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Small Grains for Livestock: Executive Summary
There are clear agronomic and ecosystem services advantages to increasing diversity of
crops grown in the U.S. Cornbelt. Small grains—oats, barley, wheat, rye, triticale—are obvious
candidates for a third crop in a corn-soybean rotation. Small grains that cannot be marketed
directly as human food products will be fed to livestock, but many livestock nutritionists have
little practical experience using these products. Although small grains were once widely grown
and used, early career nutritionists in the US are most likely to have gained all of their
experience in a feed landscape dominated by overwhelmingly abundant supplies of corn grain
and soybean meal. This report is a review of peer-reviewed, English language work comparing
animal performance (dairy, beef, pork, broilers, and layers) when fed diets based on corn grain as
compared to oats, barley, wheat, rye, or triticale.
This report is divided into four sections. The first provides a brief overview of plant
carbohydrates and summarizes energy and nutrient concentration of representative feed grains.
Section two reviews small grain use in beef and dairy cattle, while section three summarizes
research in pigs and poultry. Section four introduces potential health and environmental impacts
of increasing dietary fiber fed to pigs and poultry. This report presents recommended upper
limits for small grain inclusion in dairy, beef, pork, and poultry diets that have been
demonstrated to support animal performance at a level comparable to corn grain when fed as part
of a complete and nutritionally balanced diet. On-going work in plant breeding and applied
animal nutrition will likely result in further nuancing of these recommendations as new
information becomes available. However, based on the available literature of feeding small
grains to cattle, pigs, and poultry there is considerable opportunity to increase the use of these
feedstuffs in livestock diets without sacrificing animal performance or product quality.
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Chapter 1. Introduction to Carbohydrates
Carbohydrates are the major source of energy in all livestock diets. Carbohydrates are
diverse in terms of structure and solubility based on a number of factors. Cereal grains are
concentrated sources of readily digestible carbohydrates (like starch) but also contain variable
levels of less digestible carbohydrates (like cellulose). The value of small grains as livestock feed
is essentially dependent upon the nature and the concentration of different carbohydrate fractions
found in the grain and the animal’s ability to utilize those fractions. Two recent publications
(NRC, 2012; NASEM, 2016) provide an excellent review of how livestock nutritionists analyze,
classify, and consider carbohydrates. Table 1 provides a simplified schematic of plant
carbohydrates as they relate to small grain utilization by livestock. Tables 2 and 3 summarizes
concentration of major nutrients and selected carbohydrate fractions for corn, barley, oats, rye,
triticale, and wheat.
Net energy (NE) is the quantity of energy in a feedstuff that can be digested, absorbed,
and put to useful purpose by an animal. Useful purposes include maintaining the animal (NEM),
growing body tissue (NEG), and producing milk aka lactation (NEL). Digestibility and utilization
of feedstuffs depends on species as well as development of individual livestock. Thus net energy
value of feedstuffs will vary between different classes of livestock. Table 4 summarizes net
energy values of selected feed grains for beef cattle and pigs.
Citations
NASEM–National Academies of Sciences, Engineering, and Medicine. 2016. Nutrient
Requirements of Beef Cattle. Eighth revised edition. Washington, DC: The National
Academies Press. doi 10.17226/19014.
NRC–National Research Council. 2012. Nutrient Requirements of Swine. Eleventh revised
edition. Washington, DC: The National Academies of Press. doi. 10.17226/13298.
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Table 1. Simplified Schematic of Important Plant Carbohydrates in Small Grains1
Compound
Digestion and Fermentation2
Energy end product
Easily digested by mammalian enzymes of
Glucose in nonruminants
Starch

small intestine; very quickly fermented by

Volatile fatty acids for

gut microbes (seconds to minutes)

ruminants

Resists digestion by mammalian enzymes of
Resistant
Starch3

small intestine; quickly fermented by gut
microbes (minutes)

Volatile Fatty Acids for all
species4

Not well digested by mammalian enzymes of
β-glucans

5

Hemicellulose

small intestine; less quickly fermented by gut
microbes (minutes to hours)

