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Abstract

Origanum vulgare L. is an aromatic enduring herb that belongs to Lamiaceae family. The bioac-
tive constituents of this herb, such as carvacrol and thymol possess several medicinal properties,
such as antioxidant, antidiabetic, anti-inflammatory, antimicrobial, antiviral, antiparasitic, anti-
neoplastic, and immune modulatory. Moreover, it is considered a standard natural, less toxic, and
residue free feed additive, that is successfully used in livestock and fish. Additionally, in human,
Origanum vulgare is extensively used with promising health benefits against respiratory, digestive
and urinary disorders. This review casts light on description, chemical composition and structure
of Origanum vulgare, as well as its therapeutic applications in human and its biological activities
in ruminants and fish, data that will be possibly useful for physiologists, nutritionists and veteri-
narians.
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A considerable number of sweet-smelling medicinal plants or their essential oils
are already used in poultry, as a supplement into the diet or into water with positive
effects on feed intake, feed conversion ratio, and carcass traits (Abd El-Hack et al.,
2016, 2018; Alagawany et al., 2018; Shewita and Taha, 2018; Taha et al., 2019; Ab-
delnour et al, 2019). Origanum vulgare L. belongs to Lamiaceae family and it is an
aromatic enduring herb found in every part of Europe. During the flowering season,
the collected aerial parts contain considerable amounts of volatile oil (0.18-1.02%)
(Robu and Milica, 2004). The properties of the oregano extract result from its bioac-
tive components that act in a synergistic manner and include diuretic, antispasmodic,
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stomachic, antimicrobial (bactericidal, fungicidal, and viricidal), antiparasitic and
immunomodulator activities (Mohamed et al., 2019). In this review, chemical com-
position, structure, biological activities and beneficial applications of Origanum vul-
gare in human, ruminant and fish nutrition and health are highlighted.

Description, chemical composition and structure

Origanum vulgare L. (Lamiaceae) (O. vulgare; OV), commonly known as oreg-
ano, is an aromatic herb widely utilized around the world. O. vulgare is a spicy plant
widely distributed throughout Asia, specifically in Iran. It is an evergreen herb, with
20-80 cm length, and opposite leaves of 1-4 cm length. Its flower has a purple color,
3—4 mm length, and bears erect spikes. This plant is sometimes mistakenly named
wild marjoram, as it is closely related to O. majorana. Oregano is implanted in early
spring, the plants being distributed 30 cm (12 in) apart in clearly dry soil, with full
sun. Oregano is developed in a pH limit between 6.0 and 9.0, with a favored range
between 6.0 and 8.0 (Peter, 2004).

The antimicrobial activity of O. vulgare is a result of its high content in volatile
oils (Esen et al., 2007; Karakaya et al., 2011). In addition, these volatile constituents
significantly contribute to the aroma and flavour of the herb. The phenolic com-
pounds including flavonoids and phenolic acids are responsible for its antioxidant
activity (Chou et al., 2010; Liang et al., 2012; Arif et al., 2019). Moreover, these phe-
nolic antioxidants possess diverse biological activities, for instance, anti-ulcer, anti-
inflammatory, antidiabetic, antiviral, cytotoxic and anti-tumor (Saxena et al., 2012),
and they are strongly associated with the health effects of Origanum vulgare. Six new
phenolic compounds (1-6) from Origanum vulgare, could be isolated along with five
known ones: 2,5-dihydroxybenzoic acid (7) (Xie and Li, 2002), 3,4-dihydroxyben-
zoic acid (8) (Zhang et al., 2008), rosmarinic acid (9) (Wu et al., 2011), origanoside
(10) (Nakatani and Kikuzaki, 1987), and maltol 60-O-(5-O-p-coumaroyl)-b-D-apio-
furanosyl-b-Dglucopyranoside (11) (Li et al., 2008). The structures of the new com-
pounds were identified with spectroscopic analyses and acid hydrolysis experiments.
The phenolic compounds combine with the previously isolated ones E-caffeic acid
(12), amburoside A (13), oresbiusin A (14), (+)-(R)-butyl rosmarinate (15), apigenin
(16), apigenin 7-O-b-D-glucoside (17), luteolin (18), 6,7,40-trihydroxyflavone (19),
5,7,30,40-tetrahydroxy-8-C-p-hydroxybenzylflavone (20) and didymin (21) (Guo et
al., 2012).

Therapeutic uses of oregano in human

In the last decades, there is a great necessity to search for medicinal plants and
herbs as an alternative source of antioxidants. Natural products that are extracted
from medicinal plants and fruits possess substantial antioxidant properties. As a re-
sult, they can be utilized for the development of novel drugs (Newman and Cragg,
2007). Oregano is a worldwide herb that is extensively used due to its medicinal
activities against respiratory, digestive and urinary disorders in addition to dental
caries and rheumatoid arthritis (Liang and Lu, 2012). It is utilized to restore respira-
tory health and relieve a disturbing situation due to abnormal blood glucose levels
or leukemia (Sheibani et al., 2010). Moreover, Chou et al. (2010) have described the
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antioxidant properties of the plant. The aforementioned pharmacological properties
of Origanum vulgare are attributed to its high content in carvacrol and other phenolic
compounds (Suntres et al., 2015).

