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EXECUTIVE SUMMARY

High fat and high sulfur (S) concentrationsin full-fat distillers grains plus solubles limitinclusion rates in feedlot cattle
diets. Highdietary S concentrations reduce intake and have adirectimpact on the respiratory tract health.
Subsequently, health and performance of cattle are affected by high S concentrationsin distillers grains diets. Hydrogen
sulfide isrecognized to be the culprit;itresults from reducing dietary sulfate in the rumen. Sulfatereductionto
hydrogensulfideis dependentonrumen pH. At lowerrumen pH, sulfate is readily transformed to hydrogen sulfide.
Several strategies have been used to preventimpact of high Sin distillers grains on cattle health and performance. Use
of roughage to encourage greater ruminal pHthereby reducing transformation of sulfate to hydrogen sulfide presents
anotheropportunity to abate negative impact of hydrogen sulfide on cattle health and performance. This study
represents the companiontoastudy where we investigated responseto high sulfur concentrationsin vivo (AlIC 124).
Due to limited research available evaluating the effectiveness of adding roughage to maintain agreaterrumen pHand
reduce transformation of sulfate to hydrogen sulfide, there is an urgent need to determine the rumen environment.
Benefits of greaterroughage inclusion would then justify its application as increased roughage diets are known to
reduce feed efficiency and increase cost of gain.

We proposed this study to understand the mechanisms by which agreater supply of roughage in the rumen would lead
to areductioninthe negative impact of sulfuron microbial fermentation. The hypothesis was that, compared with
feeding DGwith a high S concentration, feeding DGwith a low S concentration would resultinimproved microbial
fermentation and reduced H,S concentration, and thereforeallow forreduced dietary roughage concentrations and
greater use of corn and DG.

Observations of rumen fluid pHin this study with a continuous fermentation system were indicative of normal pHand
VFAresponse toincreased energy supply tothe rumen. Deliveringahigh-energy dietledtolowerrumen fluid pHand
greatertotal VFA and flow of ammoniaN. Inclusion of greater concentrations of roughage in diets delivered to
fermenters also behaved as expected; greater ruminal pHand lower concentrations of VFA. Interestingly, however,
greaterinclusion of roughage in diets delivered to the fermenters led to increased hydrogen sulfide concentration.
Although we expected hydrogen sulfide concentration to decrease based on the hypothesis that greaterrumen pH
resulting from greater roughage inclusion would reduce transformation of sulfate to hydrogen sulfide; improved
microbial activity resulting from greater pH could have supported greater gas production and conversion of sulfate to
hydrogensulfide. Therefore, we reject our hypothesis that greater roughage concentration should decrease
transformation of sulfate to hydrogen sulfidethrough its effect of increasingrumen pH. Instead, greater rumen pH
resultingfromincreased roughage concentration may act to enhance microbial activity thereby increasing gas and
hydrogen sulfide production.

Results from this study aidin explainingwhy we did not see improved cattle performance when increasing dietary
roughage in diets containing 0.53% S in a companion feedlot performance study (AIC 124). Together, resultsfromthese
studies are taken to demonstrate thatincreasing roughage concentrationin high-energy, high-S distillers grains diets do
not aidin preventingabuild-up of hydrogen sulfide in the rumen. Quite the contrary, increasing the concentration of
roughage indistillers grains-based diets containing high concentrations of S has the potential of increasing negative
effectsof S.

Concurrently, current survey datafrom another project funded by Minnesota Corn Growers Association indicated that
the ethanol industry has made tremendous progress in managing grain fermentation so that concentrations of Sin
resulting co-products are lower.

