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I ntroduction

The threat of odors emitted from pork production operations in some aress of the country has
restricted growth of the industry and has created negative relations with residentia neighbors. Odors
from manure result from microbid decomposition of the organic matter and nutrients in undigested feed,
and norma exogenous end products of cdlular metabolism. Reducing nutrient excretions and contralling
compounds creeting the odors in manure are needed to significantly reduce odors emitted from pork
production units. Minimizing nutrient excesses in diets, improving nutrient digestibility and utilization, and
baancing nutrient levels to meet the needs of the pig and of the microflora in the digestive system are
approaches needing evauation as potentia methods of odor control. Reducing the dietary crude protein
level and supplementing with synthetic amino acids has reduced nitrogen excretion from pigs (Lenis,
1993). From 25 to 30% reduction of nitrogen in manure has been reported (Bridges, et d., 1994;
Cromwell and Coffey, 1993; Jongbloed and Lenis, 1993; Hartung and Phillips, 1994), and
theoreticdly, a nitrogen reduction of 40 to 50% is possible (Kirchgessner and Roth, 1991). Altering the
ratio of nitrogen excretion in urine and feces is a potentia means for reducing ammonia emissons. By
reducing the nitrogen excretion in urine as urea, which is the primary precursor for ammonia
volatilization, and shifting the nitrogen excretion into the feces, which is primarily in the form of bacterid
protein, ammonia volatilization is reduced. The objectives of this sudy were to determine the sources
and concentrations of odorous compounds in ceca contents, fresh manure and anaerobicaly stored
manure from swine, and to determine the effects of dietary nitrogen manipulation on production of
odorous compounds.

Materialsand M ethods

Three groups of four crossbred gilts (12 total), averaging 120 Ib, were surgicaly cannulated in
the cecum using standard procedures. The pigs were fed each of four diets in a 4x4 Latin Square
designed experiment with three replicate trids. Dietary trestments were:

1. 10% crude protein, protein deficient diet;

2. 10% crude protein with four synthetic essentiad amino acids (lysine, threonine, tryptophan

and methionine), amino acid supplemented diet;

3. 13% crude protein diet, sandard commercia diet; and

4. 18% crude protein, protein excess diet.

All diets were corn-soy based, fortified with a vitamin and minerd premix and tylan. After a 2-week
adaptation to each diet and placement in digedtibility crates, ceca samples were collected on three
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separate days, four hours after feeding. Manure and urine samples were collected over a 24-hour
period on three separate days. The manure and urine were mixed and initid manure samples were
obtained; subsamples were used for 90-day anaerobic incubations. During the incubations, fresh manure
was added three times per week, using typica manure production values for the flask volume. Separate
gas samples were collected from the daily cecd and fresh manure samples. Gas samples were collected
from anaerobic incubation flasks each week from 60 to 90 days &fter initiation of the study. Liquid
matrix subsamples were acidified and andyzed for short chained voldtile fatty acids (VFA). Dry matter,
pH, ammonia and total nitrogen were assayed.

Results and Discussion

Results for cecd contents are given in Table 1. The pH and ammonia nitrogen concentrations
were not affected by diet. However, total nitrogen concentrations were lower (P<.05) in pigs fed the
deficient protein and amino acid supplemented diets, as compared to the standard and excess protein
diets. From 17% to 20% less nitrogen was present with the amino acid supplemented diet compared to
the higher protein diets. The dry matter content from pigs fed the standard and excess protein diets was
lower (P<.05) than the other diets. Propionic and valeric acids were higher (P<.05) for pigs fed the
gtandard diet compared to the other diets, except propionic concentrations were similar for the amino
acid supplemented diet. On a molar percent basis, the lowest proportion of butyric acid in the tota
VFA concentrations was observed with the amino acid supplemented diet. The propionic acid
concentrations and molar percentage proportion of the total VFA for pigs fed the excess protein were
numericaly lower than the other diets. Higher propionate levels in cecad contents favor more efficient
energy utilization for the pig. Since ammonia concentrations were not changed by diet and tota nitrogen
was lower in the cecal contents, it appears that reduced protein degradation resulted.

Reaults for fresh manure are given in Table 2. The amino acid supplemented diet reduced
(P<.05) pH, ammonia nitrogen and tota nitrogen compared to the other diets. Dry matter level was
higher for pigs fed the amino acid supplemented diet, and dry matter was decreased with increasing
dietary crude protein (P<.05). Ammonia nitrogen, on a dry matter basis, was reduced 25%, 28% and
40% (P<.05) with the amino acid supplemented diet as compared to the deficient, standard and excess
protein diets, respectively. Tota nitrogen, on a dry matter basis, was reduced 20%, 28% and 42%
(P<.05) with the amino acid supplemented diet as compared to the deficient, standard and excess
protein diets, respectively. The only changes in voldile fatty acid concentrations were reduced
propionic, butyric and valeric acid concentrations for pigs fed the excess protein diet (P<.05). Reduced
levels of ammonia and total nitrogen in fresh manure compared to cecad contents suggested that much of
the ammonia and tota nitrogen reaching the colon was used for further bacterid growth and less was
absorbed for excretion in urine. Smilarly, less volatile fatty acids were excreted in fresh manure and
proportionaly were used more efficiently by the pig and/or the intestind bacteria

