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Abstract
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The ammonia concentration in the urine of 3,237 cows was fol-
lowed over the years 1980-1984. The whole population of cows was
divided into four groups: I - the first lactation phase, II - in
the 2nd lactation phase, III - in the 8th month of pregnancy,

IV - in the 9th - 9.5 month of pregnancy. A regular increase in
the ammonia Cfncentration in urine of late pregnant cows (III
57.74 mmol.1"! and 59.4 mmol.1-1 jin winter and summer season,
resp.; IV 67.33 and 72.24 mmol.1-1 in winter and summer season,
resp.) was found in both types of feed rations. This increase

was observed to be significant when,comfared with the values of
lactating cows (I 44.6 and 51.4 mmol.1l77 in winter and summer
season, resp.; II 46,4 and 51.4 mmol.l in winter and summer
season, resp.). This increase progressed significantly with the
approaching calving. The increase of ammonia and the simultaneous
decrease of urine urea and of proteinemia demonstrated the lower-
ed ureosynthesis and proteosynthesis. Thus the necessity to change
the standard defining the energy nutrient requirements of late
pregnant cows has become obvious.

Dairy cows, 1st and 2nd lactation stage, 8th and 9th-9.5th month of pregnan-
cy, summer and winter feed rations.

When evaluating the feed ration adequacy using the metabolic
profile of cattle the biochemical values of urine appear to sig-
nal the metabolic disturbances earlier and more distinctly than
the values found in blood. This is due to the regulatory function
of kidneys which, under normal conditions, eliminate the metabo-
lic end products, excrete and/or reabsorb them in an extent ne-
cessary for a relatively constant internal milieu of the organism.
Blood, lymph and tissue liquor represent this internal milieu in
which the cells of an organism live, their function being predomi-
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nantly a transporting one. Any disturbance of the internal milieu
affects the cell function or it may itself be a manifestation of
the anomalous cell function.

When carrying out the screening examinations of dairy cows it
is therefore necessary to perform the examination of urine, or
also of milk (Kirchgessner et al. 1985). Both these fluids
are easily obtainable. According to many years experience with
dairy cattle metabolism studies the following urine parameters
were found to be the best indicators of nutrition adequacy and of
balanced metabolism: acid-base status, urea, ammonia, and ketone
bodies concentration with regard to the urine specific density.

Knowing the nutrient availability in the feed ration indicators
represent a sound image of the metabolization level of protein

~(pH), of protein ratio (urea, ketone bodies, pH), of energy defi-
cit (ammonia) or possibly of a damage of liver function (urea and
ammonia).

The importance of the acid-base status, urea, ketone bodies and
of specific density and their values for a diagnosis is generally
well recognized and used in veterinary medicine. The diagnostical
significance of ammonia concentration in urine as a reflection of
the saturation of nutrient requirements or of the damage of liver
function has not been so far fully appreciated. It is thus the
purpose of the present work to demonstrate its importance.

Material and Methods

Over the years 1980-1984 the ammonia concentration in the urine
of 3.237 dairy cows was determined. Altogether 1.441 and 1.796
samples were examined during the period of summer and winter feed
rations, resp. The sets of dairy cows usually comprised of groups
in various phases of calving interval: I - 1lst lactation stage,
from 14 days to 2, or 3 at the most, months post partum; II - 2nd
lactation stage, 4 - 6 months post partum; III - 8th month of
pregnancy; IV - 9th - 9.5th month of pregnancy. Urine samples we-
re taken using a plastic catheter usually between 9 and 11 a.m.
On this occasion a complex metabolic profile examination of dairy
cattle was -performed.

Urine samples for the ammonia concentration determination were
preserved immediately after sampling by N/1 HCl (4 parts of urine
per 1 part of acid). The NH, concentration in urine was determined
by the photocolorimetric method according to Wooton (1964)
using the 480 nm wavelength.

Results

The results confirm our previous finding (Lebeda 1984) that
the ammonia concentration in the urine of dairy cows in their
last 2 to 2.5 months of pregnancy and under both types of feed
rations, was significantly higher than during the lactation pe-
riod. This fact has now been specified in that the increase of
ammonia concentration is significantly intensified in the last
six weeks of pregnancy (group IV). This increase in ammonia con-
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centration in urine can thus be regarded as regular under feed-
ing conditions in our agricultural establishments.

The distribution curves of ammonia concentration in urine of
the whole cow population examined were found to exhibit the Gaus-
sian behaviour with a tendency to positive assymetry, both in
summer and winter feeding periods. The mean winter values (53.81+
+28.85 mmol.171) were found to be significant%y lower than- the
average of summer values (62.28+32.69 mmol.l"1), the scatter of
the former being significantly smaller than the latter. The coef-
ficient of variation differed, however, only slightly (53.51 and
53.60 % in summer and winter, resp.).

The values exceeding 170 mmol.171 represented only 0.33 and
0.83 % in winter and summer feeding, resp. 88.92 % of values in
winter and 86.19 % of,values in summer were found to range within
17.6 and 88.1 mmol.l .

