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Simple Summary: This review summarizes available literature on the impact of monoglycerides 
and diglycerides on poultry productivity and health. Consumption of poultry meat and eggs 
continues to increase in all geographies. Monoglycerides and diglycerides are products that 
producers can use to help fill the demand for their products while meeting the needs of today's 
consumers, retailers, and policymakers.  

Abstract: Consumer preference not only dictates what food is consumed but how that food is 
produced. Ingredients in livestock feed that are not antibiotics, not genetically modified, not of 
animal origin, and that are nutrient-like, tend to be more acceptable to consumers, retailers, and 
producers. Mono- and diglycerides (MDG) fit these criteria, are commonly used in food, and are 
generally recognized as safe. But beyond being emulsifiers and a source of energy, MDG are also 
known to have antimicrobial, immune and microbiome modulation, and angiogenic activity. MDG 
in broiler diets have been shown to impact a variety of immune-related functions such as regulation 
of circulating antibodies, as well as decreased gene expression or protein concentration of pro-
inflammatory cytokines like TNF-α, IL-1β, IL-6, and IFN-γ.  In addition, MDG can affect metabolic 
function and intestinal integrity.  Results of this review show that MDG can serve as antimicrobial 
and growth-supporting alternatives for reducing poultry production losses, improving resource 
utilization, and meeting consumer demand for sustainably produced and safe animal protein. 

Keywords: alternative antimicrobials; antiviral; monoglycerides; intestinal integrity; poultry; food 
safety; microbiome; anti-inflammatory; emulsifier; antibacterial 

 

1. Introduction 

Global consumption of poultry meat is expected to increase 17.5 percent between 2024 and 2032 
[1]. The Food and Agriculture Organization of the United Nations (FAO) reported that terrestrial 
animal source foods contribute to a healthy diet by providing energy, protein, fatty acids (FA), 
vitamins, and minerals that are less commonly available in non-animal sourced foods [2]. While 
livestock play a critical role in improving food security, human health, and livelihoods, the FAO also 
notes that challenges such as high resource utilization, greenhouse gas emissions, food-borne illness, 
antimicrobial resistance, and animal welfare need to be addressed to ensure sustainability [2]. The 
global poultry industry continues to search for products and production methods that will help meet 
the demand for safe, affordable, sustainably produced food while also reducing resource utilization. 
Today, ingredients in livestock feed that are not antibiotics, not genetically modified, not of animal 
origin, and that are more nutrient-like, tend to be more acceptable to consumers, policymakers, and 
producers. Monoglycerides and diglycerides (MDG) have the potential to improve animal health, 
welfare, productivity, and reduce the prevalence of human food pathogens while lessening 
environmental impact and not contributing to antimicrobial resistance. 

Disclaimer/Publisher’s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and 
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Antimicrobial lipids are comprised of a group of amphiphilic lipid molecules that have the 
capacity to directly impact bacteria, membrane-enveloped viruses, and some fungi by direct lysis of 
the cell membrane and a variety of additional mechanisms to disrupt cellular metabolism and 
function[3–5]. Some of the most studied lipids in livestock and poultry production applications are 
FA and glycerides. Fatty acids are a group of organic compounds comprised of varying hydrocarbon 
chains with a carboxylic acid group at one end [5]. Monoglycerides and diglycerides are composed 
of glycerol linked to one or two FA, respectively. Although MDG can be found in the lipid 
components of food and feed, concentrations in natural sources are usually low. Commercially 
available MDG are generally prepared through the interesterification of glycerol with edible 
triglycerides from vegetable oils [6]. The resulting products contain a mixture of predominately ⍺-
monoglycerides, diglycerides, and free glycerol but may also contain smaller concentrations of FA 
and triglycerides. When used under good manufacturing practices, MDG are considered safe and are 
commonly added to human foods as emulsifiers, stabilizers, thickeners, texturizers, lubricants, and 
flavoring agents [6,7]. 

In addition to their value in human food production, MDG are known to have antimicrobial, 
immune and microbiome modulating, as well as angiogenic activity making them useful ingredients 
for livestock and poultry production applications [8–13]. Commercially available MDG products 
used in livestock and poultry production are generally short- and medium-chained single fatty acid 
glycerides or proprietary mixtures of glycerides labeled as nutrients and, or emulsifiers. While FA 
are also seen as antibiotic and growth promoter alternatives for use in livestock and poultry 
production [14], this review focuses on mono- and diglycerides which are considered to be more 
stable, have lower odor, higher antimicrobial activity, and the more bioactive form of fatty acid 
derivatives. 

2. Nutrient Utilization, Metabolism, Growth, and Carcass Composition 

The studies reviewed for this article used a variety of glyceride types and blends, varying feed 
inclusion rates and feeding durations, and different bird types and ages which are probably, at least 
in part, responsible for the reported variability in response. The feeding of glycerides rarely resulted 
in any reported negative effects, so MDG appear to be safe even at inclusion levels greater than 1% 
of the diet. Regarding nutrient utilization, metabolism, growth, and carcass composition, the most 
consistent responses suggest that MDG increases protein and decreases fat deposition. 

The addition of emulsifiers to poultry feed has been shown to improve fat utilization [15–18], 
particularly in young animals with immature digestive function and limited ability for micelle 
formation. Feeding monolaurate to broilers for 35 days increased the apparent ileal digestibility of 
leucine and arginine but did not affect the digestibility of other amino acids [8]. Body weight (BW), 
body weight gain (BWG), feed intake (FI), and feed conversion ratio (FCR) were not affected by 
treatment. Broilers fed 0.1% monolaurate had increased villus height in the duodenum and jejunum 
but treatment had no effect on ileal villus height. Jejunal crypt depth was decreased in broiler fed 
0.3% and 0.5% monolaurate but 0.1% monolaurate had no effect on jejunal crypt depth and there 
were no treatment effects on duodenal and ileal crypt depth. Serum HDL-cholesterol was increased 
in birds fed all levels of monolaurate and serum triglycerides were decreased at 0.1% and 0.3% 
inclusion levels. There were no treatment differences observed in serum total cholesterol, LDL-
cholesterol, or alkaline phosphatase. 

Broilers (Cobb 700) fed a mixture of monoglycerides (0.5% of diet) for 42 days had increased 0-
14-day average daily feed intake (ADFI), reduced apparent ileal methionine digestibility at day 14, 
reduced breast meat marinate uptake, reduced breast meat marinate loss, and increased breast meat 
cooking loss but had no effect on BW, average daily gain (ADG), FCR, apparent ileal digestibility of 
all other 18 amino acids, dry matter digestibility, carcass or part yield, or any other measure of meat 
quality compared with broiler fed 0.25% formaldehyde [19]. Another study feeding a blend of 
medium-chain monoglycerides to yellow-feathered broilers for 70 days reduced breast meat drip 
loss, increased total superoxide dismutase activity, and improved sensory panel taste scores for meat 
and meat broth, broth aroma, and meat tenderness although broth color received lower sensory 
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scores [20]. Treatment did not affect the meat quality measures of pH, total antioxidant capacity, 
moisture content, total protein, intermuscular fat, or ash. In a separate study, feeding a mixture of 
medium-chain monoglycerides to yellow-feathered broilers for 70 days improved BW, FI, and 
livability, but had no effect on FCR [10]. Serum insulin, triglycerides, and lipopolysaccharides tended 
to be decreased in birds fed glycerides while there were no treatment differences observed in serum 
leptin, peptide YY, glucose, and total cholesterol. The duodenal villus height-to-crypt depth ratio was 
increased in birds fed glycerides compared with controls. 