Similar responses to the diets were evident during the anaerobic incubation of the manures
(Table 3). The pH of manure from pigs fed the amino acid supplemented diet was lower (P<.05) than
the other diets. Ammonia and total nitrogen concentrations were sgnificantly lower for pigs fed the
amino acid supplemented diet, followed by incrementd increases in nitrogen compounds for the
deficient, standard and excess protein diets. Ammonia nitrogen concentrations on a wet basis were

148 _____________




PURDUE UNIVERSITY SWINE DAY SEPTEMBER 3, 1998

reduced by 32%, 43% and 56% (P<.05) with the amino acid supplemented diet as compared to the
deficient, sandard and excess protein diets, respectively. Similarly, total nitrogen levels were reduced
by 29%, 43% and 55% (P<.05) with the amino acid supplemented diet as compared to the deficient,
standard and excess protein diets, respectively.

Totd voldile fatty acid concentrations were highest with the standard diet, with a very high
proportion of acetic acid. Conversdly, volatile fatty acids were reduced with the deficient and excess
protein diets. This response reflects a Smilar trend in the fresh manure from pigs fed the excess protein,
but is not smilar to VFA production in the manure from pigs fed the deficient protein diet. Therefore, it
gopears that there was insufficient nitrogen in the deficient diet to promote microbid decomposition in
the anaerobicdly stored manure. Also, there was an imbdance in the C:N ratio or insufficient
carbohydrate in the excess protein diet to promote enhanced microbid decompostion. Although the
reduced pH in the amino acid supplemented diet was not solely due to increased VFA, the lower pH
and less anmonia and totd nitrogen excretion suppressed anmonia volatilization from stored manure.
Also, reduced microbia metabolism and growth were evident from the lowered VFA production in
manure from the amino acid supplemented diet compared to the standard diet.

Anayss of gas collected from ceca contents has identified ethanal, propanol, butanol, n-propyl
acetate, dimethyl disulfide, dimethyl sulfide, smethyl propanethionate, 2-butanone, and the ethyl esters
of propanoic acid and butanoic acid (Table 4). Smilar compounds were identified in gas collected from
fresh manure a relatively lower concentrations, but with ethanol, propanol, dimethyl disulfide and 2-
butanone as the primary organic compounds (Table 5). Prevaent concentrations of ethanol, propanal,
dimethyl sulfide, dimethyl disulfide, and carbon disulfide were obsarved in gas collected from
anaerobically stored manures (Table 6). Further studies need to be conducted to discern specific
metabolic microbid pathways creating these compounds and to develop means to reduce specific
sulfide compounds which cause odors.

Implications

Based upon this study, reducing the crude protein level of pig diets and supplementing with
essentid amino acids to meet the pig's lean tissue production sgnificantly reduced tota nitrogen
excretion and ammonia concentrations, and atered the concentrations and ratios of selected volatile
fatty acids in fresh manure. Smilar more pronounced results were observed with anaerobicaly stored
manures. Current standard diets often meet the nutritiona needs of the pig for the mogt limiting amino
acids, but exceed other amino acids requirements, resulting in excessve nitrogen excretions.
Degradation of these excess proteins could result in production of obnoxious odors. By reducing the
crude protein level of atypicd corn-soy based diet and balancing with essential amino acids, there was
more efficient nitrogen utilization by the pig, and less excretion of nitrogenous compounds and odors in
manures. Direct measurement of aerid ammonia concentrations from the incubation flasks supported
this observation. If the cost of adding additiond synthetic amino acids is not too prohibitive, the
manipulation of nitrogen in the diet may be a practical method of reducing the land necessary for manure
gpplication (based on nitrogen loading rates) and reduction of ammoniainto the atmosphere.
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Table 1. Effect of diet on pH, nitrogen components and volatile fatty acidsin cecal contents

Diet pH DM NHzN TKN? Volatile Fatty Acids®, mmole/L

(% CP) % %DM %DM  Ac Pro iBut But iva Vva Total

Deficient 556 1448 0282 240° 696 376> 060 160 099 476 1296
(10)

Suppl. 556 151* 0281 232 689 397 068 162 173 58 1331
(10+AA)

Standard 553 132° 0286 279 687 412 0650 177 114 713 1366
(13)

Excess 556 125 0309 288 712 365 055 175 118 425° 1313
(18)

! Different letter superscripts within a column indicate means are significantly different (P<.05).

