
Heliyon 8 (2022) e12416
Contents lists available at ScienceDirect

Heliyon

journal homepage: www.cell.com/heliyon
Research article
Heavy metal contents in bovine tissues (kidney, liver and muscle) from
Central Gondar Zone, Ethiopia

Mulugeta Legesse Akele a,*, Setegn Kassawmar Desalegn a, Tilahun Belayneh Asfaw a,
Atnafu Guadie Assefa a, Addis Kokeb Alemu a, Rodrigo Rocha de Oliveira b

a Department of Chemistry, College of Natural and Computational Sciences, University of Gondar, P.O. Box 196, Gondar, Ethiopia
b Chemometrics Group, Department of Analytical Chemistry, University of Barcelona, Diagonal 645, 08028, Barcelona, Spain
A R T I C L E I N F O

Keywords:
Bovine tissues
Heavy metal
Partial least squares – discriminant analysis
Principal component analysis
* Corresponding author.
E-mail address: alexander.legesse@gmail.com (M

https://doi.org/10.1016/j.heliyon.2022.e12416
Received 5 October 2022; Received in revised form
2405-8440/© 2022 The Author(s). Published by Els
nc-nd/4.0/).
A B S T R A C T

Environments prone to naturally non-biodegradable metal pollution have remained hot areas of research. Here,
concentrations of Cu, Cr, Cd and Pb in 90 bovine tissue (kidney, liver and muscle) samples collected from Gondar
City abattoir and Nara-Awudarda in Central Gondar Zone, Ethiopia, were investigated. The samples were dry-
ashed at 550 �C for 3.45 h, mineralized with 2 mL conc. HNO3, and analysed using flame atomic absorption
spectrometer. Pattern recognition methods, viz. principal component analysis (PCA) and partial least squares –

discriminant analysis (PLS-DA), were employed to investigate heavy metal profiles in bovine tissues and classify
them based on their geographic source. Results showed that the mean concentrations of the metals (mg/kg)
extended in the range: 1.5–11.5 (Cu), 0.42–1.5 (Pb), BDL–1.05 (Cr) and BDL–0.41 (Cd). The concentrations of Cu
and Cd, except Cd in muscle samples from Gondar City abattoir, were below the permissible limits while Pb and
Cr, except for Pb in kidney and Cr in all samples at Gondar City abattoir, were above the permissible limits. Hence,
it calls for enforceable food safety monitoring practices. PCA visualizes grouping of the studied bovine tissues
based on the contents of analyzed metals where liver contained highest concentrations of the studied metals,
except for Cd, which was highest in kidney. PLS-DA model clearly classified the tissue samples into two clusters
depending on their geographic source. In general, the accumulation burden of heavy metals exhibited tissue-
specific and sample source differences, probably due to varied organ functions and environmental conditions.
1. Introduction

Meat constitutes an important part of the human diet, and is mainly
composed of protein, fat and some essential elements as well as vitamins
(Akan et al., 2010; Kurnaz and Filazi 2011; Shaheen et al., 2016). Heavy
metals may also occur as inherent components of meat (Iwegbue et al.,
2008), in which their accumulations may influence the quality of meat.
Majority of these metals are toxic to living organisms, thereby affecting
biochemical processes and even those considered essential can be toxic if
present in excess (Yabe et al., 2012; Nkansah and Ansah 2014).

Meat contains very small amounts of these metals whose concentra-
tions can substantially increase due to natural and anthropogenic factors
(Aljerf and Aljurf 2020). In this respect, animal feedstuffs, drinking
water, and rearing of livestock in proximity to polluted environment are
the main routes of exposure (Nwude et al., 2010; Oladipo and Okareh
2015) by which they are transferred to animals, and then to humans
through diet (Alkmim Filho et al., 2014; Hashemi 2018). In addition,
.L. Akele).

21 November 2022; Accepted 9
evier Ltd. This is an open access a
contamination of meat and meat products by toxic metals during pro-
cessing, and dirty slaughterhouses have been reported (Brito et al., 1990;
Milam et al., 2015).

