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Abstract: This review explores the multifaceted benefits of glycerol usage in dairy cow nutrition, 

focusing on its impact on metabolic health, milk production, physiological and biochemical 

mechanisms, and broader implications for animal health, welfare, and environmental 

sustainability. Glycerol, a byproduct of biodiesel production, serves as an effective energy source 

for dairy cows, particularly during periods of negative energy balance, reducing the risk of 

metabolic disorders such as ketosis. It has been shown to enhance milk production by improving 

glucose metabolism and supporting lactation. The review also delves into the physiological and 

biochemical mechanisms by which glycerol influences rumen fermentation, energy partitioning, 

and overall cow health. Furthermore, the broader implications of glycerol supplementation, 

including its potential to improve animal welfare and reduce the environmental impact of dairy 

farming, are examined. The integration of glycerol into dairy nutrition represents a promising 

approach to optimizing cow health, productivity, and sustainability in the dairy industry.  

Keywords: Milk; dairy; cows; nutrition; feed additives; glycerol.  

 

1. Introduction 

The field of dairy cow nutrition has evolved significantly over recent decades, driven by the 

need to enhance milk production efficiency, improve animal health, and address environmental 

sustainability concerns [1,2]. One promising area of research within this domain is the incorporation 

of alternative feed additives that can optimize energy utilization and improve overall health 

outcomes for dairy cows [2,3]. Among these additives, glycerol has garnered considerable attention 

due to its potential multifaceted benefits [4]. 

Glycerol, also known as glycerin or 1,2,3-propanetriol, is a simple polyol compound that has 

traditionally been used in various industrial and pharmaceutical applications [5] (Picture 1). 

However, with the rise of biodiesel production, glycerol has become more readily available as a 

byproduct, presenting an opportunity for its use in animal feed. The integration of glycerol into 

dairy cow diets is particularly appealing due to its properties as an energy-dense and gluconeogenic 

substrate. Glycerol can serve as an efficient energy source that can be rapidly metabolized into 

glucose, thereby supporting the high energy demands of lactating cows [6]. 

The physiological and biochemical mechanisms by which glycerol exerts its beneficial effects in 

dairy cows are of particular interest [7]. Upon ingestion, glycerol is absorbed in the rumen and can 

be quickly converted into volatile fatty acids (VFAs), such as propionate, which are precursors for 

gluconeogenesis in the liver. This conversion process can help maintain glucose homeostasis, 

particularly during periods of negative energy balance (NEB) commonly experienced during early 

lactation [8]. The ability to support glucose levels is critical for preventing metabolic disorders such 
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as ketosis, which is characterized by elevated ketone bodies in the blood due to excessive fat 

mobilization. 

 

 

Picture 1. Glycerol transformation to value-added 1,3-propanediol production [9]. 

 

Furthermore, the inclusion of glycerol in dairy cow diets has been associated with improved 

milk yield and composition [10]. Studies have shown that glycerol supplementation can lead to 

higher milk production and an increase in milk fat content, potentially due to the enhanced 

availability of glucose and the positive energy balance it helps maintain [11]. This aspect is 

particularly valuable in the dairy industry, where milk yield and quality are paramount for 

economic viability. 

In addition to direct metabolic benefits, glycerol usage in dairy nutrition may have broader 

implications for animal health and welfare [12]. By supporting energy balance and reducing the 

incidence of metabolic disorders, glycerol can contribute to overall cow health, leading to better 

reproductive performance and longevity. This aspect aligns with the growing emphasis on animal 

welfare in agricultural practices, where maintaining the health and well-being of livestock is a 

critical component of sustainable farming systems [13]. 

Moreover, the environmental impact of glycerol usage in dairy nutrition is an area of emerging 

interest. The repurposing of glycerol from the biodiesel industry into animal feed aligns with 

principles of circular economy and resource efficiency [14]. By utilizing this byproduct, the dairy 

industry can reduce waste and improve the sustainability of both biodiesel and dairy production 

systems [15]. This synergy between industries highlights the potential for integrated approaches to 

agricultural sustainability, where waste products from one process can be effectively utilized as 

inputs for another. 

Despite the promising benefits, the incorporation of glycerol into dairy cow diets is not without 

challenges [16]. There are considerations regarding the optimal dosage, potential impacts on rumen 

fermentation dynamics, and long-term effects on animal health that need to be thoroughly 

evaluated. Additionally, economic feasibility and supply chain logistics for glycerol must be 

addressed to ensure its practical application in dairy farming [17]. 

