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ABSTRACT

The experiment was conducted on 16 Red-and-White cows in a 2 x 2 Latin square design with
two levels of CaFA salts (with and without 6% CaFA salts in DM) and a high or low level of copper
(13 vs 61 mg Cu/kg DM). The cows were fed grass and maize silages and a concentrate in the amount
0f 0.28 kg/kg of milk yield. DM intake of all of the cows averaged 16.8+0.1 kg, including 10.6+0.1 kg
of silages at an intake of 6.2+0.1 kg d' concentrate. Average FCM was 22.8+0.5 kg/d"!, with a
content of 4.1+0.4% fat, 3.04£0.3% protein and 5.4+0.3% lactose. A significant negative effect of
copper on the fat content of milk was found, whereas the effect of CaFA on daily fat and protein
synthesis was positive. The total cholesterol content in milk was 13.6+0.4 mg/100 g and did not
differ significantly for either of the experimental factors. No effect of the experimental factors was
found on the Ca, P, Mg, and Zn contents in cow’s milk, whereas a significant increase in the Cu level
was observed. Feeding cows CaFA salts significantly lowered the content of saturated fatty acids in
milk, i.e. of caprinic (C10), lauric (C12), myristic (C14) and palmitic (C16) acids, and increased the
content of stearic and o-linolenic (C18:3, n-3) acids. The higher copper level significantly elevated
the oleic acid (C 18:1) content of milk. CaFA salts led to a highl significant rise in the level of
unsaturated fatty acids in milk; the high copper level increased them significantly. The concentration
of acids having a cholesterol-lowering effect increased by 40.9 to 46.8% in response to CaFA salts
and by 43.1 to 44.6% under the influence of copper. No significant differences were found in the
glucose, total protein, urea and total cholesterol and HDL levels in the blood plasma of cows. In-
creased doses of copper lowered the level of LDL cholesterol and increased the plasma activity of
aspartate aminotransferase and lactate dehydrogenase. Higher dose of CaFA salts significantly in-
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creased the plasma activity of alkaline phesphatase and copper Ievel. No effect of the studied factors
was found on plasma calcium, phosphorous, magnesium er zinc levels.
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INTRODUCTION

Cholesterol in cow’s milk is an undesirable factor in terms of human nutrition;
its content ranges between 8-13 mg/100 g milk (Brzoska et al., 1999ab). Dairy
products, particularly cheeses that are aged, have a cholesterol content that ranges
from 30 to 120 mg/100 g (Bulinski and Szydtowska, 1971). Secreting cholesterol
into milk by cattle is genetically dependent. The heritability index of milk choles-
terol is estimated at about 0.10 and is positively correlated with the contents of fat,
protein, and somatic cells (Skrzypek, 1999). The cholesterol content of milk de-
clines slightly in later phases of lactation as well as with the age of cows (Bohac
and Rhee, 1988).

In human nutrition, dietary cholesterol 1s considered to be unnecessary or even
harmful. Low-density-lipid cholesterol (LLDL) is a cause of vascular arteriosclero-
sis leading to coronary heart disease. Cholesterol in dairy products accounts for
about 50-60% of the cholesterol consumed by adults. The daily allowance for
exogenous cholestere] in human diets has been determined as 300 mg/day, as com-
pared with the approximately 1500 mg/day that are synthesized in the liver (NCEP,
1990; USDA, 1990).

Studies on laboratory antmals showed that the copper and zinc levels of diets
influence lipid metabolism, including that of cholesterol (Mazur et al., 1993; Rays-
siguier et al., 1993). It was shown that mice and rats with highly advanced vascular
arteriosclerosis had very low levels of copper in their blood, which suggests that
hypocupraemia is a factor in vascular arteriosclerosis. Earlier studics have shown
that dietary copper deficiency leads to changes in the activity of liver enzymes,
including downregulation of enzymes activity in the cholesterol metabolic path-
way (Lei, 1991).

The lipid metabolism of cows depends to a large degree on the level of triglyce-
rides in their diets. Studies were undertaken on the effect of a differentiated level
of caleium fatty acid salts (CaFA} and two levels of dietary copper for each level
of dietary fat on the cholesterol content of milk and plasma, milk vicld, content
and daily synthesis of milk components and on the main indicators of protein and
fat metabolism in cows.

