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Abstract 

The long-term feeding of high-lignin forage to ruminants can significantly impact various aspects of 

animal performance, health, and environmental sustainability. Lignin, a complex phenolic compound 

present in plant cell walls, is indigestible by rumen microbes, leading to reduced fiber digestibility and 

decreased nutrient utilization. Over time, feeding ruminants with forages high in lignin results in a 

decline in voluntary dry matter intake (DMI), inefficient energy and protein absorption, and suboptimal 

microbial fermentation. This inefficiency in nutrient utilization negatively affects growth rates, 

reproductive performance, and milk yield, as well as increasing the feed conversion ratio (FCR) and 

overall production costs. Moreover, prolonged consumption of high-lignin forages has been linked to 

reduced immune function, increased susceptibility to metabolic disorders, and poor hoof and joint 

health. The energy deficit created by poor digestibility can also lead to weakened body condition and 

higher culling rates, affecting herd longevity and productivity. Additionally, the environmental 

implications of feeding high-lignin forage are significant. The inefficiency in nutrient absorption results 

in greater manure output, higher methane emissions, and increased demand for supplemental feed and 

water resources, all of which contribute to the environmental footprint of livestock farming. This study 

provides a comprehensive evaluation of the long-term effects of high-lignin forage on ruminant 

livestock, with a focus on the balance between productivity, animal welfare, and sustainability. The 

findings suggest the need for improved forage management practices to optimize ruminant nutrition 

and mitigate the adverse effects of high-lignin diets. 
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INTRODUCTION 

The quality of forage consumed by ruminants plays a pivotal role in their overall health, productivity, 
and sustainability within livestock systems. High-lignin forages, which are commonly found in mature 
grasses and some crop residues, present a unique challenge to ruminant nutrition [1]. Lignin, a complex 
phenolic compound in plant cell walls, is largely indigestible by the rumen microbes responsible for 
fiber fermentation [2]. As a result, feeding ruminants high-lignin forages leads to a reduction in feed 

efficiency, with implications for nutrient 
utilization, growth, reproduction, and milk 
production [1]. Understanding the long-term effects 
of such forages on ruminant health and 
performance is crucial for optimizing feeding 
strategies, ensuring sustainable livestock 
production, and minimizing environmental impacts 
[3]. 
 

Over time, the continued consumption of high-
lignin forages can lead to a cascade of negative 
consequences for ruminants [4]. These include 
reduced feed intake, inefficient digestion, and 
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suboptimal microbial fermentation, which ultimately affect growth rates and reproductive success [5]. 
Furthermore, the adverse impacts on immune system and joint health due to nutritional deficiencies 
have been increasingly observed in animals fed poor-quality forages. Despite these challenges, high-
lignin forages remain an affordable and abundant feed resource, especially in regions with limited 
access to high-quality feeds [6]. Therefore, it becomes essential to explore strategies for mitigating their 
negative effects while maximizing their availability as a cost-effective feed option [7]. 
 

This study is novel in its comprehensive approach to investigating the long-term consequences of 
feeding high-lignin forages to ruminants, with a focus on productivity, health, and sustainability. While 
previous research has primarily focused on the short-term impacts of lignin on feed digestion and rumen 
function, this study delves into cumulative effects over extended periods. By examining not only the 
physiological and metabolic outcomes but also the environmental implications, this research aims to 
bridge a gap in understanding regarding the trade-offs between utilizing high-lignin forages and 
optimizing ruminant performance and welfare. The findings will contribute to more informed feeding 
strategies and better management practices that support the long-term sustainability of livestock 
systems. 
 
DIGESTIVE EFFICIENCY AND RUMEN FERMENTATION 
Reduced Ruminal Digestibility of Fiber 

High-lignin forages are more resistant to microbial breakdown, reducing the digestibility of fiber in 
the rumen [8]. This lowers the efficiency of nutrient absorption, as the indigestible lignin hinders 
microbial enzymes from effectively processing plant cell walls, ultimately resulting in less available 
energy for the ruminant and decreased overall feed conversion efficiency. 
 
Altered Volatile Fatty Acid (VFA) Production 

Feeding high-lignin forages alters the production of volatile fatty acids (VFAs) in the rumen. VFAs, 
such as acetate, propionate, and butyrate, are crucial for energy metabolism [9]. The reduced 
digestibility of fiber lowers the amount of fermentable substrate available for microbial fermentation, 
leading to imbalanced VFA profiles and inefficient energy production, which negatively impacts 
growth and milk yield. 
 
Increased Rumen Retention Time of Feed Particles 

When ruminants consume high-lignin forages, the fibrous material becomes more resistant to 
breakdown, which results in an increased retention time of feed particles in the rumen [8]. This 
prolonged retention delays feed passage and can lead to reduced feed intake, lower digestion rates, and 
overall inefficiency in nutrient absorption, further impacting productivity. 
 
Reduced Microbial Attachment and Colonization 

High-lignin content in forages inhibits the attachment and colonization of beneficial microbes in the 
rumen [8]. The complex structure of lignin limits microbial access to fermentable substrates, impairing 
the ability of cellulolytic bacteria to break down plant fibers. This results in a decrease in microbial 
biomass production, reducing the overall efficiency of rumen fermentation and nutrient utilization. 
 
Lowered Rumen pH Fluctuations 

High-lignin forages may contribute to more stable, but lower, rumen pH fluctuations, which can 
negatively affect microbial activity [10, 11]. A stable, yet suboptimal pH impedes the activity of some 
microbial populations involved in fiber degradation, further reducing the efficiency of nutrient 
absorption and hindering microbial fermentation necessary for optimal production. 
 