In recent years, the risk of heavy metal contamination in meat is of
great concern for both food safety and human health because of their
toxicity, bioaccumulation and biomagnifications in the food chain
(Demirezen and Uruç 2006; Santhi et al., 2008; Oladipo and Okareh
2015). Hence, study of heavy metals in different cattle organs has
gained increased attention due to variations related to factors such as
breed, the age of the animal, feeding practices and geographical con-
ditions, of which environmental conditions and type of pasture mainly
determine their levels in meat (Demirezen and Uruç 2006). Despite the
difficulty of entirely avoiding contamination of animal feed by toxic
metals given their ubiquitous occurrence in the environment, the
contamination needs to be minimized in order to reduce both direct and
indirect effects on animal and human health, respectively (SCAN 2003).
Thus, monitoring the levels of heavy metals in meat that forms
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significant proportion of our diet is of great importance in view of their
potential health risk.

In Ethiopia, meat is a common source of protein which is widely
consumed by the population with an annual per capita meat consumption
of 9 kg (Avery 2004; Kasa and Guyo 2015). In spite of the considerable
production and consumption of meat in the country, there are very
limited data on contamination of meat and edible organs by heavy metals
ascribed to low food safety monitoring practices. So far, only a few
studies have investigated trace metal residue concentrations in different
bovine tissues collected from Selale highland in the central (Khalili et al.,
1993), and Jimma zone in the south-western region of the country
(Dermauw et al., 2014). However, the levels of metal residues in bovine
muscle, liver and kidney samples from the north-west of the country,
particularly in the Central Gondar Zone, have yet to be examined.

In the Central Gondar Zone, which is the focus of our study, cattle
production is one of the main agricultural activities in rural areas where
cattle are freely ranging and given locally grown green fodder. In
contrast, spent grain and other feed supplements are the major feedstuffs
in most towns and cities owing to cattle fattening activities. In Chilga
County, part of the same zonal administration, there is a coal deposit in a
small village called, Nara-Awudarda, where coal fly ash is believed to
contaminate the surrounding environment since the local people use coal
for cooking purpose. Apparently, cattle reared in the area may be highly
exposed to potentially toxic metal contaminants via ingestion of polluted
soil, vegetation and drinking water. For instance, previous studies con-
ducted in this village reported appreciable amounts of trace metals (e.g.
Cr, Cd and Pb) in the soil, water and cow's milk samples (Birhanu et al.,
2014; Lijalem et al., 2015; Akele et al., 2017), suggesting high mineral
enrichment near the coal deposit. Consequently, the present study was
motivated to assess the risk associated with consumption of domestic
Figure 1. Location map of the study area, Gondar City a
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meat in the Central Gondar Zone where there is an increasing demand of
ensuring food safety.

Therefore, the objectives of this study are (i) to determine the con-
centrations of essential (Cu and Cr) and toxic (Cd and Pb) heavy metal
residues in bovine tissue (muscle, liver and kidney) samples collected
from Gondar City abattoir and Nara-Awudarda village in Chilga County;
(ii) to evaluate the fitness of the studied muscle and organ tissues by
comparing metal levels against their respective maximum residual limits;
and (iii) to classify the three tissue samples based on their type and farm
origin employing principal component analysis (PCA) and partial least
square–discriminant analysis (PLS–DA).

2. Materials and methods

2.1. Description of the study area

Ethiopia has the largest livestock population in Africa (Kasa and Guyo
2015) that contributes 12–16% of the total Gross Domestic Product
(GDP). Amhara Regional State accounts for 25% cattle production of the
country where livestock contributes 33% of the region's GDP. In this
regard, the highland areas in the former North Gondar Zone (recently
divided into three zonal administrations: namely, North-, Central- and
West-Gondar) contribute 54% to the total legal export volume, out of
which Gondar city and its suburb together with Chilga County cover 22
%, clearly indicating the potential of the study area for livestock pro-
duction (Mulugeta et al., 2007).