SUMMARY

A continuous culture fermenter experiment was conducted to determine the effect of dietary roughage and sulfur
concentration on ruminal fermentation and hydrogen sulfide production when fed as a part of a feedlot-finishing diet.
The experiment consisted of eight treatments: Treatment 1(CON) was a control treatment consisting of (dry matter



basis) 86% corn, 9% roughage, and 5% supplement; treatments 2-4 consisted of adiet containing 52% corn, 40% DG, 3%
roughage, and 5% supplement, with dietary Slevels of 0.3% (LRLS); 0.4% (LRMS); and 0.5% (LRHS); treatments 5-7
consisted of a diet containing 46% corn, 40% DG, 9% roughage, and 5% supplement, with dietary Slevels of 0.3%
(MRLS); 0.4% (MRMS); and 0.5% (MRHS); and treatment 8 consisted of a diet with 28% corn, 40% DG, 27% roughage,
and 5% supplementwith adietary Slevel of 0.5% (HRHS). Average pHof ruminal contents was lower (5.09; P <0.05) for
CON than for all othertreatments, and was higher(5.33: P < 0.05) for HRHS than for all othertreatments. The pHresults
agreed with VFA production results, which showed the highest VFA production with the CON treatment (226 mM; P<
0.05). Total H,S production was lowestforthe CON treatment (0.13 pg; P < 0.05), which was expected due to the lower
dietary sulfurconcentrationinthe CON treatment. Increasing dietary roughage concentration did not decrease H,S
production, andinfact H,S production numerically increased as roughage concentration increased. Thissuggeststhat
theincreased roughage concentrationinthe MR treatments compared with the LR treatments may have providedfor
improved ruminal fermentation, and the improved fermentation offset any potential reductionsin H,S production.

INTRODUCTION

Theincrease in ethanol production has provided Minnesota feedlot operators agreat opportunity to utilize ethanol co-
products such as distillers grains (DG) in feedlot rations. Despite the known advantages of including high levels of DGin
feedlotrations, thereare concernsamongfeedlot producers about the potentially negative aspects of DG feeding that
may limititsinclusioninfeedlotdiets (Crawford, 2007). The primary concern with feeding of highlevels of DGisthe
high sulfur (S) contentassociated with DG. Concentration of Sin DG ranges widely, from approximately 0.4% of the dry
matter content of feedtoover1.0%. An excessofSin feedlotdiets canlead to hydrogen sulfide (H,S) toxicity, which
may resultin decreased animal performance, increased morbidity, and in acute cases, death (Kungetal., 1998; Gould et
al., 2002).

The conversion of dietary Sto H,S inthe rumen of cattle appears to be related to ruminal pH and dietary roughage level
(NRC, 2005). Anincreaseindietary roughage concentration and reduction of starchinfeedlotdietsleadstoanincrease
inruminal pH (Crawford et al., 2008). This will decrease the conversion of dietary Sto H,S, but will alsoresultina
reduction of volatile fatty acid production which can reduce cattle weight gains and feed efficiency. Because DG
inclusioninfeedlotdietsis usuallyin place of corn grain, it islogical to assume that DG inclusion would lead to an
increase inruminal pHdue to a reductionindietary starch. The reductionindietary starch, inturn, would logicallyallow
for areductionin dietary roughage concentration (Benton etal., 2007). However, because the conversion of StoH,S is
related toruminal pH, many feedlot operators and nutritionists are hesitant toincrease DGinclusion and reduce
roughage concentrationsin diets. Quantification of the interaction between dietary S concentration and dietary
roughage could allow feedlot operators and nutritionists to decrease roughage concentrationsin feedlot diets and
increase the utilization of DG.

The objective of these experiments was to determinethe interaction between dietary S concentration and dietary
roughage on microbial fermentation. The hypothesis was that, compared with feeding DGwith a high S concentration,
feeding DGwith a low S concentration would resultinimproved microbial fermentation and reduced H,S concentration,
and therefore allowforreduced dietary roughage concentrations and greater use of corn and DG.