To provide a comprehensive understanding of glycerol's beneficial effects, this paper will 

review the current scientific literature on its usage in dairy cow nutrition. 
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2. Impact of glycerol on cows metabolic health 

Glycerol is a three-carbon molecule that serves as the backbone for triglycerides, the primary 

form of fat storage in animals. In recent years, the production of biodiesel has increased the 

availability of glycerol as a byproduct, making it an economically viable feed additive [18]. Glycerol 

is readily absorbed in the rumen and can be rapidly metabolized to produce energy [19], making it 

an attractive supplement for dairy cows, particularly during the transition period when cows are at 

high risk of developing metabolic disorders [20]. The transition period, which includes the weeks 

before and after calving, is critical for dairy cows. During this time, cows often experience NEB due 

to the high energy demands of lactation coupled with reduced feed intake (Picture 2). This energy 

deficit can lead to the mobilization of body fat reserves, resulting in increased plasma levels of 

non-esterified fatty acids (NEFAs) and the development of ketosis [20]. 

 

 
Picture 2. Metabolic dynamics and hormonal interplay during the peripartum period in dairy 

cows [21]. 

 

Glycerol has been shown to help mitigate the effects of NEB by serving as a glucogenic 

precursor. Once absorbed, glycerol is converted into glucose via gluconeogenesis in the liver, 

providing an immediate source of energy. This helps to reduce the mobilization of body fat reserves, 

thereby lowering NEFA concentrations and the risk of ketosis. Studies have demonstrated that cows 

supplemented with glycerol exhibit improved energy balance, reduced incidence of ketosis, and 

better overall metabolic health [22]. 

Ketosis is a metabolic disorder characterized by elevated levels of ketone bodies in the blood, 

such as beta-hydroxybutyrate (BHB), due to excessive fat mobilization and insufficient glucose 

availability [23]. It commonly occurs during the early lactation period when the energy demand for 

milk production is high. 

Glycerol supplementation has been widely studied as a preventive measure against ketosis. By 

providing an additional source of glucose, glycerol reduces the need for the cow to mobilize fat 

reserves, thereby decreasing the production of ketone bodies. Several studies have reported that 

cows receiving glycerol supplementation show lower BHB levels and a reduced incidence of clinical 

and subclinical ketosis. This not only improves the metabolic health of the cow but also enhances 

milk production and reproductive performance. 

The rumen is the primary site of fermentation in cows, where microbial populations break 

down feedstuffs to produce VFAs, which serve as the main energy source for the animal. The 

introduction of glycerol into the diet can influence rumen fermentation patterns [24]. 

Glycerol is rapidly fermented by rumen microbes, leading to an increase in the production of 

propionate, one of the key VFAs [25]. Propionate is a crucial precursor for gluconeogenesis in the 
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liver, which contributes to maintaining blood glucose levels. The increased production of 

propionate, therefore, complements the direct glucose supply from glycerol metabolism, further 

supporting energy balance [18]. 

However, the impact of glycerol on rumen fermentation is dose-dependent [26]. While 

moderate supplementation can enhance propionate production and support metabolic health, 

excessive glycerol can lead to rumen acidosis, a condition characterized by a drop in rumen pH due 

to the accumulation of VFAs. This underscores the importance of careful dosing when incorporating 

glycerol into dairy cow diets, as well in other animals such as rabbits [27] for example. 

While the benefits of glycerol supplementation are well-documented, several factors must be 

considered to optimize its use in dairy nutrition. The appropriate dosage is critical to achieving the 

desired metabolic effects without causing adverse outcomes like rumen acidosis. Most studies 

recommend glycerol supplementation at levels ranging from 100 to 500 grams per day, depending 

on the cow's stage of lactation and overall diet composition. Moreover, the timing of glycerol 

administration is important. Supplementing glycerol during the transition period, particularly in the 

weeks leading up to and following calving, is most effective in preventing NEB and ketosis. 

Additionally, the form of glycerol (e.g., liquid or powder) and its purity can influence its 

effectiveness and palatability [28]. 

Despite the promising results, there are some challenges associated with glycerol 

supplementation. Impurities in crude glycerol can affect its palatability and safety, necessitating 

careful selection and processing before use in animal feed [28]. Another challenge is the risk of 

rumen acidosis when glycerol is overfed or improperly balanced with other dietary components 

[29]. 

