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Abstract

Disinfection is defined as the destruction of microorganisms, not necessarily destroy all the microbes but may reducing
them to an acceptable level. Thus, it could stop the chain of bugs transmission to avoid infections. Antimicrobials are
divided into antimicrobial agents and antibiotics. Disinfectants or hand sanitizers are used to prevent microbial
contamination on inanimate objects that are present in the environment; consequently, avoiding of disease occurrence.
While antibiotics are used for therapeutic purposes. Microbial growth is controlled by using natural, chemical and
physical agents. Most investigations that are conducted in vitro showed that natural agents could inhibit or kill the
growth of pathogens and its efficiency depends on their bio components. This article will focus on natural antimicrobial
agents as alternatives to chemical disinfectants. Natural resources include: plants and microbes.
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1. Introduction

Microorganisms could be transmitted from animated and inanimate sources to human. Both sources might be
contaminated resulted in causing disease. The exposure rate of microbes in healthcare facilities, microbial laboratories
of universities, and public toilets is higher than other places [1]. Pathogens including bacteria, fungi, viruses, and
protozoa are able to survive on inanimate surfaces for months, then could be transferred to the hand unless these
surfaces are cleansed by disinfectants [2]. However, if these surfaces remain contaminated, bugs can be picked up by
hands. Furthermore, contaminated hands can transfer pathogens to other communal objects [3]. Thus, disinfection
using hand sanitizers is necessary in the everyday life to prevent the transmission of infectious diseases [4].

Some microorganisms can cause infections, while others are considered as antimicrobials. According to a review
published by Imogen and Lovleen [5] antimicrobial agent is a substance or mixture of substances, from natural,
semisynthetic or synthetic origin which removes or destroys all kinds of microorganisms, but not necessarily their
spores on inanimate surfaces. It is important to know that all antibiotics used are antimicrobials but not all antimicrobial
agents are antibiotics. Most disinfectants that are used for cleaning surfaces in hospitals, health centers, laboratories,
and household settings are chemicals used to kill all types of microorganisms and to prevent infection [6].

1.1. According to their efficacy, there are three levels of disinfectants

. High-level disinfectants: which eliminates most forms of bacteria even spores, many viruses and fungi.
. Intermediate-level disinfectants: which destroy all forms of the microbes except spores of bacteria.
o Low-level disinfectants: which can only kill vegetative bacteria and some fungi and viruses.
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1.2. Factors affecting the effectiveness of a disinfectant are

. Number and kind of microbes.

. Potency and concentration of disinfectants.

. Physical and chemical factors (temperature, water, oxygen, pressure ,UV radiation....etc) .
. The contact time of disinfectants with surfaces.

Living organisms produce natural antimicrobial agents that have high effectiveness; previous studies indicated that
plants and their oils have been given more attention in developed countries due to their active compounds. Some parts
of plant like: roots, seeds, stems, flowers, and leaves have antibacterial and antifungal substances that can either inhibit
the growth of pathogens or kill them [7]. Moreover, there are several factors affecting the action of natural
antimicrobials including, acidity, osmotic effect, production of H202 and concentration of active components [8].

Microorganisms are another source of natural antimicrobials such as Lactobacillus strains, Acetobacter aceti,
Saccharomyces cerevisiae. These kinds of microorganisms produce high content of bioactive substances which have
strong inhibitory effect against other microorganisms [9]. This review summarizes the use of common natural
antimicrobials as alternative disinfectants against microbes.

2. Common natural antimicrobial agents

2.1. Citrus fruits

Citrus fruits are a juicy fruit with a sharp taste, grown in warm regions, and have leathery aromatic rinds [10].

2.1.1. Common types of fruits

such as lime, lemons, bitter oranges and grape fruits.

2.1.2. Used parts

juice, peel and essential oils.

2.1.3. The major antimicrobial compounds of juice and peels are:

e  Ascorbic acid and citric acid have a pH ranging from 3 - 6.

. Flavonoids such as naringin, hesperidin, quercetin, rutin, naringenin.

