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ABSTRACT

Carrot (Daucus carota) is one of the most important economical root vegetable crops worldwide

and the largest source of provitamin A and carotenoids in the human diet. Storage is a

prerequisite for a year-round supply of Carrot, but longer duration can affect its quality. Essential

oils also has diverse and relevant biological activities. This study was aimed towards isolating

the bacteria associated with rotted carrot, characterizing and isolating three bacteria isolate and

determining the antibacterial properties of selected essential oils against the isolates using Agar

well diffusion method. Suspected bacteria pathogens were isolated from a diseased carrot tuber,

the isolates were identified using biochemical and cultural characterization. Essential oils were

used in the antimicrobial sensitivity treatment using agar well diffusion method against the

isolated bacteria to determine the antibacterial property of the essential oils. The results showed

that Enterobacter sp., Pseudomonas sp. and Agrobacterium tumenfacien were the isolated

pathogenic bacteria from the carrot tubers. The essential oils which are (Neem oil, Tea tree oil

and Bergamot oil), showed no antibacterial activity on the isolated bacteria pathogens. Further

investigations can be done using essential oils against bacterial isolates but it should be extracted

from the plant source to avoid destroying its potential antimicrobial properties.
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CHAPTER ONE

INTRODUCTION
Carrot (Daucus carota) is one of the most important economical root vegetable crops worldwide

and the largest source of provitamin A and carotenoids in the human diet (Constance, 1971).

Mostly, it was cultivated for its nutritional status of α and β carotene, vitamins (A, B6, and K),

and minerals (Ca and potassium) with edible fiber (Heinonen, 1990). Naturally, it is grown in

temperate regions with high-humidity agroecosystems. Daucus carota is one of the most crucial

root vegetables in the family Apiaceae, which is cultivated worldwide. Current studies are

mainly focused on nutrient content, breeding, cultivation, increasing yield, tissue culture, and

regulating carotenoid synthesis.

The cultivated carrot can be mainly classified into the anthocyanin or eastern-type carrot (e.g.,

yellow or purple) and the carotene or western-type carrot (e.g., yellow, orange, or red) based on

the pigmentation in the roots (Banga, 1957). Western carrots are always cylindrical or tapered

cylindrical in shape and has less pubescent leaves, higher provitamin A carotenoid content, and

higher sugar content when compared to eastern carrots (Baranski et al., 2012). Eastern carrot

always have thicker, shorter conical roots, pubescent leaves and are poor in provitamin A

carotenoid content (Rubatzky et al., 1999).

Storage is a prerequisite for a year-round supply of Carrot, but longer duration can affect its

quality. After harvest, carrots are susceptible to a wide variety of spoilage organisms including

phytopathogenic fungi (Suojala, 2000) and many species of bacteria and yeasts (Snowdon, 1991).

Bacterial spoilage occurs when there is poor storage conditions or when the soil conditions are

wet (Farrar et al., 2000). Bacterial degradation of carrots begins at the crown or root tip and then

progresses rapidly through the core region (Towner and Beraha, 1976). Such spoilage is

characterized by a brownish flesh and smelly decay which could be extremely soft and slimy to

touch (Godfrey and Marshall, 2002).

Essential oil also known as “essence” or “volatile oil” is a mixture of complex volatile

constituent biosynthesized by many living organisms (Bauer et al., 2001). They carry a
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distinctive scent of the source plant and are generally extracted by steam distillation and other

processes like maceration, cold pressing, or solvent extraction. Essential oils (EOs), their

fractions and isolates are used in a large variety such as, in flavour and fragrance, food,

perfumery, cosmetics and toiletries, fine chemicals, pharmaceutical industries and therapy (Baser,

1995). EOs also has diverse and relevant biological activities. They are used in the medical field

due to their biocidal activities (bactericidal, virucidal and fungicidal) and medicinal properties.

Numerous studies have highlighted EOs antimicrobial effects even against multi-resistant

bacteria (Mayaud et al., 2008, Burt, 2004). Furthermore, EOs have been used as a cleaning liquid

for disinfecting medical equipment and surfaces (Warnke et al., 2009) or as an aerosol in

operating blocks and waiting rooms for air cleaning to limit contaminations (Billerbeck, 2007).

They could also provide a pleasant feeling of psychic comfort for patients as a result of their

pleasant odor. Use of EOs as food preservatives has also been described (Burt, 2004, Tiwari et

al., 2009).

1.1 AIM AND OBJECTIVES
The aim of this study was to investigate the antibacterial properties of essential oils against

bacteria isolated from rotted carrots. The specific objectives were to;

I. Isolate the bacteria associated with rotted carrot.

II. Characterize and identify three bacteria isolate.

III. Determine the antibacterial properties of selected essential oils against the isolate

using the Agar well diffusion method.
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CHAPTER TWO

LITERATURE REVIEW

2.1 Overview of Research
Carrot (Daucus carota L.) is a biennial herbaceous species that is a member of the Apiaceae

family (Mandrich et al., 2023). It is among the most widely cultivated root vegetables in the

world. The root, the stem, and the umbel make up a carrot. The stalk beneath the white flower

canopy is approximately one meter tall. The portion of the carrot that is most frequently

consumed is the root; it is tasty, big, and has a good shelf life. The pulpy outer cortex, or phloem,

the inner core, or xylem, and the peel, or periderm, combine to produce the root. (Mandrich et al.,

2023).

Carrots are divided into eastern and western varieties according to the color of their roots

(Heywood, 1983). Only a small percentage of eastern carrots have yellow roots; the majority

have purple roots. Conversely, the roots of western carrots can be orange, red, or white.

Based on the first molecular investigation about carrot domestication, it was believed that the

western-type cultivated carrots directly came from the eastern-type carrots (Lorizzo et al., 2013).

Heywood, on the other hand, believed that western-type cultivated carrots did not directly come

from eastern-type carrots (Heywood, 1983). He summarized the theory that the domestication of

western-type cultivated carrots involved a subsequent domestication event. A recent study

suggests that genetic improvement from wild carrots may also be the source of western-type

orange carrots from eastern carrots (Rong et al., 2014).

The most well-researched and well-known D. carota L. subspecies are D. carota subsp. Sativus,

also known as the domestic carrot, and D. carota subsp. carota, well known as the wild carrot.

The primary differences between these subspecies are in the color and thickness of the roots as

well as in flavor. Domestic carrot roots come in a variety of color, ranging from purple to white.

They taste sweet and are thick. Queen Anne's lace, another name for wild carrots, are bitter-

tasting plants with thin, white roots (Heywood, 1983).

There is a common misconception that domestic carrots are directly descended from wild carrots.

Moreover, this belief is supported by their shared characteristics, which include the way they

grow, the scent, and the design on the leaves (Carrot, 2011). Wild and domestic carrots intercross
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freely, and they are predominantly cross-pollinated by a large diversity of insects, so the gene-

flow frequency may be very high when both the spatial distribution and flowering overlap.

Recently, a review reported several studies performed on the biology and origins of carrots, their

cultivation, their chemical composition, and “omic” analyses (Que, 2019), supporting their

abundant contents, including beneficial nutrients for human health. For instance, as with other

fruits and vegetables, the consumption of carrots is recommended by global dietary guidelines

advocating five portions of fruits and vegetables per day (Sadler, 2019).

2.2 HISTORY OF CARROT
A prevalent issue during the early days of carrot cultivation was the mix-up of parsnip and carrot.

When Linnaeus published Species Plantarum in 1753, establishing scientific nomenclature, the

difference between the two was finally made clear. He dubbed parsnips Pastinaca sativa and

carrots Daucus carota, a combination of Greek and Latin names.

It was Galen who first distinguished between carrot and parsnip (Pastinaca) in the second century

CE by using the terms Daucus and Carota. Galen's statement that the domestic carrot is a better

food source than the wild one indicates that Carota was domesticated.

Carrots were initially grown in the Persian Empire, then in the Iranian Plateau (Afghanistan,

Pakistan, and Iran). The main criterion for domestication selection was color and flavor. Over the

course of domestication, the color of the roots changed dramatically. While the first

domesticated carrots were either purple or yellow, wild carrots are white or pale yellow. The

domesticated types were divided into two subgroups: Eastern/Asiatic Group (var. altorubens)

and Western Group (var. sativus) as described by (Harris 1990).

The Eastern/Asiatic group, the original domesticates, have anthocyanin-pigmented roots, purple,

pink, or orangey-yellow, that are often branched, with pubescent slightly dissected leaves that

give the plant leaves a grey green appearance. Plants are prone to early flowering. The center of

diversity was the Himalayan-Hindu Kush region (Kashmir-Afghanistan) and around Turkestan

(Mackevic, 1929; Heywood, 1983).

The purple varieties grow erratically and have poor quality storage. Cooking causes the

anthocyanin-based purple/red pigment to turn brown, staining hands and kitchenware. With

unbranched, carotenoid-pigmented roots that are yellow, orange, or red, and sometimes white,

the Western group evolved later. The leaves are bright yellowish green, slightly hairy, and
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heavily dissected. Before bolting, plants need a prolonged period of exposure to cold conditions.

The Anatolian region of Asia Minor (Turkey) and Iran is the center of diversification for the

western carrot. Discovering orange carrots in wild germplasm may indicate Turkish ancestry

(Simon, 2000). Due to human desire and selection, these orange varieties replaced the purple

varieties throughout Europe and the Mediterranean by the 17th century. Their better taste,

adaptability, and nutritional content also served as the foundation for contemporary commercial

cultivars worldwide. Because of this, the bulk of contemporary commercial cultivars of carrot

are thought to have originated in temperate Europe and Asia Minor/Mediterranean basin

(Turkey). Carotenoids, carotene, and xanthophyll are pigments that are attached to plastids that

give western carrots their characteristic yellow/orange color. Carotene and xanthophyll are the

primary pigments found in minor amounts in white carrots. It was stated that mutation was the

source of the yellow and white varieties.

Purple carrots contain anthocyanins, a powerful antioxidant, whilst red contain lycopene, good

for eye health, and also found in tomato (Rubatzky et al., 1999). A diverse gene pool appears to

have contributed to both selection and mutation in the development of the contemporary carrot.

These include cultivated white-rooted wild carrot derivatives (cultivated as therapeutic plants

since classical times), yellow-rooted eastern carrots, and wild, unselected populations from

Europe and the Mediterranean (Banga, 1957, 1963; Heywood, 1983). Orange carrots probably

arrived from mutations of yellow forms, and then from human selection, commonly thought to

be originated in the Netherlands.

2.3 NUTRITIONAL CONTENT OF CARROT
It has been established that the moisture content varies between 86 and 89%. Carrots have been

shown to contain minerals such as iron (Fe), manganese (Mn), calcium (Ca), phosphorus (P),

potassium (K), magnesium (Mg), and sodium (Na). There have also been reports of trace

amounts of zinc (Zn, 0.2 mg/100 g) and copper (Cu, 0.02 mg/100 g). Among them, varying

amounts of iron, sodium, and magnesium have been noted based on the type of carrot.

