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Abstract : The objective of the present work was to compare colorimetric and
distillationÈtitration methods to determine the ammonia-nitrogen con-(NH3-N)
centration in sheep and goat urine samples. Colorimetric methods used were
based on the indophenol reaction, whereas titrimetric methods were based on the
alkali distillation of ammonia from the urine and its titrimetric determination
with a standard acid. Colorimetric methods were only reliable when urine
samples were diluted at least 1 : 20. Both colorimetric and alkali-distillation
methods gave quantitative recoveries with standard solutions, but whenNH3-Nwas determined in urine samples there was a signiÐcant discrepancyNH3-Nbetween analytical methods on the measured concentrations. These were
between 1É3 and 10-fold (on average 2É6-fold) higher with alkali distillation than
with the colorimetric method. The di†erence between concentrations measured
by both analytical methods was signiÐcantly related (R2\ 0É990 ; P\ 0É001) to
the concentration of urea in the urine samples. To study the e†ect of urea con-
centration, standard solutions containing variable concentrations of urea and

were prepared, and concentration determined by both methods.NH3-N NH3-NConcentrations measured by colorimetry were similar to the actual concentra-
tions irrespective of the urea concentration of the solutions. In urea-free solu-
tions, alkali-distillation methods gave values similar to the actual concentrations,
but when urea was present observed values were consistently higher than the
expected concentrations. The overestimation increased with the urea concentra-
tion of the solutions, with a signiÐcant (P\ 0É001) relationship between both
variables. Colorimetric methods were more reliable to measure concen-NH3-Ntrations in urine samples containing high urea concentrations. 1998 Society of(
Chemical Industry.
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INTRODUCTION

In the ruminant ammonia is derived either from de-
amination of amino acids or from absorption from
the digestive tract. This ammonia is highly toxic for
the animal cells and has to be eliminated. In the
liver, ammonia is rapidly converted into urea, which
is excreted in the urine (Wright 1995) or recycled to the
digestive tract. In ruminants, most of the urinary nitro-
gen (up to 70È90%) is excreted as urea (Bristow et al
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1992), although that proportion can be much lower (up
to 20%) when the N supply to the animal, relative to its
requirements, is low. The proportion of nitrogen
excreted as “free ammoniaÏ is very low (in most instances
is less than 20 mg g~1 total N), and is usually derived
from enzymatic degradation of glutamine (Huizenga et
al 1994). However, in some physiological and clinical
studies, the determination of urinary ammonia-nitrogen
can be of special interest, because urea synthesis from
ammonia and its degradation are important in the
proton balance in the body (Atkinson 1992), and thus
the concentration of ammonia in urine may serve as an
index of the acidÈbase homeostasis of the body
(Huizenga et al 1994).

In nutritional studies dealing with the partition of
nitrogenous substances excreted in urine (Bristow et al
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1992 ; Szanyiova� et al 1995) or in tracer studies designed
to quantify the body protein turnover (Reeds et al 1980)
it can be important to measure the urinary excretion of
both urea and ammonia. Information on the nitroge-
nous constituents in the urine and manure of ruminant
livestock is also of interest due to their potential as
organic fertilisers in grasslands (Bristow et al 1992) or
when applied in the form of slurry (Sommer et al 1992).

A number of methods have been described for deter-
mination of ammonia in biological Ñuids (Lepo and
Ferrenbach 1987 ; Huizenga et al 1994). For rumen Ñuid
and urine from ruminants, the methods most commonly
used are colorimetry or alkali-distillation of ammonia
and titration with standard acid. In some preliminary
tests conducted in our laboratory, it was observed that
both methods were consistent when used for determi-
nations in rumen Ñuid, but an important discrepancy
was observed when urine samples were analysed. The
objective of the present work was to study the suit-
ability of colorimetric and alkali-distillation methods to
determine the ammonia concentration in the urine of
sheep and goats, investigating the reasons of the appar-
ent discrepancy in the results obtained with both ana-
lytical methods.