A series of experiments found that a mixture of butyric mono-, di-, and triglycerides decreased 
FI during the starter period but had no effect on overall 42-day FI, BW, FCR, and livability [21]. In a 
second experiment, broilers fed the same butyric glyceride blend had similar growth performance 
and livability compared with birds fed bacitracin methylene disalicylate (BMD). Bacitracin reduced 
duodenal villi crypt depth compared with control birds, while birds fed 0.2% glyceride blend had 
increased crypt depth compared with BMD but similar crypt depth compared with non-treated 
controls. Glyceride-fed broilers had carcass weights and breast meat yields similar to birds fed BMD, 
however, birds fed the glyceride blend at the 0.2% rate had heavier carcass weights and breast meat 
yields compared with birds fed at the 0.1% rate. A third experiment showed that the same mixture 
of butyric glycerides tended to increase carcass weight but had no effect on breast meat yield 
compared with birds fed virginiamycin. 

Antongiovanni et al., [22] also evaluated a mixture of mono- di- and triglycerides of butyric acid 
and reported that broilers fed 0.2% glycerides for the entire 35-day trial had increased BW gain 
compared with control birds. Broilers fed 0.35% or 0.5% glycerides throughout the study or fed 1.0% 
glycerides for the first 21 days had BWG gain similar to that of the control birds. There were no 
treatment differences in FI, but birds fed glycerides had improved FCR compared with controls. 
While carcass composition was not affected by treatment, birds fed 0.2% glycerides had shorter villi, 
longer microvilli, and increased crypt depth in the jejunum.   

Two experiments were conducted to evaluate the effect of the dietary inclusion of a mixture of 
mono-, di- and tributyrin on broiler growth performance, serum metabolites, and lipid catabolism 
gene expression.  Glyceride treatment improved 0-28-day FCR but had no effect on overall (0-40 
day) FI, BW, or FCR in Experiment 1 [23].  However, in Experiment 2, glyceride treatment resulted 
in increased BW and FCR in 20-day-old broilers. Also in Experiment 2, total cholesterol, triglycerides, 
HDL cholesterol, fatty acid synthase, and acetyl-CoA carboxylase-β were reduced in glyceride fed 
birds while total serum protein increased. Similarly, glyceride treatment increased total protein in 
jejunum tissue but not in liver or abdominal adipose tissue. Glyceride treatment decreased jejunum, 
liver, and adipose lipoprotein lipase as well as decreased fatty acid synthase in liver and adipose 
tissue. Gene expression results suggested reduced jejunal synthesis, storage, transport, and secretion 
of lipids with increased hepatic oxidation of lipids in glyceride treated birds. Consistent with 
glyceride-mediated changes in tissue metabolites and gene expression, birds fed glycerides had 
reduced abdominal fat weight compared with controls. 

Bedford et al. [24] evaluated various mixtures, dietary inclusion rates (0.05%, 0.1%, 0.2%, 0.3%), 
and phases of continuous and staggered feeding of monobutyrin or a monobutyrin- tributyrin 
mixture and generally found carcass composition and serum biochemistry results suggestive of a 
glyceride-dependent reduction in fat deposition and increase in muscle deposition. A mixture of 
0.05% monobutyrin and 0.05% tributyrin fed continuously for five weeks demonstrated the greatest 
increase in breast muscle weight relative to body weight. No treatment differences were observed in 
BW, average daily gain (ADG), or FCR. 

Broilers fed a commercially available blend of MDG (SILOhealth 104, SILO S.P.A., Florence, 
Italy) for 35 days had overall ADG, BW, or FCR similar to control birds [9]. Breast muscle as a percent 
of BW was increased in birds fed 0.2% and 0.3% glycerides compared with controls but birds fed 
0.05% and 0.1% glycerides had breast muscle yields similar to control birds. However, as the inclusion 
level of glycerides increased, there was a significant linear decrease in abdominal fat as a percentage 
of BW. Breast muscle gene expression of forkhead box protein O4 and myostatin, known inhibitors 
of protein synthesis, was reduced at all inclusion levels of glycerides compared with controls. In 
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addition, gene expression of acetyl-CoA carboxylase-⍺, a fatty acid regulatory enzyme, tended to 
decrease, and the expression of lipoprotein lipase which catalyzes the hydrolysis of triglycerides, 
tended to increase in abdominal fat of birds fed glycerides. 

3. Antimicrobial Activity of Monoglycerides and Diglycerides  

Each MDG has a unique antimicrobial impact associated with the fatty acid bound at the ⍺ or ⍺ 
and β positions. Understanding the predominant individual modes of action allows for increased 
efficacy and synergies to be created when the monoglycerides are blended for a broad-spectrum, 
multi-faceted approach supporting poultry production. 

The recent interest and investigation of antimicrobial lipids and more specifically MDG, have 
resulted from the development of microbial resistance to antibiotics. As this is a global concern for 
human and animal health, it has been a prominent focus of antimicrobial lipid research with 
indication that there is little to no development of resistance to antimicrobial lipids due in part to the 
variety of modes of actions [5,25,26] and synergies created by glyceride blends of various chain 
lengths. Davies and Davies [27] reported the successful growth of bacterial cultures with sublethal 
concentrations of antimicrobial lipids with no signs of resistance [27]. The array of structure–function 
modes of action coupled with the variety of interactions with the host gastrointestinal (GI) tissue and 
immune response suggest that long-term use of MDG will not lead to resistance or loss of activity. 
Monoglycerides have increased activity against common Gram-positive and Gram-negative poultry 
pathogens both in vitro and in vivo, as compared to their FA counterparts [28], which are quickly 
absorbed from the lumen of the small intestine [29]. The rate of dissociation in the gastrointestinal 
tract (GIT) is dependent on the pH level of the medium and the pKa of the individual acid [11]. Thus, 
to maintain efficacy in the distal areas of the intestine, they must be protected or encapsulated. 
Conversely, MDG are pH-independent due to the molecular structure, and thus maintain integrity 
and function throughout the gastrointestinal tract as they are not dissociated [28]. 

Monoglycerides have a distinct advantage in dissociating bacterial cell membranes in that they 
form micelles more readily, at lower concentrations than FA, and once in micelle formation, are more 
effective at permeabilizing the outer cell membrane of bacterial cells than FA [11]. A more unique 
antibacterial mode of action is the active uptake of monoglyceride through dynamic protein channels 
in the membrane called aquaglyceroporins.  Once inside the bacterium, the FA dissociate from 
glycerol, releasing their cationic (H+) and anionic (A-) fractions. The anionic portion of the acid 
interacts directly with the bacteria's nucleic acids, affecting the two-component regulatory systems, 
translation and transduction, and replication processes [30]. This impacts the pathogenic capacity 
(virulence) and the expression of resistance mechanisms in microorganisms. In addition, the cationic 
fraction (H+) of the acid decreases the internal pH of the bacteria, denaturing proteins and affecting 
the enzymatic activity, which decreases the metabolism of bacteria, leading to bacteriostasis. To 
counteract the drop in pH, the bacteria try to remove hydrogen ions through protein complexes and 
membrane enzymes (ATPases) that lead to critical energy expenditure, which in turn triggers the 
bacteria to actively import more glycerol as an energy source [11]. Thus, initiating a negative physical, 
biochemical, and bactericidal cycle.  

