PURDUE UNIVERSITY SWINE DAY SEPTEMBER 3, 1998

Addition of Carbohydratesto Low Crude Protein Pig Dietsto Reduce
Manure Nitrogen Excretion and Odors

A.L. Sutton, JA. Patterson, D.T. Kelly, J. Nielsen, D.D. Jones,
A.J. Heber, K.B. Kephart, and E. Bogus
Departments of Animal Sciences, and Agricultural and Biologica Engineering,
Purdue University; Departments of Anima and Dairy Sciences, and Entomology,
Pennsylvania State University

I ntroduction

The threat of odors emitted from pork production operaions in some aress of Indiana 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, with a25
to 30% reduction reported; theoreticaly, a nitrogen reduction of 40 to 50% is possible. In a previous
research study, tota nitrogen excretion from pigs was reduced 28% by supplementing four essentid
gynthetic amino acids (lysine, threonine, tryptophan, methionine) in a 10% crude protein corn-soy diet
as compared to a standard 13% crude protein corn-soy diet. Altering the ratio of nitrogen excretion in
urine and feces is a potentia means for reducing anmonia emissions. By reducing the nitrogen excretion
in urine as urea, which is the primary precursor for anmonia volailization, and shifting the nitrogen
excretion into the feces, which is primarily in the form of bacterid protein, anmonia voldilization is
reduced. Changing the carbohydrate structure in the diet to increase bacterid utilization of nitrogen in the
cecum and colon results in a sgnificant reduction of nitrogen excretion in urine. Recent research in
human and poultry nutrition suggests that the addition of smdl amounts of certain dietary fiber or
oligosaccharides changes the bacterid populations in the lower gastrointestingl tract and reduces the
amount and form of nitrogen excretion. The objectives of this study were to determine the sources and
concentrations of odorous compounds in ceca contents, fresh manure and anaerobically stored manure
from swine, and to determine the effects of dietary nitrogen and carbohydrate 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 4x4 Latin Square
designed experiment with three replicate trids. Dietary treatments were:

1. 13% crude protein diet, slandard commercia dief;
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2. 10% crude protein with four synthetic essential amino acids to meet the NRC requirements
of the pigs (lysine, threonine, tryptophan and methionine), amino acid supplemented diet;
3. the amino acid supplemented diet with 2% sucrose therma oligosaccharide carame
(STOC); and
4. theamino acid supplemented diet with 5% cdlulose.
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
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 vaues for the flask volume. Separate
gas samples were collected from the daily cecal and fresh manure samples. Gas samples were collected
from anaerobic incubation flasks & 60 and 90 days after initigtion of the study. Liquid matrix
subsamples were acidified and analyzed for short chained volatile fatty acids (VFA), and ammonia, total
nitrogen, dry matter content, and pH were determined.

Results and Discussion

The use of synthetic amino acids while reducing levels of natura protein sources in the diet and
incluson of 2% STOC or 5% cdlulose sgnificantly affected nitrogenous compounds and pH in fresh
manure and manure stored in anaerobic incubations. Other odorous compounds in the headspace from
cecd, fresh manure and anaerobic manure varied in compaosition and concentrations between diets.

Resaults for cecd contents are given in Table 1. Ammonium nitrogen concentrations (on a dry
matter basis) were reduced (P<.05) in pigs fed the addition of 5% cellulose to the diet as compared to
the standard diet. The ammonium nitrogen levels of the amino acid supplemented diet without additiond
carbohydrate sources and the STOC-containing diet were in between. Tota nitrogen, dry matter, pH
and VFAs were not different in pigs fed the different diets.

Reaults for fresh manure are given in Table 2. All amino acid supplemented diets sgnificantly
reduced (P<.05) pH, ammonium nitrogen and total nitrogen compared to the standard diet. However,
the addition of 5% cdllulose further reduced ammonium nitrogen concentrations and tota nitrogen (on a
dry matter basis) as compared to the rest of the diets. Dry matter level was higher from pigs fed the 5%
cellulose diet compared to the other diets. The pH was reduced 0.74 units by the addition of synthetic
amino acids to the diet, 0.59 units with STOC addition, and 1.27 units with 5% cdlulose added
(P<.01). The pH of 6.4 in fresh manure from pigs fed the cdlulose-containing diet sgnificantly reduced
ammonia evolution in the air. The pH of urine was sgnificantly reduced from 7.3 to 5.4 by the addition
of 5% cdlulose in the diet (data not shown). Ammonium nitrogen excretion was reduced 34%, 37%
and 68% (P<.01) on adry matter basis with the addition of synthetic amino acids to the diet, addition of
2% STOC and addition of 5% cellulose, respectively. A smilar trend was noted with total nitrogen
concentrations.

