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Abstract—The influence of copper and zinc supplements on milk 

production performances and health indicators was tested in a 20-
week feeding trial, with 40 Holstein-Friesian lactating cows, divided 
in four groups (copper, zinc, copper-zinc and control). Correlations of 
the Cu and Zn plasma values with some animal performance criteria 
of health (body condition score and somatic cell counts) and 
production (milk yield, peak milk yield, fat and crude protein 
content) were done. During the 140 days of the experiment, the two 
added minerals caused a statistically significant increase (p < 0.05) of 
their plasma values after the peak of the cows’ lactations. It was also 
observed that subjects that have received copper and zinc 
supplements had the lowest number of somatic cell counts in milk. 
The Pearson correlation test showed a positive correlation (p = 0.007, 
r = +0.851) between the plasma Zn and the milk production. The 
improvement of the nutritional status improved the milk production 
performances of the cows as well as their health performances.  
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I. INTRODUCTION 
HE status of copper and zinc and their interrelationships 
in the livestock of Romania is little known. Some 

researches on the trace elements in animals were done before 
[15], [23] in the Southern and Western areas but not in the 
North-East of the country. In the N-E of Romania, cow’s 
husbandry is one of the main occupations among the dominant 
agricultural activities. Enhancing of the cows performances 
here is an important way of increasing the profit of the local 
farmers, so that studying of the Cu and Zn status in dairy cows 
might add value to it. Previous researches showed that 
adequate copper and/or zinc input may be used as a strategy to 
optimize immune system function by the reduction of the 
metabolic and oxidative stress [8], and milk production 
performances [13].  

The objective of this study was to evaluate the impact of 
copper and zinc deficiency to intensively grazed lacting dairy 
cows in Romania, on health and production performance. 
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II. MATERIALS AND METHODS  

A. Study Area 
The study was done in a large dairy farm located at 

47°9′24′′ N and 27°38′50′′ E in an area where the climate is 
characterized by hot and dry summers and cold winters. 
Average annual rainfall totals about 550mm characterized by a 
patchy distribution. The soil of this region has a low 
concentration of Cu and Zn, 10-20ppm and < 50ppm, 
respectively [1]. Drinking water in the region has an average 
Cu concentration of 0.022mg/L and of 0.156mg/L Zn [11] 
well below the maximum concentrations approved by the 
Council Directive No. 83 [9]. 

B. Experimental Design and Diets 
The present 20-week study was conducted on a large dairy 

farm according to the veterinary legal regulations for the farm 
animal protection [10] and involved 40 postpartum lactating 
(10 to 20 days of lactation) nonpregnant Holstein- Friesian 
cows, in good health condition. They were divided in two 
groups: copper-zinc and control. The Copper-Zinc group was 
given 1g CuSO4 5H2O and 4g ZnSO4 7H2O/cow/week for 20 
weeks. The Cu and Zn substrates were dissolved in water 
before being orally administered to each subject. The Control 
group received no mineral supplement. The ration was 
analyzed every 4 weeks.  

Standardized clinical examinations [19] were performed on 
each cow every week by a unique operator. Once a month, the 
body condition of each subject was scored as described by 
Edmondson et al. [12] whose method is based on a five-point 
scale (1 = emaciated; 5 = over-fat) and it is used as a 
preventive approach procedure of the production diseases.  

Individual milk yields were recorded daily and milk 
samples collected every 28 days. Milk samples were analysed 
for fat and crude protein content using an IR spectrometric 
method (FTS). Somatic cell counts (SCC) were determined 
using the Flow Cytometry Method (Bentley FTS/FCM).  

Blood samples were collected from the coccidian vein in 
lithium-heparin coated tubes (Sarsted) for further plasma 
copper and zinc, for quantitative evaluations. Samples were 
drawn before minerals were administered on the first day (t0), 
on days 28 (t1), 56 (t2), 84 (t3), 112 (t4) and 140 (t5). The 
tubes were centrifuged at 2500×g for 20min. Plasma was 
removed and frozen at −20˚C. Plasma, after thawing, was 
deproteinized with 0.6 M solution of trichloroacetic acid and 
hydrochloric acid (1:1, v:v). The mixture was placed on a 
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water bath at 90˚C for 15min and then separated by 
centrifugation at 3000×g for 10 minutes [25]. Cu and Zn 
concentrations were determined by a flame atomic absorption 
spectrophotometry method [28].  