Anticarcinogenic activity

The medicinal plants have dietary phenolic phytochemicals which are a rich
source of antioxidants (Dhama et al., 2018; Alagawany et al., 2019; Farag and
Alagawany, 2019; Khafaga and Bayad 2016 a, b). These phenolic substances have
advantageous outcomes on human health, in particular by preventing mutagenesis
along with carcinogenesis. Radiation and chemotherapeutic treatment are the stand-
ard available approach in treatment of malignant tumors (Abd El-Hack et al., 2019).
However severe side effects were associated with such treatments. Therefore, the
alternative medicinal plants which possess antimicrobial effects and associated anti-
carcinogenic actions may provide accepted solution, as stated by Al-Kalaldeh et al.
(2010) who analyzed and investigated the basic oils of Laurus nobilis L., Origanum
syriacum L., Origanum vulgare L., and Salvia triloba L. using gas chromatography-
mass spectrometry for their antiproliferative activity against breast adenocarcinoma
(MCF7). The major constituent of O. vulgare was trans-sabinene hydrate (27.19%).
The ethanol plant extracts of O. triloba exhibited an antiproliferative activity against
MCF7 as shown by the IC50 values of 6.40, 24.49, and 25.25 pg/mL. In contrast,
none of the essential oils or aqueous extracts of the tested plant species showed
a cytotoxic activity. Recent studies showed that dietary supplementation with
O. vulgare may protect against DNA damage in blood lymphocytes and lipid per-
oxidation resulted from internal radiation and several insults (Salimei et al., 2007;
Arami et al., 2013). In a study conducted by Arami et al. (2013), the radio-protective
effects of Origanum vulgare extract (12.5, 25, 50 and 100 Ig/mL) toward the geno-
toxic outcomes in human lymphocytes caused by radioiodine (131I) were exam-
ined. The three higher doses markedly dropped the micronuclei incidence in refined
human lymphocytes with the greatest protective effect at 100 1g/mL, which cause
a reduction of 70%. The protection against DNA damage is considered a great evi-
dence of the antioxidant capacity of the plant, because oregano contains a consider-
able level of phenolic metabolites as carvacrol and thymol that possess antioxidant
properties. Additionally, carvacrol blocks the spreading of human ovarian adenocar-
cinoma cells, beside tumor cells resistant to adriamycin, vincristine, and cisplatin
(Ait M’barek et al., 2007) but limited data concerning the mode of action related
with its chemopreventive effects are available. Also, oregano aqueous extract was
used to synthesize silver nanoparticles by reducing 1 mM silver nitrate (AgNO,)
solution. The acquired nanoparticles were substantial (—26+0.77 mV) at surrounding
temperature. These green synthesized nanoparticles were recognized to be effective
in restraining important human pathogens. In addition, these silver nanoparticles dis-
played a dose dependent manner response toward human lung cancer A549 cell line
(LD50 — 100 g/ml) (Sankar et al., 2013).

Colon cancer is a principal factor of mortality in developed countries. Dietary
supplementation with the aqueous extract of Origanum vulgare was suggested to
provide protection against colon cancer. Srihari et al. (2008) observed the impact of
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Origanum vulgare at the levels of 20, 40 and 60 ppm on lipid peroxidation activities
in a 1,2-dimethylhydrazine (DMH)-motivated rat colon carcinogenesis model. Post-
mortem and biochemical colon examination of colon cancer-suffered rats showed
that continuous dietary oregano supplement (40 ppm) has influence on tissue lipid
peroxidation profiles. As the data was limited about the anticarcinogenic effect of
oregano, Savini et al. (2009) continued the investigation on the role of oregano in
lowering the risk of colon cancer. They found that oregano offers a pro-apoptotic
effect, which may be selective for cancer cells. Additionally, entire extract, in place
of a distinctive constituent, can be accountable for the attributed cytotoxic effects.
The beneficial effects of oregano essential oil (OEO) determined to its prominent
carvacrol content were extended to involve the protection against skin lesions. OEO
induced marked antiproliferative effects in human dermal fibroblasts and signifi-
cantly inhibited several inflammatory biomarkers (Han and Parker, 2017).

Kubatka et al. (2017) investigated the anti-cancer effects of lyophilized oregano
in an in vitro and in vivo breast cancer mice model which showed suppression of
tumor frequency by 55.5%, tumor volume by 44.5%, and tumor incidence by 44%
compared to control animals. The results revealed a significant lowering in the rate
of poorly differentiated (high grade, HG) and well-differentiated (low grade, LG)
mammary carcinomas.