Decreased Efficiency of Microbial Protein Synthesis 

Feeding high-lignin forages reduces the availability of fermentable carbohydrates in the rumen, 
which are necessary for the synthesis of microbial protein [12]. With fewer substrates for microbes to 
utilize, the synthesis of microbial protein declines, leading to a reduction in the quantity and quality of 
protein available to the ruminant for growth and milk production. 
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Impaired Cellulolytic Bacterial Activity 

Cellulolytic bacteria, responsible for breaking down fiber in the rumen, are significantly impaired 
when fed high-lignin forages [12]. The lignin present in the forage material limits microbial access to 

cellulose, reducing the activity of these bacteria. Consequently, fiber breakdown becomes inefficient, 
leading to poor digestion and reduced energy extraction from the feed. 

 
Increased Methane Production Due To Fiber Degradation 

The inefficient degradation of high-lignin fiber in the rumen can result in increased methane 
production [12]. Methanogenic archaea, responsible for methane emissions, thrive on the byproducts of 

incomplete fiber fermentation. As fiber degradation becomes less efficient, more hydrogen and other 
fermentation byproducts are diverted toward methane production, contributing to higher greenhouse 

gas emissions. 

 
Accumulation of Indigestible Fiber in the Rumen 

As high-lignin forages are poorly digested, a significant portion of the fiber remains indigestible and 
accumulates in the rumen [8]. This accumulation not only reduces the passage rate of digesta but also 

limits the intake of more digestible feed components. Over time, this leads to reduced feed efficiency, 
lower nutrient availability, and poor overall performance in ruminants. 

 
Increased Rumination Time Without Proportional Improvement in Digestion 

Ruminants fed high-lignin forages often exhibit prolonged rumination time, as they attempt to break 
down the tough, fibrous material [12]. Despite the increased chewing time, the digestion efficiency does 

not improve proportionally, as the lignin content continues to impede effective microbial breakdown. 
This results in inefficient feed utilization and poor overall nutrient absorption. 

 
FEED INTAKE AND NUTRIENT UTILIZATION 

Decreased Voluntary Dry Matter Intake (DMI) 

High-lignin forages are less palatable and more difficult to digest, leading to decreased voluntary dry 

matter intake (DMI) in ruminants [13]. The reduced feed intake limits the overall amount of nutrients 
consumed, resulting in a deficiency of essential nutrients for growth, reproduction, and milk production. 

This reduced intake negatively affects animal productivity and health. 

 
Increased Chewing Effort and Time 

The increased fiber content in high-lignin forages requires more chewing to break down the tough 
material [14]. This results in higher chewing effort and longer chewing time. While this may help in the 

mechanical breakdown of the feed, it also reduces the time available for other essential activities, such 
as resting, which ultimately decreases overall feed efficiency. 

 
Reduced Protein and Energy Availability 

The poor digestibility of high-lignin forages results in reduced availability of protein and energy for 
ruminants [14]. As lignin limits microbial fermentation of fiber, fewer nutrients are absorbed, leading 

to energy deficiencies. Additionally, the reduced microbial protein synthesis further exacerbates the 
protein deficit, which can impair growth, milk production, and reproduction. 

 
Impaired Mineral Absorption due to Lignin Binding 

Lignin in high-fiber forages can bind essential minerals, such as calcium, magnesium, and 
phosphorus, which reduce their bioavailability [15]. This binding effect impairs mineral absorption in 

the rumen and intestines, leading to mineral deficiencies that can negatively impact bone health, 

reproductive performance, and overall physiological functions in ruminants. 

 

Increased Risk of Feed Refusal Due to Low Palatability 

High-lignin forages often have low palatability, which can result in feed refusal or reduced feed 

intake [15]. Ruminants tend to avoid feeds with a high lignin content due to their tough texture and 



 

 

Long-Term Effects of Feeding High-Lignin Forage to Ruminants: Implications for Productivity       Emran Hossain 

 

 

© STM Journals 2025. All Rights Reserved 33  
 

lower digestibility. This reduces the overall nutrient intake and can lead to weight loss, poor growth, 

and other health issues. 

 

Higher Excretion of Undigested Fiber in Feces 

As high-lignin forages are poorly digested, an increased proportion of undigested fiber is excreted in 

the feces [16]. This not only signifies inefficient nutrient absorption but also represents a waste of 

valuable feed resources. The higher fiber content in feces may also affect manure management and 

contribute to environmental concerns such as increased methane emissions. 

 

Reduced Efficiency of Nitrogen Utilization 

Feeding high-lignin forages reduces the efficiency of nitrogen utilization in ruminants. The impaired 

microbial fermentation of fiber decreases the synthesis of microbial protein, which is a primary source 

of nitrogen [17]. As a result, more nitrogen is excreted in the urine, leading to increased nitrogen waste 

and potential environmental pollution. 

 

Increased Energy Expenditure for Digestion 

The tough, indigestible nature of high-lignin forages increases the energy required for digestion [18]. 

Ruminants must invest more energy in chewing and ruminating, as well as in the slower, less efficient 

fermentation process in the rumen. This leads to an overall increase in energy expenditure, reducing the 

net energy available for growth, production, and maintenance. 

 

Lowered Total Tract Digestibility of Organic Matter 

High-lignin forages result in a lower total tract digestibility of organic matter, as lignin inhibits the 

breakdown of cellulose and other fiber components [19]. This reduction in digestibility means that less 

organic matter in the forage is converted into usable nutrients, leading to a decrease in overall feed 

efficiency and affecting animal performance. 