This study examines the hypothesis that different levels of copper in diets for
cows, by acting on liver metabolism, will differentiate the cholesterol level in the
blood plasma and milk of cows with the lower copper level raising it, and the
higher level, lowering it.
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MATERIAL AND METHODS
Animals and diets

The study was carrted out on 16 Red-and-White cows ina 2 x 2 Latin square
design, with two levels of CaFA salts and two levels of copper in the ration. The
differentiated doses of copper were administered to cows in a mineral mixture
containing anhydrous copper oxide in an amount of 13-14 (low dose) and
60-61 mg/kg of DM intake (high dose). The daily intake of copper equaled 0.228
and 1.018 g/cow/day, respectively. The low dose of copper corresponded approxi-
mately to the daily requirement for this element, while the higher dose was sub-
stantially above. The zinc content of the diets was maintained on a constant level
of 37.50 mg/kg DM of the ration in the form of ZnSO +7H,0, which is the equiva-
lent of an intake of 1.629 g Zn/cow/day and to the daily requirement of cows for
this element (MAFF, 1984; Rogers, 1996).

CaFA salts in the form of the feed fat preparation Erafet were obtained from
rape seed oil, fish oil and animal fat in a proportion of 35:5:60. Erafet was added to
the concentrate in an amount of 6% of the daily DM intake, which was the equiva-
lent of about 936 g of the preparation/cow/day. The experiment comprised 4 pe-
riods, each lasting 21 days, including 3 final days during which milk yield was
determined and milk samples were taken for analysis. The cows werce fed grass
and maize silages to appetite and concentrate offered in an amount of 0.28 kgfkg
milk. The rations were provided twice daily during milking at 7.00 and 16.60. The
concentrate was composed of bartey meal, wheat bran and rapeseed oilmeal. The
Bovmix mincral mixture (BASF, Kutno, Poland)} containing minerals and the ap-
propriate amounts of copper and zinc were added in the mangers to the concentrate
in an amount of 80 g/cow/day. The mixture contained per kg/g: P, 100; Ca, 150;
Mg, 40; Na, 70, Fe, 2.5; Co, 0.10; Mn, 3.0; Se, 0.01; and [, 0.1. Experimental cows
between their second and fourth lactations were selected from an experimental
herd of 120 cows, taking into account age, nurnber of lactations, calving date, and
current yield. They were between the 4 and 16" weeks of lactation. Two weeks
before the experiment and during it the cows were fed according to [Z-INRA stan-
dards (1993). The cows were housed 1n & barn on rubber mats, tethered in indivi-
dual stands. Each of four 21-day experiments comprised 18 days of an adaptation
period and 3 days of the actual experiment during which blood and milk were
sampled. During the actual experimental period, silage and concentrate intake was
recorded, milk yicld was determined, and milk and blood samples were taken for
analysis. Cholesterol, fat, protein, lactose, N fraction, acidity, coagulation time,
specific gravity, and mineral components were determined in milk. After comple-
tion of cach of these periods, blood was sampled from the jugular vein. Glucose,
total protein, urea, triglycerides, total cholesterol, HDL, LDL, alkaline phosphatase
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activity, aspartate and alanine aminotransferase and lactate dehydrogenase activi-
ties were assaved in plasma. The dry matter and nutrient contents of feeds were
determined.

Chemical analyses

The milk yield of cows was expressed tn standard milk with a 4% fat content
(FCM, kg/d) and 3% protein (PCM, kg/d). The nutrient content of feeds was deter-
mined by conventional methods (AOAC, 1990). Feed DM was determined at 105°C,
its content in silages was adjusted for volatile substances (Dulphy and Demarquil-
ly, 1981). Total nitrogen and N-fraction in milk were determined by the Kjeldahl
method using the Gordon and Kalan (1983) procedure. NDF and ADF contents in
feeds were determined by the method of Goering and Van Socst (1970). Fatty
acids in milk were assayed as methyl esters using a GLC Varian 3400 gas chroma-
tograph in a DB-FFAP column, according to the method of Atwal et al. (1990).
The fat, protein and lactose contents in milk, renneting time, density and acidity
were determined in compliance with Polish Standard PN 68/A-86122. The content
of minerals in milk and serum was determined by atomic mass spectroscopy using
a Philips PU 9000 apparatus after mineralization of samples in nitric acid and
hydrogen peroxide in teflon containers using a MEGA-1200 microwave oven. The
glucose, crude protein, urea, triglyceride and cholesterol and selected enzyme
activities in blood plasma were determined using enzyme-linked tests from Cor-
may Diagnostyka S.A. (Lublin, Poland). The nutritional value of feeds was ex-
pressed according to the INRA-88 system, calculated using Winwar 1.3 software,