The only changesin volatile fatty acid concentrations in fresh manure were higher acetic, butyric
and tota VFA concentrations from pigs fed the diet containing cellulose (P<.05). Propionic acid tended
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to be increased with the 5% cdlulose diet, however not sgnificantly. The increased VFA production
gives evidence that the additiond cellulose enhanced microbid activity in the colon, which was
expected. With the reduction in nitrogen excretion, it appears that grester nitrogen in the colon was
utilized in becterid protein synthes's, which the additiond cdlulose stimulated. Because of residence time
in the digestive system, trestment differences were noted more in the colon as compared to the cecum.

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 with and without STOC
and cellulose were lower (P<.05) than the standard diet. The pH in stored manure was reduced 1.02,
1.00 and 1.40 pH units from pigs fed the synthetic amino acid supplemented diet, the STOC-containing
diet and the cdlulose-containing diet, respectively, as compared to the sandard diet. Ammonium and
tota nitrogen concentrations in stored manure had smilar dietary treatment effects as fresh manure.
Ammonium nitrogen concentrations on awet basis were reduced by 54%, 62% and 73% (P<.05) from
pigs fed the amino acid supplemented diet, the STOC-containing diet and the cellulose-containing diet,
respectively, compared to the standard diet. Smilarly, total nitrogen levels were reduced by 47%, 55%
and 35% (P<.05) with the amino acid supplemented diet, the STOC-containing diet and the cdllulose-
containing diet, respectively, as compared to the standard diet.

Acetic acid was the predominant VFA in the stored manure, especidly with the standard diet.
Tota VFA concentrations were highest for both the standard and amino acid supplemented diets, with
the diets containing cellulose or STOC having lower VFA contents. The highest molar percent of
propionate was observed with stored manure from pigs fed the cellulose or STOC diets. The devated
butyric acid concentrations were a hegative response which could cause an odor concern. Further work
is needed to effectively manipulate microbid decomposition to shift the microbes from degradation
reactions cregting butyrate. Possbly there is ill an imbdance in C:N ratio or insufficient specific
carbohydrate source to promote enhanced microbia decomposition. The lower concentrations of VFAs
in manure from pigs fed the 2% STOC and 5% cdllulose diets are advantageous, this needs further
study because of the lower volatile organicsin the air.

Analysis of gas collected from cecal contents has identified severa predominant compounds, as
listed in Table 4. Phenols, dcohols, sulfur-containing compounds and organic acids were present. Some
of the same compounds were identified in gas collected from fresh manure (Table 5) a relaivey lower
concentrations. There was a reduction in volatile organic compound concentrations between the cecum
and fresh manure samples. Addition of 2% STOC or 5% cdlulose was variable in influencing
concentrations of specific volatile organic compounds found in ceca contents, fresh and stored manures.
Prevdent concentrations of dimethyl sulfide, dimethyl disulfide, carbon disulfide, 2,2-dimethyl hexane, 2
ethyl-1-hexanol and benzene were observed in gas collected from anaerobicaly stored manures (Table
6). It was noted that there were dgnificantly less prevadent numbers of volatile organic compounds
identified from fresh manure compared to ceca content and especidly from anaerobicaly stored manure
compared to fresh manure. The predominant compounds remaining in the anaerobically stored manures
were sulfur-containing compounds, and probably resulted from excess levels or imbaances of sulfur-
containing amino acids in the pig' s diet.
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Summary