 

Increased Sorting Behavior in Total Mixed Rations 

Ruminants fed high-lignin forages often exhibit increased sorting behavior when fed total mixed 

rations (TMR). They tend to select the more palatable, nutrient-dense portions of the feed and avoid the 

high-fiber, high-lignin components [20]. This selective eating behavior results in uneven nutrient intake, 

further decreasing the efficiency of feed utilization and overall animal performance. 

 

GROWTH PERFORMANCE AND PRODUCTIVITY 

Decreased Average Daily Gain 

High-lignin forages significantly decrease average daily gain (ADG) in ruminants due to their 

reduced digestibility and the inefficiency of nutrient absorption [21]. With less available energy and 

protein, animals are unable to gain weight at the desired rate, negatively affecting their overall growth 

performance and productivity. 

 

Increased Feed Conversion Ratio 

Feeding high-lignin forages increases the feed conversion ratio (FCR), as animals require more feed 

to achieve the same level of growth or milk production [21]. The poor digestibility of lignin hampers 

nutrient absorption, causing animals to consume more feed to meet their nutritional needs, which 

decreases feed efficiency. 

 

Reduced Body Condition Score 

Animals fed high-lignin forages may exhibit a reduced body condition score (BCS) due to insufficient 

nutrient intake [7]. With limited energy and protein available from the forage, ruminants may 

experience weight loss or failure to gain, which leads to poor body condition, affecting overall health 

and productivity. 
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Delayed Maturity in Young Ruminants 
Young ruminants fed high-lignin forages may experience delayed maturity, as the nutrient 

deficiencies caused by poor feed digestibility hinder growth and development [7]. Inadequate protein 
and energy intake can delay the onset of puberty, reproduction, and skeletal growth, impacting their 
overall development and future reproductive performance. 

 
Reduced Muscle Deposition 

While high-lignin forages may promote some skeletal growth due to their high fiber content, muscle 
deposition is limited due to insufficient protein and energy [22]. The imbalanced nutrient intake results 
in poor muscle growth, with animals showing disproportionate skeletal development compared to their 
lean muscle mass, affecting overall body composition. 
 
Lowered Milk Yield in Dairy Cattle 

Dairy cattle fed high-lignin forages tend to produce less milk, as the poor digestibility of lignin 
reduces the availability of nutrients required for milk synthesis [22]. The decreased nutrient absorption, 
particularly energy and protein, leads to lower milk production, impacting the overall milk yield and 
economic viability of dairy operations. 
 
Decreased Butterfat and Protein Content in Milk 

High-lignin forages can decrease the butterfat and protein content in milk due to limited nutrient 
availability for milk synthesis [22]. With reduced microbial fermentation efficiency and compromised 
protein digestion, dairy cattle produce milk with lower quality, which can reduce the profitability of 
dairy farms and affect milk marketability. 
 
Impaired Skeletal Growth due to Nutrient Imbalances 

Feeding high-lignin forages can impair skeletal growth in ruminants due to nutrient imbalances, 
particularly deficiencies in energy, protein, and minerals [22]. These imbalances disrupt bone 
development, leading to weak bones, stunted growth, and potential long-term skeletal health issues, 
affecting both productivity and animal welfare. 
 
Lowered Carcass Weight at Slaughter 

Ruminants fed high-lignin forages typically show reduced carcass weight at slaughter due to slower 
growth rates and inefficient nutrient absorption [13]. With less muscle deposition and poor feed 
conversion, the final body weight is lower, resulting in smaller carcass yields and reduced profitability 
for meat production systems. 
 
Increased Incidence of Compensatory Growth 

Ruminants previously fed high-lignin forages may experience compensatory growth when switched 
to a higher-quality diet [13]. After a period of nutrient deficiency, these animals tend to show rapid 
growth to catch up on missed development. While this compensatory growth can improve overall 
performance, it may lead to metabolic stress and imbalanced growth patterns. 
 
REPRODUCTIVE PERFORMANCE 

Delayed Onset of Puberty in Heifers 

Heifers fed high-lignin forages often experience delayed onset of puberty due to insufficient nutrient 
intake, particularly energy and protein [23]. The reduced digestibility of lignin hampers the availability 
of essential nutrients required for reproductive development, leading to delayed sexual maturity, which 
can prolong the time to first breeding and lower overall reproductive efficiency. 
 
Prolonged Calving Intervals 

Feeding high-lignin forages can result in prolonged calving intervals due to the negative impact on 
the reproductive cycle [23]. The nutrient deficiencies caused by poor digestibility led to poor body 
condition and hormonal imbalances, which can disrupt estrous cycles, delay conception, and extend the 
time between calving events, reducing overall herd productivity. 
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Increased Embryonic Loss Due To Nutritional Deficiencies 
High-lignin forages increase the risk of embryonic loss due to inadequate nutrient availability. The 

reduced digestibility and poor nutrient absorption impair the development of the embryo, particularly 
during the critical early stages of pregnancy [23]. Nutritional deficiencies can hinder fetal development, 
leading to higher rates of early embryonic mortality and decreased reproductive success. 

 
Reduced Estrus Intensity and Frequency 

The consumption of high-lignin forages may reduce the intensity and frequency of estrus in female 
ruminants. Nutrient imbalances, particularly deficiencies in energy and protein, disrupt hormonal 
regulation of the estrous cycle [23]. This leads to less frequent or weaker estrus signs, resulting in lower 
chances of successful breeding and decreased reproductive efficiency. 
 
Increased Incidence of Ovarian Cysts 

High-lignin forages may increase the incidence of ovarian cysts in females due to hormonal 
imbalances caused by nutritional deficiencies [23]. The reduced nutrient intake impacts the normal 
functioning of the ovaries, disrupting follicular development and leading to the formation of cysts, 
which can further impair fertility and complicate breeding management. 
 