The results were subjected to statistical analysis using two-way analysis of
variance. The effect of fat, copper, and the interaction of both factors on the ana-
lyzed parameters were determined. Averages within rations with and without ad-
ded fat and using high or low doses of copper were compared by Student’s t-test,
using the Statgraphics 6.0 software package.

RESULTS AND DISCUSSION

The composition of the rations is given in Table 1, the chemical composition of
feeds in Table 2. Average DM intake per cow was 16.8=0.1 kg/day, including
10.6+0.1 kg silage and 6.1+0.1 kg concentrate (Table 3). Supplementing the diets
with CaFA salts significantly increased grass and maize silage intake (P=0.002).
The average milk yield for the 84-day cxperiment was 22.320.5 kg/day at a yield
of 22.8+0.5 kg FCM and 20.3x0.5 kg PCM. No significant effects of CalFA salts
(P=0.260) or copper (P=0.172) on milk yicld were found. The higher copper dose
increased the milk yield of animals fed the diets without added fat, while it de-
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TABLE 1
Composition of the rations for dairy cows, in DM %
Item Without salt of CaFA With salt of CaFA
Maize silage 30.00 30.00
Cirass silage 33.75 33.75
Barley ground 17.40 11.60
Wheat bran 10.40 8.40
Rapeseed meal 7.00 9.00
CaSFA {Erafct) - 6.00
Limestone 0.40 0.20
Dicaleium phosphate 0.60 0.60
Magnesium oxidc 0.20 0.20
NaCl 0.20 0.20
Mineral premix “Bovimix” 0.05 0.05
TABLE 2
Chemical composition and nutritive valug of feeds, in DM %
Nutrients Grass silage Maize silage - Conccntratc'
without CaFA with CaFA

Dry matter 24.74 27.52 87.93 87.64
Organic matter 90.96 95.49 95.30 95.90
Crude protein 17.10 7.60 14.15 14.75
Ether extract 4.14 3.19 6.87 10.18
Crude fibre 27.75 27.98 8.27 7.43
N-free extractives 41.97 56.72 6.0} 63.54
Ash 9.04 4.51 4.7¢ 4.10
ND¥F 66.87 63.86 35.72 37.20
ADF 32.89 3177 9.80 10.25
ADL 5.56 5.52 4.00 4,19
Ca 7.67 4.32 9.13 9.50
P 335 2.12 5.27 5.41
Cu 7.56 2.28 291 4.40
Nutrients, kg ~'of DM

crude protein, g 171.0 76.0 141.5 142.5

ME, MJ 9.75 10.23 12.34 14.20

NEL, MI 598 6.30 7.08 7.62

UFL 0.90 0.90 1.06 1.28

PDIN, g 101.4 48 103.4 105.8

PDIE, g 787 62 D8.7 99.2
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TABLE 3
Feed intake, milk vicld and composition
Without CaFA With CaFA P value
Item SEM
lowCu highCu lowCu highCu fat Cu fat x Cu

Feed DM intake, kg/d 16.05 16.62 17.36 17.11 0.15 0,002 0557  0.145

silage 10.45 10.07 10.97 105 0.12 0.001 0.469  0.290

maize 4.90 4.72 5.14 5.18 0.06 0.001 0.486  0.305
grass 5.55 5.35 5.83 5.87 0.05 0.001 0.458 0278

concentrate 5.52 6.48 6.31 6.11 0.14 0422 0.146  0.029

mineral premix 0.08 (.08 0.08 0.08 nd nd nd nd
Milk yield, kg/d 20.06 23.40 23.14 22.68 0.53 0260 0172 0.072
FCM, kg/d 2197 23.61 23.92 22.05 .54 G784 0996  0.090
PCM, kg/d 20.34 20.76 21.24 20.53 0.51 0288 0.550  0.199
Fat, % 4.38 4.02 44.14 3.90 0.44 0028 0000 0478
Protein, % 3.09 2.91 3.05 298 0.33 0.768 0049 0357
Lactose, % 5.44 5.51 5.20 5.30 0.34 .001 0178 0823
Nutrient synthesis, g d !