MATERIALS AND METHODS

Samples

Two Merino sheep and two Alpine goats were used in
this study. All animals were housed in individual cages
and were fed alfalfa hay. Eleven spot samples (six from
the sheep and Ðve from the goats) were collected at dif-
ferent times of the day. Urine was taken at the time of
excretion, collecting the total amount of urine produced
during one micturition in polythene bottles. Approx-
imately 30 ml of each sample were acidiÐed by adding
0É2 M HCl in the proportion 1 : 1 (v/v). Another sub-
sample (40 ml) of each urine was acidiÐed by adding
10 ml of a solution containing 0É36 M andH2SO4
0É01 M formaldehyde. pH was measured in all acidiÐed
samples and values were always below 3. AcidiÐed
samples were frozen at [20¡C and stored until use.

Analytical techniques

The water used was puriÐed by reverse osmosis and ion
exchange and all reagents were of ana-(NH3-free H2O),
lytical grade. Urea concentration was determined by
manual colorimetry using the reaction with diacetyl
monoxime (Coulombe and Favreau 1963). All analyses
were performed in duplicate for each urine sample and,
in almost all instances, replicates did not di†er more
than 5% from the mean value.

Direct distillation and titrimetric determination of
ammonia

Ammonia was separated by steam distillation using an
automated distillation-titration unit for Kjeldahl nitro-
gen determination (KjelTec Auto 1030 Analyzer), col-
lected in boric acid-indicator, and determined with
standard acid. In this experiment, 10 ml aliquots of
acidiÐed urine were used, 35 ml of a saturated solution
of (borax) were added to the urineNa2B4O7 É 10H2O
sample for distillation of ammonia and titration was
with 0É05 M HCl (method DD1). Alternatively, the pro-
cedure described by Bremmer and Keeney (1965) to
eliminate interference with some alkali-labile organic
nitrogen compounds was used. In this procedure
(method DD2), 0É2 g of carbonate-free MgO were
added to 10 ml of the sample for distillation of
ammonia, and titration was with 0É005 M HCl.

Colorimetric determination of ammonia

The phenol-hypochlorite procedure described by
Weatherburn (1967), based on the indophenol reaction,
was used to determine concentration in urineNH3-N
(method C1). An aliquot of each diluted urine was
mixed with a combination of the two reagents freshly
prepared, phenol plus nitroprusside (catalyst) and alkali
plus hypochlorite. The mixture was incubated at 39¡C
for 15 min and absorbance at 630 nm was measured.
This procedure was compared with that described by
Fawcett and Scott (1960), as automated procedures for
ammonia determination are based on this last manual
method. In this procedure (method C2) the following
solutions were added immediately after each other to
the aliquot of urine : sodium phenate, sodium nitro-
prusside (0É1 g litre~1) and sodium hypochlorite (c
0É02 M), incubated at 27¡C for 15 min and optical
density at 630 nm was measured.

The optimum dilution rate of the urine samples for
colour development during the indophenol reaction was
investigated. Two specimens of urine (one from a sheep
and one from a goat) were diluted 1 : 2, 1 : 4, 1 : 10,
1 : 20, 1 : 50 and 1 : 100 (v/v), and ammonia concentra-
tion in the diluted urines was determined by the colori-
metric procedure C1.

Recovery assays

Recovery experiments were carried out on two speci-
mens of urine (one from a sheep and one from a goat)
acidiÐed with HCl (and thus already diluted 1 : 2). In
the Ðrst assay, 100, 200, 400 and 600 ll of a solution
containing 7É0 mg litre~1 were added to 400 llNH3-N
of each urine, then made up to 1 ml with distilled water
(acidiÐed urines diluted 4 : 10) and analysed by colori-
metry (C1). A second assay was conducted in which
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25, 50, 100, 150, 200 and 400 ll of the 7É0 mg NH3-N
litre~1 solution were added to 100 ll of each urine, then
made up to 1 ml with distilled water (acidiÐed urines
diluted 1 : 10) and analysed by colorimetry (C1). In
another assay, di†erent volumes of a solution contain-
ing 70 mg litre~1 were added to 5 ml of eachNH3-N
urine sample to increase their concentration byNH3-N
17É5, 35, 70 and 140 mg litre~1, and analysed by direct
distillation (DD1) to determine recovered. In allNH3-N
the assays, recovery was estimated as the slope when

measured by each method was regressedNH3-N
against the amount of added in each case, theNH3-N
intercept being an estimate of the amount of inNH3-N
the volume of urine used.

