium subsp. paratuberculosis infection 
in dairy herds, with a within-herd prevalence ranging 
between 3.2% and 38% (Verdugo et al., 2018) and a herd-
level prevalence between 28% and 100%, depending on 
the herd size (Kruze et al., 2013).

In some dairy herds from the central zone, the 
Agricultural and Livestock Service of Chile (SAG) allowed 
a field trial for the study of BCG vaccination in cattle, 
obtaining a significant efficacy which encourages its 
implementation as an alternative strategy for the prevention 
of the disease in high prevalence farms (Retamal et al., 
2022). The aim of this work is to describe the dynamics 
of IFN-γ responses against tuberculin PPD (PPDB and 
PPDA) and DIVA (ESAT-6/CFP-10 and Rv3615c) antigens 
in BCG vaccinated and unvaccinated cohorts of heifers 
raised under a natural transmission setting in central Chile.

MATERIALS AND METHODS

The dairy herd, with 294 Holstein-Friesian breeding 
cows in milk production, was located in the Metropolitan 
Region. It had a Brucellosis-free status and a bTB incidence 
of 24% at the beginning of the BCG vaccination in 2017. 
The presence of other infectious diseases was unknown. 
For controlling bTB, the owner was periodically using 
the single intradermal tuberculin test for detecting reactor 
animals, some of which were segregated and others culled. 
For the study in this farm, SAG allowed the use of the 
IGRA with traditional and DIVA antigens (described 
below) in replacement of the tuberculin test as an official 
diagnostic technique.

ANIMAL VACCINATION SCHEDULE

Between May 2017 and July 2018, 11-month-old 
Holstein-Friesian female heifers were included in a double-
blinded cohort study, in which 62 animals were vaccinated 
by the subcutaneous route with 2-8 x 105 colony forming 
units (CFU) (0.1 mL) of the BCG Russia strain (Serum 
Institute of India, Pune, India). The control group was 
constituted by 60 animals that received 0.1 mL of NaCl 
0.9% (vaccine diluent).

This study was originally designed to evaluate the BCG 
efficacy in heifers, in which a protection of 66.5% was 
determined (Retamal et al., 2022). Hence, vaccinated and 
unvaccinated animals that were reactors to DIVA IGRA 
were assumed as infected with M. bovis and were excluded 
from subsequent sampling activities. In addition, a group 
of animals gradually disappeared from the study due to 
herd management practices, which were locally prioritized 
by health or production issues. For these reasons, 41 and 
27 animals were included in the last sampling activity in 
the vaccinated and control groups, respectively. 

BLOOD SAMPLING

Animals were sampled the day of inoculation (time 0) 
and at 3, 6, 9, 12, 15 and 18-months post vaccination. For 
this, 5 mL of blood was collected in heparinized tubes (BD 
Vacutainer®, Franklin Lakes, NJ, USA) and maintained at 
environmental temperature until arriving at the laboratory. 

IFN-g RELEASE ASSAY (IGRA)

The stimulation of whole blood was performed on the 
day of sampling with 250 IU/mL of the traditional avian 
(PPDA) and 300 IU/mL of bovine (PPDB) Purified Protein 
Derivatives (Applied Biosystems® Bovigam®) and DIVA 
antigens, represented by the ESAT-6 and CFP-10 combined 
peptides (21 peptides in total) and the Rv3615c peptides 
(11 peptides in total) (Pepceuticals Ltd., United Kingdom) 
(Sidders et al., 2008; Vordermeier et al., 2001). These 
DIVA peptides were diluted in RPMI 1640 medium with 
Glutamax® supplement (Gibco, Grand Island, NY, USA) 
at a final concentration of 55 µg/each peptide/mL. Then, 
25 µL of this solution was used to stimulate 250 µL of 
blood. In addition, a PBS control solution and the Pokeweed 
mitogen (Applied Biosystems® Bovigam®) were also 
utilized for blood stimulation. After an incubation period 
at 37°C for 18 h, plasma supernatants were harvested and 
stored at -20°C. For the IFN-g detection, plasmas were 
thawed and processed with the Bovigam 2G® Test Kit for 
cattle (Prionics AG, Tullamarine, Australia), according to 
manufacturer recommendations.

The cut-off value for both bovine and avian PPD was 
a ≥ 0.05 difference (DOD450) between them (PPD B-A 
for PPDB reactors and PPD A-B for PPDA reactors) and 
a ≥ 0.05 difference with the phosphate-buffered saline 
(PBS) control solution, according to the national control 
and eradication program definition. The cut-off value for 
DIVA antigens was OD450 ≥0.1 difference with the PBS 
control in either cocktail. The criterion for diagnosing DIVA 
reactors was testing positive to at least one peptide cocktail.

ANALYSIS OF RESULTS

The IGRA results (DOD450) were compared between 
vaccinated and unvaccinated groups of animals at each 
sampling time with the non-parametric Mann-Whitney 
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test. The comparison within groups between sampling 
times was performed with the Friedman test. The bTB 
diagnosis attained with PPD and DIVA antigens was 
contrasted with the McNemar and Kappa tests, to identify 
changes in proportions and interrater reliability of results, 
respectively. 

These analyses were performed using Infostat® software 
(Di Rienzo et al., 2016). 

RESULTS

The IGRA results with PPD and DIVA antigens can 
be seen in Figure 1 and Table 1S. The unique stimulus 
in which IFN-g responses were significantly different 
between vaccinated and control groups was observed with 
the bovine PPD at 3, 6 and 18 months post-vaccination 
(p<0.05, Figure 1B). 

Comparisons performed with the Friedman test 
showed that the IFN-g responses to the bovine PPD in 
vaccinated animals increased significantly at 3, 6, 9, 12 
and 15 months post-vaccination (p<0.0001), in contrast to 
time 0. Within the unvaccinated group, differences were 
only observed between times 0 and 3 months (p<0.05). 
In the analysis of PPD B-A, the vaccinated group showed 
differences between times 0 and 6, 9, 15 and 18 months 
post-vaccination (p<0.01). The unvaccinated group did 
not fluctuate significantly alongside the study (p>0.05). 
With DIVA antigens, the unique difference was observed 
with ESAT-6/CFP-10 cocktail in the vaccinated group, 
between time 0 and 6 months (p<0.05).

The diagnosis of bTB through IGRA using cut-off 
values, showed variable proportions of reactor animals 
and interrater agreements when IFN-g responses to PPD 
and DIVA antigens were compared, especially in the BCG 
vaccinated group (Table 1). 

Within the group of DIVA positive animals, 58% of 
them (14/24) were also identified as M. avium reactors 
(PPD A-B ≥0.05), 29% (7/24) were PPDB reactors (PPD 

B-A ≥0.05) and 12.5% (3/24) were classified as negative 
by PPD antigens.

The sensitization with non-tuberculous mycobacteria 
(NTM) was similar in both groups of animals during all 
sampling times (p>0.05), with the highest values of avium 
PPD reactors at 3 months post-vaccination (Table 2). 

The strength of IFN-g responses of DIVA positive 
animals was also compared between groups without 
significant differences (p>0.05) (Table 3).

DISCUSSION

The application of the M. bovis BCG vaccine in cattle 
has been evaluated in experimental and natural transmission 
settings, at different doses, strains, ages and breeds, 
suggesting an average efficacy around 25% of vaccinated 
animals (Srinivasan et al., 2021) and some potential non-
specific benefits (Retamal et al., 2022). Despite of this level 
of protection, which would significantly contribute to bTB 

Table 1. Comparisons of interferon gamma release assay (IGRA) reactors using PPD and DIVA antigens for the diagnosis of bovine 
tuberculosis in BCG vaccinated and control groups of animals.

BCG Control

Month PPD
N° (%)

DIVA
N° (%) p k PPD

N° (%)
DIVA

N° (%) p k

3 15 (24.2) 2 (3.2) 0.001 0.06 6 (10) 8 (13.3) 0.79 -0.13

6 16 (28.1) 2 (3.5) <0.001 0.05 7 (14.6) 2 (4.2) 0.12 0.17

9 8 (15.7) 1 (2.0) 0.04 -0.04 2 (5.3) 0 (0) <0.001 0

12 6 (12.5) 0 (0) <0.001 0 3 (7.7) 3 (7.7) 0.63 0.28

15 5 (11.4) 2 (4.6) 0.45 -0.07 5 (14.3) 2 (5.7) 0.38 0.22

18 8 (19.5) 0 (0) <0.001 0 2 (7.4) 2 (7.4) 0.5 0.46

PPD, purified protein derivative; DIVA, differentiating infected from vaccinated animals; BCG, Mycobacterium bovis BCG strain.
p, McNemar test; k, Kappa test.

Table 2. Interferon gamma release assay (IGRA) reactors using 
PPD antigens (PPD A-B ≥0.05 and PPD A-PBS ≥0.05) in BCG 
vaccinated and control groups of animals.

Month

PPDA reactors
N° (%)

BCG Control

0 19 (30.6) 22 (36.6)

3 27 (43.5) 29 (49.2)

6 17 (29.8) 12 (25)

9 18 (35.3) 9 (23.7)

12 14 (29.2) 13 (33.3)

15 9 (20.5) 10 (28.6)

18 10 (24.4) 5 (18.5)

PPD, purified protein derivative; PPDA, PPD avium; PPDB, PPD bovis; 
PBS, phosphate-buffered saline; BCG, Mycobacterium bovis BCG strain.



84

BENAVIDES ET AL

control and prevention (Conlan et al., 2015), the official 
veterinary services have not allowed its implementation, due 
to the interference that the vaccine elicits with the World 
Organization for Animal Health (WOAH)-recommended 
tuberculin skin test (Bayissa et al., 2021). However, the 
required diagnostic assays that discriminate infected from 
vaccinated animals (DIVA) have already been developed, 
for both skin and IGRA procedures (Srinivasan et al., 
2019; Vordermeier et al., 2016). 

In this study, the BCG vaccination elicited a raise in 
the IFN-g response against the bovine PPD (Figure 1), 
which determined significant differences (p<0.05) with 

the diagnosis based on DIVA cocktails, especially during 
the first 12 months post-vaccination (Table 1), as has been 
observed previously (Whelan et al., 2011). Accordingly, 
the agreement between these PPD and DIVA peptides in 
vaccinated animals was negligible in all sampling times, 
contrasting with the control group, in which this indicator 
was progressively improving along the study (Table 1). 
This result accounts for the interference that the M. bovis 
BCG strain generates with the tuberculin-based diagnosis 
and justifies its replacement by a DIVA assay when 
the vaccination is applied in cattle (Vordermeier et al.,  
2001). 

Table 3. Interferon gamma release assay (IGRA) results of DIVA reactor animals using PPD (PPDB, PPDA) and DIVA (ESAT-6/
CFP-10, Rv3615c) antigens.

Group DIVA reactors N°(%)
IFN-g responses (DOD450 nm) (mean ± SEM)

PPD B-A PPDB ESAT-6/CFP-10 Rv3615c

BCG 7 (11.3) -0.01 ± 0.15 0.92 ± 0.44 0.21 ± 0.05 0.08 ± 0.06

Control 17 (28.3) -0.03 ± 0.21 0.75 ± 0.20 0.40 ± 0.16 0.17 ± 0.07

PPD, purified protein derivative; PPDA, PPD avium; PPDB, PPD bovis; DIVA, differentiating infected from vaccinated animals; BCG, Mycobacterium 
bovis BCG strain.

Figure 1. Box-plot diagrams showing IFN-g responses at 0, 3, 6, 9, 12, 15 and 18 months post-vaccination in BCG and control groups. 
The figure shows the IFN-g release assay (IGRA) results obtained with A) PPD B-A (bovis minus avium), B) PPDB minus saline, C) 
CFP-10/ESAT-6 and D) Rv3615c. Within box-plot diagrams, the median is represented with a line, the interquartile range with a box 
and the minimum and maximum with the whiskers. Outliers were not depicted (* p<0.05).
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Furthermore, differences between PPD and DIVA 
peptides were also observed in the group of non-vaccinated 
animals, represented with low agreement rates between 
them during the first 9 months of the study (Table 1). In 
this regard, the higher IFN-g response of animals to NTM 
during the first three months, assumed by the PPDA reactors 
(Table 2), determined that 9 out of 10 DIVA reactors were 
also identified as reactors to the avium PPD (Table 1S). 
This implies that when PPD antigens are occupied for 
bTB diagnosis in the context of a high NTM exposition, 
a proportion of truly M. bovis infected animals will be 
identified as PPDA reactors, decreasing the sensitivity of 
the test and the effectiveness of diagnosis for controlling 
the disease. In the whole study, a higher proportion of 
DIVA and PPDA reactors were observed in the control 
group (65%, 11/17) than the vaccinated group (43%, 
3/7), probably due to BCG increased the IFN-γ response 
against bovine PPD, partially compensating the mentioned 
NTM effect in vaccinated animals. Therefore, the highest 
disagreement for M. bovis diagnosis between PPD and 
DIVA antigens were observed at 3 months in the control 
group (Table 1). 

This NTM exposition was not explained by any 
known risk or management factor in animals. The NTM 
corresponds to a diverse group of microorganisms, widely 
distributed in nature, some of which can produce disease in 
animals (Pereira et al., 2020). In Chile, a high prevalence 
of M. avium subsp paratuberculosis has been reported in 
dairy cattle (Kruze et al., 2013), affecting the accuracy 
of PPD based tests for the diagnosis of bTB (Raffo et al., 
2017, 2020). Under this epidemiological context of high 
exposition to NTM, the use of DIVA reagents would also 
support diagnostic efforts of bTB.

Previous reports have shown that BCG vaccination 
also increases IFN-g responses against avian PPD (Buddle 
et al., 2013; Vordermeier et al., 2001). However, in this 
work we did not observe differences between vaccinated 
and unvaccinated animals (data not shown), suggesting 
that the BCG strain, the age of inoculated animals or their 
previous exposition to NTM might be influencing the cross 
reaction between BCG and the avian PPD. 

In M. bovis infected animals, the amount of secreted 
IFN-g in response to DIVA peptides has been documented 
variable between vaccinated and unvaccinated animals, 
suggesting a negative correlation with protection and 
a positive correlation with bTB-associated pathology 
(Parlane et al., 2014; Vordermeier et al., 2002; Bayissa 
et al., 2021). Despite of this work determined a lower 
mean IFN-g release in BCG vaccinated than control DIVA-
reactors, such differences were not significant (p>0.05) 
(Table 3). To clarify if such prognostic association can 
also be observed in the Chilean field conditions, a higher 
number of reactor animals and the inclusion of post-mortem 
analyses are needed. 

A major drawback to be addressed with BCG vaccination 
in cattle is the additional cost associated with the application 

of the DIVA test. Because of this, better cost-effective 
scenarios need to be explored, such as its application to 
confirm reactor animals to the traditional tuberculin skin 
test (Parlane & Buddle, 2015; Buddle et al., 2013; Jones 
et al., 2017). 

It was determined that the implementation of DIVA-
IGRA for the diagnosis of bTB was essential in BCG 
vaccinated dairy cattle, under a natural transmission 
setting in central Chile. In addition, this assay appeared 
useful in a context of high exposition of NTM, avoiding 
the interference that these mycobacteria could have with 
classical diagnosis based on bovine and avium PPD antigens. 
These results and the significant protection conferred by 
the vaccine (Retamal et al., 2022) suggest the need for 
a more committed effort of official veterinary services 
around the globe for the inclusion of BCG vaccine and 
DIVA diagnosis in bTB control programs, especially in 
those more prevalent areas.
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eggs obtained from groceries and markets in southern Chile 
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ABSTRACT. The aim of this study was to determine external and internal quality parameters of industrial (cages and cage-free) 
and family farms eggs that are normally available at groceries in developing countries such as Chile. Two experiments were performed 
to evaluate 1) quality differences between family farms and industrial eggs and 2) to determine quality differences between brown shell 
eggs from different industrial cage and cage-free systems. Experiment 1 consisted of five groups where three of them were industrial 
eggs: i) cage white shell eggs, ii) cage brown shell eggs, iii) brown shell cage-free eggs; and two of them were non-industrial: iv) family 
farm brown shell eggs and v) family farm blue shell eggs. Experiment 2 had four groups, all brown-shell types of eggs were used: i) 
cage brown eggs, ii) cage-free from aviary eggs, iii) southern free-range eggs and iv) central free-range eggs. In both Experiments, egg 
weight, egg length, egg width, egg shape index, Haugh units, albumen ratio, egg yolk, yolk weight and albumen weight, blood and meat 
spots were determined. In Experiment 1, brown and blue-shelled family farm eggs were equal in terms of external and internal quality, 
except for blood spots, with brown eggs having more incidence. In Experiment 2, free-range eggs presented more intense yolk colors 
compared to those from battery and cages. In both experiments, free-range eggs presented the darker yolk color. It can be concluded 
that brown and blue-shelled family farm eggs are equal in terms of external and internal quality, except for blood spots, with brown 
eggs having more incidence. In addition, free-range eggs from the southern part of the country presented better shell quality, whereas 
free-range eggs presented more intense yolk colors, while those of battery.

Keywords: egg quality, industrialized eggs, cage-free eggs, free-range eggs, farm eggs.

INTRODUCTION

Egg production systems in the world are developed 
under conventional (cages) or alternative (cage-free) systems 
with different housing systems, productive parameters, egg 
quality, animal welfare and hen’s health parameters (Wang 
et al., 2009; Sosnówka-Czajka et al., 2010; Rakonjac et al., 
2014). Furthermore, the alternative systems can be further 
classified as indoor (i.e., floor, aviary and furnished cages) 
and outdoor (free-range and organic). Both free-range and 
organic outdoor systems have daytime access to pasture 
and some different conditions may exist across world 
regions. For example, in the European Union (EU) these 
systems must provide hens daytime access to open-air runs 
covered by vegetation keeping a density of 2,500 hens/
hectare (or 1 hen/4 m2)(EC, 1999) whereas, in the United 
States, only outdoor access to pasture during the laying 
cycle is required (Ricke & Rothrock, 2020). 

Alternative systems have become increasingly popular 
among consumers as they prefer animal welfare-friendly 
systems which also led to the ban on conventional cages 
in the EU legislation (Chielo et al., 2016). Consequently, 
the alternative egg sector in the world has been growing 

rapidly in the last 30 years (Hammeishøj, 2011). In Europe, 
21.7% of layers are raised in free-range (16.4%) and organic 
(5.3%) systems, while in Australia 48% of eggs sold at the 
grocery are free-range (Ruhnke, 2015). It is estimated that 
globally, egg consumption will continue increasing due to 
a growing number of people who are adopting meat-free 
or vegetarian diets (Réhault-Godbert et al., 2019).

In Chile, 98.2% of the eggs sold at the market are 
produced in cages, while 1.2% are cage-free (Aguirre & 
Pizarro, 2018). Eggs sold at the supermarket are “industrial” 
since they are produced in cages and cage-free (aviary, 
floor, free-range and organic) systems. In most of those 
systems, hybrid hens (crossbred between breeds) have been 
selected for greater egg production and quality during the 
last 70 years (Thaxton et al., 2016). Thus, the egg industry 
is based on hybrids (commercial genetic lines) rather than 
pure breeds as the productivity of a pure breed is less 
efficient as compared to improved genetic lines (Besbes 
et al., 2007). In Chile, the most common genetic lines 
for industrial egg production are Hy-line and Lohmann 
which are reared in both cage and cage-free systems. In our 
country, there is a normative that regulates the egg labeling 
in many aspects such as the egg classification (Chilean 
normative 1372 Of. 78 (González, 2019)). Industrial eggs, 
most commonly sold at supermarkets, are classified the 
following categories: especial (> 68g), extra grande (61-
68g), grande (54-61g). 

Non-industrial eggs, such as farming eggs, belong to 
family farmers. They are defined as an organization for 
agricultural production that sustains the work of each family 
member, regardless of land possession, land surface and 
land destination (Elhawary et al., 2005). These systems 
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are using local or native breeds which are less efficient 
and productive (Rizzi & Marangon, 2012; Lordelo et al., 
2020). Normally, the eggs are for self-supply and sold 
at fairgrounds or small farmer markets. In general, these 
indigenous chickens are double purpose hens fed with 
pasture, kitchen leftovers, and mixed grains (Elhawary 
et al., 2005). Furthermore, in the specific case of Chile, 
indigenous hens have been introgressed with the oocyan 
gene from the Mapuche fowl which produces eggs with 
a blue/green shell color (Alcalde, 2015). 

Berkhoff et al. (2020) reported that brown and blue-shell 
farm eggs are more favorably evaluated and preferred over 
industrial eggs from free-range and cage-free systems, by 
30 untrained panelists in a sensory evaluation. The yolk 
color was the most important factor for the panelists when 
discriminating eggs from different production systems. 
Although, studies have reported how production systems 
affect egg quality (Stojanova et al., 2016; Gałązka-
Czarnecka et al., 2019), to the best of our knowledge 
the comparison in terms of internal and external quality 
traits from industrial, cage-free and family farm eggs 
have not been evaluated in developing countries where 
these productions are more available. Such information 
is important due to the incipient internal market for these 
eggs (Patterson et al., 2001) and the expected increases 
in production (Aguirre & Pizarro, 2018). 

Due to the aforementioned background, the main 
objective of this study was to determine external and 
internal quality parameters of industrial eggs (cage 
and cage-free) and family farms eggs that are normally 
available at groceries and fairs in developing countries 
such as Chile. To do that, two different experiments were 
carried out 1) to evaluate the quality differences between 
family- farms eggs and industrial eggs and 2) to elucidate 
quality differences between brown shell eggs from different 
industrial systems available at groceries. 

MATERIAL AND METHODS

The study was carried out at the Animal Nutrition 
Laboratory of the Animal Production Institute, Universidad 
Austral de Chile. Two experiments were carried out to 
evaluate external and internal quality of eggs purchased 
from different supermarkets, grocery stores, mini markets, 
and producers. Experiment 1 was carried out between May 
and June 2018 while Experiment 2 was performed from 
October to December 2018. 

EXPERIMENT 1: FAMILY-FARM VERSUS INDUSTRIAL EGGS 

In Experiment 1, a family-farm focused on poultry 
production was defined as “owner of poultry for personal 
consumption or local sale with less than 500 birds” (SAG, 
2016), thus they are considered non-industrial. 

Five different groups were established, three of them 
with industrial eggs: i) cage white shell eggs (cage white); 

ii) cage brown shell eggs (cage brown); iii) brown shell 
cage-free eggs (cage-free); and two of them with non-
industrial eggs: iv) family-farm brown shell eggs (farm 
brown); and v) family-farm blue shell eggs (farm blue). 
The industrial eggs were obtained from supermarkets (from 
the same brand and same expiration date) and farm brown 
and farm blue eggs from local farmer markets (produced in 
small-scale family farms). Collected farm brown and blue 
eggs were laid within a maximum period of 4 days and 
had no expiration date or brand. For each group, a dozen 
of eggs was purchased at five consecutive weeks, thus 60 
eggs per group were subjected to egg quality measurements. 

EXPERIMENT 2: BROWN SHELL EGGS FROM DIFFERENT 

INDUSTRIAL CAGE AND CAGE-FREE SYSTEMS

Four different groups were established, all brown-shell 
type of eggs were used: i) cage brown eggs (cage); ii) 
cage-free from aviary eggs (aviary); iii) southern free-
range eggs; and iv) central free-range eggs. Free-range 
eggs differed in their geographical location (central and 
southern regions of Chile) as climate conditions affect 
pasture characteristics and therefore may affect egg quality. 
For each group, a dozen of eggs was purchased at five 
consecutive weeks, thus 60 eggs per group were subjected 
to egg quality measurements. All eggs were obtained 
from supermarkets (from the same brand for each group 
and similar expiration dates for all groups). The eggs of 
each group were subjected to the same measurements of 
external and internal quality.

For experiments 1 and 2, the following measurements 
were performed to establish external and internal egg 
quality three hours after purchase.

EXTERNAL QUALITY

Egg weight (EW) was measured using an electronic 
balance (Q-DG2000, Quimis®, Sao Paulo, Brazil) (+0.05). 
Egg length (EL) and egg width (EWi) were measured 
using a digital electronic caliper, and egg shape index 
(ESI) was computed as: 

ESI = (EWi/EL) * 100

Eggshell weight (ESW) was determined by carefully 
separating the shell from internal membranes and oven-dried 
at 105°C for 24 hours. Afterward, eggshells were weighted, 
and the ESW/EW ratio was reported as a percentage. 

% shell = (ESW/EW) * 100 

INTERNAL QUALITY

After break, eggs were inspected for the incidence of 
blood and meat spots and those were counted. Albumen 
quality was assessed with Haugh units (HU) and the albumen 
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ratio (AR). First, thick albumen height (AH) was measured 
with an electronic caliper, and further divided by EW. The 
HU is a logarithmic result between the EW and the thick 
albumen height using the following formula: First, thick 
albumen height (AH) was measured with an electronic 
caliper, and further divided by EW (Eisen et al., 1962). 
The formula for calculating the Haugh unit is:

HU = 100 * log (h - 1.7w0.37 + 7.6) 

Where: 

HU = Haugh unit
h = observed height of the albumen in millimeters
w = weight of egg in grams

Egg yolk (EY) quality color was measured using the 
DSM YolkFanTM, which is an industrial color scale varying 
from 1 (pale yellow) to 16 (dark orange) (DSM, 2021). 
The yolk was carefully separated from the albumen and 
weighted determining yolk weight (YW) and albumen 
weight (AW). Yolk height (YH) was determined using an 
electronic caliper and yolk ratio (YR, %) was calculated 
as YW/EW, whereas albumen ratio (AR, %) as AW/EW. 

STATISTICAL DESIGN AND STATISTICAL ANALYSIS

Two different completely randomized block designs, 
with five (experiment 1) and four (experiment 2) groups 
were performed. Five dozen of eggs were analyzed for 
each group, considering the dozen as the experimental 
unit, and the egg was considered as the observational unit. 
Each dozen was analyzed on different sessions.

The data of the quality parameters obtained from the 
eggs were analyzed with the mixed procedure of SAS 

(version 9.4; SAS Inst. Inc., Cary, NC), considering the 
fixed effect of the type of egg and the random effect of 
dozen and place where eggs were obtained. Statistically 
significant differences (P ≤ 0.05) between least square means 
were tested using the PDIFF command, incorporating the 
Tukey test for pairwise comparison of group means. The 
statistical model used was: Yij = µ + τi + βj + εij. Where: 
µ = mean, τi = effect of group I, βj = block effect j, and 
εij = experimental error.

For the incidence of blood and meat spots, data were 
analyzed as binary and discrete dependent variables, where 
0 represented the absence and 1 the presence of blood and 
meat spots, and results were expressed as logit values. Data 
were analyzed with the GENMOD procedure of SAS with 
the DIST = BIN and LINK = LOGIT defining a binomial 
distribution and a logit model: 

ni = log[pi/(1-pi)] = m + τi, where p corresponds to 
the probability of success, m is the overall mean of 
the proportion on the logarithmic scale and τi the 
effect of group i

RESULTS

EXPERIMENT 1

The external and internal quality results of experiment 
1 are shown in Table 1. The EW was heavier in the cage 
brown, cage-free, farm brown and farm blue compared 
with the cage white. Egg length of farm blue and farm 
brown eggs was longer than the cage-free, cage white and 
cage brown. However, the cage brown and cage-free eggs 
were significantly wider than the cage white (P = 0.046) 
and showed no differences with the farm blue and farm 
brown eggs. Regarding to ESI and shell percentages, they 

Table 1. External and internal egg quality parameters from industrial white and brown shelled cage eggs, free range eggs versus blue 
and brown shell farm eggs with sixty eggs per group.

