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CORN CO-PRODUCTS

Ground corn can be fed directly to animals but may also be used to produce industrial or food products such
as ethanol, corn oil, corn sweeteners, corn flour, corn grits, etc. However, only a part of the corn kernel is used
in the production of these products and several co-products that may be used in animal feeding are, therefore,
also generated. The composition of these co-products depends on the processing that was used to generate
the primary products, i.e., dry grinding, wet milling, or dry milling (NRC, 2012).

Co-Products from the Dry-Grind Industry

The dry grinding process is used primarily in the ethanol industry and the primary co-products that are
generated from this process are distillers dried grains with solubles (DDGS), high protein distillers dried grain
(HP-DDG), and corn germ. Ethanol is generated by fermenting the starch in the corn grain and the co-products
from the dry grind industry are, therefore, generally low in starch, but contain the majority of the corn fiber,
corn protein, and corn oil. Numerous experiments have been conducted to determine the composition and the
nutritional value of these products and several reviews are available with detailed descriptions of the nutritional
value of each product (Stein and Shurson, 2009; Stein, 2012). In general, the concentration of digestible
energy (DE) and metabolizable energy (ME) in DDGS and corn germ is similar to that of corn (Guo et al., 2004;
Pedersen et al., 2007; Stein et al., 2009), whereas HP DDG contains more DE and ME than corn. In some
ethanol plants, oil is removed by skimming the solubles before they are added back to the distillers grains and
that results in production of DDGS that contains between 6 and 9% fat, rather than 10 to 12% fat as is the case
in regular DDGS. However, the concentration of DE and ME is not greatly influenced by this procedure (Ren
et al., 2011; NRC, 2012). However, it is also possible to extract the oil from the DDGS using solvent extraction,
and this will result in production of de-oiled DDGS, which contains less than 5% fat and the concentration of DE
and ME in this ingredient is considerably less than in conventional DDGS (Jacela et al., 2011; Anderson et al.,
2012).

The digestibility of amino acids (AA) in co-products from the dry-grind industry is slightly less than in corn
and in some instances, the digestibility of Lys is significantly less than in corn due to heat damage during
processing(Fastinger and Mahan, 2006; Pahm et al., 2008; Kim et al., 2012). The digestibility of P is generally
high in ingredients that have been fermented (DDGS and HP-DDG), but in corn germ, which has not been
fermented, the digestibility of P is similar to that in corn (Widmer et al., 2007; Aimeida and Stein, 2012).
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Co-Products from the Wet-Milling Industry

The primary co-products from the wet milling industry include corn gluten meal, corn gluten feed, and corn germ
meal. Corn gluten meal is a high-protein ingredient that results from the removal of starch, germ, and some
of the fibers in corn (Stock et al., 2000). The product contains more than 60% crude protein (CP), but as is the
case with all other corn proteins, the concentration of Lys and Trp is low. Corn gluten meal is, therefore, not
commonly used in diets fed to swine, but if correctly balanced for indispensable AA, diets containing at least
15% corn gluten meal may be fed to weanling pigs(Mahan, 1993), and for growing finishing pigs, diets may
contain up to 30% corn gluten meal. The concentration of ME is greater in corn gluten meal than in corn (Guo
et al., 2004; Anderson et al., 2012; Ji et al., 2012), and the digestibility of most indispensable AA is also greater
than in corn (Almeida et al., 2011; Ji et al., 2012).

Corn gluten feed is a high fiber ingredient that is produced after the starch, the gluten, and the germ has been
removed from the corn grain. The concentration of CP is 10 — 25% and the digestibility of AA is similar to that in
corn (Almeida et al., 2011). The nutritional value may, however, vary somewhat among different batches of the
ingredient and corn gluten feed is usually not included in diets fed to pigs. However, it is believed that at least
20% can be included in diets fed to growing-finishing pigs, and for gestating sows, diets may include up to 30%
corn gluten feed (Honeyman and Zimmerman, 1991). The digestibility of AA in corn gluten feed is similar to that
in corn (Almeida et al., 2011), but the digestibility of energy is less than in corn (Anderson et al., 2012).

