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1	 Introduction 
The increasing global demand for meat and dairy products 
has placed significant pressure on the livestock industry 
to enhance production efficiency while promoting 
environmental sustainability (Gerber et al., 2013). 
Ruminants, such as cattle and sheep, require high-quality 
protein sources to support growth and productivity. 
Traditionally, protein-rich feeds like soybean meal have 
been widely used, yet the rising costs and environmental 
concerns associated with these conventional feed 
sources have encouraged the exploration of alternative 
options (Ružić-Muslić et al., 2014). By-products from 
corn grain processing offer a  promising alternative, 
providing both nutritional benefits and a  pathway to 
reduce waste through sustainable feed solutions.Corn 

is one of the  world’s most extensively cultivated crops, 
generating a variety of by-products through its dry and 
wet milling processes (FAO, 2024). These by-products, 
including corn gluten meal, corn gluten feed, corn 
germ, and corn bran, are rich in protein, fiber, and 
essential nutrients, making them valuable components 
in ruminant diets (Gwirtz  & Garcia-Casal, 2014). Studies 
indicate that these corn by-products offer a  balanced 
amino acid profile and favorable digestibility for 
ruminants, positioning them as viable supplements or 
alternatives to conventional feeds (Loy  & Lundy, 2019). 
Incorporating corn by-products into ruminant diets 
not only reduces feed costs but also aligns with circular 
economy principles by repurposing agricultural residues 
(Van Hal et al., 2019). Additionally, these by-products 
can help lower greenhouse gas emissions from livestock 
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production by decreasing reliance on land-intensive 
crops, such as soybeans (Hünerberg et al., 2013). This 
review aims to evaluate the role of corn by-products in 
ruminant nutrition, focusing on their nutritional profiles, 
economic implications, and environmental benefits, 
while highlighting empirical evidence and practical 
considerations for their integration in sustainable 
livestock production. Corn by-products differ in their 
amino acid composition, which determines their 
nutritional value in ruminant feeding. Among the most 
relevant amino acids are methionine, cysteine, lysine, 
and threonine, which vary considerably among the main 
by-products such as corn gluten meal, corn gluten feed, 
germ meal, and distillers’ grains.

2	 Current Market Status and Challenges 
	 in Ruminant Nutrition
The protein-rich feed market is influenced by the growing 
demand for meat and dairy products. Health-conscious 
consumers are looking for higher protein and more 
nutritious foods, and this demand extends to the quality 
of animal feed, with an emphasis on non-GMO ingredients 
and sustainable practices.The total number of ruminants 
in Slovakia is decreasing. In 2000, the  number of cattle 
was 646,148, and this number decreased to 433,175 
animals in 2022. The  number of sheep also shows an 
overall downward trend, but not as significantly as for 
cattle. While in 2000 the number of sheep was 347,983, 
in 2022 it was 301,131. The number of sheep shows an 

increase in some years, for example between 2006 and 
2010 and 2012, where it reached the highest number in 
this period (409,569).

One of the  reasons for the overall decline of ruminants 
is the  high cost of animal feed. Every year, the  price of 
protein components increases, which causes a decrease 
in animal numbers. Ruminants obtain their nutrition 
primarily from various sources of feed, which vary 
considerably in their nutrient content. One of these 
sources is feed with a  high protein content. Ružić-
Muslićová et al. (2014) from the  Institute of Animal 
Husbandry in Belgrade investigated alternative sources of 
protein in ruminant diets due to the worldwide increase in 
demand for animal protein. This demand has been linked 
to a shortage of protein-rich feed and an increase in feed 
costs. The authors‘ research shows that when rams with 
an average weight of 18.0 kg were fed a diet containing 
different sources of protein – namely sunflower meal, 
soybean meal and fish meal, different average daily 
gains in live weight of 0.169 were manifested; 0.205 and 
0.227 kg. Given that EU regulations prohibit the  use of 
fishmeal in ruminant nutrition, the  authors advocate 
exploring non-conventional protein sources such as 
peas, beans and lupins. High protein foods also include 
oilseeds such as soybeans and other canola, sunflower, 
and cottonseed foods. These feeds contain 150 to 535 
grams of protein per kilogram of dry matter. These are 
particularly valued for their amino acid balance and low 
antinutrient content. Legumes, like beans and peas, also 