Nara-Awudarda is a small village in Chilga County, situated ca. 43 km
west of Gondar city. It is an active geological area with a bed-rock,
comprising lime-stone and coal deposits (Figure 1). Cattle in this
village are free ranging in the vicinity of a coal deposit, and commonly
nd Chilga County, in Central Gondar Zone, Ethiopia.
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consume locally produced feeds as major portions of their feed. In Gon-
dar city, however, beef cattle fattening cooperatives have grown drasti-
cally; and they often feed their cattle with spent grain and concentrated
feed. Cattle watering from polluted rivers, crossing the city, have also
become common practice, which calls for a comprehensive assessment of
meat safety for human consumption.

2.2. Sample collection

For this study, ninety different bovine tissue samples were collected
from 30 cattle in both study sites. Briefly, 45 fresh bovine muscle, liver and
kidney samples, about 50 g each, from 15 cattle were collected at Gondar
City abattoir. Cattle slaughtered at this abattoir came from different
counties in North-, Central- and West-Gondar Zones. Similarly, the
remaining 45 samples were obtained from free grazing cattle reared, for at
least 4 years, near the coal deposit in Nara-Awudarda village. The age of
the cattle ranged 5–8 years. All the samples were packed in contaminant-
free polyethylene bags, properly labeled with permanent marker, and
immediately brought to the laboratory with an icebox. In the laboratory, a
representative sample, for each bovine tissue and sampling site, was pre-
pared by removing gross fat, connective tissue and major blood vessels,
and, after homogenization, kept frozen at �20 �C until analysis.

2.3. Reagents and standards

All chemicals were of analytical reagent grade, and double distilled
water was used throughout our analysis. HNO3 (70% Spectrosol; BDH,
England) was used for the digestion of the sample matrix; standard stock
solutions containing 1000 mg/L (BUCK SCIENTIFIC GRAPHIC™) of the
respective metals in 2% (w/w) HNO3 were used for the calibration and
recovery test. Plastic bags were soaked in 20% (w/w) HNO3 for 24 h, and
rinsed with distilled water before sample collection. Glassware was also
soaked in 10% (w/w) HNO3 for 24 h, rinsed with distilled water and
dried in a dust-free environment prior to use.

2.4. Digestion of meat and offal tissue samples

All bovine tissue samples were subject to dry-ashing, followed by acid
digestion with conc. HNO3 (70%) until a clear, colourless solution was
obtained. First, the frozen samples were defrosted to ambient tempera-
ture, and 5 g of each sample (muscle, liver and kidney) was transferred
into a porcelain crucible, and oven-dried (Gallenkamp, UK) at 85 �C for
24 h. The samples were then placed in a muffle-furnace (Stuart Scientific,
UK), and reduced to ash at 550 �C for 3.45 h. The white ash was trans-
ferred into a beaker containing 2 mL of conc. HNO3, and heated on a hot
plate at 50 �C for a couple of minutes to ensure entire dissolution. After
cooling, distilled water (15 mL) was added, and the mineralized solution
was, subsequently, filtered with Whatman no. 42 filter paper into 25 mL
volumetric flask; finally, it was made up to the mark with distilled water.
Digestion was performed in triplicate for each bulk sample and a reagent
blank under the same conditions. The digested samples were kept in the
refrigerator (Hitachi, Japan) at 4 �C until analysis by FAAS (Buck Sci-
entific, 210VGP, USA), equipped with a deuterium background corrector
and air-acetylene flame.

2.5. Method performance and validation

The limit of detection (LOD) and quantification (LOQ) of the applied
analytical method were estimated based on the numerical values of
calibration curves regression parameters, following the ICH–Q2 guide-
line on method validation (ICH-Q2 2005). According to which, LOD ¼
3.3 � σ/S and LOQ ¼ 10 � σ/S, where (σ) and (S) refer to the standard
deviation of the intercept of calibration curve, and the slope of the cali-
bration line at levels approaching the limits, respectively. The other
validation parameters, viz. repeatability and intermediate precision, are
expressed as relative standard deviation (RSD) for a series of replicate
3

measurements of a given test sample in a single analytical cycle, and for
all the results obtained in all the three-bovine tissue (kidney, liver and
muscle) samples analysed, respectively. Reagent blanks and bovine tissue
samples spiked with known amount of each analyte (at a concentration
corresponding to the average measured value for each metal) were
analysed with test samples for recovery estimate purposes. Heavy metal
concentrations are reported as mg/kg wet weight.