 

3. Influence of dietary glycerol on milk production 

The inclusion of dietary glycerol in dairy cow diets has attracted significant interest in recent 

years due to its potential to enhance milk production and overall metabolic health. Glycerol, a 

byproduct of biodiesel production, is an energy-dense, easily fermentable carbohydrate that can 

serve as a glucogenic precursor. Its role in ruminant nutrition, particularly for lactating dairy cows, 

is multifaceted, influencing energy metabolism, rumen fermentation, and ultimately, milk yield and 

composition. Glycerol is readily absorbed in the rumen and metabolized into glucose in the liver via 

gluconeogenesis [10]. This characteristic makes glycerol an attractive feed additive for dairy cows, 

particularly during periods of NEB, such as the transition period around calving. During this time, 

cows often experience a significant energy deficit due to the high demands of milk production and 

reduced feed intake, leading to the mobilization of body fat and increased risk of metabolic 

disorders like ketosis. The supplementation of glycerol in the diet provides an immediate source of 

glucose, which can help mitigate the effects of NEB, support lactation [6], and improve overall cow 

health. The following sections will explore how glycerol influences milk production through its 

effects on energy metabolism and rumen fermentation. 

The energy status of a dairy cow is a critical determinant of milk production. During early 

lactation, when energy demands are highest, cows often struggle to consume sufficient feed to meet 

their energy requirements. This leads to the mobilization of body fat reserves, resulting in elevated 

levels of NEFAs in the blood, which can predispose cows to ketosis and other metabolic disorders. 

Glycerol plays a crucial role in alleviating this energy deficit by serving as a glucogenic precursor 

[30]. Once absorbed, glycerol is converted into glucose in the liver, providing an immediate source of 

energy that can be used to support milk synthesis. Several studies have demonstrated that glycerol 

supplementation can improve energy balance in lactating cows, leading to increased milk yield 

[31–33]. For instance, cows supplemented with glycerol during early lactation exhibit higher milk 

production compared to those not receiving glycerol [32]. This is largely due to the enhanced energy 

status of the cow, which allows for greater allocation of nutrients towards milk synthesis rather than 

fat mobilization. Additionally, glycerol's role in reducing NEFA concentrations and preventing 

ketosis further supports milk production by maintaining overall cow health. 
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The rumen is the primary site of fermentation in cows, where microbial populations break 

down feedstuffs to produce VFAs, which serve as the main energy source for the animal. The 

introduction of glycerol into the diet can significantly influence rumen fermentation patterns, 

thereby affecting milk production and composition. 

Moreover, glycerol supplementation has been reported to influence milk composition, 

particularly milk fat content [10]. Some studies have indicated that glycerol can increase milk fat 

percentage, likely due to the enhanced availability of glucose and propionate, which are used as 

substrates for de novo fatty acid synthesis in the mammary gland. This increase in milk fat content 

can be particularly beneficial for dairy producers, as it improves the overall quality of the milk. 

While moderate supplementation can enhance milk fat content, excessive glycerol can lead to rumen 

acidosis, a condition characterized by a drop in rumen pH due to the accumulation of VFAs. This 

underscores the importance of careful dosing when incorporating glycerol into dairy cow diets. 

Ketosis is a metabolic disorder that commonly occurs during early lactation when the energy 

demands of milk production exceed the cow's energy intake. This condition is characterized by 

elevated levels of ketone bodies, such as beta-hydroxybutyrate (BHB), in the blood due to excessive 

fat mobilization and insufficient glucose availability [20]. 

Glycerol supplementation has been widely studied as a preventive measure against ketosis. By 

providing an additional source of glucose, glycerol reduces the need for the cow to mobilize fat 

reserves, thereby decreasing the production of ketone bodies. Several studies have reported that 

cows receiving glycerol supplementation show lower BHB levels and a reduced incidence of clinical 

and subclinical ketosis [34]. This not only improves the metabolic health of the cow but also 

enhances milk production. The prevention of ketosis through glycerol supplementation is 

particularly important for sustaining high milk yields. Cows that avoid ketosis are more likely to 

maintain consistent feed intake, energy balance, and milk production throughout the lactation 

period [35]. Additionally, the improved metabolic health associated with glycerol supplementation 

can positively impact reproductive performance, further supporting sustained milk production [8]. 

While the benefits of glycerol supplementation for milk production are well-documented, several 

factors must be considered to optimize its use in dairy diets. The appropriate dosage is critical to 

achieving the desired effects without causing adverse outcomes, such as rumen acidosis. Most 

studies recommend glycerol supplementation at levels ranging from 100 to 500 grams per day, 

depending on the cow's stage of lactation and overall diet composition [36]. Moreover, the timing of 

glycerol administration is important. Supplementing glycerol during the transition period, 

particularly in the weeks leading up to and following calving, is most effective in preventing NEB 

and supporting early lactation milk production. While glycerol is generally cost-effective due to its 

availability as a byproduct of biodiesel production, fluctuations in its price and supply can impact its 

feasibility as a long-term feed additive. Therefore, it is important to balance the cost of glycerol 

supplementation with its potential benefits for milk production and overall herd health [8]. 