E†ect of urea on determinationsNH
3
-N

Aqueous solutions containing 0, 8, 16 and 32 g urea
litre~1 were prepared. In each urea solution di†erent
amounts of ammonium sulfate were dissolved to obtain
solutions containing 0, 11, 22, 44 and 88 mg NH3-N
litre~1. Thus, a total of 20 aqueous solutions was pre-
pared, resulting from all possible factorial combinations
of four levels of urea concentration and Ðve levels of

concentration. All these solutions (pH 5É2È6É5)NH3-N
were analysed to determine their concentrationNH3-N
using methods DD1, DD2 and C1.

Statistical analyses

The e†ects of analytical method and of the acid used to
lower the pH were determined by performing analysis
of variance using the GLM procedure of SAS (1989). In
the experimental design used, the analytical method was
the main source of variation, whereas the e†ect of the
type of acid was nested within the analytical method.
The variability among urine samples was excluded from
the experimental error (Steel and Torrie 1980). Direct
comparisons between two methods were carried out
using StudentÏs t-test for paired observations. Linear
regression and correlation analyses were performed by
the REG and CORR procedures of SAS (1989), respec-
tively.

RESULTS AND DISCUSSION

Colorimetric method

The results presented herein describe the characteristics
of the standard curve with the colorimetric method of
Weatherburn (1967), the dilution required to analyse
urine samples and the recovery of from sheepNH3-N
and goat urine samples when was added toNH3-N
increase its concentration by several levels.

The relationship between concentration ofNH3-N
standard solutions and optical density at 630 nm was
linear in the concentration range from 0É35 to 7 mg

litre~1. Residual standard deviations (RSD) ofNH3-N
the standard curves were between 0É090 and 0É164
(mean value was 0É133). Although absorbances observed
with undiluted urine samples were below maximum
values suggested by other authors (Weatherburn 1967),
urines had to be diluted in order to allow for full colour
development. Ammonia nitrogen concentrations mea-
sured in urine samples diluted 1 : 2 with 0É2 M HCl were
unexpectedly low because colour development and
optical density were minimal. Measured con-NH3-N
centration increased as urine samples were diluted
further reaching a maximum for urines diluted 1 : 20.
Although Fawcett and Scott (1960) suggested a dilution
of 1 : 200 for urine samples, no apparent di†erences in
estimated concentrations were observed whenNH3-N
the sheep and goat urine samples were diluted 1 : 20,
1 : 50 or 1 : 100. It has been pointed out that the indop-
henol reaction may be inhibited by a number of non-
protein nitrogen substances normally found in urine,
including creatinine (Dilworth et al 1992).

Recovery was inÑuenced by the dilution, so only the
1 : 20 dilution resulted in satisfactory recoveries of

Estimated recoveries for 1 : 20 diluted urinesNH3-N.
were 96É5% and 99É6% for the sheep and the goat urine
samples respectively, whereas recoveries were 67É2%
and 75É7% for the same urines when dilution was 1 : 5.
These recovery assays conÐrm that samples need to be
diluted to at least 1 : 20 to minimise the interference of
other nitrogen compounds on colour development.

