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USE OF BEDDING MATERIALS IN BEEF BEDDED  
MANURE PACKS AT HOT AND COLD AMBIENT  

TEMPERATURES: EFFECTS ON ODOROUS VOLATILE  
ORGANIC COMPOUNDS AND ODOR ACTIVITY VALUES 

J. P. Jaderborg,  M. J. Spiehs,  B. L. Woodbury,  A. DiCostanzo,  D. B. Parker 

 

HIGHLIGHTS 
 Aromatic compounds generated 72.6% of the total odor activity values (OAVs) over time. 
 Cold treatments had significantly lower total OAVs than hot treatments regardless of the age of the bedded pack. 

ABSTRACT. Beef cattle producers are beginning to raise cattle in confinement facilities such as slatted-floor barns, hoop 
barns, and mono-slope facilities. Hoop and mono-slope facilities typically use bedding packs as part of their manure man-
agement system, with crop residues being the most commonly used bedding material. This study was conducted to determine 
the effects of bedding material, i.e., corn stover (CS), bean stover (BS), wheat straw (WS), or pine wood chips (PC), and 
environmental ambient temperature, i.e., cold (15°C) or hot (30°C), on the concentrations of odorous volatile organic com-
pounds (VOCs) in air samples collected in the headspace above lab-scale bedded packs over a 42-day period. Total aromatic 
compounds, sulfide compounds, straight-chain fatty acids (SCFAs), and branched-chain fatty acids (BCFAs) were measured 
and used to calculate total odor activity values (OAVs) for each bedding and temperature effect. No significant three-way 
interactions for bedding material  ambient temperature  age of bedded pack were observed. Significant bedding material 
 ambient temperature interactions were observed for total aromatic compounds and total sulfide compounds (p = 0.0455 
and p = 0.0083, respectively). The concentration of total aromatic compounds was greater for all hot treatments compared 
to cold treatments, with hot-CS and hot-WS bedding types (389.83 and 365.5 ng L-1, respectively) significantly (p < 0.05) 
greater than all other bedding types, while total aromatic compounds were lowest (87.09 ng L-1) for BS across cold treat-
ments. Total sulfide compounds from cold-PC (51.69 ng L-1) were significantly (p = 0.0143) greater than all other treat-
ments. Within hot treatments, total sulfide compounds were similar across all bedding materials. Total SCFAs for both cold 
and hot treatments decreased significantly from weeks 4 to 6. Total SCFA concentrations within weeks were significantly 
(p < 0.0001) greater for WS and CS compared to BS and PC but similar across bedding materials at week 6. Total BCFA 
concentrations from bedded packs containing CS and WS were significantly (p < 0.0001) higher at week 4 compared to 
concentrations from bedded packs containing BS or PC. As bedded packs aged, total BCFA concentrations for all bedding 
materials were similar at week 6. Total OAVs decreased over time for both hot and cold treatments, although cold treatments 
had significantly (p < 0.0001) lower total OAVs regardless of the age of the bedded pack. Aromatic compounds generated 
72.6% of the total OAV over the 42-day study. Bedding types BS and PC had the lowest total OAVs across all weeks. The 
results indicate that feedlot operators maintaining bedded pack facilities will achieve the greatest overall odor reduction 
when using BS or PC bedding material, no matter the ambient temperature. 

Keywords. Bedding, Beef, Odor, Volatile organic compounds. 

 

n the last decade, nearly 50% of the feedlot growth re-
ported by beef producers in the U.S. Upper Great Plains 
has been achieved by building confinement facilities 
(Euken et al., 2015). One type of beef confinement fa-

cility is deep-bedded monoslope barns that use locally avail-
able crop residues as bedding material. In most cases, avail-
ability and cost are the main factors for producers to consider 
when selecting a bedding material. Common types of crop 
residue bedding materials used in the U.S. Upper Great 
Plains are corn stover, bean stover, and wheat straw (Doran 
et al., 2010). Many factors influence odorous emissions from 
livestock facilities, with the type of bedding material cited as 
a possible influence on odorant emissions (Spiehs et al., 
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2013, 2014, 2017). Anaerobic degradation of bedded packs 
mixed with manure are sources of odorous compounds that 
are considered offensive by humans (Mackie et al., 1998). 

Airborne volatile organic compounds (VOCs) have been 
established as primary contributors to livestock odors, spe-
cifically phenolic and indolic odorous compounds from ma-
nure traveling downwind from concentrated animal feeding 
operations (CAFO) (Wright et al., 2005; Bulliner et al., 
2006; Koziel et al., 2006; Parker, 2008; Parker et al., 2016). 
Warmer ambient temperatures during summer (above 30°C) 
tend to increase VOC levels as a result of increased micro-
bial activity compared to winter temperatures (below 15°C). 
When evaluating manure from beef feedlot surfaces, Wood-
bury et al. (2015) reported that VOC emissions increased as 
ambient temperature rose from 5°C to 35°C. 