Figure 1	 Status of ruminants in the Slovak Republic as of 31. 12. 2022
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offer a significant proportion of protein, with around 211 
grams per kilogram of dry matter. Although these feed 
sources are very rich in nutritional value and protein 
content, they are also an expensive addition to ruminant 
diets. In an effort to optimize the balance between cost-
effectiveness and nutritional value in ruminant diets, 
corn processing by-products, especially the  wet milling 
process, offer a  compelling solution. Integrating these 
by-products, such as corn germ, into ruminant feed is 
consistent with sustainable agricultural practices and can 
be economically beneficial for farmers. Corn processing 
generates various nutrient-rich by-products like corn 
germ, corn bran, and corn gluten, which offer excellent 
value for non-starch applications. These by-products, high 
in proteins, oils, and minerals, are particularly valuable as 
a source of animal feed. For instance, protein-dense corn 
gluten is widely recognized as an effective animal feed 
component, while corn germ serves as a  quality input 
for edible oils. Increasing utilization of these by-products 
not only reduces waste but also transforms them into 
valuable resources for diverse industries (Zhang et al., 
2021; Rasby et al. 2003). 

3	 Main Corn By-products in Ruminant 
	 Nutrition

3.1	 Corn Gluten Meal

Corn gluten meal (CGM) is a  by-product obtained 
during the  process of extracting starch from corn and 
is particularly rich in protein. This makes it a  valuable 
ingredient for various uses, especially in animal feed, due 
to its high nutrient content (Li et al., 2019, Albuquerque 
et al., 2014). The process of acquiring CGM is described 
by Raush et al. (2019), whereas during the  wet milling 
process, mechanical dewatering of the  gluten stream 
to 55% to 60% moisture is followed by drying to reduce 
the  moisture content to approximately 10%. During 
drying, parts of the  gluten are recycled due to its 
stickiness. The drying process must be carefully controlled 
and the temperature must be kept below 315°C to avoid 
degradation of xanthophylls and to maintain the desired 
golden color important for poultry feed, while the final 
product must contain at least 59.5% protein. The amino 
acid composition of corn and its by-products varies 
considerably and affects their nutritional suitability in 

Table 1	 Comparison of crude protein and selected amino acid contents (% of dry matter) in corn and its by-products 

Item Corn Corn Gluten Feed Gluten Meal Germ Meal

Protein (% DM) 9.33 19.96 64.69 25.89

Lysine 0.28 0.72 1.03 1.89

Methionine 0.2 0.4 1.34 1.15

Cystine 0.22 0.53 1.12 0.28

Tryptophan 0.07 0.08 0.3 0.87

Threonine 0.32 0.85 2.01 0.99

Isoleucine 0.32 0.76 2.48 0.71

Leucine 1.09 2.25 10.91 0.83

Phenylalanine 0.44 0.87 3.91 0.41

Tyrosine 0.29 0.67 3.18 0.7

Valine 0.43 1.16 2.69 0.7

Histidine 0.27 0.77 1.47 1.3

Arginine 0.42 1.19 1.84 1.65

Glycine 0.35 0.91 1.42 3.19

Serine 0.43 0.9 2.54 1.19

Alanine 0.68 1.47 4.81 1.4

Aspartic acid 0.61 1.21 3.3 1.66

Glutamic acid 1.68 3.57 12.44 0.37

Proline 0.8 1.79 5.48 1.55

Source: Loy & Lundy (2019)

http://www.acta.fapz.uniag.sk


41

Acta fytotechn zootechn, 29, 2026(1): 38–46
http://www.acta.fapz.uniag.sk

Slovak University of Agriculture in Nitra
 

Faculty of Agrobiology and Food Resources

ruminant diets. Table 1 summarizes the  crude protein 
and selected amino acid contents (% of DM) of corn, 
corn gluten feed, corn gluten meal, and corn germ meal, 
highlighting differences relevant to feed formulation.