Antimicrobial activity

In a study carried out by Chun et al. (2005), the antimicrobial properties of oreg-
ano phenolic extracts against ulcer-involved Helicobacter pylori using standard agar
diffusion method were investigated. The variations in physical and chemical charac-
ters of phenolic acids contents were suggested to participate in growth suppression of
H. pylori. Recently, Sankar et al. (2013) conducted a study with an aqueous extract
of oregano in the production of silver nanoparticles which were found to carry an
advanced antibacterial activity toward several human pathogenic bacterial species
with respect to Chloramphenicol. In addition, Origanum vulgare L. can be utilized
as organic alternative antimicrobial for food storage. Therefore, O. vulgare basic oil
was capable to suppress the development of some food-involved Aspergillus species
(A. niger, A. fumigatus, A. ochraceus, A. terreus A. parasiticus, and A. flavus). O.
vulgare basic oil showed a minimum inhibition concentration (MIC50) at 40 pL/mL.
Intense fungicidal effects against A. flavus, A. fumigatus and A. niger were found at
40 and 80 pL/mL by inhibiting the mycelial development which support the possibil-
ity of using O. vulgare oil as an anti-fungal compound for food preservation (Carmo
et al., 2008). In an experiment conducted by Adams et al. (2011), the in vitro anti-
fungal activities of Oregano basic oil against four human pathogenic yeasts (Can-
dida albicans, Cryptococcus albidus, Cryptococcus neoformans and Rhodotorula
rubrum) were examined. Oregano basic oil at the level of 200 pg/mL was recognized
as a growth inhibiting agent against all the examined four yeasts. Similarly, several
studies supported the antimicrobial activity of Oregano oil against various types of
pathogenic fungi such as Bacillus subtilis, Candida albicans, Enterobacter cloacae,
Escherichia coli, Mycobacterium avium, Pseudomonas aeruginosa, Salmonella
typhimurium, Staphylococcus aureus, Aspergillus flavus, Listeria monocytogenes,
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and Salmonella enteritidis (Hammer et al., 1999; Sokovi¢ et al., 2010; Bajpai et al.,
2012; Krishan and Narang, 2014). The minimum inhibitory concentrations (MIC) of
oregano essential oil against pathogenic microorganisms in vitro are summarized in
Table 1. Coccimiglio et al. (2016) suggested that the observed antimicrobial activi-
ties of oregano against Gram-negative and Gram-positive bacterial strains are mainly
attributed to carvacrol and thymol content. Pensel et al. (2014) suggested that the
basic oils contained in 7" vulgaris and O. vulgare have outstanding anthelmintic ef-
fects against protoscoleces and E. granulosus cysts. Manohar et al. (2001) detected
the absence of fungi from the Candida albicans infected kidney after the effective
treatment with 8.6 mg of oregano oil in 100 pl of olive oil/kg body weight.

Table 1. Minimum inhibitory concentrations (MIC) of oregano essential oil main components against
pathogenic microorganisms in vitro

References In-vitro N(;;(t:a(ug ml) Species of microorganism | Components
Bajpai et al., 2012; 0.125 Bacillus subtilis Carvacrol
Krishan and Narang, 2014; 113.0-200.0 Candida albicans
Sokovi¢ et al., 2010; 0.5 Enterobacter cloacae
Alagawany et al., 2020 0.5-225.0 Escherichia coli
72.0 Mycobacterium avium
1.0 Pseudomonas aeruginosa
0.25-0.5 Salmonella typhimurium
0.25-450.0 Staphylococcus aureus
Kurekei et al., 2013 0.05 Campylobacter jejuni Terpinen-4-ol
Bajpai et al., 2012; 0.25 Bacillus subtilis Thymol
Krishan and Narang, 2014; 1.0 Enterobacter cloacae
Sokovi¢ et al., 2010 1.0-450.0 Escherichia coli
1.5 Pseudomonas aeruginosa
0.05-56.0 Salmonella typhimurium
0.25-225.0 Staphylococcus aureus
Bajpai et al., 2012; 10.0 Aspergillus flavus Carvacrol
Esperetal., 2014; 0.125 Bacillus subtilis Cymene
Hammer et al., 1999; 10-20 Candida albicans Thymol
Hulénkova and Bofilova, 2012; 0.5 Enterobacter cloacae
Hyldgaard et al., 2012; 0.5-1.2 Escherichia coli
Roofchaee et al., 2011; 0.2-2.36 Listeria monocytogenes
Sokovi¢ et al., 2010; 0.5 Salmonella enteritidis
Tongnuanchan and Benjakul, 0.1-3.1 Salmonella typhimurium
2014 0.25-3.2 Staphylococcus aureus
Adams et al., 2011 200 Candida albicans Oregano basic