. Phenolic compounds (PCs) such as caffeic acid, cinnamic acid, pyrogallol, eugenol, gallic acid and coumarins,.
e  Saponin compounds.

[ Polyphenols [11]

2.2. Essential oils contain of

Carvone, limonene, phenolic compounds, tannins monoterpenes, sesquiterpenese, alcohols, aldehydes, ketones and
esters, protopine and corydaline alkaloids, lactons, polyacetylene, hypericin and pseudohypericin compounds [12].

3. Bioethanol

Bioethanol is a natural form of alcohol produced from agricultural products through microbial fermentation. Raw
materials of carbohydrate sources or biomass containing cellulose were used to obtain bioethanol. The production of
bioethanol includes hydrolysis of complex carbohydrates or cellulose in the presence of degradation enzymes to obtain
fermentable simple sugars followed by fermentation to convert sugars into ethanol, then distillation to purify the
ethanol [13][14].

3.1. Plants containing sugar or starch include:

. Sugarcane.

° Corn.
° Rice.
° Wheat.

° Date waste.
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. Legumes.

4. Natural Vinegar

Natural Vinegar is an acidic liquid produced from organic sources through two-step process including, fermentation of
simple sugars to ethanol by using saccharomyces cerevisiae under anaerobically conditions, conversion of ethanol to
acetic acid through aerobic fermentation by acetic acid bacteria [15].

4.1. Common types of vinegar

. Apple cider vinegar.
. Grape vinegar.
[ Dates vinegar.

4.2. Natural vinegar consists of

. Organic acids: such as acetic acid which has low pH values.
. polyphenolic /phenolic compounds: such as catechin, epicatechin, chlorogenic acid, gallic acid, caffeic acid, p-
coumaric acid and the grape vinegar contains ferulic acid, and syringic acid.

. Flavonoids [16].

4.2.1. Salt

Salt is one of the products commonly used in the world found naturally in seawater and in certain rocks. Chemically, it
contains two elements: sodium (Na) and chloride (ClI) as crystalline compound. Before 5000 years ago, the Chinese
observed that types of meat soaked in saline solutions prolonged the preservation time of food [17].

Common types of salts

e  Tablesalt.
. Himalayan pink salt.
. Sea salt.

4.2.2. Tea

Tea is one of the most commonly consumed drinks. It is obtained from leaves of the Camellia sinensis. Determination of
the resulted tea type depends on the processing of tea leaves treated with oxygen. Green and white teas are not oxidized
(unfermented), while black teas are fully oxidized (fermented) leading to a darker colored liquid [18].

4.2.3. The three major types of tea

. Black tea.
° Green tea.
° White tea.

4.2.4. Main bioactive compounds in tea

. Polyphenols: phenolic acids, catechins.
. Flavonoids.
. Tannins [19].

4.3. Aromatic Plants

Aromatic plant is any plant that has volatile compounds in one or more of its parts such as: roots, stems, leaves, etc.
These plants contain many bioactive substances that serve as defense mechanisms against pests such as
microorganisms and insects. Therefore, a number of plants have been applied in traditional medicine for many years.
Additionally, dried or liquid extracts and essential oils are derived from these plants [20].

4.4. Essential oils

Essential oils are natural metabolic secretions isolated from flowers and leaves of plants.
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4.5. Plant Extracts

Plant Extracts is the separation process of certain components present in the plant (solid parts) by using selective
solvents like ethanol, methanol and water through standard procedures and the obtained solution is the desired extract.

4.6. The most common aromatic plants are

. Clove

. Sage

. Basil.

. Peppermint
. Thyme

. Tea tree oil

4.7. Bioactive components in the aromatic plants:

. Polyphenols /Phenolic compounds.
. Quinines.

. Flavonols/Flavonoids.

. Alkaloids.

. Terpenoids.

. Eugenol [21].