fat §71 944 G957 882 22 0.78¢ 0985  0.090

protein 621 685 701 677 17 0.288 0549 0.199
Acidity, *SH 717 6.94 6.74 6.78 0.06 0.158 0893 0.124
Renneting time, s 1o 163 214 158 17 0.043 03512 0.052
Density, g/em’ 1.03¢ 1.030 1.029 1.030 0.0001 0.023 0434 0.283

Nd - nol determined
FCM — milk cerected for 4% fat
PCM — milk corected for 3% protein

creased milk yield in those that received fat-supplemented diets (Table 3). The
average fat, protein, and lactose contents in milk equaled 4.1+0.4%, 3.01+0.3%,
and 5.3+0.3%. Supplementing CalA salts led to a small but significant decreasc in
the fat content of milk (P=0.028) and significantly increased the lactose content
(P=0.001}, while 1t had no effect on the protein content. Feeding cows higher cop-
per dose significantly lowered the fat (P=0.0004) and protein (P=0.049) levels,
whereas it only slightly increased the lactose level in milk. The average daily fat
and protein yicld was higher in cows receiving CaFA salts, although the higher
level of copper in the rations that were not supplemented with fat increased cutput,
and in the fat-supplemented rations, decreased it. The coagulation time of milk
averaged 16317 sec.

The use of CaFA salts significantly lowered the specific gravity of milk
(P=0.043), which averaged 1.0299+£0.0001 g/cm? and its acidity (P=0.023), which
averaged 6.91+0.06SH.

The results of experiments on the influence of CaFA salts on the milk yield of
cows are contradictory, with some showing a positive (Cervantes et al., 1996),
and some, a negalive (Erickson et al,, 1992; Kim et al,, 1993; Kowalski, 1997)
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mnfluence. On the basis of studies carried out to date, it can be stated that the milk
yield of cows depends on covering of their energy requirements. If the amount of
fat in the ration exceeds their requirements, then its effect on milk yield is not
manifested, and the excess is stored in adipose tissue through lipogenesis, and
usually affects the fatty acid composition of milk. If, however, the ration does not
contain enough digestible energy, then the effect of dietary fat on the milk yield of
cows 1s significant, but usually has no effect on milk fatty acid composition.

Increased copper intake did not significantly increase the milk yield of cows
(P=0.172). A higher lactose content in milk was found, however, which can sug-
gest that through its presence in numerous enzymes, copper takes part in the regu-
lation of milk sugar. The least favourable was the influence of copper on the fat
and protein levels in milk and the level of daily production of both compenents of
milk. In studies carried out to date, the addition of CaFA salts to rations for cows at
arate of 3-6% DM increased the fat content of milk (Erickson etal., 1992; Brzdska
et al., 1999 a,b), accompanied by a negative effect on the protein content of milk
(Kim et al., 1991, 1993; Erickson et al., 1992; Kowalski, 1997, Brzoska et al.,
1999 a), Nevertheless, a lack of a positive effect of CaFA salts on milk fat was also
found (Madisan-Anderson et al., 1997). The eftect of different dietary copper
levels on milk fat and protein contents had not been studied previously. Previous
studies on the effect of copper were aimed mainly at determining the optimal con-
tent of this element in the ration and on assessing its availability. A tendency to-
wards a lower [at content in the milk of cows fed CaFA salt-supplemented rations
was found, which 1s in disagreement with the results of most earlier studies. The
movement of free fatty acids from the plasma to glandular cells is a passive pro-
cess, and its intensity is proportional to the plasma concentration of these acids
(Szostak, 1972). Since no significant cffect of CaFA salts on the plasma triglyce-
ride level was found, no effect was found either on the fat level in milk, It was,
however, found that the higher copper content of the diet was associated with a
significant decline on the milk fat level (P=0.0004). This indicates that copper
participates in the process of synthesizing milk fat, and its excess has an mhibitory
effect on it.