Cage white Cage brown Cage- free Farm brown Farm blue P-value SEM

Egg weight, g 57.5b 60.9a 61.7a 63.0a 62.1a 0.018 1.09

Egg length, cm 55.8b 56.9b 56.5b 59.1a 58.2a <0.001 0.43

Egg width, cm 42.8b 43.7a 44.2a 43.6ab 43.7ab 0.046 0.31

Shape index 76.8ª 76.9a 78.3a 73.8b 75.2b <0.001 0.54

% Shell 9.0ª 9.8a 9.9a 8.8b 8.55b <0.001 0.15

Haugh units 87.1a 80.3bc 75.5c 85.0ab 81.9ab 0.013 2.34

Albumen ratio 9.90a 8.26ab 7.06b 9.7a 8.94a 0.017 0.60

Yolk color 7.8c 8.4c 12.8a 10.6b 11.0b <0.001 0.51

Yolk ratio 46.1 44.8 45.6 46.7 46.9 0.737 1.24

Blood spots 26.4(0/50)b 1.87(8/59)a 1.54(10/58)a 1.01(16/60)a 2.90(3/59)a <0.001 0.59

Meat spots 4.08(1/50)b 1.29(13/59)a 0.86(29/58)a 0.48(23/60)a 1.24(13/59)a <0.001 0.31

a, b, c Different letters indicate significant differences (P < 0.05); SEM = standard error of the mean. ( ) Numbers in brackets indicate the number of eggs 
with spouts from the total evaluated.
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were lower for farm blue and farm brown when compared 
with cage white, cage brown and cage-free eggs.

Haugh units were greater for cage white eggs compared 
with cage-free and cage brown eggs (P = 0.013). This 
agrees with the results of the albumen ratio, where cage 
white along with farm blue and farm brown eggs also had a 
greater ratio compared with the cage-free eggs (P = 0.017). 
The YC differed among types of egg (P <0.001), where 
cage-free were more intense (redder) than those from the 
farm (blue and brown), and the YC of the farm eggs was 
more intense than the cage brown and white (more yellow) 
eggs. The YI was not affected by groups. No differences 
were found among groups in the yolk ratio (P > 0.05). 

The appearance of meat and blood spots was lower in 
cage white eggs compared with all other eggs.

EXPERIMENT 2

The external and internal quality of brown eggs from 
different industrial systems are shown in Table 2. There 
were no differences among groups (P > 0.05) for EW, EL, 
EWi, ESI and % eggshell. 

Results of internal quality are shown in Table 2. There 
was no difference in the YR among groups (P > 0.05). 
For HU and AR, aviary eggs showed the lowest values 
compared with eggs from free-range cage systems (P < 
0.001). The YC was greater in eggs from both free-range 
systems, followed by aviary eggs and, cage eggs showing 
the lowest values (P < 0.001). The appearance of blood 
spots was not affected by housing system (P = 0.113). 
Meat spots were higher in aviary and southern free-range 
eggs compared to cage and central free-range (P < 0.001).

DISCUSSION

White-shelled eggs in experiment 1 had the lowest 
weight, which agrees with Curtis et al. (1985). Brown hens 
are larger than white hens, therefore they lay heavier eggs 
(Odabasi et al., 2007). Egg weight is related to hen’s age 
and laying week, as the age of the hen flock increases, the 
weight of the eggs also increases (Fletcher et al., 1981). 
This explains the fact that white-shelled eggs from cage 
systems were lighter. Eggs from birds of greater live weight 
have a longer length and width, which allows us to support 
that there is a close relationship between the size of the 
bird and the dimensions of the laid eggs (Idahor, 2017). 
In Experiment 1, the greater weight and dimensions of 
family farm eggs may be explained since family farm egg 
systems in general cull their hens at irregular times, so, 
their flocks are age-mixed (Asencio, 2023). 

In experiment 2, no differences were detected 
between egg weights under different production systems 
and the reason for this might be, in agreement with the 
aforementioned authors, that all the eggs used were brown 
in color and uniform in size and they all fall into the large 
classification (between 54 and 61 g), as proposed by the 
National Institute of Standardization (Chilean normative 
1372 Of. 78 (González, 2019)). Also, no differences 
between egg length and width were detected under the 
different production systems, which may be because 
all the eggs used in this experiment came from specific 
genetics lines, so it is inferred that they are similar in live 
weight, laying week and therefore in the size of their eggs 
(Kingori, 2011; Idahor, 2017). 

Although the shape index increases with the hen’s 
age, the results found in Experiment 1 showed that family 
farm eggs have a more elongated shape, while eggs from 
intensive systems are rounder. As mentioned before, 

Table 2. External and internal egg quality parameters from brown shelled eggs from different housing origins using sixty eggs per group.

Cage Cage-free Southern 
free-range

Central 
free-range P-Value SEM

Egg weight, g 59.9 61.0 59.7 61.5 0.664 1.23

Egg length, cm 56.7 56.8 55.8 57.2 0.473 0.62

Egg width, cm 43.6 44.0 43.5 43.9 0.454 0.28

Shape index, % 76.9 77.6 78.0 76.8 0.452 0.56

Shell percentage, % 10.0 10.1 10.2 10.3 0.823 0.19

Haugh units 78.9a 66.4b 82.3a 79.8a <0.001 3.48

Albumen ratio 7.8a 5.30b 8.6a 8.19a <0.001 0.61

Yolk color 9.9c 11.3b 14.0a 14.1a <0.001 0.45

Yolk ratio 41.8 41.4 42.9 41.8 0.398 1.00

Blood spots -1.07(15/59) -1.26(13/59) -1.79(7/49) -2.2(5/52) 0.113 0.470

Meat spots -1.08(15/59)b -0.24(26/59)a 0.20(27/49)a -1.70(8/52)b <0.001 0.29

a, b Different letters indicate significant differences (P < 0.05); SEM = standard error of the mean. Numbers in brackets indicate the number of eggs 
with spouts from the total evaluated.
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family farm hens have a higher average age than those 
from intensive systems, so it should be expected that their 
eggs have a higher morphological index (Lordelo et al., 
2020). However, results from Experiment 1 agree with 
Rodríguez-Navarro et al., (2013) who indicated that the 
age of the hens has a significant influence on the shape 
index of the eggs, as flocks of 77-week-old produced more 
elongated eggs as compared to 21 to 44 weeks when the 
egg was more rounded. This could be explained by the 
fact that, at the beginning of the laying period, eggs have 
a round shape that gradually tends to lengthen which is 
due to a weakening of the muscle tone of the calcareous 
gland in older hens (Travel et al., 2010)

A strong eggshell is fundamental for consumers due 
to the egg’s ability to resist shock (Rehault-Godbert et al., 
2019). Eggshell quality is influenced by genetics, nutrition, 
environment and the flock age (Samiullah et al., 2017) 
as well as the sanitary condition (presence of infectious 
bronchitis virus, Influenza, and mycotoxins (Roberts 
et al., 2011). As the hen gets older, egg size and weight 
increase, and the eggshell does not increase in the same 
proportion, so it is highly expected that the percentage 
of eggshell over the egg weight decreases with age and 
laying week. The lower eggshell percentages in family 
farm eggs (either blue or brown) observed in Experiment 
1 may be explained due to a calcium deficiency in the 
diet, as calcium is the most important nutritional factor 
for shell formation and must be supplied in the diet (Nys 
& Le Roy, 2018). Commercial layers are given a strictly 
formulated and balanced diet so that each nutrient, including 
calcium, is delivered as required, this may explain why 
eggs from intensive systems had a higher percentage of 
the shell. On the other hand, in the family farm system, 
birds are fed with a diet whose nutritional profile is often 
unknown, and where the main source of calcium is oyster 
shell, which is delivered ad libitum (Asencio, 2023). A 
study conducted with family farm hens pointed out that, 
in this system, hens receive a diet based on grains with 
limitations of calcium and phosphorus, for the same reason 
that there is a greater probability in these hens of having 
an unbalanced diet that originates eggs with a fragile shell 
(Juárez et al., 2010). It was determined that the greater 
the value of the morphological index, the greater force is 
required to break the eggs, so the resistance to fracture is 
highly dependent on the morphological index (Altuntas 
& Sekeroglu, 2008).

The eggshell percentage and its proportion related to 
the EW showed no differences among groups and all eggs 
were within the expected reference values for good quality, 
which indicates that the shell should be about 10% of the 
egg weight (Roberts, 2004). Layers’ diets are balanced 
so the calcium administered is what they need to achieve 
nonfragile, good quality eggshells, which contributes to 
commercialization. 

Cage white industrial eggs together with family farm 
eggs (either blue or brown shell) were superior to industrial 

cage brown and industrial cage-free eggs, whereas, in 
experiment 2, differences were found between cage eggs 
and southern and central free-range eggs which obtained 
a greater value for HU. The albumen ratio followed the 
same differences in experiment 2 and a little difference was 
observed for Experiment 1 where family farm eggs, and 
industrial white eggs were superior to industrial free-range 
eggs. In experiment 2, the aviary (non-cage) eggs obtained 
the smallest height and the largest diameter. Other factors 
influence albumen quality such as age, genetic line and 
storage conditions, and hen’s nutrition (Scott & Silversides, 
2000; Huang et al., 2012; Chang-Ho et al., 2014; Ramírez 
et al., 2016). As the hen gets older, the albumen quality 
decreases and days between oviposition and consumption 
or quality evaluation influence this quality parameters 
(Padhi et al., 2013). In both experiments we had no access 
to flock age records, however, the three industrial systems 
had the same oviposition-evaluation days that were longer 
concerning family farms eggs (Roberts, 2004; Chang-Ho 
et al., 2014). Also, it is known that older birds produce 
thinner eggshells and therefore may lose more CO2 which 
causes an increase in the pH of the albumen (Alleoni & 
Antúnez, 2005). Since family farm eggs had less eggshell 
percentage, it is believed that greater UH was due to the 
days between oviposition and egg quality evaluation. The 
increase in pH in the albumen implies a degradation of the 
union of the ovomucin and lysozyme proteins, which makes 
the albumen more and more fluid. In this regard, the pH of 
the albumen of a freshly laid egg is between 7.6 and 8.5, 
which can increase to 9.7 after a storage time due to the 
loss of CO2 through the pores (Coutts & Graham, 2007). 

Also, a genetic effect on albumen quality was reported 
by Silversides & Scott (2000) who compared a white and 
brown genetic line, and found a higher albumen height, 
and therefore a higher UH value in the eggs from white 
lines. A third factor affecting the albumen quality is 
storage conditions such as duration and temperature, since 
an increase in storage temperature led to a significant 
decrease in HU (Chung & Lee, 2014). Moreover, as egg 
conservation time increases, the HU and albumen index 
decrease (Ramírez et al., 2016). The hen’s nutritional status 
also affects albumen pH, as it implies a degradation of the 
union of the ovomucin and lysozyme proteins, which makes 
the albumen more fluid (Huang et al., 2012). 

Yolk color is one of the most important parameters of 
egg preference (Skrivan et al., 2015; Berkhoff et al., 2020). 
The results of experiment 1 showed that free-range eggs 
obtained the highest value for color (the darkest) when 
compared to family farm eggs and these were darker than 
white cage and brown cage eggs. Moreover, free-range eggs 
in Experiment 2 showed the greatest value for yolk color 
as compared to aviary and cage eggs. These results are 
consistent with Van den Brand et al., (2004) who reported 
that yolk’s color was considerably darker in free-range eggs 
rather than in cage eggs, since eggs produced under laying 
hen grazing systems may increase yolk redness (Skrivan 
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et al., 2015). Variations in the yolk color are mainly due to 
the sources of pigmentation (natural or synthetic) (Titcomb 
et al., 2019). For example, Bovšková et al. (2014) observed 
a particularly high content of carotenoids in the eggs 
of hens raised at home, which is similar to family farm 
eggs, corroborating what was determined in this study. In 
the case of pasture systems, yolk egg redness from free-
range hens is increased by natural pigment sources such 
as carotenoids (lutein, beta-carotene, zeaxanthin, among 
others) compared to a concentrate diet based on corn and 
soybean meal (Mugnai et al., 2014). Among cereals, corn 
is the only one with a considerable content of beta-carotene 
(Çalişlar, 2019), which is one of the best sources of energy 
for poultry producers due to its high metabolizable energy, 
palatability and digestibility (Rostagno et al., 2017). 

Hens in an industrial cage and cage-free systems have 
corn as the basis of their diet, thus, it can be inferred that 
this cereal by itself does not generate such pigmented 
yolks (Seemann, 2000). For the yolk index, no differences 
between groups were observed in experiments 1 and 2. 
However, Khan et al. (2013) found that the yolk index 
values showed a significant decrease with increasing egg 
storage period. Opposite to albumen ratio, the decrease in 
yolk index occurs slower, showing changes in three weeks 
after the eggs were kept at 25°C (Romanoff & Romanoff, 
1949; Elhawary et al., 2005; Khan et al., 2013). The fact 
that no differences were found in experiments 1 and 2 may 
be because all eggs were purchased within less than three 
weeks between oviposition and evaluation. 

Meat spot incidence was greater than blood spots for 
all types of eggs, which coincides with Stadelman et al. 
(1952), who found that the percentage of meat spots was 
four times greater than that of blood spots. There was also 
an increased incidence of both kinds of spots as the hen 
gets older (Bustany & Elwinger, 1987; Ahmadi & Rahimi, 
2011). These could be a valid explanation for family farm 
eggs, given that there is a great probability that the diet did 
not meet the nutritional requirements. However, according 
to the results of experiment 1, blood spots were greater in 
industrial cage-free, cage brown and family farm brown 
eggs with respect to industrial cage white and family 
farm blue eggs. In this regard, hen genetics has been 
shown to affect the presence of spots (Ahmadi & Rahimi, 
2011). In addition, Jeffrey (1950) found that spots were 
very common in brown eggs of heavy breeds, much less 
common in lighter eggs, such as blue shell eggs, and rare 
in white eggs, which is in agreement with our study where 
white eggs showed a lower incidence of spots (Bustany 
& Elwinger, 1987). The aforementioned support results 
of experiment 1. In experiment 2, there were differences 
between the incidences of meat spots under the different 
systems, being higher in aviary and free-range eggs from 
the southern, and lower in eggs obtained under cages and 
central free-range system, while the blood spots were 
largely found in the cage eggs, then in aviary, and to a 
lesser extent in both the free-range systems. 

Some aspects of this study need to be considered 
when interpreting and extrapolating our data. Although 
data obtained and discussed in the present study shows 
differences somehow attributed to the different retail points 
(i.e., supermarkets, grocery stores, and mini markets) 
where samples were obtained, further information will 
be needed to complement our findings. In this regard, 
data on age and hen’s genetic line as well as ingredients 
and chemical composition of animal’s diets, egg storing 
conditions and egg packing should be further analyzed. In 
this study, those details were not available as our approach 
was a retail survey. 

In addition, further studies should increase the number 
of companies sampled as well as increase sampling time to 
reflect if there is a seasonal effect. Previous studies have 
done similar approaches sampling only 2 local groceries 
with 2 sampling times allowing us to reach far conclusions 
on the physical quality and composition of retail shell eggs 
(Jones et al., 2010). In a more recent study, Hisasaga et al. 
(2020) performed a survey of egg quality in commercially 
available table eggs evaluating 5 brands of brown eggs 
with 2 sampling periods spanning 7 months. Compared 
to the aforementioned studies, ours has more complexity 
as eggs were surveyed not only from industrial origin but 
also from informal markets where specific egg data is 
not available or even recorded by retailers. This should 
be taken into consideration and future efforts in Chile 
could focus on specific markets and retail types to obtain 
more data that could help to improve interpretation from 
laboratory analysis.

CONCLUSIONS

Brown and blue-shelled family farm eggs are equal 
in terms of external and internal quality, except for blood 
spots, with brown eggs having more incidence. Family 
farm eggs are different from those produced in cage and 
cage-free systems. However, it cannot be said that they 
are of higher quality, in general terms the main advantage 
of field eggs is that they are consumed fresh, with their 
quality attributes still intact. The family farm eggs were 
larger and wider, had fewer shells in relation to the total 
weight and had a yolk color of intermediate intensity 
between the intensive traditional systems. The factor that 
may have the greatest impact on the quality of these eggs 
is the less time spent during storage. 

It can be concluded that free-range eggs from the 
southern part of our country presented better shell quality. 
The free-range eggs, regardless of the regional zone where 
they are produced, presented more intense yolk colors.

Results from this study could be used as an example of 
what could be found in terms of internal and external quality 
traits from eggs produced in developing countries where 
several systems are available but not much information is 
available for consumers.
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Effects of the inclusion of brown seaweed (Macrocystis pyrifera)  
additive in the diet of grass-fed steers on carcass performance,  

meat quality, and nutrient composition
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ABSTRACT. The objective of this study was to evaluate the inclusion of a brown seaweed additive (SWA; Macrocystis pyrifera) 
in the diet of grass-fed steers on carcass performance, beef quality, and nutrient composition. A total of 20 Holstein-Friesian steers 
were randomly distributed into two groups: Control group (a basal diet without supplementation of SWA) and SWA group (2%-SWA) 
with basal diet + 30 g/day/animal of SWA during the breeding phase (11 months) and 48 g/day/animal of SWA during the fattening 
phase (4 months). Steers fed with 2%-SWA were not different (P>0.05) in final body weight, carcass weight, carcass dressing, fat 
thickness, ribeye area, and marbling score than those from the Control group. Likewise, no effects of 2%-SWA supplementation were 
detected (P>0.05) for beef quality traits, glycolytic potential, or their metabolites (muscular glycogen, glycose+glucose-6-phosphate, 
and lactate), evaluated in longissimus lumborum (LL) samples. Sensory evaluation showed a slight preference for Control group samples 
rather than those from the 2%-SWA group (58.93% and 41.07%; P=0.06). Regarding, proximal composition, the inclusion of SWA 
only affected the total lipids present in the LL samples, which decreased significantly (P=0.01) in LL samples of grass-fed steers fed 
with 2%-SWA. The composition of macro (Ca, Na, Mg, P, and K) and micro (Mn, Fe, Cu, and Zn) minerals in LL samples were not 
affected (P>0.05) by the inclusion of SWA in the diet. The inclusion of the additive based on brown seaweed had not a detrimental 
effect on carcass performance, beef quality, and mineral content, however, it reduced the total lipids content in the LL muscle.

Keywords: seaweed, carcass, lipids, proximal composition, mineral, beef.

INTRODUCTION

Beef is known as one of the main sources of protein 
with high biological value, bioavailable minerals (Fe, 
Zn, and P), vitamins of the B-complex (B1, B2, B3, B6, 
and B12), and other nutritional components like vitamins 
D, E, and β-carotenes (Williams, 2007; Klurfeld, 2018). 
Besides, it is considered that meat has been related to the 
evolution of humanity due to its important impact on human 
cognitive, morphophysiological, and social development 
(Psouni et al., 2012). 

At present, beef consumption in Chile is estimated 
around 24 kg/year per capita, foreseeing a slight upward 
trend in the next 10 years (OECD-FAO, 2019). In addition, 
in the last decades, there is an increasing preference for 
natural, organic, and antibiotic-free meat (Karmaus & Jones, 
2021), creating a growing interest in the study of natural 
supplements in animal nutrition. Also, beef industries are 
facing constantly challenges, such as an enhanced request 
for certification on animal welfare (Rossi et al., 2020), 
environmental emissions, and climate change (Halmemies 
et al., 2018). These demands require animal productions 

to be more sustainable, in conjunction with the use of 
innovative resources (Halmemies et al., 2018; Rossi et al., 
2020; Raja et al., 2022). In this context, marine algae 
could be able to become an economical and competitive 
option for animal production worldwide (Raja et al., 2022; 
Madeira et al., 2017) due to their nutritional value, and 
content of bioactive compounds which could contribute 
to enhance production and health in animals (Halmemies 
et al., 2018). Also, some seaweed species have shown the 
potential to mitigate ruminal methane production in vitro 
(Maia et al., 2016).

Nutrition is one of the main factors that greatly influence 
growth and carcass performance (Guerrero et al., 2013; 
Mwangi et al., 2019), but it also produces important 
changes in the nutrient composition of meat, such as fatty 
acid composition, and mineral content (Rotta et al., 2009).

Algae are autotrophic organisms with a simple structure, 
little or no cell differentiation and complex tissues, being 
considered talophytes. By taxonomy, they are classified 
into three groups: Chlorophyta or chlorophytes, Phaeophyta 
or pheophytes, and Rhodophyta or rhodophytes, which 
correspond to green algae, brown algae, and red algae, 
respectively (Quitral et al., 2012). 

Among the huge variety of marine algae, brown seaweed 
is widely found in large populations in North America (from 
Alaska to Baja California) and South America (from Perú 
to Tierra del Fuego), including the extensive Chilean coast 
(Baca et al., 2008). Its large size and easily harvesting 
have allowed this type of algae to be studied and used in 
animal feeding (Makkar et al., 2016). Within this group 
of algae, the best known in south America is Macrocystis 
pyrifera (popularly known as “huiro”), Lessonia nigrescens 
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(“huiro negro”), and Durvillaea antarctica (“cochayuyo”) 
(Quitral et al., 2012).

Brown seaweeds have a protein content of 5 to 15%, 
but very high levels of minerals, fatty acids, carbohydrates, 
and essential amino acids (Raja et al., 2022; MacArtain 
et al., 2007; Baca et al., 2008; Makkar et al., 2016). 
Particularly, Macrocystis pyrifera contains from 8.7 to 
10.7% of crude protein, while the concentration of ashes 
ranged between 33.5 and 36.6% (Baca et al., 2008). 
They are an excellent source of vitamins A, B1, B2, B3, 
B5, B12, C, D, E, and folic acid (Makkar et al., 2016; 
Quitral et al., 2012; Ortiz et al., 2008). In addition, no 
anti-nutrients have been found in its composition (Casas 
et al., 2005). In this context, brown seaweed could be 
considered a natural source of nutrients and bioactive 
compounds with great biological activity with potential 
benefits for animal health and growth, also as a choice 
to produce functional foods (Quitral et al., 2012).

Extensive reviews about the inclusion of seaweeds 
in monogastric production have been published (Corino 
et al., 2019; Angell et al., 2016; Øverland et al., 2019). 
However, fewer studies have investigated the effects of 
dietary seaweed on beef carcass traits, and its nutrient 
composition. The magnitude of the associate response to 
the inclusion of seaweed in the animals’ diet on growth 
performance, carcass traits, quality and nutrient composition 
of meat depends on the type of seaweed used, the bioactive 
components present in the extract, and the proportion 
and frequency used in the diet (Makkar et al., 2016). The 
objective of this study was to assess the inclusion of a 
seaweed additive (Macrocystis pyrifera) supplied during 
the backgrounding and fattening phases of grass-fed beef 
cattle on its productive performance, carcass parameters, 
beef quality, and nutrient composition. 

MATERIALS AND METHODS

ANIMALS AND SAMPLING

A total of 20 Holstein-Friesian calves, after weaning 
were reared, at then finished at the Agricultural Austral 
Research Station of the Universidad Austral de Chile. 
The calves, prior to the start of the trial, were managed 
in artificial rearing receiving milk replacer (4 L/day), 
initial concentrate (increasingly until reaching 2 kg/
day), and alfalfa cubes, up to 200 g daily. The control 
and treatment groups were weaned averaging 79.6 and 
77.8 days, weighing 98.0 kg and 99.4 kg, respectively. 
The backgrounding period lasted 11 months and the 
fattening period 4 months. Animals were fed mainly with 
permanent pasture (Lolium perenne L. dominated sward 
(55% L. perenne, 33% Bromus valdivianus Phil., 5% 
Trifolium repens L. and 7% of other species) offered based 
on 3% body weight measured at ground level. Animals 
were also supplemented with a commercial concentrate 
(49.3 maize, 11.5 soybean meal, 30.0 beet pulp, 4.6 beet 

molasses), 4.5 of mineral mix and silage (approximately 
17 kg/animal when needed) offered. The expected dry 
matter intake was 2.5% of body weight during the entire 
experiment. The pasture was managed on a rotational 
grazing with a resting period between 10 to 15 days. The 
concentrate and the silage were offered in feeding pens 
at 08:00 h and 15:00 h. Water was permanently offered 
ad libitum in the paddocks and enclosure pens. Samples 
of pasture, concentrate and SWA were collected on each 
period. All samples were immediately frozen at -20 °C 
and then freeze-dried for chemical analysis. Before 
chemical analysis, the samples were ground through 
a 1 mm screen (Willey Mill, 158 Arthur H, Thomas, 
Philadelphia, PA). The bromatological results of the 
analysis of forages, commercial concentrate, and SWA 
are described in Table 1. 

Animals were assigned to one of the following 
treatments: Control group: basal diet with 0% of SWA; 
and 2%-SWA group: basal diet + 30 g/day/animal of SWA 
during the growing phase and 48 g/day/animal of SWA 
during the fattening phase. The levels of SWA used were 
determined in preliminary experiments. The additive was 
added to the concentrate and mixed manually and offered 
to animals in individual feeders. The SWA was fabricated 
by I+D Patagonia Biotecnología S.A., as an impalpable 
hydrolyzed seaweed powder produced by spray drying of 
Macrocystis pyrifera, that maintains its chemical-physical 
characteristics and bioactive compounds. Animals were 
sent to harvest when they reached between 16 to 18 
months of age. 

Table 1. Chemical composition of the experimental diet: forage, 
commercial concentrate, and seaweed additive (SWA).

Parameter Forage Commercial 
concentrate SWA 

DM, % 30.76 85.9 92.67

TA, % 7.15 5.81 25.60

CP, % 16.50 17.25 8.87

ADF, % 27.61 8.77 11.78

EE, % 0.29 3.41 0.29

CF, % - 6.46 2.87

NDF, % 52.93 29.88 7.06

NFE, % 6.92 52.97 43.93

DV, % 73.31 77.83 70.91

ME, Mcal/kg DM 2.62 2.81 2.58

DM: Dry matter, TA: Total Ash, CP: Crude protein, ADF: Acid-detergent 
fiber Ether extract, and EE: Ether extract were determined by AOAC 
(1996). CF: Crude fiber determined by AOAC (1984). NDF: Neutral-de-
tergent fiber obtained according to Van Soest et al. (1991). NFE: Nitrogen 
free extract. % NFE = 100 % – (% moisture + % EE + % CP + % TA 
+ % CF). DV: Digestibility value according to Tilley & Terry (1963). 
ME: Metabolizable energy determined by Goering & Van Soest (1970).
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CATTLE HARVESTING, CARCASS EVALUATION, AND 

SAMPLING

Steers were transported to a slaughterhouse plant 
facility located 15 km away from the farm and slaughtered 
after 12 h of lairage. Harvesting, dressing procedures, 
and postmortem inspection followed the standards of the 
Chilean regulation (INN, 1993). Final body (BW) and hot 
carcass weights were recorded to estimate carcass dressing 
yield. Ribeye area, fat thickness at the 10th rib, and degree 
of marbling were evaluated according to the procedure 
stipulated by the USDA (2017). Carcasses were chilled 
for 24 h postmortem at 2 °C. 