Lowered Conception Rates 

Feeding high-lignin forages is associated with lower conception rates in ruminants. The reduced 
nutrient availability affects both the female’s ability to conceive and the quality of sperm in males [23]. 
Hormonal disruptions, poor estrus synchronization, and insufficient energy and protein intake 
contribute to poor reproductive outcomes and reduced fertility success. 
 
Decreased Libido in Breeding Males 

Male ruminants fed high-lignin forages may experience a decrease in libido due to nutrient 
deficiencies that affect hormone production and overall reproductive health [23]. Inadequate energy and 
protein intake reduce the production of key reproductive hormones, like testosterone, which lead to a 
diminished desire to mate and a lower rate of successful breeding. 
 
Poor Fetal Development due to Nutrient Deficiencies 

High-lignin forages can lead to poor fetal development due to the inadequate availability of essential 
nutrients such as protein, energy, and vitamins [23]. The limited nutrient absorption impairs the growth 
and development of the fetus, which can result in weaker offspring, reduced birth weight, and long-
term health challenges for the calves or lambs. 
 
Increased Incidence of Postpartum Anestrus 

Ruminants fed high-lignin forages may experience an increased incidence of postpartum anestrus 
due to poor body condition and insufficient nutrient intake [23]. This delay in the resumption of estrous 
cycles after calving or lambing can extend the time before the animal can be rebred, reducing 
reproductive efficiency and overall herd productivity. 
 
Higher Rates of Dystocia due to Poor Body Condition 

The poor body condition resulting from feeding high-lignin forages can lead to higher rates of 
dystocia during calving or lambing [23]. Insufficient energy and protein intake reduce the animal’s 
ability to maintain proper body weight and muscle mass, making it more difficult for the female to 
deliver offspring naturally, increasing the risk of complications during parturition. 
 

IMMUNE FUNCTION AND HEALTH 

Increased Susceptibility to Metabolic Disorders 

Feeding high-lignin forages can increase susceptibility to metabolic disorders such as ketosis, fatty 

liver, and acidosis. Nutrient deficiencies and imbalanced rumen fermentation reduce energy availability, 

impairing metabolic processes [23]. As a result, animals become more prone to conditions that disrupt 

normal physiological functions, leading to poor health outcomes and decreased productivity. 
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Reduced Immune Response to Infections 

High-lignin forages can compromise the immune system’s ability to respond effectively to infections. 
The poor digestibility and reduced nutrient absorption result in deficiencies in critical vitamins, 

minerals, and proteins necessary for immune function [23]. This makes animals more vulnerable to 
infections, increasing the frequency and severity of diseases, and impairing overall health. 

 
Higher Incidence of Mastitis in Dairy Cows 

Feeding high-lignin forages is linked to a higher incidence of mastitis in dairy cows. The nutrient 
deficiencies associated with high-fiber forages impair the cow’s immune function, reducing the ability 

to resist infections, including mastitis-causing pathogens [23]. Reduced overall health and weakened 
immune defenses make dairy cows more prone to udder infections. 

 

Increased Risk of Parasitic Infestations 

Ruminants consuming high-lignin forages are at an increased risk of parasitic infestations. Nutritional 

deficiencies weaken the immune system, reducing the animal’s ability to fight off parasites like 
gastrointestinal worms [23]. Infected animals suffer from decreased feed conversion and overall health, 

leading to productivity losses and higher veterinary costs. 
 

Greater Oxidative Stress due to Nutrient Imbalances 

The consumption of high-lignin forages contributes to greater oxidative stress due to nutrient 

imbalances, particularly deficiencies in antioxidants like vitamins E and C [23]. This oxidative stress 
damages cells, tissues, and organs, leading to increased susceptibility to diseases, reduced growth, and 

poor overall health, which can compromise animal welfare and productivity. 
 

Impaired Liver Function due to Excess Fiber Fermentation 

Excess fiber fermentation in the rumen due to high-lignin forages can impair liver function. The 

overproduction of certain byproducts, such as ammonia, leads to liver stress and reduced detoxification 
capacity [23]. The liver’s inability to efficiently process toxins results in metabolic disturbances, 

decreased growth rates, and impaired reproductive performance. 
 

Increased Likelihood of Acidosis Following Dietary Shifts 

High-lignin forages can increase the likelihood of acidosis, especially when animals transition to 
diets with higher fermentable carbohydrates [23]. The slow digestion and fermentation of fiber reduce 

rumen pH stability, leading to an increased risk of subacute ruminal acidosis (SARA) during dietary 
changes. Acidosis impairs digestion, reduces feed intake, and increases the risk of other metabolic 

disorders. 
 

Reduced Healing Capacity in Wounded Animals 

Animals fed high-lignin forages may have a reduced capacity to heal from wounds or injuries. 

Nutrient deficiencies in protein, vitamins, and minerals necessary for tissue repair hinder the healing 
process, leading to longer recovery times and increased risk of infection [23]. This affects overall animal 

welfare and productivity, particularly in high-performance livestock. 
 

Increased Inflammation due to Chronic Nutrient Deficiencies 

Chronic nutrient deficiencies caused by high-lignin forages can result in increased inflammation [23]. 

Deficient levels of key nutrients, like protein, essential fatty acids, and vitamins, trigger a heightened 
inflammatory response, contributing to chronic health conditions such as arthritis, gastrointestinal 

disorders, and metabolic diseases. This further weakens the animal’s immune system and overall 

resilience to disease. 

 

Higher Mortality Rates in Nutritionally Stressed Herds 

Nutritionally stressed herds fed high-lignin forages are at a higher risk of mortality. The compromised 

health resulting from poor nutrition, weakened immune responses, and increased susceptibility to 
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diseases leads to a higher incidence of death [23]. This increases production losses and raises concerns 

regarding animal welfare and the sustainability of farming operations. 