The type of bedding material also influences VOC emis-
sions. Inclusion of pine chips with corn stover bedding at 
greater than 40% reduced branched-chain fatty acid (BCFA) 
concentrations, and as little as 10% inclusion of pine chips 
reduced skatole by 64% (Spiehs et al., 2017). However, in-
clusion of pine chips over 80% resulted in excess carbon that 
increased the C:N ratio to 27.5:1 at 42 days. A final C:N ratio 
of 24:1 is recommended to support the soil microorganisms 
needed for nutrient recycling in the soil (USDA, 2011). Ra-
tios above 24:1 may create a temporary nitrogen deficiency 
for growing crops. In addition, 100% pine chips significantly 
increased odorous sulfur compounds. When pine wood chips 
were used as a bedding material in place of corn stover, the 
odor activity value (OAV) was reduced by 73% over a 42-
day study (Spiehs et al., 2014). However, research conducted 
by Spiehs et al. (2012) showed that concentrations of total 
BCFAs, aromatic compounds, sulfur compounds, and calcu-
lated OAVs did not differ between bedding containing corn 
stover, pine wood chips, and various combinations of these 
two materials. While current literature has demonstrated that 
temperature and bedding material can independently affect 
gas and odor emissions from feedlot surfaces, no research 
has examined how these two factors interact with one an-
other. 

The objective of this study was to determine the effect of 
bedding material and environmental ambient temperature on 
concentrations of odorous VOCs in air samples collected in 
the headspace above lab-scale bedded packs over a 42-day 
period. 

MATERIALS AND METHODS 
BEDDING MATERIAL 

Corn stover (CS), bean stover (BS), wheat straw (WS), 
and pine wood chips (PC) were used in this lab-scale bedded 
pack study. Locally sourced CS, BS, and WS were processed 
in a chipper/shredder (Earthquake, Ardisam, Inc.) before be-
ing sifted through a 6.35 mm screen to remove fines, as de-
scribed by Spiehs et al. (2014). Kiln-dried PC were purchased 
(Ozark Shavings Co.) and used without further processing. 

LAB-SCALE BEDDED PACKS 
Lab-scale bedded packs were built using linear low-den-

sity polyethylene (LLDPE) plastic containers (0.43 m high 

and a 0.38 m diameter), as previously described by Spiehs 
(2018) (fig. 1). Six 1 cm holes spaced equally around the 
circumference of the containers and approximately 5 cm 
from the top of the containers allowed air movement through 
the containers (Spiehs, 2018). Using lab-scale bedded packs 
allowed temperature to remain constant and increased repli-
cation compared to a field study. 

Bedding treatment material (400 g) was initially added to 
the containers to create the base of the bedded pack. Three 
times per week, on Monday, Tuesday, and Thursday for the 
Tuesday sample collection group (chambers A and B) and 
on Tuesday, Wednesday, and Friday for the Wednesday 
sample collection group (chambers C and D), 300 g of cattle 
feces and 300 mL of cattle urine were added to the bedded 
pack surface (fig. 2). Urine pH was adjusted to 7.4 using 6 M 
sodium hydroxide (NaOH) to simulate the pH level of fresh 
urine from feedlot cattle (Spiehs, 2018). Bedding (200 g) 
was added once weekly on the day of sample collection after 
sample collection was completed. After the addition of feces, 
urine, and bedding material, the bedded pack was mixed for 
30 s using a plastic-covered 5.08 cm steel rod to imitate an-
imal activity. Once weekly, bedding and air samples were 
collected to measure VOCs before the addition of feces, 
urine, and bedding material. 

Each 42-day study used four environmental chambers to 
control ambient temperature and humidity (Brown-Brandl et 
al., 2011; fig. 3). Two environmental chambers (chambers B 
and D) were used for the hot treatments (30°C with 12°C 
dew point), and two environmental chambers (chambers A 
and C) were used for the cold treatments (15°C with 10°C 
dew point). Temperatures were chosen to resemble the typi-
cal summer temperature (hot treatments) and spring or fall 
temperature (cold treatments) in the U.S. Upper Great 
Plains. Each chamber maintained a steady ambient tempera-
ture and humidity level throughout the study, as described 
previously by Brown-Brandl et al. (2011). There were eight 
lab-scale bedded packs, two of each bedding material treat-
ment in each environmental chamber during each of four 42-
day periods, creating 16 experimental units per bedding 
treatment. All bedded packs were stored in a common room 
at constant temperature of 18°C before being placed in their 
respective chambers on day 21. Lab-scale bedded packs 

Figure 1. Lab-scale bedded packs containing bean stover, corn stover,
pine wood chips, and wheat straw in environmental chambers. 
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were not placed in the chambers and sampled until day 21 
because space in the chambers was limited. Previously pub-
lished lab-scale bedded pack research has shown little to no 
change in VOC emissions from bedded packs before day 21 
(Spiehs et al., 2013, 2014). 

SAMPLE COLLECTION 
Air samples were collected on Tuesday (chambers A and 

B) and Wednesday (chambers C and D) before feces, urine, 
and fresh bedding were added to the bedded packs. Collec-
tion of VOC samples was performed using a single stainless 
steel sorbent tube connected to an inlet port on the stainless 

steel hemispherical flux chamber with flexible plastic tub-
ing. The preconditioned stainless steel sorbent tubes (89 mm 
× 6.4 mm OD) were filled with Tenax TA sorbent (Markes 
International) and had brass storage caps with polytetrafluo-
rethylene (PTFE) ferrules (Spiehs, 2018). Headspace air 
samples were pulled through the sorbent tubes at a flow rate 
of 75 mL min-1 for 5 min for a sample volume of 0.375 L 
using a vacuum pump (Pocket Pump 210 Series, SKC Inc.; 
Parker et al., 2013a; Spiehs, 2018). 