The average total cholesterol content in milk was 13.64+0.40 mg/100 ml, and
no significant effects of feeding cows CaFA salts and adding copper to their ra-
tions were found (Table 4). In earlier studies (Brzdska et al., 1999 a b) the total
cholesterol level in the milk of cows in a similar stage of lactation as in this expe-
riment, receiving from 0 to 9% CaFA salts, was constant and ranged between
10-13 mg/100 ml. In the present study, we found no significant effect of copper on
the plasma or milk cholesterol level. It seems that the metabelism of hipids in the
liver in dairy cattle differs from that in monogastric laboratory animals. Feeding
cows copper at a level of 13 to 60 mg/kg DM of the ration neither lowered nor
increased the total cholesterol content of milk.
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TABLE 4
Total cholesterol and minerals content in milk
Without CaFA With CaFA £ value
Ttem - - SEM
low Cu  high Cu  lowCu  high Cu fat Cu fat x Cu
Total cholesterol,
mg/ 100 ml 14.58 13.32 12,78 13.90 .40 0.451 0.932 0.145
Ca, mg/t00 g 114.93 F0.00 105.81 147.40 1.66 0.079 0.612 0.324
P, mg/100¢ g 76.83 75.52 73.73 75.19 0.93 0.362 0.96% 0461
Mg, mg/100 g 10.32 11.60 11.04 10.81 0.12 0.338 0.261 0.837
Zn, m/100 g 0.46% 0.45% (.448 0.464 0.010 0.612 0.790 0.324
Cu, mg/ 100 g 0.025 0.033 0.028 0.032 0.001 0.618 0.011 0272

A significant influence of the higher copper content in rations (P=0.011) was
found on the content of copper in milk. In the rations without CaFA salts, this
influence was significant. In relation to calcium, phosphorous, magnesium and
zinc, no significant changes in their levels in milk were observed in response to
CaFA salt or copper salt supplementation (Table 4).

It was shown that feeding cows higher copper dose (Table 5) significantly
decreases the total N content (P=0.034) and protein N (P=0.023) of milk. The
effect of both factors on the N-casein level in milk was insignificant.

TABLE S
Nitrogen fraction in milk, %
lem Without CaFA With CaFA SEM P value
lowCu  highCu lowCu highCu fat Cu fat x Cu
Total N ¢.485 0.455 0.481 0.468  0.005 0.686 0034 0420
True protein N 0.457 0.425 0.450 0436 0.005 0.861 0.023 0362
NPN 6.030 0.030 0.031 0.031 6.0005 0.263  0.894 0.79]
Casemn N G.369 0.350 0.372 0354 0.005 0.692  0.063  0.945
Whey N G.100 0.091 0.097 0.09% .00} 0.554  (.132 0.082
True protein N,
% of total N 93.74 93.38 93.50 93.28 12 0475 0230 0.779
Casein N, % of total N~ 75.72 76.60 77.38 75.77 (.49 a.676 0717 0.215

The results of this study show that feeding cows diets containing CaFA salts in
the amount of 6% DM made from vegetable oils and fish oil increased the content
of unsaturated fatty acids, including MUFA, in milk fat in a highly significant
manner (P=0.0001), while concomitantly lowering the content of saturated acids,
which improves the nutritional value of milk (Table 6). The synthesis of short-
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TABELA 6