Furthermore, one of the key factors that determine this vegetable's quality is its mineral content

value (Sharma, 2012).

Carrots also include tiny amounts of starch and fiber along with simple sugars like fructose,

glucose, and sucrose (Yusuf, 2021). The contents of carrot cultivars may vary, and
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environmental and storage circumstances might have an impact (Sistrunk, 1967). Thus, the carrot,

as with other vegetables, is considered a source of prebiotics by CODEX Alimentarius (Yusuf,

2021). Carrots have a high dietary fiber content as well. Dietary fiber is beneficial to human

health since it lowers cholesterol, promotes intestinal health, and lowers the risk of heart disease.

Carrot roots include cellulose as the primary source of crude fiber, with smaller amounts of

hemicellulose and lignin (Sharma, 2012). Furthermore, it has been discovered that the cellulose

concentration varies based on the variety of carrot, ranging from 35 to 48%. Additionally, very

minute concentrations of lactic acid, glycolic acid, succinic acid, and α-ketoglutaric acid have

been found. According to reports, fresh carrots typically contain 40 and 0.41 mg/100 g of nitrate

and nitrite, respectively. However, significant levels of thiamin, riboflavin, niacin, folic acid, and

vitamin C have also been identified (Miedzobrodzka, 1992). Furthermore, carrot roots are a good

source of anthocyanins; the major ones have been identified as cyanidin 3-(2-xylosylgalactoside),

cyanidin 3-xylosylglucosylgalactoside, and cyanidin 3-ferulylxyloglucosyl galactoside. Their

contents can vary from trace amounts in pink cultivars to 1750 mg/kg in black carrots. On the

other hand, the flavor of carrots is mostly caused by the glutamic acid concentration and the

buffering effect of free amino acids.

Carrot roots are also a good source of vitamins, whose levels are another crucial factor used to

determine the vegetable's quality along with its mineral content (Szczepanek, 2015). The two

main vitamin types found in carrot varieties are vitamin E (191–703 μg/100 g), derived from α-

tocopherol and essential for cell signaling, gene expression, and cell membrane stability in the

human body, and vitamin A (derived from β-carotene), which can boost immune system

functions and play a significant role in the prevention of night blindness (Luby, 2014).

Additionally, carrot cultivars are high in vitamin B derivatives (pyridoxine, thiamine, riboflavin,

and cobalamin), which are critical for brain and digestive system functions as well as cell growth

(Naidu, 2003).

Carrots, however, are a great source of organic acids. Of them, ascorbic acid, or vitamin C,

is the most well-known. Because of its strong antioxidant properties, it helps to regulate blood

pressure, avoid iron shortage, and strengthen the immune system. Gallic acid operates as an anti-

mutagenic agent, whereas benzoic acid and hydroxycinnamic acid exhibit antibacterial and anti-

inflammatory properties, respectively. Many additional compounds, however, assist normal
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bodily processes. Additionally, iron absorption is stimulated by acetic, succinic, citric, lactic, and

malic acids, as well as their salts (Yusuf, 2021).

Carrots are also a good source of C17-polyacetylenes (PAs), which are oxylipins generated

from dehydrocrepenynic and crepenynic acids. These are also referred to as "unusual"

polyunsaturated fatty acids. The PAs falcarinol, falcarindol, and falcarindol-3-acetate have been

shown to be the most prevalent in carrots. Depending on the source (wild or farmed orange

carrot), storage duration, age, physiological stage, and root size, the total PA contents and their

relative distribution can change (Dawid, 2015).

2.4 CAROTENOIDS
Beyond their use as natural hues in food, carotenoids are important because they are increasingly

linked to biological processes and activities. Carotenoids are found inside cells, where they

regulate gene expression and impact biological processes such as platelet activation and

monocyte adhesion inhibition (Rock, 1997). These biological effects have been linked to

carotenoids' antioxidant properties, which deactivate free radicals and quench singlet oxygen,

and are independent of pro-vitamin A activity (Krinsky, 1989; Palozza and Krinsky, 1992).

Carotenoids are often divided into two categories in food: carotenes and xanthophylls.

Carotenoids give food an appealing red or yellow color and improve its quality. The carotenoids'

structures can either be acyclic or have a ring with five or six carbons at one or both of the

molecule's ends (Carle and Schiber, 2001).

Carotenoids are important micronutrients for human health (Castermiller and West, 1998). The

total carotenoids content in the edible portion of carrot roots range from 6,000 to

54,800 μg/100 g (Simon and Wolff, 1987). The main physiological function of carotenoids is a

precursor of vitamin A (Nicolle et al., 2003). Over the last ten years, carotenoids, like β-carotene,

have garnered significant interest due to their potential to provide protection against specific

types of cancer (Bast et al., 1996; Santo et al., 1996; Van, 1996). In human system, the

physiological activity of α- and β-carotene has been 50 and 100% of the pro-vitamin A activity,

respectively (Panalaks and Murray, 1970; Simpson, 1983) and one molecule of β-carotene yields

two molecules of retinol in human system. Increased immunity and a lower risk of degenerative

diseases like cancer, heart disease, age-related macular degeneration, and cataract development

have been associated with carotenoids (Mathews-Roth, 1985; Bendich and Olson, 1989;
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Krinsky, 1990; Byers and Perry, 1992; Bendich, 1994; Krinsky, 1994; Faulks and

Southon, 2001). Carotenoids have been identified as a potential inhibitor of Alzheimer’s disease

(Zaman et al., 1992).

Carrots' biological and therapeutic effects may be attributed to their high concentration of

antioxidant carotenoids, particularly β-carotene. It has been observed that carrots are good in

removing uric acid and have diuretic and N-balancing qualities (Anon, 1952). Carotenoids are

shown to suppress carcinogenesis in mice and rats and may have anticarcinogenic properties in

humans based on a multitude of animal trials and epidemiological studies. Within biological

systems, β-carotene has antimutagenic, chemopreventive, photoprotective, and

immunoenhancing qualities in addition to acting as a single oxygen quencher and free radical

trapper (Deshpande et al., 1995). Carrot intake may also enhance the immune system, protect

against stroke, high blood pressure, osteoporosis, cataracts arthritis, heart diseases, bronchial

asthma and urinary tract infection (Beom et al., 1998; Sun et al., 2001; Seo and Yu, 2003).

Carotenoids also act as free-radical scavengers and are very important for health (Bast et

al., 1998; Bramley, 2000). (D’Odorico et al., 2000) have shown that the presence of α- and β-

carotene in blood has a protective effect against atherosclerosis. (Nicolle et al., 2003) has

demonstrated that high carotenoid diets are associated with a reduced risk of heart disease.

2.5 PHENOLICS

The physiological properties of phenols, also known as polyphenols, such as their anticancer,

antioxidant, and antimutagenic properties, have drawn a lot of attention. According to reports,

they could be a viable option to fight free radicals, which are bad for our bodies and food

systems (Nagai et al., 2003). Although, phenolic compounds do not have any known nutritional

function, they may be important to human health because of their antioxidant potency (Hollman

et al., 1996). Phenolics are ubiquitous plant components that are primarily derived from

phenylalanine via the phenylpropanoid metabolism (Dixon and Paiva, 1995). Phenolics in carrots

are present throughout the roots but are highly concentrated in the periderm tissue (Mercier et

al., 1994). Two major classes of phenolics are hydroxycinnamic acids and para-hydroxybenzoic

acids (Babic et al., 1993). Furthermore, Zhang and Hamauzee (2004) investigated the antioxidant

characteristics and distribution of phenolic compounds in carrots and discovered that the

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3550877/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3550877/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3550877/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3550877/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3550877/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3550877/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3550877/
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majority of them were hydroxycinnamic acids and their derivatives. One of the most important

hydroxycinnamic acids among them was chlorogenic acid, which accounted for 42.2–61.8% of

all phenolic compounds found in the various carrot tissues. The tissues with decreasing phenolic

contents were peel, phloem, and xylem in that order. Carrot peel could supply 54.1% of total

phenolics, compared to 39.5% from phloem tissue and just 6.4% from xylem tissue, even though

it only made up 11% of the fresh weight of the carrot. The degree of antioxidant and radical

scavenging activity declined in relation to phenolic concentration in various tissues. These

results showed that carrots and other hydroxycinnamic derivatives, such dicaffeoylquinic acids

and chlorogenic acid, may have significant antioxidant qualities due to the presence of phenolics.

Carrot peel, which is handled as waste in the processing sector, has a greater amount of phenolics

and antioxidant characteristics, therefore it may be evaluated for value-added usage. Oviasogie

et al., (2009) have reported that the total phenolic content in carrot is 26.6 ± 1.70 μg/g. Total

phenols in violet carrot juice have been reported to be 772 ± 119 mg/l (Karakaya et al., 2001).

2.6 DIETARY FIBER

Dietary fiber is a complex carbohydrate that is indigestible and present non plant structural

elements. They have no calorific value since they are not absorbed by the body, but eating a diet

high in fiber has numerous health benefits, such as preventing constipation, controlling blood

sugar, preventing heart disease, lowering high blood pressure, and preventing some types of

cancer. Based on their solubility, fibers are divided into soluble and insoluble categories. Soluble

fibers include non-cellulosic polysaccharides including pectin, gums, and mucilage, while

insoluble fibers are mostly made up of cell wall components like cellulose, hemi-cellulose, and

lignin (Yoon et al., 2005). Carrots are high in dietary fibers (Bao and Chang, 1994) and these

fibers play an important role in human health (Anderson et al., 1994) and diets rich in dietary

fibers are associated with the prevention, reduction and treatment of some diseases such as

diverticular and coronary heart diseases (Anderson et al., 1994; Gorinstein et al., 2001;

Villanueva-Suarez et al., 2003). Nawirska and Kwasniewska (2005) have reported the

composition of dietary fiber constituents in the fresh carrot on dry weight basis as pectin (7.41%),

hemi-cellulose (9.14%), cellulose (80.94%) and lignin (2.48%). Dietary fibers are advantageous

for their functional and technological qualities in addition to their nutritional value, which makes

them suitable as food ingredients (Thebaudin et al., 1997; Schieber et al., 2001).

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3550877/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3550877/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3550877/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3550877/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3550877/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3550877/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3550877/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3550877/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3550877/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3550877/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3550877/
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2.7 HEALTH BENEFITS OF CARROT

2.7.1 ANTIOXIDANT, ANTICARCINOGEN, AND IMMUNOENHANCER BENEFITS

Carotenoids, polyphenols, and vitamins, among other ingredients, have anti-oxidant, anti-

carcinogenic, and immune-boosting properties. Orange carrots contain abundant amounts of

carotenoids, which are strong antioxidants that can counteract the effects of free radicals. It has

been demonstrated that they reduce mutagenesis activity, which lowers the likelihood of

developing some malignancies (Dias, 2012). Carrot roots contain flavonoids and phenolic

derivatives, which have been shown by Zhang and Hamauzuet (2004) to have significant

antioxidant properties. Moreover, they lessen inflammatory insult, have anticarcinogenic

properties, and alter immunological response (Dias, 2012).