 

4. Physiological and biochemical mechanisms of glycerol in dairy cows 

Once ingested, glycerol is rapidly absorbed in the rumen, the first compartment of the cow's 

stomach, where it is either directly absorbed into the bloodstream or fermented by rumen microbes. 

The majority of glycerol is absorbed intact through the rumen wall, entering the portal circulation 

and subsequently the liver, where it undergoes further metabolism [37]. In the liver, glycerol is a 

substrate for gluconeogenesis, the metabolic pathway responsible for producing glucose from 

non-carbohydrate precursors [38]. Glycerol is first phosphorylated by glycerol kinase to form 

glycerol-3-phosphate, which is then oxidized to dihydroxyacetone phosphate (DHAP) [39]. DHAP is 

an intermediate in both glycolysis and gluconeogenesis, and it can be converted into glucose or enter 

other metabolic pathways depending on the cow's energy status and metabolic needs. This ability to 

serve as a glucogenic precursor is particularly valuable during periods of NEB, when the cow's 

energy requirements for lactation exceed its dietary intake [36]. By providing an additional source of 

glucose, glycerol helps to mitigate the effects of NEB [40], reduce the mobilization of body fat 
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reserves, and prevent the onset of ketosis, a metabolic disorder characterized by elevated levels of 

ketone bodies in the blood [20]. 

Gluconeogenesis is the primary metabolic pathway through which glycerol exerts its effects in 

dairy cows. This process is crucial for maintaining blood glucose levels, particularly during times of 

high energy demand, such as early lactation. Glucose is the main energy source for many tissues, 

including the brain, and is also a key substrate for lactose synthesis in the mammary gland, which 

directly influences milk production [40]. Glycerol's role in gluconeogenesis begins with its 

conversion to glycerol-3-phosphate in the liver. This reaction is catalyzed by glycerol kinase, an 

enzyme that is relatively abundant in the liver and is key to the metabolism of glycerol. The 

glycerol-3-phosphate is then converted to DHAP by glycerol-3-phosphate dehydrogenase. DHAP 

can then enter the gluconeogenic pathway, where it is ultimately converted to glucose. The glucose 

produced via gluconeogenesis can be released into the bloodstream to maintain blood glucose levels 

or used within the liver for other metabolic processes. By supporting glucose production, glycerol 

helps to reduce the cow's reliance on body fat reserves for energy, thereby decreasing the production 

of NEFAs and ketone bodies [41]. This is particularly important during early lactation when the risk 

of ketosis is highest. Glycerol also exerts significant effects on rumen fermentation, a process crucial 

for the digestion and utilization of dietary nutrients in dairy cows. The rumen is home to a diverse 

population of microorganisms that ferment feedstuffs to produce VFAs, which serve as the main 

energy source for the cow. The primary VFAs produced in the rumen are acetate, propionate, and 

butyrate. When glycerol is introduced into the diet, it is rapidly fermented by rumen microbes, 

leading to an increase in the production of propionate, one of the key VFAs. Propionate is 

particularly important because it is a major precursor for gluconeogenesis in the liver [42]. The 

increased production of propionate from glycerol fermentation thus complements the direct 

conversion of glycerol to glucose, further supporting energy balance and milk production. In 

addition to enhancing propionate production, glycerol fermentation can also influence the overall 

rumen environment. The fermentation of glycerol produces less methane compared to other 

carbohydrates, which can have a positive impact on feed efficiency and environmental 

sustainability. However, it is important to note that excessive glycerol supplementation can lead to 

rumen acidosis, a condition characterized by a drop in rumen pH due to the accumulation of VFAs. 

This underscores the importance of careful dosing and monitoring when incorporating glycerol into 

dairy cow diets [42]. 

Glycerol's effects on glucose metabolism are closely linked to the regulation of insulin, a 

hormone that plays a central role in energy balance and nutrient partitioning. Insulin promotes the 

uptake of glucose by tissues such as muscle and adipose tissue and inhibits the mobilization of fat 

stores. During periods of NEB, cows typically experience insulin resistance, a condition in which the 

body's tissues become less responsive to insulin. This is a physiological adaptation that prioritizes 

glucose for vital organs and lactation. Glycerol supplementation can help to alleviate insulin 

resistance by providing a direct source of glucose [33], thereby reducing the need for 

gluconeogenesis from protein and fat stores. Additionally, glycerol has been shown to influence the 

secretion of other hormones involved in energy metabolism, such as glucagon and growth hormone 

[31]. These hormones work in concert with insulin to regulate blood glucose levels and support the 

metabolic adaptations required for high milk production. 