The sorbent tubes were analyzed for VOCs, including 
acetic acid, butyric acid, propionic acid, isobutyric acid, iso-
valeric acid, valeric acid, hexanoic acid, heptanoic acid, phe-
nol, p-cresol, indole, skatole, dimethyl disulfide (DMDS), 
and dimethyl trisulfide (DMTS), using a thermal desorption-
gas chromatography-mass spectrometry system (Parker et 
al., 2013a, 2013b). The TD system was a Unity 2 (Markes 
International) with an autosampler (Ultra 2, Markes Interna-
tional) coupled to a GCMS (7890A/5975C, Agilent Tech-
nologies), as previously described by Parker et al. (2013b). 

OAVs were determined from the individual VOCs values 
analyzed using gas chromatography, as described by Spiehs 
et al. (2014). The OAV is the ratio of the concentration of a 
single chemical compound to the odor detection threshold 
(ODT) for that chemical (Friedrich and Acree, 1998; Trabue 
et al., 2006) and was calculated using equation 1: 

 OAV = (Concentration of VOC)/(ODT) (1) 

The ODT is the published ODT of a specific VOC (van 
Gemert, 2003; Parker et al., 2013b; Spiehs et al., 2014). For 
this study, the ODT values reported by Spiehs et al. (2014) 
were used in the calculation of OAV. The ODT values for 
acetic acid, propionic acid, isobutyric acid, butyric acid, 
isovaleric acid, valeric acid, hexanoic acid, and heptanoic 
acid were 578, 106, 38, 6.9, 2.3, 8.8, 69, and 60 ng L-1, 
respectively. The ODT values used to calculate OAV for 
phenol, p-cresol, indole, skatole, DMDS, and DMTS were 
206, 1.3, 2.1, 0.48, 12, and 2 ng L-1, respectively. A sum-
mation of individual OAVs was used to produce a total 
OAV for each bedded pack, as described by Parker et al. 
(2013b). The total OAV was used to estimate differences 
in odor from each bedded pack (Spiehs et al., 2014), alt-
hough it does not account for synergistic or complex 

 

Figure 2. Lab-scale bedded pack layout, material addition, and sample collection times in environmental chambers A, B, C, and D. The four
bedding materials were corn stover (CS), bean stover (BS), wheat straw (WS), and pine wood chips (PC). 

Figure 3. Sampling equipment and four environmental chambers used
to house lab-scale bedded packs containing bean stover, corn stover,
pine wood chips, and wheat straw. 
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interactive effects from the mixing odorous chemicals 
(DiSpirito et al., 1994; Powers, 2001). 

STATISTICAL ANALYSIS 
Data were analyzed as a 2  4 factorial with repeated 

measures in time using the GLIMMIX procedure of SAS 
(SAS Institute, Inc.). Bedding material, temperature, age of 
bedded pack, replication, period, bedding material  temper-
ature, bedding material  age of bedded pack, and bedding 
material  temperature  age of bedded pack were included 
in the model. Covariate structure was tested using the fol-
lowing structures: variance components of Toeplitz, auto-
regressive and compound symmetry to find the lowest 
Akaike information criteria (AIC) value. Compound sym-
metry was found to provide the lowest AIC value. When sig-
nificant differences were detected, Fisher’s least significant 
difference (LSD) test was used for means separation. Bed-
ded pack was the experimental unit. Differences were con-
sidered significant when p < 0.05 and tendencies at p-values 
ranging from p = 0.05 to p < 0.10. 

RESULTS AND DISCUSSION 
AROMATIC COMPOUNDS 

Total aromatic compounds, p-cresol, and skatole had sig-
nificant (p = 0.0455, p = 0.0460, and p = 0.0389, respec-
tively) two-way interactions for bedding material type by 
ambient temperature (table 1). Greater total aromatics 
(fig. 4), p-cresol, and skatole concentrations were measured 
in the headspace of all bedding material treatments in the hot 
ambient temperature compared to the cold temperature. Bed-
ded packs with the hot-WS and hot-CS treatments produced 
significantly greater total aromatic, p-cresol, and skatole 
concentrations than any other treatment. Bedded packs with 
cold-BS bedding produced the least total aromatic, p-cresol, 
and skatole concentrations (87.09, 77.61, and 0.04 ng L-1, 
respectively). Warmer ambient temperature provides a more 
conducive environment for microbial fermentation, which is 
a key contributor to the hot bedded pack treatments having a 
125% greater total aromatic concentrations compared to the 
cold treatments. Miller et al. (2003) reported that E. coli bac-
terial populations from pen floor manure at a beef cattle 
feedlot were lowest during the winter (4.63 log CFU g-1) and 
highest during summer (7.61 log CFU g-1). 

Additionally, a significant (p = 0.0309) interaction of am-
bient temperature  age of bedded pack was observed for  

4-ethylphenol concentrations in the headspace. Within weeks 
4, 5, and 6, the 4-ethylphenol concentrations from bedded 
packs maintained at hot ambient temperature were signifi-
cantly higher than for packs at cold temperature. Across weeks 
4, 5, and 6, the 4-ethylphenol concentrations were similar 
within treatments at cold ambient temperature (0.85, 0.68, and 
0.63 ng L-1, respectively). While the 4-ethylphenol concentra-
tions at hot ambient temperature decreased significantly from 
weeks 4 to 5 (2.34 vs. 1.59 ng L-1, respectively), they were 
similar between weeks 5 and 6 (1.59 vs. 1.63 ng L-1, respec-
tively). This differed from previous research by Spiehs et al. 
(2012), who reported that the concentrations of aromatic com-
pounds from bedded packs were similar at weeks 0 and 3 be-
fore increasing at week 6 (16.8, 15.4, and 27.2 ng L-1, respec-
tively). Additionally, previous research by Spiehs et al. (2014) 
reported similar concentrations of aromatic compounds at 
weeks 0, 3, and 6 (0.5, 0.5, and 0.8 ng L-1, respectively) for 
lab-scale bedded packs. 