Corn gluten meal is a  protein-rich corn by-product 
containing between 600 and 710 g/kg of protein on 
a  weight basis. The  main proteins found in CGM are 
zein and glutelin, with methionine (1.34%) and cysteine 
(1.12%) being the dominant amino acids. Moreover, CGM 
is a  significant source of carotenes and xanthophylls, 
whose concentrations range from 49–73 mg/kg and 244–
550 mg/kg (Pinto, 2021). In their study, Loy and Lundy 
(2019) provided a  detailed analysis of the  composition 
of CGM. In terms of minerals, CGM provides an average 
of 0.05% sodium, 74 mg/kg iron, 29 mg/kg zinc, 6 
mg/kg manganese, 13 mg/kg copper and 0.8 mg/
kg molybdenum. Regarding vitamins, CGM contains 
significant amounts of choline (367 mg/kg), niacin (61 
mg/kg), pantothenic acid (3.9 mg/kg), pyridoxine (7.7 
mg/kg) and thiamin (0. 3 mg/kg). CGM also contains 
linoleic acid at a concentration of 45.2% on a dry basis. 
Regarding energy content, CGM provides metabolisable 
energy (ME) for different groups of animals: 14,080 MJ/
kg for pigs and 17,304 MJ/kg for poultry. For ruminants, 
it has a net energy for maintenance of 9.085 MJ/kg, a net 
energy for growth of 6.238 MJ/kg and a  net energy for 
lactation of 9.965 MJ/kg. According to Lakshmi et al. 
(2017), CGM is suitable for use in livestock and poultry 
feeds, although its nutritional quality varies significantly 
depending on the  oil extraction method used and 
the type of maize. Despite some limiting factors, such as 
high fiber, oil and phytate content, CGM is recognized as 
a good ingredient for inclusion in animal feed, especially 
in areas where the  corn processing industry produces 
large quantities of this by-product.

3.2	 Corn Gluten Feed

Corn gluten feed (CGF) is a by-product of the wet milling 
process of maize, which is used to produce starch (Peter & 
Baker, 2002; García-Lara, 2010). The process begins with 
soaking the corn, which softens the grain and prepares 
it for fractionation. During this soaking phase, soaking 
water is produced, which contains approximately 
10% solids. This soaking water is then concentrated 
by evaporating part of the  water, resulting in thick 
soaking water that contains around 40–50% dry matter. 
To produce CGF, this thick soaking water is mixed with 
the fibrous part of the corn. The result of this process is 
corn gluten feed. 

Corn gluten feed can be used as a wet corn gluten feed, 
which is approximately 40% dry matter, or it can be dried 
to produce a dry corn gluten meal, which is approximately 
87% dry matter (Ham et al., 1995). According to Raush 

et al. (2019) CGF typically contains between 18% and 
21% protein and according to De Morais et al. (2021) 
contains CGF 12.1336 MJ of metabolizable energy per 
kilogram of dry matter. According to Loy & Lundy (2019), 
CGF provides significant energy and nutritional value 
for ruminants. Its net energy content for maintenance is 
8.122 MJ/kg of dry matter, while it provides 5.443 MJ/kg of 
energy for growth. For lactating ruminants, CGF provides 
7.243 MJ/kg of energy. In addition to energy, CGF 
contains essential minerals, including 1.41% potassium, 
1.0% phosphorus, 0.43% magnesium and 0.58% sulfur 
on a  dry matter basis. Vitamin content per kilogram of 
dry matter includes 1.1  mg of β-carotene, 1,742.2 mg 
of choline, 75.7 mg of niacin, 19.5 mg of pantothenic 
acid, 14.9 mg of pyridoxine and 0.2 mg of biotin. Dry 
corn gluten feed is a good choice for ruminants because 
it contains high amounts of crude protein and fiber 
(37  to 44.3%), but low amounts of starch (10 to 12.7%) 
and fat (2.0 to 5.04%). Most of the  protein in dry corn 
gluten feed is very easily broken down in the rumen and 
its proteins are similar to those found in soybean meal. 
Studies have also shown that animals fed this feed have 
higher rumen pH compared to those fed corn, which may 
benefit their better digestion (Baldassini et al., 2021). De 
Morais et al. (2021) mentions in his study that CGF has 
a high concentration of crude proteins, ranging between 
22–23.9% of dry matter and a high proportion of rumen-
degradable proteins (861.6 g/kg CP). It also contains 
neutral detergent fiber (38–41.4% of dry weight) and 
non-fibrous carbohydrates (28.7% of DM), which gives 
it a significant nutritional value that makes it a suitable 
alternative to replace more expensive feeds in animal 
nutrition. Among amino acids, glutamic acid, leucine, 
and alanine are the most abundant in corn gluten feed, 
while methionine and lysine occur at lower levels. This 
profile complements the  sulfur amino acid richness of 
corn gluten meal.