2 Total Kjeldahl nitrogen.

3 Volatile fatty acids: acetic (Ac), propionic (Pro), isobutyric (iBut), butyric (But), isovaeric (iVa),
vaeric (Va).

Table 2. Effect of diet on pH, nitrogen components and volatile fatty acids in fresh manure.*

Diet pH DM NHzN TKN? Volatile Fatty Acids®, mmole/L
(% CP) % %DM %DM Ac Pro iBut But ivad Val  Totd

Deficient 780 17.3° 347° 740° 394 186 142 104 199 33g® 752
(10)

Suppl. 733 184  261° 590° 377 2022 145 113 263 338° 765
(10+AA)

Standard  7.84% 16.0° 361° 816° 368 183 140 105 19 4022 730
(13)

Excess 813 129 435 1013 372 146 137 84 19 304° 666
(18)

! Different letter superscripts within a column indicate means are significantly different (P<.05).

2 Total Kjeldahl nitrogen.

3 Volatile fatty acids: acetic (Ac), propionic (Pro), isobutyric (iBut), butyric (But), isovaeric (iVa),
vderic (Va).
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Table 3. Effect of diet on pH, nitrogen components and volatile fatty acids in anaerobicdly stored
manure.*

Diet pH DM  NHzN TKN? Volatile Fatty Acids®, mmole/L
(% CP) % mgL mglL Ac Pro iBut But iva Va Tota

Deficient 758 540° 4375° 5631° 84 069 151 151 335 018 1564
(10)

Suppl. 6.94° 6472 2086¢ 4026° 100 134 417 2115 527 291 4532
(10+AA)

Standard 7807 564° 5239° 7012° 825 444 352 261 394 000 96.99
(13)

Excess 797 575° 678" 8912 130 176 335 031 38 000 2233
(18)

! Different letter superscripts within a column indicate means are significantly different (P<.05).

2 Totd Kjedahl nitrogen.

% Volatile faity acids: acetic (Ac), propionic (Pro), isobutyric (iBut), butyric (But), isovaeric (iVa),
vderic (Va).
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Table 4. Effect of diet on relative organic compound concentrations in headspace air from cecd
contents.

Diet (% CP)
Compound Deficient (10)  Suppl. (10+AA)  Standard (13) Excess (18)
relative percent of pesk area
Ethanol 21.8 16.6 17.8 154
Propanoal 10.9 10.2 10.9 10.7
Butanol 5.8 4.2 6.4 6.6
Pentanol 2.0 2.0 2.0 1.0
n-Propyl acetate 53 5.6 59 7.3
Propanoic acid, ethyl ester 5.7 54 4.2 5.8
Butanoic acid, ethyl ester 45 4.2 3.0 7.0
Pentanoic acid, ethyl ester 13 4.7 3.0 3.0
Ethanethioic acid, 45 55 9.3 55
smethyl ester
Dimethyl sulfide 2.8 0.0 35 4.0
Dimethyl disulfide 59 4.8 6.8 7.0
S-methyl propanethionate 6.5 4.2 7.0 5.7
2-Butanone 2.0 3.0 0.0 0.0
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Table 5. Effect of diet on relative organic compound concentrations in headspace air from fresh
manure.

Diet (% CP)
Compound Deficient (10)  Suppl. (10+AA) Standard (13)  Excess(18)
relative percent of pesk area
Ethanol 11.0 139 13.2 22.6
Propanal 9.0 75 9.6 11.8
Butanol 3.2 3.8 3.8 2.7
Pentanol 1.3 2.3 0.0 5.0
n-Propyl acetate 0.0 3.0 0.0 2.5
Propanoic acid, ethyl ester 6.0 35 0.0 35
Butanoic acid, ethyl ester 0.0 0.0 0.0 1.0
Ethanethioic acid, 9.0 8.0 3.7 5.0
s-methyl ester
Dimethyl sulfide 4.5 2.0 7.0 3.0
Dimethyl disulfide 11.2 17.0 134 14.3
S-methyl propanethionate 4.0 6.7 7.0 2.0
Dimethyl sulfoxide 1.0 0.0 3.0 0.0
2-Butanone 9.7 7.3 5.8 8.6
2-Pentanone 6.5 2.0 2.7 4.8
Methyl iso-butyl ketone 0.0 2.0 0.0 0.0
Aceta-ddehyde 2.0 0.0 0.0 0.0
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Table 6. Effect of diet on relative organic compound concentrations in headspace air from anaerobicaly
stored manure.

Diet (% CP)
Compound Deficient (10)  Suppl. (10+AA) Standard (13)  Excess(18)
relative percent of pesk area
Ethanol 10.7 6.5 16.0 2.7
Propanal 2.8 8.0 6.0 2.0
Butanol 6.6 0.0 0.0 0.0
n-Propyl acetate 4.0 4.0 5.0 3.0
Ethanethioic acid, 0.0 1.0 4.0 35
smethyl ester
Dimethyl sulfide 7.2 8.0 15.5 8.0
Dimethyl disulfide 12.0 14.3 11.0 10.3
Dimethyl sulfoxide 1.0 1.0 11.0 7.0
Carbon disulfide 11.2 10.3 10.7 14.0
2-Butanone 3.0 4.0 10.0 20
2-Pentanone 0.0 20 0.0 0.0
Methyl iso-butyl ketone 15 15 2.0 0.0