The indole and phenol concentrations were not observed to 
produce a multi-variable interaction (table 1). A significant 
single-variable difference was observed for indole concentra-
tion with ambient temperature and age of bedded pack 
(p < 0.0001 and p = 0.0014, respectively). Indole concentra-
tion was significantly (p < 0.0001) greater in the hot environ-
ment compare to cold (0.73 vs. 0.32 ng L-1, respectively), with 
the highest indole concentration (0.70 ng L-1) measured at 
week 6 and the lowest (0.36 ng L-1) at week 5. Significant 
(p < 0.0001) single-variable differences for phenol concentra-
tion were observed with bedding material type, ambient tem-
perature, and age of bedded pack. Phenol concentration in the 
headspace above WS was significantly (p = 0.0044) greater 
than for all other bedding material types (29.30 ng L-1). Treat-
ments maintained at hot versus cold temperatures produced 
significantly greater phenol concentration (26.86 vs. 
14.19 ng L-1, respectively). Additionally, as the bedded packs 
aged from weeks 4 to 5, the phenol concentration decreased 
significantly (p < 0.0001), while being similar from weeks 
5 to 6 (25.48, 17.82, and 18.28 ng L-1, respectively). 

SULFIDE COMPOUNDS 
O’Neill and Phillips (1992) identified 168 compounds 

that contribute to odor nuisance from livestock facilities. Of 
the ten compounds with the lowest odor detection thresh-
olds, 60% contained sulfur. Undigested dietary sulfur is ex-
creted evenly between urine and feces. However, as dietary 
sulfur intake increases, the percentage of sulfur excreted in 
urine increases compared to feces (Bouchard and Conrad, 

Table 1. Probabilities (expressed as p-values) that aromatic and sulfide compounds concentrations in headspace air from lab-scale bedded packs 
were affected by the main effects and treatment interactions.[a] 

Treatment Factors Phenol p-Cresol 
4-Ethyl 
Phenol Indole Skatole 

Total 
Aromatic 

Compounds 
Dimethyl 
Disulfide 

Dimethyl 
Trisulfide 

Total 
Sulfide 

Compounds 
Total 
OAV 

Bedding <0.0001 <0.0001 <0.0001 0.3246 0.0021 <0.0001 0.0002 0.0304 0.0004 <0.0001 
Temperature <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.8701 <0.0001 0.9680 <0.0001 

Age of bedded pack <0.0001 <0.0001 0.0001 0.0014 0.1085 <0.0001 0.8388 0.4102 0.8265 <0.0001 
Bedding  Temperature 0.0681 0.0460 0.0835 0.2817 0.0389 0.0455 0.0086 0.0150 0.0083 0.0796 

Bedding  Age of bedded pack 0.5142 0.4981 0.4059 0.6478 0.7081 0.4974 0.6213 0.1399 0.6037 0.0255 
Temperature  Age of bedded pack 0.2495 0.0752 0.0309 0.1806 0.5281 0.0845 0.0007 0.0246 0.0008 <0.0001 

Bedding  Temp.  Age of bedded pack 0.3248 0.3005 0.2281 0.1995 0.4549 0.2930 0.5934 0.8546 0.6017 0.5864 
[a] Treatments consisted of temperature (15C and 30C), bedding (bean stover, corn stover, pine wood chips, and wheat straw), and age of bedded pack (4, 5, and 

6 weeks). Four 42-day experiments were conducted with four bedding material replications per experiment (n = 128). Significant effects (p < 0.05) are shown 
in bold font. 
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1973). Dimethyl disulfide and DMTS are products of the 
metabolism of sulfur-containing amino acids (methionine 
and cysteine) by primarily Megasphaera anaerobic bacteria 
(Mackie et al., 1998). Throughout the 42-day study, DMDS 
accounted for approximately 95% of the total sulfide com-
pounds. This was similar to the previous study by Spiehs et 
al. (2017) in which DMDS accounted for 90% of the total 
sulfide concentrations above bedded packs using a mixture 
of CS and PC bedding material. 

There was a significant two-way interaction between am-
bient temperature and age of bedded pack for total sulfide, 
DMDS, and DMTS compounds (p = 0.0008, p = 0.0007, and 
p = 0.0246, respectively). Concentrations of DMTS were 
similar across weeks for bedded packs in cold environments, 
averaging 1.13 ng L-1, but decreased significantly 
(p = 0.0054) from weeks 4 to 6 for bedded packs in hot en-
vironments (1.90, 1.52, and 1.34 ng L-1, respectively for 
weeks 4, 5, and 6). There was a linear increase in DMDS 
concentrations from weeks 4 to 6 (17.95 and 33.53 ng L-1, 
respectively) for bedded packs in cold temperatures, while 
the bedded packs in hot temperatures had a linear decrease 
in DMDS concentration as the bedded packs aged (36.97 and 
16.97 ng L-1, respectively for weeks 4 and 6). While DMDS 
accounted for the majority of the sulfide compounds emitted 
from the bedded pack, the total sulfide concentrations in the 
headspace of bedded packs exposed to the cold temperature 
increased (18.99, 28.20, and 34.77 ng L-1, respectively for 
weeks 4, 5, and 6; fig. 5), while bedded packs exposed to the 
hot temperature saw a reduction over time (38.87, 24.31, and 
18.31 ng L-1, respectively for weeks 4, 5, and 6). As a result, 
the hot treatments produced the greatest (p = 0.0320) total 