Skin biopsies by excision of the periorbital area were made 
to some subjects of all groups at the end and the beginning of 
the study. Fragments of tissue (about 1cm2) were displayed on 
filter paper and fixed in 10% buffered formalin solution for 12 
hours. The staining method of the skin sections was 
hematoxylin eosin methylene blue (HEA).  

C. Statistical Analysis 
Mean values of all data, standard deviations of the mean, 

and analysis of the differences between groups were 
determined using the SPSS 17.0 statistical package program. 
Differences with p < 0.05 were considered significant. Normal 
distribution of data was checked with the Kolmogorov-
Smirnov test. The normal distribution parameters were 
analyzed with the One Way ANOVA method followed by the 
Tukey test for multiple comparisons of the average values. 
Parameters with an abnormal distribution were analyzed with 
the Kruskall-Wallis test. If significant differences were 
observed, the mean values were compared, two by two, with 
the non-parametric Mann-Whitney-Wilcoxon test. Correlation 
of plasma parameters with health and production indicators 
were made using the Pearson's test for a normal distribution of 
data or the Spearman test for their abnormal distribution. Data 
on SCC were log10 transformed before statistical analysis to 
enhance linearity. 

III. RESULTS 

A. Diet Intake 
During the 20 weeks study, the daily diet including 29-31 

kg maize silage, 7-8kg alfalfa hay, 300g concentrate mixed 
feed/L milk, provided 17.2 ± 1.1kg dry matter, 1563 ± 50.5g 
protein, 91.1 ± 3.2g Ca, 59 ± 1.8g P, 24.1 ± 0.9g Mg, 28 ± 8.4 
g Na, 711.3 ± 39.2ppm Mn, 3 ± 0.4ppm Cu, 9 ± 1.1ppm Zn 
and 78000 ± 1800 UI vitamin A, for each subject. The daily 
quantity of Cu and Zn intake was higher for supplemented 
cows e.g. Copper-Zinc group (303.1 ± 7mg Cu/cow and 1065 
± 34mg Zn/cow), in comparison to the Control group (48.5 ± 
5.6mg Cu/cow and 154.8 ± 24.6mg Zn/cow). 

B. Health Indicators 
During the present study, five cows out of 40 were 

slaughtered, as follows: one in the Copper group, two in the 
Zinc group, one in the Control group and one in the Copper-
Zinc group. The five cows, representing 12.5% of the entire 
lot, showed an increased weight loss. The body condition 
score (BCS) of the cows revealed a statistically significant 
increase (p < 0.01) from the first day till the 140th day of 
study in all groups (Table I). During the entire experiment, no 
statistically significant differences were observed between 
cows supplemented with minerals and those of the Control 
group. The variation of both plasma copper and zinc in the 
cows during the study is illustrated in Figs. 1 and 2. In this 
experiment, as expected, 60% of the cows were copper and 

zinc deficient at t0. Since the 112th day of the experiment, 
there was a significant increase (p < 0.01) of the plasma Cu in 
the Copper group (1.31 ± 0.16mg / L) compared to that in the 
Control group (0.92 ± 0.31mg / L). There was a statistically 
significant increase of plasma copper concentration in cows of 
Copper group (1.41 ± 0.23mg / L) reported to that in the 
Control group (1.09 ± 0.09mg / L, p <0.01) and Zinc group 
(1.17 ± 0.20mg / L, p <0.05) on the 140th day of the 
experiment. Also, a statistically significant higher (p < 0.01) 
plasma zinc concentration in cows of two groups that received 
10 g ZnSO4/week (Zinc and Copper-Zinc) compared to that in 
the cows of the groups that have not received this mineral at 
t2, t3 and t5. Cows in the Control group also had a substantial 
change in the plasma Cu and Zn, but their values returned to 
the previous levels one month later, compared to the cows 
whose diet was supplemented with the two minerals. In our 
experiment, the Cu: Zn ratio in the plasma ranged between 
0.67 and 1.25.  

