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Mitgation of Ammonia Emissions through
the use of Benzoic Acid in the Diet of Pigs
Metabolising benzoic acid to
hippuric acid through fattening pig
feed reduces the pH value in their
liquid manure. In a comparative in-
vestigation with two groups, the
ammonia emission reduction by
using benzoic acid in pig fattening
was quantified. Besides increasing
fattening performance, the positive
effect on ammonia emissions at-
tained resulted in only one of four
fattening batches having a consis-
tent reduction (19 %). The emis-
sion-reductive effect of benzoic
acid is closely correlated with the
nutrient utilization by the animals
and the buffer feature of the slurry.
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For the reduction of ammonia emissions
from pig fattening units, there are va-

rious process-integrated measures, which in
contrast to “end of pipe solutions“ have the
advantage of preventing the formation of
ammonia and therefore improving the air
quality of the unit. As a process-integrated
measure to reduce emissions, benzoic acid
can be added to the feed of fattening pigs.
The use of benzoic acid can reduce the pH
value of the slurry, as it is taken up in the gut
and in the presence of glycine from the liver,
is detoxified to hippuric acid. Through the
excretion of hippuric acid, the pH value of
the urine is reduced [1].

[2] carried out a feeding experiment in
which an acidic mix with 70% benzoic acid
was used. In three fattening periods which
were investigated, they found variations in
emission reductions between 13% and 50%.
The investigations of [3] and [4] were carried
out over a fattening period with disconti-
nuous measurements. [3] established a re-
duction in NH3 emissions of about 40%,
while [4] found a NH3 reduction of 24%.

In the investigation presented here, the in-
tention is to establish whether the desired re-
ductions in emissions can be reproduced at
operational changes in the keeping condi-
tions, and in particular whether the addition
of benzoic acid as a means of reducing emis-
sions is applicable within the framework of
legally acceptable standards in authorisation
procedures for new units. 
Animals, Materials and Methods

The investigation was carried out in a fat-
tening pig farm with four similar compart-
ments each containing 120 pigs. Two of the
compartments were used for the comparative
study. In four fattening batches, the com-
partments for the benzoic acid (BA) and the
reference group (R) were alternated. The
feed was offered ad libitum with automatic
mash feeders. The feedstuff was identical for
both groups, with the exception that the test
group received a benzoic acid supplement of
1%. The feed consumption level was mea-
sured through separate feed silos.  

The energy and crude protein in the feed
was adapted to the growth development of
the animals within the framework of a RAM
feeding programme. The energy content was
reduced from 13.4 MJ at the beginning of the
fattening period to 12.6 MJ at the end of the
fattening period, and in the same way the
crude protein content was reduced from
17% to 14%. In the first fattening period,
protein-reduced phase feeding was not ap-
plied because of the poor live weight gain.

The measurement of gas concentrations
was carried out continuously by a photo-
acoustic spectrometer (Innova Air Tech In-
strument, DK). In order to be able to carry
out parallel measurements in both compart-
ments, a multi sampler was used. The air
samples were taken from the exhaust ducts
behind the measuring fan. To conduct the
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M1 M2 M3 M4
R BA R BA R BA R BA

Starting weight
[kg/animal] 47.2 44.2 34.7 34.9 31.7 31.3 35 35.6
Feeding day 29 11 6 5
End weight  
[kg/animal] 92.8 95.8 101.3 103.2 97.9 102.2 108.1 111.9
Feeding day 99 88 90 90
Daily gain [g/d] 651 738 865 887 788 844 860 898
Increase [%] 13 2.5 7.0 4.4
Feed conversion
[kg / kg] 2.86 2.83 2.55 2.48 2.64 2.58 2.64 2.61
R: Reference; BA: Benzoic acid 

Table 1: Effect
of benzoic acid

on the perfor-
mance of pigs in

the fattening
periods (M1-

M4)
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sample to the gas analyser, Teflon tubes (PT-
FE), which were heated to 45 °C, were used. 