2.6. Data analysis

Concentrations were expressed as mean � standard deviation. One-
way analysis of variance (ANOVA) with a post hoc test (Tukey's HSD
test) was used, after checking the normal distribution and homogeneity
of variance, to test significant differences in the mean levels of metals in
both study sites. The level of significance throughout the study was set at
p< 0.05. Different pattern recognition methods were applied on the data
to explore associations among the different bovine tissue samples and
their sources. First a preliminary investigation based on principal
component analysis (PCA) (Destefanis et al., 2000) was applied to visu-
alize different bovine tissues trends and evaluate the discriminatory
characteristics of the determined metals. PCA analysis was performed on
a data set that consisted of a matrix in which the rows and the columns
represented the individual tissue samples and concentrations of metals,
respectively. In addition, partial least squares–discriminant analysis
(PLS-DA) (Ballabio and Consonni 2013) was applied to build a classifi-
cation model useful for the prediction of the geographical source of the
tissues based on their metals concentrations. To build the PLS-DA model,
the same data set used in the PCA was used, but in this case, tissue
samples from both study sites were represented in the rows of the matrix
while the concentrations of metals for the three studied tissues were
arranged in the columns. The tissue samples from each source were
equally split into two data sets using the Kennard-Stone algorithm
(Kennard and Stone 1969) to be used in the PLS-DA training and external
validation steps. Two thirds of the total tissue samples (10 fromGondarþ
10 from Nara-Awudarda) were used in the training and the remaining (5
from Gondar þ 5 from Nara-Awudarda) in the external validation of the
PLS-DA model. In order to overcome the influence of the different scales
of the variables, the original variables were auto-scaled by subtracting
the mean value of the variable and dividing the result by the standard
deviation before analysis with PCA and PLS-DA. Samples with concen-
trations below the method detection limits were assigned a value of half
of the limit of detection values for statistical analysis. Chemometric data
analysis was performed in the MATLAB environment version R2019a
(MathWorks Inc., Natick, MA) using the PLS Toolbox package version 8.5
(Eigenvector Research Inc., Manson, WA). The confidence interval used
throughout the study was set at 95%.

3. Results and discussion

3.1. Method performance and method validation

Instrument and method performance parameters were anticipated for
precision, accuracy, linearity, detection limits and LOQ. The method
detection limit (mg/kg) for each metal under investigation was slightly
higher than the corresponding instrument detection limit. Analysis of
heavy metals revealed small differences among the triplicates, with
relative standard deviations, RSD < 10%. A recovery test of the total
analytical procedure conducted for each metal in kidney, liver and
muscle samples gave acceptable results, with recovery rates ranging from
85.6–105% (Cd); 93–106% (Cr); 99–111% (Cu); and 91–100% (Pb).

3.2. Concentrations of metals in bovine tissue (kidney, liver and muscle)
samples

The present study was conducted with the aim of providing baseline
data on current levels of Cu, Cr, Pb and Cd analysed in kidney, liver and
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muscle tissue samples (mg/kg) of bovines slaughtered at Gondar City
abattoir and Nara-Awudarda village in the Central Gondar Zone. The
overall mean concentrations of the four metals ranged from: 1.5–11.5 for
Cu; BDL–1.05 for Cr; 0.42–1.5 for Pb; and BDL–0.41 for Cd (cf. Figure 2a,
b, c and d). Of these metals, the highest mean concentration obtained was
for Cu (11.50 � 0.53 mg/kg in liver samples) and the lowest for Cd
(0.060� 0.004 mg/kg in muscle samples) on both study sites. In general,
liver contained highest concentrations of the studied metals compared to
kidney and muscle (Figure 2a, b, c and d), except for Cd, for which
concentrations were highest in kidney (p < 0.05).