Volatile Fatty Acids for all

Not digested by mammalian enzymes,

species

complete fermentation by gut microbes
Cellulose
Lignin

requires hours to days
Indigestible and not fermented by gut

None; high levels inhibit

microbes within normal limits

utilization of other fractions

6

1

Based on NRC 2012 and NASEM 2016
Fermentation rates are relative estimates.
3
Naturally occurring in grain but also influenced by processing and storage
4
Volatile Fatty Acids (VFA’s) are critical sources of energy for ruminant animals and certain
nonruminants that retain feed for extended periods of time. Small amounts of VFA’s can be
beneficial to nonruminants with relatively short feed retention times such as poultry and
growing pigs but extensive utilization of fibrous feeds is generally not viable under commercial
conditions in North America.
5
β-glucans tend to increase viscosity of ingesta and can thus reduce digestibility of other
components of feedstuffs.
6
Lignin is technically not a carbohydrate but is almost always associated with naturally
occurring plant cellulose and hemicellulose and is routinely included in analysis of dietary fiber
2
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Table 2. Simplified nutrient concentration of selected grains1
Nutrient Fraction, % Dry Matter2
Grain
Protein
Fat
Ash
Carbohydrate
Corn grain
9
4
1
82
Barley
13
2
4
75
Oats
13
6
3
70
Rye
11
1
2
73
Triticale
12
2
2
75
Wheat
14
2
2
74
1
Based on NRC 2012 and NASEM 2016
2
Nutrients are presented on a dry matter basis and will not total 100% due to variance in
available data
3
Carbohydrates = Starch + NDF; NDF = cellulose + hemicellulose + lignin
Table 3. Selected carbohydrate fractions of corn and small grains1,2
Carbohydrate Fraction3, % of total Dry Matter
Grain
Starch
Hemicellulose
Cellulose
Lignin
Corn grain
72
6
3
1
Barley
57
11
5
2
Oats
44
13
10
3
Rye
58
8
6
2
Triticale
61
10
3
2
Wheat
62
8
2
2
1
Based on NASEM 2016
2
Nutrients are presented on a dry matter basis and may not match table 2 due to rounding
3
Concentration of resistant starch is influenced by storage and processing while β-glucans will
vary greatly between variety of grain within a species. Because these fractions are not
routinely measured or reported including them in this general comparison is not feasible.
Table 4. Net energy value of corn and small grains for beef cattle and swine
Beef Cattle1
Swine2
Grain
NEM, Mcal/kg
NEG, Mcal/kg
NE, Mcal/kg
Corn grain
2.17
1.49
2.67
Barley
2.06
1.40
2.33
Oats
2.03
1.37
1.89
Rye
1.97
1.32
2.46
Triticale
2.02
1.37
2.51
Wheat
2.15
1.47
2.47
1
NASEM 2016; NEM = Net Energy for Maintenance, NEG = Net Energy for Growth
2
NRC 2012; NE = Net Energy, currently there is no differentiation between NE used for
maintenance or growth in swine
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Chapter 2. Small Grains for Cattle
Microbes that reside in the rumen of ruminant animals such as cattle alter ingested
feedstuffs prior to the small intestine where feed is enzymatically digested. It is through this
microbial fermentation that ruminant animals are able to sustain growth and performance when
fed fibrous carbohydrates that are not well digested by mammalian enzymes. Grains and other
concentrates also undergo microbial fermentation in the rumen. Because rumen microbial
fermentation fundamentally alters ingested feed prior to delivery to the small intestine, practical
considerations for feeding small grains to ruminant animals like dairy and beef cattle are
fundamentally different than guidelines for feeding small grains to nonruminants such as pigs
and poultry. Beef cattle on feedlot and lactating dairy cattle are the primary ruminant consumers
of grain in the U.S. During these stages of production, the animal’s energy requirements
generally exceed what can be met through forage alone and so these cattle regularly receive grain
of some kind.
Small Grains for Dairy Cattle
In a 1998 survey of dairy nutritionists in the U.S., it was reported that cereal grains
commonly comprise up to 30% of a lactating dairy cow’s ration (Mowrey and Spain, 1999).
Maximum inclusion rates of four cereal grains were reported as 45% for corn grain, 26% for
barley, 20% for oats, and 20% for wheat (Mowrey and Spain, 1999). A later survey of U.S.
dairy producers reports that 90% of dairy farms feed corn grain to their animals while
approximately 23% feed oats, 15% feed barley, and 9% feed wheat (USDA, 2014). Use of other
small grains such as rye or triticale and inclusion rates of grain in typical dairy cattle rations was
not reported by either study (Mowrey and Spain, 1999; USDA, 2014).
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Oats
Early work in Washington state demonstrated that when fed as part of a balanced ration
with alfalfa hay, wheat, corn, oats, or barley equally support total milk yield and fat corrected
milk (FCM) production (Tommervik and Waldern, 1969). Fat corrected milk is a widely
accepted performance measure for lactation which standardizes total milk production based on
fat concentration. Dairy cattle fed rations containing 60% corn grain consumed more feed and
out produced cattle fed 72% oats, however differences in protein, fat, and fiber contents of the
experimental diets likely contributed to reported performance differences (Fisher and Logan
(1969). In a comparison of regular oats (14.5% CP) and high protein oats (17.6% CP) to corn
grain, it was demonstrated that FCM was not different between grain sources but that high
protein oats supported milk production without supplementation of soybean meal (Schingoethe
et al. 1982). Later work demonstrated that FCM production was superior when cattle were fed
rations containing 60% oat grain as compared to 60% barley or wheat (Moran, 1986).