3.3	 Corn Germs

Corn germs are another valuable by-product of 
corn processing. Initially, corn is soaked in water for 
about 40 hours, softening the  kernels and preparing 
them for separation. The  softened kernels then pass 
through hydrocyclones, which separate the  germ from 
the  endosperm based on density differences (Barrera-
Arellano et al., 2019). Corn germs contain 10–12% 
moisture and 12–21% protein. They have the highest fat 
content among corn by-products, ranging from 18–41%. 
The  fiber content is 10.4%, with up to 45.0% neutral 
detergent fiber (NDF). Additionally, they contain 12.2% 
acid detergent fiber (ADF) and 2.4% lignin. Ether extract 
is at 8.1%, and ash content ranges from 3–5%. Corn germs 
also contain 6–21% starch and provide 20.7 MJ/kg of gross 
energy (Zhang et al., 2021). A study by Noormohammadi 
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et al. (2022) found that adding corn germs to dairy 
cow feed increased total milk production. The  authors 
reported that replacing 12% of corn grain with corn 
germs in the  feed raised average daily milk production 
from 53.9 kg/day to 56.6 kg/day without negatively 
impacting milk composition. Although milk composition 
remained the same, there was an increase in milk protein 
yield (1.66 kg/day vs. 1.57 kg/day, P = 0.03) and lactose 
(2.69 kg/day vs. 2.55 kg/day). There was also  a  trend of 
increased milk fat yield (1.61 kg/day vs. 1.52  kg/day, 
P  =  0.10) and total solids (5.72 kg/day vs. 5.52  kg/day, 
P = 0.06). Blood analysis during the experiment showed 
no effect on plasma glucose, triglycerides, non-esterified 
fatty acids, though cholesterol levels rose from an 
average of 277 mg/dL to 333 mg/dL. Including 12% 
corn germs in the diets of early lactation cows enhances 
milk production, energy-corrected milk, and yields of 
milk protein and lactose. Corn germs are dominated 
by glutamic acid, leucine, and arginine, whereas lysine 
and methionine are less represented. This composition 
provides valuable energy and amino acids but slightly 
lower protein quality compared with corn gluten meal. 
These improvements occur without adversely affecting 
milk composition, suggesting that corn germs can 
effectively replace corn grain in dairy diets, increasing 
feed conversion efficiency.

3.4	 Corn Bran

Corn bran is a high-fiber by-product of corn processing 
(Grasso, 2020). It primarily consists of the  outer layers 
of the corn kernel and contains 10–25% starch. Dietary 
fiber makes up 90% of corn bran’s composition, with 
cellulose at 20–28%, hemicellulose at 70%, and lignin 
at around 1%. Structurally, it is a heterogeneous mix of 
carbohydrate polymers and lignin. Corn bran is also rich 
in phenylpropanoids, especially ferulic acid, comprising 
about 3% of its content (Akbari et al., 2024; Di Gioia et 
al., 2011; Dapčević-Hadnađev et al., 2018; Xin et al., 2020). 
According to Patel (2015), corn bran yields 8.47 g of ferulic 
acid with over 84% purity after alkaline hydrolysis. Corn 
bran has a  dry matter content of 91.2%, indicating it is 
mostly dry with very low moisture. It contains 8.7% crude 
protein, providing a moderate protein level. Its high NDF 
content, at 74.0%, signifies that it is rich in fibers like 
cellulose, hemicellulose, and lignin. The  acid detergent 
fiber (ADF) content, which includes more indigestible 
fibers like cellulose and lignin, is 21.3% (Hao et al., 2021). 
In terms of minerals, corn bran contains 0.03% calcium, 
0.60% phosphorus, 0.83% potassium, and 0.37% sodium. 
It also provides 0.26% magnesium and notable amounts 
of manganese (13.0 mg/kg), zinc (233.0 mg/kg), copper 
(3.5 mg/kg), and iron (90.0 mg/kg). The gross energy of 
corn bran is 18.5 MJ/kg (Zhang et al., 2021). A study by 
Janicek et al. (2007) examined the effect of corn bran in 

the diet of Holstein cows, focusing on milk production and 
composition changes with varying amounts of corn bran. 
Thirty-nine Holstein cows were assigned to three diets 
containing 10%, 17.5%, and 25% corn bran, replacing 
corn silage and alfalfa. Results indicated that, while dry 
matter intake remained stable across treatments, milk 
production tended to increase with higher corn bran 
levels, and feed efficiency improved. Milk fat percentage 
slightly decreased with higher corn bran levels, though 
total fat yield remained constant. Additionally, increased 
corn bran inclusion led to higher milk protein yield. These 
findings suggest that corn bran can enhance milk protein 
production and overall efficiency in dairy cows without 
negatively impacting milk fat yield, though fiber levels 
should be monitored to maintain cow health.

