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Abstract: This study investigated the concentration of copper (Cu) present during the lifecycle of
cattle in Malta to determine how metals enter and exit the animal, and their impact via the food
chain on the human consumer. The determination of Cu in 10 cows from a dairy cattle farm
located in Salina, Malta was estimated by taking milk (100), hair (100), fodder (15) and manure
(10) samples over 10 weeks between September and November 2016 and their Cu concentration
was determined using atomic absorption spectroscopy. Conventional methods were used to
prepare all these samples. Cu concentration in milk samples showed high levels (0.02 to
0.07mg/L) which is higher than the maximum level recommended (0.01mg/L) by FAO and
WHO. Cu concentration was significantly higher in summer than in autumn. However, hair
samples results (3.04—6.88mg/kg) did not provide a clear impact by season. The concentration of
Cu in different fodder types varied significantly (1.08—16.06 mg/Kg). Manure Cu concentrations
ranged from 10.70to 16.63 mg/kg but there were no distinctions between weeks or seasons.
Considering the discrepancy of copper concentrations at inputs (feed) and outputs (manure, hair,
milk) for a dairy cow, it can be concluded that there are other factors contributing to the copper
concentration within the cow system.
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1) Introduction

Heavy metals are known to be highly reactive and can be toxic even at low concentrations [1].
Although naturally occurring in the environment, anthropogenic activities, such as mining,
smelting, transportation, military operations, industrial manufacturing and agricultural activities,
result in the accumulation of pollutants in the environment. A typical example is the release of
heavy metals from pesticides and fertilizer, leading to the contamination of the abiotic
environment. These metals are transferred from the abiotic environment to the biotic ecosystems,
with a build up along food webs leading to the consequential accumulation and toxicity in
humans [2]. Environmental pollutants, including heavy metals, may reach target organs in
humans both by ingestion[3] and by inhalation [4]. Heavy metals most commonly found to
contaminate sites are lead (Pb), chromium (Cr), arsenic (As), zinc (Zn), cadmium (Cd), copper
(Cu), mercury (Hg), and nickel (Ni).

The fate of heavy metals within a food chain is complex, which involves their movement through
various different matrices and biological systems. Typically, the passage of heavy metals from
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milk to humans involves a series of passages between different abiotic and biotic media. Some
studies have raised concerns about heavy metal contamination of irrigation water used for fodder
crop cultivation, pesticides and fertilizers, drinking water for cows, atmospheric pollution,
amongst others[5-6-7].These all lead to the accumulation of these metals in the cow’s tissues [8-
9] and hairs [10], a proportion of which may then be removed in urine, faeces, other excreta and
milk[11]. In certain instances, soil is contaminated with heavy metals when it is amended with
manure [12-13].

The copper status of dairy cows depends on various factors. Copper intake may be through
fodder, water and environmental pollution. However, even though copper may be present in the
diet, minerals such as Fe, Mo and S, may affect the uptake of copper by the cow. A low copper
intake may result in elevated plasma copper and low copper content in milk [14]. Copper
intoxication is emerging concern in dairy cows [15]. In fact, copper also alters lipid metabolism
in dairy cows. In a study by Engle and coworkers a high copper dietary intake resulted in a
decrease in polyunsaturated fatty acids in milk [16].

The aim of this study was to understand fate of copperwithin the dairy food chain, under
intensive production in Malta, and also was to understand more about the complex pollution
system under a pilot dairy setup. The final consumer within this food chain is the human.

2) Materials and Methods

Reagents and glassware

Ultrapure water(18 Q) was used throughout the experimental procedure, using an Elga Purelab
Classic purification system (Elga,UK).All reagents used were of an ultra-trace analysis grade.
Hydrochloric acid, nitric acid and hydrogen peroxide were purchased from Fisher chemical
(UK), and acetone and Triton X-100 from BDH (UK). A standard solution of copper was
prepared by the dilution of certified standard solutions for AAS (1000 ppm) from(Mono-
element, Indian).

All glassware and polyethylene material used were previously treated for at least 24 hrs in 10%
nitric acid and rinsed with distilled water and then with ultrapure water, prior to use.

Sample collection

The samples were collected from a dairy cattle farm located in Salina, Malta. Ten cows (age
from 2 to 6 years) were selected randomly from the herd representing the dairy population of this
farm.

Milk and hair samples were collected from these ten cows, once a week over a period of 10
weeks starting from September 2016 until November 2016. A total of 100 milk samples and 100
hair samples were collected for analysis. Approximately 30 ml milk samples were collected in
polyethylene containers immediately from individual dairy cows. The samples were frozen
immediately and stored until further analysis.Containers of each sample were put in and frozen
until they were ready to be prepared for analysis. Approximately 1 g hair samples were taken
from the tails of individual dairy cows and stored separately in polyethylene bags.Over the same
time, 15 fodder samples were collected once a week from different feed sources (table2) on the
farm. The fodder samples were taken and stored in polyethylene bags. Two manure samples
were collected for every fortnight period, over the same time span. The samples were placed in
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polythene bags, transferred to the laboratory and dried in an oven at 75 =+ 5 ‘C [17]. The dried
manure samples were stored separately in polyethylene bags.

