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Nutritional control of odor 
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Introduction 

Swine production in the United States has changed dra
matically over the last 50 years. Specifically, the industry 
has shifted towards a highly specialized systems approach, 
which has resulted in the concentration of production in 
certain areas of the country. The use of animal waste be
comes a challenge in the intensive production of swine 
because the amount and nutrient composition of the ma
nure may exceed the capacity of the land for its applica
tion as a fertilizer. In addition, concentration of swine 
enterprises in relatively small areas has caused an in
creased concern regarding odor emissions. Odors may 
emanate from swine buildings and facilities, from out
si~e storage and treatment systems, or from manure ap
plIed on the land. The general public regards these odors 
to be a nuisance and, at high concentrations, gaseous 
emissions from swine manure such as ammonia and hy
drogen sulfide may pose a health risk to animals and hu
mans in swine facilities. This paper will focus on nutri
tional strategies that can reduce odor in swine buildings. 

Origin of odorous compounds 

Odorous compounds originate from the anaerobic degra
dation of carbohydrates, fatty acids, and protein 1. Research 
reports indicate that 168 compounds have been identified 
from livestock waste, of which 30 had an odor detection 
threshold of less than 1 (g/m3 (this is comparable to ap
proximately 1 ppb)2. This indicates that humans are very 
sensitive to a great number of volatile compounds found 
in waste. Each of these compounds may have unique sen
sory properties, and the odor perception of mixtures of 
these compounds is difficult to predict. The main com
pounds contributing to odor in swine production facili
ties, based on their odor detection threshold and their con
centration in swine slurry, are summarized in Table 1. In 
a review3 of the origins of odor compounds in livestock 
waste, it was reported that phenolic compounds are pro
duced from tyrosine and phenylalanine, indole and ska
tole from tryptophan, and sulfides, including hydrogen 
sulfide, from the sulfur amino acids and the sulfate com
ponents in minerals (Table 1). Similarly, others4 have re
ported that phenols and indoles arise from microbial deg-
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radation of protein. Volatile fatty acids are produced 
mainly in feces from fiber and protein degradation5

• 

Nutritional manipulation of odor 

Several researchers have reported that odor production 
can be affected by different nutrients, the intestinal mi
croflora, and pH6.7.8. Based on the knowledge that many 
odor-producing compounds originate from the breakdown 
of protein, a logical approach would be to reduce the to
tal amount of protein in the diet. 

Hobbs and coworkers9 reported reduced concentrations 
of volatile fatty acids and branch-chain volatile fatty ac
ids in slurry from pigs that were fed low protein diets 
(14% and 13% CP for the grower and finisher diets, re
spectively) compared to pigs fed high protein diets (21 % 
and 19% CP for the grower and finisher diets, respec
tively). In addition, they reported reduced levels of 4-
methyl phenol (p-cresol), indole, and skatole in slurry from 
pigs fed low protein diets. However, in another study8 no 
differences in phenolic compounds or sulfur-containing 
compounds in feces were observed from pigs fed either 
10%, 13%, or 18% CP diets. In theory, lowering crude 
protein in diets through formulating diets on an ileal di
gestible amino acid basis and inclusion of synthetic amino 
acids in the formulation provides an opportunity to re
duce odor emission. The reason why data are contradic
tory may be related to assay procedures that are often 
conducted in vitro by mixing urine and feces at certain 
ratios. Effects of nutrients on urine and fecal volume and 
their impact on total odor production thus are often not 
accounted for in these procedures. In addition to a poten
tial benefit on odor, Kerr (1995)10 concluded from a sum
mary of 28 experiments that for each 1 % reduction in CP 
N excretion was reduced by 8.4%. In addition to a reduc~ 
tion in N excretion, the feeding of low protein diets can 
also affect ammonia levels in the air. Latimier (1993)11 
reported a reduction ofN in the air of approximately 8.6% 
by for every 1 % reduction in CP in the diet. High levels 
of ammonia have been suggested to be linked to high lev
els of odorl2, although this relationship did not appear to 
hold true for all environments. Thus, strategies that have 
been demonstrated to be successful in reducing ammonia 
emission may not have a positive impact on odor. Van 
Kempen (2001, unpublished results) observed that phos-
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Table 1. Origin and threshold of odorous compounds found in swine waste2
.
3

.
8 

Compound Main Origin Odor Detection Threshold, 

Jlglm3 

Acetic acid Fiber 25-25,000 

Propanoic acid Fiber 3-890 

Butanoic acid Fiber, Histidine 4-3,000 

3-Methyl butanoic acid Fiber 5 

Pentanoic acid Fiber 0.8-70.0 

Phenol Phenylalanine, Tyrosine 22-4,000 

4-Methyl phenol (p-cresol) Tryptophan, Tyrosine 0.22-35.00 

Indole Tryptophan 0.6 

3-Methyl indole (skatole) Tryptophan 0.4-0.8 

Methanethiol Methionine, Cystine 0.5 

Dimethyl sulphide Methionine, Cystine 2-30 

Dimethyl disulphide Methionine, Cystine 3-14 

Dimethyl trisulphide Methionine, Cystine 7.3 

Hydrogen sulphide Methionine, Cystine 0.1-180.0 

phoric acid in combination with calcium sulfate (as di
etary calcium and phosphorus source) in the diet decreased 
ammonia emission by approximately 25%. However, the 
concentration of major odorous compounds and odor sen
sation were not affected. 