Individual monoglycerides have varying biological activity against pathogenic bacteria based 
largely on the physiochemical properties of the lipid in relation to the structure and function of 
biological macromolecules [5]. For example, glycerol monolaurate or monolaurin (GML) has been 
documented to have an equally bactericidal impact against Gram-positive, Gram-negative, and non-
Gram staining bacteria [31]. However, organisms such as in the Enterobacteriaceae family, which have 
specific lipopolysaccharide (LPS) composition are more resistant to GML at neutral pH with impact 
being improved as pH becomes more acidic [31]. Schlievert et al. indicated E. coli and Salmonella 

minnesota were two such organisms, but that mutant S. minnesota, lacking the O side chain and other 
core components of the LPS layer, were extremely susceptible to GML [31,32]. Additional studies 
have confirmed that Gram-negative bacteria that have lipooligosaccharide structure instead of the 
intact LPS are more sensitive to GML [5,31]. While the core of the LPS layer is relatively stable, the 
polysaccharide side chains are highly variable. The variation in the LPS structure also impacts the 
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virulence of the strain or serotype [33]. Yoon et al. indicated distinct membrane disruptive impacts of 
anti-microbial lipids on phospholipid membranes due to individual physiochemical properties such 
as lipid charge [5]. Monoglycerides are nonionic and therefore impact membrane translocation rate 
and membrane strain differently than anionic FA.  Using the supported lipid bilayer (SLB) platform, 
the membrane morphological response to GML was the production of spherical bud formations while 
the response to lauric acid was to form elongated tubule structures. The antibacterial impact of these 
biophysical variations was documented with parallel Minimum Inhibitory Concentration (MIC) 
studies of the impacts of GML and lauric acid on Staphylococcus aureus, with MIC being defined as the 

level at which no bacterial growth occurred [5]. GML is bactericidal against Mycoplasma, thus indicating 
that the peptidoglycan cell wall structure is not the primary mode of bactericidal action against this 
bacterium [31]. In addition, GML interaction with plasma membranes contributes to a variety of 
direct and indirect impacts on the two-component regulatory systems that bacteria use to interact 
with their environment. For example, GML has the ability to inhibit exotoxin production of Gram-
positive bacteria by blocking signal transduction in a two-component regulatory system thus 
interrupting transcription at sub-inhibitory levels [30,32,34]. This mechanism of multiple impact 
along with the additional targets make bacterial resistance to GML improbable [31]. 

Some of the predominant antimicrobial modes of action for monocaprin have been reported as 
dissociation of the Gram-positive bacteria, S. aureus and B. subtilis, cell wall structure, and damage to 
the lipopolysaccharide layer of the cell wall of Gram-negative bacteria, P. aeruginosa and E. coli, under 
neutral or alkaline conditions with reduced antibacterial impact under slightly acidic conditions [35]. 
Campylobacter jejuni, C. coli, and C. lari were shown to be susceptible to monocaprin with greater 
susceptibility of C. jejuni at a lower pH of 4-5. The sensitivity of Salmonella spp. and E. coli to 
monocaprin was likewise shown to be enhanced by a pH of 4-5 [12]. Ma et al. demonstrated the E. coli 
ATCC 25922 membrane dissociation capability of monocaprin with SYOTX green, fluorescent dye 
and reported the deterioration of the outer cell wall layer at sub-lethal doses [36]. Additional data 
supporting linear concentration-dependent outer membrane degradation of E. coli ATCC 25922 was 
reported by measuring the reaction of β-lactamase, an intracellular enzyme in the periplasmic space 

of Gram-negative bacteria with a colorimetric cephalosporin reagent, as well as the leakage of β-
galactosidase, an enzyme reaction with O-Nitrophenyl-β-D-Galactopyranoside, which indicates the 
disruption of the cytoplasmic membrane [36]. Mitochondrial respiration provides an electrochemical 
proton gradient, or protonmotive force that supplies the energy necessary for ATP production in the 
cell. Both the cytoplasmic proton gradient (charge) and pH gradient are required for function. The 
addition of monocaprin at 2x MIC to E. coli isolates indicated immediate cytoplasmic membrane 
depolarization and collapse of the pH gradient [36]. These results agree with additional reports that 
monocaprin was shown to be active against the lipid bilayers of the LPS platform and increased 
bilayer fluidity [5]. An additional point of interest reported by Yoon, et al. was that varying forms of 
monocaprin induced different membrane morphological responses. Specifically, monomeric 
monocaprin produced elongated tubules while micellular monocaprin produced spherical buds [37].  

Butyric acid and the esterified form, monobutyrin, are some of the most well-studied SCFA. 
Monobutyrin has many in vivo functions that directly and indirectly promote animal health in 
addition to its antimicrobial functions [38]. In addition to its antimicrobial effects, monobutyrin has 
a direct impact on gut health as it can be utilized directly by intestinal epithelial cells [39] and it 
reduces enteric inflammation via reduction of expression of TNF-α [40]. Butyrate glycerides were 
shown to mitigate the negative impact of lipopolysaccharide (LPS) challenge on histomorphometry 
of the ileum and support intestinal immune response [41]. In addition, monobutyrin provides 
improvement of barrier function and support of tight junction proteins after challenge [42].   

The unique properties and modes of action of antimicrobial lipids are very similar in some cases 
and even overlap but are not identical to others [25]. As such, Gram-positive and Gram-negative 
bacteria have varying susceptibility to different individual antimicrobial lipids and blends. For 
example, Gram-negative bacteria are affected by very SCFA and derivatives, generally C6 or less [43], 
and can also be impacted by mixtures of MCFA and monoglycerides, such as caproic and caprylic 
acids [26], but not long-chain unsaturated fatty acids [44]. Synergistic and additive impacts have been 
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suggested since the early study of antimicrobial lipids, between varying combinations of FA and their 
derivatives as well as between the antimicrobial lipids and the gastrointestinal system during 
digestion but need additional work to be completely understood [45,46].   

In contrast to many pathogens, commensal lactic acid-producing bacteria species such as 
Lactobacillus, Bifidobacterium, and Bacteroides are generally more acid-tolerant [3,47]. As will be 
discussed in more detail later in this review, MDG support the commensal populations, which also 
use glycerol as an energy source, by improving population consistency and diversity. In addition, 
modulation of the microbiome diversity by the inclusion of monoglycerides offers immune support 
and improved anti-inflammatory and anti-oxidative capabilities that mitigate intestinal insult and 
promote animal health and resistance to challenge [3].  

4. Antiviral Activity 

Similar to their antibacterial activity and specificity, glycerides, as membrane disrupters, have 
been shown to inactivate enveloped viruses. Welsh et al. identified lipid fractions and monoglycerides 
as a source of antiviral activity in human milk [48,49]. Thormar et al. compared the antiviral activity 
of FA and monoglycerides against three enveloped viruses (vesicular stomatitis, herpes simplex, and 
visna) and found that medium-chain saturated, and long-chain unsaturated FA had significant 
antiviral activity while short-chained and long-chained saturated FA had no or very low activity 
[50,51]. However, monoglycerides had the most antiviral activity and showed activity at 
concentrations ten times lower than that of the corresponding FA.  

More recently, it was reported that monolaurate added to feed (0.25% to 2.0% inclusion rate) 
was a more potent inhibitor of African swine fever virus infectivity than a FA blend [52]. Phillips et 

al. reported that while a blend of MCFA (1.1%), a mixture of formaldehyde and propionic acid 
(0.342%), and a blend of monoglycerides (0.165, 0.276, and 0.386%) all demonstrated about a 2-log 
reduction in virus recovery from feed inoculated with porcine epidemic diarrhea virus, the 
monoglyceride blend appeared effective at lower concentrations [53]. When virus-inoculated feed 
was fed to pigs for 20 days, 58% of control pigs tested positive for the virus while no pigs receiving 
feed with added MCFA or monoglycerides tested positive. Some have concluded that 
monoglycerides should be seen as an important class of feed additives for the protection of pig 
productivity and health and feed pathogen mitigation [53,54]. 