MATERIALS AND METHODS

Eight dual flow, continuous culture fermenters were utilized to determine pH of ruminal contents, microbial
fermentation, and H,S production from cultures of ruminal microbesfed one of eight treatments. Fermenters were
provided one of eight dietary treatments: Treatment 1(CON) was a control treatment consisting of (dry matter basis)
86% corn, 9% roughage, and 5% supplement; treatments 2-4 consisted of adiet containing 52% corn, 40% DG, 3%
roughage, and 5% supplement, with dietary S levels of 0.3% (LRLS); 0.4% (LRMS); and 0.5% (LRHS); treatments5-7
consisted of a diet containing 46% corn, 40% DG, 9% roughage, and 5% supplement, with dietary S levels of 0.3%
(MRLS); 0.4% (MRMS); and 0.5% (MRHS); and treatment 8 consisted of a diet with 28% corn, 40% DG, 27% roughage,
and 5% supplement with adietary Slevel of 0.5% (HRHS). Ruminal fluid was collected from a cannulated steer



consuming a high-concentrate dietand was allocated to each of the eight 1-L fermenters. Four 10-day periods were
utilized resultingin atotal of 32 observationsand fourreplications pertreatment. The firstseven days of each period
allowed foradaptation of microbes, and data collection occurred the final three days of each collection period. Data
collectedincluded volatile fatty acid concentration, microbial pH, H,S production, nutrient digestion, and microbial
protein production.

RESULTS AND DISCUSSION

Total H,S production and concentration and pH results are shownin Table 1. Ruminal contentpHin continuous culture
was lowerforthe CON treatment (5.09) than all othertreatments (P <0.05). Thiscould be expected due tothe higher
starch concentration of this treatment. The HRHS treatment, which contained 27% roughage, had a pH higherthanall
othertreatments(5.33; P <0.05). In general, the moderate (9%)-roughage treatments had a higher pH (average of 5.21
for MRLS, MRMS, and MRHS) than the low (3%)-roughage treatments (average of 5.17 for LRLS, LRMS, and LRHS
treatments) which would be expected due to the higherroughage content of the 9% roughage diets.

Total H,S production was numerically lowerforthe CON treatment (0.13 ug) compared with all othertreatments (range
of 0.82 ug to 3.85 ug) ; however, due tolarge variation among the observations this difference was only significant(P <
0.05) when comparing the CON treatment to the MRMS, MRHS, and HRHS treatments. Somewhat surprisingly, the
HRHS treatment had numerically the highest H,S production (3.85ug), which was significantly (P <0.05) higherthanall
treatments otherthanthe MRMS and MRHS treatments. Ourhypothesis wasthatan increase in dietary roughage
would decrease the conversion of dietary sulfurto H,S, which would therefore mean that the HRHS treatment would
have a lower H,S production thanthe MRHS and LRHS treatments. The lack of decrease in H,S production with the
HRHS treatment could indicate that the higher pHobserved with the HRHS treatment could have promoted increased
microbial fermentation, and thereforeincreased H,S production compared with lower-roughage treatments.

We also hypothesized thatincreased dietary roughage concentration within dietary sulfur concentration would decrease
H,S production. Ateach dietary sulfur concentration, anincrease in dietary roughage led toa numerical increase in H,S
production. Thisisthe opposite responseaswe expected. Thisagain could be due to the higherroughage
concentration creating a more favorable environment for ruminal fermentation (ie. increased pH), and the increased
fermentation resultedinincreased H,S production.

Table 2 shows the effects of dietary roughage and sulfur concentrations on nitrogen parameters in continuous culture of
ruminal contents. Ammonia-N concentrations were higherinthe CON treatment (4.75 mg/dL) than all othertreatments
(P<0.05). The CON treatmentcontained aprotein supplementthatconsisted of 65% CP, 50% of which was ruminally-
degradable protein, and much of this protein was non-protein nitrogen (NPN). The DG-containing treatments received
the majority of their CP from DG, and contained very little NPN. Therefore, itis expected thatthe CON treatmenthada
greaterammonia-N concentrationthan all othertreatments. No othersignificant statistical differences were observed
for nitrogen flow, suggesting that dietary concentrations of roughage and sulfur had little effect on microbial nitrogen
synthesis.

