
 

 

Title:  Reduction of Odorous Compounds in Pig Manure Through Specific Dietary 
Fiber Manipulation -  NPB #98-006 

 
 
Investigator:  Alan Sutton 
 
Institution:  Purdue University 
 
Co-Investigators: John Patterson, Brian Richert, Al Heber and Dan Kelly,  

Purdue University;   
   Ken Kephart, Ralph Mumma, and Edward Bogus,  
   Pennsylvania State University; 
   Scott Carter, 
   Oklahoma State University  
 
Date Received: 7/24/2000 
 
 
Abstract 
 
Three replicate 4 X 4 factorial trials were conducted with growing-finishing crossbred 
barrows, fitted with cecal cannulas, to determine the effects of amino acid utilization and 
specific fiber additions (soybean hulls, sugar beet pulp) to the diet on production of odorous 
compounds and other odorous compounds from cecal contents, fresh manure and stored 
manure.  Corn-soy diets compared were (1) Diet I: a standard 15% crude protein corn-soy 
diet with 0.75% total lysine; (2) Diet II: a 11% crude protein corn-soy diet with crystalline 
0.39% lysine (.76% total Lys), 0.05% methionine (.25% total Met), 0.05% tryptophan (.15% 
total Trp) and 0.11% threonine (.51% total Thr) added; (3) Diet III: Diet II with 10% soybean 
hulls; (4) Diet IV: Diet I with 10% dried sugar beet pulp.  Pigs were fed at ad libitum with 
constant access to water and were housed in the Purdue Animal Sciences controlled 
environment building.  Cecal, feces and urine samples were collected and chemically 
analyzed.  Headspace gas from fresh manure and anaerobically stored manure were 
analyzed for volatile organic compounds. 
 
Cecal ammonia nitrogen was reduced 25% and 19% with the addition of soybean hulls to the 
low CP diet and the addition of sugar beet pulp to the low protein diet, respectively.  The 
addition of soybean hulls to the low CP diet reduced total cecal nitrogen 24%.  The reduced 
CP diet with supplemental amino acids reduced total urinary nitrogen excretion 28%.  The 
addition of a fiber source to the reduced CP diet showed a 36% reduction in total urinary 
nitrogen compared to the standard diet.  Ammonia nitrogen in fresh manure was decreased 
31%, 55% and 47% with the lower CP, lower CP plus soybean hulls and plus dried sugar 
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beet pulp diets, respectively.  There was 35% less ammonia nitrogen excretion in fresh 
manure when the reduced CP diet was fed with soybean hulls as a fiber source as compared 
to the reduced CP diet alone.  There was a 38%, 50% and 42% reduction in total nitrogen 
excretion in fresh manure with the lower CP, the lower CP plus soybean hulls and dried 
sugar beet pulp diets, respectively.  Similar treatment effects were observed with 
anaerobically stored manure.  There was a significant reduction in ammonia and total N with 
the lower CP diet and synthetic amino acids either alone (37% and 26% reduction for 
ammonia and 40% to 29% reduction for total N on a wet and DMB, respectively) or with 10% 
soybean hulls (41% and 39% reduction for ammonia and 34 % and 32% reduction for total N 
on a wet and DMB, respectively) or 10% dried sugar beet pulp (62% and 64% reduction for 
ammonia and 43 % and 46% reduction for total N on a wet and DMB, respectively).  In 
addition, on a dry matter basis, sugar beet pulp further reduced ammonia N compared to the 
other treatments.  VFA tended to be lower in stored manure from pigs fed the sugar beet 
pulp diet compared to the other diets.  The addition of soybean hulls and sugar beet pulp 
reduced benzene, dimethyl disulfide, 2,2-dimethyl hexane and hexane in stored manure.  
These results suggest that fiber addition to a swine diet and a lower CP diet can help 
eliminate odorous compounds that may prove to be a nuisance to homes and businesses 
neighboring swine facilities. 
  
