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Introduction
Antibiotic growth promoters (AGPs) in animal feed are banned in the
European Union since January 1, 2006. This withdrawal was the result of
concerns about the development of antimicrobial resistance and about the
transfer of antibiotic resistant genes from livestock to humans.

Depending on the chain length of the fatty acid, different
α-monoglycerides can be produced (Figure 3). A distinction can
be made between α-monoglycerides of short chain fatty acids
(SCFA) and α-monoglycerides of medium chain fatty acids (MCFA),
which have different characteristics. Alpha-monoglycerides
of SCFA such as α-monopropionin and α-monobutyrin, the
α-monoglycerides of propionic acid and butyric acid respectively,
are mainly active against gram negative bacteria. In contrast,

α-monoglycerides of MCFA like α-monocaprylin, α-monocaprin
and α-monolaurin are more efficient against gram positive
bacteria. Multiple studies have been conducted which prove the
antibacterial effect of α-monoglycerides in vitro and in vivo. In
addition, scientific literature is suggesting α-monoglycerides
of MCFA, and more particularly α-monolaurin, have antiviral
properties.

The challenge in modern animal production is to develop non-antibiotic feed additives that promote animal health in general and
gut health in particular in order to improve animal performance.

The answer:
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What are α-monoglycerides?
Alpha-monoglycerides are a class of glycerides that are
composed of a fatty acid linked to the sn1-position of glycerol
via an ester bond and are known for their strong antimicrobial
effects. Figure 1 gives a schematic overview of the esterification
reaction to obtain such an α-monoglyceride. The hydrogen
atom (H) of the fatty acid reacts with the hydroxyl group
(OH) of the glycerol molecule resulting in the formation of a
water molecule (H2O) and creating a covalent bond between
the oxygen atom of the fatty acid and the carbon atom of the
glycerol molecule.

α-monobutyrin
-Monobutyrin

The difference between the molecular structure of a
monoglyceride, a diglyceride and a triglyceride is shown in
Figure 2. When one fatty acid is bound to the first carbon atom (sn1position) of glycerol, the molecule is termed an α-monoglyceride.
A β-monoglyceride is formed when one fatty acid is bound to the
second carbon atom of the glycerol molecule. It is important to
know that only the α-monoglycerides have antimicrobial effects. A
triglyceride is a fat, which is broken down during normal digestion
processes and is a source of energy.
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Figure 1.

Figure 2.

(A) Esterification reaction of a fatty acid and glycerol to form an
α-monoglyceride. (B) Formation of α-monobutyrin after esterification of
butyric acid and glycerol.

Schematic overview of an α-monoglyceride, β-monoglyceride,
diglyceride and triglyceride.

Figure 3
Overview of the five commonly produced α-monoglycerides by FRAmelco.

Antibacterial effects
Research has proven that α-monoglycerides have a much stronger antibacterial
effect compared to their corresponding free fatty acids. Depending on the chain
length of the fatty acid, they have also antiviral properties. One method to show
the antibacterial properties of a substance is to conduct an in vitro Minimal
Inhibitory Concentration (MIC) test. The MIC is the lowest concentration
of a substance that prevents visible growth of a bacterium, also called
bacteriostatic activity. MIC values of several fatty acids and their corresponding
α-monoglycerides are given in Table 2 and 3.

Benefits
The strong covalent bond of α-monoglycerides
-monoglycerides results in
multiple benefits compared to free fatty acids
(Table 1).. Alpha-monoglycerides are pH independent and
consequently do not dissociate. They are non-volatile,
non-corrosive and heat stable during feed processing.
Furthermore, α-monoglycerides
-monoglycerides have a neutral taste
and odor, but more important, research has shown that
α-monoglycerides
-monoglycerides have a much stronger antimicrobial
effect compared to their corresponding free fatty acids.
Moreover, α-monoglycerides
-monoglycerides are amphiphilic compounds
possessing both lipophilic (fat-loving) properties, due
to their fatty acid tail and hydrophilic (water-loving)
properties, due to their hydrophilic backbone (glycerol).
This makes α-monoglycerides
monoglycerides self emulsifying in
water. Consequently they are active in four different
environments: water, feed, stomach, and the intestinal
tract. FRAmelco’s α-monoglycerides
-monoglycerides based products are
available in dry and liquid form and some are applied also
via drinking water.

Table 2
Minimum Inhibitory Concentration (MIC) of butyric acid, α-monobutyrin, and α-monopropionin on gram negative bacteria
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Table 1
Comparison between free fatty acids and α-monoglycerides.
-monoglycerides.