Barley
When dairy cows were fed complete, balanced, rations containing corn versus barley, fat
corrected milk production was not different (McCarthy et al. 1989). Further work has
demonstrated that when processed similarly and fed as part of a balanced ration, replacing corn
grain with barley does not affect fat corrected milk production (Beauchemin and Rode 1997;
Beauchemin et al. 1997; Grings et al. 1992). More recently, it has been demonstrated that when
dairy cows are fed a complete ration, barley can be used as a partial or total replacement for corn
grain (Kargar et al. 2014).
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Wheat
It is well established that when fed as part of a balanced dairy ration, wheat grain will
support total milk yield and FCM (Tommervik and Waldern, 1969; McPherson and Waldern
1967; Cunningham et al. 1970; Faldet et al. 1989). McPherson and Waldern (1967) demonstrated
that when dairy cows were fed forage and grain concentrate in a ratio of 55:45, the grain portion
of the diet could include up to 93% wheat without any negative impact on cow health, diet
digestibility, or FCM. Both normal (14% CP) and high protein (18% CP) wheat can replace up to
33% of the corn grain in a lactation ration without negative impact (Cunningham et al. 1970).
Replacing 66% of the corn grain in a lactation ration reduced FCM as compared to lower levels,
however differing ratios of concentrate and forage in the final rations makes it difficult to
ascertain if the effect was due to higher levels of wheat or the reduced levels of fiber occurring in
the high wheat diets (Cunningham et al. 1970). When dairy cows were fed rations of 55%
concentrate and 45% forage, increasing levels of wheat (0, 40, or 60%) in the concentrate mix
resulted in a linear reduction in FCM (Faldet et al. 1989) but again it is unclear if the effect was
due to higher levels of wheat or accompanying changes in dietary fiber and protein levels of the
ration.
Rye
Less work has been published comparing rye to other grains in dairy rations. Feeding
more than 30% rye to growing Holstein calves has been shown to reduce intake and gain but not
efficiency of gain (Sharma et al. 1981). Roasting the rye improved palatability and performance
of growing calves (Sharma et al. 1981). Up to 25% rye could be included in the concentrate mix
fed to lactating dairy cows without impacting intake or performance, however when rye
accounted for 50% or more of the concentrate mix intake was reduced (Sharma et al. 1981). Fat
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corrected milk production was not impacted when rye accounted for 25% of the concentrate mix,
but when rye accounted for 50% of the concentrate mix, FCM was reduced (Sharma et al. 1981).
Triticale
One study demonstrated that replacing barley with triticale in the concentrate mix fed to
dairy cows in addition to alfalfa silage does not impact FCM (McQueen and Fillmore 1991).
Later work reported that dairy cows fed a concentrate mix containing 70% corn out performed
dairy cows fed a concentrate mix containing 70% triticale (Smith et al. 1994). When triticale was
combined with corn grain such that triticale accounted for 66% of the grain in the concentrate
mix lactation performance was similar to cows fed corn as their sole source of grain (Smith et al.
1994).

Small Grains for Beef Cattle
Grain consumption by beef cattle is highest during the feedlot phase of cattle finishing.
Following a transition period, grain concentration in beef feedlot rations typically accounts for
60-90% of total dry matter intake (Samuelson et al. 2016). In two surveys of beef feedlot
nutritionists, corn grain wass the most widely used cereal grain in feedlot rations (Vasconcelos
and Gaylean, 2007; Samuelson et al. 2016). Wheat, barley, and sorghum were also reported to be
fed to some cattle, generally as a secondary grain to corn (Vasconcelos and Gaylean, 2007;
Samuelson et al. 2016). Neither survey specifically reported regular use of oats, rye, or triticale
in feedlot rations (Vasconcelos and Gaylean, 2007; Samuelson et al. 2016).
Feed grains are often processed prior to feeding to feedlot cattle (Vasconcelos and
Gaylean, 2007; Samuelson et al. 2016). Dry rolling and steam flaking are common feed
processing methods (Vasconcelos and Gaylean, 2007; Samuelson et al. 2016) and both can
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improve the utilization of small grains by beef cattle (Mathison 1996; Owens et al. 1997).
Considerably more research has been published examining the impact of different processing
techniques within a given species of grain than studies comparing two species of grains that have
been uniformly processed (Owens et al. 1997). However when growing beef cattle are fed
appropriately balanced diets growth rate and efficiency can be supported equally by barley,
wheat, oats, or corn (Dion and Seoane, 1992; Owens et al. 1997).
Oats
Oats are well established as a starter feed for growing beef cattle but are generally less
effective in finishing rations due to their comparatively lower energy value (Comerford, 2017).
Zinn (1993) demonstrated that growth rate and carcass merit of cattle was superior when fed
steam-flaked corn compared to dry rolled oats. Steam processing and rolling of oats improved
the energy value of oats for beef cattle (Zinn, 1993). Dion and Seoane (1992) demonstrated that
finishing cattle fed balanced rations containing either 54% rolled oats or 54% cracked corn
performed similarly.
Barley
Barley is regularly fed to beef cattle in areas where it is commonly grown and is widely
recognized as an excellent cattle feed. Finishing cattle fed complete rations containing either
78% rolled corn or 78% rolled barley for 90 days prior to harvest grew similarly with no
differences in carcass quality (Mathison and Engstrom, 1995). This is in agreement with an
earlier study comparing growth and performance of feedlot cattle fed either 54% cracked corn or
55% rolled barley (Dion and Seonae, 1992). In a 172 day finishing trial cattle fed rations
containing 74% steam-flaked corn grew at the same rate as cattle fed rations containing 74% dry
rolled or steam flaked barley (Zinn 1993). Dry matter intake was higher for barley fed cattle and
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thus feed efficiency was slightly reduced for barley fed cattle as compared to corn fed cattle but
carcass weights were larger for barley fed cattle (Zinn 1993). It was later demonstrated that
finishing steers performed similarly when fed either 70% corn grain or barley in combination
with corn silage and supplements (McEwen et al. 2007).
Wheat
Wheat is a well-established feed for beef cattle with growth performance and carcass
characteristics of wheat-fed animals being similar to those fed either corn grain or barley (Owens
et al. 1997). Dion and Seoane (1992) demonstrated that finishing cattle fed balanced rations
containing either 55% wheat or 55% rolled barley performed similarly. Wheat starch is digested
faster by rumen microbes than starch in corn or barley and thus may alter rumen pH more
quickly (Herrera-Saldana et al. 1990). For this reason wheat is often limited to around 50% in
feedlot diets to avoid digestive disturbance (Owens et al. 1998). In an 84-day experiment, 160
crossbred steers performed similarly and produced carcasses of equivalent quality when fed
balanced rations containing either 89% barely or 88.4% wheat (Moya et al. 2015).
Rye
Ryelage—a forage feedstuff made by chopping and harvesting the entire cereal rye plant
(and immature seed head)—is probably the most common use of cereal rye in the Midwest
United States. Rye grain is not a common livestock feed in North America, but European work
demonstrates that it can be fed successfully. Current recommendations for rye inclusion based on
work summarized by Meyer et al. (2017) are 20% of the concentrated feed or approximately up
to 2.2 lb of rye/day during finishing.

