ACTA VET. BRNO, 54, 1985: 157 — 168

OBSERVATION ON AVIETHEMOGLOBINAEMIA IN DAIRY COWS
DURING FOUR YEARS

M. LEBEDA and JAROSLAVA PRIKRYLOVA

Department of Diagnosis, Therapy and Control of Animal Diseases, University of Veterinary
Science, 612 42 Brno

Recived Fuly 24, 1984
Abstract
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During Four Years. Acta vet. Brno, 54, 1985: 157—168.

During four years of investigation (time periods A, B, C, D) methemoglobinaemia
has been observed in venous blood of 2 812 dairy cows, out of which 1 687 were
fed winter feed rations and 1 125 animals received summer feed rations (fresh grass).
This disorder was noted in the Ist and 2nd lactation stage and in 8th—9.5th month
of pregnancy. The average methemoglobin values (MHD) slightly exceeded the
tolerance limit of 5 %, hemoglobin. Neither in the entire populations nor in individual
groups of cows a significant difference was observed between all summarized summer
and winter seasons. The methomoglobin value during winter season in highly pregnant
cows was observed to be significantly lower than that in lactating cows. The difference
of feed rations had only a little influence upon the level of methemoglobin, the effect
of feed composition and quality in individual years being, however, significant. The
highest significance of methemoglobin concentration was observed in all cow groups
in the summer season of the A period and in the following winter season of the B peri-
od. The highest concentration in both these periods was observed in cows in the 2nd
lactation stage (7.27 + 1.47 % and 6.15 -+ 1.84 9% in winter and summer season,
resp.). In the last two years (C and D) methemoglobin values decreased in all groups
of cows, this being more pronounced in winter than in summer seasons.

The influence of subclinical chronic methemoglobinaemia on the health condition
of dairy cows and on economic parameters of husbandry is discussed.

Cows, methemoglobin, summer and winter feeding, 1st and 2nd lactation stage, pregnancy.

The values of methemoglobin presented in literature as being normal for healthy cattle vary
considerably. According to Bartik and Rosival (1971) this value ranges from 0.3 to 1.7 9,
of total hemoglobin whereas Sp6rri and Stiinzi (1969) presented the value of 3—5 %,. Penkov
(1974 - quot. Lebeda et al. 1978) reported the values reaching up to 3.7 % of hemoglobm but
in calves at most four days old he found no methemoglobin. The tendency of the »normal« or
tolerable methemoglobin values to increase is associated with the intensification of agriculture
and the consequence of which are the increased nitrate levels in soil, water and crop (see Garner
1958; Bartik and Rosival 1971 and others).

The results of our previous research (Lebeda 1971; Lebeda et al. 1978, Lebeda and Kova-
fik 1978) have shown that in conditions of summer and winter feeding the methemoglobin levels
exceed, in majority of dairy cows, the upper limit of contemporary »normal« values (i. e. 5 % of
the total hemoglobin) by 2—4 9,. Sporadically, even higher values have been observed. When com-
paring the findings with the conditions of soil fertilizing in the South moravian country region
by artificial fertilizers a hypothesis has been put forward that the diagnosed cases of methemoglo-
binaemia are due to the permanent overloading of dairy cows with methemoglobin producing
substances, especially with nitrates which are reduced to nitrites. The most probable cause of the
increased nitrate concentration in crop appears to be a constantly growing fertilization by nitrogen-
-containing fertilizers and the application of herbicides that increase the nitrate content in plants.
The average incidence of hemoglobinuria, which is the manifestation of substance having an
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adverse cffect upon the erythrocyte metabolism, renged from 8.24 to 28.68 %, reaching the maxi-'
mum at 5—7 %, of methemoglobin. Most of the sets of examined cows fell into this range.