 

HOOF AND JOINT HEALTH 

Increased Risk of Laminitis due to Imbalanced Nutrition 

Feeding high-lignin forages can increase the risk of laminitis due to imbalanced nutrition. The 

reduced digestibility and nutrient absorption affect the body’s ability to maintain healthy hooves [24]. 

Energy deficiencies and improper fiber digestion may lead to metabolic imbalances that contribute to 

the development of laminitis, a painful condition that affects hoof integrity and mobility. 

 

Poor Hoof Quality and Excessive Hoof Growth 

High-lignin forage consumption can result in poor hoof quality and excessive hoof growth. The 

nutrient deficiencies caused by imbalanced forages hinder the proper development of keratin, which is 

essential for healthy hooves [23]. This leads to weak hooves that are more prone to damage, while the 

excessive growth of hooves results in the need for more frequent trimming and care. 

 

Increased Lameness Cases due to Body Weight Fluctuations 

Feeding high-lignin forages can lead to increased body weight fluctuations, which in turn elevate the 

risk of lameness [24]. Nutrient imbalances lead to poor body condition, resulting in sudden weight 

changes that place additional stress on joints and hooves. This increased strain contributes to the 

development of lameness, impacting animal welfare and overall productivity. 

 

Weakening of Tendons and Ligaments 

The consumption of high-lignin forages can weaken tendons and ligaments due to the lack of essential 

nutrients required for proper connective tissue development [23]. Poor nutrient absorption, especially 

of proteins and minerals, results in the weakening of structural tissues, increasing the risk of joint and 

tendon injuries. This also leads to slower recovery from injuries and reduced mobility. 

 

Increased Risk of Arthritis in Older Animals 

High-lignin forages may increase the risk of arthritis, particularly in older ruminants, due to 

nutritional deficiencies that affect joint health. Inadequate intake of essential micronutrients and omega-

3 fatty acids hampers the maintenance of joint cartilage and synovial fluid [24]. Over time, this increases 

inflammation, leading to arthritis, a common cause of pain and mobility issues in aging animals. 

 

Higher Frequency of Sole Ulcers due to Energy Deficiencies 

Sole ulcers are more common in ruminants fed high-lignin forages, as energy deficiencies make 

animals more prone to metabolic stress [23]. This condition occurs when the lack of energy intake leads 

to poor hoof health and increased pressure on the sole, causing ulcers. These painful lesions affect 

mobility, reduce grazing time, and lead to increased veterinary costs. 

 

Reduced Mobility and Grazing Efficiency 

Feeding high-lignin forages may reduce overall mobility and grazing efficiency in ruminants. The 

metabolic stress caused by nutrient deficiencies leads to poor muscle function and joint stiffness, 

making it more difficult for animals to move and graze efficiently [24]. This affects overall feed intake, 

productivity, and animal welfare, particularly in grazing-based systems. 

 

Greater Susceptibility to Foot Rot Infections 

Ruminants consuming high-lignin forages are more susceptible to foot rot infections due to 

compromised immune function and poor hoof health [23]. The imbalance in nutrition weakens the 

immune system, making animals more prone to bacterial infections. Foot rot, a painful and debilitating 

disease, becomes more prevalent, leading to increased veterinary care and reduced productivity. 
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Increased Hoof Cracking and Splitting 

Hoof cracking and splitting are more common in ruminants fed high-lignin forages, as poor nutrient 

intake negatively affects the structural integrity of hooves [24]. Deficiencies in essential vitamins, 

minerals, and proteins result in weak hooves that are more susceptible to damage. Cracked or split 

hooves can lead to lameness, infections, and a decline in overall health and performance. 

 

Poor Joint Lubrication due to Inadequate Micronutrient Intake 

High-lignin forages can result in poor joint lubrication due to inadequate micronutrient intake, 

particularly minerals like calcium, magnesium, and zinc. These nutrients are essential for maintaining 

healthy joint cartilage and synovial fluid [23]. Deficiencies in these micronutrients lead to reduced 

lubrication, increased joint friction, and a higher risk of joint damage and pain in ruminants. 

 

ENVIRONMENTAL IMPACT 

Increased Manure Output Due To Undigested Fiber Excretion 

High-lignin forages lead to increased manure output due to the high fiber content that is poorly 

digested by ruminants [4]. As fiber remains undigested in the digestive tract, it is excreted in the manure, 

contributing to higher manure volumes. This increase in manure output can result in more complex 

waste management systems and higher environmental impacts in terms of storage and disposal. 

 

Reduced Nutrient Density in Manure 

The consumption of high-lignin forages results in lower nutrient density in manure, as the poorly 

digested fiber limits the availability of digestible nutrients. This means that manure from animals fed 

high-lignin diets contains fewer essential nutrients such as nitrogen, phosphorus, and potassium [6]. 

Consequently, this reduces the quality of manure as a fertilizer, affecting its utility for crop production 

and increasing the need for synthetic fertilizers. 

 

Higher Enteric Methane Emissions from Fiber Fermentation 

Fiber fermentation in the rumen of animals fed high-lignin forages leads to increased enteric methane 

emissions [4]. The slow breakdown of lignin-rich fibers results in prolonged fermentation processes 

that produce more methane, a potent greenhouse gas. This contributes to the overall carbon footprint of 

livestock farming, impacting efforts to reduce the environmental impact of animal agriculture. 