 
TABLE I 

VARIATION OF THE BODY CONDITION SCORE COWS DURING THE 140-DAY 
EXPERIMENT 

Health 
indicat

or 

Time 
(days

) 

Groups 

Copper Zinc Copper-
Zinc Control 

The 
body 

conditi
on 

score 

t0 
2.32±0.10 

n=10 
2.5±0.20 

n=10 
2.35±0.12 

n=10 
2.32±0.12 

n=10 

t1 
2.32±0.12 

n=10 
2.3±0.19 

n=10 
2.30±0.16 

n=9 
2.22±0.15 

n=9 

t2 
2.46±0.21 

n=10 
2.43±0.11 

n=8 
2.47±0.15 

n=9 
2.44±0.16 

n=9 

t3 
2.66±0.12 

n=9 
2.56±0.11 

n=8 
2.69±0.16 

n=9 
2.61±0.13 

n=9 

t4 
2.83±0.12 

n=9 
2.75±0.13 

n=8 
2.88±0.18 

n=9 
2.69±0.24 

n=9 

t5 
3.00±0.17** 

n=9 
2.91±0.13** 

n=8 

3.00±0.17*
* 

n=9 

2.87±0.21*
* 

n=9 
n=number of cows, ** Significant differences (p <0.01) within each group 

comparing t0 to t5 
 

 
Fig. 1 Variation of the plasma copper of the dairy cows during the 

140-day experiment 
t0= first day of study; t1= 28th day of study; t2= 56th day of study;  

t3= 84th day of study; t4= 112th day of study; t5= 140th day of study 
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Fig. 2 Variation of the plasma zinc of the dairy cows during the 140-

day experiment 
t0= first day of study; t1= 28th day of study; t2= 56th day of study; t3= 

84th day of study; t4= 112th day of study; t5= 140th day of study 
 

Histological features of the skin in cows are shown in the 
Figs. 3 (a), (b), and 4 (a), (b). The cows of Control group 
opposed to supplemented cows, presented at t5 different 
degrees of periorbital acromotrichia with few melanocytes in 
the epidermis, agglutination of melanocytes in the dermis, hair 
follicle degeneration and poorly pigmented melanocytes in the 
hair follicle sheaths.  

 

 
Fig. 3 (a) Normal cow skin microscopic; HEA stain x 400 

 

 
Fig. 3 (b) Cow skin microscopic with acromotrichia; HEA stain x 400 

 
Fig. 4 (a) Skin microscopic structure of a five-year cow with normal 

hair follicle; HEA stain x 400 
 

 
Fig. 4 (b) Skin microscopic structure of a five-year cow with 

acromotrichia, degenerated hair follicle; HEA stain x 400 

C. Production Indicators 
Variation of the somatic cell counts [SCC (log10)] in the 

milk samples from the experimental dairy cows is shown in 
Fig. 5.  

The 35 remaining cows had an increased SCC in their milk, 
more than 200,000 cells / mL.  

In the present experiment, the milk SCC in the Copper-Zinc 
group showed a decreasing trend until the 140th day of study 
without any statistically significant differences.  

The highest average values in the present experiment were 
observed in the Control group on the 84th day of study (5.79) 
and the lowest in the Copper-Zinc group on the 112th day of 
study (5.51), but Kruskal-Wallis test showed no significant 
differences between the mineral supplemented groups and the 
Control group. Spearman test showed no correlation between 
copper and zinc plasma and the milk SCC.  
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Fig. 5 Variation of SCC (log10) in milk samples of the experimental 

groups and Control 
t0= first day of study; t1= 28th day of study; t2= 56th day of study; t3= 

84th day of study; t4= 112th day of study; t5= 140th day of study 
 

The variation of the milk production, milk protein and milk 
fat of the cows during the experiment is presented in Table II. 
There was a statistically significant increase (p < 0.05) of the 
milk yield in the Zinc group (23.78 ± 2.48 L and 22.25 ± 2.75 
L) compared to that in the Copper group (20.05 ± 3.52 L and 
18.21 ± 3.34 L) on the 56th and 84th day of the experiment. 
Also, a statistically significant higher (p < 0.05) milk 
production in cows of the Zinc group (22.2 ± 2.38 L) 
compared to that in the cows of the Control group (19.81 ± 
2.24 L) at t5 was observed. The Pearson correlation test 
showed a positive correlation (p = 0.007, r = + 0.451) between 
plasma Zn and the milk production in cows on t3, but there 
was no correlation between the plasma Cu and the milk 
production. The Pearson correlation test did not show a 
correlation between the body condition score and the milk 
production.  