Comparison between colorimetric procedures

There were no signiÐcant (P[ 0É10) di†erences between
concentrations estimated by the colorimetricNH3-N

procedures described by Fawcett and Scott (1960) and
by Weatherburn (1967). The linear relationship between
values obtained with both methods was :

NH3-FS \ 1É07(SE 0É063)NH3-W [ 1É45(SE 1É097)

(R2\ 0É950 ; n \ 11 ; P\ 0É001)

where and are the concentra-NH3-FS NH3-W NH3-N
tions (mg litre~1) measured by the procedures of
Fawcett and Scott (1960) and by Weatherburn (1967),
respectively. The mean bias between values obtained by
both methods was less than 1% and the slope of the
regression line did not di†er from unity (P[ 0É10). The
slope of the relationship between concentrationNH3-N
and optical density was lower with the Weatherburn
procedure (7É63 ^ 0É142 vs 11É80 ^ 0É233 mg NH3-N
per unit of absorbance), indicating that sensitivity could
be slightly higher than with the other procedure. Con-
centration measured with the procedure described by
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Weatherburn (1967) will be used for the comparison
with distillation methods.

Direct distillation method

The relationship between concentration of stan-NH3-N
dard solutions and the amount of 0É05 M HCl used in
the titration was linear (R2\ 0É998, P\ 0É001). NH3-N
concentrations could be determined by distillation in
undiluted urine samples providing the aliquots of urine
contained up to 100 mg litre~1 (Bremmer andNH3-N
Keeney 1965). Quantitative recovery of wasNH3-N
obtained by distillation, with recovery values of 95É6%
and 97É6% for the sheep and goat urines used pre-
viously. However, the method cannot accurately detect
low concentrations and requires greaterNH3-N
amounts of sample than colorimetric methods. Sensi-
tivity can be considerably increased by decreasing the
molarity of the acid solution used for titration.

Comparison between colorimetric and distillation
methods

Table 1 shows the source of each urine sample, with the
concentration of urea and of measured byNH3-N
colorimetric (C1) and distillation methods (DD1).
Values for the urea and ammonia concentrations were
consistent with the partition of nitrogenous substances
in the urine of sheep and goats reported by other
authors (Bristow et al 1992 ; Szanyiova� et al 1995). The
concentration of was much lower than that ofNH3-N
urea N, since this is the dominant form of urinary nitro-

gen, whereas represents only a small proportionNH3-N
of the total N in sheep and goat urine (Bristow et al
1992 ; Szanyiova� et al 1995). Sommer et al (1992) found
that total ammonium nitrogen (TAN) accounted for a
high proportion of total nitrogen in pig and cattle
slurry although, for these authors, TAN included both
urea and ammonia N. The composition in urea and
ammonia N of goat urine was similar to that of sheep
urine.

Correlation coefficients between concentra-NH3-N
tions measured by colorimetric and distillation methods
in urines acidiÐed either with HCl or with areH2SO4
shown in Table 2.

Despite apparent di†erences for some samples, there
were no statistically signiÐcant (P[ 0É10) e†ects of the
type of acid used to lower the pH of the urines on the

concentrations measured by both techniques.NH3-N
Linear and rank correlation coefficients between types
of acidiÐed urine within each analytical method (Table
2) were highly signiÐcant (P\ 0É01). Lepo and Ferren-
bach (1987) have suggested that measurements of
ammonia by colorimetry can be a†ected by small varia-
tions in added to the sample. Fawcett and ScottH2SO4
(1960) indicated that the phenateÈhypochlorite reaction
is inÑuenced by pH, but concluded that the inclusion of
bu†ers to acid solutions was unnecessary. Based on
current results, it seems that the type of acid used does
not have a signiÐcant e†ect on the determination of

providing the amounts of acid added are calcu-NH3-N,
lated for similar Ðnal pH values in the acidiÐed urines.

There were signiÐcant di†erences (P\ 0É001) between
analytical methods in the measured concentra-NH3-N

TABLE 1
Source of each urine sample, with urea concentration and ammonia nitrogen
concentration in urine samples acidiÐed either with HCl or with mea-H2SO4
sured either by colorimetric (method C1a) or alkali-distillation (method DD1a)

methods

Urine Source Urea NH3-N concentration (mg litre~1)
number (g litre~1)