sulfide concentration at week 4, while at week 6 the cold 
treatments were significantly (p = 0.0155) greater than the 
hot treatments. Previously, when lab-scale bedded packs 
were housed at 18°C ambient temperature Spiehs et al. 
(2014) reported that total sulfur concentrations increased 
from (1.5 to 184.7 ng L-1) as bedded packs containing corn 
stover, pine chips, dry cedar chips, and green cedar chips 
aged to 42 days. Additionally, Spiehs et al. (2017) observed 
an increase in total sulfide concentration from initiation of 
their bedded pack study (1.55 to 45.36 ng L-1) as the bedded 
packs containing combinations of CS and PC aged to 42 days 
when stored at 18°C. 

Total sulfide compounds, DMDS, and DMTS produced a 
significant (p = 0.0083, p = 0.0086, and p = 0.0150, respec-
tively) bedding material  ambient temperature interaction. 
Total sulfide compounds from cold-PC (51.69 ng L-1) were 
significantly (p = 0.0143) greater than for all other treat-
ments (fig. 6). Similarly, Spiehs et al. (2017) reported the 
highest sulfur concentration (44.72 ng L-1) in the headspace 
of bedded packs containing 100% PC bedding material com-
pared to other mixtures with corn stover. The bedded packs 
containing 100% PC had an ideal environmental pH of 7.4 
to support sulfide-producing bacteria Megasphaera (Zhu, 
2000; Spiehs et al., 2017). However, that was not the case in 
the current study; the pH of the bedded packs in the cold-PC 
treatment was 8.1 pH. Meanwhile, total sulfide concentra-
tions in the current study were similar across bedding mate-
rials within the hot treatments. Because DMDS accounted 
for most of the total sulfide emissions, the same pattern was 
evident for DMDS concentrations from the bedded packs.  

 

Figure 4. Average concentrations of total aromatic compounds (ng L-1) in headspace air from lab-scale bedded packs containing bean stover, corn
stover, pine wood chips, and wheat straw. Bedding material  ambient temperature treatment interaction p = 0.0455. Values are least squares
means. Error bars indicate standard errors. Different letters indicate significant differences (p < 0.05). 
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Figure 5. Average concentrations of total sulfides (ng L-1) in headspace air from lab-scale bedded packs containing bean stover, corn stover, pine
wood chips, and wheat straw. Total sulfides include dimethyl disulfide (DMDS) and dimethyl trisulfide (DMTS). Ambient temperature  age of 
bedded pack treatment interaction p = 0.0083. Values are least squares means. Error bars indicate standard errors. Different letters indicate
significant differences (p < 0.05). 

 
 

 

Figure 6. Average concentration of total sulfides (ng L-1) in headspace air from lab-scale bedded packs containing bean stover, corn stover, pine
wood chips, and wheat straw. Total sulfides include dimethyl disulfide (DMDS) and dimethyl trisulfide (DMTS). Bedding material  ambient 
temperature treatment interaction p = 0.0008. Values are least squares means. Error bars indicate standard errors. Different letters indicate
significant differences (p < 0.05). 
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The DMTS concentration in the cold environment was 
highest for PC at 1.40 ng L-1, while BS had the lowest con-
centration at 0.93 ng L-1. Bedded packs in the hot-WS treat-
ment had the highest DMTS concentration (2.04 ng L-1) but 
were similar to the hot-CS treatment (1.75 ng L-1). 

BRANCHED-CHAIN FATTY ACIDS 
Isovaleric acid and isobutyric acid are contributors to 

noxious odor emissions from livestock facilities (Parker et 
al., 2012). Total BCFA concentrations ranged from 
6.3 2.7 ng L-1 to 257.9 45.0 ng L-1, which is greater than 
the total BCFA concentration previously reported by 
Spiehs et al. (2017) for mixtures of CS and PC bedding (5.5 
to 8.2 ng L-1). 

There was a significant two-way interaction between am-
bient temperature and age of bedded pack for isovaleric acid, 
isobutyric acid, and total BCFA (p = 0.0061, p = 0.0205, and 
p = 0.0118, respectively; table 2). Similar patterns were ob-
served for total BCFA concentrations (fig. 7) as for 

isovaleric acid and isobutyric acid. The greatest total BCFA 
concentration was measured at week 4 for the hot treatment 
(188.0 ng L-1). For bedded packs in hot environments, isova-
leric, isobutyric, and total BCFA concentrations decreased 
significantly (p < 0.0001) from weeks 4 to 5 but did not de-
crease further between weeks 5 and 6. Bedded packs in cold 
environments had similar isobutyric, isovaleric, and total 
BCFA concentrations across weeks 4 and 5, as well as being 
similar at weeks 5 and 6. Additionally, isobutyric, isovaleric, 
and total BCFA concentrations at week 4 (p < 0.0001) and 
week 6 (p < 0.05) were significantly greater for bedded 
packs in the hot environment compared to bedded packs in 
the cold environment. Similar results over time were ob-
served by Spiehs et al. (2012), who reported a significant re-
duction in BCFA concentrations from weeks 0 to 3 (6.2 to 
4.0 ng L-1, respectively) followed by BCFAs being similar 
from weeks 3 to 6 (4.0 to 4.6 ng L-1, respectively) when eval-
uating lab-scale bedded pack mixtures of CS and PC. The 
change in ambient temperature at week 3 in the current study 