 
Introduction 
Recent increased public concern, legislation and environmental regulations have focused on 
pollution and have created a major threat to the viability and growth of the pork industry.  
Water pollution control has been the major focus of many regulations.  Due to the ambiguous 
nature of odors and gases from pork production, lack of scientific information and significant 
neighbor complaints, air pollution control is now the greatest challenge for the pork industry.  
Since the first line of defense against odors is source control, in the case of swine odor, the 
obvious source control technique is diet manipulation.  Although, little research has been 
conducted on dietary modification to alter fresh and stored swine manure odors, fresh 
manure from pigs is an initial source of odors.  When imbalances of the C:N ratio occur in the 
intestinal system of the pig or during anaerobic digestion, increased levels of malodorous 
compounds are produced and reduced efficiencies of nutrient and energy utilization occur.  
Regulating the sources, levels and efficiency of specific carbohydrate and nitrogen and sulfur 
compound utilization to minimize amino acid degradation in the cecum and colon of the pig 
should reduce odors and improve the environment for the pigs and humans working in the 
facilities. Non-starch polysaccharides in fibrous feed ingredients (dried sugar beet pulp, 
soybean hulls) have been shown to affect energy balances, reduce nitrogen excretion in 
urine and lower pH of manure resulting in reduced ammonia emissions.  The effects of these 
feed ingredients on other odors (VOC) have not been determined.  
 
Immediate Objectives 
The objective of this study was to determine the effects of specific fiber additions (soybean 
hulls; dried sugar beet pulp) in pig diets on reduction of odorous ammonia, sulfides, phenols, 
volatile fatty acids and other VOC compounds, and pH and nitrogen components from cecal 
contents, fresh manure and stored manure. 
 
Procedures 
 
Cannulated Pig Trial.  Twelve (12) 90 lbs growing barrows divided among three groups 
were surgically cannulated in the cecum using standard procedures.  Each group of pigs 
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came from the same litter.  Each pig was fed each of four diets in a 4 X 4 Latin square 
experimental design.  Dietary treatments included 

(1) Diet I: a standard 15% crude protein corn-soy diet with 0.75% total lysine; 
(2) Diet II: a 11% crude protein corn-soy diet with crystalline 0.39% lysine (.76% total 

Lys), 0.05% methionine (.25% total Met), 0.05% tryptophan (.15% total Trp) and 
0.11% threonine (.51% total Thr) added; 

(3) Diet III: Diet II with 10% soybean hulls, 
(4) Diet IV: Diet II with 10% dried sugar beet pulp, 

 
Corn starch in the control diets was substituted by the fiber sources to maintain similar corn-
soy ratios and lysine content.  Pigs were fed ad libitum with constant access to water and 
housed in metabolism crates for the separate collection of urine and feces.  Cecal contents, 
feces and urine were sampled after diet adaptation. Total collections of feces and urine were 
blended, cecal samples were directly collected from the cannula and after centrifugation, the 
liquid supernatant was analyzed.  Three cecal, feces and urine collections were obtained 
with each group of pigs and period of the trial for each dietary treatment.  Flasks of cecal 
contents were incubated and gas samples from the head space of the flasks were collected 
in solid phase collection tubes for gas analyses. 
 
Incubations.  Long term (90 day) incubations were used to mimic microbial odor production 
in anaerobic pits.  Mixtures of feces and urine were used for the incubation trial and fresh 
manure mixtures from pigs on the same diets were added every other day.  Gas matrix 
samples were analyzed for up to 40 compounds. 
 