 

5. Glycerol usage in dairy nutrition and its broader implications for animal health and welfare 

As the dairy industry continuously seeks ways to optimize milk production and improve 

animal welfare [43], glycerol offers several advantages when used appropriately in dairy diets. This 

section delves into the various aspects of glycerol usage in dairy nutrition, examining its metabolic 

effects, impact on milk production, and broader implications for animal health and welfare [44]. 

Glycerol is a trihydroxy alcohol that, when ingested by dairy cows, is absorbed primarily through 

the rumen. Once absorbed, glycerol serves as an immediate source of energy, bypassing the more 

complex metabolic pathways required for the utilization of other energy sources such as fiber and 
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starch. The metabolic effects of glycerol in dairy cows are primarily mediated through its conversion 

to glucose in the liver via gluconeogenesis [25]. During periods of NEB, which commonly occurs 

during early lactation, cows are unable to consume sufficient feed to meet the high energy demands 

of milk production. This energy deficit leads to the mobilization of body fat reserves, resulting in the 

production of NEFAs and ketone bodies such as BHB. Elevated levels of NEFAs and BHB are 

indicative of ketosis, a metabolic disorder that can severely impact milk yield, reproductive 

performance, and overall cow health [20]. Glycerol supplementation mitigates the effects of NEB by 

providing a readily available source of glucose. When cows consume glycerol, it is rapidly absorbed 

and transported to the liver, where it is phosphorylated by glycerol kinase to form 

glycerol-3-phosphate. This intermediate is then converted into DHAP, which enters the 

gluconeogenic pathway to produce glucose. The glucose generated through this pathway is crucial 

for maintaining blood glucose levels, supporting lactose synthesis in the mammary gland, and 

reducing the reliance on body fat mobilization [3]. By improving the energy status of dairy cows, 

glycerol supplementation can significantly reduce the incidence of ketosis. Studies have shown that 

cows supplemented with glycerol exhibit lower blood concentrations of NEFAs and BHB, indicating 

a reduced risk of both clinical and subclinical ketosis. This reduction in metabolic stress not only 

enhances milk production but also supports the overall health and welfare of the cow [45]. 

The rumen is the primary site of microbial fermentation in dairy cows, where complex 

carbohydrates are broken down into VFAs, gases, and microbial protein. These end products are 

crucial for the cow's energy metabolism and overall health. Glycerol, when introduced into the 

rumen, can significantly influence fermentation patterns and the composition of the rumen 

microbiota. Glycerol is rapidly fermented by rumen microbes, leading to an increase in the 

production of propionate, one of the key VFAs. Propionate is the primary glucogenic VFA, serving 

as a precursor for glucose synthesis in the liver. The increased production of propionate from 

glycerol fermentation supports energy metabolism and helps to maintain blood glucose levels, 

particularly during periods of NEB. In addition to propionate, glycerol fermentation also produces 

acetate and butyrate, although to a lesser extent. Acetate is primarily used for fatty acid synthesis, 

while butyrate serves as an energy source for the epithelial cells of the rumen [46]. The balance 

between these VFAs is crucial for maintaining rumen health and optimizing milk production. 

Glycerol's rapid fermentation also influences the rumen pH, which can have both positive and 

negative effects. On one hand, the production of propionate with relatively low methane production 

can improve feed efficiency and reduce the environmental impact of dairy farming. On the other 

hand, excessive glycerol supplementation can lead to an accumulation of VFAs, resulting in a drop 

in rumen pH and the potential development of rumen acidosis [46]. Rumen acidosis can disrupt 

microbial populations, leading to a decrease in fiber digestion and overall feed efficiency. To 

mitigate the risk of rumen acidosis, it is essential to balance glycerol supplementation with other 

dietary components, such as fiber, which helps to buffer rumen pH. Additionally, the form and 

purity of glycerol used in dairy diets can influence its fermentation characteristics and overall 

impact on rumen health [47]. 

The use of glycerol in dairy nutrition has broader implications for animal health and welfare, 

particularly in terms of metabolic health, reproductive performance, and disease prevention. By 

improving energy balance and reducing the incidence of metabolic disorders such as ketosis, 

glycerol supplementation can enhance the overall well-being of dairy cows, leading to improved 

productivity and longevity. Metabolic disorders are a significant concern in the dairy industry, as 

they can lead to a cascade of health issues, including reduced milk yield, impaired reproductive 

performance, and increased susceptibility to infectious diseases [48]. Ketosis, in particular, is 

associated with a higher risk of displaced abomasum, mastitis, and reduced fertility. By preventing 

ketosis through glycerol supplementation, dairy producers can improve the overall health and 

welfare of their herds, leading to better reproductive outcomes and reduced veterinary costs. In 

addition to its role in preventing metabolic disorders, glycerol supplementation can also support 