A core of longissimus lumborum (LL) samples from 
each carcass was taken at 24 h postmortem, immediately 
frozen in liquid nitrogen (-196 °C) and stored at -80 °C 
for muscular glycogen content (MGC), glucose+glucose-6 
phosphate (G+G6P), and lactate concentration (LC) 
determination. After 48 h postmortem, the entire portion 
of the LL muscle was removed from each left side of the 
carcass, and samples of 2.5 cm thickness were obtained. 
Two samples were used immediately for pH and color 
evaluation, and four samples of each loin were individually 
packaged and frozen at -20 ºC during 30 days for the rest 
of the analysis.

MEAT QUALITY AND POSTMORTEM GLYCOLYTIC 

METABOLITES

A portable pH meter with a puncture electrode (Hanna, 
model HI 99163, Jud Cluj, Rumania) was previously 
calibrated with buffer pH 4 and 7 was used for pH 
measurement. A Hunter Lab Mini Scan XE Plus (Hunter 
Associates, Reston, VA, USA) was used with a 2.5-cm 
open port, Illuminant D65 and 10◦ standard observers to 
objectively evaluate color. Three readings were obtained 
from the muscle surface, and the mean was calculated. 
Readings were obtained after exposing the muscles to air 
for 30 min (bloom). The color scale used was Hunter L, 
a, b. The L value represents lightness; the a and b values 
represent redness, and yellowness, respectively. 

The Warner-Bratzler Shear Force (WBSF) was estimated 
on samples cooked in a convection oven (Albin Trotter 
model E-EMB Digital) until reaching a final internal 
temperature of 70 °C following the guidelines of the 
American Meat Science Association (AMSA, 2016). The 
temperature was monitored using an oven thermometer 
ranged (-10 +110 °C; +/- 1°C) inserted into the geometric 
center of each steak. The cooked steaks were chilled for 2 
h at 4 °C, and then eight cores (1.27 cm in diameter) were 
removed parallel to the muscle fiber orientation. Cores were 
sheared once each on the Warner- Bratzler Meat Shear 
apparatus (GR Manufacturing Co., Manhattan, KS, USA) 
to get WBSF values. The water holding capacity (WHC) 
was determined as cooking loss, which was determined 
by weight, expressed as a percentage compared to the 

original weight of the sample. A taste preference test was 
performed in two sessions (56 panelists). Two steaks of 
each treatment were used in each session. The tests were 
carried out in individual evaluation cabinets illuminated 
with red light. Each panelist, in each session, tasted two 
samples (one from each treatment) at random, and they 
were asked to select the best preference.

The MGC, G+G6P, and LC were determined as 
described in Apaoblaza et al. (2015). Briefly, muscle 
samples were homogenized in ice-cold phosphate buffer 
(pH 7). Ten µL of homogenate were hydrolyzed in 200 
mL of 0.1M HCl at 100 °C for 2 h, after which pH will 
be adjusted to 6.5-7.5 and glucose determined via NADP 
reduction with a linked assay involving hexokinase and 
glucose-6-phosphate dehydrogenase (Glucose HK 16-50 
Sigma). The LC was determined from the homogenate 
via NAD reduction with a linked assay involving lactate 
dehydrogenase and glutamate pyruvate transaminase 
(Boehringer Mannheim). Glycolytic potential (GPOT) 
was calculated with the following formula GPOT = (LC) 
+ 2([MGC] + [G+G6P]) and was expressed as millimoles 
of lactate per kilogram of muscle (Monin & Sellier, 1985). 

NUTRIENT COMPOSITION OF BEEF

Moisture, protein, and lipid content of meat samples 
were determined according to the AOAC (1990). Duplicates 
of 10 g of ground meat were calcined in a furnace at 550 
°C for 6 h. After cooling, the residue (white ash) was 
subjected to an acid digestion process with 10 mL of a 
20% v/v hydrochloric acid solution by heating on a hot 
plate for 10 min. Mineral analyses were conducted by 
atomic absorption and/or atomic emission (AOAC, 1990), 
following the analytical methods described by Perkin-
Elmer (1994). Values were expressed as g/100 g or mg/g 
of dry matter (DM).

STATISTICAL ANALYSIS 

The experimental design was a completely randomized 
design. A one-way ANOVA was performed using a mixed 
model with SWA treatment as the main factor and animal as 
the random effect. The value P≤0.05 was used to declare the 
significant difference between the average scores. Tukey’s 
multiple comparison test was used for the comparison of 
means. The Bonferroni correction was also performed to 
adjust the probability of P values. χ2 test was used for 
sensory preference data. Analysis was performed using 
the R Program (R Core Team, 2021).

RESULTS

CARCASS PERFORMANCE.

Both groups had similar BW (P=0.69) at the beginning 
of the study with 463.9 kg and 470.6 kg for treatment and 
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control groups, respectively. Table 2 shows mean values 
for carcass traits. Carcass traits evaluated in this study 
were not affected (P>0.05) by the inclusion of 2%-SWA 
in the diet of steers. Most of the carcasses were described 
as practically devoid of marbling (scale 1; USDA, 2017), 
and all carcasses exhibited a similar fat thickness (P>0.05) 
and finish score or subcutaneous fat cover (1= Slight) 
according to INN (1993) and similar.

MEAT QUALITY TRAITS AND POSTMORTEM GLYCOLYTIC 

POTENTIAL AND THEIR METABOLITES 

Table 3 shows the mean values for meat quality traits. 
There is no significant effect (P>0.05) of the inclusion of 
2%-SWA in the diet of steers on muscular pH, cooking 
loss, and WBSF. Instrumental colour was determined in 
its three dimensions (a, b, and L values) and no significant 
differences were detected for any of them (P>0.05) when 
comparing both groups under study. The ANOVA detected 
the non-significant (P>0.05) effect of the inclusion of SWA 
on MGC, G+G6P, and LC and GPOT (Table 4) evaluated 
at 24 h postmortem. 

Regarding sensory evaluation, in session 1, 18 panelists 
preferred samples from the control group equivalent to 64%. 
In session 2, it was counted 15 preferences for the control 
group (equivalent to 53%). Together, this represents 58.93% 

of taste preference for Control samples compared to 41.07% 
of preference for 2%-SWA group. Although there was no 
statistically significant difference in the preferences of the 
panelists, a tendency (P=0.06) to prefer the samples of the 
Control group compared to those of the SWA group was 
observed. In both sessions, the panelists considered that all 
samples had a normal taste, without the presence of a strange 
or unpleasant flavor. Some panelists even highlighted the 
juiciness and tenderness of the samples in their observations.

NUTRIENT COMPOSITION OF MEAT

Table 5 shows the mean and standard error of the 
mean of the proximal composition and mineral content 
of LL, according to the treatment groups. Proteins and 
total ash were not affected by the SWA additive (P>0.05). 
However, there was an effect (P<0.05) of the inclusion of 
2% of SWA on the total lipid content in the bovine LL. 
Samples from animals that were fed with 2% SWA had 
a lower (P=0.01; Table 5) amount of total lipids (5.24 
g/100 g dry matter) than those from the Control group 
(6.65 g/100 g dry matter). 

The inclusion of SWA in the diet of fattening steers 
did not affect (P>0.05) the content of the macro (Ca, Na, 
Mg, P, and K) and micro minerals (Mn, Fe, Cu, and Zn) 
evaluated in this study. Steers that were fed with 2% of 
SWA exhibited less numerical values of Mn and Zn than 
the Control group (P>0.05; Table 5). 

DISCUSSION

In recent decades, interest in the use of seaweeds as 
organic ingredients in farm animal has increased (Makkar 
et al., 2016). The inclusion of seaweed has been investigated 
in the feeding of sheep (Marín et al., 2003), pigs (Baca et al., 
2008), rabbits (Rossi et al., 2020), and cattle (Morrill et al., 
2017a, b). Most of these researchers have been focused on 
growth parameters, like body weight, daily weight gain and 
feed conversion. However, few studies of this nature have 
been conducted on the evaluation of carcass performance, 
meat quality, and nutrient composition. 

Table 2. Effects of the inclusion of seaweed additive (SWA) in 
the diet of grass-fed steers on growth and carcass traits.

Variable Control 2%-SWA SEM P-value

Final body weight, kg 470.6 463.9 8.10 0.69

Hot carcass weight, kg 227.88 221.36 4.49 0.48

Hot carcass dressing, % 48.37 47.70 0.28 0.24

Fat thickness, mm 4.27 4.06 0.29 0.73

Ribaye area, cm2 45.61 49.93 2.32 0.37

Marbling* 1.8 1.6 0.17 0.59

* 1= practically devoid; 2= scarce; 3= small amount of marbling (USDA, 
2017). SEM: standard error of the mean.

Table 3. Effects of the inclusion of seaweed additive (SWA) in 
the diet of grass-fed steers on meat quality traits.

Variable Control 2%-SWA SEM P-value

Muscular pH, 48 h 5.65 5.67 0.03 0.69

Redness (a value) 15.21 15.52 0.29 0.62

Yellowness (b value) 9.72 9.62 0.25 0.74

Lightness (L value) 27.51 26.51 0.96 0.24

Cooking loss, % 16.41 16.44 0.64 0.96

WBSF, kg 2.19 2.12 0.09 0.46

SEM: standard error of the mean. WBSF: Warner Bratzler shear force.

Table 4. Effects of the inclusion of seaweed additive (SWA) in 
the diet of grass-fed steers on postmortem glycolytic metabolites 
and glycolytic potential.

Variable* Control 2% SWA SEM P-value

MGC 6.07 6.73 0.69 0.64

LC 35.18 40.26 2.10 0.23

G+G6P 10.81 10.20 0.36 0.42

GPOT 65.63 59.56 3.90 0.45

SEM: standard error of the mean. MGC: muscular glycogen content. 
LC: lactate content. G+G6P: Glucose + Glucose-6-phosphate. GPOT: 
Glycolytic potential. *Measured at 24 h postmortem (mmol/kg).
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In this study, the inclusion of 2% of SWA in the diet of 
grass-fed steers did not affect the final body weight. Several 
authors did not find significant variations in the growth of 
lambs (Al-Shorepy et al., 2001) or steers (Anderson et al., 
2006) in response to the inclusion of supplements based 
on marine algae. On the other hand, Fike et al. (2001) 
reported an increase in the weight of lambs that were fed 
with seaweed extract during the summer grazing period. 
In Chile, only the studies of Mendoza (2017) and Nannig 
(2018) have evaluated the effect of brown algae on bovine, 
reporting similar average daily gains when comparing 
heifers treated with SWA vs. Control ones. 

Carcass weight and dressing were not influenced by the 
inclusion of 2%-SWA in the diet of steers. Fat thickness, 
marbling, and ribeye area of the carcass from finishing 
steers fed with SWA were similar (P>0.05) to those from 
the Control group. Morrill et al. (2017a) also reported no 
differences in carcass weight, fat thickness, or longissimus 
muscle area in carcasses from steers consuming 9% of 
post-extraction algal residue (PEAR) compared to those 
that received glucose infusion (Control group). However, 
in this same study, the marbling score was 15% greater in 
PEAR-fed group compared to Control carcasses. 

The inclusion of 2% of SWA did not affect the 
instrumental tenderness of meat. Control samples of LL 
had 2.19 ± 0.09 kg in WBSF and the mean ± SEM for 
the SWA group was 2.12 ± 0.12 kg. Jerez-Timaure et al. 
(2021) found similar results in pork LL samples. Morrill 
et al. (2017b) stated that feeding with PEAR resulted in a 
slight but no significant reduction of shear force, with values 
between 2.77 and 2.5 kg. Miller et al. (2001) developed 

a tenderness threshold based on consumer acceptability, 
stablishing that WBSF values < 3.0 kg can be classified as 
tender beef and WBSF values > 4.6 kg were tough beef. 
According to Miller et al. (2001), LL samples from this 
study could be categorized as tender (<3 kg), and those are 
very similar to the values reported by Morrill et al. (2017b). 

The sensory evaluation showed that a slight majority 
(58.93%) of panelists had a tendency (P=0.06) to prefer 
samples of the Control group rather that those from the 
2%-SWA. These results could be related to the increased 
content of total lipids detected in samples from de Control 
group (Table 5). Lipid compositions are related to flavor 
development, with a different range of flavor precursor 
being produced from saturated and polyunsaturated fatty 
acids (Wood & Enser, 1997). Braden et al. (2007) stated 
that the supplementation effect on sensory evaluation taste 
depends on the ingredient of the diet. Morrill et al. (2017b) 
found no significant differences, as in this study, in the 
tenderness and flavor of meat from bovines supplemented 
with an additive made of marine algae residues. Jerez-
Timaure et al. (2021) reported similar results, they reported 
a greater taste preference (P<0.05) by consumers in samples 
coming from the Control group. However, in the case of 
studies in rabbits, it is reported that supplementation with 
brown marine algae improved the palatability of their 
meats (Rossi et al., 2020). Morrill et al. (2017b) stated 
that cattle have limited ability to digest and absorb lipids 
to negatively affect meat flavor. Also, it is well known that 
changes in fatty acid composition are often associated with 
flavor differences (Arshad et al., 2018). In this study, the 
fatty acid composition was not evaluated. Jerez-Timaure 

Table 5. Effects of the inclusion of seaweed additive (SWA) in the diet of grass-fed steers on proximal composition and mineral content 
of longissimus lumborum.

Variable Control 2%-SWA SEM P-value

Proximal composition1

Ash 4.82 4.79 0.05 0.82

Crude protein 88.21 87.80 0.51 0.61

Total lipids 6.65 5.24 0.89 0.01

Macrominerals1

Ca 0.017 0.017 0.001 0.98

Na 0.164 0.166 0.003 0.75

Mg 0.075 0.074 0.001 0.72

P 0.723 0.719 0.006 0.76

K 1.39 1.41 0.03 0.81

Microminerals2

Mn 8.82 7.97 0.764 0.59

Fe 26.07 26.71 2.58 0.90

Cu 15.22 15.62 0.83 0.81

Zn 77.29 72.68 2.75 0.42

1 g/100 g of dry matter (DM). 2 mg/g of DM. SEM: standard error of the mean.
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et al. (2021) did not detect differences in the fatty acid 
profile of loin samples from pigs that fed SWA at 2 and 
4% compared to the Control ones (0%-SWA). 

Meat color is considered one of the most valued 
and preferred attributes by the consumer at the time of 
purchase, preferring bright red meat and rejecting dull 
or brown meat (Holman et al., 2017). It has been studied 
that supplementation with antioxidants, such as vitamin 
E, helps to extend the case and shelf life of fresh meat 
products, improving color stability, reducing lipid oxidation, 
and delaying the formation of metmyoglobin (Allen 
et al., 2001; Braden et al., 2007; Rossi et al., 2020). It is 
important to emphasize that the additive based on brown 
marine algae Macrocystis pyrifera used in this study is 
rich in antioxidants (MacArtain et al., 2007; Ortiz et al., 
2008), and an improvement in meat color was expected. 
However, instrumental color values of 2%-SWA samples 
were not statistically different (P>0.05) compared to the 
control ones. Jerez-Timaure et al. (2021) reported that the 
inclusion of 4%-SWA affected redness value of LL pork. 
The differences in the content of natural antioxidants such 
as polysaccharides and polyphenols present in the SWA, 
and some possible interactions between the polysaccharides 
present in the SWA, might affect the oxymyoglobin (Ortiz 
et al., 2008) and therefore it influences meat color. Beef 
from pasture-raised animals tend to have higher levels of 
antioxidant compounds, like phenols, terpenoids, carotenoids 
and tocopherols (Van Vliet et al., 2021) which also affect 
color stability. 

The pH represents one of the most important 
characteristics of meat because it is highly related to 
meat quality. In this study, muscle pH values were not 
affected by treatments. Some authors reported that feeding 
has little influence on water holding capacity, which is an 
important parameter to define the taste and technological 
quality of meat (Braden et al., 2007). In this study, the 
water holding capacity expressed as total cooking losses 
were not affected by the inclusion of SWA in the diet 
of finishing steers. Previous studies carried out with the 
same additive, but in pigs (Jerez-Timaure et al., 2021), 
also reported that the 2 and 4% inclusion of SWA does 
not affect the water holding capacity. 

Postmortem pH directly affects quality characteristics, 
such as water holding capacity, color, and, to a lesser 
degree, tenderness (Jacob & Hopkins, 2014). In addition, 
the speed of the decrease in pH in the carcass is influenced 
by multiple factors or antemortem handling of the animal 
(Gallo et al., 2013; Gallo & Huertas, 2016) or postmortem 
factors (Jacob & Hopkins, 2014; Ponnampalam et al., 2017). 
For decades, GPOT has been used as a fair approximation 
for the total compounds transformable to lactic acid present 
in the muscle at slaughter (Monin & Sellier, 1985). It has 
been shown that anaerobic glycolytic processes occur 
early after exsanguination and these drastic biochemical 
changes are caused by the fast glycolytic activity that is 
triggered by the postmortem action of glycolytic enzymes. 

Muscular glycogen content was very low at 24 h postmortem. 
Steers used in this study were fed mainly with forage 
and were fasted for almost 12 h before slaughtering, 
which may explain the low levels of MGC. However, pH 
values were ranged in the normal pH threshold (<5.8). 
Values greater that 5.8 are associated with dark cutting 
beef (Ponnampalam et al., 2017; Apaoblaza et al., 2015). 
Previous studies performed in southern Chile also reported 
low levels of postmortem MGC. Amtmann et al. (2006) 
found that longissimus muscle in grass-fed carcasses with 
pH <5.8 had 35.5 ± 15.7 mmol/kg of MGC. Meanwhile, 
Apaoblaza et al. (2015) reported MGC at 24 h of 6.34 ± 
0.05 in normal pH carcasses. 

Our results show that muscle glycogen, lactate, and 
glucose content, evaluated at 24 h postmortem, were not 
affected by the effect of the inclusion of the seaweed 
additive in the diet (P>0.05). In addition, they indicate 
that the postmortem glycolytic metabolism was similar in 
both groups of carcasses. The glycolytic potential used to 
determine the ability to convert glycogen into lactate (Monin 
& Sellier, 1985) was similar in both groups (P>0.05), 
indicating that the seaweed inclusion treatment did not 
modify the postmortem glycolytic capacity, allowing a 
normal drop of muscle pH in early postmortem.

The lipid fraction and fatty acid composition are mainly 
influenced by three factors: the age of the animal, the 
composition of the animals’ diet, and the breed. Mwangi 
et al. (2019) stated that notable modifications produced 
by the feeding systems in the chemical composition of 
the meat are mainly in the fat content. In this study, meat 
from steers that were fed with 2%-SWA decreased its 
amount of total lipids. Natural pigments of brown marine 
algae, like fucoxanthin is found, which could inhibit the 
differentiation of preadipocytes into adipocytes. This 
has also been demonstrated by other studies with other 
carotenoids that, like fucoxanthin, have an allenic group in 
their composition (Quitral et al., 2012). Also, it is known 
that marine algae are rich in vitamin A (Quitral et al., 
2012), which have retinoic acid in their composition, which 
restricts hyperplasia and/or regulates the growth hormone 
gene, resulting in a decrease in the fat deposition (Mwangi 
et al., 2019). Seaweeds also have high amounts of vitamin 
D, being its active form (1,25-dihydroxyvitamin D3), 
the cause of inhibiting the differentiation of adipocytes 
(Mwangi et al., 2019). This occurs when its plasma levels 
increase, which occurs in situations of low dietary calcium 
intake (Mwangi et al., 2019).

Given the growing demand for leaner meats or meats 
with lower fat content by consumers concerned about diet-
health aspects, the use of the additive based on seaweed 
in cattle feed could become an alternative approach to 
achieve differentiated products with added value aimed at 
consumers who prefer lower lipid content in their protein 
foods of animal origin.

Morrill et al. (2017b) show that the meat of cattle 
fed with marine algae residues slightly modifies the fatty 
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acid profile of the beef, so it is necessary to evaluate 
the composition of fatty acids in this study because it 
could result in meats with a higher concentration of 
polyunsaturated fatty acids, due to the contribution of 
these compounds offered by brown seaweed. On the other 
hand, Casas et al. (2005) mentioned that the presence of 
omega 3 fatty acids in seaweed is an aspect of interest, 
since it could be an alternative to produce meats with a 
higher content of polyunsaturated fatty acids, which are 
beneficial for human health.

CONCLUSIONS

In general, no harmful effects were found in this study 
by feeding grass-fed steers during fattening with brown sea 
algae extracts; however, a reduction of total lipids present 
in the LL samples of grass-fed steers supplemented with 
2%-SWA was evidenced. Since seaweed represents a group 
of organisms with diverse types of bioactive compounds, 
further studies are needed to understand the biological 
effects of this SWA on adipogenesis or fatty acid oxidation, 
as an alternative to producing beef with low content of fat. 
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Zoonoses and traumatic injuries among practicing veterinarians  
from Southern Chile

Luciano Herrera Rosalesa, Lucía Azócar-Aedoa*, Javier Cabello Stomb

ABSTRACT. This research addresses the occurrence of clinical signs and related symptoms of zoonotic diseases, traumatic 
injuries, and the frequency of healthcare seeking among practicing veterinarians, whose job was performed in the Los Lagos Region, 
Southern Chile. An online standardized survey collected from 140 practicing veterinarians was conducted between March and July 
2020. The surveyed participants reported the occurrence of brucellosis, ringworm, scabies, cat scratch disease, anthrax, toxocariasis, 
salmonellosis, pediculosis, and flea infestation among veterinarians. The clinical signs and symptoms related to these events include 
diarrhea, allergies, and muscle pain. Mild and severe traumatic injuries were also declared by the participants, in which the frequency 
of severe trauma increased as the time of professional practice increased. Nevertheless, the use of professional healthcare was low 
among the surveyed veterinarians. This study emphasizes the need to consider veterinarians’ health-related occupational risks using 
the “One Health” approach.

Keywords: veterinarians, zoonoses, traumatic injuries, healthcare seeking, Chile.

INTRODUCTION

Zoonoses are diseases transmitted from animals to 
humans (Hugh-Jones et al., 1995). Some of these pathogens 
have little or no chance for subsequent human-to-human 
transmission, as occurs with rabies (Karesh et al., 2012; 
Medline, 2021). The occurrence of zoonoses among 
veterinarians depends on their prevalence in the animal 
population, morbidity, use of personal protection equipment, 
and the quality of education obtained in veterinary schools 
(Baker & Gray, 2009). A study of Canadian veterinarians 
demonstrated a high potential for occupational risk in 
relation to events involving zoonotic diseases, exposure 
to rabies, traumatic injuries caused by bites or scratches 
from animals, and allergies (Epp & Waldner, 2012). These 
occupational events have been associated with a higher 
probability of zoonotic infection, along with the fact that 
veterinarians commonly do not use adequate protection 
equipment, such as gloves, masks, or protective clothing 
(Baker & Gray, 2009).

Veterinarians are often exposed to injuries while 
performing clinical practice on animals, the most common 
of which are bites by domestic dogs and cats, scratches, 
and blows or compressions in the body by large animals 
(Jeyaretnam & Jones, 2000). The odds of having severe 
injuries resulting from occupational accidents are nine times 
higher than those of other professions in the healthcare 
sector (Norwood et al., 2000). This risk increases among 
professionals who handle wild animals, especially those 

of the order Carnivora (Echarte & Vasallo, 2016). These 
types of injuries represent a considerable proportion of 
veterinarians’ occupational risks. Multiple activities in 
the field and work environments lead to various potential 
risks because of trauma as well as biological, chemical, 
and physical elements (Samadi et al., 2013).

In the Los Lagos Region, Southern Chile, there are 
approximately 774.321 cattle, 227.798 sheep, 9.082 goats, 
42.429 pigs, 9.749 horses, 390.138 hens/chickens, 12.893 
turkeys, and 52.368 poultry, including ducks, geese, 
emus, quail, pheasants, partridges, and ostriches (INE, 
2021). Regarding the number of pets, there are estimates 
of domestic dogs that amount to approximately 115.414 
dogs with owners in Puerto Montt1. However, it is difficult 
to determine the exact number of veterinarians in the Los 
Lagos Region. A total of 198 professionals are registered 
in the “Servicio Agrícola y Ganadero” (SAG), of whom 
189 are members of the “Colegio Médico Veterinario” 
(COLMEVET). However, these rosters were not freely 
available. Moreover, some veterinarians are not part of these 
associations. This study aimed to conduct a cross-sectional 
investigation of zoonoses and traumatic injuries among 
practicing veterinarians in the Los Lagos Region, Chile.

MATERIAL AND METHODS

STUDY DESIGN

The study design was observational, cross-sectional, 
quantitative, and descriptive (Hernández et al., 2010). An 
unknown population size was considered despite the SAG 
and COLMEVET registries, as there are veterinarians not 
included in these records, and some are even registered in 
both. A sample size of 139 people was selected following 
Fernández (1996) with a confidence level of 95%, a 
precision of 5%, and an expected proportion of 10% 
(Epp & Waldner, 2012). The questionnaire was created 
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on the Google Forms platform and shared via email with 
veterinarians with professional practice in the Los Lagos 
Region (these were veterinarians accredited by the SAG, 
whose data is freely available, and members of COLMEVET) 
between March and July 2020. The participants were 
contacted via email to inform them of the study objectives. 
Private veterinary clinics in the cities of Puerto Montt, 
Puerto Varas, and Osorno in the Los Lagos Region were 
contacted by phone. Emails were also sent to veterinarians 
graduated from the San Sebastián University, Patagonia 
campus, Puerto Montt, Los Lagos Region. In total, 140 
individuals met the requirements to answer the survey. 
The inclusion criteria were 1) those practicing veterinary 
medicine and 2) those with professional work in the Los 
Lagos Region. The questionnaire is detailed and described 
in Supplementary Material 1.

DETERMINATION OF ZOONOSES 

To better identify the respondents, their area (or areas) 
of activity or expertise was assessed using the following 
options: 1) companion animals, 2) farm animals, 3) wild 
animals, 4) equines, 5) public health, 6) research, and 7) 
laboratory. To determine exposure to zoonoses, veterinarians 
were asked about the diagnoses of these types of diseases 
by human health professionals, with medical certainty 
that such diseases were contracted within the region. This 
question was answered in writing by the respondent to 
avoid omitting any disease that could go unnoticed.

FREQUENCY OF INJURIES AND COMMON CLINICAL 

MANIFESTATION(S) RELATED TO A ZOONOTIC DISEASE 

AMONG VETERINARIANS 

1)	 From a selection of injuries described in other studies 
(Epp & Waldner, 2012; Navarrete & Tarabla, 2018), 
exposure to traumatic injuries was determined as 
“minor” or “severe,” considering the different nature 
of the animal species treated and the different areas of 
professional activity. Injuries were classified according 
to their severity as follow: a) “Minor injuries” included 
superficial cuts, superficial puncture wounds, abrasions, 
contusions, contractures, and sprains. The respondents 
indicated how often they suffered this type of injury 
in their professional practice, within the categories 
“never, rarely, sometimes, commonly, or always.” 