Results 
 
Results are reported on a dry matter basis.  Tables 1-3 summarize data from cecal contents.  
There was no effect of diet on pH (Table 1) or volatile fatty acid (Table 2) concentration in 
cecal contents. Dry matter of cecal contents (Table 1) significantly decreased with the 
addition of sugar beet pulp to the standard diet.  Cecal ammonia nitrogen was reduced 25% 
and 19% with the addition of soybean hulls to the low CP diet and the addition of sugar beet 
pulp to the low CP diet, respectively.  The addition of soybean hulls to the low CP diet 
reduced total cecal nitrogen 24%. Reducing the CP and supplementing with synthetic amino 
acids increased volatile organic compounds in cecal contents compared to the standard diet 
(Table 3).  The addition of soybean hulls to a lower CP diet decreased concentrations of 
ethanol, benzene, 2,2-dimethyl hexane, dimethyl disulfide, and sulfur dioxide although 
hexane and methyl pentane were increased.  The addition of sugar beet pulp to the low CP 
diet decreased dimethyl hexane and hexane while increasing several other VOC. 
 
Urine and feces were collected separately and analyzed for pH, dry matter and nitrogen 
components to further explain diet effects on ammonium concentrations in the manure and 
VOC concentrations in air samples.  The pH of urine (Table 4) was 1.6-2 units lower in diets 
with lower CP or fiber addition.  Dry matter of urine was not affected by diet.  Ammonia 
nitrogen content of urine showed an increasing trend in all diets compared to the standard 
diet although not significant.  The reduced CP diet with supplemental amino acids reduced 
total urinary nitrogen excretion 28%.  The addition of a fiber source to the reduced CP diet 
showed a 36% reduction in total urinary nitrogen compared to the standard diet. 
 
 The pH of feces (Table 5) was .4 units lower for the soybean hull diet compared to the 
standard diet and the sugar beet pulp diet.  Feces dry matter was not affected by diet.  Fecal 
ammonia nitrogen was lower when all other diets were compared to the standard diet and 



4 

pigs on the reduced CP diet had the lowest fecal ammonia nitrogen levels.  Total fecal 
nitrogen showed the same trends as fecal ammonia nitrogen with the lowest total fecal 
nitrogen values again present with the lower CP diet.   
 
The diets had no effect on the pH or dry matter of fresh manure (Table 6).  Ammonia 
nitrogen in fresh manure was decreased 31%, 55% and 47% with the lower CP, lower CP 
plus soybean hulls or dried sugar beet pulp diets, respectively.  There was 35% less 
ammonia nitrogen excretion in fresh manure when the reduced CP diet was fed with soybean 
hulls as a fiber source as compared to the reduced CP diet alone.  There was a 38%, 50% 
and 42% reduction in total nitrogen excretion in fresh manure with the lower CP, the lower 
CP plus soybean hulls and the lower CP plus dried sugar beet pulp diets, respectively.  
There were no significant effects on VFA's in fresh manure (Table 7) but changes in the 
profile of VOC (Table 8). 
 
Similar treatment effects were observed with anaerobically stored manure.  There was a 
significant reduction in ammonia and total N with the lower CP diet and synthetic amino acids 
either alone (37% and 26% reduction for ammonia and 40% to 29% reduction for total N on a 
wet and DMB, respectively) or with 10% soybean hulls (41% and 39% reduction for ammonia 
and 34 % and 32% reduction for total N on a wet and DMB, respectively) or 10% dried sugar 
beet pulp (62% and 64% reduction for ammonia and 43 % and 46% reduction for total N on a 
wet and DMB, respectively) (Table 9).  In addition, on a dry matter basis, sugar beet pulp 
further reduced ammonia N compared to the other treatments.  VFA tended to be lower in 
stored manure from pigs fed the sugar beet pulp diet compared to the other diets. (Table 10). 
 
The addition of soybean hulls and sugar beet pulp reduced benzene, dimethyl disulfide, 2,2-
dimethyl hexane and hexane in stored manure (Table 11).  The lower CP diet also reduced 
the previously stated VOC in stored manure as well as methyl pentane. 
 