immune function and disease resistance [49]. The energy provided by glycerol is not only essential 

for milk production but also for the maintenance of immune function. During periods of NEB, cows 

are more susceptible to infections such as mastitis due to the diversion of energy away from immune 
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responses and towards milk production. By improving energy balance, glycerol can help to sustain 

immune function and reduce the incidence of infectious diseases. Furthermore, glycerol's impact on 

reproductive performance is of particular importance in the dairy industry, where fertility is a key 

determinant of profitability [8]. Energy deficits during early lactation can lead to delayed ovulation, 

poor conception rates, and increased days open, all of which negatively impact reproductive 

efficiency. Glycerol supplementation has been shown to improve reproductive performance by 

supporting energy balance and reducing the metabolic stress associated with early lactation. This, in 

turn, leads to more timely and successful breeding, shorter calving intervals, and increased lifetime 

productivity of the cow [32]. 

Another aspect of animal welfare that is influenced by glycerol supplementation is the 

reduction of stress associated with NEB. Cows experiencing severe energy deficits are more likely to 

exhibit signs of distress, including decreased feed intake, weight loss, and changes in behavior. By 

alleviating the energy deficit through glycerol supplementation, cows are better able to maintain 

normal feeding behavior, body condition, and overall well-being [50,51]. It is also important to 

consider the environmental implications of glycerol usage in dairy nutrition. The inclusion of 

glycerol in diets has been associated with reduced methane production during rumen fermentation, 

which is beneficial from an environmental perspective [52]. Methane is a potent greenhouse gas, and 

reducing its production in the dairy industry is a key goal for improving sustainability. By 

promoting the production of propionate over acetate and methane, glycerol supplementation can 

contribute to a more environmentally friendly dairy industry [8]. 

Economic considerations also play a role in the adoption of glycerol in dairy nutrition. While 

glycerol is often a cost-effective energy source, its price can fluctuate based on the biodiesel market. 

Producers must weigh the benefits of glycerol supplementation against its cost and consider 

alternative energy sources if glycerol becomes prohibitively expensive [8]. Lastly, while short-term 

studies have demonstrated the benefits of glycerol supplementation, there is a need for long-term 

research to fully understand its effects on cow health, productivity, and welfare over multiple 

lactations. This research will help to refine dosing strategies, identify potential interactions with 

other dietary ingredients, and ensure the sustainable use of glycerol in dairy nutrition. 

 

6. The environmental impact of glycerol usage in dairy nutrition 

Glycerol, a byproduct of biodiesel production, has gained attention in dairy nutrition due to its 

potential benefits as an energy source for cows, particularly during periods of negative energy 

balance. However, beyond its immediate benefits in dairy production, glycerol usage also carries 

significant environmental implications. These implications are multifaceted, involving the lifecycle 

of glycerol production (Picture 3), its influence on greenhouse gas emissions from dairy operations, 

and its role in waste management and resource efficiency [53].  

This section delves into these environmental aspects, exploring how the use of glycerol in dairy 

nutrition can contribute to or mitigate environmental impacts associated with modern dairy 

farming. 

Glycerol's environmental impact begins with its production, primarily as a byproduct of 

biodiesel manufacturing [55]. The biodiesel industry generates large quantities of crude glycerol, 

which must be refined before it can be used in animal nutrition. The production process of biodiesel 

itself has various environmental implications, depending on the feedstock used, the energy intensity 

of the production process, and the management of byproducts like glycerol. The environmental 

footprint of glycerol production is closely tied to the type of feedstock used in biodiesel production 

[56]. Biodiesel can be produced from a variety of feedstocks, including vegetable oils (such as 

soybean or canola), animal fats, and waste cooking oils. The choice of feedstock influences the 

overall carbon footprint of the glycerol produced. For instance, biodiesel from waste cooking oils 

typically has a lower carbon footprint compared to biodiesel from virgin vegetable oils, as it 

repurposes waste materials that would otherwise require disposal. 
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Picture 3. Lifecycle of glycerol during oils transformation into biodiesel [54]. 

 

The refining of crude glycerol to make it suitable for animal feed also carries environmental 

costs. The refining process involves removing impurities such as methanol, salts, and fatty acids, 

which can be energy-intensive and generate waste byproducts. However, the environmental impact 

of refining must be weighed against the benefits of using glycerol as an energy source in dairy 

nutrition, which can potentially reduce the reliance on other feed ingredients that may have a higher 

environmental footprint. Another aspect of glycerol’s lifecycle impact is its transportation from 

production sites to dairy farms. Transportation contributes to the overall carbon footprint of 

glycerol, particularly if long distances are involved [57]. The environmental benefits of using 

glycerol in dairy nutrition must, therefore, be assessed in the context of its entire supply chain, from 

production and refining to transportation and final usage on farms. 