Corn germ meal is produced when corn germ is de-oiled. The product has a high concentration of fiber (> 30%
NDF), and contains 22 - 24% CP. The digestibility of AA is slightly less than in corn (Almeida et al., 2012), but
because of the high concentration of fiber and the low concentration of fat in corn germ meal, the concentration
of DE and ME is less than in corn grain (NRC, 2012). However, as is the case for most other corn co-products
from the wet-milling industry, the digestibility of P is greater than in corn. Corn germ meal is an excellent
ingredient for gestating sow diets and may be used by at least 40% in these diets. For growing and finishing
pigs, up to 38% may be used without reducing average daily gain, but feed efficiency will be reduced because
of the reduced concentration of DE and ME in the diets (Weber, 2010).

Co-Product from the Dry-Milling Industry

Hominy feed is the primary co-product from the dry-milling industry and contains the parts of the corn grain

that are left after production of corn grits or corn flour (Larson et al., 1993; Stock et al., 2000). In contrast to
most of the other corn co-products, the concentration of starch is relatively high in hominy feed (>50%), and the
concentration of CP, fat, and fiber is similar to that in corn grain (NRC, 2012). The concentration of DE and ME
in hominy feed is also similar to that in corn grain, but the digestibility of AA is less than in corn (Almeida et al.,
2011). Hominy feed may replace at least 50% of the cereal grains in diets fed to all categories of pigs if diets
are correctly balanced for AA.

CO-PRODUCTS FROM THE SOYBEAN INDUSTRY

Soybean products that are available to the feed industry include products that are produced from new varieties
of soybeans as well as products that are a result of novel processing technologies applied to harvested
soybeans or soybean meal. New varieties of soybeans are produced by modifying the genetic make-up of
soybeans using biotechnological tools (“GMO-soybeans”) or by using traditional plant breeding technologies
(Stein et al., 2008). Genetic modification using biotechnology has primarily focused on modifying input traits
by insertion of genes that infers in planta glyphosate tolerance to soybeans (“Round-up Ready” soybeans),
whereas traditional plant breeding technologies primarily have been used to enhance output traits (Parsons,
2000). Modification of input traits of soybeans does not change the composition or the nutritional value of the
soybeans or the soybean meal produced from these beans (Cromwell et al., 2002). In contrast, modification
of output traits may change the composition of the beans as well as the nutritional value of the soybean meal
produced from these beans (Cervantes-Pahm and Stein, 2008; Baker and Stein, 2009). Likewise, enzyme
treatment or fermentation of conventional soybean meal may result in changes in both composition and
nutritional value of the soybean meals that are produced (Cervantes Pahm and Stein, 2010; Goebel and Stein,
2011b; Rojas and Stein, 2012a). The composition and concentration of digestible energy and nutrients in most
commonly produced soybean products were recently published (NRC, 2012).
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Conventional Soybean Meal and Extruded-Expelled Soybean Meal

The majority of soybeans are de-hulled and crushed and the oil is removed via solvent extraction. The resulting
soybean meal is used as a protein source in diets fed to pigs and because of the rapidly increasing demand
for AA in the global feed industry, production of soybeans is increasing faster than that of any other agricultural
crop in the world (Goldsmith, 2008). Conventional de-hulled soybean meal contains approximately 47.5%
CP, but if soybeans are not de-hulled prior to crushing, the resulting soybean meal contains only 42.5% CP
(NRC, 2012). To eliminate the negative influence of trypsin inhibitors in soybeans, soybean meal — like all other
soybean products — need to be heat treated. Un-heated soybean meal contains approximately 35 units of
trypsin inhibitors, but in correctly treated soybean meal, this value is reduced to less than 4 units (Goebel and
Stein, 2011a). A urease test may be used to confirm proper heat treatment and a pH rise of less than 0.20 on a
urease test is indicative of correct heat treatment (NRC, 2012). However, care should be taken not to overheat
the soybean meal, because over-heating will result in reduced digestibility of Lysine and other indispensable
amino acids (Gonzales-Vega et al., 2011). Overheating of soybean meal will result in a reduction in the
Lysine:CP ratio. If the Lysine:CP ratio is above 6.0, the soybean meal has likely been correctly heated, but if the
ratio is less than 6.0, the soybean meal is heat damaged (Gonzales-Vega et al., 2011).