Implications 
 
Results from this research show that ammonia and total nitrogen can be decreased 31-55% 
in fresh manure by lowering CP and adding fiber to the diet.  Ammonia nitrogen and total 
nitrogen are shown to be decreased 55% and 50% respectively in fresh manure when a 
reduced CP diet and soybean hulls are fed in combination to growing pigs.  Volatile organic 
compounds also showed a numerical decrease with fiber addition and lower CP.  These 
results suggest that fiber addition to a swine diet and a lower CP diet can help eliminate 
odorous compounds that may prove to be a nuisance to homes and businesses neighboring 
swine facilities. 
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Table 1. Effect of diet on ammonium nitrogen (NH4-N), total nitrogen (TKN), dry matter (DM) 

and pH in cecal contents. 

Diet (% CP)*  pH    DM  NH4-N  NH4-N   TKN  TKN 

         %    mg/L  %DM   mg/L             % DM 

I:Standard (15%) 5.3    12.2
a
    433

a
    0.36

a
  3359

a
   2.76

a
 

II:Syn AA (11%) 5.5    12.2
a 
   416

a
    0.36

a
  3170

a
   2.69

a
 

III: AA+SBH (11%) 5.5    13.4
a
    352

a
    0.27

b
  2816

ab 
   2.09

b
 

IV:AA+DSBP (11%) 5.4      8.9
b 
   259

b
         0.29

b
  2331

b
        2.61

a
 

SEM     .1        .5      20      .01   196     .09  

* Diet I: Standard (Std) 15% CP; Diet II: 11% CP with synthetic amino acids (AA); Diet III: Diet II 

with 10% soybean hulls; Diet IV: Diet II with 10% dried sugar beet pulp.  
a,b

  Different letter superscripts in a column are significant (P <.05). 

 

 

 

 

 

 

 

Table 2. Effect of diet on volatile fatty acid (VFA) in cecal contents. 

Diet (% CP)*   Ac   Pr     iB         B  iV   V  Total 

    --------------------------------mmol/L------------------------------------- 

I: Standard (15%)   81   44    0.13        15  0.19  3.9           145.15    

II: Syn AA (11%)    75   45    0.19        12  0.75  3.6           136.93 

III: AA+SBH (11%)    83   38    0.09        12  0.30  1.6           134.12 

IV: Std+DSBP (11%)  88   37    0.08          9  0.19  1.1           135.17  

SEM          4     2      .04          2    .23    .8    6.8  

* Diet I: Standard (Std) 15% CP; Diet II: 11% CP with synthetic amino acids (AA); Diet III: Diet II 

with 10% soybean hulls; Diet IV: Diet II with 10% dried sugar beet pulp.  
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Table 3.  Effect of diet on volatile organic compounds in the headspace air from cecal contents 

Gas compounds I:Standard (15)*  II: Syn. AA (11)*  III:AA+SBH(11)  IV:AA+DSBP (11)* 