Cryptococcus albidus oil
Cryptococcus neoformans
Rhodotorula rubrum

Antioxidant activities

Oregano is commonly used as safe feed additive containing massive phenolic
contents with antioxidative characters. Additionally, O. vulgare could protect against
lung injury and hepatic toxicity. Habibi et al. (2015 a) assessed the effects of O. vul-
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gare at 50, 100, 200, and 400 mg/kg against the liver toxicity caused by Cyclophos-
phamide (200 mg/kg intraperitoneal route) in mice. Pretreatment with O. vulgare
(400 mg/kg) clearly restored the serum hepatic markers (ALP, ALT and ALT), a fact
that was subsequently confirmed by histological examination of liver tissues show-
ing hepatoprotective effect of oregano. Similarly, its protective role against lung
injury also induced by cyclophosphamide injection in mice was assessed by Shokr-
zadeh et al. (2014). Moreover, Sen et al. (2014) found out that pretreatment with car-
vacrol and pomegranate extract mixture could counteract the methotrexate-caused
lung injury in a rat model. Carvacrol and pomegranate extract exerted their benefi-
cial effects by improving antioxidant defense, while decreasing malondialdehyde,
total oxidant state, and oxidative stress index in lung tissues and cardiac blood sam-
ples.

By using the colitis induced mice model, Bukovska et al. (2007) observed the
anti-inflammatory influences of the combination of oregano and thyme essential
oil, administered at the levels of 0.2% and 0.1%, respectively. The authors detected
a marked improvement in the histological architecture of the colon. The excessive
doses of particular component can lead to adverse effect, but Llana-Ruiz-Cabello et
al. (2017) proved the lack of toxicity from oregano supplementation even in 330-fold
higher doses than normal consumption. Soliman et al. (2016) observed the improve-
ment of dyslipidemia in diabetic rat as an effect of normal renal histology restoration,
decrease of lipids accumulation and increase of liver parenchyma regeneration after
oregano administration. Mohamed (2017) reported that oregano oil, via its antioxi-
dant properties, has a significant protective effect on testis and spleen tissues against
the toxicity of mercuric chloride. Vujicic et al. (2016) studied the therapeutic proper-
ties of ethyl extract of Origanum vulgare against Streptozotocin-induced diabetes
in mice and interestingly, the authors observed a preservation of the pancreatic is-
lets morphology lowering of proinflammatory macrophage/Th1/Th17 levels as a re-
sponse to Origanum vulgare. The protective activity of Origanum vulgare against the
carbon tetra chloride induced hepatotoxicity was reported by Sikander et al. (2013).
Moghaddam et al. (2013) detected a partial decrease of the glomular expansion and
oxidative stress in kidney of diabetic mice by prolonged treatment of Origanum ma-
jorana. Moreover, Habibi et al. (2015 b) studied the protective effects of Origanum
vulgare against the hepatotoxicity caused by cyclophosphamide in mice. The authors
detected a satisfactory preservation of the hepatic architecture by observing the nor-
mal sinusoidal space, normal central vein, small portal space with mild lymphocytic
infiltration, and nearly normal hepatocytes. Sankar et al. (2014) developed titanium
dioxide nanoparticles from Origanum vulgare and used it in wound treatment. They
reported a marked wound healing by titanium dioxide nanoparticles of Origanum
vulgare. Al-Kushi (2014) studied the influence of aqueous extract of Origanum vul-
gare on the embryos during the pregnancy of rabbit and the author confirmed that
the use of Origanum vulgare during pregnancy can be perceived as safe. Moreover,
it was reported that oregano oil can improve uterus, ovaries and pituitary histological
architecture in rabbits infected vaginally by Candida albicans (Hasan et al., 2016).
Vujicic et al. (2015) detected a significant reduction of diabetic incidence after the
application of a methanolic extract of Origanum vulgare in contrast to the aqueous
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extract that had no effect. The authors attributed their results to the attenuation of
pro-inflammatory response mediated by T helper 17 cells, and the enhancement of
anti-inflammatory response mediated by T helper 2 and T regulatory cells and the
preservation of b-cells from in vitro apoptosis.

Biological activities in ruminants

Rumen fermentation, nutrient digestibility and production

Essential oils appeared to regulate methane emissions and protein downfall in
either in vitro or in vivo studies in ruminants (Abd El-Hack et al., 2016). Prospective
studies should be organized with the intention to identify the beneficial oregano com-
pounds and to standardize oregano doses. On-farm trials are necessary to examine
their effects on animal health status, growth performance and economic efficiency
(Cobellis et al., 2016). In a dose-dependent manner, a broad variety of essential oils
(derived from garlic, thyme, oregano, cinnamon, etc.) has been recognized to reduce
methane emissions in vitro. But at high levels, the drop in methanogenesis was in-
duced by opposing effects against fermentation process as drop in feed digestibility
or volatile fatty acids production (Sejian et al., 2015). Carvacrol which is the major
constituent of oregano is effective as methane inhibitor in addition to lowering of
acetate, propionate and total volatile fatty acids concentrations as stated by Benchaar
and Greathead (2011), and Patra (2011).