Sample preparation

Milk samples were thawed and subsequently 3 ml were prepared for the digestion process. Prior
to digestion, the hair samples were cut into approximately 0.5 cm pieces and mixed to allow a
representative subsample of the cow’s hair. The sample was then washed with 5% Triton X-100.
These were then rinsed with distilled water and subsequently with ultrapure water. The samples
were then rinsed three times with acetone [17-18-19], then dried in an oven at 75 & 5°C. 0.2 g of
hair were taken from the dried sample for the digestion process. Fodder samples (Maltese hay
and imported hay) were washed with ultra-pure water and dried at 105 C in an oven. All the
fodder samples (Maltese hay, imported hay, pellets and mixed seeds) were ground into a powder
and passed through a 0.02 mm sieve. 0.2 g subsamples of the dried feeds and manure were
weighed and then subjected to digestion.

Sample digestion

3 ml of each milk sample and 0.2 g of each hair, fodder and manure sample were transferred to
Pyrex beakers. 5-10 ml of concentrated HNO; were added to the beakers, which were
subsequently covered with a watch glass. The beakers were placed on an electric hot plate 70—
80C for 1-2 hours. Each digestate was then treated with additional 5 ml concentrated HNO3 and
a few drops of H,O; and heated on a hot plate at about 80C for another 1-2 hours until the colour
of the digestion solution was a clear transparent yellow. When the resultant solutions cooled to
room temperature, they were diluted up to a volume of 25 ml in volumetric flasks with ultrapure
water [17].

Copper concentration determination

The concentration of copper was determined using a high-resolution continuum source atomic
absorption spectrometer (contrAA 700, Analytik Jena AG,Germany) and a calibration curve
obtained from the standard solution (0.04, 0.1, 0.2, 0.3 and 0.4 ppm), the AAS parameters used
are shown in table 1.

Table 1 Measurement conditions for AAS

Element Line Wave length(nm) Oxidant (air) Fuel (acetylene)
(Kg/cm?) (Kg/cm?)
Cu Cu324 324.754 1.6 0.2
Data Analysis

The data for copper results in milk and hair for each cow were grouped into 5 fortnight period
means. The data for fodder was grouped according to source and the data for manure was
grouped according to same aforementioned fortnight periods. The Friedman test with Bonferroni
post-hoc tests were conducted on milk and hair samples. The Kruskal Wallis test with Bonferroni
post-hoc tests were conducted on fodder and manure. For fodder, milk, hair and manure, means
and standard deviations for the relevant subcategories are given. Descriptive statistics and
relevant statistical tests were all conducted using IBM SPSS Version 25.
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3) Results and discussion

In livestock, copper is an essential microelement that is required to maintain health and
immunity. Specifically, it is required for thyroid function, production and reproduction [20].
Cows with copper deficiency are susceptible to growth impairment, anemia, reproductive
problems, bone fragility and diarrhea. This is typical of grazing animals, as the copper intake
cannot be estimated [21]. However, high Ca, Zn and Fe dietary intake may lead to a decrease in
copper absorption. Copper intoxication can also occur from feed formulation errors. Toxicity
may be exhibited as intravascular haemolysis and methaemyoglobinaemia, susceptibility to
secondary infections and debilitations, and poor milk production and morbidity [22]. Other
studies have shown that copper can cause subclinical intoxication. Although in Malta, signs of
copper toxicity are rarely encountered in cows, this issue should not be underestimated,
especially in cases where producers are rearing cows and sheep. In most cases, sheep are more
likely to respond to copper toxicosis than cows[23]. Other causes of copper intoxication can
occur in areas contaminated with heavy metals industrial emission. In a study by Skalicka,
Korenekova and Nad on the determination of copper levels in bovine situated 5.5 km from a
metallurgical plant, it was found that contaminated pasture contributed to higher mean Cu level
in cow tissue samples [24].

Feeds

In this present study a number of individual feeds and fodders were analysed individually (Table
2).It was observed that the main copper contributor is the special dairy concentrate with a value
of 16.06 mg/kg, and mixed seeds the least with a value of 1.08+0.07 mg/kg. The former,
however, only contributed to 19.7 % of the total ration. Taking the ration composition as quoted
by Agius and coworkers [25], the total copper composition of the ration in this study is 6.18
mg/kg (Table 3).The dietary copper concentration should be around 15.70 mg/kg of ration
[26].Several studies have shown feed copper concentrations ranging between 0.3 and 141.4
mg/kg [27-28-29]. A cow that consumes between 9-18 kg of ration, the copper daily intake
would be around 56 — 111 mg. For a 650-kg cow, the estimated dietary copper requirement is
313 mg/day [26]. This shows that the local cows are not receiving the optimum dietary copper
intake. However, one should take into account also intake of copper from other sources. It is
likely that from this source, copper intoxication is not an issue. In a study, a copper concentration
of 400-500 mg/kg of the whole ration resulted in morbidity and mortality in dairy [22]. Chronic
copper intoxication can occur at concentrations higher than 12 mg of Cu/kg of body mass per
day [30].

