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Abstract 

L e bed aM., Zdena U r ban k 0 va: Anmonia Concentration in Uri­
ne of Oairy Cows in Oifferent Phases of Calving Interval. Acta Vet. Brno, 
56, 1987: 409-416. 

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 concentration in urine of late pregnant cows (III 
57.74 mmol.l- 1 and 59.4 mmol.l- l in winter and summer season, 
resp~; IV 67.33 and 72.24 mmol.l- l in winter and summer season" 
resp.) was found in both types of feed rations. This increase 
was observed to be significant when, compared with the values of 
lactating cows (I '44.6 and 51.4 mmol.l: l in winter and summer 
season, resp.; II 4',4 and 51.4 mmol.l in winter and summer, 
season, resp.). This increase progressed significantly with the 
approachin~ 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 bioch~mical 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 nec"essary to perform the examination of urine, or 
also of milk (K i r c h g e s 5 n e r et a1. 1985). Both these fluids 
are easily obtainable. According to many years'experience with 
dairy cattle metabolism studies the fol1pwing 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 
amm·onia) . 

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 h~s 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 - 1st 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 Nil Hel (4 parts of urine 
per 1 part of acid). The NH3 concentration in urine was determined 
by the photocolorimetric metnod according to Woo ton (1964) 
using the 480 nm wavelength. 

Results 

The results confirm our previous finding (L e bed a 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 durlng 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.l- l ) were found to be significantly lower than· the 
average of summer values (62.28+32.69 mmol.l- ), 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 I in summer and winter, resp.). 

The values exceeding 170 mmol.l- l represented only 0.33 and 
0.83 I in winter and summer feeding, resp. 88.92 I of values in 
winter and 86.19 % o!lvalues 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 increas·e 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 1st 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). 

Oiscussion 

The results of the present work differ from those obtained 
. earlier (L e bed a 1984) by the frequency of significant diffe­
rences between summer and winter ammonia concentrations only. 
The average rinter values were found to be lowif by only 
6.41 mmol.r and summer values by 3.12 mmol.r higher if com­
pared with the preceding tour 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 
(Va r ad y et a1. 1970). In summer, when starvation of late 



412 

+' 
~c: 

HCU 
HU ..... 
~ ..... 

H· .... 
""c: 

01 
00· .... 
~ 00 
OC: 
UO 

c: ..... 
o " 
OOUl 
0.% 
:J 
o ~ 

1-0 " 01 
a...c: 

~ e 
CU .:J 
:J ~ 
"0 ....... 0 
• .... 3 U 
> "" .... +' 
"0 Cl.c 
C:C:Cl 

• ....t ....... ,.... 
"01-0 

c: 0) 
0)0)0) 
O) ..... .c 
~ +' 

+'1-0 
O)O)C: 
.c +' ..... 

c: 
Q) 'r"1 +' 
C:~oo 

,.......... OJ 
1-o"O+' 

0) :JC: I 
~ CUlL. 
.c 0) 
ro ~ '""" .. 
I- +' Ul c: 

""e c: :J 
• .-4 0""'" 

c: 0 
00· ... U 
0)"0 
UO)+' 
c:0) ..... 
0) ..... 0) 
1-0 ~ 
0)1-0 

..... 0)0) 

..... e.c .... e +' 
"O:J 

OOC: 
00 .... 
0) ..... 
:JO+' 
~ 00 
CUOOO) 
>"O+' 

o I 
CU· .... +' 

.... 1-0 
C:O) 
00. 
e e 0) 
CU~ 

01 
..... c: 
0· ... 

00 
0) 
UC: c: .... 
CU 
U ....... 
.... > 
..... H .... 
c: ~ 

ClH 
· ... H 
UlH 

3 
1"1 
CO ........ 
N 
CO 
CI\ 
~ 

3 
~ 
CO ........ 
o 
CO 
CI\ 
~ 

Ul 
1"1 
CO 
CI\ 
~ 

Ul 
N 
CO 
CI\ 
~ 

Ul 
~ 
CO 
CI\ 
~ 

U'\~ ~~ 
00 00 

Ul ~ ~Ul 
%00%00 

~ ~~ 
UlUlOUlOO 
%%0%00 

o 00 
,...... r-t r-t ,...... 
o 000 
~Ul ~ ~ ~Ul 

0%000% 

~~~~ 
0000 

Ul ~O 0 0 Ul 
% 0 ~ ~ ~% 

000 

000000 

~ U'\ U'\ 
000 

Ul ~ ~ ~Ul Ul 
%000%% 

U'\ ~ ~ 
OO~O 

Ul ~O 0 0 Ul 
% 0 ~ ~ ~% 

000 

~ U'\ U'\ 
000 

Ul ~ ~ ~Ul Ul 
%000%% 

~~~ 
U'\OOO 
0000 

Ul ~ ~ ~ ~Ul 

%0000% 

U'\ ~~~~ 
o 0000 
~Ul 

0%0000 

~ ~ 
OU'\O~ 

UlUlOOOO 
%% 

0000 
U'\ ~ ~ 
000 

!2 ~ ooo~!2 
~ ~~ 
O~OO 
0000 

~!2oc:ic:ic:i 

~ ~ U'\ U'\ 
0000 

Ul ~ ~ ~ ~Ul 

%0000% 

~ 
~O ~N 
00 00 

Ul ~ ~Ul 

%00%00 

H H 
HH>H» 
HHHHHH 
................................................ 
H ...... HHHH 

HHH ..... 