Even in subclinical cases of methemoglobinaemia the functionally eliminated hemoglobin must
be compensated for by a more rapid blood circulation to the expense of reserve or productive energy
(Lebeda et al. 1978). The elevated methemoglobin levels impair also the liver function, decreae
the urea synthesis and increase blood ammonia and glycaemia (Myazaki and Kawashima 1975 -
quot. Lebeda et. al. 1978). The background of the increased methemoglobinaemia forms a dan-
gerous situation in the case of further intake of methemoglobin-producing substances and of
other metabolic disturbances. The combination of these adverse effects is negatively reflected
in the milk production, body mass of animals, reproduction, abortions and total economics in
nutrient utilization and in metabolic disturbances. A geheral picture of disturbances is thus formed,
that cannot be simply classified into one of classical nosologic' discases (Lebeda et al. 1978).
We have thus recommended to pay greater attention to the nitrate and nitrite levels in feeds and
drinking water in all cases of the mentioned health disturbances in dairy cows with unclear eti-
ology and of those exhibiting elevated levels of methemoglobin. At the same time it is necessary
to reduce preventively feeding of plants with apparent signs of over-fertilization with nitrogen.
During the time which elapsed since the publication of our results a considerable progress has
been achieved as to the investigation of the nitrogen content in feedstuffs. At present the agro-
laboratories provide an advisory service concerning a possible restriction in feed rations with
a higher content of nitrates.

CSSR belongs to countries that are achicving a relatively high producticn of cereals per hectare,
the cost however being paid by a high input of fertilizers. In the period of 1960 —1970 the optimum
amount of nitrogen-containing fertilizers was exceeded in some crop areas and the trend in yields
has started to lag significantly behind the steeply increasing amount of nitrogen put into the average
hectare of crop area. Thus, not only energy loss but also the disturbances of soil agrosystem appear
(Stibral 1984). Ever increasing animal production requires higher amount of feeds, the providing
of which is possible by intensification of crop production only. This leads to the rise in the fertilizer
use even in the production of roughages.

In the period 1977—1982 the application of fertilizers has increased as follows: agricultural
triad by 0.63 %, N by 10.86 %,, P by 11.11 %,, whereas in the case of K the application dropped
by 0.83 9% (Marecek 1984). The south-moravian country district, from which the majority of
the examined dairy cows comes, reached roughly this level as early as in 1977. It can thus be assu-
med that the nitrate load on dairy cows was not lesser in the subsequent years.

Apart from the known nitrate and nitrite poisoning with the development of methemoglobi-
naemia (Lebeda et al. 1978) a serious risk exists in the reaction of nitrites with secondary and
tertiary amines during which nitrosamines are formed, the latter exhibiting a clear cancerogenous
effect upon a scries of animals (Mare&ek 1984). The accumulation of nitrates in plants is dependent
upon the weather conditions in the crop vegetation period and on the management system in
individual agricultural enterprises. All factors, preventing the normal course of photosynthesis,
hinder also the transformation of nitrates taken up by roots and the incorporation of N into the
protein bond. In this way the nitrites arc accumulated in the plants. The processes stimulating
the photosynthesis induce, on the other hand, the decrease of nitrites in crops (Mareek 1984).

Nitrates themselves are relatively non-toxic, they cause rather the disturbance of osmotic equi-
libria in the organism, similarly as in the case of sodium chloride poisoning. They become toxic
after the reduction to nitrites in feeds or in the gastrointestinal tract (Bartik and Rosival 1971).
Nitrites are the intermediate product in the reduction of nitrates to ammonia in the rumen or
in the intestine of other herbivores. When a certain nitrate concentration is exceeded, the speed
of reduction to ammonia decreases and an accumulation of nitrites occurs. If the reduction of
nitrates does not take place or if the reduction to ammonia is complete, the risk of intoxication
is small (Bartik and Rosival 1971). Ruminants are more sensitive to nitrate poisoning since the
rumen microflora facilitates the nitrate reduction. Any factor changing normal rumen microflora
can facilitate the nitrate reduction and thus the intoxication (Fowler 1977). Non-transformed
nitrates, nitrites and amrhonia get rapidly from the rumen to blood. Here, the nitrites react with
hemoglobin thus forming methemoglobin (Bartik and Rosival 1971). If the quality of feeds
is good the cattle tolerate a higher amount of nitrates (up to 1.5 % in the dry matter) when com-
pared with the foodstuffs that are poor and deficient (only 0.7 9, - Case 1958). When the feed
ration contains a high amount of carbohydrates, valuable protein and high level of nutrients the
content of 2—5 %, of nitrates is tolerated (Fowler 1977). Generally, the amount of nitrates per
cow and day should not exceed 50 g and 0.5 % KNO, in the dry matter of a feed ration (Garner
1958). This amount does not induce any apparent changes in the health condition. The amount
of 0.6 —1.0 % KNO; decreases the milk production and after 6 —8 weeks the signs of vitamin A
deficiency appear. At the concentration of 1.0— 1.5 % the milk production ceases after 4—5 days
and reproduction disturbances, outlasting even several weeks after the removal of defective food~
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stuffs, arc observed. The concentrations exceeding 1.5 2, KNO; in the dry matter of the feed
ration cause usually a sudden death of several animals (Garner 1958).