Fatty acid composition of the milk fat, g/100 g of fatty acids

ltem Without CaFA With CaFA SEM P value

lowCu  highCu  lowCu high Cu fat Cu tat x Cu

C, 2.5 2.0 24 2.4 0.12 0.58 0.73 0.87
Cp 4.6 4.7 4.0 36 0.10 0.00 0.32 0.17
C, 4.4 4.3 3.8 3.2 0.12 0.00 0.11 0.24
C, 10.8 10.3 9.7 9.0 0.18 0.00 0.07 0.61
C. 37.1 36.7 34.1 340 0.50 0.00 0.77 0.88
Cios 1.4 i.5 1.1 1.3 0.04 0.00 (.05 (.58
C, 12.9 12.1 15.1 14.7 0.30 0.00 0.26 0.69
Cs 21.6 23.5 25.2 27.4 0.51 0.00 0.01 0.86
Cia 26 2.8 2.8 30 0.10 0.23 0.29 0.90
Crorns 0.2 0.2 0.2 0.2 001 046 066 057
Crsma 1.0 1.0 1.2 1.2 0.04 0.04 1.00 0.69
Cou 0.1 0.1 0.1 0.1 0.004 0.45 0.41 0.50
Cuos 0.1 0.1 0.1 0.1 0.003 0.04 1.00 0.34
C, 0.1 0.1 0.1 0.1 0.004 0.53 0.58 0.94
SFA 72.5 70.8 69.3 66.8 0.51 0.00 0.02 0.68
UFA 215 292 30.7 33.2 0.51 0.00 0.03 0.64
MUFA 23.6 25.0 26.3 28.6 0.43 0.00 0.02 0.51
PUFA 4.0 4.2 4.4 4.6 0.13 0.12 0.42 0.88
PUFA-6 29 3.1 3.2 3.4 0.10 .24 0.31 0.92
PUFA-3 1.0 1.1 1.2 1.2 0.04 .06 0.57 0.74
DFA 40.5 412 45.8 47.9 0.74 0.00 0.27 0.62
OFA 39.5 58.7 54.2 52.1 0.74 ¢.00 0.28 0.62
PUFA-6/PUFA-3 2.9 3.0 2.6 29 0.01 0.00 0.04 0.54
UFA/SFA 0.4 0.4 0.4 9.5 0.02 .00 0.38 0.57
DFA/OFA 0.7 0.7 0.9 0.9 0.01 .00 0.03 0.45
MUFA/SFA 03 0.3 0.4 0.4 0.002 0.06 0.23 0.94
PUFA/SFA 0.1 0.1 0.1 0.1 0.09 0.23 0.26 0.75

chain faity acids like caprinic (C10), lauric (C12), myristic (C14), and palmitic
(Clo; P=0.001) acids is lowered, which confirms the results of earlier studics (Brzos-
ka et al., 1999 a,b; LaCount et al., 1994; Madison-Anderson et al., 1997), The
synthesis of fatty acids from precursors released in the rumen such as acetic acid
and B-hydroxybutyric acid is energy-consuming, whereas using triglycerides absorbed
in the digestive tract does not require an outlay of energy. This suggests that provi-
ding cows with 18-carbon and longer chain CaFA salts that are not saturated in the
rumen leads to their transport to the mammary gland and use to synthesize the tri-
glycerides of miltk fat. The effect of copper in rations for cows on the fatty acid
composition of milk was significant, especially at the tevel of olete acid {(C18:1;
P=0.0001}) and total monounsaturated fatty acids (MUFA; P=0.0001). This sug-
gests that the addition of copper may activate enzymes that desaturate fatty acids.
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Analysis of plasma indicators of protein and fat metabolism {Table 7) showed
that the level of CaFA salts and copper in the ration had no significant effect on the
level of most of the indicators examined. The content of glucose, protein, and urea
did not differ significantly among groups of cows. This indicates that the increased
level of copper in the diet for cows did not significantly affect the glucose and
protein metabolism of these animals. The concentration of triglycerides in blood
plasma averaged 7.61:£0.32 mg/100 g, that of totat cholesterol, 253.51£6.73 mg/
100 g and was simitar in all groups. The lack of an effect of CaFA salts in diets for
cows on the level of plasma triglycerides was shown earlier by Schneider et al.
{1988) and by West and Hill (1990), while such an effect was demonstrated by
feeding cows tallow or other animal fats (Palmquist and Conrad, 1980; Lough et
al., 1988). In studies by Brzdska et al. (1999 a,b) in which cows were fed from 0 to
9% CaFA salts, the total cholesterol content in the plasma of cows ranged from
193.53 mg/100 g to 288.56 mg/100 g, with a high level of high density lipid cho-
lesterol (HDL) being found in the plasma accompanied by a relatively low level of
low-density lipid cholesterol {LDL). Maybe this resulted from the diet of the cows
being based on structural components such as cellulose, NDF, ADF and starch at a

TABLE 7
Metabolite and minerals content in blood plasma
ltem Without CaFA With CaFA SEM P value
lowCu highCu lowCu high Cu fat Cu fatx Cu