Zaini et al., (2011) reported the anti-carcinogenic effect of carrot juice extracts on myeloid and

lymphoid leukemia cell lines. After extracting carrot juice for 72 hours, leukemia cell lines and

non-tumor control cells were subjected to in vitro study. In leukemia cell lines, it was found that

carrot juice extract might induce apoptosis and cause cell cycle arrest. The impact on myeloid

and hematopoietic stem cells was less pronounced. The researchers hypothesised that the

presence of β-carotene and falcarinol in the carrot juice extract could be the cause of the

advantageous effect of "killing" leukemia cells and preventing their spread.

Carrots have anti-clastogenic properties against human lymphocytes and Chinese hamster ovary

(CHO) cells, according to research by Darroudi et al., (1988).

The effect of carrot and its component falcarinol against the development of azoxymethane

(AOM)-induced colon preneoplastic lesions in rat colon was investigated by Kobaek-Larsen. The

rats were given a variety of treatments, including AOM treatment, carrots, and extracted

falcarinol from carrots. The tumors and aberrant crypt foci (ACF) in the rats fed carrot and

falcarinol were significantly reduced, according to the data. According to the researchers'

findings, a diet rich in carrot and falcarinol may be able to prevent or slow the growth of colon

cancer and big ACF tumors (Kobæk-Larsen et al., 2005).
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According to Purup et al., (2009), carrot extracts with varying concentrations of falcarinol,

falcarindiol, and falcarindiol 3-acetate significantly slowed the growth of cancer and normal cells.

According to the study, carrots may contain aliphatic C17-polyacetylenes that have anti-cancer

properties. Additionally, the bioactivity of these polyacetylenes may be influenced by their

synergistic interactions. According to other studies, falcarinol destroys precancerous cells in

tumors by exhibiting cytotoxic action against a number of human tumor cell lines in vitro

(Matsunaga et al., 1990).

Using 24 albino rats, Ekam et al., (2006) evaluated the immunomodulatory effect of carotenoid

derived from carrots. It was determined what percentage difference there was in the platelet

count, eosinophils, monocytes, and lymphocytes. It's interesting to note that rats given

carotenoids had far higher concentrations of platelets, eosinoplils, lymphocytes, and monocytes.

The α- and β-carotenoids in carrots were responsible for the positive outcome.

Vision issues might arise from the deterioration of the photoreceptors in the eyes caused by a

vitamin A deficiency. The carotenoid in carrots with the highest provitamin A activity, β-

carotene, protects against macular degeneration and the development of senile cataracts, the

primary cause of blindness in the elderly. It also helps to preserve eyesight, particularly at night

(Dias, 2012). Carrots are known to be beneficial for the eyes, and eating carrots high in β-

carotene may help recover vision. One of the best foods for provitamin A is carrots, and eating a

lot of them has been associated with a marked reduction in the risk of post-menopausal breast

cancer (Swamy et al., 2014).

Additionally, studies have shown that eating carrots more than thrice a week lowers the

incidence of lung cancer in smokers (Pisani et al., 1986), and a diet high in beta-carotene may

protect against prostate cancer as well (Wu et al., 2004). Hung et al., (2006) have also reported

on the protective properties of carotenoids, antioxidant polyphenols, and dietary fibers against

carcinomas, including bladder cancer.

Carrots have β-carotene and other carotenoids in addition to vitamins C and K, thiamin (B1),

riboflavin (B2), pyridoxine (B6), and folates (B9), which are important for the metabolism of

proteins, carbohydrates, and healthy growth (Dias, 2012).
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While vitamin K aids in the process of blood clotting, vitamin C encourages the absorption of

non-heme iron and is necessary for battling infections. Our nervous system and mental attitude

benefit greatly from thiamin (B1); riboflavin is required for red blood cell formation and

respiration; pyridoxine prevents homocysteine from being formed and lowers the risk of heart

disease; and folates may lower homocysteine levels, which may lower the risk of a heart attack.

Elevated homocysteine levels have been linked to a higher risk of artery hardening brought on by

the buildup of fatty plaques. Additionally, it guards against birth abnormalities in infants (Dias,

2012).

2.7.2 WOUND HEALING BENEFITS

In an excision wound model, Patil et al., (2012) observed that mice treated with topical cream

prepared at different doses of ethanolic extract from carrot root showed substantial decreases in

wound area, epithelization duration, and scar breadth, in contrast to the animals in the control

group.

Concurrently, it was observed that animals administered a topical cream formulation containing

an ethanolic extract of carrot seeds showed notable improvements in wound tensile strength,

hydroxyproline content, and protein content (Patil et al., 2012). The antibacterial and antioxidant

properties of the carrot root's ethanolic extract, which mostly consist of flavonoids and phenolic

derivatives, may also be responsible for the healing effect.

2.7.3 HEPATOPROTECTIVE AND RENOPROTECTIVE BENEFITS

Bishayee et al., (1995) observed that carrot extract shields the liver from acute damage caused by

the harmful effects of environmental pollutants. In this investigation, the impact of carrot extract

on acute liver injury in mice produced by carbon tetrachloride (CC14) was assessed. The pre-

treatment with the carrot extract considerably reduced the elevated serum enzyme levels by

CC14-induction. The administration of CC14 resulted in higher serum bilirubin and urea

concentration, which were reduced by the carrot extract. Carrot extract reversed the dose-

responsive reduction in CCl4-produced succinic dehydrogenase, glucose-6-phosphatase, and

cytochrome P-450, as well as the increased activities of hepatic 5'-nucleotidase, acid phosphatase,

and acid ribonuclease. The researchers came to the conclusion that the outcome showed that
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carrot might provide a notable protective activity in the reduction of hepatocellular acute damage

generated by CCl4 (Bishayee et al., 1995).

In four biofortified flesh carrot cultivars (purple/orange, purple/orange/red, orange/red, and

orange), Mills et al., (2008) assessed the potential effects of bioactive substances on the

provitamin A bioefficacy and antioxidant capacity in the liver of Mongolian gerbils. When

Mongolian gerbils were fed colorful flesh carrots instead of white flesh carrots and vitamin A

supplemented groups, the authors found that the liver's antioxidant potential and vitamin A

reserves were higher in the former group (Mills et al., 2008).

Carrot root extract's renoprotective effects on acute renal ischemia reperfusion injury in rats were

investigated by Mital et al., (2011). Malondialdehyde levels were dramatically elevated in rats

with renal reperfusion injury, while superoxide dismutase, catalase, and glutathione activity were

significantly reduced. According to the study, one of the processes underlying the kidney

damage caused by ischemia reperfusion is the reduction of free radical scavenging activity,

which is why carrot extract exhibits renoprotective efficacy against ischemia reperfusion-induced

kidney acute injury (Mital et al., 2011).

2.8 DISEASES OF CARROT

2.8.1 ALTENARIA BLACK ROT

Carrot black rot was initially documented in 1888 and was widespread in Denmark and other

northern European nations (Rostrup, 1888). The fungus Sporidesmium exitiosum (Kühn) v. dauci

(Kühn) 1855 (syn. Alternaria dauci), which causes Alternaria leaf blight, was wrongly blamed

for the illness at the time. The illness was initially discovered in 1918 in Washington, DC, and

Long Island, New York, where it resulted in large losses in carrots kept in cold storage and

during transportation. Subsequent research properly identified a novel species of Alternaria as

the causative culprit (Simmons, 1995). Since these first reports, black rot has been documented

in every major global location that grows carrots. While there are no accessible statistics

regarding the yearly losses attributed to black rot, field studies reveal significant damage.

Up to 88% of disease incidence on mature plants was observed by Coles and Wicks (Coles and

Wicks, 2003) in a few South Australian areas. (Pryor et al., 1998) conducted a survey of eight
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fields in the Cuyama Valley of California and found that the disease incidence on mature plants

ranged from 63 to 99%. Due to severe petiole deterioration, whole fields were abandoned in

some of the California cases before harvest. Estimates of disease incidence from marketplaces

and storage facilities also show how common black rot is. For instance, research done on carrot

shipments from New York farms between 1918 and 1926 showed infection rates as high as 62%

(Meier et al., 1922). Black rot on stored carrots ranged from 1 to 50% on average, according to

surveys done in Europe and Asia (Geeson et al., 1988).

Causal agent:

The fungus Alternaria radicina is the cause of black rot in carrots (Ellis and Holiday, 1972).

Asexual conidia, which are abundantly formed on upright conidiophores with one to three

geniculate conidiogenous sites each, are used for reproduction. Conidia are generally dark olive-

brown to natal brown, broadly ellipsoid to ovoid, 20–50 × 10–25 µm, with one–three longisepta

and two–five transepta in any or all segments, with the exception of the basal and apical

segments, which are typically septa-free. Conidia are borne singly or occasionally in chains of

two. Conidia rarely grow into a long, narrow shape that is broadly ellipsoid to obclavate,

measuring 50–65 × 15-20 µm, with one or two longisepta and seven–eight transepta in most

segments (Groves and Skolko, 1944). Sexual reproduction by A. radicina is not known to occur.

A. radicina is the representative species for the radicina species-group of Alternaria fungi (Pryor

et al., 2002).

Carrot roots with black rot are characterized by depressed, dry lesions that are black in color.

Carrots stored in cold storage are particularly vulnerable to the disease, as lesions can grow

rapidly, decompose the entire root, and spread to neighboring carrots (Rostrup, 1888). A.

radicina, however, can infect the majority of carrot tissues. Since the fungus is spread by seeds,

planting carrot seeds contaminated with A. radicina frequently starts the disease cycle (Meier,

1922). A. radicina infects the hypocotyl during seed germination, causing preemergence

damping-off and a black necrosis of the growing seedling (Mounce and Bosher, 1943).

As newly emerged seedlings become infected at or close to the soil line, post-emergence

damping-off takes place. After that, the fungus sporulates, and the spores infect other seedlings

through wind, irrigation water, or rain, lowering stands and yields. A. radicina can infect carrot

plants at any stage of growth in the right circumstances. Vigorously growing carrot plants are

generally more resistant to infection once they have passed the seedling stage. Plants are
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vulnerable to A. radicina infection once more after they grow to a marketable size. The carrot

crown can become infected by older, senescing petioles, which are especially prone to A.

radicina infection and colonization. This causes a black ring of deterioration to form at the

petiole attachment points; this distinctive symptom gave rise to the term "black crown" for

carrots.

A. radicina infections in the field frequently stay limited to the petioles and carrot crown. While

the quality of the carrot root is not always affected by these illnesses, deterioration of the petioles

and crown can make mechanical harvesting difficult. Petiole infections can get so bad that they

force farmers to leave entire fields before they can be harvested.