Long lasting intoxication by sublethal or possibly subclinical doses of nitrates are regarded
as dangerous as acute and lethal poisonings. Higher nitrate concentrations in feeds result in a lower
milk yield, body mass loss in animals, noninfectious abortions and signs usually observed in vitamin
A deficiency (Bartik and Rosival 1971).

The present study of the variability of methemoglobmacmla in cows in different lactation stage
and reproduction cycle during four periods of fresh grass feeding and four periods of winter feeding
has been motivated by economic and health consequences resulting from elevated nitrate levels
in feeds under the conditions of intensive agricultural production. The aim was to determine the
degree by which different conditions of crop vegetation and from it following feeds balance in
individual years are manifested in the level of methemoglobinaemia.

Materials and Methods

During four years of metabolic examination the methemoglobin concentration in venous blood
was determined in 2 812 cows, out of which 1 687 were fed winter feed rations and 1 125 received
summer feed rations. Blood samples were taken from v. jugularis into heparinized tubes and at
the same day the methemoglobin concentration was determined quantitatively by the method
according to Podivinsky (Homolka 1969). The determination was carried out photometrically
as a per cent of the total hemoglobin. The error of the method did not exceed 0.9 %, of the deter-
mined values.

The animals came mostly from the South-moravian region. At every agricultural farm a set
consisting usually of 18 cows was examined; the latter was further divided into three groups of
six.animals: I - cows in the Ist lactation stage, 14 days - 2 or at most 3 months after parturition,
II - cows in the 2nd lactation stage, 4— 6 months post partum and III - cows in the 8th - 9.5 month
of pregnancy, usually in the dry period. The results were statistically evaluated by the t-test and
F-test from three aspects: 1) value differences between fresh and winter feeding, 2) differences
among individual years with the same type of feed rations, and 3) differences among individual
cow groups at the same feeding season.

At the time of blood sampling the feed ration of individual cow groups was found and the nutrient
requirements were calculated to meet the Czechoslovak standard CSN 46 7070; the calculated
value was increased by 10 %, to cover the losses in the basic feed ration. The calculation of the
nutrients supplied was carried out according to laboratory analyses of feedstuffs. If the feeds
were not analyzed, the average values known from the area (mostly of fresh grass and dry feed-
stuffs) or the values presented in the CSN 46 7007 (e. g. of grain, straw and byproducts and residues
of food industry) were taken as the basis. From the total number of 17 examined nutrients the
energy nutrients (digestible nitrogen compounds and starch units), having the highest effect
upon the rumen processes influencing the nitrate reduction, are presented here.

The length of vegetation periods given by the number of weeks, when fresh grass was fed, was
in the individual year seascn (A, B, C, D) as follows: A — 27, B — 22,C — 21,D — 21 weeks.

The data obtained in this study have been used not only for the research purposes but also,
according to the situation observed in individual agrycultural farms, they were recommended to
feeding, prevention, therapy and management practices.

Results

It follows from methemoglobinaemia distribution curves of the whole cow popu-
lations (Fig. 1) for the whole 4 years that the summer (5.4 % = 1.72) and winter
(5.37 + 1.85 9,) values, and their scatter as well, do not differ significantly. The
Gaussian character with the peak slightly shifted to the left can be seen. The median
of the winter values, 4.61 %, is lightly lower than that of summer values (4.676).
The average values of the populations in both periods moderately exceed the toleration
limit of 5 9, of hemoglobin which is regarded in recent literature as the upper physio-
logical limit (Sporri and Stiinzi 1969; Jago§ and Bouda 1981).