 

Increased Risk of Soil Compaction from Unutilized Nutrients 

Unutilized nutrients from high-lignin forages can lead to increased risk of soil compaction. When 

nutrients, such as excess fiber or nitrogen, are not fully digested or absorbed by ruminants, they are 

excreted in manure [6]. Over time, these nutrients can build up in the soil, contributing to compaction, 

reduced soil aeration, and decreased water infiltration, which negatively affects crop yields and soil 

health. 

 

Reduced Efficiency of Nutrient Cycling in Pasture Systems 

High-lignin forages can reduce the efficiency of nutrient cycling in pasture systems. The undigested 

fiber and unutilized nutrients excreted by ruminants accumulate in the environment, limiting the 

effectiveness of nutrient recycling in pastures [4]. This reduces the overall nutrient availability for plants 

and decreases the quality of forage for subsequent grazing, affecting pasture productivity and 

sustainability. 

 

Higher Ammonia Volatilization from Inefficient Protein Digestion 

Inefficient protein digestion in animals fed high-lignin forages leads to higher ammonia 

volatilization. The excess nitrogen that is not utilized for protein synthesis is excreted as ammonia in 

the urine, which volatilizes into the atmosphere [6]. Ammonia emissions contribute to air pollution, 

including acid rain, and can negatively impact both animal health and the surrounding environment. 
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Greater Water Consumption Per Unit of Milk or Meat Produced 

Feeding high-lignin forages increases water consumption per unit of milk or meat produced. The 

inefficiency in nutrient absorption and digestion leads to higher water intake to maintain hydration and 

metabolic functions [4]. This increased water requirement adds to the environmental impact of livestock 

farming, particularly in regions where water scarcity is a concern, making sustainable practices more 

difficult to implement. 

 

Increased Need for Feed Supplementation to Offset Deficiencies 

The nutritional deficiencies inherent in high-lignin forages result in an increased need for feed 

supplementation to offset the lack of essential nutrients [6]. Supplementation with concentrations, 

vitamins, minerals, and other nutrients increases the environmental burden of feed production, including 

the use of land, water, and energy resources. This exacerbates the overall environmental impact of 

livestock farming systems. 

 

Lower Nitrogen Use Efficiency in Manure Application 

Manure from animals fed high-lignin forages has lower nitrogen use efficiency due to the inefficient 

digestion and absorption of nitrogen from the diet [4]. As a result, more nitrogen is excreted in the 

manure, which can lead to nitrogen runoff and contamination of water bodies. This lower nitrogen 

efficiency increases the environmental footprint of manure application in farming systems. 

 

Increased Land Requirement Per Unit of Production 

Feeding high-lignin forages increases the land requirement per unit of milk or meat produced. The 

reduced nutrient utilization and growth rates associated with high-lignin diets result in lower 

productivity per animal [6]. Consequently, more land is required to produce the same number of 

livestock products, contributing to deforestation and loss of natural habitats, which worsens the 

environmental footprint of animal agriculture. 

 

ECONOMIC IMPLICATIONS 

Higher Feed Costs due to Supplementation Needs 

Feeding high-lignin forages increases feed costs due to the need for additional supplementation. 

Lignin’s poor digestibility and nutrient limitations require the inclusion of concentrations or other feed 

additives to meet the nutritional requirements of the animals [25]. This added supplementation results 

in higher overall feed costs, impacting the financial sustainability of livestock operations. 

 

Increased Veterinary Expenses for Treating Nutrition-Related Disorders 

High-lignin forages can lead to various nutrition-related disorders, such as metabolic imbalances, 

lameness, and reproductive issues, which require veterinary intervention [25]. The increased need for 

health treatments due to these complications raises veterinary expenses for livestock farmers. This 

additional cost further reduces profitability and challenges the economic viability of high-lignin forage 

feeding systems. 

 

Reduced Market Value of Low-Yielding Animals 

Animals fed high-lignin forages tend to have lower productivity and performance, which can 

decrease their market value [25]. Reduced growth rates, lower milk yields, and poor overall health lead 

to animals being less competitive in the market. As a result, producers may face financial losses when 

selling underperforming animals, reducing the economic return on livestock investments. 

 

Increased Labor Costs due to Prolonged Feeding Periods 

The need for longer feeding periods to achieve growth targets or maintain animal health due to high-

lignin forages translates into increased labor costs [25]. These prolonged periods require more time 

spent on feeding management, monitoring animal health, and ensuring proper nutrition. As a result, the 

overall operational costs increase, diminishing economic returns for farmers. 
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Higher Replacement Rates for Unproductive Animals 

Feeding high-lignin forages can increase the replacement rates of unproductive animals, as their 

lower productivity may make them less profitable over time. Animals that do not meet expected growth 

or production targets due to poor fiber utilization may need to be replaced more frequently [25]. This 

leads to additional costs for purchasing or raising new animals to maintain the herd’s performance. 

 

Reduced Profitability in Dairy and Beef Enterprises 

The economic consequences of feeding high-lignin forages extend to reduced profitability in dairy 

and beef enterprises. Lower feed conversion efficiency, reduced milk or meat yields, and increased 

veterinary and labor costs result in a diminished return on investment [22]. This can make it difficult 

for farmers to achieve financial sustainability and competitiveness in the livestock industry. 

 

Increased Cost of Manure Management due to Undigested Fiber 

Higher manure output from animals fed high-lignin forages increases the cost of manure 

management. The undigested fiber excreted in manure requires more storage, handling, and disposal 

efforts, adding operational costs [25]. Moreover, the reduced nutrient content in the manure makes it 

less useful as fertilizer, requiring additional expenses for purchasing synthetic fertilizers or other 

nutrient sources. 

