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Abstract 

Fasciolosis is considered the most important liver disease in animals, the most notorious damages are caused by death, it causes 
a reduction in the production of meat, wool and milk, seizure of affected organs, secondary infections by bacteria, interference 
with fertility and expenses derived from its treatment. The objective of this research was to determine the relationship of 
Cu and Zn levels in the liver with the affectation by Fasciola hepatica in slaughterhouse cattle. Determinations of Cu, Zn, ash 
and dry matter were carried out using the atomic absorption spectrophotometry technique in healthy liver tissue affected by 
fasciolosis in 40 cattle slaughtered in the slaughterhouse. The association between possible risk factors for hepatic Cu and 
Zn values below the critical limit and the event of livers affected by F. hepatica was carried out in a retrospective case-control 
observational study. The levels of Cu and Zn in healthy livers affected by F. hepatica in cattle slaughtered in the municipal 
slaughterhouse of Sagua la Grande, Villa Clara, Cuba are deficient and show low reserves of these microelements with values 
below the critical value. No association was found between Cu and Zn levels in liver tissue with liver involvement by F. hepatica 
in slaughterhouse cattle, although it was observed that slaughtered cattle with hepatic Zinc values lower than the critical limit 
are affected approximately two times more due to fasciolosis than bovines with normal hepatic zinc values.
           
Keywords: Fasciolosis; Liver; Microelements; Cattle; Slaughterhouse

Abbreviations: Cu: Copper; Zn: Zinc; EPIDAT: 
Epidemiological Analysis of Tabulated Data.

Introduction

The presence of the veterinarian in the slaughterhouse is 
to supervise that the organs destined for human consumption 
are free of alterations that could affect the quality of the 
product and human health, and to seize those that are 
altered. The ability to process and analyze the information 

obtained from the seizure of these organs and then relate it 
to different factors, including production, makes it possible 
to detect the critical points of livestock and health on farms 
and to evaluate the behavior of different diseases and 
causes of discard based on the examination obtained in 
slaughterhouses [1].

The pathological findings in slaughterhouses are varied 
in nature, however, there is a limited series of pathologies 
that stand out widely for their greater frequency and that 
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differ according to the species involved. The organs affected 
by these highly prevalent pathologies are normally those 
of greatest economic value and, in turn, those of easiest 
sanitary control from the point of view of post-mortem 
inspection. Most of the pathologies associated with post-
mortem inspection are found primarily in liver and lung and 
secondarily in the rest of the organs or tissues [2].

The association links between the areas of origin 
of slaughtered animals and the occurrence of seizures 
allow establishing feedback to evaluate risk factors for the 
introduction and spread of diseases, as well as opportunities 
to mitigate their impact through early warning and timely 
response [3].
 

Copper (Cu) is an essential element for plants, animals 
and humans, about one percent of body enzymes require Cu 
for their activity, it is directly linked to hemoglobin formation, 
red blood cell maturation and functioning of enzyme systems. 
It is involved in the formation of bone and connective tissue 
and the immune system. It is important for the integrity of 
the central nervous system and cardiac musculature. It is 
distributed in all tissues of the organism, mainly in the form 
of metalloproteins, functioning as an enzyme [4].
 

Zinc (Zn) is an essential mineral element for life as it 
is part of numerous enzyme systems. It has its main action 
in tissues with high cell formation rate and that is why its 
deficiency impairs the growth of calves; it decreases sperm 
production in bulls and favors skin and hoof diseases [4,5]. 
Zn is essential as a trace mineral because of its structural, 
catalytic and regulatory role in cellular activity. On the one 
hand, Zn acts by stabilizing proteins to maintain their spatial 
conformation and normal activity. In this sense between 3 
and 10% of genome-associated proteins and more than 300 

enzymes are Zn-dependent metalloproteins [5,6]. Assuming 
that these enzymatic functions and gene expression can be 
altered by Zn deficiency, the possible range of consequences 
on animal health is understandable [7].