2)	 “Serious injuries” included all injuries caused during 
work that, for the respondent, required medical, 
outpatient, or emergency assistance. 
The respondents freely indicated (in an open question) 

how many times they had required this type of assistance 
when injured, excluding vehicular accidents and medical 
consultations due to problems for ergonomic reasons. The 
proportion of the total number of veterinarians affected 
by one of the each categories was calculated. The average 
number of injuries was calculated based on the total number 

of respondents. Questions about the clinical manifestations 
caused by unknown agents that induced the respondents’ 
personal suspicion of contracting a zoonosis were asked, 
including diarrhea; allergy; and ocular, respiratory, skin, 
and vector infections (biological or mechanical). These 
criteria were selected using a different survey (Garland-
Lewis et al., 2017), naming other common symptoms 
and signs, such as vomiting, abdominal pain, joint pain, 
and muscle pain. The statistical tests used for the clinical 
manifestations was a chi-square test with a Yates correction 
using Epi Info™ version 6.0.4 (Centers for Disease Control 
and Prevention), considering a P value less than 0.05, 
as statistical significance. In addition, it was possible to 
evaluate the diseases that were more common according to 
the categories of responses “never”, “rarely”, “sometimes”, 
“commonly”, or “always” of a presumptive nature to a 
zoonotic disease. The existence of possible significant 
differences between the response categories mentioned 
for each clinical manifestation was determined using a 
chi-square test or Yates correction (P value less than 0.05).

FREQUENCY OF PRACTICING VETERINARIANS SEEKING 

MEDICAL ASSISTANCE 

Respondents’ frequency of seeking medical assistance 
after suspecting a zoonosis was calculated considering the 
number of veterinarians who sought medical attention after 
suspicion of disease in the following categories: “never”, 
“rarely”, “sometimes”, “commonly”, or “always”. This 
was performed using the total number of respondents who 
answered the survey.

RESULTS

Approximately 250 questionnaires were sent and 140 
responses were received. Of the 140 veterinarians surveyed, 
27 reported being diagnosed with one or more zoonotic 
diseases. Out of 27, 24 specified which disease(s) they 
had suffered, registering a total of nine different reported 
zoonoses. The most frequent diagnoses were brucellosis 
and dermatophytosis, both having eight reports (30%), 
followed by scabies (22%). The area of activity or expertise 
with most reports was the category “farm animals” (67%), 
“companion animals” (44%), and finally equines (22%) 
(Table 1).

Regarding clinical manifestation and the frequency 
of the professionals suspecting a zoonosis, most of the 
answers were “never” and “rarely.” Some responses were 
recorded in the “sometimes” category for allergy, skin 
infection, and infection by vector (Table 2). The results 
of the chi-squared test indicated that “diarrhea,” “allergy,” 
and “muscle pain” have statistically significant differences 
in their presentation frequencies between the categories 
“never,” “rarely,” “sometimes,” “commonly,” and “always”.

Regarding the frequency of minor injuries, the category 
“sometimes” was the most frequent, followed by “rarely” 
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Table 1. Reports of suspected zoonotic diseases and professional specialty in veterinarians surveyed in Los Lagos Region, Southern 
Chile, 2020.

N Percentage among reports 
(n=27)

Percentage among the total 
(n=140)

Suspected  
Disease

Anthrax 1 3.70 0.71

Bartonellosis 2 7.41 1.43

Brucellosis 8 29.63 5.71

Dermatophytosis 8 29.63 5.71

Scabies 6 22.22 4.29

Pediculosis 1 3.70 0.71

Pulicosis 1 3.70 0.71

Salmonellosis 1 3.70 0.71

Toxocariasis 1 3.70 0.71

Professional 
Specialty

Companion animals 12 44.44 8.57

Farm animals 18 66.67 12.86

Wild animals 4 14.81 2.86

Equines 6 22.22 4.29

Public health 4 14.81 2.86

Research 2 7.41 1.43

Laboratory 2 7.41 1.43

Table 2. Survey answers (n=140) of veterinarians regarding a clinical manifestation and the frequency of a suspected zoonosis in Los 
Lagos Region, Southern Chile, 2020. The χ² and the P values are expressed.

Clinical  
manifestation

Never Rarely Sometimes Commonly Always
χ² P value

N° % N° % N° % N° % N° %

Diarrhea 97 69.3 35 25.0 5 3.6 3 2.1 0 0 29.6 0.000002

Vomit 124 88.6 12 8.6 4 2.9 0 0.0 0 0 - -

Allergy 73 52.1 45 32.1 15 11.0 7 5.0 0 0 15.0 0.001745

Ocular infection 105 75.0 30 21.4 4 2.9 1 0.7 0 0 - -

Respiratory infection 116 82.9 16 11.4 6 4.3 2 1.4 0 0 - -

Skin infection 70 50.0 46 32.9 19 14.0 3 2.1 2 1.4 - -

Infection by vector 108 77.1 19 13.6 10 7.1 1 0.7 2 1.4 - -

Abdominal pain 121 86.4 12 8.6 6 4.3 0 0.0 1 0.7 - -

Join pain 121 86.4 10 7.1 6 4.3 3 2.1 0 0 - -

Muscle pain 115 82.1 16 11.4 5 3.6 4 2.9 0 0 52.2 0.0

(Figure 1). For serious or severe injuries during professional 
practice, 139 respondents were considered because of the 
lack of clarity in the responses provided by one of them. 
The average score was calculated for each category of 
years of professional practice. In addition to the general 
average (n = 139) of 1.35 injuries, an increase in this 
average regarding years of professional practice was 
observed (Figure 2).

The frequency of the respondents visiting a healthcare 
center was calculated on a scale in which they considered 
that the clinical manifestations were attributable to the 
contagion of a zoonotic disease. A low frequency of seeking 

medical assistance was observed (in 66 veterinarians, the 
response was “never”) (Figure 3).

DISCUSSION

This study demonstrated that veterinarians in the Los 
Lagos Region of Southern Chile are exposed to different 
zoonotic diseases, clinical manifestations related to zoonoses, 
and traumatic injuries of mild and severe degrees. This 
survey also showed the frequency of veterinarians seeking 
medical attention when suspecting a zoonosis. To the best 
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Figure 1. Frequency distribution of minor injuries during their professional practice among veterinarians surveyed in Los Lagos Region, 
Southern Chile, 2020.

Figure 2. Average frequency of “serious” or “severe” injuries among veterinarians surveyed (n=139) along their professional practice 
in Los Lagos Region, Southern Chile, 2020.

of our knowledge, this is one of the first studies of this 
topic in Chile.

The most frequent zoonotic disease among the 
respondents was brucellosis, an infectious disease caused 
by bacteria of the genus Brucella. It affects a wide variety 
of mammals, including ruminants, swine, canids, rodents, 
and even marine mammals such as pinnipeds and cetaceans, 
causing acute or chronic symptoms (recurrent fever, chronic 
fatigue, orchitis, endocarditis, arthritis, and inflammation of 
the liver or spleen) (CDC, 2021). Owing to its prevalence, 
bovine brucellosis is of great importance in livestock, and 

efforts to eradicate it have been made throught an eradication 
program established in Chile in 1975 by SAG (MINSAL, 
2015). The monitoring and control of this entity range from 
prevention and vaccination to the adoption of farming 
sanitary measures (SAG, 2022). Brucellosis transmission 
can occur through the consumption of unpasteurized dairy 
products and inhalation or contact with secretions from 
abortions through the mucous membranes or wounds. This 
transmission route is significant, as it presents a greater risk 
for veterinarians, laboratory technicians, and professionals 
working in the meat industry (CDC, 2021). The nonspecific 
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nature of the clinical signs of this disease and the lack of 
studies in humans in Chile have led to the suspicion of a 
high underdiagnosis (Olivares et al., 2017). However, 67% 
of the zoonosis cases in the present study were suspected 
of brucellosis. It is important that people working with 
“farm animals” are categorized as a group at a high risk 
of infection, as previously described in Turkey (Kutlu 
et al., 2014). Further, a higher probability of infection by 
Brucella was reported even among veterinary medicine 
students (Sánchez et al., 2017).

Other important diseases reported in this study were 
scabies and dermatophytosis, both of which affect the 
skin and cause irritation and itching. These diseases are 
transmitted by direct contact with infected animals or 
humans. Scabies is caused by the mite Sarcoptes scabiei, 
and dermatophytosis (also known as “ringworm”) is 
caused by fungi of the genera Trichophyton, Microsporum, 
and Epidermophyton (CDC, 2010; CDC, 2020a). 
Epidemiological studies have found that the main species 
causing dermatophytosis in pets is Microsporum canis (in 
81.8%–97% of the cases), and their incidence is higher 
among dogs, cats, and humans (60.0%) than in other 
species (Paryuni et al., 2020). In Chile, scabies is more 
commonly present in canids than in felines (18.7% and 
1.2% of cases, respectively), and dermatophytosis occurs 
more frequently in cats than in canines (10.6% and 6.4%, 
respectively); however, this frequency may vary due to the 
socioeconomic factors of pet owners (López et al., 2009). 
One study (Pereira Olivares, 2017) conducted between 2001 
and 2013, based on the records of a Teaching Veterinary 
Hospital, estimated a prevalence of dermatophytosis of 
2.2% (n = 5.293) in dogs. Although dogs and cats play key 
roles in the transmission of dermatophytosis, it is important 

to elucidate that these mycotic agents are ubiquitous, 
even in other domestic species (Cabañes et al., 2000). 
Infection among veterinarians is quite possible because 
of frequent animal handling during clinical examinations 
(a fundamental action in clinical practice). It is also worth 
noting that both diseases depend on the host immune status 
(CDC, 2010; CDC, 2020a).

Bartonella henselae causes various symptoms, such 
as fever, enlarged lymph nodes, papules or pustules at the 
wound site, myalgia, or encephalitis, mainly in individuals 
below 15 years of age. It is transmitted through scratches in 
cats infested with fleas (CDC, 2020b). Different prevalence 
studies have been conducted on animals in Chile. In 
Valdivia (Los Ríos region), a study was conducted using 
370 blood samples from cats, in which Bartonella sp. DNA 
was detected in 18.1% of samples (Muller et al., 2016). In 
another study on stray dogs in Linares (El Maule Region), 
72.7% (n = 66) of the canines were seropositive for the 
agent, whereas in Puerto Montt (Los Lagos Region), 
three dogs were positive for Bartonella sp. Although the 
disease is characterized in cats, these animals have a high 
ectoparasitic infection rate, which could facilitate the 
spread of the pathogen (Weinborn-Astudillo et al., 2020). 
Animals with a high ectoparasitic load can be a source of 
pulicosis or pediculosis, the reports of which were also 
presented in the aforementioned study. Scratches and bites 
by animals are common in veterinary practice (Jeyaretnam 
& Jones, 2000; Bonini et al., 2015; Gómez & Tarabla, 
2015); therefore, bartonellosis is expected to be detected 
among veterinarians in the Los Lagos Region. In the Bíobío 
Region, a high presence of antibodies against Bartonella 
was detected by indirect immunofluorescence technique 
among veterinarians and individuals with occupational 

Figure 3. Responses of veterinarians regarding  health care center assistance after a suspicion of a zoonotic disease in Los Lagos 
Region, Southern Chile, year 2020.
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contact with cats, which was equivalent to 60.5% (n = 
76) (Troncoso et al., 2016).

Anthrax is a bacterial disease caused by the agent 
Bacillus anthracis, the transmission of which is through 
spores that form upon contact with the air after infecting 
a wound (in herbivores) and remain suspended in the 
environment. Anthrax has different clinical manifestations, 
such as cutaneous, which occurs in 95% of cases, 
respiratory, and gastrointestinal, with the latter having 
high lethality (Acha & Szyfres, 2003). Control measures 
include vaccination and antibiotic treatment of animals, 
as well as environmental management (Laverde et al., 
2008). The latest reported anthrax cases in humans in 
Chile occurred in a rural sector of the Ñuble Region, all 
in their cutaneous presentation, due to the slaughter and 
consumption of an infected equine (Arellano et al., 2018). 
Although this case occurred in individuals who were not 
veterinarians, the case shows that anthrax is present in the 
Chilean rural sectors and is closely related to herbivores. 
Therefore, it is not unusual for anthrax to be included 
in the survey reports. Among veterinarians, its presence 
could be associated with performance of necropsies on 
infected animals without the use of appropriate measures 
for personal protection. Carcasses suspected of anthrax 
should not be subjected to necropsy, but by mistake, this 
practice is not strictly followed, and veterinarians thus get 
infected (Laverde et al., 2008).

Pediculosis and pulicosis were also reported among the 
surveyed veterinarians but at low frequencies. Regarding 
pediculosis, like other blood-sucking insects, lice bite and 
cause itching on the macules, papules, vesicles, or pustules 
due to the irritant effect of their saliva by allergic reactions 
and local inflammation. Scratching results in excoriations 
and microhemorrhages that form scabs and facilitate 
secondary infections (López-Valencia et al., 2019). Fleas 
are important vectors of pathogens worldwide; they are 
rarely specific at the host species level, but some clades 
are associated with a particular host group. However, many 
fleas are associated with domesticated animals such as 
Ctenocephalides felis (cat flea) and C. canis (dog flea), 
which represent the majority of fleas in human homes and 
are vectors of the bacteria Bartonella henselae. (Desachy, 
2018). In addition, Xenopsylla cheopis (Oriental rat flea) is 
common in many tropical and warm temperate environments 
worldwide and is the vector of Yersinia pestis involved in 
the transmission of murine (endemic) typhus, parasitic 
helminths, and Bartonella species (Bitam et al., 2010).

According to Costa et al. (2012) and Wiedemann 
et al. (2015) another zoonosis reported was salmonellosis. 
Salmonella typhi and Salmonella paratyphi A, B, and C are 
pathogenic to humans; however, animals are asymptomatic. 
Salmonella choleraesuis is carried mostly by pigs, but it also 
causes salmonellosis in humans. Common serotypes, such as 
Salmonella enteritidis and Salmonella typhimurium, cause 
infections in the gastrointestinal tract. Serotypes causing 
typhoid fever are transmitted between people with no 

mediation of an animal (McSorley, 2014), but salmonellosis 
non-typhoid is isolated from both humans and animals, 
including livestock. Serotypes Typhimurium, Enteritidis, 
Newport, and Heidelberg are most often responsible for 
food poisoning, but Choleraesuis and Dublin also cause 
diarrhea (Kurtz et al., 2017). Generally, salmonellosis 
can be more severe in immunocompromised individuals, 
resulting in bacteremia or systemic and localized infections 
such as meningitis and osteomyelitis. Although many pet 
species have been implicated in human salmonellosis, 
amphibians, reptiles, exotic animals, rodents, and young 
poultry pose the greatest risks (Stull et al., 2015).

Finally, toxocariasis was also reported affecting 
veterinarians. Although many Toxocara canis infections are 
subclinical, human toxocariasis can manifest as syndrome 
known as visceral larva migrans, ocular larva migrans, and 
neurotoxocariasis. People get infected through accidental 
ingestion of parasite eggs from contaminated soil, water, 
and food (raw vegetables and fruits), and contact with 
dogs and cats is described as an important risk factor 
(Ma et al., 2018). Toxocariasis is a neglected disease with 
high prevalence in humans, pets, and stray companion 
animals worldwide (Rostamia et al., 2019). In Slovakia, a 
cross-sectional study performed by Fecková et al. (2020) 
determined a low prevalence of anti-Toxocara antibodies 
among veterinarians, veterinary assistants, and veterinary 
medicine students (0.5%), however, a high seropositivity 
rate was observed in children and young people, as well 
as a high risk of professional exposure in hunters and 
farmers, highlighting the importance of taking preventive 
measures and enhancing knowledge of toxocariasis among 
both professionals and pet owners. 

In this study, the relevant clinical manifestations 
among the surveyed veterinarians, supported by statistical 
significance, were “diarrhea,” “allergy,” and “muscle 
pain.” Among these, diarrhea and allergies are commonly 
perceived to be associated with work involving animal 
handling (Garland-Lewis et al., 2017), although it is worth 
considering their presence in zoonotic diseases, such as 
bartonellosis (Vayssier-Taussat, 2016). However, it is 
noteworthy that the clinical manifestations of zoonoses 
vary, with septicemic, respiratory, digestive, nervous, 
and cutaneous signs with different evolution patterns and 
variable severity (Desachy, 2018). Studies conducted to 
understand the epidemiology of diarrhea have been limited 
to specific groups of individuals with certain comorbidities, 
such as children, the elderly, and people undergoing 
immunosuppression (Asenjo et al., 2008). However, among 
the causative agents of diarrhea in adults, pathogens such 
as Escherichia coli, Salmonella sp., Campylobacter jejuni, 
Giardia sp., and Cryptosporidium sp. have been described 
(Lucero, 2014). These agents can be associated with a 
potential animal origin because are excreted in the fecal 
material, a common occupational exposure in veterinarians 
during clinical practice.
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Regarding the “mild” or “severe” injuries reported here, 
the answers were not clear on how many injuries each 
participant experienced. The most common events were 
bites and scratches, which are not necessarily associated 
with clinical care. In addition to the difficulty of accurate 
quantification (Epp & Waldner, 2012), many veterinarians 
self-medicate these types of injuries (Jeyaretnam & Jones, 
2000; Navarrete & Tarabla, 2022). However, this study 
demonstrated that mild injuries were present at different 
frequencies among the professionals. Serious injuries show 
a clear increase with more years of professional practice, 
as confirmed in some published studies (Mishra et al., 
2020). This study did not evaluate the differences between 
the areas of professional performance among respondents. 
However, studies have noted that a greater proportion of 
occupational accidents in veterinarians working in animal 
production are concentrated in groups specializing in large 
animal species, such as ruminants and equines (López et al., 
2014). This situation makes more sense considering the 
type of injuries that large animals can cause, for instance, 
physical trauma or cranial and facial trauma (Norwood 
et al., 2000), which would require medical assistance. 
Within the different categories, it is noteworthy that most 
respondents answered that “never” (n = 66) or “rarely” (n = 
54) sought medical care in case of suspicion of a zoonotic 
disease (Figure 3). This is consistent with other study that 
demonstrated that most of respondents (56.4%, 31/55) did 
not contact a physician to diagnose or treat their zoonotic 
infection (Jackson & Villarroel, 2012) One reason for this 
phenomenon may be the prominent level of self-medication 
among veterinarians in cases of occupational accidents 
(Navarrete & Tarabla, 2018; Gardland-Lewis et al., 2017). 
One study showed that 77% of the participants resorted to 
self-treatment, including self-medication with antibiotics, 
wound suturing, and reduction of fractures or dislocations, 
which may explain the low attendance rate to healthcare 
centers (Landercasper et al., 1988).

One of the limitations of this study is the lack of 
knowledge of the number of veterinarians in the Los Lagos 
Region as there is no single entity that can group them all 
simultaneously in a mandatory manner. In addition, there 
was a great distribution between the performance areas; 
however, the difficulty was that many of the participants 
were dedicated to several areas simultaneously. Regarding 
the answers, only one question registered little clarity 
(presence of “serious” to “severe” traumatic injuries), with 
which, for this analysis, the sample size was reduced to 139 
people, which may constitute a possible information bias. 
It is possible that some zoonoses go unnoticed because of 
the limited assistance of veterinarians to human healthcare 
centers, self-medication, and lack of consideration of these 
diseases in the human health system. Thus, the study of 
serum antibodies or the detection of zoonotic pathogens 
using direct diagnostic tests among veterinarians with a 
clinical suspicion of zoonoses as professional diseases is 
required in Southern Chile.

CONCLUSIONS

The most frequent zoonoses reported by veterinarians 
in the Los Lagos Region, Southern Chile, were brucellosis, 
dermatophytosis, and scabies, among other diseases such as 
bartonellosis, anthrax, external parasitosis, dermatophytosis, 
salmonellosis, and toxocariasis. Furthermore, reports of 
zoonotic diseases were higher among respondents working 
with farm animals. Based on the statistical results of 
association, the most common clinical manifestations of 
suspecting a zoonotic disease were diarrhea, allergy, and 
muscle pain. The frequency of minor injuries varied among 
the categories considered, and the average number of serious 
injuries increased according to the years of professional 
practice. Further, the veterinarian professionals do not 
frequently seek care from a medical professional after 
suspecting a zoonotic disease. It is important to recognize 
the occupational health problems of veterinarians and to 
increase their awareness of this health risk, as they are 
professionals with advanced knowledge about zoonotic 
diseases. Occupational safety must be improved and the 
risk factors that affect individuals, especially veterinarians, 
during diagnosis, which could be a zoonotic disease, must 
be publicized. This is a joint effort that must be carried out 
by Chile’s Healthcare System, veterinarians’ employers, 
and, of course, veterinarians themselves when considering 
and applying the “One Health” concept.
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Effects of plant extracts on the growth of beneficial indigenous  
lactic acid bacteria (BLAB) for their potential use in preventing bovine 

reproductive tract infections
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ABSTRACT. There is a renewed interest in products based on phytocompounds, prebiotics and probiotics applied to different hosts 
to exert effects of immunomodulation, anti-inflammation and analgesia. The microbiome of the bovine reproductive tract can become 
unbalanced for many reasons, favoring the entry and proliferation of pathogenic microorganisms, currently treated with antibiotics 
that exert adverse effects and generate antimicrobial resistance. To deal with this situation, “phytobiotic” formulas are proposed that 
combine phytocompounds and probiotics. This work aims to study the effect of plant extracts, prebiotics and vitamins on the growth 
of native beneficial lactic acid bacteria (BLAB), to be further potentially applied in the design of phytobiotic formulas. Nine beneficial 
strains isolated from different bovine ecosystems were evaluated against nine phytocompounds, two prebiotics and five vitamins. 
Affinity was assayed using the diffusion technique on agar plates, and the effect of the phytocompounds on the growth of lactic acid 
bacteria by microplates. The growth of all the strains was affected by some plant extracts, showing a stimulating or inhibitory effect. 
Diffusion-agar plates show that only vitamin A affected the viability of Lactobacillus johnsonii CRL1702 at concentrations higher than 
7.5 mg/ml. When studying the growth kinetics of the strains with the phytocompounds, the results show that the effect was different in 
each of one the associated strains + plant extracts, indicating a strain-specific effect of plant extracts on each BLAB strain. Lapacho 
and Malva stimulate the growth of most microorganisms, then were selected to be combined with BLAB to design a phytobiotic 
formula with potential therapeutic activity to treat bovine reproductive infections. Plant extracts at the evaluated concentrations did 
not inhibit the growth of most of the pathogens responsible for endometritis. On the other hand, the highest concentrations of phenolic 
compounds were detected in Echinacea, Lapacho and Llantén; and the best percentages of antioxidant activity were evidenced in 
Garlic, Blueberry and Chamomile (<60%). 

Keywords: Probiotic lactic bacteria, Handroanthus impetiginosus, Malva sylvestris, phytobiotics, bovine reproductive health. 

INTRODUCTION

The autochthonous microbiota of the different 
bovine tracts and mucosa are constituted by a wide 
variety of microorganisms in ecological balance, called 
“microbiome”, which is currently considered one more 
organ since it provides metabolic activities, coding 
capacities and fulfills a fundamental role and variety of 
physiological functions including immunomodulation 
and prevention of infection in humans and animals (Li 
et al. 2013; Stumpf et al. 2013). Lactic acid bacteria 
(LAB) are one of the most significantly important groups 
of bacteria in the food industry. They have long been 
consumed in dairy products all around the world and 
most of them are classified as “Generally Recognized As 
Safe” (GRAS) and into Qualified Presumption of Safety 
(QPS) microorganisms, because they are non-pathogenic, 
suitable for technological and industrial processes, having 
the ability to produce many antimicrobial substances 
(Reuben et al., 2020; Shehata et al., 2016). In the last 
decade, LAB has received increased attention and are 

widely used as probiotics, defined as “live microorganisms 
that exert health benefits on the host when ingested in 
adequate amounts” (FAO/WHO, 2006). Furthermore, 
lactobacilli are also under development as delivery 
systems for vaccines and treatments (Sun et al., 2015).

On the other hand, there is a growing interest in natural 
ingredients, including plant sources and derivatives, 
both from consumers and producers in the food and 
pharmaceutical industries. People search into the market 
for products that are artificial and synthetic additives-
free to promote their health and animal sanity (Marchesi 
et al., 2020). In almost all countries, plants have been 
widely used throughout history for the treatment and 
prevention of different diseases and infections in humans 
and domestic animals. Today, these traditional treatments 
are recommended in human and veterinary medicine due 
to their promising therapeutic efficacy with minimal side 
effects and reduction of chemotherapeutic drug residues 
in animal products consumed by humans (Gurib-Fakim, 
2006). Most of them are included in the Pharmacopoeia 
regulations, while the perspective and future approaches of 
ethnopharmacological research are developed in parallel 
with advances in clinical and laboratory sciences, mainly 
phytochemistry and pharmacology (González-Stuart et al., 
2017). Medicinal plants with their well-established history 
are an excellent resource of natural products used as an 
alternative therapy (Mushtaq et al., 2018). The limitation 
of therapeutic options for emerging multi-resistant 
microorganisms and the urgent need for new (or old uses) 
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natural and safe combinations are emerging. Then, the 
concept of phytobiotics was conceived, to combine safe 
phytoderivatives and probiotic bacteria for the design 
of new formulations, to advance in the combination/
synergy of the immunomodulatory, anti-inflammatory, 
anticancer, analgesic and antioxidant effects reported 
individually in both, LAB probiotics and plant extracts 
(Nader Macías et al., 2008; Ayrle et al., 2016; Martínez 
& Lujan, 2011). These bioactive ingredients must be 
included in formulas in such a way that they must be 
compatible, protect against harsh environmental and 
process conditions, and be safely delivered to cells and 
target organs. In the area of probiotics, our research group 
has a long history of experiments carried out in vitro 
or in animal models, complemented by studies on the 
design of different types of vaginal probiotic formulas 
(Ocaña et al., 1999; De Gregorio et al., 2016; Leccese 
Terraf et al., 2014).

Therefore, the objective of this work was to evaluate 
the effect of phytoextracts (powdered) on the growth of 
bovine homologous vaginal probiotic lactobacilli and their 
affinity/compatibility to select those to be combined for the 
further design of a phytobiotic formulas. Also, to determine 
the phytocompounds effect on bovine vaginal pathogens, 
and the phenolic content and antioxidant activity of the 
plant extracts, to define if are related with the beneficial 
effect. The best combinations were defined to advance in 
the design of an intravaginal formula to be further applied 
to the reproductive health of postpartum cows.

MATERIALS AND METHODS

BENEFICIAL AUTOCHTHONOUS LACTIC ACID BACTERIA 

(BLAB) AND GROWTH CONDITIONS

The bacterial strains used in this study were beneficial 
lactobacilli previously isolated from three bovine ecosystems: 
the vaginal tract and mammary gland of cows and the 
gastrointestinal tract of calves (Tucumán, Argentina). 
The strains used are included in Table 1, together with 
the previously determined beneficial properties (Otero 
et al., 2006; Espeche et al., 2012; Maldonado et al., 2012; 
Miranda et al., 2020). The microorganisms were preserved 
in yeast extract milk (13% skim milk, 0.5% yeast extract 
and 1% glucose) at -20 °C, subcultured 3 times in MRS 
broth (De Man, Rogosa and Sharpe, Biokar Diagnostics, 
Beauvais, France) and incubated for 12 hours at 37 °C. 
Protocols were performed with the third subculture at 
2%. The vaginal tract strains were isolated from vaginal 
brushing samples (Otero et al., 2006), from the mammary 
gland/milk (Espeche et al., 2012) adult cows. Calves LAB 
were obtained from saliva and gastrointestinal tract (faeces) 
(Maldonado et al., 2012).

PREPARATION OF PLANT EXTRACTS, VITAMINS AND 

PREBIOTICS

The solid vegetable compounds evaluated were obtained 
from SAPORITI (Buenos Aires, Argentina) and selected 

Table 1. Beneficial characteristics of the lactic acid bacteria strains selected and evaluated.