Liquid manure samples were taken from
the slurry in regular intervals and analysed in
the laboratory to establish the pH value.  The
sample was taken through the slatted floor at
two sampling points.  After sampling, the
samples were frozen and analysed in the la-
boratory.  At the end of the fattening period,
the slurry was analysed for the factors which
influence the ammonia emissions - DM, TN,
C/N ratio, NH4 and pH. Total carbon (TC)
and Total nitrogen (TN) were analysed with
the MACRO N from Elementar corp. Am-
monia was digested with the Kjeldahl-me-
thod and measured with a photometer. The
pH-influencing parameter as electrolyte
content, with reference to the dietary elec-
trolyte balance (dEB - mEq/l = Ca++K+-Cl-)
and buffer capacity (titration with 1M HCL
at pH 3) was investigated in the slurry.

The statistical evaluation was carried out
with the Programme SPSS 14.0. The effects
of the benzoic acid on ammonia emissions
were calculated with a multivariate Analysis
of Variance (GLM) on the basis of weekly
average values. For the slurry analysis, two
sampling times were used at the end of the
fattening period. In both variance models,
benzoic acid and fattening period are includ-
ed as factors. The means of different slurry
characteristics between the fattening periods
were tested for statistical significance using
Student-Newman-Keuls procedure.

Results

The increases in live weight were lowest in
the first fattening period and consequently,
the feed conversion was higher than in the
following batches (Table 1). This is a result
of an inferior state of health in the first fat-
tening period. In the mean of the four fat-
tening periods, higher daily gains could be
attained with benzoic acid, amounting to 
788 g d-1 in the reference compartment and
841 g d-1 in the compartment with benzoic
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acid. The average feed conversion was also
improved in the group with benzoic acid,
with values of 2.62 kg/kg and a shift of 
0.05 kg/kg. 

The reductions in ammonia levels turned
out to be very different in the four fattening
periods and are related to the observations
for the fattening parameters. In the first fat-
tening period, a large reduction was appa-
rent, which produced an average 19% reduc-
tion in emissions for the whole fattening pe-
riod. However, the effects could not be
reproduced in following fattening periods
after the units were changed. The reduction
rates were negative at the start of fattening;
positive results occurred only later in the pe-
riod (Fig. 1). Over the whole of the fattening
period, no statistically significant reduction 
rate could be established. 

The slurry analysis (Table 2) indicates sig-
nificant differences for the factors C:N ratio,
TN, NH4, pH, dEB and buffer capacity bet-
ween the fattening periods. In the analysis of
variance, the benzoic acid did not signifi-
cantly influence the pH value. The high
emission reduction rate in the first fattening
period can be referred back to the higher N
concentrations (TN and NH4) in the slurry.
Similarly, the buffer capacity was lowest in
the first fattening cycle, meaning that good
conditions were present for the benzoic acid
to reduce emissions. The parameters dEB,
DM und C/N ratio have no significant rela-
tionship to ammonia emissions. 
Conclusion

With the addition of benzoic acid to the diet
of fattening pigs, ammonia emissions can be
positively affected. The reductions in emis-
sions increase during the course of the fat-
tening cycle and are affected by a number of
factors. With a diet adapted to nutrient con-
tent with low nitrogen excesses (RAM), the
effects of the benzoic acid are not as strong,
compared with a high nutrient supply and a
low live weight gain. As a procedure for a
calculable reduction in emissions, no repro-
ducible rate of reduction could be deter-
mined. 
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Fig. 1: Course of
ammonia
reduction in the
four fattening
periods (aver-
age weekly
values)
FP DM C/N TN NH4-N pH dEB1 Buffer capacity2

[%] [%] [%] value [mEq/l] [ml/kg]
1 12.3 7.27b 0.74c 0.62c 7.48a 4377b 694a

2 11.0 7.38b 0.68bc 0.59bc 7.54ab 3994ab 730ab

3 11.1 8.42c 0.60a 0.56b 7.76b 3986ab 732ab

4 10.2 6.32a 0.62ab 0.52a 7.74b 3665a 804b

FP = Fattening Period 
1 deB = Ca+ K+-Cl- 2 Quantity of 1M HCl for a titration at pH 3

Table 2: Slurry
characteristics

in the four
fattening

periods (M1-
M4)  
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