While few studies were found regarding the antiviral activity of glycerides in poultry, caprylic 
acid, sodium caprylate, and monocaprylin were shown to inactivate avian influenza virus in chick 
embryonic kidney cells [55]. As reported by others, monoglycerides demonstrated higher antiviral 
activity than the corresponding free FA or FA salt. While monocaprylin reduced avian influenza viral 
particles 2 to 3 log at 0.08% and 0.16%, respectively, it took 0.2% to 0.4% caprylic acid for the same 
level of inactivation. Sodium caprylate did not demonstrate significant antiviral activity. While the 
previously reviewed research shows that glycerides can have direct antiviral activity, Mellouk et al. 
reported that lauric acid glycerides added at 0.33% of feed can enhance broiler’s resistance to 
infectious bronchitis through the mechanism of an improved humoral immune response [56]. 

5. Effects on Intestinal Morphology, Gut Immunity, and the Microbiome 

The impact of the various MDG on GI morphology, gene expression, and microbiome 
composition are inextricably tied to the growth, carcass composition, and performance benefits that 
some studies have found. However, the mechanisms of action of MDG in this regard are poorly 
described, particularly in poultry. While micellar aggregation and subsequent disruption of microbial 
membranes is certainly important in the control of bacterial and viral pathogens, the role of this 
mechanism in broader alterations of the microbiome is less explored [5,37]. Several studies in the past 
10 years have shown that MDG consistently increase levels of SCFA-producing bacterial species, 
sometimes accompanied by additional changes in composition and diversity [10,57–61]. With regard 
to the impact on the host animal, MDG and FA have repeatedly been shown to stimulate the 
production of host genes and proteins related to lipid metabolism, oxidation, and immune function 
[62,63].   
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5.1. Bacterial patterns with MDG 

As interest in the beneficial effects of MDG has grown over the years, much of that interest has 
focused on their potential to provide nonantibiotic control of gut pathogens [11]. However, trials both 
with and without pathogen challenges often demonstrate similar changes in commensal bacterial 
populations, suggesting that MDG can modulate the microbiome through unknown mechanisms that 
are not dependent on disruption of pathogenic populations. Liu et al. reported increased levels of 
SCFA-producing bacteria when feeding a mix of monolaurate and monocaprylin to laying hens, 
specifically Romboutsia and Lachnospiraceae spp. They also reported a decrease in Proteobacteria [59]. 
Further studies from the group suggest that these commensals are consistently impacted by various 
types of MDG, as well as other groups such as Bifidobacteriaceae, and Bacteroides [10,58] In addition to 
changes in SCFA-producer abundance, levels of acetic, propionic, butyric, isobutyric, and isovaleric 
acids were also increased, supporting the role of these microbes in the production of beneficial 
metabolites. Studies from other research groups have corroborated the general increase in SCFA 
producers following supplementation with MDG [61,63]. 

Beyond increasing the abundance of specific beneficial bacteria, several studies have noted 
another desirable outcome of MDG supplementation: increased community diversity. Several 
metrics of community diversity (⍺-diversity) exist, each evaluating slightly different facets of what it 
means to have a rich and diverse population. While existing literature does not argue that high ⍺-
diversity is beneficial per se, there is a growing body of evidence associating a variety of disease 
phenotypes with abnormally low ⍺-diversity [64–67]. Increased community richness and 
phylogenetic diversity may be indicators of balanced communities with redundancy in metabolic 
and structural function. This balance could make the community more resistant to outside 
perturbations or allow for faster recovery when its environment does change. Kong et al. tested 
several dose levels of glycerol monolaurate (0.03-0.12%) in broilers for 14 days [61]. In addition to 
increasing the abundance of several beneficial bacteria, the different levels of MDG increased 
microbial diversity in a dose-dependent manner in the first week of life. Another study in mice, also 
evaluating various levels of monocaprylate, demonstrated a clear association between MDG and 
several ⍺-diversity metrics [63]. 

Not all support for the role of MDG in microbiome modulation comes from poultry. Much of 
the work being done to explore the mechanisms of action of MDG is in other animal models. Many 
of these studies suggest that the impact of MDG is similar in monogastric mammals. Zhang et al. 
reported increases in Bifidobacterium pseudolongum in mice following supplementation with glycerol 
monolaurate at 0.16%. Zhao et al. tested monocaprylate (0.015 versus 0.16%) in mice as a food 
preservative. They reported increased Lachnospiraceae, Lactobacillus, Ruminococcus, and Clostridiales, 
depending on dose, with increased microbial SCFA levels. As mentioned earlier, they also reported 
increased ⍺-diversity [57,60].   

It is important to note that drawing conclusions from these studies is made more difficult by the 
fact that there is a wide range of blends and concentrations represented in these studies. Not only 
that, some studies feature health challenges such as necrotic enteritis, while others do not. Studies in 
which a health challenge is a part of the experimental design seem more likely to demonstrate 
differences in host parameters, i.e. immune activity or performance outcomes [63,65]. 

5.2. Gut integrity and function with MDG 

Understanding the impact of these products on the microbiome is only part of the story. Even 
more important is the direct and indirect impact of MDG on the GI itself. As a major site of immune 
activity and interaction with microbiota, the gut plays a critical role in determining the animal’s 
response to pathogen challenges, both in and out of the gut. Further, there is mounting evidence that 
MDG have metabolic impacts outside the incidental energy they may add to the diet. Studies in 
broilers and laying hens have shown that supplementation with varying levels of MDG can stimulate 
changes in levels of hormones related to reproduction and satiety, as well as a host of genes related 
to tight junctions, lipid metabolism, and immune function [59,62,63]. 
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Relatively few studies have evaluated MDG in laying hens, but one study demonstrated 
improved performance parameters (egg weight and mass, feed conversion) that could be attributable 
to increased serum levels of reproductive hormones like luteinizing hormone, estradiol, follicle-
stimulating hormone, as well as increases in circulating triglycerides and glucose [59]. Other studies 
in broilers, some featuring GI pathogen challenges, others unchallenged, demonstrated consistent 
increases in genes related to tight junctions, decreased inflammation, and increased transport of 
nutrients. Sacakli et al. fed MDG to broilers at either 0.03% or 0.05% and showed transitory 
improvements in BWG, but consistent increases in zona occludens 1 (ZO1), sodium-glucose co-
transporter 1, and peptide transporter 1. While they measured no differences in histomorphometry, 
they did observe an increase in the number of goblet cells in the jejunum, denoting the capacity for 
higher levels of mucus production [62]. In two studies of MDG in broilers featuring a challenge 
(necrotic enteritis model, LPS challenge), the authors highlighted increases in serum antibodies as a 
primary outcome of the MDG [63,68]. Further, Kong et al. observed that MDG (monolaurate at 0.12%) 
restored the expression of ZO1 and occludin to unchallenged levels [63].  

5.3. Gut Immunity 

In addition to impacting gut function and metabolism, MDG have regularly been shown to 
promote an anti-inflammatory profile, particularly in the presence of an immune challenge. A 
butyrate-heavy MDG mix in broilers demonstrated a dose response in expression of IL1B and TNFa 
genes, and as reported above, also impacted measurements related to metabolic function and 
integrity in the gut (SGLT1, PePT1, goblet cell numbers) [62].  Other studies have reported increased 
antibodies in circulation, sometimes associated with decreased gene expression or protein 
concentration of pro-inflammatory cytokines like IL-1β, IL-6, and IFN-γ [61,63,68]. 

In mice, Zhang et al. demonstrated that monocaprylate stimulates IL10 and suppresses IL1B in 
circulation, as well as impacting the expression of other genes such as PPAR-γ, that can have broad-
reaching effects on immune function [57]. Also in mice, monolaurate treatment in mice fed a high-fat 
diet reduced circulating pro-inflammatory cytokines typically associated with high-fat diets (TNF-ɑ, 
IL-6), and reduced expression of MyD88 and TNF-ɑ genes [60]. 