Minimizing the amount of substrate available to micro
organisms in the intestine may be important to reduce odor. 
This is based on the fact that odors are the result of in
complete fermentation of protein and fibers in the gut and 
in the manure. Therefore, improving the digestibility of 
nutrients in the ration appears to be a logical approach to 
reduce odor. Exogenous enzymes have been reported to 
improve the digestibility of protein and other nutrients; 
however, their effect on odor emission has not been docu
mented. Stimulating microbial growth in the large intes
tine of pigs may provide another opportunity to affect odor 
emission. Although this seems contradictory, increased 
microbial activity in the intestine may results in the in
corporation of precursors for odorous compounds into 
bacterial protein. The addition of non-starch polysaccha
rides to the diet, for example, has been reported to stimu
late the incorporation of N into bacterial protein and re
duce the amount of ammonia being absorbed from the 
large intestine into the blood. The result is a reduction in 
N excretion in the form of urea in the urine, which in turn 
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leads to reduced ammonia emission in the barn. How
ever, the exact impact of dietary non-starch polysaccha
rides on odor emission needs to be evaluated. Hawe and 
coworkers7

, for example, reported an increased total ex
cretion of indole and skatole in pigs fed diets containing 
sugar-beet pulp as a fermentable fiber source. One could 
speculate that increased endogenous secretions resulting 
from diets containing fiber and decreased protein diges
tion may have increased the availability of protein in the 
large intestine for microbial degradation and thus in
creased levels of indole and skatole. Furthermore, research 
from the Netherlands" demonstrated an increase in vola
tile fatty acid excretion in the feces in pigs fed sugar beet 
pulp as a fibrous ingredient. which has the potential to 
lead to increased odor perception. Continued research is 
necessary to identify the role of microorganisms and avail
able substrate on the production of odorous compounds. 
Many products, such as antimicrobials, direct-fed 
microbials, enzymes, etc .. have the potential to alter mi
crobial fermentation and are therefore promising candi
dates to reduce odor emission. 

Many of the odorous compounds of importance are sul
fur-containing compounds. Thus, reducing the amount of 
sulfur in the diet may have an impact on odor. Specifi
cally, the sulfur containing amino acids methionine and 
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cysteine need to be kept close to the requirement of the 
animal to avoid excesses. In addition, many minerals 
added to pig diets are sulfur-containing salts, which may 
contribute to odor'4. Van Kempen (unpublished results) 
reported that odor sensation was 2.7 times greater in ma
nure from pigs fed calcium sulfate as a calcium source 
compared to control pigs fed limestone. Feeding calcium 
sulfate resulted in digestive upset and diarrhea, which may 
have contributed largely to increased odor emission. 

Affecting odor by diet composition: 
An example 

An experiment was conducted at North Carolina State 
University '5 to determine the odor characteristics of swine 
manure collected from pigs fed 10 different diets. Diets 
consisted of: 

• control diet containing 17% crude protein; 

• control with I % garlic powder; 

• control with I % onion powder; 

• high crude protein diet (34% CP); 

• diet with fishmeal replacing soybean meal as the pro
tein source; 

• high fiber diet (contained 25% soybean hulls); 

• high sulfur diet (feather meal replaced soybean meal 
as the protein source); 

• purified diet (mainly starch and casein); 

• control with I % peppermint extract; and 

• control with I % dehydrated asparagus. 

Diets were formulated to be nutritionally adequate and 
contained the same amount of protein (except for the high 
crude protein diet). Samples of feces and urine were taken 
after a 5-day adaptation period and mixed at a ratio of2: I 
urine to feces. Samples were evaluated by extension 
agents, graduate students, and faculty in animal science. 
Samples were scored on a scale of I to 8 for pleasantness, 

irritation, and odor intensity, with I being best and 8 be
ing worst. The control sample served as a standard for 
comparison and this sample was assigned a value of 4. 
Diet composition had a significant impact on odor sensa
tion (P<.02). Diets containing fishmeal and high levels 
of sulfur (through the addition of 12% feather meal) were 
considered to be most unpleasant as indicated by their 
high odor score. We have previously observed that feather 
meal inclusion at up to 8% increased concentrations of 
butanoic, pentanoic, and 3-methylbutanoic acid in feces, 
although the concentrations of 3-methylphenol, 4-
methylphenol, indole, and decane were reduced. It ap
pears from the results reported in Figure 1 that the com
bination of odorants produced by pigs fed feather meal 
resulted in an overall increase in unpleasant odor sensa
tion. Manure from pigs fed the high fiber diet or the puri
fied diet was perceived as more pleasant than the control 
diet. High levels of fiber would be expected to reduce the 
digestibility of nutrients and increase endogenous losses 
and therefore have the potential to increase odor forma
tion. However, the opposite was true in this demonstra
tion project, possibly owing to the use of a poorly fer
mentable source of fiber. The purified diet, on the other 
hand, reduced odor as was expected based on the highly 
digestible ingredients of this diet. 

An interesting observation in this experiment was that 
there were substantial differences in how people perceived 
odors emanating from these manure samples. Evaluators 
were grouped into people with high exposure levels to 
swine manure in their daily activities and people with low 
exposure to swine manure. For odor sensation, both groups 
responded similarly (data not shown). However, for un
pleasantness of odor (Figure 2), a clear group effect was 
shown. 

The reference sample was set at a score of 4, as per the 
design of the study. Samples whose odor was considered 
more unpleasant by either group were rated worse by the 
low exposure group than the high exposure group. This 
difference in rating between the groups became greater 
as the samples became more unpleasant. Thus, differences 
in exposure level appeared to affect odor perception. 

Figure 1.Effect of diet composition on pleasantness of odor from swine manure. 
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Figure 2.Differences in pleasantness of odor judged by people with either low or high exposure to swine 
manure (the dotted line serves as the reference line). 
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People exposed to livestock odors on a daily basis, al
though equally perceptive of the odors, appeared to be 
more tolerant of the smell. 
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