Table 2. Probabilities (expressed as p-values) that straight-chain fatty acids (SCFA) and branched-chained fatty acids (BCFA) concentrations in
headspace air from lab-scale bedded packs were affected by the main effects and treatment interactions.[a] 

Treatment Factors 
Acetic 
Acid 

Propionic 
Acid 

Butyric 
Acid 

Valeric 
Acid 

Hexanoic 
Acid 

Heptanoic 
Acid 

Total 
SCFA 

Isovaleric 
Acid 

Isobutyric 
Acid 

Total 
BCFA 

Bedding <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.0002 <0.0001 <0.0001 <0.0001 <0.0001 
Temperature <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 

Age of bedded pack <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
Bedding  Temperature 0.9329 0.4332 0.1198 0.4129 0.1723 0.3419 0.7516 0.1286 0.1195 0.1215 

Bedding  Age of bedded pack 0.0023 0.0152 0.0121 0.0248 0.0332 0.2180 0.0025 0.0202 0.0222 0.0205 
Temperature  Age of bedded pack 0.0088 0.0079 <0.0001 0.0073 0.0264 0.0629 0.0024 0.0061 0.0205 0.0118 

Bedding  Temp.  Age of bedded pack 0.6727 0.5864 0.8153 0.7567 0.7901 0.9639 0.6907 0.6698 0.0653 0.6588 
[a] Treatments consisted of temperature (15C and 30C), bedding (bean stover, corn stover, pine wood chips, and wheat straw), and age of bedded pack (4, 5, and 

6 weeks old). Four 42-day experiments were conducted with four bedding material replications per experiment (n = 128). Significant effects (p < 0.05) are 
shown in bold font. 

 

 

 

Figure 7. Average concentrations of total branched-chain fatty acids (BCFAs) (ng L-1) in headspace air from lab-scale bedded packs containing 
bean stover, corn stover, pine wood chips, and wheat straw. Total BCFAs include isovaleric acid and isobutyric acid. Ambient temperature  age 
of bedded pack treatment interaction p = 0.0118. Values are least squares means. Error bars indicate standard errors. Different letters indicate
significant differences (p < 0.05). 
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potentially created an increase in fermentation for hot treat-
ments, causing the total BCFA spike (p < 0.0001) at week 4 
compared to weeks 5 and 6. 

There was a significant two-way interaction between bed-
ding material and age of bedded pack for isovaleric acid, iso-
butyric acid, and total BCFA (p = 0.0202, p = 0.0222, and p 
= 0.0205, respectively). Total BCFA concentrations (fig. 8) 
observed from the bedded packs had similar trends as both 
isovaleric acid and isobutyric acid. Isovaleric, isobutyric, 
and total BCFA concentrations from the bedded packs con-
taining CS and WS were significantly (p < 0.0001) higher at 
week 4 compared to the concentrations from bedded packs 
containing BS or PC. As the bedded packs aged, isovaleric, 
isobutyric, and total BCFA concentrations for all bedding 
materials were similar at week 6. Total BCFA, isobutyric, 
and isovaleric concentrations from bedded packs containing 
BS and PC were similar across weeks 4, 5, and 6. While total 
BCFA and isobutyric concentrations from bedded packs 
containing CS and WS were significantly (p < 0.05) greater 
at week 4 compared to week 5 and only concentrations from 
WS were significantly (p < 0.05) greater at week 5 compared 
with week 6. The nitrogen content was significantly lower 
for PC bedding material than for BS, CS, and WS, providing 
minimal N for protein fermentation (Spiehs et al., 2013), 
which is the main substrate for BCFA production (Mackie et 
al., 1998). 

STRAIGHT-CHAIN FATTY ACIDS 
The six key SCFA compounds measured in this experi-

ment were acetic, propionic, butyric, valeric, hexanoic, and 

heptanoic acids. The fermentation of undigested carbohy-
drates in feces or bedding material leads to the main produc-
tion of SCFAs (Mackie et al., 1998; Miller and Varel, 2001). 
Straight-chain fatty acids are consistently identified as the 
largest volume producer of VOCs from bedded pack facili-
ties (Spiehs et al., 2014, 2017). The VOC making up the 
largest volume of SCFA is acetic acid production, which in 
the current study averaged 51% to 71% of the total SCFA 
concentration found in the headspace above the bedded pack 
treatments. 