5.4. Free fatty acid receptors (FFAR) 

Though none of the primary research studies cited in this paper measured FFAR, this class of G-
protein-coupled receptors could be playing a major role in mediating the host response to MDG. 
Though often thought of as taste receptors, these receptors are expressed on a large variety of cells 
not associated with taste sensing, but rather nutrient sensing. Officially, FFAR2 appears to be the only 
reported FFAR gene in the chicken genome, while many mammal genomes have four identified 
FFAR genes [69,70]. However, some studies have evaluated the expression of other putative FFAR 
genes in chickens and found them to be associated with oral and intestinal nutrient sensing; serotonin 
expression and behavior; PPAR-related gluconeogenesis; and immune cell regulation [71–74].  In 
mammals, the different FFAR genes have an affinity for FA of different lengths. While little work has 
been done in chickens to determine the specific affinity of the known and putative FFAR genes, this 
could represent a mechanism by which FA from MDG in the avian gut are stimulating systemic and 
local changes in hormone production, immune activation or suppression, and GI tight junction 
integrity [75].   

6. Practical Applications 

As researchers continue to investigate modes of action and functionality, producers must 
consider the practical application and potential benefits of MDG. Glycerides are effective emulsifiers 
that can help to increase nutrient availability, especially in young birds, and can improve enteric 
health to further enhance nutrient utilization and productivity. Antimicrobial activity along with 
immune and microbiome modulatory effects of MDG have the potential to enhance pathogen control 
throughout the production cycle leading to improved animal health and food safety.  
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Since the reported bioactivity of MDG provides producers with a variety of approaches to 
mitigate poultry production losses, having clear objectives or treatment targets will help with the 
selection of product, dose, and use program. Producers with clear goals such as mitigation of a 
specific health condition, reducing preharvest pathogen load, or improving gut health during periods 
of peak challenge, will design more targeted programs with better opportunities for success. As 
discussed in this review, individual MDG have unique applications, functions and dose responses 
[54], and blends can create synergistic effects [11]. As such, selecting the correct glyceride, or glyceride 
blend, and using the proper dosage during the appropriate production phase is necessary to achieve 
the best return on your MDG investment.   

7. Summary 

While MDG are shown to improve growth performance, nutrient utilization, carcass 
characteristics, enteric health, response to disease, and food safety in poultry, literature reports are 
inconsistent. Some of these inconsistencies are most likely related to differences in type of glyceride 
or glyceride blend, dietary inclusion rate, treatment timing, and testing protocols (e.g., disease 
challenge or not). However, while efficacy tended to be glyceride-, dose-, and feeding program-
dependent, there were some commonalities in the literature that can provide producers with practical 
guidance on how to use or test MDG in their operation. 

1. Most in vivo responses are observed when the diet contained between 0.05% and 0.5% MDG 
and inclusion rates as high as 1% showed no adverse effects.  

2. Nutrient utilization, carcass composition and serum biochemistry results tend to point toward 
glyceride-dependent reductions in fat deposition with concurrent increases in muscle 
deposition. 

3. Antimicrobial activity is seen against many of the problematic organisms found in poultry 
production and meat processing including C. perfringens, E. coli, Salmonella spp., Campylobacter 
spp., Mycoplasma spp., and some enveloped viruses. 

4. There tends to be an increase in the abundance of specific beneficial bacteria (i.e. SCFA 
producers), and a general increase in intestinal community diversity. 

5. Increases in overall enteric health and function were commonly reported through a variety of 
mechanisms including improved tight junction integrity, increased villus height, and reduced 
inflammation.  

While this review presents several examples of how MDG can provide a nutraceutical-type 
approach to reduce poultry production losses, there are still some knowledge gaps related to the ideal 
glycerides, glyceride mixes, dosages, and feeding phases which can provide the best efficacy and 
cost-benefit ratio to the producer. There was also a lack of data related to the use of MDG in the water 
which under some conditions may provide a more targeted and practical treatment opportunity than 
feed supplementation. 

Author Contributions: Conceptualization, K.W.; data curation, writing, review, and editing, K.W., S.A., and 
A.B. All authors have read and agreed to the published version of the manuscript. 

Funding: This research received no external funding. 

Institutional Review Board Statement: Not applicable. 

Informed Consent Statement: Not applicable. 

Data Availability Statement: No new data were created or analyzed during the development of this manuscript. 

Conflicts of Interest: S.A. and A.B. are employed by a company that manufactures and markets MDG. K.W. is 
an independent researcher with clients who manufacture, market, and/or use MDG.  

  

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 5 January 2024                   doi:10.20944/preprints202401.0443.v1

https://doi.org/10.20944/preprints202401.0443.v1


 10 

 

References 

1. Dohlman, E. USDA Agricultural Projections to 2032. 2023. 
2. FAO Contribution of Terrestrial Animal Source Food to Healthy Diets for Improved Nutrition and Health Outcomes: 

An Evidence and Policy Overview on the State of Knowledge and Gaps; FAO: Rome, Italy, 2023; ISBN 978-92-5-
137536-5. 

3. Jackman, J.A.; Lavergne, T.A.; Elrod, C.C. Antimicrobial Monoglycerides for Swine and Poultry 
Applications. Front. Anim. Sci. 2022, 3. 

4. Zhang, Q.; Wu, W.; Zhang, J.; Xia, X. Antimicrobial Lipids in Nano-Carriers for Antibacterial Delivery. J. 
Drug Target. 2020, 28, 271–281, doi:10.1080/1061186X.2019.1681434. 

5. Yoon, B.K.; Jackman, J.A.; Valle-González, E.R.; Cho, N.-J. Antibacterial Free Fatty Acids and 
Monoglycerides: Biological Activities, Experimental Testing, and Therapeutic Applications. Int. J. Mol. Sci. 
2018, 19, 1114, doi:10.3390/ijms19041114. 

6. 21 CFR 184.1505 -- Mono- and Diglycerides. Available online: https://www.ecfr.gov/current/title-21/part-
184/section-184.1505 (accessed on 12 December 2023). 

7. EFSA Panel on Food Additives and Nutrient Sources added to Food (ANS); Younes, M.; Aggett, P.; Aguilar, 
F.; Crebelli, R.; Dusemund, B.; Filipič, M.; Frutos, M.J.; Galtier, P.; Gott, D.; et al. Re-Evaluation of Mono- 
and Di-Glycerides of Fatty Acids (E 471) as Food Additives. EFSA J. 2017, 15, e05045, 
doi:10.2903/j.efsa.2017.5045. 

8. Amer, S.A.; A-Nasser, A.; Al-Khalaifah, H.S.; AlSadek, D.M.M.; Abdel fattah, D.M.; Roushdy, E.M.; Sherief, 
W.R.I.A.; Farag, M.F.M.; Altohamy, D.E.; Abdel-Wareth, A.A.A.; et al. Effect of Dietary Medium-Chain α-
Monoglycerides on the Growth Performance, Intestinal Histomorphology, Amino Acid Digestibility, and 
Broiler Chickens’ Blood Biochemical Parameters. Animals 2021, 11, 57, doi:10.3390/ani11010057. 

9. Bedford, A.; Yu, H.; Hernandez, M.; Squires, E.J.; Leeson, S.; Gong, J. Effects of Fatty Acid Glyceride Product 
SILOhealth 104 on the Growth Performance and Carcass Composition of Broiler Chickens. Poult. Sci. 2018, 
97, 1315–1323, doi:10.3382/ps/pex440. 

10. Liu, T.; Ruan, S.; Mo, Q.; Zhao, M.; Wang, J.; Ye, Z.; Chen, L.; Feng, F. Evaluation of Dynamic Effects of 
Dietary Medium-Chain Monoglycerides on Performance, Intestinal Development and Gut Microbiota of 
Broilers in Large-Scale Production. Anim. Nutr. 2023, 14, 269–280, doi:10.1016/j.aninu.2023.05.003. 