Table 3
Minimum Inhibitory Concentration (MIC) test of capric acid and lauric acid and their corresponding α-monoglycerides on
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gram positive bacteria. Results are given in micromoles per milliliter.

Site of action

Mode of action α-monoglycerides of MCFA

Organic acids are only active in an acidic environment, meaning the first part of the digestive system. This can be explained by their
pKa value. The pKa-value is the pH at which 50% of the organic acid is dissociated, losing the bactericidal properties (Figure 4A).
However, for optimal gut health and performance, it is important that these additives are also active in the intestinal environment
(Figure 4B). As α-monoglycerides are stable and pH independent molecules, they are active in the entire gastro-intestinal tract.

Alpha-monoglycerides of MCFA have mainly effects against

gram positive bacteria, but also seem to have antiviral properties.
Due to the amphiphilic nature of these α-monoglycerides they
form micelles, which may provide them with the ability to get
incorporated into the lipid membrane of these microorganisms,
thereby altering the permeability. Alpha-monoglycerides of
MCFA may even disrupt the cell membrane of these bacteria
and the fat envelop of viruses which makes the pathogen
leaky (Figure 6). Furthermore, gram positive bacteria and fat
enveloped viruses can not properly adhere to, and invade, a
host cell without an intact membrane. In this way infection and

Figure 6
The mode of action of α-monoglycerides of MCFA on bacteria.

Figure 4
(A) pKa value of five organic acids. (B) Comparison between the site of action of organic acids and α-monoglycerides in the gastrointestinal tract of poultry.

Mode of action α-monoglycerides of SCFA
through these channels. Inside the bacteria enzymes break down
the α-monoglycerides and the fatty acid is released which lowers
the internal pH of the bacteria. Alternatively, these protein
channels may also be blocked by α-monoglycerides, since their
molecular structure is larger compared to glycerol. As a result
bacteria are no longer able to take up glycerol and will die. In
addition, the fatty acid can alter DNA by down regulation of the
genes at transcription level and inhibit the protein production
involved in invasion of host cells
(TTSS Complex). (Figure 5).

The mode of action of α-monoglycerides of SCFA and
α-monoglycerides of MCFA is slightly different.
Alpha-monoglycerides of SCFA have mainly an effect against
gram negative bacteria. It is thought that there is not one mode
of action, but that there are several ways these α-monoglycerides
can affect bacteria. Bacteria need glycerol for vital functions
and to build up their membrane. Glycerol is taken up from
the environment by the bacteria through specialized protein
channels (aquaglyceroporin). The α-monoglycerides of SCFA may
be recognized as glycerol and passively be transported

Conclusions
In conclusion, α-monoglycerides have shown to
be strong antibacterial and antiviral molecules.
Esterification of glycerol with a particular fatty acid at
the sn1-position forms specific α-monoglycerides. The
covalent bond between the glycerol molecule and the
fatty acid makes the molecule pH-independent, safe to
be used and easy to handle. The α-monoglycerides are
active in the entire gastro-intestinal tract. Depending on
the chain length of the fatty acid, the α-monoglycerides
will be active against gram negative or gram positive
bacteria and against fat enveloped viruses.
For more information and trial results of specific
products based on α-monoglycerides we recommend
you to check out the individual product flyers.
References are available upon request.

Inhibition protein production

Blocking
glycerol
channels

+

HCO

DNA
alternations
pH
reduction

O

H

+

ATPase pumps out protons (H+) at the expense of ATP

Figure 5
The mode of action of α-monoglycerides of SCFA on bacteria.

multiplication will not be possible. Furthermore, it is thought
that interference of α-monoglycerides with the membrane
modifies the transmembrane signal transduction which results
in inhibition of harmful exoproteins. Moreover, it is suggested
that more lipophilic molecules like α-monoglycerides of MCFA
have more tendency to be transported from the enterocytes to
the lymphatic system instead of going via the portal vein to the
liver. In this way, besides the immediate antimicrobial effect in
the intestine, these α-monoglycerides have a systemic effect as
they are transported intact to other organs of the body where
they can help fighting infections.

FRAmelco is a family-owned company specialized in the development, manufacturing, and marketing of animal feed and drinking
water additives worldwide. We provide the industry with additive
solutions that allow both agriculture and aquaculture to increase
productivity and profitability in a sustainable manner.

Head office
Ruisvoorn 5
4941 SB Raamsdonksveer
The Netherlands

t:
f:
e:
i:

+31 (0) 880 443 300
+31 (0) 162 521 589
info@framelco.com
www.framelco.com