Figure 3 shows the effect of quantitative and qualitative chan-
ges in feeds in individual years upon the ammonia concentration
in urine. Although the general tendency of these changes was
found to be similar in all groups of cows, it appears at the sa-
me time that the increase of ammonia concentration in late preg-
nancy occurs also in individual winter and summer seasons.

A greater variability of values was also observed in late pre§-
nant cows. Examinations carried out in individual feeding seasons
confirm the significant increase in ammonia concentration in the
group III when compared with the group I in one of the four sum-
mer feed rations and in three from four winter feed rations. If
compared with the group II, the increase was found to be signifi-
cant in the group III in two from four summer seasons and in
three from four winter seasons. The ammonia concentration in the
case of cows in 9th - 9.5th month of pregnancy (IV) was found to
be higher than that of cows in the 1lst and 2nd lactation stage
(group I and II) and in all seasons. On the other hand, the dif-
ferences between both groups of lactating cows in any of the
feeding season were not statistically significant (Table 1).

The differences of ammonia concentrations noted in summer sea-
sons were found to be significant in two cases belonging to the
group I, twice in the group II, once in the group III, in no case
in the group IV, and once in the whole population (Table 2).

Discussion

The results of the present work differ from those obtained
earlier (Lebeda 1984) by the frequency of significant diffe-
rences between summer and winter ammonia concentrations only.
The averagq_finter values were found to be lower by only
. 6.41 mmol.1l and summer values by 3.12 mmol.I'* higher if com-
pared with the preceding four years. The coefficient of variat-
ion decreased by 4.43 and 4.84 % in summer and winter, resp.

The main contribution of the present study is seen in the con-
firmation of regularity of the urine ammonia concentration in-
crease in late pregnant cows and of its further progress with
pregnancy in both feeding seasons. The increase of urine ammo-
nia could indicate starvation or damage of liver parenchyma
(Varddy et al. 1970). In summer, when starvation of late
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pregnant cows can be eliminated,
the damage of liver parenchyma
can be thus regarded as a more
probable cause of the ammonia
concentration increase in urine.
This hypothesis is supported by
the fact that the urea concent-
ration in urine of late pregnant
cows is lower than in cows in the
2nd lactation stage (in 20 % of
cases significantly) (Lebeda
1987). It indicates a lowered
ureosynthesis and an increase

of urine nitrogen excretion in
the form of ammonia in late
pregnant cows. In winter, the
late pregnant cows are not
usually overfed but their ammo-
nia concentration in urine again
Wcreases. The ammonia concentrat-
ion was found to be:- higher in
late pregnant cows fed feed rat-
ions according to the Czechoslo-
vak Standard 46 7070 than in cows
whose feed ration differed form
the norm by more than 10 %. On
the other hand, in lactating cows
fed according to the standard the
ammonia concentration was lower
than in cows with feed rations
differed from the standard. The
difference in ammonia concentrat-
ion between lactating and late
pregnant cows increased therefore
3.25 times (Lebeda 1984). This
shows that the Standard CSN

46 7070 specifying the nutrient
requirements of late pregnant cows

‘does not correspond to their phy-

siological needs.

It can be concluded from these
findings that the standard should
set a lower content of digestible.
nitrogen substances or higher ener-
gy content, i.e. a broader ratio
of nutrients, rendering possible
a higher ureosynthesis in the 1i-
ver of high pregnant cows.

The values of metabolites, in- -
cluding ammonia and urea, could
be influenced also by the increase
of nutrient requirements and me-
tabolic changes during the last
weeks of pregnancy due to the
effect of hormones. This is support-
ed also by a marked rise of creati-
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Fig. 1. Arithmetical mean and Fig. 2. Distribution of urine
standard deviation of urine ammonia values in cows Dg-
ammonia concentrations in pulations for the Whgled our
groups and populations of year period. Winter fee
dairy cows in four summariz- rations (solid line, rings,
ed green (S) and winter (W) subscript W) and summer feed
feeding seasons. rations (dashed line, cros-

ses, subscript S). Average

values (X), standard deviat-
ions (S), medians (Me).

laole 2

Significance of differences between the summer (S) and successive
winter (W) ammonia values in the urine of the same nominal groups
of cows in years 1980-1984. P =€; NS = non significant, t-test
in the left column, F-test in the right column, P = population

.

1980/(80/81) 1981/(81/82) 1982/(82/83) 1983/(83/84)

Groups
IS/Iw NS 0.05 0.001 0.01 NS 0.01 0.02 NS
IIS/IIw NS 0.05 0.05 0.05 0.001 0.05 NS NS

IIIS/IIIw NS NS NS NS 0.05 0.05 NS 0.05
IVS/IVw ' NS 0.01 NS NS NS NS NS 0.01
PS/Pw NS 0.01  0.001 NS NS 0.05 NS NS

nine level in the blood of cows in the last two mbnths of preg-

nancy (Boda 1969).
Further evidence of the changed proteosynthesis and of the

changed nitrogen metabolism in late pregnant cows can be seen in
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Fig. 3. Arithmetical mean (solid middle line) and standgrd de-
viation range (thin line) of urine ammonia concentrations
in the population (P) and in the group (I, II, III, IV) of
dairy, cows in single ‘summer (over year numbers and winter
(between year numbers) seasons.

the gecrease of total protein level in their plasma (Lebeda
1985)..