In the rumen, acetate and butyrate are produced by Gram positive bacteria, while
Gram negative bacteria generally produce propionate (Watanabe et al., 2010; Ayud-
thaya et al., 2018). Oregano oil and carvacrol could inhibit several strains of patho-
genic bacteria. Thymol is also an effective methane inhibitor due to the suppression
of Methanobrevibacter smithii which occurred only at the level of 1,000 ppm of
the commercial combination of basic oils, obtained from Cinnamomum verum, Ori-
ganum vulgare, Anethum graveolens and Thymus vulgaris, while the lower levels
(5, 10, 20, 40, 80, and 160 ppm) did not have an effect on the propagation of Metha-
nobrevibacter smithii (Bhatta, 2015; Soren et al., 2015). Additionally, Tekippe et al.
(2011) discovered that an oregano feed supplement added to ruminants total mixed
ration at the level of 500 g/day could inhibit methane production 8 h post feeding. On
the other hand, it had no effect on rumen pH, volatile fatty acids profile, microbial
protein outflow, microbial profiles, dry matter intake, and apparent total tract digest-
ibly of nutrients. Moreover, average milk yield and chemical composition (protein,
lactose, and urea nitrogen concentrations) were not affected by oregano supplemen-
tation but milk fat concentration, feed and milk net energy for lactation efficiencies
were increased beside an increase of 3.5% in fat milk yield without affecting the
main components of milk and its sensory attributes in dairy cows (Lacerda et al.,
2014). In addition, oregano dietary supplementation could increase the antioxidant
capacity of milk in goats (Paraskevakis, 2015).

Kolling et al. (2016) investigated the impact of Oregano extract (OE) feed ad-
ditive in dairy heifers on physiological profile, feeding behavior, and performance.
They found no clear statistical differences among treatments for total dry matter
intake (DMI), but DMI was 9% lower for heifers that received OE at the level of
7.5 g/heifer/day when compared to control or those that received OE at the level of
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2.5 g/heifer/day. The addition of 7.5 g/day/heifer of Oregano extract caused nega-
tive impacts in feeding activity and concentrate intake, without a significant effect
on total dry matter intake. Similarly, Hristov et al. (2013) reported that leaf mate-
rial of Origanum vulgare L. utilized at the levels of 250-750 g/d dropped rumen
methane emissions in dairy cows for 8 h after feeding. In addition, dry matter intake
was decreased, without milk fatty acid composition changes. Oh and Hristov (2016)
continued their work to detect that dietary supplementation with oregano leaves
(750 g/d; 1.05 g/kg live body weight) containing carvacrol and thymol in dairy cows
decreased the proportion of Ruminococcus flavefaciens, which is one of the major
rumen fibrolytic species. In in vivo studies, inclusion of oregano leaves in the diet
of lactating dairy cows did not affect ruminal pH and volatile fatty acids concentra-
tions. Yadeghari et al. (2013) demonstrated that Origanum vulgare affected ruminal
fermentation according to its dose and the type of substrate.

Paraskevakis (2017) reported that a long-term dietary supplementation with dried
oregano (Origanum vulgare ssp. hirtum) (20 g of dried oregano plants to provide
daily dosage of 1 ml of essential oil (EO) per animal) increased the protease activity
and ammonia concentration in the rumen. Also, Peptostreptococcus anaerobius, and
Clostridium sticklandii were found to be the most sensitive to oregano at the current
dosage. Furthermore, the total methanogen population was significantly decreased.
Acetate percentage was decreased in high fiber diet, but showed an increasing
pattern in medium fiber diet, and low fiber diet following addition of oregano and
thyme oils. Propionate levels exhibited a decline in majority of the treatment combi-
nations. However, butyrate levels witnessed significant increase compared to control
diets.

Chaudhary et al. (2016) used qRT-PCR to analyze the ruminal microbes after
supplementation of thyme and oregano oil; they reported significant reduction in
methanogen and fungal counts following addition of thyme oil. However, significant
up-regulations of methanogen counts and reduction of fungal counts were observed
with supplementation of oregano oil. Research was extended in Merino lambs,
where Biricik et al. (2016) stated that when lambs were fed diets supplemented with
thymol and/or carvacrol additives at the doses of 100 and 300 ppm, a higher rumen
pH, ammonia levels and total volatile fatty acids were observed compared to those
of the animals in the control group. However, supplementation did not alter feed
conversion ratio or molar concentration of total volatile fatty acid. At the same time,
carcass weight and traits were similar among all the groups.

Antiparasitic activities

The inclusion of a preparation containing the essential oil blend of O. vulgare
and Citrus spp. in the diet of sheep resulted in a decrease of both the intensity and
prevalence of coccidian infection within the flock and in an increase of lamb growth
performance (Dudko et al., 2017). Also, the essential oil of O. onites L. is effec-
tive in controlling tick infections (Coskun et al., 2008). On this basis, Tabari et al.
(2017) evaluated the repel potency, ovicidal and larvicidal impacts of O. onites L.
compounds against /. ricinus. Carvacrol and thymol at the majority of the tested
concentrations showed >90% repel property on 1. ricinus. Linalool was partially ef-
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fective (50.24% repel potency) only at the concentration of 5%. Generally, based on
these results, carvacrol and thymol can be expected as prospective compounds for
the improvement of innovative acaricidal preparations to control the propagation of
1L ricinus and associated tick-borne diseases.