 
TABLE II 

VARIATION OF THE MILK PRODUCTION, MILK PROTEIN AND MILK FAT IN THE EXPERIMENTAL AND CONTROL GROUPS DURING THE140-DAY EXPERIMENT 

Production indicator Time (days) 
Groups 

Copper Zinc Copper-Zinc Control 

Milk production (L/day) 

t0 21.22±6.35 23.1±4.08 23.94±4.49 19.63±5.32 
t1 21.26±6.90 22.52±1.31 20.12±4.64 21.74±4.18 
t2 20.05±3.52 23.78±2.48* 20.95±2.20 20.04±3.07 
t3 18.21±3.34 22.25±2.75* 21.63±2.18 19.94±3.44 
t4 20.31±4.25 21.78±2.87 21.01±4.51 20.22±4.33 
t5 17.57±4.88 22.2±2.38# 21.12±4.93 19.81±2.24 

Milk protein (%) 

t0 3.3±0.17 3.24±0.29 3.29±0.23 3.24±0.20 
t1 3.19±0.17 3.16±0.22 3.25±0.11 3.17±0.15 
t2 3.17±0.17 3.16±0.11 3.20±0.18 3.03±0.25 
t3 3.17±0.14 3.2±0.10 3.18±0.14 3.14±0.21 
t4 3.22±0.11 3.26±0.06 3.25±0.11 3.21±0.13 
t5 3.26±0.14 3.28±0.06 3.27±0.12 3.23±0.14 

Milk fat (%) 

t0 4.02±0.15 4.09±0.28 4.18±0.21 4.01±0.23 
t1 3.76±0.16 3.98±0.28 3.98±0.23 3.78±0.17 
t2 3.79±0.15 3.9±0.08 4.18±0.17 3.76±0.14 
t3 4.01±0.09 3.9±0.13 3.96±0.15 3.98±0.13 
t4 4.1±0.10 4.07±0.06 4.11±0.07 4.09±0.13 
t5 4.14±0.07** 4.13±0.04 4.15±0.06 4.1±0.15 

t0= first day of study; t1= 28th day of study; t2= 56th day of study; t3= 84th day of study; t4= 112th day of study; t5= 140th day of study; * Significant differences (p 
< 0.05) between Zinc group and Copper group at t2 and t3; # Significant differences (p < 0.05) between Zinc group and Control group at t5; ** Significant 
differences (p < 0.01) within the group comparing t0 to t5 

 
During the experiment, two cows of the Copper group, one 

of the Zinc group and one of the Control group presented a 
sudden drop in their milk yield, followed soon by its recovery, 
apparently without any reasonable explanation, e.g. disease. 
Cows of the Control group had a slightly lower milk protein 
content on t5 (3.23 ± 0.14%) than other groups, as follows: the 
Copper group: 3.26 ± 0.14%, the Zinc group: 3.28 ± 0.06%, 
the Copper-Zinc group: 3.27 ± 0.12%) but the differences 
were not statistically significant.  

The milk fat of the cows in the Copper-Zinc group had 
higher values than the other groups but the differences were 
not statistically significant. Significant increases (p < 0.01) of 
the milk fat were observed in the cows of the Copper group on 
t5 (4.14 ± 0.07%) compared to t1 (3.76 ± 0.16%). Pearson test 

showed no correlation between copper and zinc plasma and 
the milk fat. Also, the Pearson test showed no statistically 
significant correlations between the milk protein and fat, on 
one hand and the body condition score on the other.  

IV. DISCUSSION 
Good quality milk production requires a balanced diet. 

Adequate mineral nutrition may be used as a strategy to 
optimize immune system function by the reduction of 
metabolic and oxidative stress; and therefore it may have a 
positive effect on the defense mechanisms of mammary gland 
against mastitis [34]. In the case of the present experiment 
carried on in a region known for imbalances of the soil trace 
elements, diet supplementation with Cu and Zn was necessary.  
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Both cupric sulphate (CuSO4 5H2O) and zinc sulphate 
(ZnSO4 7H2O) are accepted as feed additives by the European 
Union [6]. Maximum content of the element in the total diet of 
cows is 35mg/kg for copper and 150mg/kg for zinc [6]. In this 
experiment the basal diet provided less than 0.3g of Cu / day 
and 1g of Zn / day, and plasma copper and / zinc before 
supplementation was around 0.6mg / L, suggesting that cows 
had inadequate copper and/zinc status. The Cu and Zn content 
were in accordance with the recommendations of NRC [26] 
for the group supplemented with both minerals. The supply of 
these trace minerals Cu and Zn, impacts several aspects of 
cows performance and health, such as lactation and immune 
function [26]. Zinc deficiency causes loss of appetite and 
disturbances in metabolism as zinc is involved in protein 
synthesis, carbohydrate metabolism and nucleic acid 
metabolism. The soundest diagnosis of mineral deficiency is 
provided by a clinical or production response to supplements 
of the mineral or minerals thought to be lacking [31].  