Microorganism Beneficial properties• Isolation 
Origin

Lactobacillus gasseri CRL 1412 H2O2 producer, hydrophobic, biofilm former and EPS producer

Bovine vagine*
Lactobacillus gasseri CRL 1421 H2O2 and lactic acid producer, hydrophobic, biofilm-forming

Lactobacillus gasseri CRL 1460 Hydrophobic

Lactobacillus gasseri CRL 1461 Lactic acid producer. Hydrophobic, self-aggregating,  
high adhesion capacity

Lactococcus lactis subsp. lactis CRL 1656 H2O2 and lactic acid producer. Inhibits S. aureus,  
S. uberis, S.agalactiae and SCN Bovine 

mammary 
glandγPediococcus pentosaceus CRL 1831 H2O2 producer, biofilm former, EPS +

Weisella cibaria  CRL 1833 Hydrophobic, biofilm-forming, EPS +

Lactobacillus johnsonii CRL 1693 Lactic acid producer. Self-aggregating, hydrophobic,  
inhibits E.coli, S. aureus, S. dublin.

Faecal matter 
calves+

Ligilactobacillus murinus CRL1695 H2O2 and lactic acid producer. Self-aggregating,  
biofilm-forming, inhibits S. typhimurium

Limosilactobacillus mucosae CRL1696 H2O2 producer

Ligilactobacillus salivarius CRL1702 Lactic acid producer. Hydrophobic, inhibits S. typhimurium

CRL: Centro de Referencia para Lactobacillus
*Published previously by Otero et al. (2006).
γPublished previously by Espeche et al. (2012).
+Published previously by Maldonado et al. (2012).
•Published previously by Miranda et al. (2020).



115

PROBIOTIC LACTIC BACTERIA, Handroanthus impetiginosus, Malva sylvestris, PHYTOBIOTICS, BOVINE REPRODUCTIVE HEALTH

from the list of natural extracts approved by different 
Pharmacopoeias (Argentinian Pharmacopoeia; European 
Pharmacopoeia) for human and veterinary applications, 
included in Table 2 with their ethnopharmacological 
properties: Allium sativa (Garlic), Vaccinium myrtillus 
(Blueberry), Atropa belladonna (Belladonna), Echinacea 
angustifolia (Echinaceae), Matricaria recutita (Chamomile), 
Handroanthus impetiginosus (Lapacho), Malva sylvestris 
(Malva), Larrea divaricata (Jarilla) and Plantago major 
(Llantén). 

COMPATIBILITY OF BLAB WITH PLANT EXTRACTS BY THE 

AGAR PLATE DIFFUSION TECHNIQUE 

The Minimal Inhibitory Concentration (MIC) of the 
plant extract was determined by the agar plate diffusion 
technique, by using a range between 1.8 and 30 mg/ml. 

They were prepared at 60 mg for the microplate assay, 
dissolved in 1 ml of 25% alcohol, and stored at 4 °C 
protected from light until use. The vitamins used were: A, 
B5, B7 and B12 (ICN Biomedicals Inc, Ohio, USA), while 
powdered corn syrup (Arcor, Lules, Tucuman, Argentina) 
and inulin (Sigma-Aldrich, USA) was used as prebiotic 
and dissolved in water (30 mg/ml).

MRS (De Man, Rogosa and Sharpe) agar plates 
(Biokar Diagnostics, Beauvais, France) (1% agar) were 
prepared by inoculating 100 μl of different BLAB (1x106 
and 1x108 CFU/ml) added to the melted and cooled agar. 
Once solidified, 25 μl (per spot) of the seriated dilutions 
of plant extracts, vitamins and prebiotics were inoculated, 
maintained quiescent until complete diffusion on the agar, 
and incubated at 37 °C for 48 hours. The inhibition zones 
(in millimeters) were determined by using a manual caliper 
after. Assays were performed in triplicate.

Table 2. Application/Effect of vegetal extracts (approved in pharmacopoeias) assayed

Scientific name Vulgar name Application* References Pharmacopoeia

Allium sativum Garlic Modulation of the immune system and 
inflammation. GI tract: antidiarrheal
Antibacterial - Anti-inflammatory
Insect Bites - Injuries and Wounds

Ayrle et al., 2016; Mirabeau 2012; 
Harris, 2001; Pittler, 2007; Iciek, 

2009; Oosthuizen, 2017; Anwar 2017; 
Cheng, 2018

Argentina 8th 
edition

Malva sylvestris Malva Modulation of the immune system and 
inflammation - Intestinal colic - Wounds 
and injuries. Mastitis - Intestinal colic - 

Eye lesions - Antioxidant

Ayrle et al., 2016; Martínez & Lujan, 
2011; Bensaad, 2016; Prudente, 2017; 

Martins, 2017; Lasparetto, 2011; 
Vahabi, 2019

Argentina 1er 
annex

Larrea divaricata Jarilla Bumps or swelling - Muscle pain -
Placental retention

Martínez & Lujan, 2011; Canale, 
2018; Davicino, 2007; Palacio, 2008, 
2012; Davicino, 2008; Martino, 2010, 

2011; Pedernera, 2006

Argentina 8th 
edition

Plantago major Llanten Shock/inflammation - Wounds and 
injuries - Antiulcer - Anti-inflammatory - 

Antidiarrheal - Antitumor.

Martínez & Lujan, 2011; Amos, 2017; 
Najafian, 2018; Chiang, 2003a, b; 

Huang, 2009

Argentina 8th 
edition

Matricaria recitita Chamomile Wounds and injuries -
Treatment of castration - 

Antioxidant - Anticancer - 
Placental retention -

Insect and animal bites

Martínez & Lujan, 2011; Miraj, 
2016; McKay, 2006; Sharifi-rad, 

2018; Park, 2017; Al‑Dabbagh, 2019; 
Mohsenzadeh, 2011

Argentina 8th 
edition

Echinacea 
angustifolia

Echinacea Immune system strengthens and enhancer Martínez & Lujan, 2011; Barnes, 
2005; Arland, 2016; Sharifi-rad, 2018; 

Sharma, 2009; Stevenson, 2005

European annex 
2014

Vaccinium myrtillus Blueberry Antioxidants - Anti-inflammatory -
Anti-hypertensive - Antimicrobial -

Anticancer

Jakesevic, 2013; Korus, 2014; 
Mykkanen, 2014; Nohynek, 2006; 

Veljković, 2016

European 
8th edition / 

Argentine Food 
Code

Atropa belladonna Belladonna Antipyretic - Modulates inflammation Ahmad, 2018; Pedalino, 2004 Argentina 8th 
edition

Handroanthu 
simpetiginosus

Lapacho Anti hyper uricemic -
Anti-inflammatory - Antioxidant -

Anti-tumor - Antiulcerogenic -
Analgesic - Anti-allergy

Ferraz-Filha, 2016; Grazziotin, 1992; 
Kim, 2012; Suo, 2012

Argentina 3rd 
annex

*Ethnopharmacological effect of plant extractsΩ
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GROWTH KINETICS OF BLAB WITH PHYTOCOMPOUNDS BY 

MICROPLATE TECHNIQUE 

The behavior of 9 plant extracts (SAPORITI drugstore, 
Buenos Aires-Argentina) at a concentration of 60 
mg/ml on 10 different BLAB strains was evaluated: 
Lactobacillus gasseri CRL1412, Lactobacillus gasseri 
CRL1421, Lactobacillus gasseri CRL1460, Lactobacillus 
gasseri CRL1461, Lactococcus lactis subsp. lactis 
CRL1656, Pediococcus pentosaceus CRL1831, Weisella 
cibaria CRL1833, Lactobacillus johnsonii CRL1693, 
Ligilactobacillus murinus CRL1695, Limosilactobacillus 
mucosae CRL1696 and Ligilactobacillus salivarius 
CRL1702. The solid plant extracts were weighed and 
resuspended in 1 ml of 25% ethanol and filtered through 
sterile 0.22µm membrane filters (Biofil-Syringe Filter). The 
BLAB inoculum was prepared from the third MRS broth 
subculture with O.D.560nm 0.9-1.0 (107-108 CFU / ml).

The effect of the plant extracts on the growth of the 
BLAB strains was evaluated in polystyrene microplates 
(Extragen-96-well ELISA plate), to which 150 μl of MRS 
broth (De Man, Rogosa and Sharpe) (Biokar Diagnostics, 
Beauvais, France) inoculated with 2% BLAB was added. 
Then 50 µl of the plant extracts were added, gently mixed 
and incubated at 37 °C for 48 hours. Bacterial growth was 
determined by optical density (O.D.560nm) (Spectronic 20, 
Bausch and Lomb, Rochester, NY) at 4, 6, 22, 24, 30 and 
48 hours. Solvents, individual plant extracts and bacteria 
in MRS were included as a control. The values of O.D. 
of bacterial growth were obtained subtracting the O.D. 
value obtained for each plant extract. All experiments 
were performed in triplicate.

EFFECT OF PLANT EXTRACTS ON THE GROWTH OF BOVINE 

REPRODUCTIVE TRACT PATHOGENS

The effect of 9 plant derivatives against different pathogens 
isolated from the bovine reproductive tract was evaluated 
by using the modified agar plate diffusion technique (De 
Gregorio et al., 2019). Escherichia coli 99/14, Pseudomonas 
aeruginosa, Streptococcus bovis, Enterococcus faecalis and 
Listeria monocytogenes (Nader et al., 2008) were cultured 
in LAPTg broth (Biokar Diagnostics, Beauvais, France) for 
12 hours at 37 °C under microaerophilic conditions, in an 
anaerobic jar (AnaeroGen Oxoid). Briefly, LAPTg agar plates 
(15 ml of LAPTg with 1% agar) were inoculated with 1 x 106 
and 1 x 108 CFU/ml of each pathogen (Pasteris et al., 2011). 
Aliquots (25 μl) of the different solid plant extracts dissolved 
in 25% hydroalcoholic solution (30, 15, 7.5 and 3.25 mg/
ml) were added to the holes (4mm in diameter) aseptically 
made in the agar plates (in triplicate), incubated later for 24 
hours at 37°C. The inhibition halos were quantified in mm, 
determining the Minimum Inhibitory Concentration (MIC) 
of each of the plant extracts. The extracts were added also 
as spots on the surface of the pathogens-agar plates (De 
Gregorio et al., 2019).

DETERMINATION OF TOTAL PHENOLIC COMPOUNDS OF 

PLANT EXTRACTS

The total phenolic content of the phytocompounds 
was determined by the Zielinski & Kozlowska (2000) 
technique, with the following modifications: 100 µl of 
each plant extract (1mg/ml) and 900 µl bidistilled water 
were mixed with 100 µl Folin-Ciocalteu reagent (Sigma-
Aldrich, Darmstadt, Germany) (diluted to 50% in bidistilled 
water). After 2 minutes at room temperature, 400µl of 
a Na2CO3 solution (Ciccarelli, Santa Fe, Argentina) 
(15.9%, in bidistilled water) was added and left to stand 
for 10 minutes in the dark. Then 200 µl were seeded in 
microplates (in triplicate). Absorbance was measured in a 
microplate reader at 765 nm in a UV-VIS spectrophotometer 
(Spectronic 20, Bausch and Lomb, Rochester, NY). The 
calibration curve was prepared with gallic acid (GA) 
(Sigma-Aldrich; Merck KGaA, Darmstadt, Germany) in 
ethanol as a standard, in a concentration range of 2.5 to 
1000 μg. The regression equation used was y = 0.0395x + 
0.1633, and the correlation coefficient R2 = 0.9907. The 
results were expressed in mg of GAE extract/ml.

ANTIOXIDANT ACTIVITY OF PLANT EXTRACTS

The antiradical activity was evaluated by the photometric 
method, according to Wu et al. (2003). The DPPHu 
radical (1,1-diphenyl-2-picryl hydrazyl, Sigma-Aldrich, 
Darmstadt, Germany) was dissolved in 80% methanol up 
to an absorbance equal to 1.0 at 517 nm. 100 µl aliquots 
of each phytocompounds (1mg/ml) were mixed with 200 
µl of DPPHu. The decrease in absorbance was determined 
in a microplate spectrophotometer (Spectronic 20, Bausch 
and Lomb, Rochester, NY) at 517 nm, with readings every 
30 seconds for 10 minutes. The percentage of inhibition 
of DPPHu radical was calculated through the equation 
described by Burda & Oleszek (2001).

AAR= 100 x (1-Am/A0)

Where Am is the absorbance of the mixture at an infinite 
time and A0 is the absorbance of the DPPH solution before 
the addition of the samples.

STATISTICAL ANALYSIS

The results were subjected to analysis of variance 
(ANOVA) and a significance level of 5% (p≤0.05) was 
applied, using the Minitab analytical program.

RESULTS 

BLAB COMPATIBILITY WITH PLANT EXTRACTS 

The diffusion method on MRS agar plates determined 
that all plant extracts assayed are compatible with BLAB, as 
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well as inulin and corn syrup used as prebiotics, except L. 
salivarius CRL1702 (106 and 108 CFU/ml) (Figure 1A-B) 
which was inhibited by vitamin A at 30 and 15 mg/mL 
concentrations (MIC = 7.5 mg/mL). 

BLAB GROWTH IN THE PRESENCE OF DIFFERENT PLANT 

EXTRACTS

The plant extracts under study affected the growth 
of many BLAB strains since they were either stimulated 
or inhibited. Figure  2 shows the effect of different 
phytocompounds on BLAB growth, indicating that the 
effect is strain-specific. The claimed pharmacological 
effects of all the phytoderivatives assayed (Table 2), were 
not related to the degree of inhibition exerted on the growth 
of the strains; the growth of each BLAB with the added 
phytocompounds, evaluated by O.D.560nm, indicated that 
the effect is different in each one of the strains + plant 
extracts associations. Some examples are shown in Figure 2: 
a-g: represents obligate heterofermentative bacteria (OHe) 
and, h-i: obligate homofermentative lactobacilli (OHo). 
The growth in standard medium (MRS) of each strain is 
represented by a dotted line. Figure 2a shows the behavior of 
L. gasseri CRL1412 stimulated by Lapacho, Malva, Llanten 
and Manzanilla during the first 6 hours, but inhibited in a 
higher degree by Blueberry, Belladonna, Echinacea and 
Garlic. However, it is strongly stimulated by Jarilla starting 
at 12 hours. L. gasseri CRL1421 follows a growth pattern 
similar to CRL1412, showing good growth together with 
Lapacho and Malva, but inhibited by Belladonna, Llanten 
and Echinacea (Figure 2b). Figure 2c indicated the growth 
kinetics of L. gasseri CRL1460 strongly stimulated by 
Lapacho and Malva at 3 and 6 hours, respectively. After 
6 hours, this strain was inhibited by most of the plant 
extracts, except Jarilla. L. gasseri CRL1461 (Figure 2d) 
which showed the highest growth between 3 and 6 hours. 
Malva, Manzanilla, Lapacho, Llanten and Equinacea 
produced even higher growth than in the standard broth 

(MRS broth). Lapacho, Malva and Llanten facilitated the 
growth of L. lactis subsp. lactis CRL1656 during the first 6 
hours. Malva reaches a maximum O.D.540nm at 24 hours 
(1.43 ± 0.039), followed by Echinacea with an O.D540 nm 
of 1.33 ± 0.10; while Belladonna suppressed the growth 
(Figure 2e). Figure 2f shows the growth of P. pentosaceus 
CRL1831 with plant extracts, indicating that Garlic and 
Malva inhibited this strain, while Blueberry, Lapacho 
and Manzanilla favor its growth at 24 hours. L. salivarius 
CRL1702 shows similar kinetics but only Llantén allowed 
higher growth rates at 24 h. Blueberry negatively affects 
both strains (Figure 2g).

The growth of W. cibaria CRL1833 is represented in 
Figure 2h, where Blueberry, Garlic, Jarilla, Belladonna 
and Echinacea were showed to inhibit it, while Lapacho 
and Malva strongly stimulated. L. mucosae CRL1696 
evidenced an inhibitory pattern of all the plant extracts 
during the first 6 hours, however, Malva, Llantén, Lapacho 
and Echinacea produced a higher growth than in MRS at 
24 hours (Figure 2i).

The degree of interaction between BLAB and plant 
extracts is summarized in Figure 4, showing the compatible 
or non-compatible combinations: stimulating (green) or 
inhibitory (red) effect of the phytocompounds on the 
growth of each strain. Gray boxes indicate “No effect” 
because there is no modification of the growth with the 
phytoderivatives when compared to the MRS control.

EFFECT OF PLANT EXTRACTS ON THE GROWTH OF 

UROGENITAL PATHOGENS

The plant extracts assayed at different concentrations 
was not able to inhibit the growth of most of the frequent 
pathogenic microorganisms that cause bovine metritis, 
although the antimicrobial effect of many of them was 
previously reported (Oosthuizen et al., 2017; Martínez 
& Lujan 2011; Nohynek et al., 2006; Sharifi-Rad et al., 
2018; Canale et al., 2018). 

Figure 1. Inhibition of vitamin A on Ligilactobacillus salivarius CRL1702: 106 CFU/ml (a) and 108 CFU/ml (b). The black circles 
indicate the inhibition spots.
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QUANTIFICATION OF TOTAL PHENOLIC COMPOUNDS (TPC) 

AND ANTIOXIDANT ACTIVITY IN PLANT EXTRACTS

The results obtained by evaluating the content of TPC 
and the antioxidant activity of the nine plant extracts 
were determined to select those with higher antioxidant 
activity, to promote the beneficial effect when combined 
with probiotics to the phytobiotic formula. Echinacea is 
the plant extract with the highest concentration of phenolic 
compounds. Lapacho and Jarilla did not show significant 
differences between them, or between Garlic and Belladonna. 
On the other hand, Blueberry and Malva did not present 
significant differences between them, showing the lowest 
TPC values (Figure 3a). Garlic, Blueberry, and Chamomile 
recorded the highest percentages of antioxidant activity, 
without significant differences between them, followed 
by Malva. Belladonna was the phytocompound with the 
lowest antioxidant activity (Figure 3b).

DISCUSSION

There is increasing interest in natural ingredients, 
including plant sources and their derivatives, and beneficial 
microorganisms from both consumers and producers in 
the food and pharmaceutical industries. People search the 
market for products and foods free of artificial additives 
that can promote their health, many of them with a very 
long application based on concepts or uses derived from 

custom. The same interest is shown in animal production 
systems.

On the other hand, the use of lactic acid bacteria as 
probiotics in different mucosal sites is widely recommended 
(ISSAP, 2016; McFarland et al., 2018). Specifically, in the 
bovine reproductive system, different scientists have shown 
that the application of an adequate combination of probiotics 
could effectively counteract an endometrial infection by 
E. coli (Genis et al., 2016, 2017) and improve productive 
parameters (Ametaj et al., 2014). Then, to increase/enhance 
beneficial effects (such as immunomodulation, and inhibition 
of pathogenic microorganisms), it is possible to combine 
them with extracts from plants currently or historically 
applied to the urogenital tract to design different formulas 
intended to exert or produce a synergistic effect on the 
host. Therefore, it is of the utmost importance to determine 
their compatibility and if the phytoderivatives affect the 
growth of BLAB to be used in a single beneficial formula.

In human medicine, some results have been published 
regarding the administration of a vaginal gel containing 
Thymus vulgaris and Eugenia caryophilus together with 
two Lactobacillus strains specifically formulated in slow-
release capsules for the treatment of recurrent bacterial 
vaginosis or vulvovaginal candidiasis (Murina et al., 
2018) however, there are no previous studies that report 
the compatibility between the two bioactive components 
of the commercial formula. It is very important, and as a 
first step for the design of the formula, to evaluate the effect 

Figure 3. Quantification of phenolic compounds (a) and anti-
oxidant activity (b) in plant extracts. 

The different letters represent statistically significant differences 
(p<0.005) (Tukey’s test).

Figure 4. Compatibility between beneficial vaginal lactic acid 
bacteria in the presence of plant extracts. Red: “Inhibitory effect”; 
Green: “Stimulating effect”; Shades of color indicate greater or 
lesser inhibition ( ) or stimulation ( ) 
and “No effect” ( ).
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of the phytoderivatives on the growth of lactobacilli. The 
results of this work show the interactions of a long list of 
phytoderivatives approved in the Pharmacopoeias to be 
used for both oral and local administration with bovine 
BLAB probiotic strains characterized in our laboratory. The 
compatibility of phytoderivatives and strains of bovine lactic 
acid bacteria in veterinary medicine has not been previously 
studied, therefore, the issue is of the utmost importance, 
and considered as a first step to design a novel formula, to 
evaluate the effect of phytoderivatives, whether liquid or 
extract, on the growth of BLAB. The results obtained in this 
work indicate that the effect of the phytoextracts is dependent 
on the strain since there are no general rules. Each strain 
and each extract must be tested to define their optimal or 
adequate combinations. In this work, the evaluation of their 
combinations was carried out through MIC tests and growth 
kinetics, which allowed defining which of them could be 
adequately combined. Different publications have reported 
the individual use of lactic acid bacteria and plant extracts as 
curative and/or preventive treatments in veterinary medicine 
(Pellegrino et al., 2017; Maldonado et al., 2017; Mansilla 
et al., 2020; Ayrle et al., 2016; Martínez & Lujan 2011; 
Lillehojet al., 2018; Marume et al., 2017). Phytotherapy 
represents one of the most widely applied non-conventional 
medicines in both human and veterinary medicine (Hahn 
et al., 2005). According to Viegi et al. (2003), large animals 
(cattle, horses, sheep, goats and pigs) represent 70.5% of 
domestic animals treated with herbal remedies, because 
phytotherapy is mainly used on organic farms to further 
reduce the use of allopathic medicines. Although the use 
of phytotherapeutic products is increasing in animals, there 
are few studies and clinical trials reported in the literature 
on the therapeutic use of different plants for reproductive 
disorders in cows (El-Shanawani, 1996; Bruni et al., 1997; 
Lans et al., 2000; Uncini Manganelli et al., 2001; Alawa 
et al., 2002; Guarrera, 2005).

As previously indicated, there are no available studies 
on the combination of phytoderivatives and probiotic 
lactic acid bacteria and their application in the bovine 
reproductive system for the prevention of infections, reason 
by which there is a limitation to discuss/comparing the 
results obtained in this work with some other scientific 
reports. For this reason, the beneficial effects of the 
probiotic microorganisms and the plant extracts assayed 
in this work are included individually. Supported by the 
limited information available and the constant search 
for natural and innocuous products, the combination of 
probiotics and phytocompounds for veterinary use is an 
interesting and promising vacancy to study, even though 
there is a requirement to further assay their combination 
in the host animal.

The plant extracts evaluated in this work were selected 
for their variety of pharmacological effects and their 
use in veterinary medicine. Lapacho (Handroanthus 
impetiginosus) was the plant extract that stimulated the 
growth of the largest number of BLAB strains evaluated, 

with statistically significant differences (at 6 hours). Lapacho 
is traditionally used in folk medicine and mentioned for its 
therapeutic effects and included in pharmaceutical forms 
such as infusions and tinctures, mainly as an analgesic, 
anti-inflammatory and antitumor agent (Grazziotinv et al., 
1992). Suo et al. (2012) demonstrated in an in vitro assay 
that compounds isolated from Lapacho bark significantly 
suppressed IL-1β and TNF-α cytokine production without 
significant cytotoxicity in LPS-stimulated cells, suggesting 
that Lapacho suppresses production the inflammatory 
cytokines. Therefore, the combination of Lapacho + BLAB 
strains is a promising strategy for cattle.

Another phytoderivative, Malva (Malva sylvestris), 
shows a stimulating/promoting effect on L. gasseri 
CRL1412, L. gasseri CRL1421, L. gasseri CRL1460 and W. 
cibaria CRL1833. Several studies report the use of Malva 
sylvestris for veterinary purposes. The decoctions of whole 
plants are administered to cattle to treat colic, the leaves 
applied in compresses have shown high effectiveness in 
the treatment of mastitis in cattle, infusions and decoctions 
of aerial flowery parts were used against inflammation, 
wound infection, diarrhea in calves, its use as a curative 
for skin, reproductive and nervous disorders was also 
reported (Gasparetto et al., 2011; Viegi et al., 2003). 
Martins et al. (2017) evaluated the anti-inflammatory 
activity of the Malva extract and observed an inhibition 
of the release of proinflammatory mediators. Then the 
association of Malva with selected BLAB strains results 
in another interesting combination.

Plantain (Plantago major) was able to promote the 
growth of L. gasseri CRL1461, P. pentosaceus CRL1831, 
L. mucosae CRL1696 and L. salivarius CRL1702. Velasco 
et al. (2006) found that the antibacterial activities of 
Plantago major leaves and seeds were shown to inhibit 
Escherichia coli, Bacillus subtilis and Candida albicans 
cultures. The rupture of the cell walls of Gram-positive 
bacteria and the formation of vesicles in Gram-negative 
bacteria (Metiner et al., 2012) were observed by electron 
microscope evaluations.

Jarilla (Larrea divorcata) shows a stimulating effect 
on the growth of vaginal strains, which is interesting, 
since different publications have shown that extracts of L. 
divaricata have immunomodulatory properties (Davicino 
et al., 2007, 2010). Jarilla also exhibited in vitro antimicrobial 
effects against pathogens (Quiroga et al., 2004; Stege et al., 
2006). Then it is possible to indicate that the behavior of 
stimulation or inhibition of the extract is directly related 
and depends on each strain and species of microorganism. 
The Jarilla is an autochthonous phytoderivative widely 
used in northern Argentina.

Garlic and Belladonna extracts inhibited the growth, 
to different degrees, of all strains tested. Although their 
important therapeutic effects have been studied, it is not 
possible to combine them with probiotic microorganisms, 
possibly due to their antimicrobial properties.
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Combinations of beneficial lactic acid bacteria and plant 
extracts for veterinary therapeutic purposes have not been 
previously reported. Phytobiotic formulations for female 
vaginal application were studied by combining probiotic 
lactobacilli with different active ingredients (Marchesi 
et al., 2020), but no products are marketed in our country. 
These authors advanced in the selection of viable beneficial 
lactobacilli for their inclusion in the design of phytobiotic 
formulas for the health of the female urogenital tract, 
based on their compatibility with natural compounds with 
ethnopharmacological properties. The phytocompounds 
studied in this work did not show to inhibit the growth 
of pathogenic microorganisms responsible for urogenital 
infections in cows, even though their antimicrobial effects 
were reported in the literature. Even though this is not an 
encouraging result, the definitive effect must be assayed in 
the host animal, because the in vitro experiments, predictive 
in some aspects, sometimes do not agree with the in vivo 
behavior or clinical/animal studies.

The concentration of phenolic compounds and 
the antioxidant activity in the extract are not directly 
correlated with the effect on the growth of BLAB nor 
with the compatibility between them. Further studies 
should be carried out to determine if any specific type of 
component is responsible for the stimulating or inhibitory 
effect. Lillehoj et al. (2018) reported that the beneficial 
effects of phytoextracts are attributed to their antimicrobial 
and antioxidant properties, which is not demonstrated 
in our results. The inclusion of phytoderivatives in the 
diets of animals should alter and stabilize the intestinal 
microbiota and thus reduce toxic microbial metabolites in 
the intestine, due to their direct antimicrobial properties on 
various pathogenic bacteria, resulting in the alleviation of 
intestinal challenges and immune stress, which would lead 
to improved performance (Kim et al., 2015). In ruminants, 
tannins, included in phenolic compounds, modulate the 
ruminal and intestinal microbiota and improve the growth 
of certain bacterial populations. The effects of tannins on 
the rumen microbiota may be different depending on the 
molecular nature of these polyphenols (Vasta et al., 2008; 
Min et al., 2015).