    --------------gm per gram of material per L of air------------------ 

Ethanol   0.13       0.25    0.00   0.96 

1-Propanol   0.03       0.12    0.15   0.59 

1-Octanol   0.00       0.00    2.78   0.00 

Methyl phenol   0.00       0.00    0.00   0.01 

Propanoic acid,  0.00       0.00    0.00   0.11 

Propanoic acid, butyl  0.00       0.00    0.00   0.05 

Propanoic acid, pentyl  0.00       0.00    0.00   0.02 

Propanoic acid, propyl 0.00       0.00    0.00   0.21 

Propanoic acid, methyl 0.00       0.00    0.00   0.37 

Propanoic acid, ethyl  0.00       0.00    0.00   0.27 

Benzene   0.40       0.84    0.31   0.00 

2,2-Dimethyl hexane  2.94       3.13    2.00   0.56 

Hexane   0.50       1.01    2.01   0.06 

Dimethyl sulfide  0.00       0.00    0.00   0.01 

Dimethyl disulfide  0.32       0.50    0.19   0.62 

Dimethyl trisulfide  0.00       0.00    0.00   0.02 

Methylene chloride             0.00       0.00    0.00   1.11 

1- Butanol   0.00       0.00    0.00   0.00 

Butanoic acid   0.00       0.00    0.00   0.00 

Butanoic acid, ethyl  0.00       0.00    0.00   0.76 

1-Pentanol   0.00       0.00    0.00   0.05 

2 or 3 Pentanone  0.00       0.00    0.34   0.01 

Pentanoic acids  0.00       0.00    0.00   0.65 

1-Hexanol, 2 ethyl  0.00       0.00    0.00   0.01 

Acetone   0.00       0.00    0.00   0.32 

Acetic acid   0.00       0.00    0.54   0.00 

Acetic acid, butyl  0.00       0.00    0.00   0.03 

Ethyl acetate   0.00       0.00    0.00   0.90 

Pentane   0.00       0.00    0.54   0.00 

Methyl pentane  0.16       0.22    1.05   0.00 

Heptane, 3-methylene  0.21       0.00    0.00   0.00 

Sulfur dioxide   0.00       0.02    0.01   0.00 

Skatole   0.05       0.01    0.00   0.00 

* Diet I: Standard (Std) 15% CP; Diet II: 11% CP with synthetic amino acids (AA); Diet III: Diet II 

with 10% soybean hulls; Diet IV: Diet II with 10% dried sugar beet pulp.  
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Table 4.  Effect of diet of pH, dry matter (DM) and nitrogen components of urine. 

Diet (% CP)*  pH      DM  NH4-N  NH4-N  TKN  TKN 

            %    mg/L    %DM    g/L  %DM 

I:Standard (15%) 7.6
a
       4.6  1266

b
     4.04  12.0

a
   27.7

a
 

II: Syn AA (11%) 5.6
b
       5.8  2911

a
     5.41  11.3

a
   20.0

b 

III: AA+SBH (11%) 6.0
b
       5.4  2245

a
     4.26    9.4

b
   17.8

b
 

IV: Std+DSBP (11%) 5.6
 b

       5.8  2641
a
          4.65  10.4

ab
   17.7

b
 

SEM     .1         .3    195       .74      .4     1.2  

* Diet I: Standard (Std) 15% CP; Diet II: 11% CP with synthetic amino acids (AA); Diet III: Diet II 

with 10% soybean hulls; Diet IV: Diet II with 10% dried sugar beet pulp. 
a,b

  Different letter superscripts in a column is significant (P <.05). 

 

Table 5.  Effect of diet of pH, dry matter (DM) and nitrogen components of feces. 

Diet (% CP)*  pH DM  NH4-N  NH4-N  TKN  TKN 

       %    mg/L    %DM     g/L  %DM 

I:Standard (15%) 6.5
a
 39.8  2277

a
  5.80  13.2

a
  3.34 

II:Syn. AA (11%) 6.2
ab

 39.1  1836
b
  4.75  12.2

ab
  3.19

 

III: AA+SBH (11%) 6.1
b
 36.3  1726

b
  4.79  12.3

ab
  3.40 

IV: Std+DSBP (11%) 6.5
a
 35.8  1940

b
       5.46  11.7

b
  3.32 

SEM     .1   1.1      77    .27      .2    .12  

* Diet I: Standard (Std) 15% CP; Diet II: 11% CP with synthetic amino acids (AA); Diet III: Diet II 

with 10% soybean hulls; Diet IV: Diet II with 10% dried sugar beet pulp. 
a,b,c

  Different letter superscripts in a column is significant (P <.05). 

 

Table 6. Effect of diet on ammonium nitrogen (NH4-N), total nitrogen (TKN), dry matter (DM) 

and pH in fresh manure. 