Antibacterial activities

Cho et al. (2015) conducted an experiment to examine whether oregano essential
oil could substitute antibiotics (gentamycin) for the control of subclinical bovine
mastitis caused by S. aureus and/or E. coli. As indicated by the decreased number of
these microbes in milk in addition to low white blood cell counts, oregano essential
oil could serve as a feasible alternative to antibiotics. Furthermore, daily administra-
tion of oregano essential oil (Origanum vulgare ssp. hirtum) (ECODIAR® liquid
5%) at the dose of 12.5 mg/kg body weight once daily in calves for the first 10 days
of their life effectively diminishes the severity of naturally acquired diarrhea under
field conditions and, under certain hygiene practices, possesses a preventive effect
against neonatal diarrhea syndrome (Katsoulos et al., 2017). In addition, Bampidis
et al. (2006) detected the good impact of dried oregano leaves on the treatment of
diarrhea caused by Escherichia coli in calves. The main findings associated to the
supplementation of oregano essential oil in ruminants are presented in Table 2.

Table 2. The main findings associated to the supplementation of oregano essential oil for ruminant

References Main findings Stud%ed Component.s Of
species oregano basic oil
1 2 3 4
Tekippe et al., 2011 Inhibit methane production 8 h post Ruminants Oregano feed
Lacerda et al., 2014 feeding supplement
No effect on rumen pH, volatile fatty (500 g/d)

acids profile, microbial protein outflow,
microbial profiles, dry matter intake, and
apparent total tract digestibly of nutri-
ents, average milk yield and chemical
composition

Milk fat concentration, feed and milk
net energy for lactation efficiencies were
increased

Increase of 3.5% in fat milk yield

Kolling et al., 2016 Dry matter intake was 9% lower com- Dairy heifers Oregano extract
pared to control (7.5 g/heifer/d)
Negative impacts on feeding activity and
concentrate intake

Hristov et al., 2013 Decreased rumen methane emissions in Dairy cows Leaf material of
dairy cows for 8 h after feeding Origanum vulgare
Dry matter intake was decreased L. (250-750 g/d)
Milk fatty acid composition did not
change

Oh and Hristov, 2016 ~ Decreased proportion of Ruminococcus Dairy cows Oregano leaves
Slavefaciens (750 g/d;

1.05 g/kg bwt)
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Table 2 — contd.

1

2

4

Paraskevakis, 2017

Chaudhary et al., 2016

Biricik et al., 2016

Dudko et al., 2017

Tabari et al., 2017

Cho et al., 2015

Katsoulos et al., 2017

Increased the protease activity and am-
monia concentration in the rumen
Peptostreptococcus  anaerobius, and
Clostridium sticklandii were most sensi-
tive to oregano

The total methanogen population was
significantly decreased

Acetate percentage was decreased in
high fiber diet, and increased in medium
and low fiber diet

Decreased propionate levels

Increased butyrate levels

Significant reduction in methanogen and
fungal counts with supplementation of
thyme oil

Significant increase of methanogen
counts and reduction of fungal counts
with supplementation of oregano oil

Increased rumen pH, ammonia levels
and total volatile fatty acids

No alteration in feed conversion ratio,
molar concentration of total volatile fatty
acid and carcass weight

Decrease of both the intensity and preva-
lence of coccidian infection
Increased lamb growth performance

More than 90% repel property against
I ricinus

Decreased number of microbes in milk
Low white blood cell counts

Decrease the severity of naturally
acquired diarrhea and neonatal diarrhea
syndrome

Goat

Ruminal
microbial
population

(in vitro study)

Merino lambs

Sheep

Bovine

Calves

Oregano (20 g of
thyme and oregano
oil)

Thyme and regano
oil

Thymol and
carvacrol additives
at the doses of 100
and 300 ppm s.

Oil blend of O.
vulgare and Citrus
spp.