The interaction of ambient temperature  age of bedded 
pack was significant for acetic, propionic, butyric, valeric, 
hexanoic, and total SCFA (table 2). Acetic acid, propionic 
acid, butyric acid, valeric acid, and total SCFA concentra-
tions for both cold and hot treatments decreased significantly 
(p < 0.05) from weeks 4 to 6. Across all SCFA compounds, 
except hexanonic acid and heptanoic acid, concentrations 
were similar for bedded packs in the hot and cold environ-
ments during weeks 5 and 6. Concentrations of hexanoic 
acid were similar for hot and cold bedded packs at week 5 
but significantly (p = 0.0092) higher for bedded packs with 
the hot treatment compared to the cold treatment during 
week 6. The highest total SCFA concentration (fig. 9) was 
observed for the hot treatment at week 4, while the cold treat-
ment at week 6 produced the lowest total SCFA concentra-
tion (5196.8 and 651.9 ng L-1, respectively). The bedded 
packs were moved from a constant 18°C to 15°C (cold) and 
30°C (hot) at 3 weeks. The increased temperature for the hot 
treatment potentially intensified microbial activity, causing 
increased fermentation of undigested carbohydrates from the 

 

Figure 8. Average concentrations of total branched-chain fatty acids (BCFAs) (ng L-1) in headspace air from lab-scale bedded packs containing 
bean stover, corn stover, pine wood chips, and wheat straw. Total BCFAs include isovaleric acid and isobutyric acid. Bedding material  age of 
bedded pack treatment interaction p = 0.0205. Values are least squares means. Error bars indicate standard errors. Different letters indicate
significant differences (p < 0.05). 
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previous weeks, while the slight reduction in ambient tem-
perature for the cold treatment maintained or limited carbo-
hydrate fermentation. Woodbury et al. (2015) reported that 
increasing the ambient temperature from 5°C to 35°C re-
sulted in greater VOC emissions above beef feedlot manure 
scrapings. 

Additionally, a significant interaction of bedding material 
 age of bedded pack was observed for acetic, propionic, bu-
tyric, valeric, hexanoic, and total SCFA. Concentrations of 
the individual compounds had a similar trend as the total 
SCFA concentration (fig. 10). When observing the total 
SCFA concentration within weeks, concentrations from WS 
and CS (5,717.4 and 5,053.5 ng L-1, respectively) were sig-
nificantly (p < 0.0001) greater than concentrations from BS 
and PC (1,916.1 and 1,525.0 ng L-1, respectively) at week 4. 
At week 5, the total SCFA concentration from WS was sim-
ilar to CS, although significantly greater than BS and PC 
(p = 0.0331 and p = 0.0313, respectively). By week 6, the 
total SCFA concentrations from all bedding materials were 
similar. The total SCFA concentrations from BS and CS 
were similar over time as the bedded packs increased in age. 
The observation of lower total SCFA concentration from PC 
compared to CS in this study differed from the previous lab-
scale bedding study by Spiehs et al. (2013) in which the 
SCFA concentration was greater from PC than from CS 
(487.6 vs. 282.2 ng L-1, respectively). 

There were no multi-variable interactions for heptanoic 
acid concentration (table 2), although a significant difference 
was observed for bedding material (p = 0.0002). CS and WS  
 

had similar heptanoic acid concentrations (0.81 and 
0.69 ng L-1, respectively), while BS and PC also had similar 
concentrations (0.49 and 0.46 ng L-1, respectively), although 
significantly lower than CS and WS. Heptanoic acid concen-
trations were significantly (p < 0.0001) greater above bed-
ded packs stored in hot environments than in cold environ-
ments (0.79 and 0.44 ng L-1, respectively). From weeks 4 
to 5, heptanoic acid concentrations decreased significantly 
(p < 0.0001) and were similar between weeks 5 to 6. 

The total SCFA concentrations from WS and CS de-
creased significantly (p < 0.0001) from weeks 4 to 5 and only 
the concentration from WS continued to decrease signifi-
cantly (p = 0.0343) from weeks 5 to 6. The total SCFA con-
centration for the interaction of bedding material  age of 
bedded pack had a similar pattern as the total BCFA concen-
tration for this interaction. The observation of a decrease or 
relative steady concentration over time for both SCFA and 
BCFA compounds in the current study is dissimilar to previ-
ous research by Spiehs et al. (2014, 2017). In those 42-day 
studies, the researchers reported a decrease from weeks 
0 to 3 before SCFA and BCFA compounds increased 
slightly from weeks 3 to 6. It is likely that the change in am-
bient temperature at week 3 in the current study increased 
microbial activity, thereby increasing VFA production at 
week 4. Had the current study been conducted until week 8 
instead of week 6, the additional time may have allowed an 
observed increase in BCFAs similar to the increases at 
week 6 observed in the previous lab-scale bedded pack stud-
ies by Spiehs et al. (2014, 2017). 

 

Figure 9. Average concentrations of total straight-chain fatty acids (SCFAs) (ng L-1) in headspace air from lab-scale bedded packs containing 
bean stover, corn stover, pine wood chips, and wheat straw. Total SCFAs include acetic acid, propionic acid, butyric acid, valeric acid, hexanoic
acid, and heptanoic acid. Ambient temperature  age of bedded pack treatment interaction p = 0.0024. Values are least squares means. Error
bars indicate standard errors. Different letters indicate significant differences (p < 0.05). 
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ODOR ACTIVITY VALUES 
Aromatic compounds made up 72.6% of the total OAV 

on average across weeks 4, 5, and 6, no matter the ambient 
temperature. Straight-chain fatty acids decreased from 
25.1% to 11.8% as the bedded pack age increased, and total 
sulfide compounds increased from 1.5% to 8.4% as the bed-
ded pack age increased. Parker et al. (2012) reported similar 
findings of aromatic compounds accounting for 83% to 98% 
of the total OAV from swine manure in lab-scale shallow 
pits. Wright et al. (2005) reported that the aromatic com-
pounds p-cresol and p-ethylphenol were the main contribu-
tors to odor monitored up to 250 m away from swine finish-
ing facilities. Similarly, aromatic compounds were a promi-
nent odorant 20 m from beef cattle feedyards. Controlling 
the production of aromatic compound emissions is key to re-
ducing noxious odors from livestock facilities. 

