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ABSTRACT

Copper (Cu) plays an essential role in the human and animal body system. One of the most important
sources of Cu is milk. The purpose of this study was to determine the effect of different doses of injection
of inorganic Cu and organic Cu as Cu-arginine and Cu-lysine on Cu concentrations of milk in the lactating
Zandi’s ewes. This experimental research involved 54 lactating Zandi’s ewes collected from the department
of State Organization Agriculture of Tehran province, Iran. They were allocated into three main groups
included: group 1) which received inorganic form of Cu as copper chloride, groups 2 and 3) which received
organic Cu as Cu-arginine or Cu-lysine (25, 50 and 100 mg kg™ of body weight (BW)) in the chelate form,
respectively. The milk samples were taken 30 min before and 6 hours after intravenous injection of Cu
preparations. The Cu concentration in milk was measured using the flame atomic absorption spectrometric
method. There was no significant difference among the groups in milk’s Cu concentration before admini-
stration of either inorganic or organic Cu. Data analysis showed that the administration of inorganic Cu
caused a significant increase (P<0.01) of Cu concentration in the milk in a dose dependent manner. Fur-
thermore, the administration of Cu-arginine or Cu-lysine in chelate form caused a significant increase
(P<0.01) in milk Cu concentration compared to the inorganic Cu. In conclusion, administration of different
forms of Cu influenced the Cu concentration in the milk. The organic forms of Cu led to a significant in-
crease in milk Cu concentration in a dose dependent manner compared to the inorganic form of Cu.
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INTRODUCTION

Copper (Cu) is one of the essential trace element which is
bound to different proteins and enzymes in the animals and
human that are involved in a broad range of physiological
processes (Nemec et al. 2012). The decrement or increment
in body Cu concentration might cause many disorders;
therefore, preventing the trace mineral deficiencies has long
been recognized as a factor of utmost importance in the
maintenance of the production, reproduction and health of

animals (Nemec et al. 2012). One of the most important
sources for Cu is milk (Pechova et al. 2009). Recently, sev-
eral attempts have been made in order to provide a suffi-
cient status of this microelement in both animals and hu-
mans (Pechova et al. 2009). Traditionally, the range of sup-
plements that were used for elevating the Cu concentration,
contained mostly the inorganic zinc like sulfate salts
(Pechova et al. 2009). The organic Cu forms including
metal amino acid chelates, metal complexes, metal me-
thionine hydroxy analog chelates, metal proteins, and metal
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propionates have been developed to increase the intestinal
absorption and the mineral bioavailability (Nemec et al.
2012). Hatfield et al. (2001) demonstrated that providing
mature ewes with complex organic minerals resulted in
higher concentrations of Cu in the liver than the inorganic
source. Another study suggests that ewes supplemented
with the dietary Cu in the form of Cu-methionine hada
higher Cu concentration in different tissues than ewes
which received Cu-sulfate (Pal et al. 2010).

The Cu cell uptake might be through different mecha-
nisms; for instance, it could be through its specific channel
or co-transporting system (Lonnerdal, 2007). The Cu con-
centration in human milk is about 20-25% of that of serum
(Loénnerdal, 2007). In human, the major fraction of Cu in
serum is tightly bound to ceruloplasmin, whereas a minor
fraction is loosely associated with the serum albumin,
amino acids, and low-molecular-weight chelators
(Lonnerdal, 2007); the Cu transportation into milk is as-
sumed to be via an active process (Freestone et al. 2014).
The mammary gland has been found to have three Cu-
specific transporters which are; copper transporter 1 (Ctrl),
ATP7A, and ATP7B (Kelleher and Lonnerdal, 2006;
Michalczyk et al. 2000).

Regarding these transporters, Ctrl has been found to be
of the essence for the cellular Cu import as Ctrl knockout
mice die at an early embryonic stage (Lee et al. 2000; Lee
et al. 2001).

This study aimed to determine the effect of different
doses of injection of inorganic Cu and organic Cu as Cu-
arginine and Cu-lysine on concentrations of Cu in milk, in
the lactating Zandi’s ewes.

MATERIALS AND METHODS

Animal and experimental design

In this experiment, 54 lactating Zandi ewes weighting 45 +
5 kg were used. All ewes were in the third or fourth months
of the first lactation and were collected from Department of
State Organization Agriculture of Tehran. This study was
approved and conducted in accordance with the regulations
of the Animal Ethics Committee of Animal Science and
Veterinary Faculty of Tehran University, Iran. Gross energy
and chemical composition of feed stuffs consisted of dry
mater, crude protein, crude fiber, ether extract, total ash,
neutral detergent fiber (NDF), acid detergent fiber (ADF),
calcium and phosphorous were analyzed in animal science
research institute of Karaj. Diets were formulated based on
AFRC (1995) (Table 1).