One of the most significant environmental aspects of glycerol usage in dairy nutrition is its 

influence on greenhouse gas (GHG) emissions from dairy farming [58]. Methane (CH4), carbon 

dioxide (CO2), and nitrous oxide (N2O) are the primary greenhouse gases associated with dairy 

production, with methane being particularly important due to its high global warming potential. 

Methane emissions from dairy cows are largely a result of enteric fermentation in the rumen, where 

microbes break down feedstuffs and produce methane as a byproduct [59]. The composition of the 

diet plays a crucial role in determining the amount of methane produced. Diets high in fiber, for 

example, tend to produce more methane, while those with higher concentrations of easily 

fermentable carbohydrates, such as glycerol, can reduce methane production. Glycerol, when 

included in dairy diets, is rapidly fermented in the rumen, leading to an increase in the production 

of propionate, a VFA that serves as a glucogenic precursor [46]. The fermentation of glycerol results 

in less methane production compared to the fermentation of more fibrous feed components like 

cellulose. This is because propionate production is associated with a lower hydrogen yield, which in 

turn reduces the substrate available for methanogenesis (the production of methane by 

methanogenic archaea). Studies have shown that glycerol supplementation can lead to a reduction in 
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enteric methane emissions from dairy cows [60]. This reduction is not only beneficial for the 

environment but also improves feed efficiency, as less energy is lost as methane. By diverting 

hydrogen away from methanogenesis and towards the production of more energy-efficient VFAs 

like propionate, glycerol enhances the overall energy utilization of the cow [46]. In addition to 

reducing methane emissions, glycerol can also influence the carbon footprint of dairy farming by 

potentially decreasing the need for other feed ingredients with higher environmental impacts. For 

example, if glycerol can replace a portion of high-energy feeds like corn or grain, which require 

significant land, water, and energy resources to produce, the overall carbon footprint of dairy 

farming could be reduced. This substitution effect is particularly relevant in regions where feed 

crops are associated with deforestation, habitat loss, or other environmental concerns. However, the 

extent to which glycerol can reduce the carbon footprint of dairy farming depends on several factors, 

including the level of supplementation, the specific diet formulation, and the overall management 

practices on the farm. Careful consideration must be given to balancing glycerol supplementation 

with other dietary components to optimize both environmental and production outcomes [61]. 

The use of glycerol in dairy nutrition also intersects with broader issues of waste management 

and resource efficiency, particularly in the context of the biodiesel industry [62]. As a byproduct of 

biodiesel production, glycerol presents a challenge in terms of disposal and utilization. Historically, 

the surplus of crude glycerol has led to concerns about its disposal, with options such as landfilling 

or incineration being environmentally undesirable. Incorporating glycerol into animal feed, 

including dairy nutrition, provides a valuable outlet for this byproduct, turning a potential waste 

stream into a resource. This practice aligns with the principles of circular economy, where waste 

products are repurposed and reintegrated into production systems, thereby reducing the overall 

environmental impact. By using glycerol as a feed ingredient, the dairy industry helps to absorb 

some of the surplus glycerol generated by the biodiesel industry, mitigating the need for 

environmentally harmful disposal methods [57]. This not only benefits the environment by reducing 

waste but also adds value to the biodiesel production process, making it more economically viable 

and sustainable. Moreover, the use of glycerol in dairy nutrition can contribute to more efficient 

resource utilization within the broader agricultural sector. For instance, if glycerol can replace a 

portion of other high-energy feed ingredients, it can potentially reduce the demand for these crops, 

which often require significant inputs of water, fertilizer, and land. This reduction in demand can 

alleviate some of the environmental pressures associated with intensive crop production, such as 

soil degradation, water pollution from agricultural runoff, and loss of biodiversity. However, it is 

important to consider the environmental trade-offs associated with glycerol use [63]. While it offers 

benefits in terms of waste management and resource efficiency, the environmental impact of its 

production and refining process must also be accounted for. Ensuring that glycerol is sourced from 

sustainable and environmentally responsible biodiesel production processes is key to maximizing its 

environmental benefits. 

