
Feedstuffs ReprintFeedstuffs, November 7, 2016

© 2016 Feedstuffs. Reprinted with permission from Vol. 88, No. 11, November 7, 2016

Distillers grain protein 
quality for ruminants

By KEVIN HERRICK and 
FERNANDO DIAZ-ROYON*

IN 1996, U.S. distillers grain production 
was about 1.0 million metric tons. In 
2016, it is estimated that U.S. distill-

ers grain production will be more than 
40 mmt. This is a 39 mmt increase over 
a 20-year period. As a comparison, U.S. 
soybean meal production increased by 
only 9 mmt over this same period.

With the volume and growth rate of 
distillers grain production, it comes as 
little surprise that we are discussing 
distillers grain nutrition. However, what 
may be surprising is how much variabili-
ty there actually is in distillers grains and 
how this may be affecting livestock diet 
formulation.

Source of variability
Although the general process for ethanol 
production is the same in that yeasts fer-
ment starch from feedstocks to produce 
ethanol, the exact process is compli-
cated and involves many variables. Fac-
tors such as facilities, management and 
overall business objectives are unique 
for each biorefi nery, and as a result, co-
product production and quality tend to 
vary.

Furthermore, since the only compo-
nents removed from the grain during 
the fermentation process are the starch 
and soluble carbohydrate components, 
variability in the grain source ultimately 
causes additional variability in distillers 
grains.

Protein
One concern for livestock nutritionists 
when feeding distillers grains is the qual-
ity of protein and, specifi cally, the effect 
the drying process has on protein digest-
ibility. As a result, numerous research 
projects have been conducted with poul-
try and swine models to investigate the 

effect of drying on protein and amino 
acid quality.

Data from that research can be used to 
estimate protein variability in the mono-
gastric model; however, those data may 
not be applicable to the ruminant model. 
The amount of protein that escapes ru-
minal degradation, as well as the amount 
digested in the intestines, is required to 
correctly determine the value in a rumi-
nant animal.

A few studies have investigated distill-
ers grain protein quality for the ruminant 
animal. Using ruminally cannulated dairy 
cows, South Dakota State University re-
searchers (Kleinschmit et al., 2007) evalu-
ated several sources of dried distillers 
grains with solubles (DDGS) for their ru-
minal and intestinal disappearance char-
acteristics (Table 1).

The amount of protein, as a percent-
age of total crude protein (CP) that es-
caped the rumen, ranged from 59.10% to 
71.70% among the fi ve DDGS sources. Of 
the protein that escaped the rumen, be-

tween 59.20% and 76.80% was estimated 
to be digested in the intestines. When 
the amount of protein that escapes the 
rumen is multiplied by the intestinal 
protein digestibility, the result is an es-
timate of the amount of protein intesti-
nally digested in the ruminant — intesti-
nally absorbable dietary protein (IADP). 
Similarly, the total amount of protein 
digested in the rumen and intestines — 
total digestible protein (TDP) — can be 
estimated by summing the ruminally de-
graded protein and IADP.

As expected, those DDGS sources with 
high ruminal degradability also had high 
intestinal degradability. As a result, IADP 
had a smaller range of values than rumi-
nally undegradable protein (RUP) or in-
testinally digestible protein (IDP): 41.10-
49.00% for IADP versus 60.30-71.17% for 
RUP and 59.20-76.80% for IDP.

The Kleinschmit et al. (2007) work was 
completed when the ethanol industry 
was just beginning to rapidly expand. 
This was a period in which biorefi ner-
ies were still learning about ethanol fer-
mentation, and as a result, there was a 
tremendous amount of variability in co-
product quality. It can be argued that 
many biorefi neries have evolved in the 
past 10 years to become more aware of 
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1. CP degradation parameters of five sources of DDGS after 
ruminal incubation*

Item DDGS1 DDGS2 DDGS3 DDGS4 DDGS5 Avg. Std. dev.
RUP 71.70 63.70 59.10 67.50 60.30 64.46 5.20
IDP 59.20 76.80 74.20 63.00 68.10 68.26 7.38
IADP 42.40 49.00 44.00 42.40 41.10 45.78 3.09
TDP 70.70 85.30 84.90 74.90 80.80 79.32 6.38

*Data from Kleinschmit et al., 2007.

2. CP degradation parameters of nine sources of DDGS after 
in vitro digestion*

Item DDGS1 DDGS2 DDGS3 DDGS4 DDGS5 DDGS6 DDGS7 DDGS8 DDGS9 Avg. Std. dev.
RUP 65.03 68.19 68.42 65.07 66.28 62.80 61.86 63.17 62.85 64.85 2.40
IDP 78.64 77.91 75.84 77.52 76.19 80.24 82.86 80.07 84.23 79.28 2.86
IADP 51.14 53.13 51.89 50.44 50.50 50.39 51.26 50.58 52.94 51.36 1.07
TDP 86.11 84.94 83.47 85.37 84.22 87.49 89.40 87.41 90.09 86.50 2.27

*Samples sent to commercial laboratory and analyzed using Ross in vitro method.