11. Gomez-Osorio, L.-M.; Yepes-Medina, V.; Ballou, A.; Parini, M.; Angel, R. Short and Medium Chain Fatty 
Acids and Their Derivatives as a Natural Strategy in the Control of Necrotic Enteritis and Microbial 
Homeostasis in Broiler Chickens. Front. Vet. Sci. 2021, 8. 

12. Thormar, H.; Hilmarsson, H.; Bergsson, G. Stable Concentrated Emulsions of the 1-Monoglyceride of 
Capric Acid (Monocaprin) with Microbicidal Activities against the Food-Borne Bacteria Campylobacter 
Jejuni, Salmonella Spp., and Escherichia Coli. Appl. Environ. Microbiol. 2006, 72, 522–526, 
doi:10.1128/AEM.72.1.522-526.2006. 

13. Dobson, D.E.; Kambe, A.; Block, E.; Dion, T.; Lu, H.; Castellot, J.J.; Spiegelman, B.M. 1-Butyryl-Glycerol: A 
Novel Angiogenesis Factor Secreted by Differentiating Adipocytes. Cell 1990, 61, 223–230, doi:10.1016/0092-
8674(90)90803-m. 

14. Khan, R.U.; Naz, S.; Raziq, F.; Qudratullah, Q.; Khan, N.A.; Laudadio, V.; Tufarelli, V.; Ragni, M. Prospects 
of Organic Acids as Safe Alternative to Antibiotics in Broiler Chickens Diet. Environ. Sci. Pollut. Res. 2022, 
29, 32594–32604, doi:10.1007/s11356-022-19241-8. 

15. Haetinger, V.S.; Dalmoro, Y.K.; Godoy, G.L.; Lang, M.B.; de Souza, O.F.; Aristimunha, P.; Stefanello, C. 
Optimizing Cost, Growth Performance, and Nutrient Absorption with a Bio-Emulsifier Based on 
Lysophospholipids for Broiler Chickens. Poult. Sci. 2021, 100, 101025, doi:10.1016/j.psj.2021.101025. 

16. Roy, A.; Haldar, S.; Mondal, S.; Ghosh, T.K. Effects of Supplemental Exogenous Emulsifier on Performance, 
Nutrient Metabolism, and Serum Lipid Profile in Broiler Chickens. Vet. Med. Int. 2010, 2010, 1–9, 
doi:10.4061/2010/262604. 

17. Siyal, F.A.; Babazadeh, D.; Wang, C.; Arain, M.A.; Saeed, M.; Ayasan, T.; Zhang, L.; Wang, T. Emulsifiers 
in the Poultry Industry. Worlds Poult. Sci. J. 2017, 73, 611–620, doi:10.1017/S0043933917000502. 

18. Hu, X.Q.; Wang, W.B.; Liu, L.; Wang, C.; Feng, W.; Luo, Q.P.; Han, R.; Wang, X.D. Effects of Fat Type and 
Emulsifier in Feed on Growth Performance, Slaughter Traits, and Lipid Metabolism of Cherry Valley 
Ducks. Poult. Sci. 2019, 98, 5759–5766, doi:10.3382/ps/pez369. 

19. Feye, K.M.; Dittoe, D.K.; Jendza, J.A.; Caldas-Cueva, J.P.; Mallmann, B.A.; Booher, B.; Tellez-Isaias, G.; 
Owens, C.M.; Kidd, M.T.; Ricke, S.C. A Comparison of Formic Acid or Monoglycerides to Formaldehyde 
on Production Efficiency, Nutrient Absorption, and Meat Yield and Quality of Cobb 700 Broilers. Poult. Sci. 
2021, 100, 101476, doi:10.1016/j.psj.2021.101476. 

20. Liu, T.; Mo, Q.; Wei, J.; Zhao, M.; Tang, J.; Feng, F. Mass Spectrometry-Based Metabolomics to Reveal 
Chicken Meat Improvements by Medium-Chain Monoglycerides Supplementation: Taste, Fresh Meat 
Quality, and Composition. Food Chem. 2021, 365, 130303, doi:10.1016/j.foodchem.2021.130303. 

21. Leeson, S.; Namkung, H.; Antongiovanni, M.; Lee, E.H. Effect of Butyric Acid on the Performance and 
Carcass Yield of Broiler Chickens. Poult. Sci. 2005, 84, 1418–1422, doi:10.1093/ps/84.9.1418. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 5 January 2024                   doi:10.20944/preprints202401.0443.v1

https://doi.org/10.20944/preprints202401.0443.v1


 11 

 

22. Antongiovanni, M.; Buccioni, A.; Petacchi, F.; Leeson, S.; Minieri, S.; Martini, A.; Cecchi, R. Butyric Acid 
Glycerides in the Diet of Broiler Chickens: Effects on Gut Histology and Carcass Composition. Ital. J. Anim. 

Sci. 2007, 6, 19–25, doi:10.4081/ijas.2007.19. 
23. Yin, F.; Yu, H.; Lepp, D.; Shi, X.; Yang, X.; Hu, J.; Leeson, S.; Yang, C.; Nie, S.; Hou, Y.; et al. Transcriptome 

Analysis Reveals Regulation of Gene Expression for Lipid Catabolism in Young Broilers by Butyrate 
Glycerides. PLOS ONE 2016, 11, e0160751, doi:10.1371/journal.pone.0160751. 

24. Bedford, A.; Yu, H.; Squires, E.J.; Leeson, S.; Gong, J. Effects of Supplementation Level and Feeding 
Schedule of Butyrate Glycerides on the Growth Performance and Carcass Composition of Broiler Chickens. 
Poult. Sci. 2017, 96, 3221–3228, doi:10.3382/ps/pex098. 

25. Jackman, J.A.; Yoon, B.K.; Li, D.; Cho, N.-J. Nanotechnology Formulations for Antibacterial Free Fatty 
Acids and Monoglycerides. Mol. Basel Switz. 2016, 21, 305, doi:10.3390/molecules21030305. 

26. Batovska, D.I.; Todorova, I.T.; Tsvetkova, I.V.; Najdenski, H.M. Antibacterial Study of the Medium Chain 
Fatty Acids and Their 1-Monoglycerides: Individual Effects and Synergistic Relationships. Pol. J. Microbiol. 
2009, 58, 43–47. 

27. Davies, J.; Davies, D. Origins and Evolution of Antibiotic Resistance. Microbiol. Mol. Biol. Rev. MMBR 2010, 
74, 417–433, doi:10.1128/MMBR.00016-10. 

28. Kabara, J.J.; Vrable, R.; Lie Ken Jie, M.S.F. Antimicrobial Lipids: Natural and Synthetic Fatty Acids and 
Monoglycerides. Lipids 1977, 12, 753–759, doi:10.1007/BF02570908. 

29. Iqbal, J.; Hussain, M.M. Intestinal Lipid Absorption. Am. J. Physiol.-Endocrinol. Metab. 2009, 296, E1183–
E1194, doi:10.1152/ajpendo.90899.2008. 

30. Projan, S.J.; Brown-Skrobot, S.; Schlievert, P.M.; Vandenesch, F.; Novick, R.P. Glycerol Monolaurate Inhibits 
the Production of Beta-Lactamase, Toxic Shock Toxin-1, and Other Staphylococcal Exoproteins by 
Interfering with Signal Transduction. J. Bacteriol. 1994, 176, 4204, doi:10.1128/jb.176.14.4204-4209.1994. 

31. Schlievert, P.M.; Peterson, M.L. Glycerol Monolaurate Antibacterial Activity in Broth and Biofilm Cultures. 
PloS One 2012, 7, e40350, doi:10.1371/journal.pone.0040350. 