Glucose, mg/100 g 58.1 58.9 57.9 58.1 5.22 0.76 0.63 0.39
Total protein, mg/ml 11.3 11.0 10.7 10.3 0.21 G.11 0.47 0.93
Urea, mg/100 g 15.8 16.9 15.8 12.9 0.74 0.12 0.54 0.17
Thriglycerols,

mg/ 100 g 7.6 7.8 7.5 7.9 0.32 0.77 0.46 0.89
Cholesterol total,

mg/ 100 g 2572 243.5 251.6 261.8 6.73 0.64 0.90 0.39
HDL, mg/100 g 204.1 204.9 199.5 2124 4.86 0.88 0.49 0.54
LDL, mg/100 g 54.1 37.0 52.9 47.8 2.67 0.36 0.04 0.25
AST, L/ 55.6 65.6 57.4 66.9 1.59 0.61 0.00 0.94
ALT, U/ 19.6 202 203 18.3 0.92 0.76 0.72 0.49
ALP, U/l 255 258 274 339 I.19 0.03 0.13 0.17
LDH, U/ 920.2 1021.8 9855 10275 16.91 0.28 0.03 0.37
Ca, mg/100 g 11.7 11.8 1.7 10.9 0.34 0.52 0.62 048
P, mg/l00 g 8.6 8.2 8.9 8.2 0.39 0.73 0.84 0.77
Mg, mg/100 g 2.6 2.7 2.6 26 009 087 071 066
Zn, mg/100 g 0.6 0.6 0.5 0.6 G.02 0.74 0.40 0.89
Cu, mg/100 g 0.2 0.2 0.1 0.1 .01 0.45 0.92 0.94

AST = asparte aminotransferase

ALT = alanine aminotmsferase
ALP = alkaline phosphatase
LDH = lactate dehydrogenase
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relatively low amount of fat in the ration. In the present study, no significant influ-
ence was found either in the plasma HDL cholesterol level, which does not signifi-
cantly dilferentiate this indicator for the higher and lower copper levels. A signifi-
cant effect of higher copper doses was found, however, on lowering the content of
LDL cholesterol in the plasma of cows (P=0.036). The results of this study indi-
cate that the level of copper in the diets of ruminants does not significantly modify
the level of total plasma or milk cholesterol. On the basis of studies carried out to
date on laboratory animals, it was accepted that a low dictary copper level induces
hypercholesterclaemia and vascular disorders in animals (Mazur et al., 1993;
Rayssiguier et al., 1993). A copper deficit induces hypercholesterolacmia in rats
{Klevay, 1973), and feeding chickens and turkeys dicts with low levels of copper
led to lowering plasma and muscle cholesterol levels (Pesti et al., 1994; Bakalli et
al., 1995; Pesti and Bakalli et al., 1996). It is suggested that hypercholesterolacmia
in animals with copper deficits may be the result of increased hepatic cholesterol
synthesis {Al-Othman et al., 1992). The results of our experiment showed that
very different levels of copper in rations significantly lowered plasma LDL levels,
but did not affect total cholesterol in mitk. A lower level of copper in the diets was
not attainable because of the presence of copper in the basic feeds, mainly silages
and organic components of feed mixtures. The mechanism of transferring choles-
terol from plasma to milk in cows 1s still not understood, nor are the factors affec-
ting it known. Given that the plasma level of total cholesterol is about 250 mg/100 g
of blood plasma, lowering it to 11-13 mg/100 g milk is a very large difference.
This suggests that the epithelial cells of mammary gland follicles contain lipopro-
tein receptors that limit their level in milk. If this is true, then to explain the lowe-
ring of the cholesterol level in milk it would be necessary to know the factors
affecting the activity of these receptors. Moreover, a rise in the activity of plasma
aspartate aminotransferase and lactate dehydrogenase was observed, which would
indicate that copper takes part in the activation of both enzymes. The average
activity of both enzymes in cow serum corresponded with the figures obtained in
carlier experiments on Ayrshire bull calves by Huhtanen and Poutiainen (1985).
Higher levels of CaFA salts significantly increased the activity of alkaline phos-
phatase in the blood of cows.

CONCLUSIONS

In summary, it can be said that a differentiated level of copper in rations for
dairy cows, ranging from 13 to 61 mg/kg DM, does not atfect milk production or
the more important parameters of milk, but does tower the fat and protein, inclu-
ding cascin and whey protein, levels in milk. It alse does not lead to significant
changes in the total cholesterol level in milk, This means that highly varied levels
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of copper in diets for cows da not significantly modify the process of endogenous
cholesterol synthesis in the liver. Increased copper intake in rations significantly
increases the content of monounsaturated fatty acids (MUFA), mainly oleic acid
(C18:1}) and total unsaturated fatty acids (UFA) in milk. A high level of copper in
diets for cows significantly lowers the plasma LDL cholesterol level, which does
not, however, atfect the total cholesterol level of milk. No significant effect of this
factor on the level of the main mineral components of milk and plasma was ob-
served, while the copper level in milk was found to rise.