A. radicina can produce foliar blight when the disease conditions are ideal, since it spreads from

the crown to the canopy. Small necrotic areas that may have a chlorotic edge surrounding them

initially manifest as symptoms. Entire leaflets or leaves may have a black necrosis when lesions

grow and fuse together. Because of their decreased ability to photosynthesize, these blighted

carrots have smaller roots and a lower yield as a result. Carrot root infection can also result from

crown infection. In these situations, the top section of the root develops necrosis, which has the

potential to spread to the lower root sections.

Although A. radicina can also cause carrot root infections below ground, storage roots seem to

be rather resistant to this kind of infection (Maude, 1996). Abrasions like insect or mechanical

damage can lead to belowground diseases. Carrots with visible huge black lesions during sorting

will be removed if root infections emerge early in the growing season.

Potential sources of inoculum during storage could arise from later-season carrots that did not

exhibit apparent lesions at harvest. One of the main ways that A. radicina damages crops

economically are when they are being stored (Maude, 1966). Carrots are grown in warmer areas

and preserved for up to 200 days, depending on the climate in which they are grown. As low as -

0.6°C can cause A. radicina to infect carrot tissue, as long as the humidity level stays high. The

development of black rot and the growth of A. radicina are thus made possible by the cold, damp

conditions that come with storing carrots for an extended period of time. If the infection spreads

widely, it might eventually infect every carrot in a storage bin.

A. radicina can coexist with crop detritus in the interim between carrot crops. The fungus

sporulates on infected waste when conditions are right, and the spores infect newly planted carrot

crops. Long after the infected plant material has decomposed, A. radicina can continue to exist in
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the soil as conidia (Pryor et al., 1998). For instance, in soils infected with A. radicina that had

not been planted with carrots in up to 8 years, carrots developed black rot (Maude and

Bambridge, 1991).

2.8.2 SCLEROTINIA ROT

Sclerotinia rot of carrot is a destructive disease, both in the field and during storage, throughout

carrot production worldwide (Rubatzky et al., 1999; Kora et al., 2003). The disease causes

severe losses by 50–100% during long-term storage (Finlayson et al., 1989). The disease-causing

necrotrophic homotallic fungus, Sclerotinia sclerotiorum, affects 408 distinct plant species from

278 genera and 75 plant families (Boland and Hall, 1994). Depending on the environmental

conditions, which include several biological and physical elements, the fungus can live in soil as

dormant sclerotia for up to 10 years (Harvey et al., 1995; Liu et al., 2017).

According to Huang and Kozub (1993) and Liang et al., (2010), mature sclerotia can germinate

carpogenically to produce apothecia or myceliogenically to produce mycelia. Out of all the

cultivated carrot varieties, there is currently no cultivar that is resistant to S. sclerotiorum (Kora

et al., 2005). The most widely used fungicide to prevent sclerotinia rot in carrots is synthetic

chemical fungicide; unfortunately, there isn't a commercial fungicide that can stop the disease

during its storage stage (Hildebrand et al., 2008).

On the other hand, persistent use of chemical fungicides promotes the emergence of resistant S.

sclerotiorum strains (Chen et al., 2011). Many of these artificial fungicides also have lengthy

degradation times, toxicity, and carcinogenic qualities. Additionally, growing worries about

pesticide residues on storage goods have prompted researchers to look at novel, alternative

methods for managing postharvest infections by lowering disease incidence (Bautista-Banos et

al., 2006).

2.8.3 BACTERIAL SOFT ROT

Pectobacterium species are plant pathogenic bacteria that are Gram-negative and are

members of the Pectobacteriaceae family. Along with Dickeya species, these bacteria are the

primary cause of diseases including blackleg, soft rot, and aerial stem rot in potatoes, as well as a

variety of vegetables like celery, carrots, and tomatoes, as well as several crops that are stored

and grown in fields across the globe (Perombelon and Kelman, 1980). These bacteria's capacity
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to produce and secrete large amounts of a variety of extracellular plant cell wall-degrading

enzymes (PCWDE, exoenzymes), such as pectate, lyases (Pel), polygalacturonases (Peh),

proteases (Prt), and cellulases (Cel), is what gives them their virulence and pathogenicity. These

enzymes cause extensive tissue maceration, rotting, and ultimately the death of the entire plant

(Barras et al., 1994).

The symptoms of bacterial soft rot include pitting along the taproot, soft decay of sections

or the entire taproot, and decay that frequently advances from the taproot tip to the crown. When

pitting happens, the lesions are sunken, becomes dull orange, and the affected tissues' epidermis

either rots or is left intact. Pectin-degrading enzymes dissolve the middle lamella between the

cells in affected tissues, causing the tissue to collapse into a soft mass. In certain cases, a soft rot

develops that preserves the epidermal tissue while the entire core rots (Towner and Beraha,

1976). The odor of infected tissue is generally not foul unless secondary organisms invade.

Pathogenicity of soft rot and the generation of exoenzymes Comprehensive networks of

positive and negative regulatory proteins are involved in the transcriptional and

posttranscriptional processes that govern Enterobacteriaceae in a coordinated manner. Both the

pathogen's and the host's chemical signals, among other physiological and environmental

variables, have an impact on this control (Collmer and Keen, 1986).

Bacterial soft rot, caused by Pectobacterium carotovorum was reported as the most common

causal organism for the soft rot disease (Mansfield et al., 2012). The bacterial soft rot pathogen

can infect a wide variety of vegetables, including lettuce, potatoes, carrots, and cabbage (Walker,

1998). Previously, bacterial soft rot of vegetables was managed through a variety of techniques,

such as formaldehyde fumigation of a storage building (Walker, 1998), cleaning of the storage

house with formaldehyde solution, calcium hypochlorite, or sodium hypochlorite (Bhat et al.,

2010), and treatment with certain salts such as aluminum acetate, copper sulphate pent hydrates,

and alum (Mills et al., 2006).

This disease limits the pre and post-cultivation of carrots and results in significant losses to the

crop. The disease spreads by cuts and contaminated seed inoculum from harvest to storage

settings due to incorrect crop handling during transportation combined with an unbalanced air

environment (Phillips, 1991). Preventing infections in the field and losses during storage and

transportation are essential for achieving a rise in production.
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Figure 1: Pitting of carrot caused by the bacterium Erwinia carotovora subsp. Carotovora

(Source: Davis, 2004).

2.9 ESSENTIAL OILS
Researchers are looking for new sources of broad-spectrum biocides since microbes are

becoming more resistant to traditional chemicals and medications (Abad et al., 2007). Plants and

their byproducts, such as essential oils (EOs), have been utilized in traditional medicine since

ancient times. EOs is crucial for protecting plants in the natural world. Additionally, they might

draw in some insects to aid in the spread of seeds and pollen or repel other unwanted insects.

Consequently, EOs may operate as a mediator in how plants interact with their surroundings

(Bakkali et al., 2008).

As secondary metabolites, aromatic plants release concentrated natural compounds with potent

scents known as essential oils. Although diterpenes (C20) may also be present, these oils are

mainly composed of terpenoids, particularly monoterpenes (C10) and sesquiterpenes (C15).

Numerous additional molecules can also be found, including homologues of phenylpropanoids,

uncommon compounds containing nitrogen and sulfur, acids, alcohols, aldehydes, aliphatic

hydrocarbons, acyclic esters, and lactones. EOs are soluble in lipids and organic solvents with a

density less than water. They are liquid, volatile, limpid, and colored. All plant parts, such as

buds, blossoms, leaves, seeds, twigs, stems, blooms, fruits, roots, wood, or bark, may contain
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them, although secretory cells, cavities, canals, glandular trichomes, or epidermic cells are

typically where the plant stores them. Essential oils (EOs) are derived from a variety of fragrant

plants that are typically found in warm, temperate regions of the world, where they are

frequently a significant component of customary pharmacopoeias. These plants are frequently

used in food preservation and as analgesics, sedatives, anti-inflammatories, spasmolytics, and

local anesthetics. They may be well-known for their antioxidant benefits as well as their

antiseptic and therapeutic qualities and smell (Chorianopoulos et al., 2008).

Numerous secondary metabolites found in EOs have the ability to prevent or reduce the growth

of mold, yeast, and bacteria. The targets of the EOs and their constituents are diverse, especially

the cytoplasm and membrane; in rare cases, they even entirely change the shape of the cells (Burt

and Reinders, 2003).

2.9.1 ACTIVITY OF ESSENTIAL OILS AGAINST BACTERIA

In general, Gram-negative bacteria have greater resistance to EOs in comparison to their Gram-

positive counterparts. The differences between the architecture of the cell walls of Gram-positive

and Gram-negative bacteria contributes to their resistance or suceptibility. Peptidoglycan, to

which proteins and teicoic acid are attached, makes up around 90%–95% of the cell wall of

Gram-positive bacteria (Trombetta et al., 2005).

Hydrophobic compounds can readily enter Gram-positive bacteria's cell walls and act on them as

well as the cytoplasm due to the nature of the bacterial cell wall. Additionally found in EOs,

phenolic chemicals often have antibacterial action against Gram-positive bacteria. The

compound's action varies with concentration; at low levels, it can disrupt energy-producing

enzymes, while at greater levels, it can cause proteins to become denaturized (Tiwari et al.,

2009).

Gram-negative bacteria have a more complex cell wall. Its peptidoglycan layer, which makes up

around 20% of the dry weight of the cell, is 2-3 nm thick and thinner than that of the cell walls of

Gram-positive bacteria. On the exterior of the thin layer of peptidoglycan is an outer membrane

(OM). Braun's lipoprotein, which is embedded in the OM and chemically bonded to the

peptidoglycan, is what holds the two substances together tightly. One characteristic that sets

Gram-negative bacteria apart from Gram-positive bacteria is the existence of an OM. It consists

of two phospholipid layers connected to the inner membrane by lipopolysaccharides (LPS). LPS
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and a variety of proteins make up the OM that covers the peptidoglycan layer. The O-side chain,

which supplies the "quid" that makes Gram-negative bacteria more resistant to EOs and other

natural extracts with antibacterial activity, and lipid A, the core polysaccharide, make up LPS.

Gram-negative bacteria are relatively resistant to hydrophobic antibiotics and harmful medicines

because small hydrophilic solutes can flow through the OM via numerous porin proteins that

operate as hydrophilic transmembrane channels (Nikaido, 1994).

The hydrophobic molecules some of which can slowly pass through porins can pass through the

OM nearly but not entirely (Plesiat and Nikaido, 1992). The chemical makeup of EOs and/or

their constituent parts determines how they work. For example, whereas thymol and carvacrol

both have antibacterial properties, their modes of action against Gram-positive and Gram-

negative bacteria differ. The antibacterial activity of these compounds may vary depending on

where one or more functional groups are located. Although thymol and carvacrol share structural

similarities, the two compounds' hydroxyl groups are located differently.

