Journal of Animal and Feed Sciences, 8, 1999, 209221

Relation among blood plasma total lipids,
cholesterol, glucose and urea
concentrations, and reproductive performance in
Bohemian Spotted cows”

L. Machal, G. Chladek and J. Zizlavsky

Mendel University of Agriculture and Forestry
Zemédelska 1, 613 00 Brno, Czech Republic

(Received 16 June 1998; accepted 19 March 1999)

ABSTRACT

Blood samples were taken, in monthly intervals, for 12 months from Bohemian Spotted cows
between 20 and 100 days post partum for total lipids, cholesterol, glucose and urea determination. In
all, 208 cows were sampled to define the relation between reproductive performance and concentra-
tion of biochemical plasma indicators. Reproductive performance was characterized by the length of
the interval (average 79.67 days), service period (average 1 13.64 days) and insemination index (average
1.67). Average values for the entire studied peried were 5.33 mmol - 1" for plasma urea, 3.16 g - I
for total lipids, 3.93 mmol * I for cholesterol and 3.93 mmol - 1! for glucose. During the investigations
the length of the interval decreased from 111.39 days to 73.57 days and service period from 137.06
days to 84.61 days. The average concentrations of urea and total lipids changed in the individual
months depending on changes in feed rations. Calculated correlations between the respective
biochemical bleod indicators and studied reproductive indicators changed in the same way. Indicators
of reproductive performance were affected by the internal environment, particularly in the casc of tow
lipaemia, and, in contrast, in the case of high blood plasma uremia.
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INTRODUCTION

The first 100 days of lactation is the period of the most intensive metabolism
when the cow produces nearly 50% of milk for lactation and after successful puer-
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perium is expected to conceive. This is a period of increased energy requirements,
frequently reflected in energy imbalance and reproductive disorders. Indicators
providing information about energy insufficiency include both blood plasma lipae-
mia and glycaemia. Ruegg et al. (1992) concluded that conception by cows with
higher concentrations of serum cholesterol was higher. Also Hang-Poung (1989)
found that conception of Holstein cows was positively related with serum choles-
terol concentration. Vhora ct al. (1995) reported a higher level of serum cholesterol
in cycling cows than in anoestrous ones. However, the difference was not highly
significant. Haraszti et al. (1985) consider the concentration of serum cholesterol to
be an indicator suitable for prediction of reproductive performance. Similarly, Machal
et al. (1996) found that conception was more successful in cows with higher con-
centration of serum cholesterol and total lipids. Based on studies of changes in
concentration of total lipids during gravidity and the first two months of lactation,
Kampl et al. (1990) observed its increase in the post partum period, with the highest
value around the 30th day. Mansfeld et al. (1996) drew attention to the relation
between glucose level and fertility of cows. They found that plasma glucose levels
were significantly higher in cows with fertility disorders than in cows with no disorders.
Kolver and MacMillan (1994) observed marked changes in the concentrations of
plasma glucose and urea in the post partum period of 40 Jersey or Holstein-Friesian
cows, and a significantly important interaction between urea concentration and
changes in the feed ration. Kreuzer et al. (1991) found changes in plasma urea of
cows based on 11.6, 14.5 or 17.1% crude protein in diets. Ferguson et al. (1993)
evaluated 627 Al in 332 Holstein cows in nine herds and found that the conception
rate decreased with serum urea N>14.9 mg/dl. Dirksen et al. (1997) found that
high concentrations of plasma urea may have a negative effect on fertility. Miettinen
(1991) reported shorter intervals from calving to first insemination in the group with
high glucose and high urea levels than in the group with low values.

MATERIAL AND METHODS

The 12 months of investigations, from November 1996 till October 1997, en-
compassed 208 Bohemian Spotted cows. Studied was the relation among blood
plasma urea, cholesterol, glucose and total lipid concentrations, and reproductive
performance. Blood samples for total lipids, cholesterol, glucose and urea were
taken from cows from 20 to 100 days post partum. Blood samples, analyzed for
concentrations of biochemical blood indicators, were taken once a month from
cows at least 20 but not more than 100 days after calving. The observation was
conducted on only clinically healthy cows, without apparent reproductive patho-
logies after successful puerperium. These cows were in their 1st to 8th lactations,
on average 3.34 lactations. The numbers of cows in the groups ranged between 19
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and 29. During the whole calendar year, 262 blood samples were taken from cows
of the herd to determine the concentrations of selected blood indicators. Blood was
taken either from the verna coccyvgea mediana or from the vena subcutanea
abdominis. Blood samples were always taken between 8 and 11 a.m,

Concentrations of selected blood indicators (total lipids, cholesterol, glucose and
urea) were determined from blood plasma within 24 h (colorimetric method using
Bio-La assays).