Fasciola spp. in addition to being one of the main causes 
of liver seizures in slaughterhouses, involves other damage 
associated with infection: reduced meat, milk or wool 
production and body weight, infertility, reduced growth, 
reproductive retardation, abortions and loss of resistance to 
other diseases. Costs increase, due to anthelmintic treatments, 
as well as frequent secondary bacterial infections, which can 
lead to the death of animals [8].

There are several studies that evaluate various risk 
factors such as season, temperature, soil moisture conditions, 
region, breed, sex and age of the animals, associated with 
Fasciola hepatica infection in cattle [9-11]. However, there 
are few studies in cattle destined for slaughter where Cu and 
Zn levels in the liver are related to F. hepatica infection.
 

The objective of this research was to determine the 
relationship between Cu and Zn levels in cattle livers with 
the F. hepatica parasite in the municipal slaughterhouse of 
Sagua la Grande, Villa Clara, Cuba.

Material and Methods

Study Area

The research was carried out in the “Lorenzo González” 
bovine slaughterhouse, which is located in Sagua la Grande 
municipality, Villa Clara province, Cuba. The geographical 
coordinates of this slaughterhouse are the following: 22 
degrees 49’11.42” N with 80 degrees 04’18.71” W (Figure 1).

Source: Provincial Meteorological Center of Villa Clara.
Figure 1: Administrative Map of the Province of Villa Clara.
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Universe and Samples

The liver samples were obtained from animals that 
were slaughtered by electrical insensitization and later 
exsanguination by section of the jugular vein, in the “Lorenzo 
Gonzalez” slaughterhouse of the Sagua la Grande municipality 
belonging to the Villa Clara Meat Company, Cuba, where 
about 1430 cattle are slaughtered per month. Within 15 
minutes after the slaughter of the animals, samples were 
obtained from the ventral edge of the right lobe (15 cm3) 
of apparently healthy livers and equal size of the portions 
affected by fasciolosis, according to sanitary inspection of the 
veterinary services of the slaughterhouse. The samples were 
stored at -10 °C until analysis.

Determination of Sample Size

The total population of animals destined for slaughter 
was estimated with the 1,430 cattle slaughtered on average 
monthly at the municipal slaughterhouse of Sagua la 
Grande. The sample size was determined by applying the 
formula for finite populations according to the expected 
prevalence [12].

  

Legend: n = sample size, N = population size, Zα = value 
corresponding to the Gaussian distribution = 1.96, p = 
expected prevalence of the parameter to be assessed, q = 1 
- p, p = proportion of the population expected to be affected, 
d = 0.10 allowed error, d2 = absolute precision on both sides 
of the proportion.

All sampling was conducted in the period from January 
2019 to June 2019. It was taken into account that the size 
of the study population was 1,430 cattle. The expected 
prevalence included in the formula was 24 %, based on a 
previous study conducted in the provincial slaughterhouse of 
Villa Clara province itself, by Lazo, et al. [3]. The confidence 
level was 90 % so the absolute error accepted was 10 %. 
Although the calculated n was 30 animals, 40 were used to 
decrease the sampling error (Table 1).

Number of livers Cows Bulls Healthy Affected
40 21 19 20 20

Table 1: Sampling composition.

Techniques and Procedures Used

The determinations of Cu and Zn in liver tissue were 
performed by atomic absorption spectrophotometry, 
according to the technique of Miles, et al. [13] in an SP-9 
equipment of the firm PYE UNICAM, according to the 
manufacturer’s procedures. To study the association 
between possible risk factors, hepatic Cu and Zn values below 
the critical limit and the occurrence of livers affected by F. 
hepatica. The odds ratio was estimated with a retrospective 
observational case-control study.

Statistical Processing

A mean comparison analysis was performed to determine 
if there were significant differences between the mean values 
of Cu, Zn, ash and dry matter in healthy and F. hepatica-
affected livers. The statistical package STATGRAPHICS 
CENTURION ver XV was used in these processes II.
 