While glycerol has the potential to offer significant environmental benefits in dairy nutrition, its 

use is not without risks. One of the primary environmental concerns associated with glycerol 

supplementation is the risk of rumen acidosis, particularly when glycerol is included at high levels 

in the diet. Rumen acidosis occurs when the pH of the rumen drops due to the rapid fermentation of 

carbohydrates, leading to the accumulation of VFAs. This condition can negatively impact cow 

health, reduce feed efficiency, and increase the excretion of undigested nutrients, which can 

contribute to environmental pollution [63]. To mitigate the risk of rumen acidosis, it is essential to 

carefully manage the inclusion rate of glycerol in dairy diets. Research has shown that moderate 

levels of glycerol supplementation can be safely incorporated into dairy rations without adversely 

affecting rumen health. However, excessive levels can lead to a rapid drop in rumen pH, 

necessitating careful monitoring and adjustment of the diet to ensure that fiber intake remains 

adequate to buffer rumen acidity. Another potential environmental risk associated with glycerol 

usage is the impact of impurities in crude glycerol. Crude glycerol from biodiesel production can 

contain contaminants such as methanol, salts, and fatty acids, which may pose risks to both animal 

health and the environment if not properly managed [64]. Methanol, in particular, is toxic and can 

cause health issues in cows if present in significant quantities. To address this risk, it is crucial to 
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ensure that glycerol used in dairy nutrition is of high quality and has been adequately refined to 

remove harmful impurities. The development of industry standards for glycerol purity can help to 

ensure that only safe and environmentally friendly glycerol is used in animal feed. Additionally, 

ongoing research into the effects of different impurities on both cow health and environmental 

outcomes will be important for optimizing the use of glycerol in dairy nutrition. The environmental 

impact of glycerol supplementation also extends to manure management. The composition of 

manure, including its nutrient content and the rate at which it is excreted, is influenced by the cow's 

diet. Diets high in fermentable carbohydrates, such as glycerol, can alter the nitrogen content and pH 

of manure, which in turn affects its potential for environmental pollution when applied as fertilizer. 

Managing the dietary balance and ensuring proper manure handling practices are essential for 

minimizing the environmental impact of manure application, particularly in terms of nitrogen 

runoff and greenhouse gas emissions [2]. 

The environmental impact of glycerol usage in dairy nutrition must be considered within the 

broader context of sustainable dairy farming practices. Sustainable dairy farming involves a holistic 

approach to managing resources, minimizing waste, and reducing environmental impacts while 

maintaining high levels of productivity and animal welfare [65]. Glycerol supplementation can be 

integrated into sustainable dairy farming practices in several ways. First, it can be part of a broader 

strategy to reduce the carbon footprint of dairy production by improving feed efficiency and 

reducing methane emissions. By optimizing the energy utilization of dairy cows and reducing 

methane production, glycerol contributes to more sustainable and environmentally friendly dairy 

operations. Second, glycerol usage aligns with sustainable waste management practices by 

repurposing a byproduct of the biodiesel industry that would otherwise require disposal. This 

integration of waste products into animal feed systems exemplifies the principles of circular 

economy and resource efficiency, key components of sustainable agriculture. Third, glycerol can be 

part of a diversified approach to dairy nutrition that includes the use of alternative feed ingredients, 

such as byproducts from other industries (e.g., distillers grains, beet pulp). By incorporating a 

variety of feed ingredients, dairy producers can reduce reliance on conventional feed crops, which 

are often associated with high environmental costs, and create more resilient and sustainable feeding 

systems. 

Finally, the use of glycerol in dairy nutrition can support the development of more sustainable 

dairy farming practices by contributing to improved animal health and welfare [66]. Healthier cows 

are more productive and require fewer inputs in terms of veterinary care and supplemental feeding, 

which in turn reduces the environmental impact of dairy farming [20]. By preventing metabolic 

disorders such as ketosis, glycerol supplementation helps to maintain the overall health and 

productivity of the herd, supporting the long-term sustainability of dairy operations. 

 

7. Conclusion 

In conclusion, the exploration of glycerol usage in dairy cow nutrition presents a promising 

avenue for enhancing milk production efficiency, improving animal health, and contributing to 

agricultural sustainability. As the dairy industry continues to evolve, integrating alternative feed 

additives like glycerol can play a crucial role in meeting the growing demands for dairy products 

while adhering to principles of sustainability and animal welfare. This paper contributes to the 

ongoing discourse by providing a detailed analysis of the current knowledge and potential future 

directions for glycerol in dairy nutrition. 

The inclusion of glycerol in dairy nutrition has demonstrated significant potential in improving 

energy balance, preventing metabolic disorders, and enhancing milk production in dairy cows. By 

supporting glucose metabolism, glycerol helps to mitigate the effects of negative energy balance, 

reduce the risk of ketosis, and support overall cow health and welfare. However, its usage must be 

carefully managed to avoid potential negative outcomes, and further research is needed to fully 

understand its long-term implications for dairy production. With the right strategies, glycerol can be 
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a valuable tool in the ongoing effort to optimize dairy nutrition and improve the sustainability of the 

dairy industry. 
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