Colorimetry Alkali-distillation

HCl H2SO4 HCl H2SO4
1 Sheep 1É2 13É6 16É5 21É1 22É3
2 Sheep 18É9 101É7 131É3 189É2 217É9
3 Sheep 4É6 5É0 9É0 26É3 23É7
4 Sheep 3É2 4É8 5É3 15É2 19É0
5 Sheep 1É6 22É9 18É0 30É6 27É9
6 Sheep 7É1 21É6 16É0 54É2 28É4
7 Goat 12É2 25É6 28É1 89É0 75É5
8 Goat 13É2 16É4 21É7 81É1 90É7
9 Goat 6É8 3É3 3É1 35É1 Èb

10 Goat 12É1 25É6 17É3 87É7 110É7
11 Goat 12É9 22É9 18É6 84É5 56É5

a See text for details.
b Not measured (not enough sample).
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TABLE 2
Correlation matrix (Spearman rank correlation coefficients in the upper
diagonal and Pearson linear correlation coefficients in the lower
diagonal) between values of ammonia nitrogen concentration measured,
either by colorimetric (method C1a) or alkali-distillation (method DD1a)

methods, in urine samples acidiÐed either with HCl or with H2SO4b

Colorimetry Alkali-distillation

HCl H2SO4 HCl H2SO4
Colorimetry

HCl 0É827** 0É836** 0É854**
H2SO4 0É984*** 0É763** 0É794**

Alkali-distillation
HCl 0É910*** 0É886*** 0É939***
H2SO4 0É904*** 0É894*** 0É962***

a See text for details.
b *** P\ 0É001 ; ** P\ 0É01.

tions. Values obtained by distillation and titration
(DD1) were between 1É3 and 10-fold (on average 2É6-
fold) higher than those measured by colorimetry (C1).
However, both measurements were signiÐcantly corre-
lated (P\ 0É001) and Spearman rank correlation coeffi-
cients were also signiÐcant (P\ 0É01), indicating that in
general the ranking of samples according to their NH3-

concentration was not a†ected by the analyticalN
method. The di†erence between values obtained by each
method did not seem to be associated to the NH3-N
concentration of the sample, but there was a signiÐcant
(P\ 0É001) relationship between the di†erence in the
values obtained by distillation methods relative to those
obtained by colorimetry and the urea concentration of
the urine samples. This relationship for the urines acid-
iÐed with HCl is illustrated in Fig. 1.

Table 3 shows the measured concentrationsNH3-N
(using methods C1, DD1 and DD2) in the aqueous

Fig 1. Relationship between urea concentration (g litre~1) of
urines preserved with HCl and the di†erence of the NH3-Nconcentration measured by the alkali-distillation method, rela-

tive to that obtained by the colorimetric method.

solutions containing di†erent concentration of NH3-N
and urea. In the urea-free solutions the concen-NH3-N
trations measured by the three methods were similar to
the actual concentrations of in the solutions.NH3-N
Agreement between observed and actual values was
generally good (di†erences \15%) when con-NH3-N
centrations were measured by colorimetry, irrespective
of the quantity of urea added to the solutions. However,
when urea was added to the solutions, the concentra-
tions of measured by distillation methods wereNH3-N
up to 8-fold greater than the actual concentrations.

Overestimation between ammonia concentrations
measured by alkali-distillation methods and actual con-
centrations was similar in all the solutions containing
the same concentration of urea, irrespective of the NH3-

concentration. However, the overestimation was con-N
sistently a†ected by the urea concentration, and the
ensuing signiÐcant relationships were obtained :

Di† (O-E)\ 2.30(SE 0É043)urea ] 0É24(SE 0É784

R2\ 0É998 P\ 0É001 n \ 4

when borax was used for the distillation of ammonia,
and

Di† (O-E)\ 1É76(SE 0É007)urea[ 3É09(SE 0É136)

R2\ 0É999 P\ 0É001 n \ 4

when MgO was used in the distillation ; where Dif. (O-
E) is the di†erence between observed and expected

concentrations (mg litre~1) and urea is the con-NH3-N
centration of urea (g litre~1) in the aqueous solutions.