Diet (% CP)*  pH DM  NH4-N  NH4-N  TKN  TKN 

       %    mg/L    %DM    g/L  %DM 

I:Standard (15%) 8.4
a
 13.1  5841

a
      4.9

a
  11.9

a
  10.4

a 

II:Syn. AA (11%) 7.3
b
 17.2  5118

ab
      3.4

b
  10.4

b
    6.5

b 

III:AA+SBH (11%) 6.8
b
 18.3  3892

b
      2.2

c
    9.3

b
    5.2

b 

IV:Std+DSBP (11%) 7.1
b
 17.1  4279

b 
               2.6

bc 
             9.9

b
              6.0

b 

SEM     .1   1.1    343       .3    .4      .6  

* Diet I: Standard (Std) 15% CP; Diet II: 11% CP with synthetic amino acids (AA); Diet III: Diet II 

with 10% soybean hulls; Diet IV: Diet II with 10% dried sugar beet pulp.  
a,b

  Different letter superscripts in a column is significant (P <.05). 

 

Table 7.  Effect of diet on volatile fatty acid (VFA) in fresh manure. 

Diet (% CP)*   Ac      Pr        iB    B iV   V  Total 

    ---------------------------------mmol/L------------------------------------ 

I:Standard (15%)  51      19       1.06 11 1.26  3.18  85.59 

II:Syn. AA (11%)  56      24         1.39 12 1.49  3.99  99.96 

III:AA+SBH (11%)  78      28       1.36  15 0.92  4.39           127.84 

IV:Std+DSBP (11%)  65      23       1.48 12 1.41  2.34           104.99 

SEM       7       3         .1    1   .2    .5  12    

* Diet I: Standard (Std) 15% CP; Diet II: 11% CP with synthetic amino acids (AA); Diet III: Diet II 

with 10% soybean hulls; Diet IV: Diet II with 10% dried sugar beet pulp.  
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Table 8.  Effect of diet on volatile organic compounds in the headspace air from fresh manure 

Gas compounds I:Standard (15%)* II: Syn. AA (11%)*  III:AA + SBH    IV:AA +DSBP* 

    --------------gm per gram of material per L of air------------------ 

Ethanol   7.23     34.13    9.17   4.68 

1-Propanol   0.15       1.36    0.19   1.69 

Phenol    0.01       0.00    0.00   0.00 

Methyl phenol   0.03       0.00    0.00   0.00 

Propanoic acid,  0.00       0.85    0.00   2.72 

Propanoic acid, butyl  0.00       0.05    0.00   2.41 

Propanoic acid, pentyl  0.00       0.00    0.01   0.00 

Propanoic acid, propyl 0.00       0.51    0.01   0.35 

Propanoic acid, methyl 0.03       0.34    0.07   0.06 

Benzene            13.12     26.19  32.04            12.94 

2,2-Dimethyl hexane         162.26        276.81           193.57          200.20 