Oil may also be removed from soybeans using a mechanical expelling process and because mechanical
expelling of oil is less efficient than solvent extraction, this process results in production of soybean meal that
contain between 5 and 8% fat. To inactivate the trypsin inhibitors, soybeans are often extruded before oil is
expelled, and the resulting meal is, therefore, called “extruded-expelled soybean meal” (Woodworth et al.,
2001: Baker and Stein, 2009). The digestibility of AA in extruded-expelled soybean meal is similar to that in
conventional soybean meal. Most often, the soybeans that are extruded-expelled are not de-hulled and the
concentration of NDF and ADF is, therefore, greater in extruded-expelled soybean meal than in conventional
soybean meal (NRC, 2012). As a consequence, the concentration of DE and ME in extruded-expelled soybean
meal is not greater than in conventional soybean meal despite the greater concentrationof fat (Baker and Stein,
2009).

Soybean Meal Produced from High-Protein and Low-Oligosaccharide Soybeans

Conventional soybeans contain approximately 35% CP and 19% crude fat, but recent efforts to increase the
concentration of CP in the beans have resulted in selection of high-protein soybeans that contain 45 — 48%
CP (Cervantes-Pahm and Stein, 2008; Baker et al., 2010). Soybeans that have reduced concentrations of
oligosaccharides have also been selected and the soybean meal produced from these varieties contain more
CP but less oligosaccharides than conventional soybean meal (Baker and Stein, 2009; Baker et al., 2010). The
digestibility of AA and energy in soybean meal produced from high protein or low-oligosaccharide soybeans is
not different from that in conventional soybean meal (Baker and Stein, 2009). However, because of the greater
concentration of AA in these soybeans, the concentration of digestible AA is greater in soybean meal produced
from high-protein or low-oligosaccharide soybeans compared with conventional soybean meal. Because of the
reduced concentration of oligosaccharides in the low-oligosaccharide soybean meal, it is expected that young
pigs better tolerate diets containing low-oligosaccharide soybean meal than conventional soybean meal.

Enzymatically Treated andFermented Soybean Meal

Conventional de-hulled soybean meal contains 5 to 7% sucrose, 6 to 8% oligosaccharides and antigens, but
both oligosaccharides and antigens may be eliminated if soybeans are enzyme treated or fermented prior
to use. During enzyme treatment and fermentation, both sucrose and oligosaccharides are eliminated and
the concentration of other nutrients is, therefore, increased, and these meals contain 53 to 55% CP (Hong et
al., 2004; Yang et al., 2007). The primary reason for eliminating the oligosaccharides is that they are not well
tolerated by young pigs (Li et al., 1990), but because enzyme treated or fermented soybean meals do not
contain oligosaccharides, these meals may be included in diets for young pigs (Jones et al., 2010; Kim et al,,
2010; Yan et al., 2012). The digestibility of AA in enzyme treated or fermented soybean meal is similar to or
greater than in conventional soybean meal (Cervantes-Pahm and Stein, 2010). The concentration of DE and
ME is also similar to that in conventional soybean meal (Goebel and Stein, 2011b). However, fermentation
hydrolyzes some of the phytate bonds in soybean meal and the concentration of phytate bound phosphorus
is, therefore, less in fermented or enzyme treated soybean meal than in conventional soybean meal. As a
consequence, the digestibility of phosphorus in fermented or enzyme treated soybean meal is greater than in
conventional soybean meal (Goebel and Stein, 2011b; Rojas and Stein, 2012a).
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Soy Protein Concentrate and Soy Protein Isolate

Soy protein concentrate is produced by chemically removal of the water- or alcohol-soluble non-protein
components in conventional de-hulied soybean meal (Endres, 2001). To be classified as soy protein
concentrate, the resulting meal must contain at least 65% CP (DM basis; Endres, 2001). The digestibility of AA
in soy protein concentrate is greater than in conventional soybean meal (Cervantes-Pahm and Stein, 2008).
Like enzyme treated or fermented soybean meal, soy protein concentrate does not contain oligosaccharides
and it may, therefore, replace animal protein sources in diets fed to young pigs (Lenehan et al., 2007; Yang et
al., 2007).

Soy protein isolate is also produced from conventional de-hulled soybean meal by removing most of the
carbohydrates in the meal and the concentration of CP in soy protein isolate is, therefore, greater than 90%
(DM basis; NRC, 2012). The digestibility of AA in soy protein isolate is similar to that of casein (Cervantes-Pahm
and Stein, 2010), but because of the relatively high cost of the product, soy protein isolate is usually not used in
commercial diets fed to pigs.