Copper was the most abundant of all the metals studied, clearly
indicating their expected roles as major components of animal nutrients,
that are required for the activities of several metalloenzymes (Kurnaz and
Filazi 2011; Abd EI-Salam et al., 2013). It occurred in all the three bovine
tissue samples with concentrations ranging from 1.50 � 0.06 (in muscle)
to 11.5 � 0.53 mg/kg (in liver) which are all below the permissible limit
of 20 mg kg�1 for meat (Akan et al., 2010). The detection of lower Cu
levels in virtually all the samples analysed, except in those liver samples
from Nara-Awudarda village, is indicative of Cu deficiency in the study
area (Dermauw et al., 2014). Similar studies also reported higher Cu
accumulation in the liver than other tissues of cattle (Abou-Arab 2001;
Vukasinovic et al., 2007; L�opez-Alonso et al., 2016; Hashemi 2018). The
mean Cu concentration in the liver sample from Nara-Awudarda was
significantly higher (p< 0.05) than that found in the samples collected at
Gondar City abattoir (Figure 2a). This is in agreement with high mineral
enrichment in Chilga, particularly at our study site (Birhanu et al., 2014;
Akele et al., 2017). The copper levels observed in this study were, in
general, comparable to those detected in other studies (Akan et al., 2010;
Dermauw et al., 2014; Hashemi 2018). But, they were lower than their
respective levels reported elsewhere (Abou-Arab 2001; Sedki et al., 2003;
Mariam et al., 2004; Alonso et al., 2004; Waegeneers et al., 2009; Yabe
Figure 2. a–g Contents � standard deviations of heavy metals in bovine kidney, live
sites: Nara-Awudarda in Chilga County and Gondar City abattoir, Central Gondar Zone
kidney and muscle, and 0.5 mg/kg for liver); 2c for Pb (MRLs: 0.1 mg/kg for muscle a
and 0.5 mg/kg for liver and 1 mg/kg for kidney).

4

et al., 2012; L�opez-Alonso et al., 2016). Despite its importance as a
constituent of various enzymes and role in bone formation, skeletal
mineralization and maintaining the integrity of the connective tissues
(Akan et al., 2010), very high intake of this metal can result in deleterious
health effects, such as liver and kidney damage (Brito et al., 1990). The
lethal dose of Cu for humans is 100 mg kg�1, and the maximum observed
value was approximately nine orders of magnitude below the lethal dose,
revealing absence of potential risk of Cu poisoning for human consumers
(Vos et al., 1987).

Chromium was detected only in those meat tissue samples from Nara-
Awudarda (cf. Figure 2b), with the highest concentration of Cr (1.05 �
0.05 mg/kg) found in the liver samples. Contrary to this, the levels of Cr
content in all the three bovine tissue samples collected from Gondar City
abattoir were all below the minimum detection limit (0.06 mg/kg). Here,
higher concentrations of Cr that exceeded their corresponding permis-
sible limits (i.e., 0.5 mg/kg for liver and 1.0 mg/kg for muscle) were
observed in liver and muscle tissue samples from Nara-Awudarda (USDA
2006), reflecting contamination of the soil probably ascribed to metal
leaching from coal deposits (Sahoo et al., 2016). Cr is apparently an
essential nutrient that potentiates insulin action and thus influences
carbohydrate, lipid, and protein metabolism (Hua et al., 2012). However,
excess amounts of Cr may cause irritation, itching and flushing and other
adverse health effects (Duran et al., 2009; Akan et al., 2010; Iwegbue
2011; Tchounwou et al., 2012; Abd EI-Salam et al., 2013; Shaheen et al.,
2016). The levels of Cr reported in this study are, in most instances,
comparable to mean levels reported elsewhere (Demirezen and Uruç
2006; Santhi et al., 2008; Akan et al., 2010; Iwegbue 2011; Yabe et al.,
2012).