Table 2. The Cu content for different fodder types (mg/kg)

Imﬁ;);*[ed Maltese hay Mixed corn Small pellets Large pellets Mixed seeds  Dairy pellets
N (Cases) 3 3 2 2 2 2 1
Mean+SD  4.93+0.751 3.73+£0.224 9.81+0.774 7.33+0.837 2.83+0.844 1.08+0.069" 16.06

Tstatistically different from other levels at p<0.1, “only based on a single observation and not included in the
analysis

51



Proceeding of 6™ nternational Conference of Biotechnology, Environment and Engineering Sciences
(ICBEI) 28 - 29 December 2019, Alexandria-Egypt

Table3. A typical ration composition [25] and the contribution of different feeds and fodder to
the copper concentration in the ration.

%DM Mg Cu. per kg
ration
Imported Hay 21.37 1.054
Straw(Local) 5.79 0.216
Crushed Maize/Mixed seeds 7.54 0.458
Normal dairy Pellets 45.6 1.290
Special dairy Pellets 19.7 3.164

Milk

As a microelement, copper is found in relatively small amounts in milk [31]. The copper content
of milk as recommended by the National Research Council is 0.15-0.20 mg/L of milk [26]. In
this present study, most values obtained for copper concentration in milk (0.02-0.06 mg/L) were
lower than this recommended (Table 4),particularly in later (autumn) periods. Pilarczyk and
coworkers [32], in a study on Simmental and Holstein—Friesian cows from an organic farm,
found particularly low Cu concentrations amounting to 0.04 and 0.05mg/L, respectively,
indicating the deficiency of this element in animals and thus in the environment and feed, typical
of extensive systems. Several studies show copper concentrations below 0.07 mg/L [33-34-35].
In a local study [36], the Cu milk content for cows was 0.23+0.13 mg/L which goes in
accordance with the findings of Bresci and coworkers (0.31-0.32 mg/L)[37]. Al-Wabel found a
level of 1.88 mg copper per litre of milk [38]. In another study, the level copper in milk from
cows fed on a conventional diet and hydroponic fodder [25], the mean Cu contents were up to
0.75 mg/L, during a 4-week trial. The values found agree with results of Meshref who found Cu
values equal to 0.6 mg/kg [39]. Moreover, BilandZic reported Cu concentrations ranging
from0.10 to 0.90mg/L [40].

Hair

Cu contributes to the formation of keratin and melanin, of which there are two types; eumelanin,
giving the brown-black coloration and pheomelanin, giving the yellow-red coloration [41]. There
is an initial oxidation reaction between the copper-protein enzyme tyrosinase and tyrosine [42].
In present study (see Table 4 for full results),the mean copper concentration in hairs was4.80
mg/kg, with significant period-to-period variation.This is much lower than those quoted by Dorn
and coworkers, i.e. 7.33- 7.74 mg/kg [43].

Table 4. The Cu content for milk (mg/L), hair and manure (mg/kg)

Period 1 2 3 4 5

Milk 0.07+0.05***  0.06+£0.02%** 0.04+0.01 0.02+0.02***  0.02+0.01***
Hair 3.04£1.21%%*  6.88+4.43%** 5.8342.34%#%  4.204(,84" 3.9842.19*
Manure  12.2042.77 10.70+1.98 16.63+7.64 10.49+3.81 15.06+1.16

statistically different from other levels at p<0.001*** p<0.01** p<0.05* p<0.1"
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Manure

The accumulation of copper in manure may contribute to copper passed on to ground water and
soil which then can become available to crops and fodder crops [44]. Accumulation of copper in
soil is much higher with dairy manure amendment than with manure from other farm animals
[45]. Cows eliminate excess copper into faeces (manure). In most cases, cow manure is used as
an organic fertilizer in situations where soil amendment is deemed necessary, hence enriching
the soil with important minerals. In fact, in a study by Moscuzza and coworkers, it was deduced
that forage was enriched with micronutrients when manure was used during the cultivation of the
fodder crops [46]. Several studies have shown manure copper concentrations ranging between
31.80 and1726.30 mg/kg [27-28-29]. In this present study, the copper concentration of manure
reached a maximum of 16.63+7.637 mg/kg (Table 4), which is on the lower end of the range,
quoted in other studies. A cow produces approximately 29.5 kg of manure daily. The copper lost
in faeces by a cow is 383.972 mg daily (Figure 1).

In conclusion, Figure 1 provides an overview of the copper contribution of feed, manure, hair
and milk as input and output parameters within the cow system[47,48]. It can be observed that
the input of copper from feed does not tally to the output of copper through manure, hair and
milk. A high copper concentration was expressed in manure as compared to all other
input/output parameters. This may be due to the copper entering the system through other inputs
parameters and/or copper accumulation and release from outputs. This provides the basis for
further research taking into account more inputs, such as drinking water and atmospheric
pollution and other outputs such as urine in liquid manure.

+—

S S Manure
g Feed COW §384 mg
Hai
111 mg 2.8a5l:;g
Milk
k k 4.3:3 mg

Figure 1. The input and output parameters considered in this study, and the copper
contribution of each parameter on a daily basis.
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