Feeding cows fatty acid calcium salts {(CaFA) in an amount of 6% DM of the
ration increascs the milk yield of cows, lowers the fat and lactose contents of milk.
It does not, however, affect the cholesterol and mineral levels of milk. Consuming
fat in the form of CaFA salts significantly increases the content of monounsatura-
ted fatty acids (MUFA) and a-linolenic acid (C18:3, n-3) in milk fat, which im-
proves the nutritional quality of milk. The use of different levels of copper and
CaFA salts in feeding cows does not significantly affect the glucose, total protein,
urea, or total cholesterol and HDL levels in the plasma of cows.
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STRESZCZENIE

Wplyw soli wapniowych kwaséw tluszezowych i miedzi w dawce pokarmowej na wydajnosé
i sklad mleka oraz przemiang tluszczowg u kréw

Doséwiadczenie przeprowadzono na 16 krowach rasy czb, w uktadzie kwadratu tacinskiego 2 x 2,
stosujac w dawkach dwa poziomy soli CaFA (bez i z dodatkiem 6% soli CaKT w s.m.) oraz dwa
poziomy miedzi (13 vs 61 mg Cu/kg s.m.). Krowy zywiono kiszonka z traw i z kukurydzy do woli
oraz mieszankg tre$ciwg podawang w ilosci 0,28 kg/kg mleka. Pobranie s.m. przez wszystkie krowy
wynosito $rednio 16,8+0,1 kg, w tym 10,640,1 kg kiszonki i 6,240,1 kg/d"' mieszanki tresciwej.
Srednia wydajnosé mleka FCM wynosita 22,8+0,5 kg/d"!, przy zawartosci thuszezu 4,1+0,4%, biatka
3,0+0,3% i laktozy 5,4+0,3%. Stwierdzono statystycznie istotny, ujemny wplw miedzi na zawarto$¢
tluszczu w mleku, przy dodatnim wplywie soli CaKT na wielko$¢ dobowej syntezy tluszczu i biatka.
Zawartos¢ cholesterolu catkowitego w mleku wynosita 13,6+0,4 mg/100 g i nie roznila sig istotnie w
zalezno$ci od badanego czynnika. Nie stwierdzono takze ich wptywu na zawarto$¢ Ca, P, MgiZnw
mleku, przy istotnym wzroscie poziomu Cu. Podawanie krowom soli CaKT istotnie obnizylo w
mleku zawarto$¢ kwasow nasyconych, kaprynowego (C10), laurynowego (C12), mirystynowego (C14)
1 palmitynowego (C16), a zwigkszyto zawartos¢ kwasu stearynowego (C18) i c-linolenowego (C18:3,
n-3). Wyzszy poziom miedzi w dawce wplynal na istotne zwigkszenie zawartosci kwasu oleinowego
(C 18:1) w mleku. Podawanie krowom soli CaKT wysoce istotnie, a wigkszej ilosci miedzi istotnie
zwickszylo poziom kwasow nienasyconych w mleku. Dodatek soli CaKT spowodowal zwigkszenie
od 40,9% do 46,8% poziomu kwasow o dzialaniu hipocholesterolemicznym, a miedzi od 43,1% do
44.6%.

Nie stwierdzono istotnych roznic w zawartosci glukozy, biatka catkowitego, mocznika oraz cho-
lesterolu catkowitego i HDL w osoczu krwi. Zwigkszone dawki miedzi istotnie obnizyly poziom
cholesterolu niskoczasteczkowego, a zwigkszyly aktywnoé¢ aminotransferazy asparaginowej i dehy-
drogenazy mleczanowej w osoczu krwi. Wyzsze dawki soli CaKT istotnie zwigkszyly aktywno$é
fosfatazy alkalicznej i miedzi w osoczu krwi. Nie stwierdzono wptywu badanych czynnikow na po-
ziom wapnia, fosforu, magnezu 1 cynku w osoczu krwi.