In the first sampling month (November 1996) the feed ration was optimized and
fed the whole period of investigations. The ration was based on maize, barley and
clover-grass silage with about 35% of concentrates. From May 1997 the clover-
grass silage was eliminated and substituted with unpreserved green forage.

The average annual performance for one cow was 6,850 kg of milk, 278 kg of
fat and 231 kg of protein. The detection of cows in heat was conducted twice a day;
the staff of the breeding organization inseminated the cows regularly with semen
from twenty-three different Bohemian Spotted bulls. The reproduction performance
of each cow was based on the interval (1), i.e. period from calving to first insemina-
tion, service period (SP), i.e. period from calving to conception, and insemination
index (II), i.e. number of inseminations required for the cows to conceive.

The selected reproduction traits (I, SP and II) and determined values of total
lipids (TL), cholesterol (Chol), glucose (Gluc) and urea (U) were evaluated statis-
tically. The correlations were defined using the calculated phenotypic correlations
for every month and together for the whole year.

RESULTS

The average values of repreductive indicators and selected biochemical blood
parameters in the individual months, as well as the dynamics of the values for the
entire 12 months of investigations, are given in Table 1. Blood was sampled on
average 54.52 days after calving; in the individual months this interval ranged
between 46.33 and 64.80 days. The average length of the interval for the whole
12-month period was 79.67 days, with the highest values at the beginning of this period
{November 1996), 1.¢. 111.39 days, and the lowest at the end (September 1997), i.e.
64.89 days; the values dropped rapidly as early as January 1997 to 77.67 days. The
dynamics of the length of the service period were similar, with maximal values in
November 1996 (137.06 days) and the lowest again at the end of the studied period
{84.61 days). The average length of the service period for the whole studied period
was 113.64 days. The average value of the insemination index was 1.67; values
were the highest in March and April 1997 (1.94 and 1.95, respectively), the lowest

. in November 1996 and October 1997 (1.35 and 1.39, respectively). Figure | shows
the dynamics of reproduction parameters. Like the reproductive parameters, the
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TABLE 1

The average values of the reproduction efficiency and blood plasma values in the Bohemian Spotted cows in the first 100 days after calving

(November 1996 till October 1997)

Month Days after  Order of the Total Cholesterol  Glucose Urea Interval Service Insemination
andyear n calving lactation lipids pertode index

X196 21 46331710 3.28+1.49 241£0.82 2.71+0.51 457085 8.66+£2.19 111.39+50.86 137.06+62.47 1.35£0.70
XI1.96 29 535972149  3.86x1.63 2.66+0.39 4.3421.02 3.62+0.58 6.06+1.63 102.85+45.38 128.15+60.27 1.42+0.76
1.97 23 4948=18.21  3.59x1.68 2.78+0.55 3.25+0.67 3.38+0.65 820+1.36 77.67+36.68 129.47+71.41 1.79+1.18
11.97 24 48.67+19.18  3.73£1.55  3.4241.02 4.60+0.88 390058 4.77+1.52 66.09x16.55 114.60£51.22 1.90£1.12
11.97 21 48.86+20.99  3.90+1.29 3444098 3.94+1.17 3.40+0.66 4.84+0.73 7426+21.56 118.18442.72 1.94+1.14
V.97 24 61.63x16.24 3632158 317083 3.07+0.83 3.99+0.51 441+1.16 7048+£2568 117.79+52.770 1.95+1.13
V.97 19 50.53x1827  3.58£2.01 347+1.15 4464093 3.86£1.00 4.34£1.07 66.68226.00 106245348 1.82+1.13
V197 20 54.75+18.21  3.00£2.34  3.19+0.84 4.45+1.19 4.17+£0.87 3.424£1.02 68.16424.57 117.79+£59.32 1.78+0.88
VIL97 21 53.95x17.68  2.52+1.86 2.92+0.65 4.16+1.32 4.71+£1.09 492+1.25 7995+£30.68 101.39+4960 1.56+0.86
VIILS7 25 648042022 2.83£1.72 3.49+0.86 4.124095 3.56+1.08 4.03+0.88 93.04450.80 105.00+35.69 1.59=0.80
1X.97 19 5647+1983  2.89+149 343120 420£0.76 4.53+£0.89 5111090 64.89+17.77  92.60+45.05 1.60+0.91
xX.97 23 599142422 3.04£1.58 3.70+1.13  3.68+0.97 3.58:0.80 5514116 73.57£19.21  B4.61£39.53 1.39+0.78
Total 281  54.52+19.91 3342172 3164095 3.93+1.12 3931091 533£195 79.67+£35.69 113.64+54.14 1.67+0.96
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Figure 1. The dynamics of the reproductive parameters in the Bohemian Spotted cows — from 20 to
100 days post partum (XI. 96 — X. 97)
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Figure 2. The dynamics of the biochemical parameters in the Bohemian Spotted cows — from 20 to
100 days post partum (XI. 96 — X. 97)
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blood indicators also changed. For the whole period the average concentration of
total lipids was 3.16 g - I'', cholesterol 3.93 mmol - I, glucose also 3.93 mmeol - I
and urea 5.35 mmol - I, Figure 2 gives the dynamics of selected blood indicators.
The concentration of total plasma lipids was lowest at the beginning of the studied
period (November 1996 — 2.41 ¢ - I''), the highest at the end {October 1997 — 3.70
g - I'"}. At the beginning of the studied period the concentration of plasma urea was
also high (8.66 mmol - I' and 8.22 mmol - I''} and was the lowest in June 1997
(3.42); at the end of the period (October 1997) the value was intermedhate, 1.e. 5.11
mmol - I and 5.51 mmol - 1.