CONCLUSION 

The BLAB strains that showed an affinity with the 
phytoextracts were: L. gasseri CRL1421, L. gasseri 
CRL1460, L. gasseri CRL1461 and W. cibaria CRL1833 
with Lapacho, Malva, Llanten and Jarilla, which can 
be used to design phytobiotic formulas due to their 
pharmacological effects (antibacterial, anti-inflammatory, 
immunomodulatory and healing). These results are original, 
because the compatibility of natural extracts with probiotic 
lactic acid bacteria strains was studied, in a way to combine 
the beneficial effect of the two bioactive compounds in the 
host, which should be further assayed in in vivo protocols.
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Frequency distribution of polymorphisms on k-casein and DGAT1  
genes in dairy cattle used in Chilean milk production

Daniela Levicoya, Rodrigo de la Barraa, Andrés M. Carvajala*

ABSTRACT. Milk solids are very important to transform milk in dairy products like cheese. Several genes and polymorphic variants 
had been associated with this process, increasing the milk fat and/or protein content or regulating the coagulation milk properties. In 
the present study, we evaluate the frequency distribution of two major polymorphisms present in DGAT1 and CSN3 genes in 6 dairy 
biotypes commonly used in southern Chile: Holstein-Friesian (HF), Jersey (JE), Montbeliarde (MB), Overo Colorado (OC), Frisón 
Negro (FN) and hybrids (HYB). For CSN3 the results revealed that the A variant was predominant (0.57 to 0.71) in all breeds except 
Jersey which showed a high frequency of the B variant (0.73), one that favors milk transformation, and in MB (0.58). For DGAT1 a 
similar trend was seen. The A variant predominated (0.64 to 0.96) in all populations except Jersey, which displayed a high frequency 
(0.70) of the K variant that favors milk solids. The analysis of FIS for both markers gave negative and non-significant values in all 
populations some exception of OC and HYB, which are not in Hardy-Weinberg equilibrium, suggesting an excess of heterozygotes. By 
another hand, FST analysis suggest a high genetic structure for Jersey. The simultaneous analyses of both markers produced 16 combined 
genotypes with hybrid animals displaying the highest number (11) whereas Jersey showed a favorable combination (DGAT1 KK and 
CSN3 BB) renewing their productive orientation to transform milk to cheese. Also, some Holstein animals displayed a heterozygous 
combined genotype (DGAT1 A/K–CSN3 AB). For decades, Holstein-Friesian has been an important breed used for milk production 
in southern Chile and during the last time, several farmers have introduced Jersey in order to improve milk quality. In this sense, our 
results show the presence of potential favorable genotypes for the transformation of milk to dairy products.

Keywords: Dairy cattle, milk solids, molecular markers, kappa-casein, dgat1.

INTRODUCTION

Bovine milk is one of the major foods included at 
healthy recommendations for human consumers. With a 
wide composition, it contains macro and micronutrients that 
are fundamental for our health and development. Within 
these, milk protein and milk fat are key components due 
to contribution of essential aminoacidic and fatty acids 
(Gibson, 2011). Both of them make up the majority of 
the well-known milk solids and are important for the 
technological transformation of milk to cheese and other 
dairy products (Cipolat-Gotet et al., 2018). 

The content of milk solids is determined by two major 
factors: nutrition and genetics (Osorio et al., 2016). Thus, 
currently one of the more important dairy breeding’s 
objectives at world and national level is the increase in 
the milk solids content (Uribe et al., 2017). 

From a genetic perspective, the presence of variants in 
several milk proteins and major enzymes regulating milk 
fat synthesis and secretion has generated several studies 
related to the identification of molecular markers, mainly 
SNPs but also candidate genes to modulate milk composition 
(Caroli et al., 2009). This relationship between markers 
and production traits has been widely strengthened with 
the arriving of genomics, which allows the association of 

thousands of markers along the cattle genome (Gebreyesus 
et al., 2019; Sanchez et al., 2019). 

An important milk protein is kappa casein (k-casein), 
which is related to milk production, composition, and 
coagulation properties, playing a direct role in the 
manufacturing process of milk products like cheese (Bonfatti 
et al., 2010; Vallas et al., 2012). This protein is encoded 
by CSN3 gene, which is highly polymorphic and being the 
A and B variants the most important ones. Those animals 
carrying the BB genotype show a milk with increased 
levels of k-casein and a lower micelles size, reducing the 
clotting time and promoting the firmness of the rennet 
(Cipolat-Gotet et al., 2018). On the other hand, animals 
with AA genotype are related to higher milk production 
but lower clotting time (Caroli et al., 2009). 

Respect to milk fatty acids, DGAT1 gene codes for 
diacyglicerol:acyl CoA acyltransferase 1 (EC 2.3.1.20; 
Cases et al., 1998), the limiting enzyme for triglycerides 
biosynthesis at mammary gland. This gene shows a 
polymorphism (K232A) with a major effect on milk 
composition (Grisart et al., 2004). The mutation corresponds 
to an aminoacidic change of lysine (K) to alanine (A) which 
can explain up to 50% of variation of milk fat content. It 
is widely described that those cattle carrying the K allele 
show a high yield and content of milk fat, whereas those 
with the A variant display a high milk yield (Grisart et al., 
2004; Carvajal et al., 2016). 

In southern Chile several cattle breeds are used for 
milk production including worldwide and local adapted 
breeds. In addition, today exists a growing interest to 
increase milk solids. This is given by a greater incentive 
from industry in the payment schedule. Therefore, the 
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objective of this study was to evaluate the distribution of 
allelic frequencies of CSN3 and DGAT1 polymorphisms 
in representative cattle breeds used for milk production.

MATERIAL AND METHODS

ANIMAL SAMPLES 

The study included 263 dairy cattle distributed in six 
different herds located in Los Ríos and Los Lagos regions, 
Chile. These animals had 2-4 parturitions and belonged to 
five different dairy breeds: Holstein-Friesian (HF; n= 56), 
Jersey (JE; n= 41), Montebeliarde (MB; n= 39), Overo 
Colorado (OC; n= 44) and Frisón Negro (FN; n= 46) plus 
other group called hybrid (HYB; n=38) corresponding to 
crosses between HF and OC. Individual blood samples 
from each animal were obtained by caudal puncture 
using a venojet system including the anticoagulant EDTA 
(Vacutainer, USA) and transported to laboratory on ice for 
their analysis. All procedure with animals were performed 
in accordance with protocols approved by the Institutional 
committee for use and care of animals in research of INIA 
(CICUA 04/2022).

GENOTYPING 

Genomic DNA was purified from 200 mL of blood using 
the GeneJet Whole blood Genomic DNA Purification Mini Kit 
(Thermofisher Scientific, USA) following the manufacturer 
protocol. Integrity of DNA was assessed by agarose gel 
electrophoresis and its quantification by measuring DNA 
absorbance at 260 and 280 nm and evaluating its ratio using 
a plate-reader (Infinity M200 Pro, TECAN, Switzerland). 
Genotyping of the K232A DGAT1 marker was performed 
by PCR-RFLP according to Carvajal et al. (2016), using 
the primers F-TGCCGCTTGCTCGTAGCTTTGGCC 
and R-ACCTGGAGCTGGGTGAGGAACAGC where a 
414 amplicon was digested with EaeI enzyme (Thermo 
Scientific, USA). For CSN3 (GenBank Y380228.1) 
we designed primers using the Primer-BLAST tool 

(NCBI; F- GCGCTGTGAGAAAGATGAAAG and R- 
CCCATTTCGCCTTCTCTGTAA) to amplify a 631 bp 
product (T° annealing 59 °C) containing the polymorphisms 
rs43703015 and rs43703016 which determine the A, B, C 
and E variants. Then, amplicons were purified by column 
using the E.Z.N.A Pure cycle kit (Omega Bio-tek, USA) 
and sent to commercial sequencing (Macrogen, Korea) 
to reveal the variant. 

DATA ANALYSIS

The analysis contemplated the estimation of allelic 
and genotypic frequencies for each of the markers by 
means of direct count. In addition, the Hardy-Weinberg 
equilibrium (HWE) was performed by Chi-test with a 
P<0.05 as significant (Falconer & MacKay, 1996).

Likewise, the genetic diversity of populations was 
determined using the Wright-F statistics Ho, He, FIS and 
FST. All calculations were performed using the GenePop 
4.7.5 (Rousset, 2008).

RESULTS

Table 1 shows the allelic frequencies for CSN3 marker. 
It showed that the A variant was predominant in four herds 
(HF, OC, FN e HYB) in a range between 0.569 to 0.709. 
At the same time, the results revealed that the B variant 
was best represented in JE (0.729) and MB (0.577) herds. 
The E variant, was poorly represented in HF, OC, FN, 
and HYB (between 0.022 and 0.071), and absent in JE 
and MB. Additionally, the C variant was only found in a 
few HYB animals with a frequency of 0.17. The analysis 
of these distributions showed that populations are in 
HWE, except for OC which displayed a χ2 value of 6.812 
(Table 1; p<0.05). 

For K232A DGAT1, we found that frequency of the A 
allele was predominant (0.645 to 0.962) for all populations 
except JE (Table 1). The highest frequency was observed in 
MB and FN, and then OC, HF and HYB. Holstein-Friesian 
showed a higher frequency of AK genotype which was 

Table 1. Allelic frequencies (%) and Hardy-Weinberg equilibrium for DGAT1 and CSN3 markers.

Breed
DGAT1 CSN3

n A K χ2 A B C E χ2

HF 56 0.661 0.339 0.743 0.709 0.251 0 0.040 0.781

JE 41 0.305 0.695 1.781 0.271 0.729 0 0 0.650

MB 39 0.962 0.038 0.062 0.423 0.577 0 0 1.692

OC 44 0.750 0.250 1.980 0.569 0.360 0 0.071 6.812*

FN 46 0.967 0.033 0.049 0.658 0.320 0 0.022 3.171

HYB 38 0.645 0.355 5.149* 0.612 0.170 0.169 0.049 1.803

HF: Holstein-Friesian; JE: Jersey; MB: Montbeliarde; OC: Overo Colorado; FN: Frisón Negro; HYB: Hybrid; n, number of animals; χ2: Chi-square 
test; *Indicates Hardy-Weinberg equilibrium deviation (p<0.05).
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present in half of the animals (28 of 56 animals, data not 
showed). On the other hand, MB and FN did not show 
the KK genotype. Jersey, as expected, showed the highest 
frequency of the K variant (0.695; Komisarek et al., 2011; 
Anton et al., 2012). For this marker, all populations were 
in HWE with exception of hybrids animals (Table 1;  
χ2 = 5.149).

The analysis of FIS for CSN3 (Table 2) gave negative 
and non-significant (p>0.05) values in almost all populations 
except for OC (-0.429; MB showed a positive value). 
Likewise, for DGAT1 we observed the same tendency, 
except for HYB, which displayed a positive value (0.418). 
Regarding inbreeding, the FIT values for DGAT1 and CSN3 
were non-significant (0.241 and -0.028, respectively). In 
relation to genetic differentiation, the paired FST values 
by breed were between 0.010 and 0.650 for DGAT1, 
and between 0.001 and 0.342 for CSN3, with significant 

differences in most of the populations (Table 3). For CSN3 
it was possible to observe high (FST 0.15-0.25) or very 
high values (FST>0.25) for JE/HF and JE/HYB pairs, 
and low values with a low differentiation for JE/MB. For 
DGAT1, the FST analysis yielded very high values (JE/
FR and JE/MB), and low values as observed for HF/OC 
and HYB/OC pairs. 

The simultaneous analysis of both markers (DGAT1 and 
CSN3) gave 16 combined genotypes (Table 4) with hybrid 
animals displaying a high number of combinations (11). 
The Jersey breed showed five combinations with exactly 
the favorable (DGAT1 AA/AA and CSN3 BB) in the highest 
frequency (44%). The other populations including MB, OC 
and FN barely exhibited the favorable combination, but 
only Holstein-Friesian displayed a few animals with this 
combination and high frequency (38%) of heterozygous 
genotype DGAT1 AK – CSN3 (AB).

Table 2. Values of observed (Ho) and expected (He) heterozygosity and FIS index for DGAT1 and CSN3 markers.

Breed
DGAT1 CSN3

Ho He FIS P-value Ho He FIS P-value

HF 0.281 0.253 -0.106 0.867 0.26 0.231 -0.129 0.909

JE 0.212 0.175 -0.197 0.955 0.14 0.165 -0.142 0.294

MB 0.030 0.029 -0.027 1.000 0.23 0.192 0.196 0.940

OC 0.203 0.166 -0.201 0.971 0.30 0.211 -0.429  0.005*

FR 0.034 0.029 -0.023 1.000 0.26 0.204 -0.276 0.990

HYB 0.102 0.171  0.418  0.014* 0.16 0.147 -0.083 0.822

Total -0.030 0.967 -0.177 0.868

HF: Holstein-Friesian; JE: Jersey; MB: Montbeliarde; OC: Overo Colorado; FN: Frisón Negro; HYB: Hybrid; Ho: Observed heterozygosity; He: Ex-
pected heterozygosity; FIS: Inbreeding coefficient; (*) P<0.05.

Table 3. FST values for DGAT1 and CSN3 markers between different breeds pairs.

Breed HF JE OC FR MB

DGAT1

JE  0.216*

OC  0.010 0.326*

FR  0.248* 0.650*  0.172*

MB  0.227* 0.626*  0.152*  -0.011

HYB  -0.012 0.201* 0.011 0.287* 0.261*

Total FST  0.263*

CSN3

JE  0.324*

OC  0.015 0.208*

FR  -0.004 0.275* 0.001

MB  0.154* 0.040*  0.063* 0.112*

HYB  -0.010 0.342* 0.021  -0.003 0.166*

Total FST  0.125*

HF: Holstein-Friesian; JE: Jersey; MB: Montbeliarde; OC: Overo Colorado; FN: Frisón Negro; HYB: Hybrid; FST: Proportion of the total genetic 
variance contained in a subpopulation relative to the total genetic variance; (*) P<0.05.
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DISCUSSION

CSN3 and DGAT1 markers are major polymorphisms 
related to cheese manufacturing and milk quality, 
respectively. They have been evaluated in several breeds 
in different production systems but there is little or no 
information available in our country. Thus, we evaluate 
the frequency distribution of these markers in five dairy 
breeds usually milky in southern Chile (three of them with 
worldwide presence and two local adapted breeds, Overo 
Colorado and Frisón Negro), and a hybrid population. 
For CSN3 the most representative allele in almost all 
populations was A as have been reported in several studies 
including Holstein-Friesian and some crosses (Volkandari 
et al., 2017; Miluchová et al., 2018; Gurses et al., 2018; 
Adamov et al., 2020) and several local breeds worlwide 
(Akyüz & Çinar, 2014; Djedovic et al., 2015; Barbosa et al., 
2019). For FN, a local crossed breed genetically related to 
Holstein we observed a high presence of the A variant but 
the percentage of animals with the B variant (0.32) was 
higher than that reported by Felmer & Butendick (0.18) 
(1998), suggesting a higher selection to milk quality during 
the last years. In turn, the B allele was more frequent in 
Jersey as expected. It is well known that Jersey cattle is 
highlighted because of their potential to transform milk 
to cheese, and it presents a higher frequency of B variant 
(Zepeda-Batista et al., 2015). Other alleles such as E and 
C were less represented according to reports in different 
breeds (Zepeda-Batista et al., 2015; Gurses et al., 2018). 

The analysis of heterozygosity showed that all populations 
were in HWE except for OC (Table 2; p<0.05). Although 
OC is well-known as dairy cattle, this biotype was in its 
origin a double purpose cattle (milk and meat) and today 
it is breeding with distinct schemes and the pursue of 
higher levels of milk solids could be affect their genetic 
distribution. 

It was interesting that, for DGAT1, Holstein-Friesian, 
which is characterized by a high milk production, showed a 
higher frequency of AK genotype, which was present in half 
of the animals (data not showed). It is widely recognized 
that selection of milk production has a negative effect on 
milk fat content (Uribe et al., 2017), which is explained 
by a lower occurrence of the K variant. However, it has 
been described that the managing of animals can induce 
higher frequencies of K allele (Ardicli et al., 2018) and 
there is a margin to select animals for milk production and 
solids content. Jersey, as expected, showed the highest 
frequency of the K variant (0.70; Komisarek et al., 2011; 
Anton et al., 2012). This breed is characterized by a high 
milk solids content.

In relation to heterozygosity, the analysis of FIS 
estimator for CSN3 gave negative and non-significant 
values in all populations except for OC. This indicates an 
excess of heterozygotes. Likewise, for DGAT1 we observed 
the same tendency, except for HIB, which displayed 
a positive value suggesting a deficit of heterozygotes. 
These results are correlated with the absence of HWE 
in both populations (OC and HYB). Regarding genetic 

Table 4. Combined genotypes (%) for DGAT1 and CSN3 markers.

Combined genotypes Frequency

Nº DGAT1 CSN3 HF JE MB OC FN HYB

1 KK AA 0 0 0 0 0 4

2 KK AB 1 0 0 0 0 0

3 KK ABC 0 0 0 0 0 3

4 KK AE 1 0 0 1 0 1

5 KK BB 3 18 0 0 0 0

6 AK AA 4 2 0 12 0 4

7 AK AB 21 14 0 1 0 1

8 AK ABC 0 0 0 0 0 3

9 AK AE 3 0 0 1 1 2

10 AK BB 0 5 3 2 1 0

11 AK BE 0 0 0 4 1 0

12 AA AA 23 2 5 0 18 9

13 AA AB 0 0 23 23 24 0

14 AA ABC 0 0 0 0 0 8

15 AA ABCE 0 0 0 0 0 1

16 AA BB 0 0 8 0 1 1

HF: Holstein-Friesian; JE: Jersey; MB: Montbeliarde; OC: Overo Colorado; FN: Frisón Negro; HYB: Hybrid; Favorable genotypes are highlighted 
with underlining.
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differentiation, the analyses of FST by breed for CSN3 
gave positive values with significant differences in most 
of the populations displaying high or very high values for 
JE/HF and JE/HYB pairs, suggesting a high differentiation 
according to Wright (1984), and also low values with a 
low differentiation for JE/MB. 

These results must be considered cautiously because, 
though important, only two markers associated to milk 
composition yield were assessed. If a greater number of 
markers were included, the very high values of differentiation 
would be reduced to high values (in a range of FST 
between 0.15-0.25). However, these markers respond to 
an intraspecific diversity correlated to the differentiation 
of milk traits of every breed, determining a high genetic 
structure for Jersey biotype compared to the other breeds 
(Huson et al., 2020). Other studies using genomics tools, had 
described moderate values of FST (0.142) between Holstein 
and Jersey biotypes (Melka & Schenkel, 2012). On other 
hand, Brown Swiss cattle which display favorable traits 
for cheese manufacturing, shows a genetic differentiation 
trend, and recent studies confirm this with high values of 
FST (0.156) between Brown Swiss and Holstein (Signer 
et al., 2017).

The simultaneous analyses of both markers (DGAT1 
and CSN3) gave 16 combined genotypes. Hybrid animals 
displayed a high number of combinations (11) probably 
as a result of multiple crosses, according to breed records 
between HF and OC, but those didn’t favor the milk solids 
or cheese manufacturing. The Jersey breed showed five 
combinations but with the favorable genotype (DGAT1 
KK and CSN3 BB) in the highest frequency, renewing 
their productive orientation to transform milk to cheese 
or dairy products.

Since 2010 the national dairy chain set itself the goal 
of reaching a 7.6% of milk solids yield for 2020. Although 
progress has been made on this way, it has not been fully 
achieved, in part, by the utilization of genotypes mainly 
oriented to milk production but no milk solids. Holstein-
Friesian and Overo Colorado are the main biotypes used 
in milk production in Chile, reaching together more than 
60% of dairy cattle, whereas Jersey is less-represented 
reaching only a 5% (ODEPA, 2019). Holstein-Friesian and 
their crosses had been used worldwide including Chile as 
dairy cattle for milk production since the mid-twentieth 
century. Nevertheless, more recently milk solids have 
been incorporated to breeding through selection index 
(O’Sullivan et al., 2019). Although the results of previous 
(Carvajal et al., 2016) and current work show an important 
percentage of the DGAT1 genotype associated to milk 
solids (K allele), their distribution in the total mass of dairy 
cattle is unknown. On the other hand, in Jersey cattle the 
presence of favorable genotypes for cheese manufacturing 
is widely described. Crosses between Jersey and New 
Zealand Holstein show a significant highly milk solids 
yield which could generate a high economic recovery 
(Delgadillo et al., 2016). This better performance results 

from heterosis and the favorable input from Jersey biotype 
(Buitenhuis et al., 2014). 

In this sense, the dairy sector including the government 
should initiate a national or regional breeding program 
including a selection index considering dairy genotypes 
oriented to milk solids. However, it is important to consider 
that the association of genetic variants to milk production 
and milk solids is polygenic. This is, multiples genomic 
regions or QTLs are involved in these traits (Ibeagha-
Awemu et al., 2016). For example, a genome-wide study by 
Buitenhuis et al. (2014) reveals that DGAT1 can explain up 
to 8-23% of milk fat content in Holstein and Jersey breeds. 
Therefore, other molecular markers could be included in a 
prediction scheme of genetic merit, or better, use animals 
for breeding with validated genomic information for dairy 
production systems based in pastures. 

CONCLUSIONS

This study shows that between dairy breeds used 
in southern Chile Jersey biotype display the highest 
frequency of DGAT1-KK and CSN3-B variants which 
favor a major content of milk solids and the potential to 
cheese manufacturing. 
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Frequency and risk factors of intestinal  
parasites in pet dogs from Mexicali, Mexico
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ABSTRACT. Parasitic intestinal infections in dogs represent a problem for human health, because a wide variety of these parasites 
have zoonotic potential. Therefore, proximity to pets puts us at risk. The objective of this study was to determine the frequency and 
risk factors (age, sex, size, breed, presence of ectoparasites and gastrointestinal disorders) of intestinal parasites in the feces of dogs 
attending a Veterinary Hospital in the City of Mexicali, Baja California, Mexico. A total of 148 fecal samples were collected from 
canine patients and analyzed for parasite identification and parasite load. A 12.2% (18/148) of the samples were positive to parasitic 
intestinal infections. The frequency of specific infections was an 8.1% of Cryptosporidium sp., followed by a 2.7% of Cystoisospora 
sp., and 1.4% of Toxascaris leonina. A statistical significance was identified between the presence of intestinal parasites and mongrel 
breed. The predominance of protozoa shows the importance of diagnosis prior to treatment with anthelminthic drugs, since preventive 
antiparasitic protocols are commonly used, although these particular parasites are out of the spectrum of those drugs. Cryptosporidium 
spp. have zoonotic potential, particularly in immunocompromised patients, and there are few or no treatment options. 

Keywords: zoonosis, Cryptosporidium, intestinal parasites, dogs.

INTRODUCTION 

Animal ownership, particularly in dogs, has brought 
many physical and psychological health benefits to 
humans (Wells et al., 2022), such as increased physical 
activity, and social and emotional support (Martín, 2020). 
However, these companion animals can also be carriers 
of zoonotic diseases (Medina-Pinto et al., 2018). Among 
the wide variety of diseases, intestinal parasitic infections 
stand out, in which dogs act as reservoirs by dispersing 
them through feces containing eggs, cysts, and oocysts 
(Morales et al., 2016). 

Previous studies in northwestern Mexico have reported 
the presence of dog parasite forms in public spaces 
(Ramírez-Rubio et al., 2019) and in stray dogs from urban 
and agricultural areas (Trasviña-Muñoz et al., 2017, 2020), 
highlighting a large proportion of dogs infected with 
zoonotic parasites such as Toxocara canis, Toxascaris 
leonina, Ancylostoma caninum, Dipylidium caninum, 
and Taenia sp. Nevertheless, the greatest risk of exposure 
to humans is represented by domestic dogs owing to 
regular contact between owners and pets (El-Tras et al., 
2011). In addition, due to COVID-19, a reduced number 
of veterinary visits has been reported, which could lead 
to an increase in the number of parasites in owned dogs 
(Yee et al., 2021). Moreover, it is important to identify the 

diversity and abundance of parasites carried by pet dogs to 
generate information that will enable clinicians and health 
personnel to establish appropriate preventive and control 
measures (Aguillon-Gutierrez et al., 2021). Therefore, 
the objective of the present study was to determine the 
frequency and risk factors for intestinal parasites in stool 
samples of dogs from a Veterinary Hospital in Mexicali, 
Baja California, Mexico.

MATERIALS AND METHODS

STUDY DESIGN 

The study was conducted on dogs received at the Small 
Species Veterinary Hospital (IICV-UABC) between August 
2021 and December 2021 in the district of Mexicali, Baja 
California (32° 39’ 48’’ north latitude). For this study, 
samples were collected from 148 owned dogs with the 
following inclusion criteria: older than 1-month, different 
sexes, breed, and body size. Sampling was performed 
when all owners stated their consent to participate. As 
a requirement to participate, the owners had to provide 
a fresh stool sample from the dog in a closed container 
(minimum of 3 g). The personal data, such as the address 
and phone number provided by the owner, were handled 
in accordance with Federal Law for the Protection of 
Personal Data in Possession of Individuals (DOF, 2010). 
The stool samples were refrigerated at 4ºC, placed in a 
cooler, and transported to the Parasitology Laboratory at 
the Institute of Research in Veterinary Science (UABC) 
in Mexicali, Baja California, Mexico for processing. 
Originally, the study design had considered a total of 280 
dogs, a sample size calculated (Thrusfield, 2005) based 
on the prevalence reported in previous studies in stray 
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dogs (Trasviña-Muñoz et al., 2017), an error of 5%, a 
95% confidence, and an expected proportion of 21.5%. 
However, due to COVID-19 restrictions, there was a low 
demand for hospital services; consequently, our sample 
size was reduced to 148.

EPIDEMIOLOGICAL QUESTIONNAIRE

A questionnaire was administered to all owners who 
participated in the study by hospital veterinarians and 
interns during sample reception. Age (>12 months or <12 
months) and sex (male or female) were recorded, and 
breed was determined based on the American Kennel Club 
classification. If the dog did not present characteristics that 
determined a single breed, it was classified as “mongrel”. 
Size was recorded as small, medium, and large, determined 
by the weight of the animal (<5 kg, 5-15 kg, and >15 kg, 
respectively). Individual data were omitted by the owner, and 
other risk factors were also recorded, such as the presence 
of ectoparasites and signs associated with gastrointestinal 
disorders (vomiting, diarrhea, and constipation). 

COPROLOGIC ANALYSIS 

Parasitic forms of intestinal parasites present in the 
feces were identified using the Hendrix & Robinson method 
(2012). The samples were examined macroscopically 
for helminths or proglottids. Subsequently, the flotation 
concentration technique described by Zajac & Conboy 
(2012) was performed on 2 g of stool with a slight 
modification because a saturated saline (NaCl) solution 
(specific gravity 1.20) was substituted for zinc sulfate. The 
quantitative analysis was carried out with Mc Master’s 
technique described by Serrano et al. (2010) by mixing 2 
g of stool with saturated NaCl solution to a total volume 
of 60 ml, filtered, and then filled both compartments of 
the McMaster´s counting chamber to obtain the estimation 
of the parasite load in 1 g of stool. 