Hexane            70.38     88.38            136.15          105.63 

Dimethyl sulfide  0.00       0.00    0.15   0.00 

Dimethyl disulfide  8.57     18.75  16.80   7.15 

Dimethyl trisulfide  0.08       0.00    0.01   0.01 

1- Butanol   0.13       0.79    0.05   0.12 

1- Butanol 3-methyl  0.00       0.02    0.01   0.07 

Butane    0.00       0.02    0.00   0.00 

Butanoic acid   0.00       0.63    0.00   3.61 

Butanoic acid, ethyl  0.00       0.34    0.02   0.07 

Butanoic acid, propyl  0.00       5.02    0.01   2.45 

1-Pentanol   9.55       0.15    0.01   4.81 

2 or 3 Pentanone  0.02       8.33    0.01   0.00 

Pentanoic acids  0.00       0.12    0.01   2.04 

Hexanoic acid   0.00       0.06    0.00   0.71 

1-Hexanol   0.01       0.00    0.00   0.00 

1-Hexanol, 2 ethyl  2.38       0.00    0.00   0.73 

Acetone   0.00       0.00    0.05   0.02 

Acetic acid   0.00       0.23    0.00   1.42 

Acetic acid, butyl  0.00       0.02    0.01   0.02 

n-propyl Acetate  0.00       0.23    0.01   0.28 

Ethyl acetate   0.00       0.00    0.00   1.94 

Pentane            10.71       0.00    9.72   2.38 

Methyl pentane           25.06     28.57  11.13   9.52 

Ethanethioic acid  0.08       0.00    0.00   0.23 

S-methyl propane thioate 0.00       0.00    0.00   0.03 

Heptane, 3-methylene           15.48           4.05    0.70   1.79 

Dimethyl sulfoxide  0.01       0.00    0.00   0.00 

Sulfur dioxide   0.01       0.00    0.00   5.95 

Skatole   0.72       0.00    0.56   0.71 

* Diet I: Standard (Std) 15% CP; Diet II: 11% CP with synthetic amino acids (AA); Diet III: Diet II 

with 10% soybean hulls; Diet IV: Diet II with 10% dried sugar beet pulp. 
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Table 9. Effect of diet on ammonium nitrogen (NH4-N), total nitrogen (TKN), dry matter (DM) 

and pH of stored manure. 

Diet (% CP)*  pH DM  NH4-N  NH4-N  TKN  TKN 

     %    mg/L    %DM    g/L  %DM 

I:Standard (15%) 8.4 4.7  4171
a
      8.7

a
    5.3

a
  11.2

a
 

II:Syn. AA (11%) 8.1 4.1  2623
b
      6.4

b
    3.2

b
    7.9

b
 

III:AA+SBH (11%) 7.9 4.8  2458
b
      5.3

c
    3.5

b
    7.6

b
 

IV:AA+DSBP (11%) 7.9 5.0  1588
a 

               3.1
a 
               3.0

a
              6.0

a 

SEM   0.2 0.3    359      0.6     .4      .6  

*Diet I: Standard (Std) 15% CP; Diet II: 11% CP with synthetic amino acids (AA); Diet III: Diet II 

with 10% soybean hulls; Diet IV: Diet II with 10% dried sugar beet pulp.  
a,b

  Different letter superscripts in a column is significant (P <.05). 

 

 

 

 

 

Table 10.  Effect of diet on volatile fatty acid (VFA) in stored manure 

.Diet (% CP)*   Ac      Pr        iB           B          iV       V  Total 

    -------------------------------mmol/L--------------------------------------- 

I:Standard (15%)    87       13       2.3           7          4.5      1.9   115 

II:Syn. AA (11%)     64       14       1.8         11          2.6      2.7     98    

III:AA+SBH (11%)    71       15       2.6         10          2.9      2.8   103 

IV:AA+DSBP (11%)    49         8       2.1           4          2.5      1.1     67 

SEM        7         2       0.2           1          0.3        .2        10  

*Diet I: Standard (Std) 15% CP; Diet II: 11% CP with synthetic amino acids (AA); Diet III: Diet II 

with 10% soybean hulls; Diet IV: Diet II with 10% dried sugar beet pulp.  
a,b

  Different letter superscripts in a column is significant (P <.05). 

 

 

 

Table 11.  Effect of diet on volatile organic compounds in the headspace air from stored manure. 

Gas compounds I:Standard (15)*  II: Syn. AA (11)*  III:AA+SBH (11)*  IV:Std+DSBP (11)* 

    --------------gm per gram of material per L of air------------------ 

Benzene     .13         .00        .00    .00 

Dimethyl disulfide    .02         .01         .00     .00 

1-Butanol     .00         .01        .00   .00 

Pentane     .09         .00        .00   .00 

Pentane, methyl    .04         .00        .00   .00 

2,2 Dimethyl Hexane    .62         .01        .06   .06 

Hexane     .16         .00        .03          .03 

Ethanethioic acid, S-methyl   .00         .01        .00   .00 

* Diet I: Standard (Std) 15% CP; Diet II: 11% CP with synthetic amino acids (AA); Diet III: Diet II 

with 10% soybean hulls; Diet IV: Diet II with 10% dried sugar beet pulp. 

 