4	 Economic Aspects of Using Corn 
	 By-products in Ruminant Diets
The economic benefits of using corn by-products in 
ruminant diets include reducing feed costs, enhancing 
profitability, and impacting the  broader agricultural 
market. Gatto et al. (2024) found that incorporating 
by-products like dried distillers grains can significantly 
cut feed costs by reducing dependence on pricier 
conventional feeds, though increased demand might 
raise their prices, affecting other sectors. Van Meijl et al. 
(2018) warn that extensive by-product use may increase 
costs for primary crops, potentially impacting the sector’s 
revenue. While local sourcing of by-products can stimulate 
regional production, it may also lead to higher land use 
and production costs if not managed carefully. Bernard 
(2017) highlights that while by-products can lower 
feed costs, transportation and storage expenses must 
be considered. Tools such as FEEDVAL, a  feed valuation 
program developed by the  University of Wisconsin, are 
essential for accurately assessing the economic value of 
feed ingredients. FEEDVAL estimates the  relative value 
of feeds by comparing their energy, protein, fiber, and 
mineral content to reference feeds like corn and soybean 
meal. This allows producers to determine whether 
a  by-product is cost-effective based on its nutrient 
composition and market price. Similarly, Alqaisi et al. 
(2014) demonstrated that replacing traditional feeds with 
food industry by-products could reduce milk production 
costs by up to 14%, especially for large dairy operations. 
Wilken et al. (2009) found that incorporating 44% wet 
distillers grains offered the  highest profit margins and 
lowest gain costs in cattle finishing, while Rich (2011) 
used break-even and profit analyses to identify the most 
economical by-product inclusion levels. Erickson et al. 
(2007) note that the  growing supply of corn milling 
co-products, such as distillers grains and corn gluten 
feed, offers cost-effective feeding options for both 
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pasture and feedlot systems, potentially improving cattle 
performance and overall profitability. They emphasize 
that optimal economic returns depend on adjusting 
grain processing methods, roughage levels, and storage 
strategies to match the  characteristics of specific 
co-products. Lastly, Mullenix and West (2023) emphasize 
that feed costs account for 60-70% of production 
expenses in cattle operations. Comparing by-products 
like wet corn gluten feed with other feeds can help 
producers select more cost-effective options based on 
the cost per unit of digestible nutrients, optimizing feed 
costs and profitability.

5	 Environmental Impacts of Corn By-products 
	 in Ruminant Feed
The inclusion of corn by-products such as corn gluten 
meal (CGM) and corn gluten feed (CGF) in ruminant 
diets may help reduce enteric methane emissions. 
The  FAO estimates that global livestock supply chains 
emit about 7.1 Gt CO₂-eq per year, accounting for 
14.5% of total anthropogenic emissions, with enteric 
fermentation responsible for 39% and feed production 
for 45% of this total (Gerber et al., 2013). Improving feed 
quality and digestibility through the use of nutrient-rich 
by-products can therefore reduce methane intensity – 
potentially by up to 30% when best feeding practices 
are applied – contributing to more sustainable and 
efficient livestock production. Using low-cost agricultural 
by-products instead of conventional, human-edible feed 
also reduces competition between food and feed, using 
resources with minimal alternative value (Van Hal et al., 
2019, Bremer et al. 2011). Locally sourced by-products 
can decrease the  environmental impact associated 
with transportation and import reliance (De Boer  & 
Van Ittersum, 2018). However, careful management is 
essential to avoid unintended environmental trade-
offs. Gatto et al. (2024) caution that policies promoting 
low-cost feed could lead to increased land use and 
emissions without proper planning. Effective land use 
and feed strategies are therefore necessary to mitigate 
these risks. Furthermore, including corn by-products can 
cut methane emissions by 15–20% (Hünerberg et al., 
2013). Yet, they may increase nitrogen and phosphorus 
excretion, posing risks like nitrate leaching, which calls 
for thoughtful diet and manure management Yang 
et al. (2021). Finally, by-products containing bioactive 
compounds, such as tannins and polyphenols, offer 
additional benefits. These compounds can reduce 
methane emissions in the rumen and support the circular 
economy by recycling agricultural waste (Jalal et al., 
2023; Salami et al., 2019). Life cycle assessments indicate 
that substituting traditional feeds with by-products 
significantly reduces the  carbon footprint of livestock 

production, promoting broader sustainability (Gerber et 
al., 2013; Pardo et al., 2016).