With respect to Pb, the highest concentration (1.50 � 0.07 mg/kg)
was found in liver from Nara-Awudarda, whereas the lowest (0.42� 0.03
mg/kg) in kidney and muscle from Gondar City abattoir, all above the
r and muscle tissue samples (mg/kg wet weight; n ¼ 3) collected from two study
, Ethiopia. 2a for Cu (MRLs: 20 mg/kg for muscle); 2b for Cr (MRLs: 1 mg/kg for
nd 0.5 mg/kg for liver and kidney); and 2d for Cd (MRLs: 0.05 mg/kg for muscle
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tolerable limits (0.5 mg/kg for kidney and liver; and 0.1 mg/kg for
muscle tissues), except for kidney samples collected from Gondar City
abattoir. As can be seen in Figure 2c, highest concentrations of Pb were
obtained in liver samples collected from both study sites. Significant
differences (P < 0.05) in the Pb concentrations were noted between liver
and other tissue samples, in agreement with similar studies (Kor�enekov�a
et al., 2002; Miranda et al., 2006; Akan et al., 2010). The sources of Pb
contamination of livestock come from the water they drink and food they
eat (Aljerf et al., 2018). Almost all the samples analysed from both study
sites generally contain Pb in high doses (above the tolerable limit),
probably due to metal leaching from the coal deposit in the vicinity of
Nara-Awudarda and high metal contents in cattle feedstuffs during cattle
fattening practices in Gondar city. Vehicle emissions could also
contribute to elevated levels of Pb in those cattle grazing on pasture close
to an international highway, crossing Nara-Awudarda village to Sudan
(Akele et al., 2017). Consumption of high amount of Pb above the
threshold level can induce reduced cognitive development and intellec-
tual performance in children and increase blood pressure and cardio-
vascular disease in adults (National Research Council, 1993; EFSA 2010).
The levels of Pb reported in this study are similar to the values reported
for India (Mariam et al., 2004), but are higher than those found in Nigeria
(Ihedioha and Okoye 2012), Spain (Miranda et al., 2006), and Kenya
(Oyaro et al., 2007).

The highest mean level of Cd was observed in the kidney samples
from Gondar City abattoir at 0.41 � 0.01 mg/kg while Cd contents in
muscle and liver tissues from Nara-Awudarda were below the method
detection limit (BDL). This clearly shows that the concentrations of Cd
did not surpass the maximum residue limits of 1.00 and 0.50 mg/kg for
kidney and liver, respectively (USDA 2006). However, only muscle
sample from Gondar City abattoir, with mean value of 0.06 mg/kg,
slightly exceeded its corresponding permissible limit (0.05 mg/kg),
indicating a potential health risk to meat consumers in the city. This is
most likely due to mineral-rich supplements fed to dairy cattle (Bohstedt
1942). Small-scale workshops, garages and municipal sources (batteries,
fertilizers, oil from garage wastewater etc.) might also be the sources of
Cd pollution (Wuana and Okieimen 2011).

Cadmium exists at low concentrations in all soils and phosphate fer-
tilizers and is toxic to virtually every system in the animal body (Akan
et al., 2010). It is almost absent in the human body at birth, but accu-
mulates with age, especially in the kidneys in comparison to other organs
like liver (Abou-Arab 2001; Waegeneers et al., 2009; Canty et al., 2014).
Its accumulation occurs in the body, thereby interacting with several
minerals (e.g., Zn and Cu) due to their chemical similarities and
competition for binding site (McLaughlin et al., 1999). Hence, it may
induce kidney dysfunction, skeletal damage and reproductive de-
ficiencies (Solidum et al., 2013). The highest level of cadmium in the
kidney samples reveals long-term exposure and appears to depend
mainly on the binding of Cd to sulfhydryl groups in metallothionein
protein in the kidney (Klaassen et al., 2009). The concentrations of Cd in
these samples were higher than the levels reported in Kenya and Slovakia
(Kor�enekov�a et al., 2002; Oyaro et al., 2007), but lower than the levels
reported in Korea and India (Mariam et al., 2004; Kim et al., 2016).