32. Schlievert, P.M.; Deringer, J.R.; Kim, M.H.; Projan, S.J.; Novick, R.P. Effect of Glycerol Monolaurate on 
Bacterial Growth and Toxin Production. Antimicrob. Agents Chemother. 1992, 36, 626–631, 
doi:10.1128/AAC.36.3.626. 

33. Fierer, J.; Guiney, D.G. Diverse Virulence Traits Underlying Different Clinical Outcomes of Salmonella 
Infection. J. Clin. Invest. 2001, 107, 775–780. 

34. Vetter, S.M.; Schlievert, P.M. Glycerol Monolaurate Inhibits Virulence Factor Production in Bacillus 
Anthracis. Antimicrob. Agents Chemother. 2005, 49, 1302–1305, doi:10.1128/AAC.49.4.1302-1305.2005. 

35. Wang, W.; Wang, R.; Zhang, G.; Chen, F.; Xu, B. In Vitro Antibacterial Activities and Mechanisms of Action 
of Fatty Acid Monoglycerides Against Four Foodborne Bacteria. J. Food Prot. 2020, 83, 331–337, 
doi:10.4315/0362-028X.JFP-19-259. 

36. Ma, M.; Zhao, J.; Zeng, Z.; Wan, D.; Yu, P.; Cheng, D.; Gong, D.; Deng, S. Antibacterial Activity and 
Membrane-Disrupting Mechanism of Monocaprin against Escherichia Coli and Its Application in Apple 
and Carrot Juices. LWT 2020, 131, 109794, doi:10.1016/j.lwt.2020.109794. 

37. Yoon, B.K.; Jackman, J.A.; Kim, M.C.; Sut, T.N.; Cho, N.-J. Correlating Membrane Morphological Responses 
with Micellar Aggregation Behavior of Capric Acid and Monocaprin. Langmuir 2017, 33, 2750–2759, 
doi:10.1021/acs.langmuir.6b03944. 

38. Namkung, H.; Yu, H.; Gong, J.; Leeson, S. Antimicrobial Activity of Butyrate Glycerides toward Salmonella 
Typhimurium and Clostridium Perfringens. Poult. Sci. 2011, 90, 2217–2222, doi:10.3382/ps.2011-01498. 

39. Kovanda, L.L.; Hejna, M.; Liu, Y. 124 Butyric Acid and Derivatives: In Vitro Effects on Barrier Integrity of 
Porcine Intestinal Epithelial Cells Quantified by Transepithelial Electrical Resistance. J. Anim. Sci. 2020, 98, 
109–110, doi:10.1093/jas/skaa278.201. 

40. Asadullah, K.; Sterry, W.; Volk, H.D. Interleukin-10 Therapy--Review of a New Approach. Pharmacol. Rev. 
2003, 55, 241–269, doi:10.1124/pr.55.2.4. 

41. Wang, H.; Chen, H.; Lin, Y.; Wang, G.; Luo, Y.; Li, X.; Wang, M.; Huai, M.; Li, L.; Barri, A. Butyrate 
Glycerides Protect against Intestinal Inflammation and Barrier Dysfunction in Mice. Nutrients 2022, 14, 
3991, doi:10.3390/nu14193991. 

42. Nguyen, T.D.; Prykhodko, O.; Hållenius, F.F.; Nyman, M. Monobutyrin Reduces Liver Cholesterol and 
Improves Intestinal Barrier Function in Rats Fed High-Fat Diets. Nutrients 2019, 11, 308, 
doi:10.3390/nu11020308. 

43. Kabara, J.J. Lipids as Host-Resistance Factors of Human Milk. Nutr. Rev. 1980, 38, 65–73, doi:10.1111/j.1753-
4887.1980.tb05843.x. 

44. Kabara, J.J. Symposium on the Pharmacological Effect of Lipids; The American Oil Chemists Society, 1978; ISBN 
978-99918-1-769-9. 

45. Isaacs, C.E. Human Milk Inactivates Pathogens Individually, Additively, and Synergistically. J. Nutr. 2005, 
135, 1286–1288, doi:10.1093/jn/135.5.1286. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 5 January 2024                   doi:10.20944/preprints202401.0443.v1

https://doi.org/10.20944/preprints202401.0443.v1


 12 

 

46. Anacarso, I.; Quartieri, A.; De Leo, R.; Pulvirenti, A. Evaluation of the Antimicrobial Activity of a Blend of 
Monoglycerides against Escherichia Coli and Enterococci with Multiple Drug Resistance. Arch. Microbiol. 
2018, 200, 85–89, doi:10.1007/s00203-017-1419-5. 

47. Xu, E.; Chen, C.; Fu, J.; Zhu, L.; Shu, J.; Jin, M.; Wang, Y.; Zong, X. Dietary Fatty Acids in Gut Health: 
Absorption, Metabolism and Function. Anim. Nutr. 2021, 7, 1337–1344, doi:10.1016/j.aninu.2021.09.010. 

48. Welsh, J.K.; Arsenakis, M.; Coelen, R.J.; May, J.T. Effect of Antiviral Lipids, Heat, and Freezing on the 
Activity of Viruses in Human Milk. J. Infect. Dis. 1979, 140, 322–328, doi:10.1093/infdis/140.3.322. 

49. Welsh, J.K.; Skurrie, I.J.; May, J.T. Use of Semliki Forest Virus to Identify Lipid-Mediated Antiviral Activity 
and Anti-Alphavirus Immunoglobulin A in Human Milk. Infect. Immun. 1978, 19, 395–401, 
doi:10.1128/iai.19.2.395-401.1978. 

50. Thormar, H.; Isaacs, C.E.; Brown, H.R.; Barshatzky, M.R.; Pessolano, T. Inactivation of Enveloped Viruses 
and Killing of Cells by Fatty Acids and Monoglycerides. Antimicrob. Agents Chemother. 1987, 31, 27–31, 
doi:10.1128/aac.31.1.27. 

51. Thormar, H.; Isaacs, C.E.; Soo Kim, K.; Brown, H.R. Inactivation of Visna Virus and Other Enveloped 
Viruses by Free Fatty Acids and Monoglycerides. Ann. N. Y. Acad. Sci. 1994, 724, 465–471, doi:10.1111/j.1749-
6632.1994.tb38948.x. 

52. Jackman, J.A.; Hakobyan, A.; Zakaryan, H.; Elrod, C.C. Inhibition of African Swine Fever Virus in Liquid 
and Feed by Medium-Chain Fatty Acids and Glycerol Monolaurate. J. Anim. Sci. Biotechnol. 2020, 11, 114, 
doi:10.1186/s40104-020-00517-3. 

53. Phillips, F.C.; Rubach, J.K.; Poss, M.J.; Anam, S.; Goyal, S.M.; Dee, S.A. Monoglyceride Reduces Viability of 
Porcine Epidemic Diarrhoea Virus in Feed and Prevents Disease Transmission to Post-Weaned Piglets. 
Transbound. Emerg. Dis. 2022, 69, 121–127, doi:10.1111/tbed.14353. 

54. Jackman, J.A.; Boyd, R.D.; Elrod, C.C. Medium-Chain Fatty Acids and Monoglycerides as Feed Additives 
for Pig Production: Towards Gut Health Improvement and Feed Pathogen Mitigation. J. Anim. Sci. 

Biotechnol. 2020, 11, 44, doi:10.1186/s40104-020-00446-1. 
55. Hariastuti, N.I. Avian Influenza Virus Inactivation by Caprylic Acid, Sodium Caprylate, and 

Monocaprylin. Health Sci. J. Indones. 2012, 2, 41–45. 
56. A Mellouk; Goossens, T; Quinteiro-Filho, W.; Michel, V.; Vieco, N.; Lemâle, O.; Yakout, H.; Consuegra, J 

Glycerides of Lauric Acid Supplementation in the Chicken Diet Enhances the Humoral and Cellular 
Immune Response to Infectious Bronchitis Virus. In Proceedings of the Poult. Sci.; 2023; Vol. 102 (E-
Supplement 1), p. 84. 

