ADVANCES IN

FOOD TECHNOLOGY AND NUTRITIONAL SCIENCES

Open Journal

Editorial

ISSN 2377-8350

()penventio

PUBLISHERS

Phytogenics as an Alternative to Antibiotics: Chemical
Mechanism behind Antimicrobial Activity of Essential Oils

Alison Ferver, BSc', Sami Dridi, PhD*

'Department of Animal Science, College of Agricultural Science, The Pennsylvania State University, PA 16802, USA
“Department of Poultry Science, Division of Agriculture, University of Arkansas, Fayetteville, AR 72701, USA

*Corresponding author
Sami Dridi, PhD

Center of Excellence for Poultry Science, University of Arkansas, 1260 WV, Maple Street, Fayetteville AR 72701, USA;Tel. (479)-575-2583; Fax: (479)-575-7139;

E-mail: dridi@uark.edu

Article information

Received: October 7*,2018; Accepted: October | 1™,2018; Published: October | 1%,2018

Cite this article

Ferver A, Dridi S. Phytogenics as an alternative to antibiotics: Chemical mechanism behind antimicrobial activity of essential oils. Adv Food Technol Nutr Sci Open J.

2018; 4(2): el-e3. doi: 10.17140/AFTNSOJ-4-e012

INTRODUCTION |

Since the 1950s, antibiotics have been the “silver bullet” for the
treatment of diseases in both the medical and livestock indus-
tries. The use of subtherapeutic antibiotics in broilers not only
prevents disease outbreaks but also increases meat yield and feed
conversion.! The mode of action for the added growth promoter
effects of antibiotics stems from their ability to control microbi-
al populations in the gut, decreasing toxic microbial byproducts
and limiting competition for nutrients in the gastrointestinal tract
(GIT).>?* These growth promoting effects have made antibiotics a
common feed additive in the poultry industry.* However, decades
of exposing microorganisms to low doses of antibiotics has cre-
ated a selection pressure for antibiotic-resistant bacteria.’ In a 2017
study in Ghana, over sixty percent of Staphylococci isolates from
poultry farms and farm workers were resistant to multiple antibi-
otics, including tetracycline, one of the most common antibiotics
in the poultry industry.® The European Union banned the use of
food animal growth-promoting antibiotics in 1986. In the USA,
the guidelines for Industry issued by the Center for Veterinary
Medicines of the Food and Drug Administration (FDA, 2012)
recommend use of antibiotics only for the prevention, control
and treatment of infections in animals but not for the promotion
of growth, increased performance, and improved feed efficiency
Alternatives to antibiotics are, therefore, needed in order to con-
tinue the efficiency and sustainability of the poultry production.
A promising alternative is phytogenic essential oil. In this edito-
rial, we will review how the structure of phytochemicals within
essential oils contributes to the antimicrobial activity and growth
promotion in broilers.

ANTIMICROBIAL MECHANISM OF ESSENTIAL OILS |—

Detrived from plants and herbs, essential oils contain antimicro-
bial phytochemicals that modulate microbial populations in the
GIT to prevent disease and promote growth, even after vaccina-
tion or when challenged with high doses of microbes, including
Clostridium perfringens.” Terpenoids act as non-specific bactericidal
antimicrobials at high doses by altering the structure and function
of the cytoplasmic membrane and disrupting membrane protein
binding and ATP synthesis.!® Terpenoids ability to interfere with
the phospholipid bilayer structure and integrity is due to the po-
sitioning of the hydroxyl group and the hydrophobicity of the
benzene ring and substituents.!! Carvacrol and thymol are tet-
penoids in essential oils from herbs like thyme and oregano that
have become increasingly more popular as feed additives in the
poultry industry.'> They are both substituted phenols but differ in
the location of the hydroxyl group on the aromatic ring. As seen
in Figure 1, carvacrol has a hydroxyl group bonded in the ortho
position relative to the methyl group and thymol has the hydroxyl
in the meta position.

Figure 1. Chemical Structures of Terpenoids
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When comparing the antimicrobial activity of these ter-
penoids, carvacrol differs in its mode of action due to the dif-
ference in chemical structure of these compounds. In the case
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of thymol, interactions between the polar heads of bilayer mem-
branes and the hydroxyl group, coupled with the hydrophobicity
of the rest of the molecule, results in a distruption of membrane
integrity, causing increased membrane permeability and fluidity."
This fluidity alters the proton motive force in the cell through the
leaking of ions, such as H*, causing cytoplasmic coagulation.

It also interferes with the holding of membrane pro-
teins, which contributes to the leakage of ions and intracellular
molecules such as ATP.'* Carvacrol also increases membrane pet-
meability. However, the positioning of the hydroxyl group near
methyl rather than isopropyl, as in the case of thymol, enables
the molecule to act as a proton exchanger and more easily form
hydrogen bonds.!>!® By bringing H* into the cytoplasm and facili-
tating the movement of K* out, the H* gradient needed for ATP
synthesis is disrupted. When exposed to carvacrol, the ATP pool
within the cell is depleted and there is an increase in intracellular
ATP." In the case of Gram negative bacteria, the hydrogen bond-
ing capacity of carvacrol and its small size allows it to pass more
readily through the outer membrane via porins.!'"!® This allows
access to the cytoplasmic membrane and aids in the antimicro-
bial capacity of carvacrol. The significance of the free hydroxyl
group and delocalized electron system is demonstrated by the lack
of antimicrobial capacity of carvacryl acetate and menthol when
compared to carvacrol. Carvacryl acetate shares the hydropho-
bic properties of carvacrol but lacks the hydroxyl group, replaced
with a carboxylic acid. The inability to form hydrogen bonds re-
duces the molecules ability to disrupt the integrity of the cyto-
plasmic membrane. In menthol, the benzene ring is replaced with
a 6-carbon single bonded ring, removing the delocalized electron
system. This inhibits the molecules proton exchanging abilities."

When analyzing the use of thymol and carvacrol as feed
additives, their stability at varying pH is crucial to their effective-
ness in the GIT. In the broiler GIT, the pH ranges from 2.5 to 8.%
When compared to other essential oil components, carvacrol and
thymol maintained antimicrobial activity against multiple organ-
isms after exposure to pH values from 2 to 7.2! The ability of es-
sential oils to decrease microbial population in the GIT results in
less competition for nutrient absorption, decreased microbe fer-
mentation, and a more stable pH. In terms of growth promotion,
these terpenoids have been shown to increase body weight and
average daily gain in a manner comparable to antibiotic growth
222 The reduced fermentation and pH stability de-
creases the decarboxylation of limiting amino acids and provides

promoters.
optimal conditions for digestive enzyme activity, resulting in an
increased digestibility of nitrogen and availability of nutrients,

promoting overall growth.?**
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