The results of correlations showed strong, moderate and weak re-
lationships between the levels of the four metals. A strong, but nega-
tive, correlation was observed between Cd–Cr (r ¼ –0.988). A weak
negative correlation (r ¼ –0.32) was also observed between Cd–Cu,
suggesting their complex antagonistic interactions in animals, probably
ascribed to the displacement of Cu from the kidney and liver by Cd in
competition for metallothionein binding sites (Alonso et al., 2000). In
contrast, the strongest Pb–Cu (r ¼ 0.994) and moderately significant
associations exist between the levels of Cr–Pb (r ¼ 0.53) and Cr–Cu (r
¼ 0.44) in the tissue samples analysed. The positive Cr–Cu association
could be linked to the physiological functions of both metals, including
being cofactors of many enzymes (Nordberg et al., 2007; Tchounwou
et al., 2012).
5

3.3. Multivariate Exploratory analysis by PCA

In the present study, the data was analyzed with PCA as unsupervised
pattern recognition method to characterize the collected data. PCA
compresses the original information (Cu, Cr, Pb and Cd concentrations)
into new axes, or principal components (PCs), which represents the
orthogonal directions of the most important variability in the original
data (Destefanis et al., 2000). Therefore, PCA allows the extraction of the
most important information hidden in the multivariate dataset and rep-
resents them in a graphical plot (Figure 3). Here, the PCAmodel was built
with three PCs, as indicated by cross-validation, capturing a total vari-
ance of 98.77% of the original data. The information of the first two PCs
are shown in the bi-plot (Figure 3), which depicts the relationship be-
tween the PCA scores related to the tissue samples in red (kidney), green
(liver) and blue (muscle) markers; and the loadings, related to the
different metal variables studied, in cyan marker. As illustrated in
Figure 3, PCA appears to be an effective procedure for data analysis of
bovine tissue samples based on their metal contents and sample origin,
through the reduction in dimensionality, which permits visual interpre-
tation of the data represented by two-dimensional PCA bi-plot. As can be
seen from loadings of variables along the first two PCs in Figure 3, all the
studied metals, but Cd, are placed in the positive side of the first PC. The
loadings plot also indicates strong direct correlation between Cu and Pb;
however, inverse correlation was observed between Cd and Cr in the
analyzed data. The pairs of metals Cu and Pb were found to be poorly
correlated with Cd and Cr as indicated in the loading plot.

Examination of score plot of the tissue samples in the PCA bi-plot
defined by the first two PCs reveals six main groups (Figure 3). Each
cluster represents a group of 15 samples and are labeled according to the
type of bovine tissues (K: kidney, L: liver and M: muscle) and sampling
site (GO: Gondar and NA: Nara-Awudarda). Liver samples, especially
from Nara-Awudarda (NA_L), are grouped closer to the variables Cu and
Pb in the positive sides of the two PCs and characterized by high contents
of Cu and Pb, which present the highest concentrations in all samples. In
contrast, the clusters of kidney samples from both sources (GO_K and
NA_K) are placed towards the negative side of PC1 and close to the
variable Cd, indicating higher levels of Cd and lower levels of Cr than
other tissues, particularly those kidney samples from Gondar (GO_K) are
closer to Cd variable in the bi-plot. As for liver samples (NA_L), muscle
samples from Nara-Awudarda (NA_M) also show relatively higher levels
of Cr, but lower levels of Cd. In general, Gondar samples are grouped
towards the center of the bi-plot. This is explained by the overall lower
metal concentration present in Gondar samples, except for Cd, when
comparing the same type of tissues to Nara-Awudarda samples.

The present study revealed that different concentrations of the four
metals were detected in the three cattle tissues collected at both study
sites; and the prevailing high levels of variability, which occurred in the
metals profile across the bovine tissues, is a function of varied organ
functions. Liver samples generally contained higher concentrations of
metals, especially Pb and Cu, than kidney and muscle samples since it is
always responsible for detoxification, leading to the highest level of
exposure to the contaminants (Klaassen et al., 2009). Moreover, sub-
stantial amounts of Cr were detected in both liver and muscle tissues
which is in agreement with other studies (Sedki et al., 2003; Hashemi
2018). On the other hand, kidney contained the highest levels of Cd,
probably due to increased levels of a small, cysteine-rich, metal-binding
protein–metallothionein (MT)–that plays an important role in tissue Cd
sequestration (Klaassen et al., 2009). Cd–MT complex is mainly formed
in the liver in response to Cd exposure, released into the blood stream
from damaged hepatocytes, then filtered by the kidney and finally taken
up into proximal tubule cells (Saboli�c et al., 2010). It is responsible for
the long biological half-life of Cd in the body (Klaassen et al., 2009). In
contrast to our finding, others reported higher concentration of cadmium
in liver than in muscle and kidney samples (Nriagu et al., 2009; Adetunji
et al., 2014).