It follows from the presented data that current feed rations
fed to late pregnant cows produce an undesirable metabolic de-
viations that should be prevented. To realize this, it will
further be necessary to solve the question of normal range of
ammonia concentration in the urine of cows. Preliminary, the 1li-
mits ranging from 11.7 to 58.7 mmol.1-1 of ammonia contained in
urine are regarded as acceptable. This range could however still
be changed depending on the analytical determination of ammonia
at other wavelength. It has been :shown that the measurement at
415 nm gives higher extinctions and is thus substantially more
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sensitive than the measurement carried out at 480 nm. When ammo-
nia concentrations exceed 142 mmol.l significantly higher values
are obtained when measuring at 480 nm when compared with those
obtained at 415 nm. On the other hand, when using the wavelength
480 nm the ammonia levels below 24.98 mmol.l are often unmeasu-
rable (zero or negative) (Lebeda and Urbdnkovd 1986).

Koncentrace amoniaku v mo&i dojnic v rdznych fdzich mezidob{

V letech 1980 - 1984 byla vysetfena koncentrace amoniaku v mo-
€i 3 237 krav rozdélenych do 4 skupin: I - v 1. f4zi laktace,
IT - v 2, f8zi lsktace, III. - v B. m&sici bfezosti, IV: - v 9.-
- 9,5. mé&sici brezosti. U krav vysokobtezich byl zjisté&n jak
pti krmnych ddvkdch se zelenymi krmivy, tak p¥i zimnich krmnych
ddvkdch, pravidelny vzestup koncentrace amoniiku v mo&i (III.
57,74 mmol.171 v {imnim obdob{ a 59,4 mmol.17* v lftnim obdobi{,
IV. 67,33 mmol.1-* v zimnim obdob{ a 72,24 mmol.1"* v letnim ob-
dobi), ktery byl signifikantni vzhledem k hodnotdm kriv laktuji-
cich (I. 44,6 mmol.1"! v _zimnim obdob{ a 51,4 mmol.1™* v letnim

obdobf, II. 46,4 mmo1l.17} a 51,4 mmol.17} analogicky). Tento
vzestup se signifikantn& zintenzivhuje s bli?ficim se porodem.
Vzestup amoniaku a souasny pokles mo&oviny v modi a proteinémie
svéd&i o sniZené ureosyntéze a proteosyntéze a o nutnosti korigo-
vat normu potfeby energetickych 2ivin u vysokobfezich krav.

KOHUeHTpPAUHS aMMHaKa B MOYe NORHHX KOPOB Ha DasHHX dasax
MPOMEeXyTOUHOro MepHona

B 1980 - 1984 rr. NpOBOAMJM HMCCNEANOBAHHUA KOHUEHTPALHH
aMMupaxa B Moue 3237 xopoB, pasmefieHHHX Ha 4 rpynns:
1 - na nepBo#t ¢ase naxrauuu, II - Ha BTOpOR dase naxrauuu,
III - Ha 8 Mecsue 6epeMeHHOCTH, IV - HA 9 - 9,5 Mecsue 6epeMH-
HOCTH. Y KOpPOB Ha BHICOKOA CTamu# 6EpPEMEHHOCTH OLIJIO YCTAaHOBJIEHO
He TONbBKO B pPauUHOHe 3eJieHblM KOPMOM, HO H B SHMHHX palHOHAaXx
perynspHoe yBeJIHUEeHHe KOHLUEHTpauHM amMMHaxa B Moue (M 57,74
mMonb.n~1 B sumHMA nepuon u 59,4 mMone.n~l B nermmn nepuon,
IV - 67,33 mMonb.n~1 B 3uMHMA nepuon u 72,24 mMonb.n~1 B nernun
NnepHon) , craBmee 3HAYHTENbHBIM O CPABHEHHKW C BEeJIHUHHAMH xopoi B
naxranuu (1 - 44,6 mMonb.n~l1 B sumHMA nepuon u 51,4 mmonb.n"ls
neruufi nepuon, II - 46,4 mmons.n~1 u 51,4 nMonb.n‘; aHaJIOrHYHO).
[laHHOe yBeJMUeHHe 3HAUHTENbHO BO3pacTaeT C MPHOIHXAWMUMCHA OTe-
nOoM. YBeNHYEHHEe aMMHaKa H OOHOBPEMEHHOEe MOUEBHHH B MOYe H Mpo-
TEeHHEeMHSI CBHIOETEeNbCTBYKWT O ITOHHXEHHOM YPEOCHHTe3e H MNpoTeo-
CHHTE3e K O HeOG6XONHMOCTH KOPPEKLHH HOPMHE MOTpeO6NeHHsA NMHUTaTelNb-
HbIX BEMEeCTB 3JHEePreTHUECKOI'O XapakKTepa y KOPOB Ha BBICOKOR CTAaOHH
6epeMeHHOCTH. .
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