 

Lower Efficiency in Feedlot Operations 

In feedlot operations, high-lignin forages result in lower feed efficiency, as animals require more feed 

to achieve optimal weight gain. This inefficiency increases the cost per unit of weight gain, negatively 

impacting feedlot profitability [22]. The reduced growth rates and higher feed consumption reduce the 

overall economic efficiency of feeding high-lignin diets in intensive production systems. 

 

Reduced Returns on Investment for Livestock Production 

The economic returns on livestock production can be negatively affected using high-lignin forages. 

Reduced growth rates, lower productivity, and increased feed and veterinary costs lower overall 

profitability [22]. These factors lead to a diminished return on investment for farmers, making high-

lignin forage-based systems less attractive for long-term sustainability in the livestock sector. 

 

Increased Need for Genetic Selection to Improve Fiber Utilization 

To mitigate the negative economic impacts of feeding high-lignin forages, there is an increased need 

for genetic selection aimed at improving fiber utilization efficiency. Genetic improvements can help 

animals better digest and utilize high-lignin forages, reducing the reliance on supplementation and 

improving overall productivity [25]. However, this requires additional investment in breeding 

programs, which can increase operational costs for livestock producers. 

 

BEHAVIORAL CHANGES AND WELFARE 

Increased Aggression due to Prolonged Feeding Times 

Prolonged feeding times associated with high-lignin forages can lead to increased frustration and 

aggression among animals [23]. The extended periods spent in the feeding process may lead to 

competition for limited feed resources, resulting in heightened aggression and social tension. This can 

negatively affect herd dynamics and contribute to animal stress, ultimately impacting welfare. 

 

Higher Frequency of Stereotypic Behaviors Such as Tongue Rolling 

Animals fed high-lignin forages may exhibit a higher frequency of stereotypic behaviors, such as 

tongue rolling, that signs of boredom or frustration. The inability to achieve proper satiety or the 

prolonged feeding process can lead to abnormal behaviors, which indicate poor mental well-being. 

These behaviors highlight the negative impact on animal welfare when animals are unable to meet their 

behavioral needs. 
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Reduced Social Interactions in Herd Dynamics 

Feeding high-lignin forages can reduce social interactions within the herd. Animals may become 

more focused on the time spent eating or ruminating, leaving less time for socializing [23]. Reduced 

social interactions can lead to isolation and stress, affecting herd cohesion and overall animal welfare, 

as social interactions are essential for the emotional well-being of ruminants. 

 

Increased Time Spent Ruminating Without Proportional Gain in Digestion 

Feeding high-lignin forages leads to increased time spent ruminating due to the slow breakdown of 

fiber, but this does not result in proportional gains in digestion [23]. Although rumination is a natural 

behavior, prolonged and inefficient rumination can cause discomfort and fatigue in animals. The 

inability to extract sufficient nutrition from the forage despite extended rumination contributes to 

overall stress. 

 

Decreased Lying Time due to Prolonged Feeding Efforts 

Animals fed high-lignin forages may experience decreased lying time as they spend more time 

feeding and ruminating [24]. Lying is essential for rest and recovery, and the time spent on inefficient 

feeding can lead to reduced relaxation periods. This results in a reduction in animal comfort overall, 

potentially leading to fatigue, increased stress, and poorer welfare outcomes. 

 

Increased Stress Indicators in Intensive Feeding Systems 

The prolonged feeding times and nutritional imbalances associated with high-lignin forages can lead 

to increased stress indicators in intensive feeding systems [23]. Signs, such as elevated cortisol levels, 

restlessness, and abnormal behaviors, are common responses to nutritional deficiencies and the 

physiological stress caused by prolonged feeding periods. Increased stress is detrimental to overall 

animal health and productivity. 

 

Greater Dependency on Mineral Supplements for Nutritional Balance 

High-lignin forages increase the dependency on mineral supplements to maintain nutritional balance, 

as they bind minerals and reduce their bioavailability [24]. This dependency on external 

supplementation can create stress for farmers and increase operational costs. Moreover, the need for 

constant mineral supplementation indicates an underlying dietary imbalance, which can affect overall 

animal health and welfare. 

 

Increased Risk of Bloating from Prolonged Fiber Fermentation 

Prolonged fiber fermentation in the rumen of animals fed high-lignin forages can increase the risk of 

bloating [23]. The extended fermentation time produces excess gases, which, if not expelled efficiently, 

can lead to ruminal distension and discomfort. Bloating is not only harmful to animal health but also 

represents a significant welfare concern, as it can result in pain, distress, and even death in severe cases. 

 

Reduced Exploratory Behavior Due to Lower Energy Availability 

Animals fed high-lignin forages may exhibit reduced exploratory behavior due to lower energy 

availability. The inefficient digestion of high-fiber forages can limit the energy available for natural 

activities such as exploration and foraging [24]. A lack of energy reduces the animals’ ability to engage 

in normal behaviors, which can negatively impact their mental stimulation and overall well-being. 

 

Increased Tendency for Self-Isolation in Nutritionally Stressed Animals 

Nutritionally stressed animals due to high-lignin forages may exhibit an increased tendency for self-

isolation [23]. As animals experience discomfort from inefficient digestion and nutritional imbalances, 

they may withdraw from social groups and spend more time alone. This isolation is a behavioral sign 

of stress and can have long-term negative effects on animal welfare, as it reduces the opportunity for 

social interaction and increases feelings of distress. 
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LONG-TERM GENETIC AND EPIGENETIC EFFECTS 

Selection Pressure for Improved Fiber Digestion Traits 

Long-term feeding of high-lignin forages may exert selection pressure for animals with enhanced 

fiber digestion traits. Breeding efforts may focus on selecting animals that better utilize high-fiber 
forages, leading to genetic changes in rumen microbiota composition and digestive enzymes [24]. Over 

time, this could improve the efficiency of fiber utilization, but it may also limit genetic diversity by 
narrowing breeding goals to fiber digestion. 