Triticale
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Early work comparing triticale to sorghum in finishing cattle reported reduced intake and
growth rate in triticale fed cattle (McCloy et al. 1971). However the study by McCloy et al.
(1971) compared rations containing 92% triticale or 83.1% sorghum + 7.6% cottonseed meal +
1.2% urea. Although both diets were isonitrogenous, the differences in performance cannot truly
be attributed to differences in grain source alone. In another study researchers compared 70%
corn + 6% soybean meal to 38% corn + 38% triticale or 38% corn + 38% barley and
demonstrated that both triticale and barley could successful replace corn and supplemental
protein fed to finishing cattle (Hill and Utley, 1989). Growth rate, feed intake, and feed
efficiency of cattle fed rations containing 90% triticale versus 90% barley were not different in a
120-day feeding trial (Zobell et al. 1990).
Conclusion
Small grains can support efficient production by both dairy and beef cattle. A major
consideration when formulating rations is the relative cost of different sources of nutrients.
Typical market conditions in the U.S. usually support feeding corn grain over other cereal
alternatives. Maintaining rumen function and health through including adequate fiber is essential
regardless of the type of grain fed to cattle. If rations including small grains are formulated to
provide adequate nutrition to the animal while maintaining rumen health there is little evidence
to suggest small grains are not appropriate for inclusion in rations fed to dairy or beef cattle.
Tables 5 and 6 summarizes the ability of small grains to replace corn in rations for dairy and beef
cattle while maintaining performance. In all cases it is assumed that toxin free grains that are
processed equivalently will be fed and that rations will include appropriate levels of forage. It is
further expected that rations will be balanced using supplemental sources of protein, minerals,
and vitamins as needed.
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Table 5. Small grain replacement of corn in balanced rations fed to lactating dairy cows1,2
Small Grain3
Fat Corrected Milk Production
Oats
100%
Barley
100%
Wheat4
100%
Rye
Inclusion up to 25% of concentrate mix can support performance
Triticale
Inclusion up to 66% of concentrate mix can support performance
1
Replacement that have been demonstrated to support equivalent fat corrected milk production
Peter J. Lammers, University of Wisconsin–Platteville
December 2017