In addition, the relative risk (Odds ratio) was estimated 
by the conformation of 2x2 contingency tables, applying 
a retrospective observational study of case-control type, 
where 20 livers affected by F. hepatica were considered as 

cases and 20 healthy livers as controls (Table 2).

Classification Cases Controls Total
Exposed a b a + b

Not exposed c d c + d
Total a + c b + d a + c + b + d

Table 2: Relative risk estimation (Odds ratio).

The proportion of affected livers exposed to levels below 
the critical limit of Cu (75 ppm) and Zn (160 ppm) (p1) can 
be given by the equation: P1 = a / (a + c). The proportion 
of healthy livers exposed to levels below the critical limit of 
Cu and Zn (p2) is expressed by P2 = b / (b + d). Likewise, 
the Odds ratio is determined by: OR = (a x d) / (c x b). For 
this risk analysis, the program for epidemiological analysis 
of tabulated data EPIDAT ver 3.1 was used.

Results and Discussion

Table 3 shows the average levels of Cu, Zn, ash and dry 
matter in liver tissue of cattle slaughtered with and without 
liver involvement by F. hepatica.

https://medwinpublishers.com/IZAB/


International Journal of Zoology and Animal Biology4

Duarte RF, et al. Copper and Zinc Levels in the Liver Tissue of Healthy Cattle Affected by 
Fasciola hepatica in a Slaughterhouse. Int J Zoo Animal Biol 2022, 5(2): 000370.

Copyright© Duarte RF, et al.

Variables LC*
Healthy liver (n = 20) Affected liver (n = 20)

Value of p
X ± DE X ± DE

Cu (ppm) 75 67.05 ± 46.32 79.7 ± 76.25 0.52
Zn (ppm) 160 143 ± 19.22 137.5 ± 37.11 0.55
Ashes (%) - 0.051 ± 0.00 0.048 ± 0.00 0.13

MS (%) - 0.29 ± 0.06 0.29 ± 0.04 0.8

Table 3: Descriptive statistics of the mineral profile in liver tissue of cattle investigated at the slaughterhouse.
*Los limites críticos fueron establecidos para los minerales en el hígado según McDowell, et al. and Radostits, et al. [14,15].

100 % of the liver samples had low Cu and Zn reserves 
with values below the critical value in both healthy and 
affected livers. There were no significant differences between 
the average values of Cu, Zn, ash and dry matter of healthy 
and F. hepatica affected livers.

The liver Zn concentrations in this investigation are in 
correspondence with those reported by McDowell, et al. and 
Underwood, et al. and Rosa, et al. and Rosa, et al. [14,16-18], 
which indicate that hepatic Zn fluctuates between 100 to 
400 mg/kg dry basis, but do not correspond with Cu which 
according to these authors ranges between 200 and 300 mg/
kg.

There is no single criterion on the reference parameters 
for hepatic Cu reserves Bavera, et al. [19], refers values of 
200-400 ppm, while Alvarez, et al. [20] and McDowell, et al. 
[14], of 100-200 ppm and Radostits, et al. [15] of 100-4000 
ppm, however, there is consensus among these authors that 
the critical limits of deficiency for this mineral in liver are 75 
ppm.

However, in the production conditions of the central 
region of Cuba, the reference parameters for Cu in liver tissue 
in Holstein x Zebu female cattle are 46.54 ppm, and those for 
Zn are 142.97 ppm [21].

These results are in correspondence with those obtained 
by other authors in studies carried out in Cuba [22], which 
diagnosed low reserves of Cu in liver, ranging between 25 and 
75 ppm in rainy and dry seasons, respectively. Subsequently, 
in the central region of the country, specifically in Villa Clara 
province, 72% of the samples investigated in liver tissue 
were deficient in Cu [23].

In Cuba, the gradual deterioration of the food base, 
poor pasture management, reduction of soil dynamics 
and the lack of mineral supplementation, especially of 
microelements, are objective conditions for the existence of 
mineral insufficiencies [24,25].