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) (L e bed a 
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 
~creases. 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 (L e bed a 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 li­
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 
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Fig. 2. Distribution of urine 
ammonia values in cows po­
pulations for the whole four 
year period. Winter feed 
rations (solid line, rings, 
subscript W) and summer feed 
rations (dashed line, cros­
ses, subscript S). Average 
values (~), standard deviat­
ions (S), medians (Me). 

laDle 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 

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

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 

1VS/IVW NS 0.01 NS ~S NS NS NS 0.01 

PS/PW NS 0.01 0.001 NS NS 0.05 NS NS 

nine level in the ~lood of cows in the last two months of preg­
nancy (B 0 a a 1969). 

Further evidence of the changed proteosynthesisand of the 
changed nitrogen metabolism in late pregnant cows can be seen in 
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Fig. 3. Arithmetical me~n (solid ~iddle li~e) and stand~rd de­
viation range (thin 11ne) of urlne ammon1a concentratlons 
in the population (P) and in the group (I, II, III, ~V) of 
dair~cows in single·summer (over year number) and w1nter 
(between year numbers) seasons. 

the decrease of total protein level in their plasma (L e bed a 
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 ~ecessary to solve the question of normal range of 
ammonia concentration in the urine of cows. Preliminary, the li­
mits ranging from 11.7 to 58.7 mmol.r l 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 ~hown 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 com"pared 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) (L e bed a and U r b ai n k 0 v ai 1986). 

Ko~centrace amoniaku v moei dojnic v rQzn9ch faizichmezidobi 

V letech 1980 - 1984 byla vy§etfena koncentrace amoniaku v mo­
ei 3 237 krav rozd!len9ch do 4 skupin: I - v 1. faizi laktace, 
II - v 2. faizi laktace, III. - v 8. m!sici bfezosti, IV, - v 9.­
- 9~5. m!sici bfezosti. U krav vysokobfezich byl zji§t!n jak 
pfikrmn9ch daivkaich se zelen9mi krmivy, tak pfi zimnich krmn9ch 
daivkaich, pravideln9 vzestup koncentrace amoniyku v moei (III. 
57,74 mmol.l- l v fimnim obdobi a 59,4 mmol.l- v lytnim obdobf, 
IV. 67,33 mmol.l- v zimnim obdobi a 72,24 mmol.l- v letnim ob­
dobi), kter9 byl signt"fikantni vzhledem k hodnotaim kryv laktuji­
cich (I. 44,6 mmol.l- v zimnim obdobi a 51,4 mmol.l- v letnim 
obdobi, II. 46,4 mmol.l- 1 a 51,4 mmol.l- 1 analogicky). Tento 
vzestup se signLfikantn! zintenziv~uje s blificim se porodem. 
Vzestup amoniaku a soueasn9 pokles moeoviny v moei a proteinemie 
sv!dei 0 snifene ureosynteze a proteosynteze a 0 nutnosti korigo­
vat normu potfeby energetick9ch fivin u vysokobfezich ktav. 

KOHU~RTpaUHR aMMHaxa B MOqe ~ORHWX XOpOB Ra paSRWX tasax 
npoMe_YTOqHOrO nepHo~a 

B 1980 - 1984 rr. npoBo~HnH Hccne~OBaRHR xOHueRTp~UHH 
aMMHaxa B MOqe 3237 XOpOB, pas~eneRHWX Ra 4 rpynnw: 
1 - Ha nepBoR tase naxTaUHH, II - Ra BTOpo9 tase naxTaUHM, 
III - Ha 8 MeCRue 6epeMeHHocTH, IV - Ha 9 - 9,5 MeCRue 6epeMR­
HOCTH. Y XOPOB Ha BwcoxoR CTa~HH 6epeMeHHocTH 6wno YCTaHOBneHO 
He TonbXO B paUHOHe seneRWM XOPMOM, HO H B SHMHHX paUHORax 
perynRpHoe YBenHqeRHe XOHueRTpaUHH aMMHaxa B MOqe (m 57,74 
MMonb.n- 1 B SHMRHR nepHo~ H 59,4 MMonb.n- 1 B neTRHR nepHo~, 
IV - 67,33 MMonb.n-1 B SHMHHR nepHo~ H 72,24 MMonb.n- 1 B neTHHR 
nepHo~), CTaBmee SHaqHTenbHWM no cpaBHeRHm C BenHqHHaMH xopoy B 
naXTal\HH (1 - 44,6 MMonb.n- 1 B SHMHHR nepHo~ H 51,4 MMonb.n- B 
neTRHA nepHo~, II - 46,4 MMonb.n- 1 H 51,4 MMonb.n- 1 aHanOrHqHO). 
naHHoe YBenHqeHHe SHaqHTenbHO BospacTaeT C npH6nH_ammHMcR oTe­
nOM. YBenHqeHHe aMMHaxa H O~HOBpeMeHHoe MOqeBHRW B MOqe H npo­
TeHHeMHR CBH~eTenbcTBymT 0 nOHH_eHHOM ypeocHHTese H npoTeo­
CHHTese H 0 He06xonHMOCTH xoppeXUHH ROpM~ nOTpe6neHHR nHTaTenb­
HWX BemeCTS ~Hepr.THqeCXOro xapaXTepa y XOpOB Ha swcoxoR CTa~HH 
6epeMeHHOCTH. 
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