2

Rations will include appropriate levels of forage and will be balanced using supplemental
sources of protein, minerals, and vitamins as needed.
3
Toxin free grains that are processed equivalently
4
Wheat is equivalent to corn when cattle fed rations containing 55% forage and 45%
concentrate. Performance is reduced when cattle fed 45% forage and 55% concentrate.
Table 6. Small grain replacement of corn in balanced rations fed to finishing beef cattle1,2
Small Grain
Performance1
Oats
90%
Barley
100%
Wheat4
100%
Rye
Inclusion of up to 20% can support performance
4
Triticale
100%
11
Replacement that have been demonstrated to support equivalent growth rate, feed
consumption, and feed efficiency
2
Rations will include appropriate levels of forage and will be balanced using supplemental
sources of protein, minerals, and vitamins as needed.
3
Toxin free grains that are processed equivalently
4
Wheat and triticale have been demonstrated to be equivalent to barley
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Chapter 3. Small Grains for Poultry and Pigs
Feedstuffs that are ingested by pigs and poultry do not undergo microbial fermentation
prior to the small intestine where feed is enzymatically digested. Thus pigs and poultry are
fundamentally less able to achieve peak levels of muscle growth, egg production, and
reproduction when fed diets rich in fermentable carbohydrates or nonstarch polysaccharides that
may support cattle performance. Historically nonstarch polysaccharides were considered
antinutritional compounds that should be minimized in pig and poultry diets. Today as
knowledge of the gut microbiome evolves, nutritionist are recognizing that fermentable
carbohydrates do play an important role in supporting gut health and thus animal performance.
However, the majority of energy in practical pig or poultry diets is derived from starch and thus
there may be greater limits on inclusion of small grains in pig and poultry diets that support
commercial levels of production as compared to cattle rations.
Small Grains for Poultry
Although both broilers and layers are the same species (G. gallus) there are major
differences in the feeding strategy and production cycle of domestic chickens kept to produce
eggs (layers) and those raised for meat (broilers). These differences are summarized in various
production guides readily available from commercial breeding companies (Cobb-Vantress Inc.,
2012 and Hy-Line LLC, 2016). Although the U.S. leads the world in turkey production, total
turkey meat production is less than 15% of the total broiler meat production (USDA-NASS
2017). Although turkey production is not an insignificant sector, published research examining
the nutrition of turkeys is less widespread compared to studies involving chickens, pigs, or cattle.
Thus the following review of feeding small grains to poultry focuses on chickens with limited
discussion of turkey production when supported by available literature. Genetic selection and
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subsequent rate of improvement in chickens is much faster than other livestock. In 1925 the
typical broiler chicken as 112 days of age and weighed 2.5 lb at slaughter while in 2015 the
typical broiler chicken was only 48 days of age but weighed 6.24 lb (National Chicken Council,
2016). Similar advancements have been made in egg production (American Egg Board, 2014).
Rapid genetic improvement and dramatic changes in husbandry practices within the poultry
industry makes drawing direct comparisons between historic feeding comparisons and current
production systems challenging. Perhaps more so than other species there is a definite need for
revalidation of suggested inclusion rates for small grains in poultry diets. Table 7 summarizes
recommendations for upper limits of small grain inclusion in poultry diets.
Oats
Early work demonstrated that “heavy test weight” oats could replace 20% of the corn
grain in diets fed to growing chicks without adversely impacting growth rate or feed efficiency
(Carrick and Roberts,1948). Later it was shown that broilers fed a balanced diet consuming 45%
oats performed similarly to those fed 0% oats in two replicated trials involving 3,000 birds
(Beacom, 1963). Similarly, Petersen (1969) found no difference in growth rate of broilers fed
diets containing 67.3% corn or 50% oats + 17.3% corn., but feed efficiency was reduced in the
diet containing oats. Feeding oat-based diets (>59% oats) for layer hens resulted in similar
performance to corn-based diets (Lillie and Denton, 1967).
Traditional oats (Avena sativa) typically include a robust hull that remains with the grain
and dilutes the starch and protein fractions of this feedstuff. Varieties oat with a loosely attached
hull that is easily winnowed off as it is harvested—aka Naked oats (Avena nuda)— have been
developed and have higher starch and protein and lower fiber as compared to traditional oats,
making them a more attractive feed for poultry. It was demonstrated that layers could be fed
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diets containing up to 60% naked oats without reducing egg yield or production as compared to a
corn-soybean meal diet (Cave et al. 1989). Naked oats partially replaced both corn and soybean
meal in the experimental diets, while maintaining bird performance (Cave et al. 1989). Maurice
et al. (1985) demonstrated that broiler chickens could be fed balanced diets containing up to 40%
naked oats and perform similarly to broilers fed the corn-soybean meal control diet. Balanced
diets containing 66% naked oats have also been reported to support performance in turkeys
(MacLean et al. 1993). Leeson and Summers (2005) recommends maximum inclusion rate of
naked oats at 40% for broiler and 50% for layers.
Barley
Arscott et al. (1955) demonstrated that broilers fed a corn-soybean diet could include
15.25% barley while maintaining growth and performance. Growth rate and feed efficiency was
reduced in broilers fed a diet containing 50% barley + 17.3% corn as compared to broilers fed a
diet containing 67.3% corn (Peteren 1969). In that study diets were not formulated to be
equivalent in energy and amino acids and so the diets containing barley had reduced energy
concentration as compared to the corn based diets (Petersen 1969). Growth and performance of
broilers fed balanced diets containing 30% barley was similar to broilers fed corn-soybean meal
diets but litter conditions deteriorated when birds were fed more than 20% barley (Brake et al.
1997). When birds were supplemented with an enzyme complex with xylanse and protease
activity it was demonstrated that barley could replace all corn in broiler diets (Gracia et al.,
2003).
Compared to broilers, turkeys have a more expansive gastro-intestinal tract which may