The ewes were assigned into three main groups and in
each group, there are the levels of treatments doses as fol-
lows (n=6); Groups which received copper in the inorganic
form as copper chloride (CuCl,; Merck, Germany), groups
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which received either organic Cu as Cu-arginine (Cu-R) or
Cu-lysine (Cu-K) in different doses (25, 50 and 100 mg kg™
of body weight (BW)) (Felix et al. 2012). A single dose of
the Cu preparations were administered individually by the
intravenous (Jugular veins) injection in all treatment groups
at 8:00-9:00 a.m. The basal diet was contained 5 mg kg™
Cu.

)R Experimental rations and nutrients
Ingredients (g/kg)

Wheat straw (g/day) 260
Alfalfa (hay) (g/day) 50
Corn (grain) (g/day) 220
Corn gluten meal (g/day) 85
Bone meal (g/day) 0.47
Salt (g/day) 1.22
Vitamin and mineral supplement 3.50
Nutrients

Metabolizable energy (MJ/kg) 9.73
Crude protein (%) 13.72
Calcium (%) 0.24
Phosphorous (%) 0.24
Sodium (%) 0.21
Magnesium (%) 0.11
Dry mater intake (g/day) 620
Metabolizable energy intake (MJ/day) 6.03
Metabolizable protein intake (g/day) 55.37

Sample collection and analysis

Milk samples were collected 30 min before and 6 hours
after the administration of Cu preparations (Leone and
Mercer, 1999). The samples were collected in clean poly-
propylene tubes and kept under refrigeration until the time
of their processing.

The milk Cu concentrations were determined using the
flame atomic absorption spectrometric (F-AAS) method
and the Analytical CTA-2000 (Chemtech, UK) device (Cu
wavelength=324.8 nm). The milk was mineralized by the
wet process with hydrogen dioxide and nitric acid addition
(2 mL milk+1 mL H,0,+2 mL HNO3) using the microwave
digestion technique in the MLS-1200 (Milestone, Italy)
microwave oven.

At the end, the Cu concentration in milk was expressed
as ppm using the calibration curve (Moreno-Rojas et al.
1993).

Statistical analysis

This experiment was designed under randomized double-
blinded control study. The statistical analysis was per-
formed using SPSS software (SPSS, 2011). The Kolmo-
gorov-Smirnov test was used to demonstrate the normal
distribution of the data. Comparisons between initial group
means were by one-way analysis of variance (ANOVA) or
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‘t” test. Analysis of results following treatment was by re-
peated measures, two-way ANOVA (mixed model) and the
Tukey’s test to compare means. The results are displayed as
a mean value with the standard error of the mean
(mean+SEM). A level for P < 0.05 was considered to be
significant. The drawing of charts were done using the Mi-
crosoft excel software.

RESULTS AND DISCUSSION

The influence of inorganic Cu administration on the
milk Cu concentration

The Cu concentrations in milk are displayed in Figure 1 and
Table 2. At the onset of the experiment, there were no dif-
ferences in the Cu concentration among the groups, where
as, after the administration of the inorganic Cu, the Cu con-
centrations of Cu in milk were significantly increased
(P<0.01) after doses 25, 50 and 100 mg kg™ it was 0.327 +
0.016 ppm, 0.482 + 0.013 ppm, and 0.71 £ 0.011 ppm, re-
spectively, in comparison to before administration of Cu.

The influence of Cu-R administration on milk Cu con-
centration

The concentrations of Cu in milk before and after admini-
stration of Cu-R are exhibited in Figure 2 and Table 2. De-
spite the fact that at the nascent stages of the experiment
there were, no differences among the groups in the concen-
tration of Cu in milk (the differences are shown in Table 1),
statistical analysis showed that average concentrations of
Cu in milk of different groups were affected after the ad-
ministration of Cu-R.

Significant increase (P<0.001) has been found among the
groups which received the organic Cu-R with doses of 25,
50 and 100 mg kg™ where the Cu concentration was 0.75 +
0.013 ppm, 0.821 + 0.032 ppm, and 1.033 + 0.013 ppm,
respectively in comparison with before Cu administration
groups. Moreover, significant increment was observed in
the milk Cu concentration in groups, which received Cu-R
at dose 100 mg kg™ in comparison with that received 100
mg kg™ inorganic Cu (the differences are shown in Table
2).
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Mean Cu (ppm) concentration in milk before and after administration of inorganic Cu (25, 50 and

100 mg kg™) in treatment groups
Data expressed as mean + SE (n=6)

* (P<0.01), ** (P<0.001) vs. Cu (25), # (P<0.001) vs. Cu (50) in correspondence after groups
NS: non-significant for either corresponding before or after administration

ELs) 2 Mean milk Cu concentration (ppm) in Zandi lactating ewes before and after administration of organic or inorganic Cu preparations (MeanzSE)

(n=6)
Treatments Mean milk Cu concentration (ppm)
Before After P-value

Cu (25) 0.291+0.014° 0.327+0.016* 0.01
Cu (50) 0.41520.019° 0.482+0.013% 0.01
Cu (100) 0.29120.034° 0.710+0.011% 0.01
Cu-R (25) 0.301£0.019° 0.750+0.013% 0.001
Cu-R (50) 0.408x0.028° 0.821+0.032* 0.001
Cu-R (100) 0.3260.039" 1.033+0.013° 0.001
Cu-K (25) 0.378+0.037° 0.781+0.037% 0.001
Cu-K (50) 0.3660.012° 1.08040.035° 0.001
Cu-K (100) 0.39920.055° 1.252+0.029° 0.001

SE: standard error.

