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Abstract 

Lebeda M., J. Prikrylova: Observation on Methemoglobinaemia in Dairy Cows 
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 1st and 2nd lactation stage and in 8th-9.5th month 
of pregnancy. The average methemoglobin values (MHb) 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 % 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 cmd 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 % 
of total hemoglobin whereas Sporri 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 hemoglobin but 
in calves at most four days old. he found no methemoglobin. The tendency of the ))flormal(, 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
i'ik 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 ))flormal(, values (i. e. 5 % of 
the total hemoglobin) by 2 - 4 %. 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, rengcd from 8.34 to 28.88 %, 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 glyc3,emia (Myazaki and Kawashima 1975-
quot. Lebeda et. al. 1978). The background of the increased m.ethemoglobinaemia 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'diseases (Lebeda et al. 1978). 
We have thus recommended to PIlY 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 achieving a relatively high productien 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 % (Mare~ek 1984). The south-moravian country district, from which the majority of 
the examiried dairy cows comes, reached roughly this level as early as in 1977. It can thus be assu
med that the nitnite 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 series of animals (Marecek 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 (Marecek 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 Jlpeed 
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 amittonia 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 % ill the dry matter) when com
pared with the foodstuffs that are poor and deficient (only 0.7 % - 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 % KNOs 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 % KNOa 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 concent.rations cxceeding 1.5 ~" KN03 in the dry matter of the fecd 
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 dftficiency (Bartik and Rosival 1971). 

The present study of the variability of methemoglobinaemia in cows in different lactation stage 
and reproduction cycle during four pcriods offresh 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 methemo·globinaemia. 

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 detcr
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 1st lactation stage, 14 days - 2 or at most 3 months after parturition, 
II - cows in the 2nd lactation stage, 4 - 6 months rost partum and II I - 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 467070; 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 bypro ducts 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 veget1tion periods given by the number of weeks, when fresh grass was fed, was 
in the individual year season (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 agricultural farms, they were recommended to 
fceding, 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 %) 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 of5 % of hemoglobin whiCh is regardedin recent literature as the upper physio
logical limit (Sporri and Stiinzi 1969; Jagos 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 (x), median (Me) and standard deviations (ry). 

ficantly lower than in the two remammg 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 influ<;nced 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 III (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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rations = L). 

methemoglobin levels of the same cow groups were found to be significant in 40 % 
only. The highest average values in winter B period were observed in the group II 
(7.269 % ± 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 % ± 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 % of cases only. 

Table 2 shows that the methemoglobin concentrations exceeding the 5 % limit 
of tolerance were in all periods ranging mostly from 5 to 10 %, the frequency of values 
ranging from 10-15 % 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 % 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 % affecting 95 % 
of cases was observed. 
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Table 1 

8irnificance of differences of methemoglobinaemia values of the groups of cows in individual summer (8) 
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) 
ri- ding 1/11 1/111 II/III 
od 

I I I II III t-test I F-test I t-test I F-test I t-test I F-test 
, 

I: 5.675 ± 1.757 5.880 ± 1.864 5.513 ± 2.1061 N. S. 

1 

N.S. N. S. 

I 
0.05 

1 

N. S. N. S. 
A 

5.982 ± 1.639 6.153 ± 1.839 5.886 ± 1.523 i N. S. N. S. N. S. N. S. N. S. 0.05 
r 

:1 

6.984 ± 1.263 7.269 ± 1.470 6.808 ± 1.2631 N. S. 

1 

0.05 

1 

N. S. 
I N. S. 0.02 I N.S. 

B 

I I 5.370 ± 1.612 5.276 :1c 1.808 5.186 ± 1.489 N. S. N. S. N. S. N. S. N. S. 0.05 

I 
1:1 

I 

I 
1 

4.714 ± 1.291 1 4.790 ± 1.4331 4.426 ± 1.2441 N. S. N. S. N. S. N. S. 0.05 0.05 
C 

I 4.728 ± 1.617 4.710 ± 1.563 4.671 ± 1.395 N. S. N: S. N. S. 0.05 N. S. N. S. 
I 

W 4.586 ± 1.6571 4.258 ± 1.491 4.340 ± 1.342 N. S. N. S. N. S. 0.Ql N. S. N. S. 
D 

S 4.867 ± 0.843 5.195 ± 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 (8) and winter (W) feed rations 

Methemoglobinaemia 

Period Feeding >5% > 10 % \ > 15 % 

I I II I III I I I II I III I I I II I III 

W 55.84 

1 

63.29 

1 

50.66 

1 

2.60 3.80 5,92 

1 

0 

1 

0 

1 

0 
A 

S 65.67 75.81 69.29 0.72 4.03 0 0 0 0 

1 

w 

1 

95.24 96.58 97.44 

1 

1.59 

1 

4.27 1.71 

1 

0 

1 

0 

1 

0 
B 

S 52.78 45.79 42.86 0 1.87 0.95 0 0 '0 

1 

W 47.69 34.35 32.74 1.69 

1 

0.76 0 0 

1 

0 0 I c 
S 41.77 41.98 45.12 3.80 0 0 2.58 0 0 

1 

w 

1 

37.09 

1 

29.41 

1 

28.00 1.32 

1 

0 

1 

0 

1 

.0 0 

1 

0 
D 

S 35.00 47.46 48.00 0 0 2.44 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 Bus 
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 Pi'ikrylova 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 % 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 si~ificant 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 ofless 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 muco'sal cyanosis, which is appearing already at concentrations of 
5-15 % of methemoglobin (Bartik et al. 1974). Demonstrated cases ofmethemoglo
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 ofimother 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 % of a yearly consumption, available for compensation 
of adverse situation in feed balance during individual years. 
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UroveD methemoglobinemie dojnic v prUb~hu ctyr roku 