improve utilization of barley by turkeys as compared to broilers. Growing turkeys performed
similarly when fed diets containing either corn or barley from week 8-20 (Moran and McGinnis
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1966). Turkeys fed 70-86% barley had wetter litter, but this was alleviated when birds were fed
diets supplemented with an enzyme complex (Moran and McGinnis, 1966).
Mohammed et al. (2010) demonstrated that barley can replace 50% of the corn in a layer
hen diet while maintaining egg quality and production (barley inclusion rate of 30% in final
diet). Balnave (1970) demonstrated that layers could be fed barley-based diets (55% inclusion
rate) balanced for linoleic acid content while maintaining hen development, egg production, and
feed efficiency similar to those obtained with corn-based diets. Barley (50% inclusrion rate) can
replace 90% of the corn in layer hen diets without impacting egg production or feed efficiency,
but was associated with a higher incidence of dirty eggs (Lázaro et al. 2003). Supplementing
barley-based diets with xylanse and ß-glucanase improved feed efficiency and egg production
while reducing incidence of dirty eggs (Lázaro et al. 2003). Adding enzymes to water also
enhanced utilization of barely in layer hen diets (Mohammed et al. 2010). Benabdeljelil and
Arbaoui (1994) reported that improved utilization of barley-based diets by laying hens with
enzyme supplementation of feed. Feeding barley-based diets (57.8% inclusion rate) supported
egg production but reduced feed efficiency as compared to a corn-based diet (Coon et al. 1988).
No enzymes were fed in this study and diets were not balanced for linoleic acid content (Coon et
al. 1988). In contrast, when enzyme-supplemented barley-based diets (45% inclusion)
containing sufficient linoleic acid were fed to layer hens, egg production, egg quality, and feed
efficiency was similar to the corn-based control (Pérez-Bonilla et al. 2011). Leeson and
Summers (2005) recommends maximum inclusion rate of barely at 10% for birds younger than 4
weeks and 15% for birds older than 4 weeks. If barley-based poultry diets are supplemented with
β-glucanase enzymes, barley can account for 30–40% of the total diet (Leeson and Summers,
2005).
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Wheat
Gardiner (1973) demonstrated that some varieties of wheat were equal to or superior to corn in
supporting broiler chick performance. In contrast, growth rate and feed efficiency was reduced in
broilers fed a diet containing 50% wheat + 17.3% corn as compared to broilers fed a diet
containing 67.3% corn (Peteren 1969). In that study diets were not formulated to be equivalent in
energy and amino acids and so the diets containing wheat had reduced energy concentration as
compared to the corn based diets (Petersen 1969). When diets were formulated to be equivalent
in energy and amino acids, broilers fed wheat-based diets (52% of total) performed as well as
broilers fed a corn-based diet (49% of total) (Gardiner et al. 1981). Recent work has
demonstrated that wheat can substitute for corn in broiler diets and that supplementation with
xylanase improves utilization of wheat based diets (Chiang et al. 2005). Rodríguez et al. (2011)
also demonstrated that supplementing a wheat and barley-based diet with xylanse and ßglucanase improved utilization in broiler chickens with performance of birds fed the
supplemented diet being equivalent to those fed a corn-based diet.
Wheat can replace corn in balanced diets fed to growing turkeys without negatively
impacting growth or performance (Waldroup 1967; Hulet et al. 1993). Harper et al. (1981)
demonstrated that wheat could also replace corn in diets fed to breeding turkeys. Odetallah et al.
(2002) demonstrated improved utilization of wheat-based diets by turkeys when diets were
supplemented with xylanse and ß-glucanase.
Lillie and Denton (1968) reported that wheat can replace corn in layer diets when diets
are balanced for protein. Balnave (1970) demonstrated that layers could be fed wheat-based diets
(55% inclusion rate) balanced for linoleic acid content while maintaining hen development, egg
production, and feed efficiency similar to those obtained with corn-based diets. Later work has
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confirmed that if diets are balanced appropriately, wheat can replace corn in layer hen diets
without impacting performance (Liebert et al. 2005; Saffa et al. 2009). When enzymesupplemented wheat-based diets (45% inclusion) containing sufficient linoleic acid were fed to
layer hens, egg production, egg quality, and feed efficiency was similar to the corn-based control
(Pérez-Bonilla et al. 2011). Replacing corn with wheat in layer hen diets did not impact egg
production or feed efficiency, but was associated with a higher incidence of dirty eggs (Lázaro et
al. 2003). Supplementing wheat-based diets with xylanse and ß-glucanase improved feed
efficiency and egg production while reducing incidence of dirty eggs (Lázaro et al. 2003).
Leeson and Summers (2005) recommends maximum inclusion rate of wheat at 20% for birds
younger than 4 weeks and 25% for birds older than 4 weeks. If wheat-based poultry diets are
supplemented with appropriate enzymes, wheat can account for 40–50% of the total diet (Leeson
and Summers, 2005).
Rye
Broiler growth and performance can be supported by diets containing 10% rye
(Proudfoot, 1977). Feeding diets containing 18% or more rye reduced broiler performance as
compared to a barley and wheat-based control diet (Boros et al. 1995). Broilers fed rye-based
diets (>50% inclusion) grew slower and less efficiently as compared to broilers fed wheat based
diets (Józefiak et al. 2007 and Lázaro et al. 2004). Supplementing rye-based diets with xylanase
improved utilization by broilers, but performance still lagged behind birds fed wheat- based diets
(Józefiak et al. 2007; Lázaro et al. 2004). Recently it was demonstrated that feeding 5-10% rye to
growing broilers had little impact on animal performance but may improve immune competence
by impacting gut morphology, microbiota, and gene expression (van Krimpen et al. 2017).
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Layer diets can contain up to 45% rye without impacting egg production or feed
efficiency, but higher levels negatively impact performance as compared to wheat-based layer
diets (Campbell and Campbell 1989). Diets containing 35% rye grain can support egg production
or feed efficiency in layer hens, but were associated with a higher incidence of dirty eggs
(Lázaro et al. 2003). Supplementing rye-based diets with xylanse and ß-glucanase improved feed
efficiency and egg production while reducing incidence of dirty eggs (Lázaro et al. 2003).
Triticale
Broiler growth and feed efficiency was similar when fed corn-soybean diets containing 0,