The means within the same row with at least one common letter, do not have significant difference (P>0.05).
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Mean Cu (ppm) concentration in milk before and after administration of organic Cu as Cu-arginine
(Cu-R) in treatment groups (Cu-R (25), Cu-R (50) and Cu-R (100))

Data expressed as mean = SEM (n=6)

* (P<0.001) vs. Cu (100), # (P<0.001) vs. Cu-R (25), ¥ (P<0.001) vs. Cu (100)-R (50) in correspondence after

groups

NS: non-significant for either corresponding before or after administration

The influence of Cu-K administration on the milk Cu
concentration

The concentrations of Cu in milk before and after the ad-
ministration of Cu-Kare shown in Figure 3 and Table 2. At
the start of the experiment there were, no differences
among the groups in the Cu concentration in milk (Table 2),
the average Cu concentrations of milk in all groups were
affected after administration of Cu-K with different level of
doses. A significant increase (P<0.001) has been found
among the groups for the average concentrations of Cu in
milk for doses of 25 t0100 mg kg™ Cu-K where the milk Cu
concentration was 0.781 + 0.037 ppm, 1.08 £ 0.035 ppm,
and 1.252 + 0.029 ppm, respectively, in comparison with
before administration. Also, asignificant increase (P<0.001)
was observed in the milk Cu concentration in groups which
received Cu-K with different doses (50 and 100 mg kg™)
where the milk Cu concentration was 1.08 = 0.035 ppm,
and 1.252 + 0.029 ppm, respectively, in comparison with
that received inorganic Cu (100 mg kg™) it was 0.71 +
0.011 ppm. The ewes which were supplemented with either
Cu-R or Cu-Khad higher milk Cu concentrations compared
with the corresponding control groups. Also, the supple-
mentation with the organic form of Cu showed a significant
increase when compared with the inorganic Cu.

In other words, the supplementation of Cu with organic
complex significantly increased the excretion of the Cu ion
into milk (6 hours after administration) as compared to the
inorganic Cu.
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Studies focusing on the nexus between the milk Cu con-
centration and the level of supplementation are scarce and
the results revealed very different conclusions. Fantuz et al.
(2013) did not detect an increase of Cu concentration in
milk or in plasma of donkey which has dietary trace ele-
ment supplementation of 36 mg Cu for three months. The
study of Wang et al. (2012) indicated that the supplementa-
tion of the methionine hydroxy Cu during 120 days’ chal-
lenges tended to result in the increment of in the milk yield
and might have helped the cows to cope with the stress. In
the literature, supplementation of the organic forms of Cu
to cattle ration under a variety of stresses result in improved
Cu status (Nockels et al. 1993) and higher milk production
(Olkowski et al. 1990).

On the other hand, Hackbart et al. (2010) observed that
replacing a portion of inorganic supplemental trace miner-
als with an equivalent amount of these organic trace miner-
als (Zinc (zZn), Manganese (Mn), Cu and Cobalt (Co)) in-
creasmilk production in mid-lactation. These findings were
in agreement with our finding where our results revealed
that organic Cu significantly elevate the milk Cu concentra-
tion when compared with the inorganic Cu which could be
attributed to the higher bioavailability of the organic source
of Cu.

Previous study indicated that supplementation of the or-
ganic form of the essential trace elements provide a higher
bioavailability than the inorganic form (Sobhanirad et al.
2010).
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Mean copper (Cu) (ppm) concentration in milk before and after administration of organic Cu as
Cu-lysine (Cu-K) in treatment groups (Cu-K (25), Cu-K (50) and Cu-K (100))

Data expressed as mean +SEM (n=6)
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In the current study, the supplementation with the organic
Cu significantly elevated the level of milk Cu concentration
when compared with the inorganic Cu that could be related
to the higher availability of the organic source of Cu.

The Cu bound to the organic compounds is more avail-
able for the absorption than Cu from the inorganic sources
(Sobhanirad et al. 2010).

Cu is essential for the milk production (Kirchgessner and
Weigand, 1982) and milk is one of the mediums for the
endogenous excretion of the excess minerals (Miller, 1975).
When the dairy animals are fed with the metal amino acid
chelates, the uptake by the tissues (like the mammary
glands) in greater quantities, influence the milk production
and increase the level of the minerals in milk (Ashmead,
2012).

CONCLUSION

Based upon the current results, we conclude that admini-
stration of different forms of Cu influences the concentra-
tion of Cu in milk. The organic form forms of the Cu causes
a significant increase in milk Cu concentration in a dose
dependent manner in comparison with inorganic Cu. Fi-
nally, in this preliminary report, it can be said that organic
Cu present in milk in greater quantities. This may be due to
the presence of amino acids co-transporter in milk epithelial
tissue. Further research is warranted to proffer a more vivid
picture in this issue.
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