Figure 3. Bi-plot (scores and loadings) of the first two principal components from PCA model built using the metal concentrations from bovine tissues samples, kidney
(K), liver (L) and muscle (M), collected in Nara-Awudarda (NA) and Gondar (GO) regions.
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3.4. Classification of bovine tissue sample source by PLS-DA

The supervised pattern recognition model was built using PLS-DA
method, which is based on PLS regression. Because there were two
classes in this study, a PLS2 method was used (Ballabio and Consonni
2013). Each class (sample source) was represented by a dummy variable
which resulted in a Y matrix to build the PLS2 model. The aim is to
predict the class membership from the X variables (bovine tissues metals
concentrations) describing the sample. During the development of the
PLS-DA model, variables were auto-scaled and a full cross-validation was
used to define the size of the model and evaluate the quality of the
calibration model. The external validation test set was applied to
Figure 4. (a) Score plot of the first two LVs from PLS-DA calibration model; (b) C
Awudarda in the bottom plot.
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evaluate the predictability of the model for the classification of new
bovine tissue samples.

The first two PLS latent variables (LVs) were used in this model as
indicated by cross-validation. They explained 97.9% of the total variance
of the calibration data (20 samples, 10 from each class). The score plot of
the first two LVs is shown in Figure 4a. It clearly shows that calibration
samples are grouped in two clusters. The cluster in the left side of the
score plot represents bovine tissue samples from Nara-Awudarda, in red
diamonds, whereas the opposite side shows tissue samples collected from
Gondar, in green squares. Gondar samples are more dispersed in the score
plot than samples from Nara-Awudarda, which is explained by the fact
that cattle slaughtered at Gondar city abattoir came from a more spread
lass membership prediction plot for Gondar class in the top plot and as Nara-
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area than those Nara-Awudarda cattle. As can be seen from the two non-
overlapping clusters in Figure 4a, the recognition ability to distinguish
between Nara-Awudarda and Gondar samples indicates a satisfactory
calibration model.

To assess the classification quality of the final PLS-DA model, known
data from an external validation test set were predicted. The external
validation procedure involved feeding the regression model with
observed X values, i.e. metal concentrations for the different tissues, from
the new tissue samples and predicts the Y values, i.e. predicted class
membership. External validation of the PLS-DA model was performed
with the remaining 5 tissue samples (15 tissue samples) from each class.
The class prediction has shown 100% classification efficiency for both
classes as shown in the test set class prediction plot in Figure 4b.

A multivariate analysis with PLS-DA for classification has shown that
the levels of metal contents corresponding to the two bovine sample
sources are significantly different. These preliminary results demonstrate
that profiling of metal contents in the different bovine tissues combined
with multivariate analysis models is promising for the characterization
and classification of cattle sources. Further studies are necessary to un-
derstand whether this methodology is suitable to classify bovine tissues
from other regions.

4. Conclusion

The investigated four metals were detected at different concentration
ranges in all bovine tissue samples from both study sites. Heavy metal
levels, in most tissue samples, exceeded their respective maximum re-
sidual limits set by FAO/WHO, which necessitates food safety monitoring
practices in the region. Application of PCA clearly grouped the studied
tissue samples based on their contents of analyzed metals. Clear distri-
butions in the accumulation of metals among the tissues were also
another interesting feature to observe. The liver is the target organ for
bioaccumulation of virtually all metals, while the kidney, in which cad-
mium levels have been highest, appears to be the organ of preference for
cadmium accumulation. PLS-DA model has shown 100% classification
efficiency in differentiating the samples based on their geographic
source. In general, the present study demonstrates the importance of
chemometric methods of analysis in profiling metal contents in different
bovine tissues to maintain sound authentication of bovine tissues based
on their origin, thereby ensuring the increasing demand of food safety in
the region. As it is a preliminary study, further research is required to
ascertain the suitability of the developed models in classifying similar
bovine tissue samples from other regions.
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