To detect Cryptosporidium sp. oocysts, the modified 
Ziehl-Neelsen staining method described by Serrano et al. 
(2010) was applied.

STATISTICAL ANALYSIS

Descriptive statistics were used to calculate the overall 
and specific frequencies of intestinal parasitic infections. 
Inferential analyses were performed using the Statistix 9® 
software.The Chi-square (χ²) test was used to establish 
associations between parasitic infections and risk factors. 
Risk factors with a p-value < 0.10 was further analyzed 
using a logistic-binomial regression model, which provides 
exact regression estimates, 95% confidence intervals, odds 
ratios, and p-values. 

RESULTS

None of the 148 samples analyzed showed evidenced 
presence of adult parasites, and 18 (18/148) were positive 
for a single parasite. No co-infections were recorded. 
The genera and species found, in order of frequency, 
were as follows: Cryptosporidium sp., Cystoisospora sp., 
and Toxascaris leonina (Table 1). There was a notable 
predominance of protozoa, 88.8% (16/18) in the total 
positive cases compared to nematodes 11.1% (2/18).

Dogs younger than 12 months presented the highest 
frequency of positive cases of intestinal parasitic infections 
(14.2%, 3/21) compared to dogs older than 12 months 
(12.8%, 15/117). Males presented a higher frequency of 
cases of infection (14.4%, 11/76) than females. The most 
infected breed in this study was the Mongrel (21.5%, 
11/51), compared to 7.9% (7/88) of purebred animals. 
The most frequently infected purebreds were Husky (25%, 
1/4), American Staffordshire Terrier (9.5%, 2/21), and 
Poodle (15.3%, 2/13). Small dogs were more frequently 
infected (13.8%, 5/36), followed by medium (13.7%, 
8/58), and large (10.6%, 5/47) size dogs. Dogs did not 
present ectoparasites associated with the biological cycle 
of gastrointestinal parasites and only ticks were found. It 
should be noted that most animals with intestinal parasitic 
infections did not show gastrointestinal disorders (88.8%, 
16/18) (Table 2). The only statistically significant risk 
factor was breed (p = 0.026) (Table 3); and an association 
was identified between the overall frequency of cases and 
mongrel dogs (OR= 3.1821; 95% CI = 1.15-8.83). Regarding 

Table 1. Frequency, genera, and parasite loads calculated using the McMaster technique for parasites detected in the feces of dogs at 
the Small Species Veterinary Hospital of the UABC in Mexicali, Baja California, Mexico. *Missing value: Because of the small size 
of Cryptosporidium sp. oocysts, the parasitic load was not determined. Low: 50-100 EPG, OPG; Middle: 101-500 EPG, OPG; high: 
500 EPG, OPG (Rodriguez-Vivas et al., 2011).

Genera/species Frequency 
(%) Positives/total samples Parasitic load  

per gram of feces 

Cystoisospora sp. 2.7 4/148 (50 -150) 

Cryptosporidium sp.* 8.1 12/148 -

Toxascaris leonina 1.3 2/148  (100 -200)
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the association between cases of parasitic infections for 
each detected parasite, no association was found between 
cases of Cryptosporidium sp., Cystoisospora sp., and T. 
leonina and the risk factors. 

DISCUSSION

Companion animals, owing to their proximity to 
humans, are a potential source of more than 70 zoonotic 

diseases (Stull et al., 2015). Intestinal parasites are a clear 
example of this, as they are considered a global health 
problem (Zanzani et al., 2014). These infections sometimes 
present with a long prepatent period, and their clinical 
manifestations may not be evident (Torrecillas et al., 
2021). The absence of clinical signs in the patients whose 
samples were analyzed in this study and had a positive 
result suggests that although the disease is not perceptible, 
subclinical parasitized dogs play an important role in 

Table 2. Characteristics of the population of owned dogs sampled at the UABC Small Species Veterinary Hospital in Mexicali, Baja 
California, Mexico.

Risk factors Number of 
individuals Positive Negative

Age <12 months 21 3 18

>12 months 117 15 112

Sex Female 65 7 58

Male 76 11 65

Breed Breeds withs at least 1 
positive individual

Schnauzer 12 1 11

American Staffordshire Terrier 21 2 19

Poodle 13 2 11

Chihuahua 15 1 14

Husky 4 1 3

Other breeds 22 0 22

Mongrel 51 11 40

Size Small 36 5 31

Medium 58 8 50

Big 47 5 42

Ectoparasites Present 7 2 5

Absent 133 16 117

Gastrointestinal 
disorders

Present 13 2 11

Absent 126 16 110

Table 3. Association between the risk factors and intestinal parasites in feces of dogs owned by the Small Species Veterinary Hospital 
of the UABC in Mexicali, Baja California, Mexico. *p-value <0.05.

Risk factors Positive/total samples OR 95% IC p-value

Age
<12 months 14.2% (3/21)

1.13 0.30 – 4.31 0.85
>12 months 12.8% (15/117)

Sex
Female 10.7% (7/65)

0.71 0.26 – 1.95 0.51
Male 14.4% (11/76)

Breed
Pure 7.9% (7/88)

3.18 1.15 – 8.83 0.02*
Mongrel 21.5% (11/51)

Size

Small 13.8% (5/36)

Medium 13.7% (8/58) 1.17 0.61 – 2.22 0.64

Big 10.6% (5/47)

Ectoparasites
Present 28.5% (2/7)

2.92 0.52 – 16.32 0.22
Absent 12% (16/133)

Gastrointestinal disorders
Present 15.3% (2/13)

1.26 0.26 – 6.22 0.77Absent 12.6% (16/126)
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allowing the parasites to develop their life cycle (Maggi 
& Krämer, 2019). This finding has been demonstrated in 
cryptosporidiosis; despite not presenting any signs, dogs 
can continue to excrete oocysts, which can contaminate 
the environment and facilitate subsequent transmission 
(OIE, 2018; Murnik et al., 2022). 

The higher frequency of positive cases in the mongrel 
breed agrees with that reported by Plúas & Sánchez 
(2021) in Ecuador. This may be due to the lower level of 
veterinary care that mongrel dogs receive, which is related 
to their low economic value compared to that of purebred 
dogs (Ojo et al., 2019). The data from the present study 
disagree with those reported by Tortolero et al. (2008) in 
Venezuela and Vega et al. (2014) in Peru, where there was 
a statistically significant relationship between intestinal 
parasites and purebred dogs. The authors attributed this to 
genetic manipulation of these animals, which can increase 
their susceptibility to infection. 

Although there is no zoonotic risk, Cystoisospora sp. 
are important for pet health. In young animals, strong 
signs of acute diarrhea, either catarrhal or hemorrhagic, are 
observed (Bowman, 2014; Villeneuve et al., 2015). In the 
present study, the animals infected with Cystoisospora sp. 
were older than 12 months, and the owners did not report 
the presence of previous gastrointestinal signs. However, 
no statistically significant relationship was observed 
between the presentation of this parasite and age. These 
results differ from those reported by Smith et al. (2014) in 
Canada, who reported that adult animals were considerably 
less infected than young animals. 

There are over 30 different species of Cryptosporidium 
sp. recognized; some are host-specific, and others infect a 
wider host range (Robertson et al., 2020). The most prevalent 
species reported in humans include C. hominis, C. parvum, 
and C. canis (Ryan et al., 2021). In the present study, a 
frequency of 8.10% was observed for Cryptosporidium 
spp. Thus, this study is the first to report cases of infection 
in dogs in Mexicali, Baja California, Mexico. Regarding 
cryptosporidiosis in dogs, there are discrepancies regarding 
its importance as a zoonosis, as some studies indicate that 
the risk is minimal (Lucio-Forster et al., 2010). However, 
Mexicali borders the state of California in the United States, 
where historically, it has been indicated as the main risk 
of infection through contact with dogs at home (Acute 
Communicable Disease Control, 2014). In Mexico, there 
have been few studies on this protozoan in domestic dogs. 
In Mexico City, Martinez-Barbosa et al. (2015) reported a 
11.5% prevalence of Cryptosporidium spp. in asymptomatic 
domestic dogs, which coincides with our findings, and the 
age of the dogs (younger than 12 months) was determined as 
a risk factor, which differs from our study. In Aguascalientes, 
Vitela-Mendoza et al. (2019) determined the frequency 
of Cryptosporidium sp. in dogs from dairy stables and an 
urban area captured by the Center for Control, Attention, 
and Animal Welfare (CCABA) and found that 20.5% of the 
canines were infected. The highest number of cases were 

observed in animals from dairy farms (30%), whereas the 
urban area showed a low level (9%). In Durango, Aguillón-
Gutiérrez et al. (2021) reported a prevalence of 6% in pet 
dogs, which is the most frequent parasite in these canines. 
In Toluca, Lara-Reyes et al. (2019) reported that 4.7% of 
dogs submitted to different clinics in the area to be evaluated 
were positive for this parasite. 

In humans, cryptosporidiosis can present with minimal 
to severe symptoms, such as watery and bulky diarrhea, 
abdominal pain, nausea, vomiting, anorexia, fatigue, 
and fever. These can last up to one month, with a risk of 
reinfection; in severe cases, it can compromise the human 
patient’s life (Chalmers & Davies, 2010). Unfortunately, 
no drugs or vaccines are available to prevent this infection, 
and the treatment options for both animals and humans 
are extremely limited and may not be fully effective 
in immunocompromised patients (Innes et al., 2020). 
According to the CDC (2021), no single cleaning measure 
is effective in preventing cryptosporidiosis and has even 
shown resistance to chlorine in water, but it also strongly 
suggests washing hands often with soap and water. 

Toxascaris leonina has zoonotic potential, can 
occasionally infect humans as accidental hosts, and 
is commonly present in asymptomatic dogs (Rostami 
et al., 2020). Canines usually cause mild gastrointestinal 
disturbances, and in most cases in humans, they do not cause 
any signs or symptoms (Traversa, 2012). The frequency of 
T. leonina (1.35%) in our study differed from the results 
reported globally (2.9%) (Rostami et al., 2020) as well as 
from other states of Mexico, such as Querétaro (11.91%), 
Mexico City (4.16%), Oaxaca (7.22%) (Fernández & Canto, 
2002; Eguía-Aguilar et al., 2005; Vélez-Hernández et al., 
2014), and Mexicali, Baja California (5.5%) (Trasviña-
Muñoz et al., 2017). The low frequency found in this study 
could be explained by the fact that the dogs in this study 
were domestic, whereas the previously mentioned studies 
investigated stray dogs, which are generally exposed to 
various risk factors that facilitate their transmission, such as 
the presence of rodents, which are paratenic hosts for this 
parasite, and the absence of health care for dogs (Trasviña-
Muñoz et al., 2017). In addition, climate factors, as this 
nematode has a lower development in extreme climates 
(Rostami et al., 2020), such as those we have in this region 
during summer and winter. 

It is important to note that there was a higher proportion 
of protozoa in this study, since in some countries “preventive” 
antiparasitic protocols are used, applying anthelmintic 
drugs, such as praziquantel and pyrantel (Stull et al., 
2007; Matos et al., 2015) with no effects on the protozoa. 
The spectrum of these drugs could explain the absence of 
other helminths, such as Toxocara canis and Ancylostoma 
caninum, or cestodes such as Dipylidium caninum, which 
had been previously recorded in this region (Trasviña-Muñoz 
et al., 2017; Ramírez-Rubio et al., 2019). This highlights 
the importance of diagnosis prior to the initiation of any 
treatment as well as post-treatment diagnosis to evaluate its 
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efficacy based on differences in parasite loads (D´Ambroso 
et al., 2022). If owners lack information regarding the 
possibility of transmission and how improper disposal of 
feces can affect the environment, there is an increased risk 
of infection; therefore, the role played by these animals as 
reservoirs must be considered (Raičević et al., 2021). In 
addition, diagnostic work together with the development 
of scientific communication strategies focused on the 
owners of these animals represents an important step in the 
prevention of intestinal parasites. (Cortes, 2020). It is also 
necessary to reinforce the role of veterinary clinicians as 
educators about animal welfare and human-animal bonds. 
(Dolby & Litster, 2015). 

CONCLUSIONS

The predominance of protozoa in owned dogs compared 
to helminths is of utmost importance because preventive 
administration of antiparasitic drugs without previous 
diagnosis is a common practice in some countries, and 
the spectrum of administered drugs does not include 
protozoa such as Cystoisospora sp. or Cryptosporidium sp. 
Consequently, diagnosis is fundamental before and after 
antiparasitic treatment. Regarding risk factors, mongrel 
dogs presented a significantly higher frequency of infection, 
which could be attributed to the lower veterinary care 
related to their low economic value, compared to purebred 
dogs (Ojo et al., 2019).

The presence of Cryptosporidium sp. is of great interest, 
mainly because of its zoonotic potential and lack of treatment 
options. Further studies are needed in both owned and stray 
dogs with a larger sample size to identify the factors that 
contribute to the distribution of these parasites throughout 
the northwestern regions of Mexico.
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Locomotor injuries morbidity data analysis in Chilean sport horses:  
a retrospective study (2016-2021)

Cristóbal A. Dörnera,b*

ABSTRACT. The equine industry in Chile is small but constantly growing, being the Chilean Rodeo the most important discipline. 
Problems associated to the musculoskeletal system are the most frequent condition in the equine veterinary practice. Economic losses 
for the equine industry associated to injuries related to the locomotor system are significant and have been estimated in different parts 
of the world. Five hundred and eighty-one (581) Chilean purebred horses (Caballo Raza Chilena) performing or training for Chilean 
Rodeo discipline fulfilled the inclusion criteria. Results showed that in Chilean purebred horses, forelimbs injuries were recorded 
in 73.1% and hindlimbs 26.9% being a statistically significant difference (P = 0.001). Unilateral lameness was the most frequent 
situation seen in 74.9% (n=424), bilateral lameness was observed in 21.7% (n=102) and lameness in 3 or more areas was recorded in 
9.5% of horses (n=55). When comparing frequency of distribution between right and left sides, no differences were observed between 
forelimbs (P = 0.645) or hindlimbs (P = 0.853). The forelimb digit (hoof, pastern, and fetlock) had a prevalence of 59.6%. When 
specific diagnoses were recorded the most prevalent causes of lameness in Chilean purebreds were navicular disease (12.9%), fetlock 
osteoarthritis (11.9%) and distal tarsal joints osteoarthritis (11.7%). In conclusion, due to the activity and specific physical demands 
suffered by Chilean Rodeo horses, veterinarians must be familiar with injuries affecting Chilean sport horses, as the morbidity of 
musculoskeletal injuries varies drastically between different disciplines. 

Key words: musculoskeletal, horses, Chilean purebred, forelimb, digit.

INTRODUCTION

The horse industry in Chile is mostly supported by the 
Chilean Rodeo, a discipline solely practiced by Chilean 
purebred horses (Caballo Raza Chilena), the most popular 
breed of horses in Chile. Problems associated to the 
musculoskeletal system are well known to be the most 
frequent condition in the veterinary practice (Egenvall 
et al., 2005; Penell et al., 2005) and the Chilean purebred 
is not the exception. Most epidemiological studies have 
focused in the Thoroughbred racing industry (Barroeta 
et al., 2019; Ramzan & Palmer, 2011; Morales et al., 
2009, 2018) although a few recent studies have analysed 
different populations of horses (Dabareiner et al., 2005a, 
2005b; Dyson, 2000; Egenvall et al., 2009; Fortini, 2011; 
Jackman, 2001; Lewis, 2001). 

Economic losses for the equine industry associated 
to injuries related to the locomotor system are significant 
and have been estimated in different parts of the world 
(Seitzinger et al., 2000, Egenvall et al., 2006; Egenvall et al., 
2009). However, in Chile, there is still scarce information 
on this subject. Although the equine industry in Chile is 
small, it is constantly growing and the most important 
discipline in the country is the Chilean Rodeo. Only one 
study focused on the epidemiology of the main injuries of 

the locomotor system in Chilean Rodeo horses has been 
published (Mora-Carreño et al., 2014). 

Understanding the biomechanics and demands of 
each discipline is extremely important to understand the 
pathophysiology of the specific injuries, as a basis for 
prevention of lesions in the equine athlete. Moreover, 
proper knowledge of biomechanics of a specific discipline 
directly aids the clinician in achieving a proper diagnosis 
and establishing a correct treatment plan when lameness 
is present. The Chilean Rodeo is a highly demanding 
discipline in which biomechanics forces predisposed to 
an increased stress to different joints and soft tissues such 
as metacarpophalangeal joint, distal interphalangeal joint, 
distal tarsal joints, and collateral ligaments. Thus, the aim 
of this study was to conduct a new morbidity data analysis 
with a larger cohort of Chilean sport horses to elucidate 
the most common conditions causing lameness in this 
breed of horses.

MATERIAL AND METHODS

Data was gathered from the medical records from horses 
presented to Equestria Equine Medical Center, located 
in Quillota, Chile, between the years 2016 and 2021. 
Medical records from eight hundred and ninety horses 
(890) diagnosed with an associated musculoskeletal injury 
with an age ranging from 3-18 years-old were included in 
this study for morbidity analysis. Horses diagnosed with 
a locomotor problem associated with the head and neck 
such as temporomandibular joint, cervical spine stenosis or 
cervical facet conditions were excluded from the analysis. 
From the eight hundred and ninety horses that fulfilled 
the inclusion criteria, six hundred and thirteen (613) were 
Chilean purebred horses performing or training for Chilean 
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Rodeo discipline from which thirty-two horses (32) were 
excluded because the diagnosis was associated to a neck or 
head problem giving a total of 581 Chilean horses finally 
included in the morbidity analysis. Information obtained 
from clinical records included: name, age, gender, affected 
limb(s), and diagnosis. Horses with any missing information 
mentioned above were excluded from the analysis. 

Statistical analyses were run on SPSS, version 19 for 
Windows (SPSS Inc, Chicago IL, USA). Frequencies 
were calculated for description of the qualitative data and 
for quantitative variables a descriptive statistical analysis 
based on mean and standard deviation was performed. 
Additionally, qualitative data was analysed with the non-
parametric Pearson Chi-square test to determine differences 
between lameness distribution. The significance level was 
set at P<0.05.

RESULTS AND DISCUSSION

From a total of 890 medical records gathered from 
horses diagnosed with one or more locomotor injuries, 
68.9% were Chilean purebred horses, 25.3% Warmbloods, 
2.6% Thoroughbreds, 2.4% Polo horses, 0.8% Arabians, 
1% Crossbred and 0.9% Quarter horses (Table 1). Records 
obtained from Chilean purebred horses examined (n= 581) 
showed an average age of 10.78 ± 3.15 years distributed 
in geldings (n=291, 50.1%), mares (n= 199, 34.3%), 
and stallions (n=91, 15.7%). The information presented 
regarding horse breeds diagnosed in our hospital, shows 
a clear predominance of Chilean Horses; nonetheless, the 
breed is probably overrepresented, and this distribution 
might vary between veterinarians and veterinary practices. 
Forelimbs injuries were recorded in 72.9% of cases and 
hindlimbs injuries in 27.1% of cases, with a statistically 
significant difference among them (P = 0.001). Unilateral 
lameness was the most frequent situation seen in 74.9% of 
cases (n=424), bilateral lameness was observed in 21.7% 
(n=102), and lameness in 3 or more areas was recorded in 
9.5% of horses (n=55). Several publications in different 
breeds have shown that the distribution of lameness is most 
prevalent in the forelimbs than the hindlimbs (Barroeta 
et al., 2019; Dabareiner et al., 2005a; Dabareiner et al., 

2005b; Mora-Carreño et al., 2014; Morales et al., 2009). 
This differences in lameness distribution between forelimbs 
and hindlimbs in most equine disciplines is explained by 
the body-weight distribution, of approximately of 60% 
on the forelimbs (Hood et al., 2001). This is similar to 
what we observed in our study where 72.9% of lameness 
were located in the forelimbs. This could be explained 
by different factors such as horse body conformation 
(muscled but small horse, height <145cm to the withers, 
relatively short limbs, with small hooves, and weighting 
≤ 370kg), poor hoof balance often seen in Chilean horses 
and increase in body-weight distribution on forelimbs 
related to heavy riders (>80 kg). 

When comparing frequencies of distribution between 
right and left sides, no differences were observed between 
forelimbs (P = 0.645) or between hindlimbs (P = 0.853). 
The most frequently affected areas were the fore hoof 
(33.2%), fore fetlock (20.2%), hock (13.8%) and fore 
pastern (8.0%). According with this data, the forelimb digit 
(hoof, pastern, and fetlock) had a prevalence of 61.4%. 
This percentage coincides with what has been described in 
previous studies in different breeds such as Quarter Horses 
used for western performance (Dabareiner et al., 2005a; 
Dabareiner et al., 2005b). This similarities in forelimb 
digit lameness prevalence might be due to similar body 
conformation between the Chilean purebred and Quarter 
horses, an even if the Quarter Horse is a larger horse, their 
proportions are alike. Similarly to the Chilean Rodeo, 
western performance horses are under a very strenuous 
demands in the fore digit joints and hock because of 
sudden movements of accelerations, turns and stops at 
high speed during competition (Jackman, 2001; Lewis, 
2001; Dabareiner et al., 2005a; Dabareiner et al., 2005b).

When specific diagnoses were recorded, the most 
frequent causes of lameness in Chilean purebred horses 
were navicular disease (12.9%), fetlock osteoarthritis 
(11.9%) and distal tarsal joints osteoarthritis (11.7%). The 
recorded diagnoses are shown in table 2. Navicular disease 
is a common condition in all breeds and in the Chilean 
purebred is one of the most prevalent condition (Mora-
Carreño et al., 2014). Accordingly, in our report, navicular 
disease was recorded as the most prevalent affection in the 

Table 1. Breed distribution from horses diagnosed with one or more locomotor injuries between the years 2016-2021 (before exclusion 
of diagnosis including head and neck problems).

Breed N % Mean age ± SD

Chilean  purebred 613 68.9 10.78 ± 3.15

Warmblood 209 23.5 11.52 ± 3.98

Thoroughbred 23 2.6 5.45 ± 3.03

Polo Horse 21 2.4 12.24 ± 2.43

Arabian 7 0.8 7.86 ± 3.58

Crossbred 9 1.0 14.44 ± 3.74

Quarter horse 8 0.9 9.38 ± 2.87

Total 890 100
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Table 2. Musculoskeletal diagnoses from Chilean purebred horses (n=581) obtained from records between the years 2016-2021.

Limb (n, %) Area (n, %) Recorded Diagnosis (n, %)

Forelimbs (n=424, 72.9%)

Hoof (n=194, 33.2%)

Navicular disease (n=75, 12.9%)

DIP osteoarthritis (n=22, 3.7%)

Laminitis (n=21, 3.6%)
Solar contusion (n=18, 3.2%)
Collateral ligament desmitis (n=17, 3.0%)
Hoof abscess (n=15, 2.5%) 
Others (n=26, 4.4%)

Pastern (n=46, 8.0%)

DDFT (n=18, 3.2%)

PIP osteoarthritis (n=15, 2.5%)

PIP subluxation (n=5, 0.9%)
Others (n=8, 1.4%)

Fetlock (n=118, 20.2%)

Fetlock osteoarthritis (n=70, 11.9%)

Fetlock osteochondral fragment (n=19, 3.4%)

Collateral ligaments (n=8, 1.4%)
Others (n=21, 3.6%)

Cannon/Carpus (n=57, 9.9%)

Suspensory Desmitis (n=16, 2.8%)
Carpus OA (n=16, 2.8%)

Splint bones fracture (n=11, 1.8%)
SDFT (n=5, 0.9%)

Others (n=9, 1.6%)

Elbow/Shoulder (n=9, 1.6%)

Elbow/Shoulder Trauma (n= 4, 0.6%)
Shoulder osteoarthritis (n=2, 0.4%)

Elbow osteoarthritis (n=1, 0.2%)

Others (n=2, 0.4%)

Hindlimbs (n=157, 26,9%)

Hoof (n=2, 0.4%) Hoof abscess (n=2, 0.4%)

Pastern (n=17, 2.9%)

PIP osteoarthritis (n=5, 0.9%)

P1 - P2 fracture (n=4, 0.6%)
Plantar pastern queloid (n=3, 0.5%)

Others (n=4, 0.6%)

Fetlock (n=26, 4.4%)

Fetlock osteoarthritis (n=8, 1.4%)

Fetlock osteocondral fragment (n=6, 0.9%)

Collateral ligaments (n=4, 0.6%)
Others (n=8, 1.4%)

Cannon/Hock (n=80, 13.8%)

Hock osteoarthritis (n=68, 11.7%)

Suspensory Ligament desmitis (n=6, 1.1%)

Others (n=6, 1.1%)

Stifle (n=19, 3.4%)

Stifle osteoarthritis (n=8, 1.4%)

Medial femoral condyle cyst (n=2, 0.4%)

Upward fixation of the Patella (n=2, 0.4%)
Others (n=6, 1.1%)

Thoracolumbar spine/pelvis (n=13, 
2.2%)

Kissing Spines (n=7, 1.2%) 

Coxo femoral osteoarthritis (n=2, 0.4%)

Others (n=3, 0.5%)

Chilean horse, which could be related, among other things, 
to the discipline itself strenuous demands to anatomical 
structures within the hoof capsule. The biomechanical 
forces applied to the navicular bone due to its anatomical 
location between the third phalanx, second phalanx, and 

the deep digital flexor tendon (DDFT) are enormous and 
it has to withstand great forces, in particular during the 
propulsive phase of the stride when there is a greater 
tension of the DDFT (Rijkenhuizen, 2006; Dörner et al., 
2017). Other factors that could be related with the high 
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prevalence in the Chilean horses are the small hooves 
and narrow heel bulbs characteristic in this type of breed, 
which could impair the normal physiology and distribution 
of biomechanical forces inducing more stress to the inner 
structures within the hoof capsule. Additionally, there are 
genetic factors involved and it has been reported that the 
shape of the proximal articular border of the navicular 
bone has been found to be inherited and to predispose 
to the pathogenesis of navicular disease (Rijkenhuizen, 
2006). Many different diagnoses were recorded in our 
data morbidity analysis and that is mostly due to the 
advancements in the diagnostic techniques and imaging 
technologies significantly improving the specificity and 
diagnostic accuracy. Digital radiography (RX) and high-
definition ultrasonography (US) are both widely available 
in our country for the diagnose of most osteoarticular 
(osteoarthritis, osteochondral fragments, bone remodelling, 
fractures, among others) and soft tissue injuries (tendons, 
ligaments, muscles, and articular), respectively. Recently, 
magnetic resonance imaging (MRI) became available in 
Chile improving even more the diagnostic capabilities 
and enabling the diagnosis of injuries not detected by 
conventional imaging modalities. However, other imaging 
modalities such as computed tomography (CT) and gamma 
scintigraphy (bone scan) are not readily available in Chile, 
but efforts should be made to offer these advanced imaging 
modalities to the Chilean equine industry. Although there 
is one study published related to musculoskeletal injuries 
in Chilean Rodeo horses (Mora-Carreño et al., 2014), 
our study has a larger number of animals, being a better 
representation of the main locomotor injuries in purebred 
horses and enriching the scarce information available on 
pathologies causing poor performance and lameness in 
Chilean Rodeo horses. 