Nevertheless, neither antimicrobial agent's activity is impacted by these variations. The alkyl

group determines the antibacterial action of various compounds, including limonene and p-

cymene. As a result, according to Dorman and Deans (2000), limonene may occasionally be

more effective than p-cymene. EOs and/or their constituents may choose to focus their efforts on

one or more specific goals. (De Martino et al., 2009) found that when exposed to the same EOs

and their single components, two strains of Bacillus cereus exhibited distinct behaviors. Finding

the EOs' mode of action necessitates a thorough examination of the raw material until the unique

components are found. The mode of action should also be investigated in a variety of

microorganism strains and species. Expanding our basic knowledge of the molecules present in

the EOs will support future studies into the comprehensive modes of antimicrobial action of EOs.

2.9.2 TERPENES

Hydrocarbons known as terpenes are created when multiple isoprene units combine (C5H8). The

cytoplasm of the vegetal cell is where they are synthesized; the mevalonic acid pathway initiates

with acetyl CoA. Cyclases have the ability to rearrange the hydrocarbon backbone of terpenes

into a cyclic form. Longer chains, such as diterpenes (C20H32), triterpenes (C30H40), and so on,

are also present in the plant cell. Monoterpenes (C10H16) and sesquiterpenes (C15H24) are the

most prevalent types of terpenes. The most well-known terpenes include pinene, limonene,
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terpinene, sabinene, and p-cymene. Majority of terpenes don't naturally have strong antibacterial

properties. One of the key ingredients in thyme essential oil, p-cymene, is ineffective against a

variety of Gram-negative bacteria (Bagamboula et al., 2004). According to Dorman and Deans

(2000), terpenes including limonene, α-pinene, β-pinene, γ-terpinene, δ-3-carene, (+)-sabinene,

and α-terpinene exhibited negligible or no antibacterial action against 25 different genera of

bacteria. Based on these in vitro experiments, terpenes alone do not exhibit significant

antibacterial action.

2.9.3 TERPENOIDS

Terpenoids are terpenes that have had oxygen molecules added to them or that have had certain

enzymes shift or completely eliminated their methyl groups (Caballero et al., 2003). The most

prevalent and well-known terpenoids are thymol, carvacrol, linalool, menthol, geraniol, linalyl

acetate, citronellal, and piperitone. The hydroxyl group of phenolic terpenoids and the presence

of delocalized electrons are critical components for their antibacterial action. The antimicrobial

activity of most terpenoids is linked to their functional groups. Carvacrol, for instance, works

better than other essential oils, including p-cymene (Ultee et al., 2002). Carvacrol's

hydrophobicity and antibacterial activity may be impacted by the replacement of hydroxyl group

with a methyl ether. The hydroxyl group's location within the phenolic molecule has no bearing

on the antibacterial action's general direction. Though its hydroxyl group is positioned differently

from carvacrol's, thymol exhibits comparable antibacterial action against Bacillus cereus,

Staphylococcus aureus, and Pseudomonas aeruginosa (Lambert et al., 2001).

Carvacrol and thymol are known to have strong OM dissolving qualities. (Helander et al., 1998)

showed that increased LPS release and made cells more sensitive to detergents. Nevertheless,

unlike EDTA or polyethylenimine, which break down OM at sub-lethal quantities, thymol and

carvacrol do not directly function as OM permeabilizing agents (Vaara, 1992). These substances

also have the ability to make the cytoplasmic membrane more permeable to ATP. The

monoterpene p-Cymene, which has a benzene ring without any functional groups on its side

chains, is the precursor of carvacrol. According to Mann et al., (2000), p-cymene has been

shown to exhibit antibacterial action when taken alone. Additionally, research has shown that p-

cymene can boost the antimicrobial activity of other substances, such as its derivative carvacrol
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(Rattanachaikunsopon et al., 2010). With its strong affinity for microbial membranes, p-Cymene

has the ability to disrupt them, causing them to swell and altering the membrane potential of

whole cells. P-cymene has no effect on the permeability of the membrane, but it may lower its

enthalpy and melting temperature. These characteristics support the theory that p-cymene

functions as a substitutional impurity in the membrane (Cristallani et al., 2007). P-cymene does

not only function at the membrane level, though. According to (Burt et al., 2007), the substance

altered the membrane potential in E. coli but had no effect on protein production because the

proton motive force is necessary for flagellar movement, treatment with p-cymene reduced

cellular motility.

Thyme oil (EO) contains thymol, a phenolic monoterpenoid. It shares a structure with carvacrol

and has hydroxyl groups that are arranged differently on the phenolic ring. Thymol's

antibacterial action, like that of carvacrol, causes structural and functional changes in the

cytoplasmic membrane, which can harm both the inner and outer membranes. It can also interact

with intracellular targets and membrane proteins (Sikkema et al., 1995). K+ ions and ATP are

released when thymol interacts with the membrane, influencing membrane permeability (Walsh

et al., 2003). Thymol has the ability to cause lipopolysaccharide release under certain conditions,

but it has no effect on chelating cations (Helander et al., 1998).

Thymol integrates within the lipid bilayer's polar head-groups, causing changes to the cell

membrane. The membrane can modify its lipid profile to preserve membrane integrity and

function at low thymol levels (Turina et al., 2006). As shown by Juven et al., (1994) using a

model system containing bovine serum albumin, thymol also interacts with proteins. Thymol

interacts with proteins at many locations inside the cell, which can have an impact on a range of

physiological processes.

The main source of carvacrol, a phenolic monoterpenoid, is oregano oil extract (EO). Carvacrol

is among the EO ingredient that has been studied the most, along with substances like thymol.

Carvacrol works on microbial cells similarly to thymol, causing structural and functional damage

to their membranes that leads to increased permeability (Sikkema et al., 1995). One of the rare

elements of an EO with a disintegrating impact on the outer membrane of Gram-negative

bacteria is carvacrol (La storia et al., 2011). In addition to releasing LPS, it modifies ion
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transport by acting on the cytoplasmic membrane (Helander et al., 1998). Carvacrol's ability to

operate as a transmembrane carrier of monovalent cations by bringing H+ into the cell cytoplasm

and removing K+ appears to be related to its hydroxyl group (Ben arfa et al., 2006). This theory

contradicts other results that suggest the presence of non-hydroxyl groups rather than hydroxyl

groups is what gives carvacrol its antibacterial activity (Veldhuizen et al., 2006).

Carvacrol appears to work via increasing the permeability and fluidity of membranes. Microbial

cells may exhibit alterations in the makeup of their membrane fatty acids upon exposure to

carvacrol. This is a widely recognized process that keeps cells' membrane shape and function at

their ideal levels. The content of fatty acids changes in response to carvacrol, which may have an

impact on membrane fluidity as well as permeability (Di Pasqua et al., 2006).

The impact of carbvacrol on membrane permeability was verified by observing the entry of

nucleic acid stains and the efflux of ATP, H+, K+, and carboxyfluorescein (Xu et al., 2008).

Carvacrol may potentially have intracellular targets, and there are evidence that it influences

membrane proteins and periplasmic enzymes (Horvath et al., 2009). Carvacrol may have an

impact on how OM proteins fold or insert. (Burt et al., 2007) demonstrated that carvacrol

impacted protein folding by producing considerably more GroEL in E. coli cells cultured in the

presence of a sub-lethal dosage of the drug. Additionally, carvacrol prevented the synthesis of

flagellin, another microbial protein, and caused cells to develop without flagella, which resulted

in a reduction in motility. But even flagellar cells showed reduced motility, which was dependent

on the concentration of carvacrol; this suggests that the chemical also reduced the proton motive

force required to propel flagellar movement (Gabel and Berg, 2003).

2.9.4 PHENYLPROPENES

Cinnamic acid, which is created during the first stage of phenylpropanoid biosynthesis,

contains a three-carbon propene tail and a six-carbon aromatic phenol group. Only a minor

fraction of EOs is made up of these substances. These five phenylpropenes have been

investigated the most: eugenol, isoeugenol, vanillin, safrole, and cinnamondehyde. Its free

hydroxyl groups are responsible for most of these compounds' antibacterial action (Laekeman et

al., 1990).
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The presence of a methyl group in the γ position and a double bond in the α β locations of

the side chain are responsible for eugenol's antibacterial activity (Jung and Fahey, 1983). Like

most other EOs, the antibacterial activity of phenylpropenes is also dependent on the kind and

quantity of substitutions made to the aromatic ring, as well as the microbial strain and testing

conditions (Pauli and Kubeczka, 2010). The phenylpropenes have a variety of antibacterial

action in general. According to Zemek et al., (1979), isoeugenol is more potent than eugenol

against bacteria and also works well against yeasts and molds. It's interesting to note that eugenol

and isoeugenol work best against Gram-negative bacteria than they do against Gram-positive

ones (Hyldgaard et al., 2012).

While eugenol is often more effective than cinnamonaldehyde (Gill and Holley, 2004),

cinnamonaldehyde exhibits activity comparable to thymol and carvacrol, the strongest essential

oils, when used against E. coli and S. typhimurium (Helander et al., 1997). Eugenol modifies the

fatty acid composition of many bacteria, modifies the membrane, and influences the movement

of ions and ATP. Additionally, it inhibits a variety of bacterial enzymes, including as ATPase,

amylase, protease, and histidine carboxylase (Thoroski, 1989). There are three main ways that

cinnamonaldehyde works against germs. It serves as an ATPase inhibitor at higher

concentrations while inhibiting enzymes involved in cytokine interactions or other less

significant cell processes at lower quantities. Cinnamaldheyde disturbs the membrane at a deadly

dose. The information on cinnamonaldheyde's ability to disrupt membranes has been

inconsistently published in certain studies. For instance, in E. coli, a sub-lethal concentration of

the molecule does not compromise membrane integrity, but it can suppress the microbe

Photobacterium leiognathi's growth and bioluminescence; this indicates that cinnamaldheyde

enters the periplasm and possibly the cytoplasm. According to Wendakoon and Sakaguchi

(1995), cinnamonaldehyde can change the lipid profile of microbial cell membranes.

Vanillin is a phenolic aldehyde derived from phenylpropene, and its exact mode of action is

unknown. On the other hand, other research indicates that it acts against some lactic acid bacteria,

including L. plantarum, by upsetting pH and K+ homeostasis and inhibiting the respiration

pathway in E. coli and L. innocua (Fitzgerald et al., 2004). Fitzgerald et al., (2005) noted that

although the membrane is vanillin's principal target, there may be additional targets inside the

microbial cell. Carvone has the ability to interfere with a cell's membrane potential and pH

gradient. The growth rates of E. coli, Streptococcus thermophilus, and Lactobacillus lactis
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decreased with increasing concentrations of carvone. These findings led to the notion that the

substance may function by altering the metabolic energy status of cells (Osterhaven et al., 1995).

2.9.5 MECHANISM OF ACTION OF ESSENTIAL OILS

The action of an EO on bacterial cells has been explained by a number of different methods.

Both the cytoplasm and the cell's outer membrane can be impacted by an EO's action. Due to the

difficulty to detach the EOs from the bacterial cell membrane, the hydrophobicity characteristic

of EOs causes breakdown of bacterial structures and thereby increases permeability. The cell

membrane's permeability barrier is essential for a number of cellular processes, such as solute

transport, metabolic control, membrane-coupled energy-transduction pathways, and preserving

the cell's energy status.