5. Cell-free supernatant (CFS) of Lactic acid bacteria (LAB)

Itis a fluid of bioactive substances that have inhibitory activity secreted into the supernatant obtained by centrifugation
(6,000 rpm/15 minutes) of broth containing lactic acid bacteria cultures, this supernatant will be filtered through
Millipore 0.22 -0.45 mm to remove cells [22].

5.1. CFS derived from main LAB genera

° Lactobacillus

° Leuconostoc

. Pediococcus

. Streptococcus

. Lactococcus

. Enterococcus [23]

5.2. Main antimicrobial compounds in CFS

. Bacteriocins.

. Defensins.

. Lactoperoxidase.

. Organic acids .

. Hydrogen peroxide[24] .

6. Mechanism of action of natural antimicrobial components

Important components in plants which have antimicrobial effect are: phenolics (simple and polyphenols), phenolic
acids, tannins, flavones, flavonoids, flavonols, quinones, terpenenes or terpenoids, alkaloids and organic acids e.g.,
sorbic, propionic, citric acid. These bioactive compounds have the ability to damage microbial cells causing deformation
in structure and functionality of the bacterial cell. Several modes of action have been reported which may involve:
suppression of cell wall synthesis, cell metabolism, protein synthesis, nucleic acid synthesis, disruption of bacterial
cytoplasmic membrane and alteration of cell membrane function. While the essential oil of plants acts principally on the
solubility of lipid bilayer of bacterial cell membrane [25].
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Many microorganisms could be inhibited or killed by salt in a process known as osmosis. If there is a higher
concentration of dissolved salt outside of the microbial cell (a hypertonic environment), then water will diffuse out of
the cell causing disfunction of bacterial proteins and shrinkage of the cell. This phenomenon is called plasmolysis and
this is the reason of food preservation in high concentrations of salt [17].

Organic acids such as ascorbic acid, citric acid, acetic acid and lactic acid, have inhibitory effects on microbes since their
spread through the bacterial cell membrane leads to separation of protons from anions, eventually inhibiting the
balance of electrons within cells. Moreover, low pH value has a significant antimicrobial effect resulting in growth
inhibition of microbes that are less tolerant to acidity[11][24].

Bioethanol can rupture the microbial cell wall and microbial membrane when alcohol molecules break down the
proteins present in the bacterial structure resulting in protein denaturation, loss of protective cell barrier, dehydration
and quick death [13].

Catechins in all types of tea have antimicrobial properties. Direct inhibitory effects of tea catechins cause degradation
of fatty acid synthesis in the lipid bilayer membrane and inhibition of enzymes activity causing loss of cell structure and
function then cell death [19].

Lactic acid bacteria (LAB) are capable to produce antimicrobial substances including: organic acids: (formic, acetic,
propionic, butyric, succinic and lactic acids) these acids are responsible of decreasing the pH levels which is not
appropriate for the growth of several microbes. Hydrogen peroxide is another compound produced by LAB; it has a
strong oxidizing effect on microbial cells. While other types of LAB produce toxins (bacteriocins), these toxins have
antibacterial activity against various pathogens [26].

7. Conclusion

Surface disinfectants and hand sanitizers derived from natural agents have antimicrobial properties and do not have
any undesirable effects. In addition to that, these natural antimicrobial agents are inexpensive, easy to use, obtainable
and safe. Thus, natural antimicrobials can be applied to inanimate surfaces and skin of human or even in oral cavity as
mouthwash.

Chemical substances that are used to clean hand or surfaces have many side effects like itching, irritation causing skin
disorders like dermatitis and eczema. Therefore, it is preferred to introduce various forms of natural antimicrobial
agents such as soaps, spray, foams, wet wipes, gel, mouth rinse or wash solutions. Other antimicrobial products of daily
usages can also be synthesized, like cleansers of makeup tools, food wash solutions and solutions used for cleansing
hard surfaces of personal items such as mobile phones.

This review recommends the application of more than one natural ingredient to achieve a synergistic effect with more
rapid action and effectiveness against a broad spectrum of microbes that cause spoilage and infections. The combination
of two constituents will have a stronger inhibitory effect compared to the effect of a single ingredient.
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