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 ammonium nitrogen concentrations, and atered the concentrations and ratios of selected
volatile fatty acids and other odorous compounds identified in fresh manure. In addition, low leve
addition of an oligosaccharide (sucrose therma oligosaccharide caramel) and cellulose further reduced
tota nitrogen and especidly ammonium nitrogen in fresh manure, indicating a simulation of microbid
fermentation in the colon. Similar more pronounced results were observed with anagrobically stored
manures. A ggnificant added benefit with cdllulose in the diet was the reduction of pH of fresh and
gored manure, which would control ammonia volatilization. Ammonium and tota nitrogen in fresh
manure (wet basis) was the lowest from pigs fed the 5% cellulose diet (49% and 33% reduction), with
moderate levels in fresh manure from the amino acid supplemented diet (27% and 23% reduction) and
2% STOC diet (24% and 17% reduction), and the highest levels excreted in the standard diet. Acetic,
butyric and total VFA were higher in fresh manure from the pigs fed the 5% cdlulose diet compared to
other diets. Ammonium and total nitrogen in anaerobicaly stored manure were reduced from pigs fed
the 5% cdlulose diet (73% and 35%) and 2% STOC diet (62% and 55%) as compared to the
dandard diet. The pH was reduced in fresh manure and anaerobicaly stored manure from pigs fed the
5% cdlulose diet (1.27 and 1.40 units), 2% STOC diet (.59 and 1.00 units), and the amino acid
supplemented diet (.74 and 1.02 units), with the 5% cdlulose diet causing the most pH reduction.
Sulfide compounds such as dimethyl sulfide and dimethyl disulfide, dong with various organic acids and
phenols, were additiona predominant compounds emitted from swine manures and cecal contents.

Implications

Reducing the crude protein levels of a typicd corn-soy based diet and balancing with essentid
amino acids resulted in more efficient nitrogen utilization by the pig, and less excretion of nitrogenous
compounds and odors in manures. Smilarly, usng the two different types of carbohydrates in this study
resulted in reduced excretion of nitrogen and some odorous compounds. The rdlative costs of these
diets and pig performance studies need to be determined for implementation into production units.
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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 Faity Acids®, mmole/L
(% CP) % %DM %DM Ac Pro iBut But iva Va Tota

Standard 528 128 0348 29 1071 616 069 249 131 815 2038
(13)

Suppl. 525 133 03»® 301 997 588 060 218 076 784 1895
(10+AA)

STOC 517 129 0330 306 9.1 594 051 236 076 994 1903
(10+AA)

Celuose 532 135 (288 262 1053 577 09 202 097 648 1916
(10+AA)

! Different letter superscripts within a column indicate means are significantly different (P<.05).
ZTKN = Tota 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 iBu But iva Va Totd

Standard 7672 1268 533 1091° 603 239 189 119 333 483 1060
(13)

Suppl. 693 147 3548 702® 568 245 164 122> 358 488 1037
(10+AA)

STOC 708 153 336" 714> 582 264 215 145 376 58 1105
(10+AA)

Cdluose 640° 189 173 433* 690 307 207 185 39 688 131.1°
(10+AA)

! 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/LL
(% CP) % mgL mglL Ac Pro iBu But iva Va Tota

Standard  832° 912° 7432 1032 300 211 606 1599 1840 384° 365.2
(13)

Suppl. 730° 656° 3454° 5488 238 318 7.30 4747 1420 1459*° 3537
(10+AA)

STOC 732 602 2813 4640 152 250 742 3353 1442 1585* 2482
(10+AA)

Celuose 692° 642° 2010° 6751 163 249 536 3453 1159 1554° 254.8
(10+AA)