The calculated phenotypic correlations among the respective criteria (reproduc-
tive indicators, selected biochemical blood indicators and day of blood sampling) for
the entire 12-month period are given in Table 2. Tt was interesting to find a lower
dependence of the service period and interval (r = 0.41) and higher dependence of
the length of the service period and insemination index (r_ = 0.64). The total corre-
lations were negative and low between the concentration of total lipids and length
of interval and between the concentration of total lipids and length of the service
period (r = —0.13 and r_= - 0.10, respectively). The relation between glucose
concentration and length of interval was low and positive (r,= 0.11), as was the
relation between cholesterol and urea concentrations and length of the service
period (r = 0.10 and r_= 0.15, respectively). The relation between the day after
calving and concentration of total lipids, and/or cholesterol, was positive (rP =0.20
and r,= 0.26, respectively). Table 3 shows the dynamics of the relation between
the respective reproductive criteria and concentrations of biochemical blood indicators.
Figure 3 gives the dynamics of concentrations of total lipids and the level of repro-
ductive parameters in the individual months. The calculated phenotypic correlations
between the concentration of total lipids and length of interval ranged between
r=- 0.40 and 0.33, between total lipids and insemination index r == 0.28 and 0.43,
and between total lipids and service period T 0.37 and 0.26. With decreasing
values of the mterval and service period the concentration of total plasma lipids
increased. Phenotypic correlations between the concentration of plasma urea and
length of interval (Figure 4) ranged between r.=-0.36 and 0.50, between urea
concentration and insemination index r =— 0.32 and 0.58, and between urea con-
centration and length of service period r =—0.30 and 0.36. The relation between
the concentration of plasma cholesterol and length of service period (Figure 5) was
mostly positive (rP = —0.20 to 0.63). The relation between the concentration of
plasma glucose and length of interval and length of service period {Figure 6) was
mostly positive (r = — 0.28 and 0.43, and r, = - 0.36 and 0.62). The dynamics of
relation between the day after calving and concentration of total plasma lipids is
very interesting, it was mostly positive and ranged betweent =~ 0.11 andr = 0.45.
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TABLE 2
Estimation of correlation coefficient (total 12 month’s average)
Indices Day post Interval Service Insemination Order of the Total Cholesterol Glucose Urea
partum period index lactation lipids
Day post partum 1
Interval 0.17 1
Service periode 0.10 0.41 1
Insemination index 0.00 -0.25 0.64 1
Order of the lactation -0.05 -0.05 0.02 0.17 1
Total lipids 0.20 -0.13 -0.10 0.05 -0.03 1
Cholesterol 0.26 -0.08 0.10 0.09 -0.02 0.26 1
Glucose 0.16 0.11 0.07 0.03 -0.15 -0.04 0.06 1
Urea -0.07 0.09 0.15 -0.02 -0.09 -0.20 -0.24 -0.02 1

SIT
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TABLE 3
Phenotypic correlation between reproductive parameters and blood indiators in the Bohemian Spotted cows during 13 months {from 20 to 99 days
after calving)