In conclusion, the most prevalent conditions observed in 
Chilean Rodeo horses in this study were navicular disease 
(12.9%), fetlock osteoarthritis (11.9%) and distal tarsal 
joint osteoarthritis (11.7%). The above is due to the specific 
biomechanical forces and strenuous physical demands of 
the Chilean Rodeo horses, consequently veterinarians must 
be familiar with injuries affecting the Chilean horse and 
imaging modalities available for diagnosis of each specific 
injury, as the morbidity of musculoskeletal injuries varies 
drastically between different disciplines. The above, is 
important to stablish preventive measures, especially 
focused to hoof trimming and shoeing to diminish the 
biomechanical strenuous forces to the structures most 
frequently affected. 
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Serosurvey of canine distemper virus in culpeo (Lycalopex culpaeus)  
and chilla (Lycalopex griseus) foxes of the Araucanía region, Chile
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ABSTRACT. Our goal was to assess whether free-ranging foxes have been exposed to canine distemper virus (CDV) in the 
Araucanía region in Chile. The study was conducted at three sites in rural areas where free-ranging foxes were trapped and bled from 
2009 to 2012. We sampled two species of foxes: the culpeo (Lycalopex culpaeus) (n=13) and the chilla (Lycalopex griseus) (n=14). 
A serum virus neutralization assay was used to detect the presence and magnitude of functional systemic antibodies to CDV. Overall, 
CDV seroprevalence in culpeo and chilla foxes was 7.7 and 21.4%, respectively. Exposure to CDV did not differ among the sites. 
Despite the relatively low seroprevalence found in free-ranging foxes, the presence of CDV-seropositive dogs previously reported in 
rural sites nearby, suggests a potential risk of pathogen spill over from domestic dogs to foxes in the area.

Keywords: Araucanía, canine distemper virus, seroprevalence, Lycalopex griseus, Lycalopex culpaeus, pathogen spill over.

INTRODUCTION

Several disease outbreaks have affected wild carnivores 
worldwide, involving several multi-host pathogens carried 
by domestic dogs (Canis familiaris), such as canine 
distemper virus (CDV) (Alexander et al., 1996; Berentsen 
et al., 2013; Cleaveland et al., 2000; Lembo, 2006; Roelke-
Parker et al., 1996). For example, pathogen spill over from 
dogs was suggested as the likely cause of CDV emergence 
in lions (Panthera leo) (Cleaveland et al., 2000; Lembo, 
2006; Roelke-Parker et al., 1996) and African wild dogs 
(Lycaon pictus) (Alexander et al., 1996), which caused 
a drastic reduction in these wild carnivore populations. 
Similarly, spotted hyenas (Crocuta crocuta) and African 
wild dogs have shown relatively low CDV exposure in and 
around protected areas, potentially originated from dogs 
(Berentsen et al., 2013). Despite the compelling evidence 
of CDV spill over between domestic and wild carnivores 
worldwide, additional studies are needed to understand 
the exposure to this pathogen through rural landscapes in 
the Neotropics (e.g. Fiorello et al., 2007; Furtado et al., 
2016; Megid et al., 2009, 2010), where contact between 
dogs and free-ranging carnivores is likely to occur. 

The Araucanía region of Chile consists of a formerly 
forested landscape that is currently fragmented by farmlands, 
exotic plantations, pastures and human settlements 
(Echeverria et al., 2006). This region is inhabited by 
three species of free-ranging foxes: the culpeo (Lycalopex 
culpaeus), the chilla (Lycalopex griseus) and one of the most 
endangered canid species in the world, the Darwin’s fox 
(Lycalopex fulvipes). The latter is classified as endangered 
by IUCN (Silva-Rodríguez et al., 20161) and inhabits the 
Nahuelbuta National Park (NNP) (37º 47’ S, 72º 59’ W). 
Recent studies have reported its presence in the locality 
of Lastarria (Gorbea district, 39º 11’ S, 72º 6’W – D’elía 
et al., 2013) and other areas south to the NNP (Farías 
et al., 2014; Vilà et al., 2004). Culpeo and chilla foxes are 
solitary species occurring mainly in mountainous areas 
and lowland sites, respectively (Jimenez et al., 1995). 
Chilla foxes are habitat-generalists regularly approaching 
households and getting into contact with domestic dogs 
and therefore at high-risk of infection with pathogens 
(Acosta-Jamett et al., 2011; Acosta-Jamett et al., 2015a, 
Hernández et al., 2021). 

We previously reported that urban and rural domestic 
dogs were exposed to CDV in the Araucanía (Acosta-Jamett 
et al., 2015b), but we still lack data on disease exposure 
on free-ranging foxes to estimate the potential risk of 
pathogen spill over from domestic to wild canids in the 
region. In this study, we explored whether free-ranging 
foxes inhabiting rural sites of the Araucanía have been 
exposed to CDV, a pathogen of potential conservation 
concern for threatened carnivores such as Darwin’s fox.

1	 Silva-Rodríguez E, Farías A, Moreira-Arce D, Cabello J, Hidalgo-
Hermoso E et al (2016) Lycalopex fulvipes (errata version published 
in 2016). The IUCN Red List of Threatened Species 2016: 
e.T41586A107263066. http://dx.doi.org/10.2305/IUCN.UK.2016-1.
RLTS.T41586A85370871.en. Accessed 9 January, 2023

http://dx.doi.org/10.2305/IUCN.UK.2016-1.RLTS.T41586A85370871.en
http://dx.doi.org/10.2305/IUCN.UK.2016-1.RLTS.T41586A85370871.en
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MATERIAL AND METHODS

The study was conducted between 2009 and 2012 in 
the Araucanía region in south-central Chile, including 
three sites: a) a more remote site inserted at the Santa 
María forestry company lands located 32 km north-west 
of Angol city and 15 km north of the Nahuelbuta National 
Park (37° 39’ S; 73° 03’ W) (hereafter Angol); and two 
sites nearby towns as b) Conguillío National Park, located 
15 km south-east of Curacautín city (38° 42’ S; 71° 37’ W) 
(hereafter Curacautín), and c) Arauco forestry company 
lands located close to Lastarria locality, 20 km south-west 
of Gorbea city (39° 11’ S; 72° 46’ W) (hereafter Gorbea) 
(Figure 1). Angol site was chosen instead of NNP since 
a capture license was not available from the National 
Forest Service (CONAF) that administers the Chilean 
protected areas.

We captured foxes with padded leg-hold traps (Victor 
Soft Catch No. 1.5, Chagnons Trapping Supply, Manistique, 
MI, USA) and Tomahawk traps (Tomahawk Live Trap 
Co., Tomahawk, WI), which were consistently checked 
for captures every four hours (i.e., two checks/trapping 
night), to avoid injuries. Animals were anesthetised as 
reported by Acosta-Jamett et al. (2010) and blood was 
sampled from the cephalic vein. Foxes were marked with 
unique ear tags to avoid re-sampling during recaptures, 

and all of them were safely released at the corresponding 
capture site. To determine humoral immune response to 
CDV infection, neutralizing antibody titres were obtained 
from serum samples through a virus neutralization (SVN) 
assay using the reference strain Onderstepoort from a 
commercial CDV vaccine (Novibac Puppy DP; Intervet 
International B.V., Netherlands). Neutralizing antibody 
titres at serum dilution ≥1:12 was considered positive for 
CDV exposure.

DATA ANALYSIS

Ninety-five percent confidence limits were calculated 
for all seroprevalence values. Data analysis was carried 
out using the software R v. 4.1.0 (R Core Team, 2021).

RESULTS AND DISCUSSION

Overall, 27 foxes were trapped, of which 13 were 
culpeos (5 males/8 females; 4 juveniles/9 adults) and 14 
chillas (7 males/7 females; 4 juveniles/10 adults). One 
(7.7%; CI 0.2-36.0%) of the 13 culpeos and 3 (21.4%; 
CI 4.7-50.8%) of the 14 chillas were CDV seropositive 
(Table 1). CDV-seropositive foxes were evenly distributed 
according to sex and age; the CDV-seropositive culpeo 
corresponded to an adult female captured at Curacautín, 

Figure 1. Location of sampled free-ranging foxes (red circles) at three sites of the Araucanía region (Chile) (2009-2012). Zones colored 
in black denote cities and zones colored in green denote protected areas (Nahuelbuta National Park and Conguillío National Park) in 
proximity to sampling sites.
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while the CDV-seropositive chillas were 2 juvenile males 
captured at Curacautín, and 1 adult female captured at 
Gorbea. Due to the limited number of sampled animals, 
CDV seroprevalence data of both culpeos and chillas 
were pooled to compare pathogen exposure among foxes 
across sites (Table 1). Overall, exposure to CDV did not 
differ among the sites. 

Our study is the first attempt to explore whether free-
ranging foxes (i.e., culpeo and chilla) have been exposed 
to CDV in the Araucanía region of Chile. Our findings 
confirmed the exposure to CDV in both culpeos and chillas, 
similarly to previous studies that reported exposure to these 
pathogens in other fox populations (Acosta-Jamett et al., 
2011; Acosta-Jamett et al., 2015a; Martino et al., 2004). 
Habitat-generalists as chillas may have increasingly higher 
opportunities for interaction with domestic dogs compared 
to culpeos (Hernández et al., 2021), likely enhancing 
the likelihood of interspecific pathogen exposure (i.e., 
CDV-exposed wild foxes corresponded to 1 culpeo vs. 3 
chillas), which may be relatively recent in the two CDV 
seropositive juvenile chillas of Curacautín. 

Compared to previous studies, our CDV seroprevalences 
in culpeo (7.7%) and chilla (21.4%) foxes were lower 
than the values reported in north-central Chile (i.e., 42% 
in both chillas and culpeos combined) (Acosta-Jamett 
et al., 2015a), but higher than the values reported for 
free-ranging culpeo and chilla foxes in a remote area of 
the Argentinean Patagonia, where 3.6% of tested foxes 
had CDV antibodies (which corresponded to chillas only) 
(Martino et al., 2004). This could be explained by a higher 
closeness to urban dog populations in foxes from the first 
study compared to the second study, but limited sample 
size prevents us to overinterpret our findings. Thus, our 
numbers of foxes sampled were too limited for meaningful 
comparisons of CDV seroprevalences across the study area 
(particularly at the remote Angol area), and only relying on 
serosurvey data we cannot determine whether CDV was 
actually transmitted between wild and domestic canids.

According to our previous spatial analyses at the 
Araucanía, there was a wide presence of domestic dogs 
exposed to CDV in both urban and rural areas across the 
region (Acosta-Jamett et al., 2015b), and they are present 

even in close proximity to protected areas and sites where 
CDV-seropositive chilla and culpeo foxes were trapped. Dogs 
sampled at rural sites had a higher overall seroprevalence 
of CDV (47%) (Acosta-Jamett et al., 2015b) than free-
ranging foxes (14.8%), which would be a factor of concern 
given the high mortality rates caused by pathogens as 
CDV in chillas and culpeos (Acosta-Jamett et al., 2011; 
González-Acuña et al., 2003; Moreira & Stutzin, 2003). 
Considering that dog population has grown and spread 
continuously in Chile’s urban and rural areas over the last 
decades (Acosta-Jamett, 2015), it is highly probable that 
pathogens such as CDV are transmitted from dogs to wild 
foxes through occasional interspecific contact. Alternatively, 
a guild of wild carnivores may naturally maintain and 
transmit generalist pathogens among species; however, 
because foxes, felids and mustelids generally exhibit lower 
densities than dogs through their geographic distribution, 
this hypothesis seems to be less likely (Acosta-Jamett, 2009; 
Acosta-Jamett et al., 2011; Acosta-Jamett et al., 2015a).

Our findings suggest that free-ranging foxes, such as 
culpeo and chilla, have been exposed in some cases recently 
to CDV across their range in the Araucanía. Domestic 
dogs from urban areas had a higher risk of being CDV 
seropositive than rural dogs, suggesting increased force of 
infection in more dense urban dogs with increased contact 
rates (Acosta-Jamett et al., 2015b); however, whether 
pathogen exposure in wild foxes has occurred due to spill 
over from domestic dogs living in proximity is unclear yet. 
Although we did not sample Darwin’s foxes, continued 
health surveillance should be also recommended for this 
endangered, immunologically naïve wild canid, given high 
population mortality could be expected in an eventual CDV 
spill over event from dogs (or potentially other foxes or 
carnivores acting as “bridge hosts”) to Darwin’s foxes 
in the region (Hidalgo-Hermoso et al., 2020; Sepúlveda 
et al., 2014). In this regard, Hidalgo-Hermoso et al. (2020) 
suggested that lack of exposure to CDV in Darwin’s foxes 
may be related to either their forest specialist habits, or the 
lack of detection of exposed individuals due to unnoticed 
mortality in foxes that already had contact with the virus. 
Further long-term longitudinal studies using a combination 
of PCR and serological tests to assess potential routes of 
infection from domestic dogs to free-ranging foxes with 
emphasis in the endangered Darwin’s fox are needed to 
understand the spatial dynamic of infection and prevent 
CDV outbreaks in wild carnivores at the Araucanía region 
of Chile. 
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Neosaxitoxin, a Long-Lasting Local Anesthetic  
and its Potential Clinical Applications in Horses

Cristóbal Dörnera,b*, Miguel Del Campoa, Nestor Lagosa

ABSTRACT. Neosaxitoxin (NeoSTX) is a toxin that binds to the voltage-gated sodium channels therefore, inhibiting the 
neuronal impulse. The present study was conducted to explore the properties of NeoSTX and to evaluate its effects when injected as 
a perineural nerve block in horses. A group of five client-owned mature Warmblood horses exhibiting clinical signs of unilateral foot 
pain were enrolled in the study. For inclusion, lameness should subside after a palmar digital nerve block (PDNB) using 2 mL of 2% 
lidocaine administered over the medial and lateral palmar digital nerves of the affected limb (Day 0). Lameness was assessed using 
the AAEP lameness grading scale and skin sensitivity was judged objectively using a pressure algometer. On day 1, 5µg of NeoSTX 
was injected, then on day 4, 10 µg of NeoSTX was administered. Lameness examination and skin sensitivity were evaluated at 3, 
5,10, 15,30, 60, 90 minutes, and every hour until the effects of the nerve block were no longer detectable. When effects of NeoSTX 
was compared to effects of lidocaine at 2% there were no statistical differences in the onset of the anesthetic effect, measured as the 
time of start of desensitization of the skin and the time of complete desensitization or lameness resolution, nonetheless there was a 
significant difference in the return of skin sensation or lameness, showing a clear long-lasting nociceptive blocker effect of NeoSTX. 
In conclusion, results of this study suggest NeoSTX can potentially be used as an alternative to conventional local anesthetics drugs 
when a long-lasting effect is desired, for example as a part of a multimodal approach for pain management, as a local anesthetic for 
surgical procedures or to control chronic pain in some musculoskeletal disorders. However, more studies are needed to evaluate its 
use as long-lasting anesthetic effects in the aforementioned situations. 

Keywords: neosaxitoxin, NaV channels, equine, foot pain, welfare.

INTRODUCTION

Animal welfare is a standard consideration that refers 
to animal well-being under different situations, such as 
disease prevention and veterinary treatment, appropriate 
shelter, management, nutrition, humane handling, and even 
humane euthanasia. The most frequent painful conditions 
in horses are the ones related to the locomotor system 
(Pennel et al., 2005; Egenvall et al., 2009). Horses can 
suffer several orthopedic conditions throughout their lives 
and on many occasions those conditions require surgery 
or progress to chronic disorders, deteriorating the horse’s 
quality of life (McGovan, 2011; Kelemen et al., 2021). 
For years, the use of conventional local anesthetics (e.g., 
lidocaine, mepivacaine, or bupivacaine) for diagnostic or 
local anesthetic to perform surgical procedures have been an 
excellent tool for equine practitioners. Furthermore, studies 
have been conducted in horses to evaluate the ability of 
adjuvants such as epinephrine and sodium bicarbonate to 
either increase the intensity, hasten the onset, or prolong 
the duration of local anesthesia in some desired situations 
(Alvarez et al., 2018; Boone et al., 2019). 

The pharmaceutical industry continues to explore the 
development of safer and more effective local anesthetics. 
In the last twenty-five years, researchers have used different 
toxins obtained from plants and microorganisms in the 
search for a new drug with a potential property to be used 
as long-lasting local anesthetic. In recent publications, 
local injection of Paralytic Shellfish Poison (PSP) toxins 
such as Gonyautoxins and Neosaxitoxin (NeoSTX) have 
shown its properties in vitro (Montero et al., 2020) and in 
vivo in pilot studies and case reports showing to be safe 
and effective in several clinical applications in humans 
to control chronic and post-operative pain (Lagos, 2014; 
Manriquez et al., 2015; Hinzpeter et al., 2016) and 
potentially in veterinary medicine in different species 
(Riquelme et al., 2018; Valenzuela et al., 2019; Varela 
et al., 2019; Montero et al., 2021). NeoSTX biological 
activity lies in the reversible inhibition of excitable cells 
impeding neuronal impulse propagation at the neuronal 
synapses or neuromuscular junction (Catterall, 2000; Lagos 
& Andrinolo, 2000; Lagos, 2014). The inhibition of the 
neuronal impulse is due to closure of the voltage-gated 
sodium channels by high affinity binding of NeoSTX to the 
site 1 of the alfa unit of the channel, blocking the sodium 
influx through the channel (Lagos, 2014). 

Thus, due to the preliminary information available 
regarding the NeoSTX, the aim of this study was to evaluate 
the effect of NeoSTX when injected perineurally in horses 
to gather more evidence of its safety and capability to be 
included as a part of a multimodal approach for chronic 
and surgical pain management or to be used alone as a 
regional anesthetic for standing surgical procedures in 
horses.
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MATERIAL AND METHODS

A prospective clinical study was conducted to evaluate 
NeoSTX when administered as PDNB. Five client-owned 
mature Warmblood horses (3 mares and 2 geldings), with 
an age between 8-14 years-old, and a weight ranging from 
485-535 kg were included in the study. Horses selected 
presented clinical signs consistent of unilateral foot pain. 
The study was approved by the Ethical Committee of the 
Medicine Faculty, University of Chile (FM 0551) and 
informed consent was given by horse owners enrolled 
in the study. Horses were selected from clinical cases 
presented to the equine hospital (Equestria Equine Medical 
Center, Quillota, Chile) and as inclusion criteria, the 
lameness had to disappear after a palmar digital nerve 
block (PDNB) using 2 mL 2% lidocaine on each nerve. 
For injection, the distal pastern region was cleaned with 
an antiseptic solution, and the nerve block was performed 
inserting subcutaneously a 25-gauge, 5/8-inch needle over 
the palpable medial and lateral neurovascular bundles of 
the affected limb. The needle was placed just proximal 
to the border of the lateral and medial ungular cartilage 
(Moyer et al., 2007). Finally, 2 mL of 2% lidocaine was 
administered in each point. Lameness assessment was 
evaluated subjectively using the American Association of 
Equine Practitioners (AAEP) grading system (Ross, 2011). 
For lameness evaluation, all horses were walked and trotted 
in a straight line in a flat hard surface (concrete). Horses 
were observed from the front, back, and from both sides. 
Additionally, horses were trotted in circles, on a lunge line. 
Only one clinician performed the lameness evaluations 
(CD). The skin sensitivity was judged objectively using 
a pressure algometer (Baseline® push-pull force gauge, 
Model: 12-0804. White Plains, NY, USA), this model has 
been used previously in equine pain/pressure assessment 
(Riquelme et al., 2018). The algometer with a circular 
push tip supplement was applied over both heel bulbs, 
pressure was applied until withdrawal response happened 
and their maximum pressure thresholds were recorded in 
kg/cm2 (maximum pressure of 10 kg/cm2). The pressure 
measuring procedure consisted in applying pressure on 
both, the lame and control, limbs in a non-weight-bearing 
position. As a standardized technique in this study, the 
algometer was applied 5 consecutive times to the lame limb 
in each heel bulb before and after the perineural block, 
then the mean pressure tolerated was documented. The 
contralateral limb served as the negative control. On day 
0, a PDNB using 2 mL of 2% lidocaine was performed. 
On day 1 (24 hours post lidocaine treatment), the PDNB 
was repeated by administering 5 mg of highly purified 
NeoSTX diluted in 1 mL of NaCl 0.9% at pH 6.2 obtained 
from cyanobacteria Aphanizomenon sp. Finally, on day 
4 (96 hours post lidocaine treatment and 72 hours post 
5 mg NeoSTX treatment) PDNBs for each horse were 
repeated by administering 10 mg of NeoSTX. Horses 
were examined at 3, 5, 10, 15, 30, 45, 60, 90 minutes, and 

every hour until the effect of the injection wore off. Daily 
clinical examination was performed to all horses over a 
one-week period to assess for any local inflammation or 
systemic illness.

Four time points were established (Figure 1). T0 
corresponded to time 0 or baseline, T1 to the start of 
desensitization of the skin measured by the increase of 
the threshold in the algometer after pressure was applied 
and/or by partial improvement in the grade of lameness. 
T2 was the time when complete desensitization of the skin 
or lameness resolution was achieved and T3 corresponded 
to the time when the return of skin sensation or lameness 
was first observed. The duration of the anesthetic effect 
was calculated from the time points T3 and T1.

Statistical analyses were performed using GraphPad 
Prisma 5 software (USA). Normality assumptions were 
verified with the Kolmogorov-Smirnov test. Time of start 
of desensitization (T1), complete desensitization / lameness 
resolution (T2), and return of skin sensation / lameness 
(T3) were compared between treatments from the baseline 
starting point (T0) using a repeated-measures analysis 
of variance (ANOVA) and the Bonferroni`s multiple 
comparison test. The significance level was set at p < 0.05. 

RESULTS AND DISCUSSION

All treatments given were consistently efficient 
abolishing lameness and skin sensation measured by the 
subjective gait analysis and objective measurement of skin 
sensation after administration of the drugs as a PDNB 
(Table 1). Results analysis showed no statistical differences 
when T1 and T2 were compared between 2% lidocaine 
and 10 mg of NeoSTX, nonetheless there was a significant 
difference in T3 and the duration of the anesthetic effect  
(p < 0.05) showing a clear long-lasting nociceptive blocker 
effect of NeoSTX. No local or systemic adverse reaction 
was observed after subcutaneous injection of NeoSTX 
over a one-week period of daily evaluation. 

Even though mepivacaine and lidocaine are the most used 
local anesthetics, it has been reported that their efficacies vary 
and that variations could be attributed to the horse, time of 
interpretation, and deficient technique (Arkell et al., 2006; 
Nagy et al., 2009). Furthermore, Silva et al. (2015) showed 
that lidocaine inconsistently alleviated skin sensation, but 
not lameness and contradictory, Hoerdemann et al. (2017) 
showed that lidocaine inconsistently alleviated lameness, 
but not skin sensation. Despite the aforementioned, in our 
study we observed a good correlation between the alleviation 
of lameness caused by foot pain and skin sensation for both 
treatments. Other factors to be considered in the efficacy 
of local anesthetics is the one related to the pharmacology 
and mechanism of action of each drug. The speed of the 
onset, potency and duration are directly related to the 
pKa, lipid solubility, and protein binding site of the drug 
(Taylor & Mcleod, 2020). Local anesthetics activity lies 
on interruption of neural conductivity by binding to the 
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Figure 1. Scheme of timing of palmar digital nerve blocks and evaluation of gait and skin sensation.

Table 1. Mean values recorded of horses with foot pain at different time points. 

Local 
anesthetic

Baseline (T0) Time of start of desensitization of 
the skin (T1)

Complete desensitization / 
Lameness resolution (T2)

Return of complete skin 
sensation / lameness (T3)

Time 
(hours)

AAEP 
scale

Algometer 
(kg/cm2)

Time 
(minutes)

AAEP 
scale

Algometer 
(kg/cm2)

Time 
(minutes)

AAEP 
scale

Algometer 
(kg/cm2)

Time 
(hours)

AAEP 
scale

Algometer 
(kg/cm2)

lidocaine 20 
milligrams

0 3 5.90 ± 0.141 3.42 ± 0.78 0 9.70 ± 0.142 5.58 ± 2.58ac 0 10 ± 0 1.4 ± 
0.224a

3 5.90 ± 0.316

NeoSTX 5 
micrograms

0 3 5.56 ± 0.205 6 ± 1.98 2 5.66 ± 0.282 16 ± 2.22b 0 10 ± 0 5.8 ± 
0.447b

3 5.50 ± 0.228

NeoSTX 10 
micrograms

0 3 6.10 ± 0.200 3.42 ± 0.9 1 8.10 ± 0.245 4.98 ± 0.6ac 0 10 ± 0 11.6 ± 
0.548c

2 5.96 ± 0.316

Different letters indicate statistically significant differences (P≤0.05).

voltage-gated sodium channels (NaV channel), preventing 
depolarization, and avoiding further neuronal transmission 
(Taylor & Mcleod, 2020). Amino amides (e.g., lidocaine 
and mepivacaine) and amino esters (e.g., procaine), bind 
to the NaV channel inner pore, in other words the binding 
occurs from the intracellular side of the cell (Catterall, 2000). 
More specifically, the binding site for local anesthetics 
is in domain IV, loop S6 and is only accessible when the 
NaV channel is open and depolarized (Taylor & Mcleod, 
2020). On the other hand, NeoSTX binds with high affinity 

to site 1 of the alpha unit on the NaV channel, impeding 
the sodium ion entrance to the nerve cell. Consequently, 
the foremost effect of NeoSTX is related to their blocking 
action at the axonal level, inhibiting nerve depolarization 
and impulse conduction (Lagos, 2014). The mechanism 
of action of NeoSTX explains the rapid onset of the effect 
because firstly, NeoSTX does not have to pass through the 
phospholipid membrane to bind the NaV channel (binding 
to its site facing in extracellular part of the channel), 
secondly, is not affected by the intracellular pH, and 



150

DÖRNER ET AL

finally there is no need for the NaV channel to be opened 
for it to bind, as it must happen when amino amides and 
amino esters are used. Accordingly, NeoSTX has shown 
to be a long-lasting dose-dependent local anesthetic when 
administered subcutaneously around a painful area without 
the need of any adjuvant to prolong the duration of the 
anesthetic effect (Riquelme et al., 2018) as also shown in 
this report where the capability of NeoSTX to abolish the 
nerve impulse through peripheral nerves when administered 
perineurally is demonstrated. Therefore, NeoSTX could 
potentially be used as a local anesthetic to perform surgical 
procedures in the standing horse due to its dose dependent 
long-lasting nociceptive blocker properties and in the 
recumbent anesthetized horse as a part of the regional 
pain management after a surgical procedure. 

This pilot clinical study was not limitations-free, and 
probably the most important one is the small sample size 
used which directly affects the representativeness of the 
statistical results. Additionally, despite we did not specifically 
evaluated the effect of NeoSTX in the surrounding tissues, 
according to the previous studies in different animal models 
no detrimental effects have been reported (Rodriguez-
Navarro et al., 2007, 2011; Wylie et al., 2012; Manriquez 
et al., 2015; Hinzpeter et al., 2016; Riquelme et al., 2018; 
Valenzuela et al., 2019; Varela et al., 2020; Montero et al., 
2021), however, none of the studies mentioned above did 
an histopathological evaluation of the injected tissues so 
it should be considered for future studies.

According to our results, NeoSTX has a rapid anesthetic 
effect when a dose of 1 mL with 10 mg solution is used 
to decrease pain arising from the foot. All the above data 
shows that NeoSTX can be effectively used in a very low 
volume (1 mL) and can abolish lameness as rapidly as 5 
minutes when a PDNB is performed. It is demonstrated 
that the local anesthetic properties of NeoSTX, when used 
as a perineural nerve block in horses, are an excellent 
alternative when a long-lasting anesthetic effect is desired. 
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