Carvacrol and
thymol

Oregano essential
oil

Oregano essential
oil (12.5 mg/kg
bwt)

Biological activities in fish

Ferreira et al. (2016) studied the effect of the oregano oil on the hepatic and
intestinal morphometry of the Yellow Tail Tetra fish. Interestingly, a significant posi-
tive effect of the oregano oil on the increasing absorptive area of the intestine was
found. Moreover, authors observed a great deposition of glycogen in the hepato-
cytes as an effect of oregano oil. In another investigation conducted by Ziari et al.
(2015), an acceleration of oocyte maturation and an increase of oocyte diameter in
the Trichogaster trichopterus fish were observed as an effect of Origanum vulgare
stimulation (greater than that of LHRH-A2). Yigit et al. (2017) detected an adverse
influence of prolonged use of oregano oil on the liver and kidney of rainbow trout
represented by hepatocyte cytoplasmic vacuolation and renal necrotic changes in
tubule epithelial cells.
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Rafieepour et al. (2020) evaluated the effect of Origanum vulgare extract on
immune responses and hematological parameters of rainbow trout (Oncorhynchus
mykiss). Six hundred rainbow trout (Oncorhynchus mykiss) with an average mean
weight of 13+0.05g were randomly allocated into two groups including placebo-
treated group (control), and Origanum vulgare extract-treated group (1%), each of
three replicates. The fishes were hand-fed once a day with the experimental diets
for 8 weeks. At the end of every two weeks 24 h after feeding, fish were bled from
caudal vein and blood samples were analyzed for some of hematological and im-
munological parameters. The results showed that serum total protein, albumin and
globulin, respiratory burst activity, phagocytic activity and serum lysozyme activ-
ity were found to be higher in OE-treated group (P<0.05). It was concluded that
supplementation with OE at a rate of 1% induced higher immunological responses.
Therefore, dietary inclusion with OE could improve nonspecific immune responses
in rainbow trout. Future studies to determine optimal herb mixtures and dietary lev-
els should be conducted.

Rafieepour et al. (2020) carried out a study to evaluate the ameliorating prop-
erties of oregano (Origanum vulgare) (ORG) extract against the toxic effects of
organophosphate pesticide, diazinon on growth and some metabolism associated
components of rainbow trout (Oncorhynchus mykiss). In non-diazinon-exposed fish,
the triiodothyronine (T3) levels in serum and body weight index (BWI %) and spe-
cific growth rate (SGR) values were higher in fish supplemented with 2, 6 and 10 g
ORG/kg diet compared to control (non-ORG-supplemented fish) and fish fed 14 g
ORG/kg diet after 60 days feeding trial (P<0.05). Furthermore, the serum thyroxine
(T4) levels increased in fish fed 6 and 10 g ORG/kg diet compared to control and
those supplemented with 2 and 14 g ORG/kg diet (P<0.05). Fish supplemented with
14 g/kg ORG diet showed the lowest BWI %, SGR and serum thyroid hormones
(P<0.05). The lowest FCR values were observed in fish supplemented with 6 and
10 g ORG/kg diet (P<0.05). In diazinon exposed fish, thyroid hormones, BWI % and
SGR significantly declined during 60-day exposure to diazinon in control and ORG-
supplemented fish (P<0.05). However, these parameters were found to be higher in fish
supplemented with 6 and 10 g ORG/kg diet compared to other exposed fish (P<0.05).
FCR values significantly increased in control and fish supplemented with 2, 6 and 14 g
ORG/kg diet after exposure (P<0.05). The levels of cortisol were significantly elevated
during exposure to diazinon in control and fish supplemented with 2 and 14 g ORG/kg
diet (P<0.05). The glucose levels significantly increased in fish fed 6 and 10 g ORG/
kg diet (P<0.5). During exposure period, diazinon induced ranges of histological le-
sions in liver, and the severity of theses lesions was lower in ORG-supplemented fish
(P<0.05). In conclusion, ORG at optimum dietary levels (6—10 g/kg diet) could mod-
erate the growth suppressing effects, stress and tissue lesions induced by diazinon. In
addition, ORG at high dietary levels had toxic effects on fish metabolism.

Rafieepour et al. (2019) investigated the moderating effects of oregano extract
(Origanum vulgare L.) on oxidative stress and toxicity induced by organophosphate
pesticide, diazinon (0.287 mg/1) in rainbow trout (Oncorhynchus mykiss) by measur-
ing antioxidant and metabolic enzymes. In non-diazinon-exposed fish, the hepatic
levels of total antioxidant capacity (TAC) and antioxidant enzymes including super-