No significant differences in methemoglobinaemia have been found among indi-
vidual cow groups fed fresh grass. As far as the winter feed rations are concerned,
the values of methemoglobinaemia in highly-pregnant cows were found to be signi-
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Distribution of methemoglobin values in cow populations for the whole 4—year period. Winter
feed rations (solid line, rings, subscript W) and summer feed rations (dashed line, crosses, sub-
script S).

Average values (&), median (Me) and standard deviations (o).

ficantly lower than in the two remaining lactating groups (Fig. 2). This tendency
was also non-significant in the summer period. The difference between summer and
winter levels of methemoglobinaemia in the same cow groups and for the whole 4
years were determined not to be significant, the scatter being significantly higher
in winter season in the group II and III.

The differences in feed rations of the individual cow groups according to lactation
and reproduction stage manifested by the degree of methemoglobinaemia are differing
in the winter period only. The feed composition and quality in individual years has,
however, significantly influenced the methemoglobinaemia level in the period of
fresh and winter feeding (Fig. 3) in whole populations and in individual groups
(Fig. 6). The exception was observed in the case of the C/D period in the group I
and IIT (Fig. 4 and 5) in summer and winter period. The highest winter values
of methemoglobinaemia were found in the B period, whereas the summer values were
highest in the A period. In the last two years of investigation a decrease of methe-
moglobinaemia has been observed in all cow groups, this being more pronounced
in winter than in summer seasons. The differences between summer and winter
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Fig. 2
Average values and standard deviations of methemoglobinaemia in groups of cows (I, II, III)
for all four winter and summer feeding periods. (Winter feed rations = Z summer feed
rations = L).

methemoglobin levels of the same cow groups were found to be significant in 40 9,
only. The highest average values in winter B period were observed in the group II
(7.269 9, + 1.47) whereas significantly lower values were found in the group III.
The severest methemoglobinaemia in summer season was found again in the group II
(6.153 9, + 1.839) in the A period, the difference being however not significant when
compared with the two remaining groups (Table 1). Generally, the differences in
methemoglobinaemia among cow groups at the same feeding period were significant
only in isolated cases (in 3 out of 24), i. e. at the lower level of significance than in
the case of differences among individual years. A similar situation has been observed
as far as the value scatter is concerned which differed in 25 9, of cases only.

Table 2 shows that the methemoglobin concentrations exceeding the 5 9 limit
of tolerance were in all periods ranging mostly from 5 to 10 9,, the frequency of values
ranging from 10—15 9, being quite low (5.92 %, of cases at the most, in the group III
in the A period and with winter feed rations). Concentrations exceeding 15 9%, of
hemoglobin occurred only in two cows of the group I in summer season. The table
corroborates the favourable development in the methemoglobinaemia incidence
over the last two years, showing also the unfavourable situation in the summer season
of the A period and subsequent winter B period. In this period exceptionally high
frequency of moderate methemoglobinaemia in the interval 5—10 9%, affecting 95 9%,
of cases was observed.
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Table 1

Significance of differences of methemoglobinaemia values of the groups of cows in individual summer (S)
and winter (W) feeding period during 4 years (A, B, C, D)

Significance of differences P < (N. S. = not
Pe- |Fee- Methemoglobin in % of hemoglobin significant)
a ding /11 /111 I/111
I 1I 111 t-test l F-test | t-test I F-test l t-test | F-test
W | 5.675 + 1.757 5.880 + 1.864 | 5.513 -- 2.106 | N. S. N. S. N. S. 0.05 N. S. N. S.
A
S 5.982 + 1.639 | 6.153 + 1.839 | 5.886 4 1.523 | N. S. N. S. N. S. N. S. N. S. 0.05
1
W | 6.984 + 1.263 | 7.269 - 1.470 | 6.808 + 1.263 | N. S. 0.05 N. S. N. S. 0.02 N. S.
B
S 5.370 + 1.612 | 5.276 - 1.808 | 5.186 - 1.489 | N. S. N. S. N. S. N. S. N. S. 0.05
W | 4.714 4 1.291 | 4.790 4- 1.433 | 4.426 4- 1.244 | N. S. N. S. N. S. N. S. 0.05 0.05
C .
S 4.728 + 1.617 | 4.710 4 1.563 | 4.671 +- 1.395 | N. S. N. S. N. S. 0.05 N. S. N. S.
|
W | 4.586 + 1.657 | 4.258 + 1.491 4.340 + 1.342 | N. S. N. S. N. S. 0.01 N. S. N. S.
D .
S 4.867 + 0.843 | 5.195 4 0.933 | 4.860 + 1.084 | 0.05 N. S. N. S. 0.05 N. S. N. S.
1