Controlling the turgor pressure is also dependent on the cell membrane (Poolman et al., 1987).

The antibacterial action of EOs is typically explained by toxic effects on membrane structure and

function (Andrews et al., 1980). In actuality, the mechanisms of action of EOs include the

following: cytoplasmic membrane damage, cytoplasm coagulation, cell wall degradation (Gill

and Holley, 2006); membrane protein damage; increased permeability resulting in cell contents

leakage (Juven et al., 1994); reduction of the proton motive force; decrease in intracellular ATP

pool through decreased ATP synthesis and enhanced hydrolysis, which is distinct from the

increased membrane permeability; and membrane potential reduction through increased

membrane permeability.

Helander et al., (1998) provided an account of how various EO components affected the

permeability of the OM. All three of the microorganisms in their investigation showed reduced

viability in response to tea tree oil-induced damage to their cell membrane structures, and it was

determined that this damage was most likely what led to the cell deaths. Because EOs are

hydrophobic, they can therefore enter microbial cells and change their structure and function.

This could explain why EOs are generally most effective, with some exceptions (Kim et al.,

1995), against Gram-positive microorganisms. Some Gram-negative bacteria have an outer

capsule that restricts or eliminates the ability of EOs to enter the microbial cell. Additionally, the

chemicals found in EOs have the ability to disrupt wall proteins, which are frequently implicated

in the entry of vital substances into the cell. Some writers have suggested that the various

components of the EO cause the microbial viability to be lost through distinct mechanisms. The
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effects of EOs typically result in the loss of essential intracellular components, the deactivation

of enzymatic processes, the destabilization of the phospholipid bilayer, and the destruction of the

plasma membrane's composition and function.

Certain components of essential oils, such as carvon, thymol, and carvacrol, raise intracellular

ATP concentrations, which is connected to the breakdown of the microbial membrane. In certain

situations, essential oils also change membrane permeability by disrupting the electron transport

system. Physiological alterations that can cause cell lysis and death include blocking electron

transport for the creation of energy, interfering with the proton motive force, protein

translocation, and the synthesis of cellular components (Turina et al., 2006).

Since the cell membrane is a crucial component of the basic biological processes occurring

inside the cells, its integrity is vital to the survival of bacteria. The cell membrane serves as an

efficient barrier that separates the cytoplasm from the outside world. It is via this membrane that

ions and metabolites that are necessary for all microbial cell processes are imported and exported.

Microorganisms may respond to antimicrobial substances in their environment by changing the

synthesis of membrane proteins and fatty acids, which changes the fluidity of the membrane

(Mrozik et al., 2004).

The double lipid layer of the membrane is permeable to the EOs and their constituents due to

their hydrophobicity. The permeability and functionality of membrane proteins can be changed

by the EOs. Certain essential oils, especially those high in phenolics, have the ability to penetrate

the phospholipid bilayer of bacterial cell walls, attach to proteins, and stop them from doing their

intended jobs. This event suggests that an EO's initial target is the membrane. As was previously

mentioned, the EO's mode of action is not solitary; rather, it entails a number of processes that

take place in the cytoplasm and on the surface of the cell. A "disbalance" develops within the

microbial cell as a result of changes in membrane permeability and flaws in the movement of

molecules and ions. As a result, there is a loss of ions and metabolites, cytoplasm coagulation,

denaturation of various enzymes, and cellular proteins (Burt and Reinders, 2003).

Microorganisms respond to various situations by upregulating the expression of stress-responsive

proteins, which helps to repair damaged proteins. Examples of these conditions include the

presence of sub-lethal quantities of EOs or other antimicrobial substances (Burt et al., 2007).

However, this response is not able to stop cell death when the concentration of EOs or other

natural antimicrobials is higher. The impact on Gram-positive bacteria is more pronouncedGram-
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negative bacteria's cell walls are more resilient to the effects of EOs and their constituent parts.

Hydrophobic compounds cannot enter the Gram-negative cell wall as easily as they can in Gram-

positive bacteria, which mean that EOs has less effect on the growth of Gram-negative bacteria.

The antibacterial action of the natural extracts (EOs) cannot be explained by a single mechanism

due to the large range of chemicals present. Rather, many biochemical and structural processes

are engaged at various locations within the cell and on the cell surface (Carson et al., 2002).

These methods, which have the ability to entirely alter the shape of the microbial cell, involve

chemical alterations of the cytoplasm, enzymes, proteins, and cell membrane. Moreover,

exposure to an EO might cause a persistent loss of ions or metabolites, which can impair

microbial metabolism and cause cell death. Tea tree oil, for instance, can result in E. Coli to

perish without the cell being lysed (Burt, 2004).

2.10 TYPES OF ESSENTIAL OILS
EOs are composed of combinations of around fifty distinct scent components, making them

incredibly complex in nature. Tea tree, lemon, clove, cinnamon, thyme, mustard, oregano,

lavender, eucalyptus, and peppermint oils are a few examples of essential oils (EOs). They are

essential for food preservation and the suppression of the growth of harmful microorganisms. For

instance, lemon essential oil's terpenes and oxygenated terpenes demonstrated strong antifungal

ability against Candida spp. like C. albicans, C. tropicalis, together with C. glabrata (Ooi et al.,

2006). Cinnamon oil is a volatile compound extracted from the bark, leaf, and root

of Cinnamomum zeylanicum. It contains three important components such as trans-

cinnamaldehyde, eugenol, and linalool (obtained from the bark extract), which represent 82.5%

of the total composition. Cinnamaldehyde is the most active compound of cinnamon EOs, which

showed inhibitory effects on the growth of various pathogens including both gram negative and

positive bacteria and possesses potential growth inhibitory effects on fungi (Ramage et al., 2012).

Several studies revealed that the cinnamon EOs also had antioxidant, antiparasitic and free

radical scavenging properties (Terzi et al., 2007). Moreover, the tea tree oil (TTO)

from Melaleuca alternifolia (Myrtaceae) majorly contained terpinen-4-ol, γ-terpinene, p-

cymene, α-terpinene, 1,8-cineole, α-terpineol, and α-pinene (Chaieb et al., 2007). It showed a

strong inhibitory activity on fungal strains (Benabdelkader et al., 2011).

Clove oil is mostly extracted from clove buds and it contains the phenylpropanoids viz. eugenol,

eugenyl acetate, carvacrol, thymol, cinnamaldehyde, β-caryophyllene, and 2-heptanone, as major

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/cinnamomum-verum
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/eugenol
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/linalool
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/melaleuca-alternifolia
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/myrtaceae
https://www.sciencedirect.com/topics/food-science/phenylpropanoid
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/cinnamaldehyde
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compounds. Among these, eugenol is frequently employed as an antibacterial agent, has the

ability to decrease the synthesis of ergosterol, a particular component of cell walls, and may

prevent the formation of the germ tube in C. albicans. In tests against tert-butylated

hydroxytoluene, it demonstrated potent radical scavenging activity and shown inhibitory effects

on multiresistant Staphylococcus species. (Vegh et al., 2012).

Lavender oil is majorly extracted from the family Lamiaceae, especially, Lavandula

angustifolia by steam distillation and it was found to contain linalool, linalyl acetate (3,7-

dimethyl-1,6-octadien-3yl acetate), linalool (3,7-dimethylocta-1,6-dien-3-ol), lavandulol, 1, 8-

cineole, lavandulyl acetate, B-ocimene, terpinen-4-ol, l-fenchone, viridiflorol and camphor as

major components (Prashar and Locke, 2004). However, the concentration levels of these

compounds were varying from species to species.

Linalool is one of the active compounds in lavender oil (Zuzarte et al., 2012). Lavender oil

showed antibacterial activity against antibiotic resistant bacteria,

yeasts, dermatophytes, Cryptococcus neoformans, Aspergillus strains and C. species (posadzki et

al., 2012).

Eucalyptus oil comprises of 1,8-cineole as the major compound and have other compounds such

as cryptone, α-pinene, p-cymene, α-terpineol, trans-pinocarveol, phellandral, cuminal,

globulol, limonene, aromadendrene, spathulenol, and terpinene-4-ol (Tyagi and Malik, 2011).

EOs extracted from eucalyptus are mainly used as flavoring agents and showed significant

activities in controlling the growth of pathogenic and food spoilage microorganisms (Lambert et

al., 2001).

The bioactive components of EOs, particularly the antibacterial and antifungal ones, can target

different cell structures or chemical pathways, including the breakdown of cell walls, damage to

membranes, and disruption of the proton motive force, among other things. On the other hand,

not much is known about the mechanism underlying eucalyptus oil's antifungal and antibacterial

properties. Rather than being attributed to a single molecule, it was observed that the

antibacterial action of eucalyptus oil was strongly correlated with the synergistic effects of its

major and minor constituents. Among the eight different species of eucalyptus, EOs extracted

from Eucalyptus odorata showed strong cytotoxic effects and inhibitory activities against S.

pneumonia, S. aureus, H. influenza and S. pyogenes (Tyagi and Malik, 2011).

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/lamiaceae
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/lavandula-angustifolia
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/lavandula-angustifolia
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/steam-distillation
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/dermatophyte
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/cryptococcus-neoformans
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/aspergillus
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/limonene
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/food-spoilage
https://www.sciencedirect.com/topics/food-science/pneumococcus
https://www.sciencedirect.com/topics/food-science/pneumococcus
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/staphylococcus-aureus
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Peppermint oil showed momentous growth inhibitory activity on Staphylococci. Several studies

reported that it exhibited antifungal activity against both standard and clinical pathogenic fungal

strains of Candida species at IC50 concentrations ranging from 0.5 to 8 μg/mL, and showed good

antifungal effects on azole-resistant and azole-susceptible strains (Cox et al., 2008).

2.10.1 EUCALYPTUS OIL

Eucalyptus is a large genus of the Myrtaceae family that includes some 900 species and

subspecies (Brooker and Kleinig, 2004). While eucalyptus is planted extensively throughout the

world, Australia is arguably the only country where a single plant species predominates over the

majority of the terrain. The Aboriginal people, who are thought to have arrived in Australia more

than 60,000 years ago, acquired a highly developed empirical knowledge of local flora like

eucalyptus. Its leaves were traditionally used to treat fungal infections and wounds. There's

currently a resurgence of interest in indigenous herbal traditions, even if most of this information

has disappeared along with its caretakers (Chevallier, 2001).

Leaf extracts of Eucalyptus have been approved as food additives, and the extracts are also

currently used in cosmetic formulations. Recently, attention has been focused on the functional

properties of these extracts. Research has shown that the extracts exhibit various biological

effects, such as antibacterial, antihyperglycemic and antioxidant activities, with essential oils

playing a central role in these biological functions (Takahashi et al., 2004).