The Cu and Zn deficiencies found in this study correspond 
to the results obtained by Noval, et al. [26], who confirmed 

that mineral deficiencies have a variable geographical 
incidence depending on multiple factors, although they are a 
generalized problem throughout the country.

In Cuba, microelement deficiencies are diagnosed in 
different regions of the country and genotypes of cattle, 
always associated with the deterioration of reproductive 
efficiency indicators of herds [27-29]. Subsequently, articles 
were published on severe deficiencies of Cu and Zn in dairy 
cows throughout the country, affecting the three regions: 
western, central and eastern [30-35].

The low availability, deficiency or imbalance of minerals 
in the soil affects the concentration of the deficient element in 
forages and contributes to low plant growth and productivity 
[36-38], and to the low nutritive value of pastures [39], so 
most pastures in tropical regions do not completely satisfy 
the mineral needs of animals [40].

In the risk analysis performed when comparing F. 
hepatica-affected livers with healthy livers, there was no 
association (OR = 0.81) between the factor hepatic Cu values 
below the critical limit (-75 ppm) and the F. hepatica-affected 
livers event. Because, in both cases (affected livers) and 
controls (healthy livers), the proportion of those exposed 
to hepatic Cu values below the critical limit did not differ 
statistically (p ≥ 0.05) (Table 4).

Indicators Estimation IC: 95%
Proportion of cases exposed 0.5  

Proportion of controls exposed 0.55  

Odds ratio 0.81 0.23 – 2.83
Ji- cuadrado 0.1  

Valor de p 0.75  

Table 4: Risk analysis and association between hepatic Cu 
deficiency and liver involvement by F. hepatica.

An association was found between the factor hepatic 
Zn values below the critical limit (160 ppm) and F. hepatica 
affected liver (OR = 1.88), this association was significant 
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(CI: 0.38-9.27), but not statistical (p ≥ 0.05). Eighty-five 
percent of affected livers and 75% of healthy livers were 
exposed to Zinc values below the critical limit. Although 
slaughtered cattle with liver Zinc values below the critical 
limit are affected approximately twice as much (OR = 1.88) 
by fasciolosis as cattle with normal liver Zinc values, this 
factor does not constitute a risk factor (Table 5).

Indicadores Estimation IC: 95%
Proportion of cases exposed 0.85  

Proportion of controls exposed 0.75  

Odds ratio 1.88 0.38 – 9.27
Ji- cuadrado 0.62  

Valor de p 0.42  

Table 5: Risk analysis and association between hepatic Zn 
deficiency and liver involvement by F. hepatica.

The results of the study preliminarily infer that, hepatic 
Zinc at levels below the critical limit in cattle, is a condition 
that favors infection caused by the ingestion of F. hepatica 
metacercariae, but further studies with a greater number of 
samples of liver tissue from livers affected by fasciolosis and 
healthy livers would be necessary.

These results are in correspondence with those obtained 
by Barragán, et al. [41], who determined and compared the 
concentration of hepatic Copper, Zinc and Cobalt in healthy 
and fasciolosis affected cattle in Colima, Mexico. In this study, 
it was evidenced that there was no difference (p>0.05) in the 
concentration of the three minerals between healthy and 
infected livers, observing an overall average concentration of 
Copper, Zinc and Cobalt of 54.03; 11.99 and 0.28 mg/kg dry 
weight, respectively.

Conclusion

The levels of Cu and Zn in healthy livers and livers 
affected by F. hepatica in cattle slaughtered in the municipal 
slaughterhouse of Sagua la Grande, Villa Clara, Cuba, are 
deficient and show low reserves of these microelements 
with values below the critical value. No association was 
found between Cu and Zn levels in hepatic tissue with the 
affectation of livers by F. hepatica in slaughterhouse cattle, 
although it was observed that slaughtered cattle with hepatic 
Zinc values below the critical limit are affected approximately 
twice as much by fasciolosis as cattle with normal hepatic 
Zinc values.
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