During the distillation of ammonia, high tem-
peratures and alkaline pH values give rise to the hydro-
lysis of alkali-labile organic nitrogen compounds. This
e†ect depends on the alkali strength, and thus it has
been reported that more ammonia nitrogen is distilled
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TABLE 3
Ammoniacal nitrogen and urea concentrations in prepared aqueous solutions and

concentrations measured by colorimetry (method C1) or by alkali-distillationNH3-N
using either borax (method DD1) or MgO (method DD2)

Actual NH3-N Urea NH3-N concentration (mg litre~1)
concentration concentration
(mg litre~1) (g litre~1) Method C1 Method DD1 Method DD2

0 0 0É1 0É8 0É0
0 8 0É0 20É3 12É2
0 16 0É0 40É4 23É4
0 32 0É1 77É0 50É8

11É4 0 11É1 11É6 9É5
11É6 8 12É6 38É6 21É3
11É3 16 10É6 56É8 34É8
11É4 32 11É2 95É5 61É9
22É8 0 25É0 27É3 19É9
23É3 8 24É6 49É8 34É6
22É7 16 22É2 70É1 51É6
22É7 32 22É3 105É1 79É2
45É7 0 48É7 51É0 39É1
46É5 8 50É6 83É0 52É6
45É3 16 47É4 95É8 66É3
45É5 32 47É2 130É8 95É7
86É7 0 89É3 93É7 86É2
88É3 8 98É6 123É6 100É2
86É0 16 93É9 137É3 111É1
86É2 32 91É4 171É8 138É3

with NaOH than with MgO in slurry (Sommer et al
1992) and in soil samples (Bremmer and Keeney 1965).
The interference of some alkali-labile nitrogen com-
pounds in alkali-distillation methods of determining
ammonium ion can be eliminated by performing the
distillation using a small amount of MgO and a very
short period of incubation (Bremmer and Keeney 1965).
In this experiment, an extensive hydrolysis of urea has
been caused by both borax and MgO. Bremmer and
Keeney (1965) found that glucosamine and galactos-
amine yielded ammonia under alkali-distillation,
whereas the presence of urea and other nitrogen com-
pounds did not interfere in determination of ammonia.
However, it must be stressed that tests carried out by
these authors were using solutions containing up to
10 mg urea-N litre~1, whereas concentrations in sheep
and goats urine are in the range of 3È20 g urea-N
litre~1 (Bristow et al 1992).

CONCLUSIONS

This study has conÐrmed the overestimation of NH3-N
in the urine of small ruminants by the alkali-distillation
methods when compared with a colorimetric determi-
nation. The extent of overestimation is strongly related
to the urea concentration of the urine and, given the
high urea content of urine samples, alkali-distillation
methods are inappropriate to determine their ammonia

concentrations. Colorimetry gave quantitative determi-
nation of ammonia-N in aqueous solutions containing
variable amounts of urea, and seems to be a more accu-
rate technique to determine the urinary ammonia con-
centration. The concentration in urine samplesNH3-N
amounts to a low proportion of total urinary nitrogen,
and can be a†ected by a number of factors (pH and
temperature during collection, interval between excre-
tion and transfer to the cold store) which determine the
hydrolysis of urea to ammonia immediately after uri-
nation (Bristow et al 1992). In nutritional studies, where
urine is usually collected over 24 h periods, it seems
that there will always be some urea breakdown, and
could be appropriate to measure total urea ] ammonia
nitrogen, by enzymatic hydrolysis of all the urea and
then determine ammonium ion either by colorimetry
(Fawcett and Scott 1960) or by alkali distillation. The
last alternative has been proposed by AOAC (1995) for
the determination of urea and ammoniacal nitrogen in
animal feeds. However, in some physiological and clini-
cal studies it can be important to distinguish between
urea and ammonia in the urine. In this case, ammonia
N in urine can be reliably measured by the colorimetric
method (and not by distillation), although it is impor-
tant that no urea is degraded to ammonia during the
interval from collection to analytical determination
(samples have to be stored at low pH and temperature,
and during very short periods of time).
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