V prubehu 4 roku (etapy A, B, C, D) byla zjistena methemoglobim:mie ve ven6zni 
krvi 2812 krav (1 687 v obdobi zimnich krmnych davek, 1 125 v obdobi zelenych 
krmiv) v 1. a v 2. fazi laktace a v 8. - 9,5. mesici bfezosti. Prumerne hodnoty methe
moglobinu (Mthb) mirne pfesahovaly tolerovatelnou mez 5 % hemoglobinu. Mezi 
zimnimi a letnimi hodnotami Mthb nebyl signifikantni rozdil ani u celych populaci 
ani u jednotlivych skupin krav. Kravy vysokobfezi melyv iimnim obdobi signifikantne 
niim Mthb nei skupiny laktujici. Rozdilnost krmnych davek jednotlivych skupin 
krav mela jen maly vli" na 4roveil. Mthb. Signifikantni vliv vsak mela skladba a kvalita 
krmiv v jednotlivych rocich. Signifikantne nejvyssi Mthb byl zaznamenan u vsech 
skupin krav v letnim obdobi etapy A a v po nem nasledujicim zimnim obdobi etapy B. 
Nejvyssi koncentrace mela v obou techto obdobich skupina krav v 2. fazi 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 vyraznejsi v zimnich 
nd v letnich obdobich. 

J e diskutovan vliv subklinickych chronickych methemoglobinemii na· zdravotni 
staY dojnic a na ekonomicke ukazatele chovu. 

YpOBeHI> MeTfeMOrJlo6HHeMHH AOHHhIX KOPOB B TeqeHHe qeTWpeX J1eT 

B TelJeHMe lJeTblpeX JIeT (:)Ta'lIbI A, E, B, r) 5bIJIa YCTaHOBJIeHa MeTreMO-

. rJI05MHeMMH :BBeHo3HoH K'pOBM 2812 KOPOB (1 687 B lIepMo~ 3'WMHero KOp

MO'R-OrO pa~woHa, 1125 'B lIep'110~ 3eJIe'HbIX KOpMOB) M 'Ha 1 M 2. ¢a3e JIaKTa

~MM M 'Ha 8-9,5 ~mcsr~e 5epeMeHHocrn. Ope~HMe BeJI'MtfMHbI MerreMOrJIo5MHa 

(Mthb) He3HatfMTeJIbHO lIpeBbHuamr ~OlIY'CTHMbIH 'IJ!pe~eJI 5 % reMorJIo6MHa. 

B lIpOMe)KYTKe Me)K~y 3'MMHJ1MM J1 JIeTHMMMBeJIJflJMHaMM Mthb He 5bIJIO 3'Ha

lJMMOH pa3lHM~bI y.!B'CeH rrorryJIsrqMM, HM Y ,oT~eJIb'HbIX rpY'IrlI KO'POB. KOp'OIBbI 

HaBbFcoKOH ICTa~MM 6epeMeHHOCTM OTJIMlJaJI'M'Cb B 3MMHMH lIepMo~ 3HatfWMO 

50JIee HM3KMM Mthb 'lJeM JIaKTMpYlOI.qMe .I1p)lllIlIbI. Pa3HM~a 'B KOPMOBbIX pa

qMoHax OTAeJIbHbIX rp)llIIlI KOPOB O'Ka3bfBaJIa JIMilib IHe3HalJMTeJIbHOe BJIMHHMe 

Ha ypoBelHb Mthb. 3HalJMTeJIbIHOeBJI'MHHMe OKa3bIBaJI COCTa'B MKa'lJeCTBO KOp

MO!B lIO OT~eJIbHbIM ro~aM. CaMbIH 60JIbiliOH )ApoBeHb Mthb 5bIJI Y'cTaHO!BJIeH 

Y Boex rPY'IIlI KOPOBB JIeTHUH lIepMo~ :nalIa A M nOCJIe HerOCJIeAYlOI.quH 

3MMHMH lIepMO~ 3Ta!IIa E. CaMoH 50JIbinOH K'OH4eH1'Pa~MeH B I1!p'l1Be~eHHble 
~Ba lIepMo~a OTJIMlJaJIaCb rpYlIma KOP'OIB Ha 2 ¢a3e JIaKTa~UM (7,27 % ±1,47 
B 3'MMIHMH [1epMO~M 6,15 % ±1,84 IB JIeTHMH nepMO~). B TelJOOUe lIOCJIe~HMX 
AByx JIeT (B M r) HacTYlIaeT lIOHM>KeHMe Mthb Y Bcex rpYII!IIK'0pO!B, KOTopoe 

5bIJIO 60JIee IBblpa3MTeJIbHbIM B 3V1'MH:MH lJeM B JIeTHMH lIepMO~bI. 
06cY>K~ae'DCHBJrM~Hu'e cy6KJIMHMlJeCKMX XpOHMlJeCKMX MeITeMOrJIo6MHeMM~i 

HaOOCTOHHMe 3~OpOBbH ~OHlHbIX KOPOB M SKOHOMMlJeCKMe nOKa3aTeJIM pa3Bc

~OOMH. 
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