Meonth Day PPInterval Lindex Interval Interval: Intervallnterval SP :TL SP: SP SP: I index lindex: Lindex lLindex Day PP
and year SP :SP 5P :TL cholesterol glucose :urea cholesterol glucose urea : TL  cholesterol glucose : urea :TL
X1.96 047 0.66 052 027 0.08 022 -0.12 0.07 -0.17 062 -0.12 -0.28 -0.32 0.54 -0.06 035
X196 0.17 066 045 -0.11 -0.11 026 027 -0.19 -0.14 0.14 0.00 005 -0.18 023 0.12 -0.11
197 0.05 0.29 0.66 -0.08 -0.05 -0.18  -0.31 -0.08 0.31 010 031 005 0.38 0.16 047 -0.09
197 041 -008 0380 -0.19 0.12 0.08 0.05 -0.04 0.50 -0.22 036 032 0.43 0.62 0.00 029
197 0.05 0.03 0.84 033 -0.29 027 0.03 -0.08 0.22 0.17 -0.02 -0.23 -0.06 -0.02 0.06 045
ve7 -0.01 0.02 078 0.01 -0.27 0.0z -021 025 0.20 036 -0.04 0.02 069 -031 -019 -007
V.e7 003 -002 074 011 .06 -0.24 011 -0.37 0.13 0.16 029 -023 0.18 0.49 0.17 034
V197  0.00 041 077 036 0.21 062 -020 0.11 0.63 014 025 0.05 0.53 0.00 0.58 0.25
VIL97  0.42 0.54 0.60 -0.05 -0.02 -0.11 050 0.04 0.20 0.12 -0.06 -0.12 -0.15 0.19 037 026
VIILS7 0.05 048 0.50 -0.40 -0.07 043 -036 0.08 0.26 004 -017 022 001 -0.03 0.14 029
IX.97 0.09 027 0382 -0.18 -0.07 0.15 0.10  0.26 0.13 009 -0.12 043 015 -003 -0.10 0.19
X.97 007 043 094 -0.15 0.21 -0.28 023 -0.10 -0.20 -0.22  -0.30 -0.08 024 023 032 001
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Figure 3. Blood total lipids concentration and reproductive parameters in the Bohemian Spotted cows
(X1. 96 — X. 97)
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Figure 4. Blood urea concentration and reproductive parameters in the Bohemian spotted cows
(XI. 96 - X. 97)



218

Reproductive parameters vs cholesterol
concentrations, mmol.]"!

BLOOD INDICES AND REPRODUCTIVE COW'S

20
et : Chol
18 p '-._.___ = - - — Interval
- % ———3P
YW e 1index
16 SR :
14 S
s
B
12 T
A e -
~. el
s ~ ~
10 N e
\\
{ o X =
8 -~
S ot - - y
S5 o —— P Lo -
]
4 W/\
2
0
X196  XI.96 1.97 n.e7 mer IVe7  ve7r  VI97T VILGT VINST IX97 X7
Month

Figure 5. Blood cholesterol concentration and reproductive parameters in the Bohemian Spotted cows
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DISCUSSION

The first indicator of energetic imbalance at high lactation when the feed ration
is unbalanced is lower reproduction performance. In the present paper we found
relatively high average values of the interval (76.67 days) and service period (113.64
days). The value of the average insemination index was relatively good (1.67). The
gradual decrease in average monthly values of interval length (period from calving
to first insenmination) from {11.39 days (November 1996) to 64.89 and 79.67 days
{September and October, 1997, respectively) squared with the slow increase in
average monthly concentrations of total plasma lipids from 2.41 g - I’ in November
1996 t0 3.70 g - I'" in October 1997. The reduction of the average interval length by
37.82 days was accompanied by a radical reduction in the service period from
137.06 days to 84.61 days, i.e. by 52.45 days, and at the end of the studied period
this value approached the average value of the interval, being only 11.04 days high-
er. During investigations the average insemination index increased from the initial
1.35 to 1.95 days. After consolidation of the dynamics of blood parameters (urea
and total lipid concentrations) from July 1997 to the end of the studied period
it decreased to 1.39 and was most likely associated with urea dynamics, or its
increase to maximal or, on the other hand, decrease to minimal values. In the studied
breed of dual-purpose cattle the shortening of the interval along with the shortening
of the SP by ca 38% and slight increase in the insemination index appears to be
desirable even if the insemination costs are higher, resulting in increased average
values of the insemination index.