DUCKWEED, MICRALGAE, AND SINGLE CELL PROTEIN

Duckweed

Duckweeds (Lemna spp.) are small free floating aquatic plants that are grown on open waters worldwide
(Archimede et al., 2011; Radic et al., 2011). They are of the botanical family Lemnaceae (Archimede et al,,
2011) and contain 35-40% CP (Olorunfemi et al., 2006; Hasan and Chakrabarti, 2009). If plants are harvested
and dehydrated, the resuiting dehydrated Lemna plant may be included in diets fed to poultry and fish (Haustein
et al., 1994; Bairagi et al., 2002). However the protein may also be extracted to produce a Lemna protein
concentrate, which contains approximately 68% CP. The concentration of most indispensable AA in Lemna
protein concentrate is greater than in soybean meal, but the concentration of phosphorus is less (Rojas and
Stein, 2012b). When fed to pigs, Lemna protein concentratehas a digestibility of AA that is close to that of
soybean meal, whereas the digestibility of phosphorus in Lemna protein concentrate is greater than in soybean
meal and the concentration of DE and ME in Lemna protein concentrate is similar to that in soybean meal (Rojas
and Stein, 2012b).

The plant tissue that is left after protein has been extracted is a high fiber product that has a composition that is
similar to that of alfalfa meal. This ingredient is called Lemna meal and is mainly used in feeding of dairy cows.
It is, however, likely that Leman meal also may be used in the feeding of gestating sows. However, for both
Lemna protein concentrate and Lemna meal, experiments to evaluate effects of including these ingredients in
diets fed to pigs are needed.

Microalgae

The annual global production of microalgae was recently estimated at approximately 10.000 metric ton dry
matter (Becker, 2007). However, because some species of microalgae contains more than 20% crude fat,
the interest in producing microalgae and use the oil in biodiesel production is increasing and it is, therefore,
expected that the production of microalgae will increase in the future. There are more than 30,000 different
species of microalgae and only a few hundred have been characterized in terms of chemical composition
(Christaki et al., 2011). It has, however, been demonstrated that the concentration of nutrients vary significantly
among different species, but the concentration of CP in many species is greater than 50% (dry matter basis).
The AA composition of microalgae protein is similar to that in soybean protein (Christaki et al., 2011; Skrede et
al., 2011). The digestibility of AA has not been determined when fed to pigs, but it has been demonstrated that
the when fed to mink, the digestibility of AA in microalgae is less than that of soybean meal and also variable
among species (Skrede et al., 2011). The lipids in microalgae have a high concentration of polyunsaturated
omega-3 fatty acids, which may contribute to improved animal health (Christaki et al., 2011). The concentration
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of ash is relatively high (up to 15%), but the concentration or digestibility of phosphorus has not been reported.
Likewise, there are no reports on the concentration of DE and ME in microalgae fed to pigs. It has, however,
been reported that inclusion of 2% microaigae in diets fed to weanling pigs has no negative effects on pig
growth performance (Grinstead et al., 2000), and inclusion of microalgae in diets fed to finishing pigs may
increase the concentration of long-chained polyunsaturated fatty acids in pork (Marriot et al., 2002; Sardi et al.,
2006).

Single Cell Protein

Single cell protein may be produced by bacteria that utilize mainly methanol or methane as substrate. The
protein has a concentration of CP between 40 and 70% and a relatively high concentration of indispensable AA.
However, up to 19% of the protein may be in the form of nucleic acids, which limits the utilization of the protein
in nutrition, but pigs do not seem to be negatively affected by the relatively high concentrations of nucleotides
(@veriand et al., 2010). It is also possible to reduce the concentration of nucleotides in the protein by separating
fractions with the greatest nucleotide content after production. The digestibility of AA in single cell protein is
slightly less than in soybean meal and fish meal (Skrede et al., 1998).

The concentration of P in single cell protein is between 1 and 2% and the digestibility is greater than 75% (Kim
and Stein, 2010). The concentration of gross energy in single cell protein is greater than in corn and soybean
meal because of the greater concentration of ether extract in the meal. However, the digestibility of energy in
single cell protein is less than in soybean meal and the concentration of DE and ME in single cell protein is not
different from the concentration in soybean meal (Hellwing et al., 2007; Kim and Stein, 2010).

There is a lack of information about the quantities of single cell protein that can be used in diets fed to pigs.
However, it is likely that single celi protein will mainly be used in diets fed to weanling pigs as a substitute for
fish meal. However, production experiments to verify that single cell protein may replace fish meal are needed
to fully evaluate this ingredient.
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