 
Reduced Genetic Diversity due to High Culling Rates 

The need to cull animals that cannot adapt to high-lignin forages can reduce genetic diversity within 
herds [23]. As low-performance animals are removed to maintain productivity, genetic variation 

decreases, potentially weakening the resilience of the population. Over time, this reduction in diversity 

could hinder the herd’s ability to adapt to environmental or nutritional changes, making them more 
vulnerable to disease or other challenges. 

 
Increased Heritability of Poor Feed Conversion Efficiency 

The long-term impact of feeding high-lignin forages may increase the heritability of poor feed 
conversion efficiency [24]. As animals with lower feed efficiency are selected against, the remaining 

population may show more pronounced traits related to inefficient feed utilization. This selection could 
result in genetic shifts towards less favorable feed conversion efficiency, further exacerbating the 

negative effects of high-lignin diets on production. 
 

Altered Epigenetic Markers Linked to Nutrient Deficiencies 

Feeding high-lignin forages may lead to epigenetic changes in ruminants, particularly in genes related 

to nutrient utilization and metabolism [23]. Nutrient deficiencies caused by the low digestibility of 
lignin-rich forages could alter epigenetic markers, potentially affecting gene expression. These changes 

may have long-term effects on growth, reproduction, and health, possibly influencing the next 
generation’s ability to adapt to similar diets. 

 
Increased Reliance on Crossbreeding for Resilience Improvement 

To mitigate the negative effects of feeding high-lignin forages, there may be an increased reliance on 

crossbreeding programs aimed at improving resilience [24]. Crossbreeding can introduce genetic traits 
that enhance fiber utilization or improve overall health, helping animals better cope with the stress 

induced by high-fiber diets. However, this approach may limit the development of purely genetically 
adapted animals for high-lignin diets. 

 
Reduced Genetic Potential for High-Yielding Dairy and Beef Lines 

Long-term feeding of high-lignin forages may reduce the genetic potential of dairy and beef lines for 
high yields [23]. The focus on fiber digestion and adaptation to low-quality forages may divert attention 

from traits related to high milk or meat production. This genetic shift could ultimately limit the potential 
for producing high-yielding livestock, particularly in dairy and beef operations where maximizing 

productivity is crucial. 
 

Delayed Transmission of Desirable Production Traits 

The focus on adapting livestock to high-lignin forages could delay the transmission of desirable 

production traits, such as rapid growth or high milk yield [24]. Breeding programs may prioritize fiber 
utilization traits over others, such as growth rate or carcass quality, resulting in a slow transmission of 

traits related to high productivity. This can impact on long-term profitability and the ability to meet 

market demands. 

 

Increased Expression of Stress-Related Genes 

Long-term exposure to high-lignin forages may lead to the increased expression of stress-related 

genes in ruminants [23]. Chronic nutritional stress, including nutrient imbalances and inefficient 
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digestion, can activate stress pathways that affect immune function, growth, and reproduction. Over 

time, this could lead to epigenetic changes that increase an animal’s susceptibility to stress, potentially 

reducing productivity and overall well-being. 

 

Greater Variability in Production Outcomes Across Generations 

The long-term impact of feeding high-lignin forages may increase variability in production outcomes 

across generations [24]. Genetic and environmental interactions could result in inconsistent growth, 

health, and reproductive outcomes, making it difficult to predict future performance. This variability 

can pose challenges for farmers seeking stable and predictable production, impacting the sustainability 

of high-lignin forage systems. 

 

Potential Epigenetic Adaptation to Low-Quality Forage Diets 

Over time, there could be potential for epigenetic adaptation to low-quality forage diets such as those 

rich in lignin [23]. Animals may develop epigenetic changes that allow for better utilization of lignin 

and fiber, potentially improving their ability to cope with poor-quality forages. However, these 

adaptations may be slow and limited, and they could come at the cost of other desirable traits such as 

growth rate or milk yield. 

 

CONCLUSIONS 

The long-term feeding of high-lignin forages to ruminants significantly impacts their health, 

productivity, and environmental sustainability. While these forages can be an affordable feed resource, 

their poor digestibility and the associated inefficiencies in nutrient utilization lead to reduced growth, 

milk yield, and reproductive performance. Additionally, the negative effects on immune function, joint 

health, and overall animal welfare highlight the need for careful consideration in forage selection. This 

study emphasizes the importance of understanding the cumulative impacts of high-lignin diets on 

ruminant performance and advocates for improved forage management practices. By optimizing the use 

of high-lignin forages, livestock systems can better balance productivity with sustainability, ensuring 

healthier animals and a reduced environmental footprint. 

 

Future Directions 

Future research should focus on developing strategies to enhance the digestibility of high-lignin 

forages using feed additives, such as enzymes or probiotics, to improve microbial fiber breakdown in 

the rumen. Additionally, exploring genetic selection of ruminants with improved fiber utilization 

efficiency could provide a sustainable solution to mitigate the negative impacts of high-lignin diets. 

Further studies are needed to evaluate the long-term effects of different high-lignin forage types across 

various livestock systems and environmental conditions. This includes investigating the potential role 

of precision feeding and forage quality management in minimizing the adverse effects while 

maintaining cost-effectiveness. Additionally, the environmental implications of high-lignin forages 

should be explored in greater depth, particularly regarding their contribution to greenhouse gas 

emissions, manure management, and water usage. Ultimately, future research should aim to develop 

integrated, sustainable livestock feeding strategies that optimize both animal health and environmental 

outcomes. 
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