3. CP degradation parameters of DDGS, as estimated by three 
different sources

 Kleinschmit Current NRC,  Std.
Item et al., 2007 evaluation 2001 Avg. dev.
RUP 64.46 64.85 50.80 60.04 8.00
IDP 68.26 79.28 80.00 75.85 6.58
IADP 45.78 51.36 37.20 44.78 7.13
TDP 79.32 86.50 90.70 85.51 5.75

How can nutritionists manage variability to optimize animal 
performance when including DDGS in diet formulations?
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processes that may negatively affect co-
product quality. As a result, the distillers 
grains produced today may be signifi cant-
ly different from distillers grains produced 
fi ve or 10 years ago.

To demonstrate these differences, we re-
cently submitted nine samples of DDGS to 
a commercial laboratory to be analyzed for 
ruminal and intestinal degradability using 
the Ross method (Table 2). The Ross meth-
od is a laboratory technique developed at 
Cornell University using an in vitro proce-
dure incubated at 16 hours and corrected 
for microbial contamination. The samples 
of DDGS were collected directly from nine 
different ethanol biorefi neries located in 
South Dakota, Iowa, Nebraska and Ohio.

Interestingly, the RUP values for this set 
of DDGS (64.85% of CP) were very similar 
to the DDGS used in the Kleinschmit et 
al. (2007) research (64.46% of CP). How-
ever, what was different between the two 
groups of DDGS samples was the intesti-
nal digestibility. The Kleinschmit et al. 
samples averaged 68.26% of CP, while the 
samples in the more recent evaluation av-
eraged more than 10 percentage points 
greater, with a value of 79.28% of CP. This 
resulted in IADP increasing from 45.78% 
of CP for the previous study to 51.36% of 
CP in the current evaluation. Finally, the 
standard deviations for all measures were 
all less for the current samples than the 
previous samples.

Implications
We recognize that we should be cautious 
when comparing RUP and IDP using differ-
ent methods. However, this exercise does 
raise some questions nutritionists should 

ask when including distillers grains in 
their formulations: What values are pre-
loaded in the formulation software? Are 
values for protein digestibility being con-
sidered when switching distillers grain 
sources?

To illustrate this point, we can look at 
the variability observed among the Klein-
schmit et al. (2007) research, the National 
Research Council (NRC) 2001 values and 
the DDGS samples submitted in our set 
(Table 3).

The 2001 NRC estimated the RUP of 
DDGS to be 42.2% of CP when dry matter 
intake was 2% of bodyweight and 50.8% 
of CP for 4% of bodyweight. These values 
are much less than the other comparisons 
we’ve discussed. However, IDP estimated 
in the 2001 NRC (80.0% of RUP) is very 
similar to the estimates determined in the 
current evaluation (79.28% of RUP) and 
much greater than the Kleinschmit et al. 
(2007) research (68.26% of RUP). As a re-
sult, we see signifi cant differences in esti-
mates of IADP among these three sources.

What can nutritionists do?
It is very easy to demonstrate differences 
among DDGS sources, and we think most 
nutritionists will recognize why variability 
occurs. However, how can nutritionists 
manage this variability to optimize animal 
performance when including DDGS in diet 
formulations?

One approach is to take advantage of 
recent advances in methods to determine 
feed quality. Several commercial labora-
tories have started offering tests for both 
protein and fi ber digestibility determined 
with in vitro methods. Although the in vi-

tro method is still only an estimate of di-
gestibility, it does provide a better start-
ing point when entering values into ration 
software.

Another approach is to engage either the 
DDGS suppliers or the ethanol biorefi ner-
ies to provide more information about their 
product. In many cases, these individuals 
may have data from samples they have sub-
mitted to commercial laboratories or other 
research to provide estimates of protein di-
gestibility.

In conclusion, DDGS offers an economi-
cal source of protein and energy that can 
be effectively used in diet formulations. 
The large supply of DDGS as well as the dif-
ferences among ethanol biorefi neries have 
created co-products with a lot of variabil-
ity. In order to effectively use DDGS in diet 
formulations, nutritionists need to recog-
nize these differences and adjust accord-
ingly. Fortunately, advances in feed evalu-
ation methods have made this information 
easier to determine.

References
Kleinschmit, D.H., J.L. Anderson, D.J. Sch-
ingoethe, K.F. Kalscheur and A.R. Hippen. 
2007. Ruminal and intestinal degradability of 
distillers grains plus solubles varies by source. 
J. Dairy Sci. 90:2909-2918.

National Research Council. 2001. Nutri-
ent Requirements of Dairy Cattle: Seventh 
Revised Edition. National Academies Press, 
Washington, D.C. ■



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