There was a significant two-way interaction between am-
bient temperature and age of bedded pack for total OAV 
(p < 0.0001; table 1). Total OAV for both cold and hot treat-
ments decreased significantly (p = 0.0370 and p < 0.0001, 
respectively) as bedded packs increased in age from weeks 
4 to 5 but did not decrease further between weeks 5 and 6 for 
either temperature treatments (fig. 11). Additionally, total 
OAV at weeks 4, 5, and 6 was significantly (p < 0.0001, 
p < 0.0001, and p < 0.0001, respectively) greater for hot 
treatments compared to cold. The largest total OAV was 
measured at week 4 (493.1) for the hot treatment. Cold treat-
ments had a similar OAV production at weeks 5 and 6, which  
 

were also the lowest total OAV (136.7 and 106.4, respec-
tively). It appears that the two-way interaction between am-
bient temperature and age of bedded pack for total OAV was 
driven by 4-ethylphenol. 

A significant (p = 0.0255) interaction for bedding material 
 age of bedded pack was observed for total OAV (fig. 12). 
At week 4, total OAV was significantly (p < 0.0001) greater 
for CS and WS (417.5 and 471.4, respectively) compared to 
BS and PC. Total OAV decreased significantly (p < 0.05) 
each week as WS bedded packs increased in age (471.4, 
284.8, and 179.0, respectively). Total OAVs for BS, CS, and 
PC bedded packs decreased significantly (p = 0.0057, p < 
0.0001, and p = 0.0355, respectively) from weeks 4 to 5 but 
were similar at weeks 5 and 6. Interestingly, the decrease in 
total OAV over time was contradictory to previously reported 
total OAVs for CS, PC, dry cedar, and green cedar lab-scale 
bedded packs by Spiehs et al. (2014), where total OAVs for 
CS, dry cedar, and green cedar bedding increased as bedded 
packs aged to day 42. Spiehs et al. (2012) observed that total 
OAV was similar over time when evaluating lab-scale bed-
ded packs with CS and PC mixtures over a 42-day study. The 
total OAVs observed in the current study suggest that the use 
of BS or PC would have the greatest benefit in reducing over-
all noxious odors from bedded pack facilities. It appears that 
SCFAs (fig. 10) had greater influence on the two-way inter-
action for bedding material  age of bedded pack for total 
OAV (fig. 12) compared to aromatic and sulfide compounds 
in the current study. 

 

Figure 10. Average concentrations of total straight-chain fatty acids (SCFAs) (ng L-1) in headspace air from lab-scale bedded packs containing 
bean stover, corn stover, pine wood chips, and wheat straw. Total SCFAs include acetic acid, propionic acid, butyric acid, valeric acid, hexanoic 
acid, and heptanoic acid. Bedding material  age of bedded pack treatment interaction p = 0.0025. Values are least squares means. Error bars
indicate standard errors. Different letters indicate significant differences (p < 0.05). 
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Figure 11. Calculated total odor activity value (OAV) delineated into aromatics, straight-chain fatty acids (SCFA), branched-chain fatty acids 
(BCFA), and sulfides for lab-scale bedded packs containing bean stover, corn stover, pine wood chips, and wheat straw. Ambient temperature 
age of bedded pack treatment interaction p < 0.0001. Values are least squares means. Error bars indicate standard errors. Different letters indicate 
significant differences (p < 0.05). 

 

 

 

Figure 12. Calculated total odor activity value (OAV) for lab-scale bedded packs containing bean stover, corn stover, pine wood chips, and wheat
straw over four 42-day periods. Bedding material  age of bedded pack treatment interaction p = 0.0255. Values are least squares means. Error 
bars indicate standard errors. Different letters indicate significant differences (p < 0.05). 
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CONCLUSIONS 
No significant three-way interactions for bedding mate-

rial  ambient temperature  age of bedded pack were ob-
served in the current study. Significant bedding material  
ambient temperature interactions were observed for total ar-
omatic compounds and total sulfide compounds. Total aro-
matic compounds were significantly (p < 0.0001) greater for 
CS and WS bedding materials in hot environments compared 
to BS and PC. While total aromatic compounds were lowest 
(87.09 ng L-1) for BS across cold treatments, total sulfide 
compounds from cold-PC (51.69 ng L-1) were significantly 
(p = 0.0143) greater than all other treatments. Within hot 
treatments, total sulfide compounds were similar across all 
bedding materials. A bedding material  ambient tempera-
ture interaction trend (p = 0.0796) was observed for total 
OAV production. Considering that total aromatic com-
pounds made up 72.6% of the total OAV production, BS and 
PC bedding materials would be most suitable for reducing 
noxious odors from bedded pack facilities. Additionally, BS 
and PC had the lowest total OAV across all weeks. Total 
OAV decreased over time for both hot and cold treatments, 
although cold treatments had significantly (p < 0.0001) 
lower total OAV regardless of the age of bedded pack. 

The results of this study indicate that feedlot operators 
maintaining bedded pack facilities will achieve the greatest 
overall odor reduction when using BS or PC bedding mate-
rial, no matter the ambient temperature. During warm sea-
sons, increasing the frequency of bedded pack removal and 
creating an aerobic compost environment may reduce over-
all odorous emissions. Consideration should be given to re-
ducing the environmental temperature, when possible, when 
operating bedded pack facilities to reduce odor levels. 
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