400 M. Alagawany et al.

oxide dismutase (SOD), catalase (CAT), and glutathione peroxidase (GPX) were el-
evated in fish supplemented with 6 and 10 g ORG/kg diet compared to control group
(non-ORG-supplemented fish). The supplementation of fish with 14 g ORG/kg diet
significantly decreased the hepatic antioxidant enzymes compared to control. The
acetylcholinesterase (AChE) activity and malondialdehyde (MDA) levels remained
unchanged in all groups throughout the experiment. The serum levels of hepatic
metabolic enzymes [(aspartate aminotransferase (AST), alanine aminotransferase
(ALT), and lactate dehydrogenase (LHD)] remained unchanged in all experimental
groups throughout the experiment. In diazinon-exposed groups, the activity of SOD,
GPx, and TAC in liver was elevated after exposure to diazinon in fish fed 2, 6, and
10g ORG/kg diet. The CAT activity increased only in fish supplemented with 6 and
10g ORG/kg diet. The levels of all antioxidant enzymes and TAC significantly de-
creased in control and fish supplemented with 14 g ORG/kg diet. The AChE activity
significantly declined in control and fish supplemented with 2 and 14 g ORG/kg diet.
After exposure to diazinon, the levels of MDA in liver increased in control and those
fed 2 and 14 g ORG/kg diet. In fish supplemented with 6 and 10 g ORG/kg diet, the
MDA levels showed no significant alternations during the experiment period. The
serum levels of AST, ALT, and alkaline phosphatase (ALP) elevated during exposure
to diazinon in control and fish supplemented with 2 and 14g ORG/kg diet, while
these enzymes showed no significant changes in fish fed with 6 and 10g ORG/kg
diet. Authors concluded that ORG at optimum dietary levels (6 and 10g ORG/kg
diet) could moderate the toxicity induced by diazinon in rainbow trout by enhancing
the liver antioxidant system and protecting the hepatocytes. Furthermore, the high
dietary levels of ORG caused toxic effects on antioxidant enzymes and hepatocytes,
a fact that shows the necessity to optimize its levels in the diet.

Beltran et al. (2018) evaluated the dietary supplementation with O. vulgare ex-
tracts in gilthead seabream (Sparus aurata) as a marine fish model due to its impor-
tance in aquaculture. The in vitro effects of aqueous and ethanolic leaf extracts of
O. vulgare were tested in order to observe any immuno-stimulative, cytotoxic, bacte-
ricidal or antioxidant properties. The results showed that medium or high concentra-
tion of aqueous extracts and low concentrations of ethanolic extract, increased head
kidney leucocyte activities as well as the number of SAF-1 cells. However, moderate
to high concentrations of ethanolic extracts decreased both leucocyte activities and
the number of viable SAF-1 cells, suggesting some possible toxic effects towards
them. Only the highest concentration of the aqueous extract and medium to high
concentrations of the ethanolic extracts showed cytotoxic activity against the tumor
PLHC-1 cell line. Bactericidal activity was only detected against Vibrio harveyi,
V. anguillarum and Photobacterium damselae when using the highest concentration
of aqueous extract and moderate to high concentrations of ethanolic extract. Finally,
both plant extracts presented antioxidant activity particularly the aqueous extract.
Overall, the results suggest that both extracts (when used at the appropriate concen-
tration) have immuno-stimulative, cytotoxic, bactericidal and antioxidant properties,
making O. vulgare an interesting candidate for incorporation as additive in func-
tional diets for farmed fish. The main findings associated to the supplementation of
oregano essential oil for fish are presented in Table 3.
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Table 3. The main findings associated to the supplementation of oregano essential oil for fish

References

Main findings

Studied species

Components of

oregano basic oil

Ferreira et al., 2016

Yigit et al., 2017

Rafieepour et al., 2020

Rafieepour et al., 2020

Rafieepour et al., 2019

Beltran et al., 2018

Increasing absorptive area of the in-
testine

Great deposition of glycogen in the
hepatocytes

Adverse influence of prolonged use
of oregano oil on the liver and kidney

Improved serum total protein, albu-
min and globulin, respiratory burst
activity, phagocytic activity and se-
rum lysozyme activity

Increased levels of serum thyroxine
(T4) levels and glucose levels (when
fed on 14 g/ kg diet)

Decreased BWI%, SGR and serum
thyroid hormones in (when fed at 14
g/kg diet)

FCR decreased in fish fed 6 and 10 g
Cortisol significantly elevated when
fish fed on 2, 14 g/kg diet

Total antioxidant capacity (TAC) and
antioxidant enzymes increased (when
fed on 6,10 g/kg diet)

The hepatic antioxidant enzymes de-
creased when fish fed on 14 g/kg diet
Hepatic metabolic enzymes, acetyl-
cholinesterase activity and malondi-
aldehyde were not affected

Potent immunostimulant, cytotoxic,
bactericidal and antioxidant proper-
ties

Yellow Tail Tetra Oregano oil

fish

Rainbow trout

Rainbow trout

Rainbow trout

Rainbow trout

Gilthead sea-
bream

Oregano oil

Origanum vulgare
extract (1%)

Origanum vulgare
extract
(6, 10, 14 g/kg diet)

Origanum vulgare
extract
(6, 10, 14 g/kg diet)

Origanum vulgare
extract

Conclusion

Oregano is a worldwide herb that is extensively used due to its medicinal activi-
ties against respiratory, digestive and urinary disorders in addition to dental caries
and rheumatoid arthritis. The aforementioned literature and its properties confirmed
that that Origanum vulgare feed additive can be used as natural growth promoters
(non-antibiotic type). Before the use of natural growth promoters, detailed infor-
mation about the composition, effectiveness, toxicity and residual analysis must be
considered. Phytogenic feed additives have antioxidant, antimicrobial, growth pro-
moting and immunostimulant impacts in animals and humans. Additionally, there
are significant positive effects of oregano oil on the increasing absorptive area of the

fish intestine.
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