57. Zhang, J.; Feng, F.; Zhao, M. Glycerol Monocaprylate Modulates Gut Microbiota and Increases Short-Chain 
Fatty Acids Production without Adverse Effects on Metabolism and Inflammation. Nutrients 2021, 13, 1427, 
doi:10.3390/nu13051427. 

58. Liu, T.; Guo, L.; Zhangying, Y.; Ruan, S.; Liu, W.; Zhang, X.; Feng, F. Dietary Medium-Chain 1-
Monoglycerides Modulates the Community and Function of Cecal Microbiota of Broilers. J. Sci. Food Agric. 
2022, 102, 2242–2252, doi:10.1002/jsfa.11562. 

59. Liu, T.; Tang, J.; Feng, F. Medium-Chain α-Monoglycerides Improves Productive Performance and Egg 
Quality in Aged Hens Associated with Gut Microbiota Modulation. Poult. Sci. 2020, 99, 7122–7132, 
doi:10.1016/j.psj.2020.07.049. 

60. Zhao, M.; Jiang, Z.; Cai, H.; Li, Y.; Mo, Q.; Deng, L.; Zhong, H.; Liu, T.; Zhang, H.; Kang, J.X.; et al. 
Modulation of the Gut Microbiota during High-Dose Glycerol Monolaurate-Mediated Amelioration of 
Obesity in Mice Fed a High-Fat Diet. mBio 2020, 11, 10.1128/mbio.00190-20, doi:10.1128/mbio.00190-20. 

61. Kong, L.; Wang, Z.; Xiao, C.; Zhu, Q.; Song, Z. Glycerol Monolaurate Ameliorated Intestinal Barrier and 
Immunity in Broilers by Regulating Intestinal Inflammation, Antioxidant Balance, and Intestinal 
Microbiota. Front. Immunol. 2021, 12. 

62. Sacakli, P.; Çınar, Ö.Ö.; Ceylan, A.; Ramay, M.S.; Harijaona, J.A.; Bayraktaroglu, A.G.; Shastak, Y.; Calik, 
A. Performance and Gut Health Status of Broilers Fed Diets Supplemented with Two Graded Levels of a 
Monoglyceride Blend. Poult. Sci. 2023, 102, 102359, doi:10.1016/j.psj.2022.102359. 

63. Kong, L.; Wang, Z.; Xiao, C.; Zhu, Q.; Song, Z. Glycerol Monolaurate Attenuated Immunological Stress and 
Intestinal Mucosal Injury by Regulating the Gut Microbiota and Activating AMPK/Nrf2 Signaling Pathway 
in Lipopolysaccharide-Challenged Broilers. Anim. Nutr. 2022, 10, 347–359, doi:10.1016/j.aninu.2022.06.005. 

64. Grochowska, M.; Laskus, T.; Paciorek, M.; Pollak, A.; Lechowicz, U.; Makowiecki, M.; Horban, A.; 
Radkowski, M.; Perlejewski, K. Patients with Infections of The Central Nervous System Have Lowered Gut 
Microbiota Alpha Diversity. Curr. Issues Mol. Biol. 2022, 44, 2903–2914, doi:10.3390/cimb44070200. 

65. Zhong, X.; Harrington, J.M.; Millar, S.R.; Perry, I.J.; O’Toole, P.W.; Phillips, C.M. Gut Microbiota 
Associations with Metabolic Health and Obesity Status in Older Adults. Nutrients 2020, 12, 2364, 
doi:10.3390/nu12082364. 

66. Hagerty, S.L.; Hutchison, K.E.; Lowry, C.A.; Bryan, A.D. An Empirically Derived Method for Measuring 
Human Gut Microbiome Alpha Diversity: Demonstrated Utility in Predicting Health-Related Outcomes 
among a Human Clinical Sample. PLOS ONE 2020, 15, e0229204, doi:10.1371/journal.pone.0229204. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 5 January 2024                   doi:10.20944/preprints202401.0443.v1

https://doi.org/10.20944/preprints202401.0443.v1


 13 

 

67. Li, Z.; Zhou, J.; Liang, H.; Ye, L.; Lan, L.; Lu, F.; Wang, Q.; Lei, T.; Yang, X.; Cui, P.; et al. Differences in 
Alpha Diversity of Gut Microbiota in Neurological Diseases. Front. Neurosci. 2022, 16. 

68. Kumar, A.; Kheravii, S.K.; Li, L.; Wu, S.-B. Monoglyceride Blend Reduces Mortality, Improves Nutrient 
Digestibility, and Intestinal Health in Broilers Subjected to Clinical Necrotic Enteritis Challenge. Animals 
2021, 11, 1432, doi:10.3390/ani11051432. 

69. Meslin, C.; Desert, C.; Callebaut, I.; Djari, A.; Klopp, C.; Pitel, F.; Leroux, S.; Martin, P.; Froment, P.; Guilbert, 
E.; et al. Expanding Duplication of Free Fatty Acid Receptor-2 (GPR43) Genes in the Chicken Genome. 
Genome Biol. Evol. 2015, 7, 1332–1348, doi:10.1093/gbe/evv072. 

70. Mielenz, M. Invited Review: Nutrient-Sensing Receptors for Free Fatty Acids and Hydroxycarboxylic Acids 
in Farm Animals. Animal 2017, 11, 1008–1016, doi:10.1017/S175173111600238X. 

71. Suh, H.N.; Huong, H.T.; Song, C.H.; Lee, J.H.; Han, H.J. Linoleic Acid Stimulates Gluconeogenesis via 
Ca2+/PLC, cPLA2, and PPAR Pathways through GPR40 in Primary Cultured Chicken Hepatocytes. Am. J. 

Physiol.-Cell Physiol. 2008, 295, C1518–C1527, doi:10.1152/ajpcell.00368.2008. 
72. Cordero, P.; Díaz-Avilés, F.; Torres, P.; Guzmán, M.; Niknafs, S.; Roura, E.; Guzmán-Pino, S.A. The 

Expression of Amino Acid and Fatty Acid Receptors Show an Age-Dependent Pattern Involving Oral 
Cavity, Jejunum and Lower Gut Sensing in Broiler Chickens. Animals 2023, 13, 3120, 
doi:10.3390/ani13193120. 

73. Lee, I.K.; Gu, M.J.; Ko, K.H.; Bae, S.; Kim, G.; Jin, G.-D.; Kim, E.B.; Kong, Y.-Y.; Park, T.S.; Park, B.-C.; et al. 
Regulation of CD4+CD8−CD25+ and CD4+CD8+CD25+ T Cells by Gut Microbiota in Chicken. Sci. Rep. 2018, 
8, 8627, doi:10.1038/s41598-018-26763-0. 

74. Jadhav, V.V.; Han, J.; Fasina, Y.; Harrison, S.H. Connecting Gut Microbiomes and Short Chain Fatty Acids 
with the Serotonergic System and Behavior in Gallus Gallus and Other Avian Species. Front. Physiol. 2022, 
13. 

75. Kaemmerer, E.; Plum, P.; Klaus, C.; Weiskirchen, R.; Liedtke, C.; Adolf, M.; Schippers, A.; Wagner, N.; 
Reinartz, A.; Gassler, N. Fatty Acid Binding Receptors in Intestinal Physiology and Pathophysiology. World 

J. Gastrointest. Pathophysiol. 2010, 1, 147–153, doi:10.4291/wjgp.v1.i5.147. 
 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those 
of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) 
disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or 
products referred to in the content. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 5 January 2024                   doi:10.20944/preprints202401.0443.v1

https://doi.org/10.20944/preprints202401.0443.v1