Total VFA productionisalsoshowninTable 2. Total VFA production was highest (P <0.05) with the CON treatment,
which was expected due to the higherstarch concentrationinthe CON treatment. Distillers grains containvery little
starch and 10-12% fat. Fat has2.25 timesthe amount of energy perunitas carbohydrate. However, much of the added
benefit of fat compared with starchis realized post-ruminally, as the fat will be absorbed in the small intestine rather
than digestedinthe rumen. Starch, onthe otherhand, is rapidly and nearly completely digested in the rumen, providing
substrate forruminal microbes for VFA production. Furtherevidence of the effect of starch on ruminal VFA production
isshown by the VFA production response to the HRHS treatment, which was lowerthan all treatments otherthan the
MRLS and MRHS treatments. The HRHS treatment contained very little starch, and this corresponded with low VFA
production.

In summary, our hypothesisthatincreased dietary roughage concentration would allow for greater dietary
concentrations of sulfurwithoutincreasing H,S production was not proven entirely correct. However, it appears that



any added protection to the rumen by additional roughage may have been offset by the improved pHwith added
roughage providing amore favorable environment for ruminal fermentation.



Table 1. Effects of dietary roughage and sulfur concentrations on hydrogen sulfide, total gas, and pH parametersin

. 1
continuous cultures of rumen contents.

Item CON LRLS LRMS LRHS MRLS MRMS MRHS HRHS SEM P-

value
Total H,S 0.13° 0.82% 1.26% 1.48% 1.09" 2.38™ 2.63™ 3.85" 1.03 0.04
production

H,S concentration  0.04°  0.27°°  0.42°°  0.49° 0.36" 0.79° 0.88 1.28° 0.34 0.04

ug H,S/g diet DM 0.00° 0.01% 0.02* 0.02* 0.01%* 0.03" 0.04" 0.05" 0.01 <0.05

pH 509° 512° 521° 517  516°  5.21° 523 533 001 <001

*CON = Control, no DG, 9% roughage, 0.18% S; LRLS = 3% roughage, 0.30% S; LRMS = 3% roughage, 0.40% S; LRHS = 3%
roughage, 0.50% S; MRLS = 9% roughage, 0.30% S; MRMS = 9% roughage, 0.40% S; MRHS = 9% roughage, 0.50% S; HRHS
=27% roughage, 0.50% S. All treatments other than CON contained 40% dried DG.

> Standard error.



Table 2. Effects of dietary roughage and sulfur concentrations on nitrogen parameters in continuous cultures of

1
rumen contents’.

ltem CON LRLS LRMS LRHS MRLS  MRMS  MRHS HRHS  SEM®  P-
value

Total VFA 225.99° 181.74° 168.79°° 167.14°° 170.56°° 182.22° 145.43 159.72°° 16.26 <0.01

(mM)

NH;-N 4.75°  1.10°  1.06™ 2.90* 1.20°  1.68"  2.62°° 241 091 <0.01

(mg/dL)

N flow (g/d)

NH;-N 0.09°  0.02° 0.02° 0.06  0.02°  0.03 0.05*  0.05 0.02 <0.01

Non NH3;-  2.22°  2.43° 2.41° 2.36° 2.37° 2.25° 2.30° 2.23° 033 0.01

N

Microbial-  1.40°  1.31*  1.69* 1.87° 1.12°  1.65°  1.58™ 1.35° 0.28 0.21

N

Dietary-N  0.82°  1.12°“  0.72* 0.52* 1.25" 0.62°  0.72% 0.87° 0.33 0.19

cp 60.71° 47.64™ 66.80° 75.69°" 40.91°" 70.36™° 65.90™° 58.23 1549 0.19

degradation

(%)

*CON = Control, no DG, 9% roughage, 0.18% S; LRLS = 3% roughage, 0.30% S; LRMS = 3% roughage, 0.40% S; LRHS

= 3% roughage, 0.50% S; MRLS = 9% roughage, 0.30% S; MRMS = 9% roughage, 0.40% S; MRHS = 9% roughage,

0.50% S; HRHS = 27% roughage, 0.50% S. All treatments other than CON contained 40% dried DG.

2 Standard error.
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