! 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)
Standard Suppl. STOC Cdlulose
Compound (13 (10+AA) (10+AA) (10+AA)
ml/gm of cecal contents/L of gas
Ethanol 6.88 512 591 6.00
1-Propanal 401 3.06 4.00 2.77
1-Butanol 0.72 0.56 0.22 0.40
Methyl phenol 0.26 0.23 0.28 0.21
n-Propy! acetate 2.03 204 177 132
Propanoic acid 0.96 0.43 0.51 0.95
Propanoic acid, ethyl ester 021 0.50 0.55 0.86
Propanoic acid, methyl ester 0.30 0.12 0.14 0.09
Propanoic acid, butyl ester 0.29 0.17 0.16 0.15
Propanoic acid, propyl ester 0.64 0.79 0.89 0.71
Propanoic acid, pentyl ester 011 011 011 0.00
Butanoic acid 1.00 1.26 1.07 145
Butanoic acid, ethyl ester 0.71 0.79 0.88 0.90
Pentanoic acid 094 133 0.74 0.99
Pentanoic acid, propyl ester 0.20 0.20 0.14 0.20
Pentanoic acid, ethyl ester 0.26 0.27 041 0.26
Hexane 0.17 011 0.00 0.03
2,2-Dimethyl hexane 2.96 2.70 3.33 2.78
Benzene 1.96 156 2.68 2.30
Ethanethioic acid, s-methyl ester 2.64 240 2.30 158
Butanethioic acid, s-methyl ester 0.18 011 0.24 0.07
3-Methyl-butanioic acid 0.26 0.25 031 011
Butanioic acid, propyl ester 0.37 0.46 0.53 0.34
Dimethyl sulfide 0.08 0.62 0.16 0.50
Dimethyl disulfide 3.90 323 3.67 3.84
Dimethy! trisulfide 0.04 0.00 0.02 0.00
S-methyl propanethionate 197 180 1.49 130
Dimethyl sulfoxide 0.07 0.23 0.19 0.23
Ethyl acetate 155 2.38 1.39 158
2-Butanone 2.00 3.00 0.00 0.00
Acetone 0.64 0.31 0.48 0.38
Acetic acid 0.13 0.64 0.33 0.21
Acetic acid, butyl ester 0.33 0.26 0.26 0.15
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Table 5. Effect of diet on relative organic compound concentrations in headspace air from fresh
manure.

Diet (% CP)
Standard Suppl. STOC Cdlulose
Compound (13 (10+AA) (10+AA) (10+AA)
ml/gm of manure/L of gas
Ethanol 0.44 0.29 0.28 0.35
1-Propanol 0.12 0.10 0.06 0.10
Methyl phenol 0.14 0.15 0.20 0.24
n-Propyl acetate 0.01 0.00 0.00 0.02
Propanoic acid, ethyl ester 0.02 0.07 0.07 0.03
Butanoic acid 0.00 0.01 0.00 0.00
Butanoic acid, ethyl ester 0.00 0.00 0.01 0.01
Benzene 0.14 021 0.19 0.34
2,2-Dimethyl hexane 0.37 0.40 0.24 0.39
Ethanethioic acid, smethyl ester 0.02 0.08 0.07 0.05
Dimethyl sulfide 0.09 0.30 0.33 0.27
Dimethyl disulfide 0.50 0.68 0.77 0.65
Dimethyl trisulfide 0.04 0.10 011 0.06
S-methyl propanethionate 0.00 0.02 0.01 0.00
Dimethyl sulfoxide 0.06 0.04 0.10 0.05
Carbon disulfide 0.02 0.07 0.10 0.09
Ethyl acetate 0.03 0.06 0.02 0.03
2-Butanone 0.00 0.01 0.04 0.06
2-Pentanone 0.02 0.01 0.02 0.03
3-Pentanone 0.04 0.02 0.03 0.01
Acetone 0.14 0.12 0.08 0.08
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Table 6. Effect of diet on relative organic compound concentrations in headspace air from anaerobicaly
stored manure.

Diet (% CP)

Standard Suppl. STOC Cdlulose

Compound (13) (10+AA) (10+AA) (10+AA)
ml/gm of manure/L of gas

Ethanol 0.01 0.01 0.00 0.00
Acetone 0.00 0.00 0.01 0.01
Ethyl acetate 0.01 0.02 0.00 0.02
2,2 Dimethyl hexane 0.11 0.09 0.05 0.14
Benzene 0.07 0.13 0.04 0.04
Dimethyl sulfide 0.20 0.08 0.16 0.05
Dimethyl disulfide 0.16 0.23 0.15 0.14
Dimethyl sulfoxide 0.01 0.02 0.02 0.01
Carbon disulfide 0.01 0.05 0.07 0.14
Dimethy! trisulfide 0.00 0.01 0.01 0.01
2-Ethyl-1-hexanol 0.28 0.30 0.24 0.30