5, 10, or 15% triticale (Hermes and Johnson 2004). It has been reported that broiler diets can
contain up to 40% triticale without impacting growth rate or feed efficiency as compared to a
corn-soybean meal control (Vieira et al. 1995). In contrast, broilers fed triticale-based diets grew
slightly slower and less efficiently than broilers fed a wheat-based diet (Korver et al. 2004). In a
third study, broilers fed triticale-based diets (> 60% inclusion) grew similarly to broilers fed
wheat based diets (Józefiak et al. 2007). Differences across studies are likely due to using
differences in broiler genetics and management, as well as varieties of grain and other dietary
factors. Xylanase supplementation has been shown to improve utilization of triticale-based diets
fed to broiler chickens (Józefiak et al. 2007; Mendes et al. 2013).
Fernandez et al. (1973) demonstrated that layer performance was similar when birds were
fed either triticale-based (85% inclusion rate) or corn-based diets. Layer diets containing 42%
triticale supported egg production as well as a corn-soybean meal control diet (Kim et al. 1976).
Çiftci et al. (2003) demonstrated that triticale can be substituted for wheat in layer diets up to
60% without impacting egg production or quality. Egg yolk color was lighter when triticale was
fed alone, but when mixed with corn grain (30% triticale + 33% corn) egg yolk color improved
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(Çiftci et al., 2003). Later work showed that egg production was maintained on diets containing
30% triticale but yolk color was reduced as compared to layers fed the corn-soybean meal
control diet (Hermes and Johnson 2004).
Small Grains for Pigs
Recommended upper limits of usage for feed ingredients in swine diets have been
presented (Sullivan et al. 2005 and Reese et al. 2010) and are summarized in table 8. More so
than other species upper limits have been examined and tested in pigs at various weights and
production phases. The weight based recommendations incorporate physiological changes in the
gastrointestinal tract and shifting nutritional requirements of pigs at different stages of
production. Because further review of previous feeding trials examining small grains in pigs
would be redundant (see table 8), this review will focus on work examining the two grains—oats
and rye—that have the lowest recommended inclusion rates
Oats
As with other grains, quality of the oats fed is an important consideration when
evaluating animal performance (Jensen et al. 1959). In a South Dakota study, 96 pigs were fed
balanced diets containing 0, 20, 40, or 60% oat grain from 60–200 lb (Wahlstrom and Libal,
1975). Heavy test weight (33 lb/bushel) oats were used in this study and no differences in growth
rate, feed intake, or feed efficiency were detected across treatments (Wahlstrom and Libal,
1975). More recently, Fortin et al. (2003) demonstrated that finishing pigs could be fed up to
70% oats in a balanced ration and performed similarly and produced carcasses comparable to
pigs fed a control diet that used wheat and barley as the main source of carbohydrate energy.
Rye
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Enzyme supplementation is a strategy that can enhance utilization of small grains by pigs
(Woyengo et al. 2008 and Owusu-Asiedu et al 2012). However results are variable based on
specific enzyme used, activity of that enzyme, and other dietary factors. Xylanase
supplementation alone did not improve nutritional value of rye in growing pigs (Lærke et al.
2015 and Nørgaard et al. 2016). However, feeding an enzyme complex with both xylanase and
multiple β-glucanse activities enhanced utilization of rye-based diets fed to pigs using a liquid
feeding system (Villca et al. 2016). European work summarized by Meyer et al. (2017) reports
that feeding balanced diets containing up to 50% rye grain can support finishing pig growth and
performance with lower levels being recommended for smaller pigs and lactating sows.
Conclusion
Small grains can support efficient production in broilers, layers, turkeys, and pigs.
Typically replacing corn with small grains in corn-based diets for nonruminants will also enable
reduced use of protein supplements such as soybean meal. The type and quantity of fermentable
carbohydrates varies in grain. Differences in performance by nonruminant animals when fed
diets formulated to be balanced for energy and nutrients may be attributed to the differences in
fermentable carbohydrates found in various feedstuffs and the subsequent impact on dietary
energy and nutrient availability. The use of exogenous enzymes can be beneficial particularly
when feeding wheat and barley to broilers and young pigs, but the efficacy of enzyme
supplementation tends to decrease as the animal matures and is not uniform across variety of
grain or growing season. Partial replacement of corn with small grains in pig and poultry diets
can result in nutritionally adequate diets that support animal performance. Tables 7 and 8 present
recommendations for maximal inclusion rate of small grains in diets fed to poultry and pigs
respectively.
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Table 7. Recommended upper limits of usage (% of diet) for small grain in poultry diets
Chicken
Growing
Grain
Broilers
Layers
Turkeys
1
1
Barley
30
50
701
2
Barley + Enzymes
*
*
*
3
3
Oats
45
60
ND
Naked Oats4
40
50
65
5
Rye
10
35
ND
Triticale
*6
307
ND
Wheat
20
25
*
7
Wheat + Enzymes
*
*
*
An * denotes no nutritional limit in a complete diet balanced for energy, essential amino acids,
essential fatty acids, minerals, and vitamins
ND = insufficient peer reviewed data available to make recommendation
1
Feeding barley at these levels supported performance but was associated with higher
incidence of dirty eggs and/or wet litter. These issues can be alleviated through
supplementing with xylanase and ß-glucanase
2
Xylanase and ß-glucanase supplementation is recommended for barley-based diets
3
Based on work prior to 1970, modern genetics and management systems may not support this
level of inclusion
4
Avena nuda
5
Feeding 35% rye associated with dirty eggs unless supplemented with xylanase and ßglucanase
6
Supplementing triticale-based diets with xylanase has been shown to improve utilization by
broilers
7
Higher levels will support production but may be associated with lighter egg yolk color
8
Xylanase and ß-glucanase supplementation is recommended for wheat-based diets
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Table 8. Recommended upper limits of usage (% of diet) for small grains in pig diets1
Growing Pig weight range, lb
Sow Production Phase
Grain
<25
25-50
50-125
125-315
Gestation
Lactation
Barley
*
*
*
*
*
*
Oats2
15
30
35
40
*
10
Oat groats3
*
*
*
*
*
*
Rye
0
10
25
35