Essential oils are the odorous, volatile products of the secondary metabolism of an aromatic plant,

which are often concentrated in a particular organ of the plant such as leaves, stems, bark or fruit

(Conner, 1993). Of the approximately 3000 essential oils that are recognized, roughly 300 are

significant from a business standpoint and are mostly used in the flavor and fragrance industries

(Burt, 2004). The inclusion of certain terpenoid and phenolic chemicals, which have been

demonstrated to have antibacterial activity in pure form, is responsible for the antimicrobial

activity of most essential oils. These characteristics are somewhat linked to their lipophilic nature,

which causes accumulation in membranes and ensuing membrane-related phenomena such as

energy depletion (Conner, 1993).

Phenolic components of essential oils sensitize the phospholipids bi-layer of the cell membrane,

causing an increase of permeability and leakage of vital intracellular constituents or impairment
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of microbial enzyme systems (Moreira et al., 2005). The chemical composition and biological

effects of essential oils, including antimicrobial properties and potential applications in food

products, have been reviewed (Bakkali et al., 2008, Burt, 2004).

A number of studies have demonstrated the antimicrobial properties of Eucalyptus essential oils

against a wide range of microorganisms. These studies, however, are focused on a

few Eucalyptus species, especially E. citriodora (lemon-scented Eucalyptus) oil, which has been

shown to have a wide spectrum of antifungal activity. Other studies have also mostly focused on

the antifungal properties of Eucalyptus essential oils (Dhaliwal et al., 2004, Fiori et al., 2000,

Lee et al., 2007, Ramezani et al., 2002, Somda et al., 2007, Tripathi et al., 2008), while only a

few studies investigated their activity against pathogenic and food spoilage bacteria and yeasts

(Chaibi et al., 1997, Delaquis et al., 2002, Moreira et al., 2005, Sartorelli et al., 2007).

2.10.2 TEA TREE OIL

The essential oil of Melaleuca alternifolia, also named as tea tree oil (TTO), is a complex

mixture of terpen hydrocarbons and tertiary alcohols for which an international standard sets

levels of 14 components. The main compounds responsible for the antimicrobial activity are

terpinen-4-ol and 1,8-cineole (Hammer et al., 2006).

Currently, the international standard regulation for TTO sets a minimum content of 30%

terpinen-4-ol and a maximum content of 15% 1,8-cineole to meet the European Pharmacopoeia

requirements. The mechanisms of action of TTO have not been clearly identified but they seem

to be related with the hydrophobic nature of the terpens (Burt, 2004, Bakkali et al., 2008).

Melaleuca alternifolia is indigenous to Australia, where it is found growing from Queensland to

northeast New South Wales (Cribb, 1981; Penfold and Morrison, 1950) at up to 300 m altitude,

on the soil with pH ranging from 4.5 to 7. Other varieties of tea tree oil have been cultivated

somewhere else, but Melaleuca alternifolia is not produced outside Australia. The short plain

between the shore and the dividing range on the north coast of New South Wales (NSW) is the

only natural habitat for Melaleuca alternifolia in all of Australia. The tree is primarily found in

marshes and damp places, where it grows in fairly dense stands with few other species present.

This species is best suited to light (sandy), medium (loamy), and heavy (clay) soils, with a

preference for well-drained soil. In the shadows, it cannot thrive. This species is vulnerable to
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cold, and its leaves have the largest oil content during the warmer months (Orwa et al., 2009).

Dog dermatitis can be effectively treated with tea tree oil. A cream containing 10% Tea tree oil is

effective to treat chronic dermatitis, allergic dermatitis, inter digital pyoderma, acral lick

dermatitis and skinfold pyoderma in dogs. (Fitzi et al., 2002). A study reported that daily topical

application of tea tree oil for 12 days successfully eradicated warts on the hand of a paediatric

patient (Millar and Moore 2008).

2.10.3 LEMON GRASS OIL

Cymbopogon citratus is an aromatic, evergreen, clump-forming, perennial grass producing

numerous stiff stems arising from a short rhizomatous rootstock, and growing around 1.5 m tall.

It rarely produces owers. The leaves are blue-green in colour, at, erect, linear in shape and give

off a characteristic lemon flavour when they are crushed (Avoseh et al., 2015; Haque et al.,

2018). Lemongrass can be used fresh or dried, powdered, and used as food flavoring. In addition

to being served with chicken, fish, beef, and shellfish, it is frequently used in teas, soups, and

curries. Numerous studies have demonstrated the great efficacy of infusing lemongrass leaves

and other parts to treat nausea, stomach aches, and constipation, as well as to avoid ulcers,

promote digestion, and excrete waste (Carbajal et al., 1989; Leite et al., 1986). Therefore, in

many countries lemongrass is used as a medicinal herb (Avoseh et al., 2015). The biological

activity of lemongrass is due to the presence of the essential oil and phenolic compounds

including phenolic acids, flavonoids, and tannins (Olorunnisola et al., 2014; Roriz et al., 2014;

Tavares et al., 2015). Vitamin A, vitamin B1 (thiamine), vitamin B2 (riboflavin), vitamin B3

(niacin), vitamin B5 (pantothenic acid), vitamin B6 (pyridoxine), vitamin C, and folate are

among the many essential vitamins that lemongrass contains. It also contains a variety of vital

minerals, including calcium, potassium, phosphorous, magnesium, copper, iron, and zinc (USDA

National Nutrient Data Base, 2019). Commercial cultivation of C. citratus is primarily done for

its essential oil, which is principally produced by the plant's leaves (Dĳavila et al., 2016).

Lemongrass essential oil may be extracted by many different methods like solvent extraction,

steam distillation, hydrodistillation (HD), microwave-assisted hydrodistillation (MAHD), and

supercritical fluid extraction (SFE) with CO2 . A number of studies have proved that the quality

of essential oils depends mainly on its constituents, which is significantly influenced by the

extraction techniques (Desai and Parikh, 2015; Schaneberg and Khan, 2002; Wu et al., 2019).
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Moreover, methods involving heating may induce thermal degradation or hydrolysis of fragile

constituents. In solvent extraction, a hydrocarbon solvent (usually n-hexane) is added to the plant

material in order to dissolve the essential oil. After filtering the solution and concentrating by

distillation, a substance containing resin (resinoid) or a combination of wax and essential oil

remains. The method is quite efficient for lemongrass essential oil extraction (Schaneberg and

Khan, 2002) and relatively simple but generally requires high volumes of the solvent and

sometimes yields unsatisfactory reproducibility. After the extraction operation, the sample is

concentrated by evaporation, during which volatiles may be reduced. Moreover, contamination

of the essential oil with solvent residues may occur. The Soxhlet apparatus is sometimes used for

solvent extraction of lemongrass essential oil (Alhassan et al., 2018).

In Soxhlet extraction, plant material has a continuous contact with refluxing liquid phase, which

results in increased extraction efficiency. When compared to the other conventional methods, the

most significant drawback of Soxhlet extraction is long heating period at high temperature

(usually close to the boiling point of the solvent) which may lead to thermal degradation of

fragile compounds.

Both solvent extraction by maceration and Soxhlet extraction require the correct choice of the

solvent to obtain a good extraction yield as well as to prevent the loss of volatiles. In recent years,

the lemongrass essential oil was successfully extracted from dry and fresh lemongrass leaves

using solvent extraction by (Suryawanshi et al., 2016 and Alhassan et al., 2018). The oil yield

obtained by Suryawanshi group was 1.85% and that achieved by Alhassan group was 4.5%. In

both experiments, n-hexane was used as a solvent. In turn, (Schaneberg and Khan, 2002)

reported that sonication-assisted n-hexane extraction allowed obtaining lemongrass essential oil

with comparable contents of the main compounds to steam distillation.

Steam distillation is now the most often used technique for obtaining the essential oil from

lemongrass. It is mostly used for temperature-sensitive products, such as hydrocarbons, oils,

resins, and other substances that may break down at their boiling point and are insoluble in water.

Other essential oils are frequently extracted using it as well (Fernandes et al., 2019). Using this

technique, steam is injected into the dried or fresh plant material, softening the cells and allowing

the essential oil to evaporate as vapor. The temperature of the steam should be high enough so

that the oil could vapourize, but not so high that it damages the plant material or burns the

essential oils. The released essential oil, together with steam molecules, is subsequently cooled in
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a condenser and collected. This process enables conducting extraction process below the boiling

point(s) of the individual component(s). Essential oils consist of chemical compounds which

boiling points often exceed 200°C (Majewska et al., 2019). In the presence of steam, these

substances may be extracted at a temperature close to 100°C, at atmospheric pressure. The basic

advantage of steam distillation is its simplicity, and low cost of the apparatus. The essential oil's

ingredients never break down, therefore its characteristics remain unchanged. Under pressure,

this method can also be applied. Lemongrass can be distilled straight from the plant or after it

wilts.

Wilting herbage before the distillation process decreases the moisture content and increases oil

yield (Majewska et al., 2019). The yields of the essential oil obtained with this method reported

in the literature differ substantially, ranging from 0.24% 0.3% (Santin et al., 2009), 0.6%

(Boukhatem et al., 2014), to 0.71% (Kpoviessi et al., 2014). Steam distillation is still a leading

preparative technique for the extraction of lemongrass oil.

Quality and quantity of lemongrass essential oil are highly dependent on the time of plant

harvest, because the composition and the content of the essential oil are strictly connected with

the developmental stage of the whole plant, plant organs, and cells (Verma et al., 2015). The

harvesting methods usually have little effect on the essential oil yield. The increase in citral

content of lemongrass may be influenced by fertilizer application or rhizosphere fungi present in

the soil (Shaikh et al., 2019). The proportion of young leaves to older leaves during harvesting

determines the high citral content and subsequently the quality of the essential oil (Tajidin et al.,

2012).

Antibacterial properties of lemongrass essential oil depend on the presence of three main

components: geranial, neral, and myrcene (Onawunmi et al., 1984). Geranial and neral

individually elicit antibacterial action on Gram-negative and Gram-positive organisms, while

myrcene does not show observable antibacterial activity on its own. However, myrcene was

observed to generate enhanced bioactivity when it was mixed with either geranial or neral or

both.