6	 Empirical Approaches to Evaluating Corn 
	 By-products in Ruminant Nutrition 
Empirical studies on corn processing by-products in 
ruminant diets emphasize their nutritional, economic, 
and environmental benefits. Distiller‘s dried grains with 
solubles (DDGS) are among the most researched, valued 
for their high rumen-degradable protein, fiber, and fat 
content, which improve milk yield, quality, and support 
cow health, particularly postpartum recovery. DDGS 
also enhances rumen fermentation, reduces methane 
emissions, and serves as a  cost-effective alternative to 
soybean meal while promoting sustainable recycling 
of bioethanol by-products (Pecka-Kiełb et al., 2017, 
Olayiwola Adeola  & Bajjalieh, 1997). Serna-Saldívar and 
Perez Carrillo (2019) highlight that corn, as the  world’s 
leading cereal crop, is extensively processed into food, 
feed, and industrial products, with dry-milled fractions 
serving as important components in both human diets 
and livestock nutrition. Yang et al. (2021) reviewed 
the  nutritional composition and applications of corn 
starch wet processing by-products, noting their potential 
as valuable feed ingredients for pigs, poultry, and 
ruminants, and providing a  theoretical basis for further 
development in livestock nutrition. For fattening cattle, 
Klopfenstein et al. (2007) showed that wet and dried corn 
milling by-products offer superior feed value compared 
to dry rolled corn, increasing feed efficiency, growth, 
and reducing costs with better manure management. 
Corn starch by-products like corn bran, corn germ, and 
corn gluten were reviewed by Zhang et al. (2021) as 
sustainable replacements for traditional feeds. Corn 
bran, for instance, can fully replace corn kernels without 
impacting milk quality, while corn gluten’s high protein 
content supports increased milk production. Studies 
by Bakshi, Wadhwa, and Makkar (2017) on baby corn 
by-products found that baby corn husk and silage could 
be used in ruminant diets, showing higher digestibility 
and improving milk production when included up to 30% 
in rations. Jennings et al. (2018) noted that excess protein 
from corn by-products can increase energy costs in cattle, 
as nitrogen excretion raises maintenance requirements, 
reducing overall energy efficiency. Buttrey et al. (2013) 
found that including 35% WDGS (Wet Distillers Grains 
with Solubles) improved steer feed efficiency with 
minimal carcass effects, though it altered fatty acids and 
slightly reduced beef shelf-life. Together, these studies 
highlight the  diverse advantages of corn by-products 
in ruminant diets, enhancing feed efficiency, lowering 
environmental impact, and reducing production costs, 
all while supporting animal health and productivity.
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7	 Conclusions 
The integration of corn by-products in ruminant nutrition 
presents a viable and sustainable alternative to traditional 
feed sources, aligning with the  growing demand for 
efficient and environmentally responsible livestock 
production. Corn by-products such as corn gluten meal, 
corn germ, and corn bran provide substantial nutritional 
benefits, particularly due to their high protein, fiber, and 
essential nutrient content. These qualities make them 
effective replacements or supplements to conventional 
feeds like soybean meal, offering balanced amino acid 
profiles and enhancing feed efficiency. Economically, 
utilizing these by-products helps reduce feed costs 
and enhances profitability, particularly for large-scale 
operations. By lowering reliance on primary crops for 
animal feed, corn by-products support the  principles 
of a  circular economy, allowing agricultural residues 
to be repurposed effectively, thus mitigating waste. 
However, challenges such as potential fluctuations in 
by-product pricing and transport and storage costs 
should be considered for cost-effective application. 
Environmentally, corn by-products offer clear 
advantages by reducing greenhouse gas emissions, 
particularly methane, and decreasing the  need for 
land-intensive crops. The reduced competition between 
food and feed resources and the  use of locally sourced 
by-products further lessen the  carbon footprint 
associated with traditional feed sources. Nonetheless, 
careful management of nitrogen and phosphorus 
excretion is required to mitigate risks of nutrient runoff. 
Empirical studies support the  nutritional, economic, 
and environmental benefits of corn by-products in 
ruminant diets, showing improvements in milk yield, 
animal health, and feed efficiency while contributing 
to sustainable livestock practices. In conclusion, corn 
by-products provide an effective strategy for enhancing 
ruminant nutrition, promoting sustainable production, 
and supporting the  livestock industry‘s economic and 
environmental goals.
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