20
10
Triticale
20
30
*
*
*
40
Wheat
*
*
*
*
*
*
1
Based on Reese et al. 2010.
An * denotes no nutritional limitations in a complete diet balanced for energy, essential amino
acids, minerals, and vitamins.
2
Research has demonstrated that if high quality oats are fed as part of nutritionally balanced
diets, pig performance can be supported at higher levels than reported here (Wahlstrom and
Libal, 1975; Fortin et al. 2003).
3
Oat groats are whole oats that have been processed to remove the fibrous hull.
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Chapter 4. Health and Environmental Impact of Dietary Fiber fed to Pigs and Poultry
Dietary fiber (DF) is a collective term that refers to carbohydrates and associated plant
substances that are resistant to digestion and absorption in the small intestine but can be partially
or completely fermented by microbes in the large intestine (AACC 2001, NRC 2012). High
levels of DF reduce energy and organic matter digestibility of feedstuffs fed to pigs and poultry.
However, a minimum level of dietary fiber has to be included in pig and poultry diets to maintain
normal physiological function in the gastrointestinal tract (Wenk 2001, Kleyn 2013). As
discussed in chapter 1 small grains have more dietary fat than corn and so one way to increase
dietary fiber would be to include small grains in diets fed to livestock. This chapter briefly
reviews the impact of dietary fiber on animal health and environmental impact when fed to pigs
and chickens.
The results of 37 experiments in which multiple types and levels (0.5–29.7%) of dietary
fiber were fed to weaned pigs have been summarized by Flis et al. (2017). Although increasing
total DF decreased digestibility, moderate levels (1.5-8%) of insoluble DF resulted in increased
feed intake and improved growth rate (Flis et al. 2017). Sources of insoluble DF include oat and
barley hulls as well as corn and wheat bran. Feeding oat hulls (2-4% of total diet) to pigs resulted
in improved fecal consistency and reduced incidence of post-weaning diarrhea and antibiotic
intervention (Flis et al. 2017). An increase in the counts of beneficial gut microbiota and short
chain fatty acids were stimulated by increasing DF and indicates that increasing DF may improve
intestinal barrier function (Flis et al. 2017). Overall, the studies reviewed by Flis et al. (2017)
suggest that feeding 2% oat hulls to weaned pigs would promote gut development and health
while improving growth performance. Although there is variation among oat varieties, oat hulls
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may constitute up to 25% of the total weight of oat grain (Crosbie et al. 1984). If oats are 25%
hulls by weight, than a 2% oat hull inclusion rate is equivalent to 8% oat grain.
Dietary fiber supports bacterial fermentation that shifts nitrogen excretion away from
urine to feces. The stability of nitrogen is greater when it is incorporated into feces rather than
urine and thus shifting nitrogen excretion away from urine to feces is associated with lower
ammonia emissions from pig manure (Aarnink et al. 2007). As reviewed by Jha and Berrocoso
(2016) inclusion of DF in pig diets is an effective strategy to alter nitrogen excretion pathways in
the gut and minimize negative environmental consequences of pig production. Beet pulp fiber
has been shown to result in enhanced bacterial fermentation and shift nitrogen excretion away
from urine to feces when fed to growing pigs (Patráš, 2012). Similarly, when finishing pigs were
fed diets containing 64.5% oats they harbored increased populations of beneficial microbes and
had decreased manure odor emissions compared to those fed barley-based diets (O’Shea et al.
2010).
Neutral detergent fiber (NDF) is an analysis that is often used to quantify fiber content of
livestock diets. Although not identical to DF, diets that contain increased levels of NDF are also
likely to contain increased levels of DF. The effect of increasing dietary NDF concentration in
layer hen diets was examined in two studies by Roberts et al. (2007a, 2007b). In those studies
NDF was increased by approximately 16% through the inclusion of either corn DDGS, wheat
middlings, or soybean hulls (Roberts et al. 2007ab). Regardless of source of the increase DF, egg
production was maintained and ammonia emissions from layer-hen was reduced when layer hens
were fed higher-fiber diets (Roberts et al. 2007ab).
Jimenéz-Moreno et al. (2009) examined the impact of moderate fiber inclusion in
growing broilers. Birds fed diets containing 3% oat hulls had improved rate of gain and feed
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efficiency as compared to birds fed 0% oat hulls during the first twenty-one days of growth.
Adding 3% oat hulls to the diets increased NDF by approximately 17% (Jimenéz-Moreno et al.
2009). This higher level of dietary fiber improved total tract digestibility of energy and nutrients
and was also associated with beneficial decreases in pH of the gizzard contents (Jimenéz-Moreno
et al. 2009). If oats are 25% hulls by weight, then a 3% oat hull inclusion rate is equivalent to
12% oat grain.
Recently the effects of rye inclusion in broiler diet on immune competence-related
parameters was examined (van Krimpen et al. 2017). Broilers were fed 0, 5 or 10% rye were fed
to pens of broilers for 14 days. Growth rate and litter quality were slightly reduced with
increasing rye inclusion (van Krimpen et al. 2017). However gut morphology, microbiota
composition, and gene expression profiles of intestinal tissue and contents were affected by
dietary rye inclusion in ways that suggest improved immune competence (van Krimpen et al.
2017).
The diverse nature and concentration of dietary fiber constituents in various grains
increases the challenge of identifying optimal levels of different ingredients in pig and poultry
diets to maintain performance while supporting gut function. Beyond normal physiological
function there is a growing body of evidence that moderately increasing dietary fiber
concentration supports gut health and thereby maintains animal performance in the absence of
growth promoting antibiotics. There is also evidence that moderately increasing dietary fiber is
associated with reduced odor and enhanced stability of excreted nitrogen in animal manure. It is
clear that increasing inclusion of small grains in the diets of pigs and poultry would generally
increase dietary fiber level of the final diet. Although optimal inclusion rates remain to be
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determined, it is logical to suggest that increasing small grain inclusion in diets of pigs and
poultry may allow capture of the demonstrated benefits of dietary fiber in pig and poultry diets.
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