Table 2

Percentage of methemoglobinaemia values exceeding 5 % of hemoglobin in individual stages (A, B, C, D)
and in individual groups of cows fed summer (S) and winter (W) feed rations

Methemoglobinaemia
Period Feeding >59% > 10 % . >159
I | I I l 1 I I I 1 | 1 l 111
w 55.84 | 63.29 | 50.66 | 2.60 | 3.80 | 592 | 0 0 0
A
s 65.67 | 75.81 | 69.29 | 072 | 4.03 | 0 0 0 0
w 9524 | 96.58 | 97.44 | 159 | 427 | 171 | © 0 0
B
S 5278 | 45.79 | 42.86 | © 1.87 | 095 | 0 0 0
W 47.690 | 3435 | 3274 | 169 | 076 | © 0 0 0
C
S 4177 | 4198 | 4512 | 380 | © 0 2.58 0 0
W 37.09 | 29.41 | 28.00 | 1.32 | 0 0 0 0 0
D
s 35.00 | 47.46 | 48.00 | © 0 244 | 0 0 0
Discussion

It follows quite clearly from the results that the highest effect upon the frequency
and level of methemoglobinaemia in dairy cows could be ascribed to climatic condi-
tions of the individual years, influencing probably the nitrate concentration in fresh
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and preserved foodstuffs. These conditions appeared to exert their effect also by the
portion of readily fermented carbohydrates contained in feeds. This portion influenced
also the nutrient ration since in the periods with higher methemoglobinaemia levels
higher urea concentrations in the cow blood were also observed (Lebeda and Busg
1984), confirming thus the reduced nutrient ratio. More severe methemoglobinaemia
occurred in the years with a longer vegetation period when also a higher level of beta-
-carotinaemia appeared (Lebeda and Prikrylové 1983).

The theory that the methemoglobinaemia level is mostly influenced by basic
feeds of a ration is corroborated also by the fact that the differences in methemoglo-
binaemia among individual cow groups at the same feeding periods are non-signi-
ficant in 87.5 %,. The effect of individual summer and winter feeding periods has
been found to be more pronounced, the methemoglobinaemia degree differing in
41.67 9, with higher levels occurring more often in summer than in winter. This is
indicative of a higher nitrate content and a lower nutrient ratio in fresh grass. The
winter season of the period B however demonstrates that after the period of fresh
feeding, which is unfavourable from the point of view of methemoglobinaemia, even
worse period of winter rations can follow. When comparing several years’ averages,
no significant differences have, however, been found between the degree of methe-
moglobinaemia in winter and summer feed rations.

The risk of chronic subclinical methemoglobinaemia is thus practically identical
in both feeding periods. The reason of the occurrence of less pronounced methemoglo-
binaemia in high pregnant cows, occurring significantly in winter period and less
markedly in summer period, has not yet been elucidated.

The observed levels of methemoglobinaemia do not yet induce clinical signs with
the exception of mucosal cyanosis, which is appearing already at concentrations of
5—15 9%, of methemoglobin (Bartik et al. 1974). Demonstrated cases of methemoglo-
binaemia are, with the highest probability, chronic and it is thus necessary to take
into account the fact that they decrease the milk production. This fall is caused by
dissipating a part of the production energy of the feed ration for the compensation
purposes.

The adverse effect of cold and wet weather upon the metabolism of plants and
nitrate content in forage can also be confirmed by frequent incidence of methemoglo-
binaemia (reaching as much as 12 %, of hemoglobin) in cows during the first half
of the fresh grass feeding in 1984. This will be the subject of another paper.

The present work corroborates again our previous observation (Lebeda et al. 1978)
that methemoglobinaemia of dairy cows in the South-moravian country district is of
subclinical character. I't exhibits the features typical for production diseases as shown
by Payne (1972). Its negative effect can be seen first of all in the decrease of energy
available for production purposes and in a combined effect with other nutritional
deficiencies and metabolic disturbances.