In our study, the body condition score of cows was very 
little influenced by treatment and averaged between 3 in the 
cows of Copper-Zinc group and 2.87 in Control group, on t5, 
but the statistical test showed no correlation between zinc 
plasma and the body condition score. The range of the ideal 
body condition score is 2.5-3.0 (one month postpartum), 3.0 
(mid lactation) and 3.25-3.75 (end of lactation) according to 
Braun et al. [4].  

During the 140 days of study, the copper and/or zinc 
sulphate addition to the diet caused a statistically significant 
increase of the plasma minerals. This blood mineral increase 
occurred only beyond the peak of lactation (at t1) and the 
blood levels of copper were found within the normal limits of 
0.97 - 1.57mg / L according to Radostits et al. [29] and those 
of zinc within the normal limits of 0.8 - 1.2mg / L according to 
Suttle [33], starting at t2 and remained so until the end of the 
experiment. Many factors can influence concentrations of 
trace elements in blood. For example, inflammation stress and 
infection may increase plasma Cu and decrease plasma Zn 
[17]. These difficulties in interpreting the results can be ruled 
out by discarding results for samples with high Cu: Zn ratios 
(>3-4) [2]. In our experiment, the Cu: Zn ratio in the plasma 
was well below 3-4 in every subject.  

In this experiment the cows with acromotrichia were copper 
and zinc deficient. Acromotrichia is the result of the reduced 
tyrosinase activity that inhibits the conversion of tyrosine into 
melanin. The effect of copper on the skin pigmentation is 
exercised by stimulating the conversion of tyrosine into 
melanin by tyrosinase or other enzymes containing Cu [24].  

Zn and Cu supplementation has been associated with higher 
antioxidant capacity resulting in reduced somatic cell count 
(SCC) [35]. Average SCC during the first 140 days of 
lactation had a tendency to be lower for the group fed with 
inorganic Zn and Cu. Kinal et al. [22] associated the reduction 
of SCC with quick formation of keratin in teat canal provided 
by the supplementation of Zn. Scaletty et al., [30] found Cu 
sulfate supplemented cows, had decreased severity of clinical 
mastitis cases. SCC is a primary indicator of mastitis and milk 
quality in dairy herd [35], [20].  

The 40 cows had an increased total number of somatic cells 
in their milk, more than the highest value for the milk from a 
healthy mammary gland, that is, 200,000 cells / mL milk [5].  

The high SCC values in this study suggested the high 
incidence of the incipient subclinical masititis. Deficiencies of 
Cu and Zn have been associated with increased incidence and 
severity of intra-mammary infections, increased clinical 
mastitis cases and higher somatic cell counts in individual 
cows and bulk tank milk [21], [30].  

The control of mastitis is based on two principles: reduction 
of the nipple extremity exposure to pathogens and maximizing 
the defense system of the milking cow. In this farm, the 
routine milking is done in the confining places where the 
bedding is thin (1kg sawdust/ cow/ day), and thus the exposure 
of nipples to pathogens is increased [3]. In our study, the cows 
that received Zn sulfate had higher milk production compared 
to that in the cows of the groups that have not received this 
mineral; this gain in milk yield was positively correlated with 
increase in the plasma zinc level. That milk protein was not 
influenced by the copper and/or zinc supplementation is in 
accordance with Formigoni et al. [14]. However, Griffiths et 
al. [16] reported an increase in milk protein in cows fed a 
combination of organic sources of Zn, Mn, Cu and Co.  

That feeding inorganic Zn and Cu increased milk fat content 
during the first 140 days of lactation is in accordance with 
Nocek et al. [27], but not consistent with others [32], [7] who 
found that milk fat level was not influenced by treatment. 
Also, Hullar and Brand [18] reported that increasing the 
forage content of the diet leads to increased milk fat and 
depressed milk protein as well as milk yield, and vice versa.  

V. CONCLUSION 
Based on the results of this study it may be concluded that 

feeding inorganic source of Cu and Zn had a tendency to 
reduce SCC during the first 140 days of lactation, and a 
improvement of milk production performances in dairy cows. 
Nevertheless, the serious errors of management concerning 
housing of the animals probably masked a better benefit of the 
copper and/or zinc supplementation in this farm.  

Further studies and monitoring are necessary to evaluate 
potential deficiencies of copper and zinc in cows as the reports 
of the trace elements status are controversial in Romania.  
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