The average values of the concentration of total plasma lipids (3.16 g - I'") and
cholesterol (3.93 mmol - 1'') for the entire studied year represent an average range
of normai values. The average glucose concentration (3.93 mmol - ['') gives the
upper limit value of the normal range. The average concentration of plasma urea
for the whole studied period (5.33 mmol - 1'') exceeded the upper limit of normal
values. The low values of plasma lipaemia and high values of uremia at the begin-
ning of the studied period showed that the feed ration was unbalanced, with excess
protem and lack of energy (Kreuzer et al., 1991; Roseler et al., 1993; Kolver and
MacMillan, 1994). Urea concentration considerably decreased in May and June
1997, resulting in a temporary increase in the insemination index. This finding is in
consistent with Miettinen (1991). In terms of the interval length, moderately nega-
tive correlations (r,=— 0.31 to — 0.12) appear when the concentration of plasma
urea is high, Towards the end of the studied period, when the average plasma urea
concentration increased, intermediate negative correlations between the urea con-
centration and length of service period were obtained (r = - 0.06 and -0.30).
Miettinen (1991) presented similar results. However, the findings of Ferguson et al.
(1993} for this dual-purpose commercial type of cattle were not confirmed. In terms
of the relation between plasma lipaemia and reproductive performance, the domi-
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nating relation is between total lipid concentration and interval length, and similarly
also between the concentration of cholesterol and interval length. Interesting are
also the calculated negative phenotypic correlations between interval length and
concentration of total lipids in months when average monthly concentrations
increased markedly (from November 1996 to February 1997, and from August
1997 to October 1997). These correlations are negative and in the first period they
range between r = —0.19 and —0.08, in the 2nd period r = -0.40 and —0.05. At
the beginning of the investigations, when the concentrations of total lipids were low,
the correlations between concentrations of total lipids and length of the service
period were low and negative (r,=—0.04 and —(.19), and when the concentrations
were higher at the end of investigations they were low and positive (r, = 0.04 and
(.26}, with the exception of the last month. In months when the concentration of
plasma cholesterol decreased, the relations between cholesterol concentration and
interval length were negative (November 1996 and January 1997, r o= —0.11 and
—0.05, March and April 1997, r = —0.29 and - 0.27, from July to September 1997,
I = —0.02 and —0.07). The effect of the concentration of plasma glucose 18 mostly
only momentary and does not appear until the energy intake is more balanced. The
relations found between plasma lipaermia and level of reproductive indicators of
cows are in accordance with the findings of Haraszti et al. (1985), Ruegg et al.
(1993}, Vhora et al. (1995) and Machal et al. (1996). The calculated correlation
coefficient between the day of blood sampling (20th to 100th day post partum)
showed a predominantly positive dependence over the entire studied period (rp =0.01
and 0.45), with the exception of three months when the correlation was low and
positive (r, = —0.11 and 0.07). Theretore, the concentration of total plasma lipids
mostly increased over the entire period between the 20th and 100th days post
partum. We cannot confirm the finding of Karmpl et al. (1990} that the concentration
of total plasma lipids is the highest 30 days after calving. Unfortunately, we did not
observe cholesterol fraction values and free fatty acids, it would be appropriate to
consider them in further work.

Indicators of reproductive performance of cows are, therefore, affected by the
internal environment, particularly negatively when there is an abnormal increase or
decrease in the concentration of plasma urea, and also of total lipids and choleste-
rol. Decisive 1s not the overall relation between the individual averages of biochemi-
cal indicators for the entire period and the reproductive indicators, but the momen-
tary condition depending on the immediate concentrations of the respective blood
indicators.
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STRESZCZENIE

Zaleznoé¢ pomiedzy zawartoscia lipidéw, cholesterolu, glukozy i mocznika w surowicy krwi
a wynikami reprodukcyjnymi u krow rasy czeskiej srokatej

W dodwiadczeniu na 208 krowach rasy czeskicj srokatej pobicrano co miesiac przez 12 miesigey
proby krwi, w ktorych srednie stezenie mocznika wynosido 5,33 mmola; lipidéw ogélnych 3,16 g/1;
cholesterolu 3,93 mmola i glukozy 3,93 mmola, Srednie stezenie mocznika i lipidow zmieniato sig
w poszezegdlnych miesiacach w zaleznosei od zimian w skladzie dawki pokarmowej.

Wyniki reprodukeyjne krow okreslano na podstawie liczby dni migdzy wycieleniami ($rednio
79.7 dni), okresu do skutecznego zacielenia (Srednio 113,6 dni) oraz indeksu inseminacyjnego ($red-
nio 1,67). W ciagu doswiadczenia liczba dni miedzy wycieleniami obnizyta sig z 111.4 do 73,6,
a okres do skutecznego zacielenia z 137,1 do 86,6 dni.

Stwierdzono zaleznos¢ wskaznikow reprodukcyjnych od stgzenia poszezegdlnych metabolitow
we krwi, szczegolnie za$ od stezenia lipidow i mocznika, ktdrych nadmierne zwigkszenie lub obnize-
nie wjemnie odbijato sie na wynikach reprodukcyjnych.