The prevention of this disease lies thus not only in agrotechnical measures (adequate
fertilization and application of herbicides, proper rationing of feeds with higher nitrate
content, crop period regulation) but also in the adjustment of ration composition
and feeding management. The latter measures include also the reducing the nitrate
ill-effect upon the organism and inhibiting methemoglobinaemia development by
offering a sufficient amount of easily digestible saccharides, beta-carotene and possibly
of vitamin A and by providing facilities for a suitable and short-term storing of fresh
grass in preparing rooms, etc.). Well-balanced feed rations corresponding to the animal
requirements are also necessary. The reserves should be made preferably of carbo-
hydrate feedstuffs, reaching 20 9, of a yearly consumption, available for compensation
of adverse situation in feed balance during individual years.
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Uroveii methemoglobinémie dojnic v priabéhu &ty¥ roki

V prabéhu 4 roku (etapy A, B, C, D) byla zji§téna methemoglobinémie ve ven6zni
krvi 2 812 krav (1 687 v obdobi zimnich krmnych dévek, 1 125 v obdobi zelenych
krmiv) v 1. a v 2. f4zi laktace a v 8.—9,5. mésici bfezosti. Prumérné hodnoty methe-
moglobinu (Mthb) mirné pfesahovaly tolerovatelnou mez 5 9%, hemoglobinu. Mezi
zimnimi a letnimi hodnotami Mthb nebyl signifikantni rozdil ani u celych populaci
ani u jednotlivych skupin krav. Krdvy vysokobfezi mély v zimnim obdobi signifikantn&
niz§i Mthb neZ skupiny laktujici. Rozdilnost krmnych dévek jednotlivych skupin
krav méla jen maly vliv na uroveri Mthb. Signifikantni vliv viak méla skladba a kvalita
krmiv v jednotlivych rocich. Signifikantné nejvy$§i Mthb byl zaznamenin u vsech
skupin krav v letnim obdobi etapy A a v po ném nésledujicim zimnim obdobi etapy B.
Nejvyssi koncentrace méla v obou téchto obdobich skupina krav v 2. fdzi laktace
(7,27 % £ 1,47 v zimnim a 6,15 %, + 1,84 v letnim obdobi). V poslednich dvou
rocich (C a D) nastal pokles Mthb u vSech skupin krav, ktery byl vyrazngjsi v zimnich
nez v letnich obdobich.

Je diskutovan vliv subklinickych chronickych methemoglobinémii na.zdravotni
stav dojnic a na ekonomické ukazatele chovu.

YpoBeHs METreMOrja00MHEMUHN AOMHBIX KOPOB B TeUECHUE YEThIpex JeT

B Teuenmue uetsipex yer (3tambsl A, B, B, I') Gbuta ycTaHOBJIEHA METTEMO-
. r1oOuHEMMs B BEHO3HOM KpOBU 2 812 KOpoB (1 687 B mepuoj 3MMHETO KOD-
MOEOTO paimoHa, 1 125 B mepmoj 3eJeHbIX KOPMOB) 1 Ha 1 u 2 ¢ase JakTa-
uuu u Ha 8—9,5 mecsaie 6epeMmeHHOCTH. CpeJHME BEJIUUMHBI METTEMOTIO0MHA
(Mthb) He3HAUUTEJIBHO MPEBBILIANM JOMYCTUMBbI Tipefena 5 % remornoOuHa.
B mpoMesXyTKe MEXKAY 3MMHMMM M JIETHUMM BeJuuMHamyu Mthb He ObL1o 3HA-
YMMOM DA3HUUB! Y. BCEM MOMYJSUUM, HU Y OTAENBHBIX I'PYII KOpoB. KopoBs
Ha BBICOKOM CTaAuyu OEPEMEHHOCTU OTIMUYAINCh B 3MMHUI IEPUOJ 3HAUUMO
O0onee HM3KMM Mthb uem nakTupyrouimue rpynmnsl. Pa3Huiia B KODMOBBIX pa-
IMOHAX OTAENbHBIX T'PYIII KOPOB OKa3blBajia JMIIb HE3HAUYUTEJIbHOE BAUSHUE
Ha ypoBeHb Mthb. 3HauuTENBPHOE BAMSHME OKA3bIBAJ COCTAB M KAYECTBO KOP-
MOB II0 OTHAEJbHBIM rojgam. Camseiit OOJbLION YPOBeHb Mthb OBII yCTaHOBIIEH
y BCEX TPYNI KOPOB B JIETHUM IEPUOR 3Tama A M IIOCIE HETO CIEAYOLIui
3UMHMI nepuoj 3tama B, Camoit OOJbllION KOHLEHTPALMEV B IIPUBEACHHBIE
JiBa Iepuoja oTiAnyajach rpymnmna Kopos Ha 2 dase nakramuu (7,27 % *1,47
B 3MMHMI nepuox u 6,15 % *1,84 B jmetHun mepuon). B TeueHme mnociegHUX
nByx jer (B u I') macrynaet nmoumkedne Mthb y Bcex rpymm KOpoB, KOTOPOE
Obu10 GOJice BBHIPA3UTEIbHBIM B 3UMHMIT UEM B JETHUM NICPUOLBI.

OO0cy>kaaeTcs BIUSAHME CYOKIMHUIECKUX XPOHUUECKUX METTEMOTI00MHEMMIT
Ha COCTOSIHME 3Q0POBbS JTOMHBIX KOPOB M IKOHOMUUECKME TOKA3aTENy pa3Be-
JIEHUA.

References

BARTI:K, M. — PISKAC, A. et al.: Veterinarni toxikologie. SZN Praha 1974.

BARTIK, M. — ROSIVAL, I.: Dusi¢nany a mocovina vo vyZive zvierat. Bratislava 1971.

CASE, A. C.: Niektoré aspekty otrdv dusi¢nanmi u hospodarskych zvierat. Ref.: Veterinafstvi
1958, p. 80.

FOWL’ER, E. MURRAY: Nitrite poisoning in cattle. J. Amer. vet. Med. Assoc., 170, 1977, p. 537.

GARNER, G. B.: Learn to live with nitrates. Bul. 708, June 1958. University of Missouri. Agric.
Exp. Stat. i

HOMOLKA, J.: Klinické biochemické vy$etfovaci metody. Praha 1969.



168

JAGOS, P. — BOUDA, J.: Zakladni biochemické a hematologické hodnoty u domacich zvifat
a nové zpusoby vyjadfovani vysledki laboratornich vy3etfeni. SVS - Oddéleni veterindrni osvéty.
Pardubice 1981.

LEBEDA, M.: Chronicka methemoglobinémie dojnic. Sbornik ze semindfe »Péstovni krmnych
plodin a vyziva zvifat«. Kroméfiz, bfezen 1977. p. 95—106.

LEBEDA, M. — BUS, A.: Sezénni koncentrace modoviny v krevni plazmé a v mo&i krav v riiznych
fazich laktace. Veterinafstvi, 1984, 275 —288.

LEBEDA, M. — KOVARIK, K.: Chronickd methemoglobinémie dojnic. Veterinafstvi, 1978,

p. 62—64.

LEBEDA, M. — PRIKRYLOVA, J.: Beta-Karotinimie der Milchkiihe. Beitriige der 1. Konfe-
renz der Internationalen Gesellschaft fiir Animal Clinical Biochemie (ACB) von 28. 8. — 3. 9.
1983 in Schwibisch Hall (BRD). p. 435 —440.

LEBEDA, M. et al.: Methemoglobinémie u krav a jalovic v létech 1975—1977. Vyzkumn4 zpr4va.
Brno, Vysoka $kola veterinarni 1978. 68 p.

MARECEK, F.: K dugi¢nantim v zelenindch. Zahradnictvo, 1984, p. 265—267.

PAYNE, J. M.: Production disease. J. Roy. Agric. Soc. England, 133, 1972, pp. 69—80.

POLACH, ].: K nitratim v zeleniné. Zahradnictvo, 1984, pp. 69 and 122.

STIBRAL, J.: Jak Setfit energii v zemédélstvi. Vesmir, 1984, pp. 37—93.

SPORRI, H. — STUNZI, H.: Pathophysiologie der Haustiere. Berlin und Hamburg 1969.