Naik et al., (2010) investigated the effectiveness of lemongrass essential oil against the selected

pathogenic bacteria: Staphylococcus aureus, Bacillus subtilis, Bacillus cereus, Escherichia coli,

Klebsiella pneumoniae, and Pseudomonas aeruginosa using agar diffusion method and broth

dilution method.
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In general, Gram-positive bacteria were found to be more sensitive to the oil than the Gram-

negative ones, which confirmed findings reported earlier by (Onawunmi et al., 1984). P.

aeruginosa turned out to be resistant at all the concentrations of lemongrass oil including

undiluted solution. S. aureus and B. cereus were more sensitive to lemongrass essential oil and

were inhibited at 0.03% concentration. B. subtilis and E. coli were inhibited by the oil at a

concentration of 0.06%, whereas K. pneumoniae at 0.25%. Moreover, the tested microorganisms,

particularly the Gram-negative bacteria, turned out to be more susceptible to lemongrass oil than

standard antibiotics. Similar results were reported by (Premathilake et al., 2018) who

investigated such pathogenic bacterial strains as E. coli, B. cereus, and S. aureus. Gram-positive

bacterial strains were more sensitive to essential oil of C. citratus at all of its concentrations than

the Gram-negative strain E. coli. Lemongrass essential oil was found to significantly inhibit the

growth of such pathogenic foodborne bacteria as Listeria monocytogenes and Salmonella

Typhimurium (Reis- -Teixeira et al., 2019; Mith et al., 2014). Food spoilage bacteria

(Brochothrix thermosphacta and Pseudomonas fluorescens) were also sensitive to lemongrass

essential oil (Mith et al., 2014). The antibacterial activity of lemongrass essential oil is due to an

interaction between the main oil constituents and the bacterial cell membrane. The lipophilic

terpenes can modify the fluidity and permeability of the cell membrane or change intracellular

pH and ATP concentrations, which results in cell rupture (Shi et al., 2016). (Nikaido, 2003)

suggested that the higher resistance of Gram-negative bacteria to essential oils is due to the

structure of the outer membrane which protects the bacterial cell against extrinsic chemical

agents. The outer membrane is one of the main factors contributing to the resistance of Gram-

negative bacteria to hydrophobic antibiotics. However, several studies indicate that lemongrass

essential oil can successfully inhibit the growth of numerous multidrug-resistant Gram-negative

bacterial strains such as P. aeruginosa, E. coli, Enterobacter cloaceae, Morganella morganii,

Proteus mirabilis or Burkholderia cepacia (Bu ková et al., 2018; Vasireddy et al., 2018).

The antimicrobial activity of lemongrass essential oil is usually higher against fungi than bacteria.

(Premathilake et al., 2018) found that lemongrass essential oil exhibited fungitoxic activity

against Colletotricum truncatum, Fusarium spp., Penicillium spp., and Crysosporium spp. All

four different concentrations of the essential oil used in this experiment elicited 100% inhibition

of Fusarium spp., Penicillium spp., and Crysosporium spp. C. truncatum was also inhibited by

the lemongrass essential oil but higher concentrations of the oil were necessary. The essential oil



34

of C. citratus was also investigated towards Candida albicans, Candida parapsilosis, Candida

tropicalis, Candida glabrata, and Candida krusei (da Silva et al., 2008). All those strains proved

to be sensitive to C. citratus essential oil, which indicates new perspectives in the potential

application of lemongrass oil in typical Candida infections. (Tzortzakis and Economakis, 2007)

reported a broad antifungal activity of essential oil of C. citratus against such food pathogens as

Aspergillus niger, Colletotrichum coccodes, Botrytis cinerea, Cladosporium herbarum, and

Rhizopus stolonifer. (Amini et al., 2016) demonstrated that lemongrass oil effectively controlled

mycelium growth of three Phytophthora species: P. capsici, P. drechsleri, and P. melonis.

Lemongrass oil produces a fungi toxic effect against postharvest pathogens of the Aspergillus

genus: A. flavus, A. parasiticus, and A. clavatus (Matasyoh et al., 2011; Bozik et al., 2017). Five

mycotoxigenic species isolated from maize samples, including A. avus, A. parasiticus, A.

ochraceus, A. niger, and A. fumigatus, were also found to be sensitive to lemongrass essential oil

[Matasyoh et al., 2011]. The highest activity of the oil was observed against A. niger with the

minimum inhibitory concentration of 15 mg/mL and the highest resistance was observed from A.

flavus with an MIC of 118 mg/mL. (Sharma et al., 2017) recorded an inhibitory effect of

lemongrass essential oil against a pathogenic strain of Fusarium oxysporum.
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CHAPTER THREE

MATERIALS AND METHODS

3.1 list of equipment / apparatus
The following are list of equipment used in the study namely; weighing balance, autoclave,

incubator, refrigerator, gas burner, microscope, beakers, petri dishes, measuring cylinder, wire

loop, conical flask, micropipettes, L-shaped glass spreader, cork borer, forceps, spiritz lamp,

spatula and test tubes.

3.2 Collection of samples
All essential oils (Bergamot oil, Neem oil and Teatree oil) used were gotten from a supermarket

opposite Uniben main gate while the rotted carrots were purchased from Ekosodin market, Benin

City, Edo state.

3.3 Media preparation

3.3.1 Nutrient agar

Twenty-eight gram (28g) of nutrient agar was dissolved in 1000ml of distilled water in a conical

flask according to the manufacturer’s instruction and ketoconazole, an antifungal agent was

added to inhibit the growth of fungi and the medium was sterilized at 15psi for 15mins using an

autoclave. Using the manufacturer standard, four plates were prepared containing 20ml per plate.

3.4 Preparation of the rotted carrot sample

The carrot was cut into smaller pieces and 1g was weighed with a measuring scale. Surface

sterilization was then carried out on the carrot. For this procedure, four beakers were rinsed with

distilled water and small amount of distilled water was poured into three of the beakers while a

small amount of 70% ethanol was poured into the fourth beaker. The weighed 1g of the carrot

was rinsed in one of the beakers containing the distilled water. After this, the 1g of carrot was

transferred into the beaker containing 70% ethanol for 2 minutes. After sterilizing with ethanol,

the carrot was rinsed twice in the remaining beakers containing distilled water and then mashed

with a sterilized pestle in an already sterilized mortar.
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3.5 Isolation of bacteria from the rotted carrot
Serial dilution of the carrot sample was first carried out. 10ml, 9ml and 9ml of distilled water

was measured and poured into three different test tubes labelled 10, 10-1 and 10-2 respectively.

The test tubes were then autoclaved at 121℃ for 15 minutes. In the transfer cabinet, the tip of the

test tube labelled 10ml was sterilized with flame and the 1g of mashed rotted carrot was

transferred into it and mixed well to dislodge the bacteria. From this mixture, 1ml was measured,

transferred into the test tube labelled 10-1 and mixed well by shaking. After this, 1ml from the

test tube labelled 10-1 was measured and put into the test tube labelled 10-2 and mixed thoroughly.

This process was done to reduce the microbial load of the microorganisms in the rotted carrot

sample.

For the inoculation, 0.1ml of the serial diluent was measured from the test tube labelled 10-1

with a micropipette and inoculated into an already labelled agar plate. A sterilized L-shaped

glass spreader was used to distribute the inoculum around the plate. This process was repeated

into another agar plate. 0.1ml of the serial diluent from the test tube labelled 10-2 was inoculated

sinto another agar plate and spread with an already sterilized L-shaped glass spreader. This

process was repeated into another agar plate.

3.6 Subculturing of bacterial isolates
The prepared media was poured into petri-dishes and allowed to solidify. Bacteria with different

characteristics were picked from the previously cultured plates and streaked on the new medium

using a wired loop. This was done to avoid picking two different colonies at a time. The process

was carried out very close to the flame for proper sterility.

3.7 Identification of Bacteria

3.7.1 Gram staining

The Gram staining technique was carried out on the basis of the component of the cell wall.

Organisms which retained the color of the initial stain are called Gram positive, while those that

do not retain the primary stain when decolorized are Gram negative. Gram staining reagent

include crystal violet (primary dye stain), iodine (as mordant), 70% alcohol (decolorizer) and

safranin (counter stain).
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Procedure: A drop of sterile saline water was placed on a clean glass slide. The inoculating

wire loop was flamed until red hot. The loop was allowed to cool and a small portion of the

organism to be Gram stained was picked, smeared on the drop of saline water on the slide and air

dried. The smear was stained with 1% crystal violet for 1 minute and washed with distilled water.

Iodine was added as a mordant for one minute. 70% alcohol was added for 30 second, this acted

as a decolorizer.

The slide was then rinsed with distilled water and flooded with counter strain safranin for 1

minute, washed off with distilled water and air dried. The slides were observed under the

microscope, Gram positive bacteria appeared purple while the Gram negative bacteria appeared

pink.

3.7.2. Catalase test

This test was carried out to determine the presence of the enzyme catalase, which catalyzes the

release of oxygen from hydrogen peroxide.

Procedure: The pure culture of the test organism was placed on a clean glass slide using a sterile

inoculating loop following the addition of a drop of 3% hydrogen peroxide. A positive result was

indicated by the production of gas bubbles, while its absence was regarded as a negative.

3.7.3 Indole test

Indole test helps to detect bacteria that have the ability to break down tryptophan for nutritional

needs using tryptophanase. Indole can be detected through the use of kovac’s reagent.

Procedure: The bacterium were inoculated into test tubes containing 3ml of tryptophan broth

and incubated at 37℃ for 24 hours. 0.5ml of kovac’s reagent was added to the broth and shaken

gently. The development of red ring coloration around the surface of the broth indicated a

positive recation while the development of a gold ring coloration indicated a negative reaction.

3.7.4 Citrate test

This test detects the ability of an organism to use citrate as the sole source of carbon and energy.
Simmons citrate agar was prepared according to the manufacturers guide and 5ml was pipetted
into different test tubes. The test tubes were inoculated with the bacteria isolate using a sterile
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inoculating loop and incubated at 37℃ for 24 hours. Change in color from green to blue
indicated a positive reaction while no color change indicated a negative change.

3.8 Antimicrobial Susceptibility Test
Test organisms were subjected to antibacterial susceptibility test using the Agar well diffusion

method on prepared media. Petri dishes containing Nutrient Agar were prepared and 100 µl of

bacterial suspension respectively were inoculated by spread plating method. Wells 6.0 mm in

diameter were made using a cork borer. Each well was properly labeled to represent the positive

control, negative control and the different concentrations (100%, 75%, 50% and 25%) of the

essential oils (bergamot oil, neem oil and tea tree oil).

The pure essential oils were considered as 100% and used as the stock solution. In order to

prepare different tested concentrations of 100µl (75%, 50% and 25% v/v), 75µl, 50µl and 25µl

of each pure essential oils were dissolved in 25µl, 50µl and 75µl of Dimethyl Sulfoxide (DMSO)

respectively (Najmi, et al., 2023).

100µl of each essential oil and control samples were micro-pipetted into the wells. All the

procedures were carried out under a laminar air flow cabinet to preserve sterile conditions. The

plates were incubated at 37°C for 24hrs and their antimicrobial activity was measured for each of

the three isolates using the meter rule (in millimeters) (Ghavam, et al., 2022). Dimethyl

Sulfoxide (DMSO) was used as negative control and antibacterial agent (ampicillin) was used as

positive control to compare their antibacterial properties with those of the essential oils.
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CHAPTER FOUR

RESULT

Mixed culture of bacteria obtained from the rotted carrot sample is represented in plate 1. The

purpose of this culture is to study the bacterial population present in the carrot. Specifically at

dilution factor 10-1 and 10-2. Plate A and B represents the growth at dilution factor 10-1 and plate

C and D shows the growth rate at dilution factor 10-2. Plate 2 represents the pure culture isolated

from the afore mentioned mixed culture plate by streak plate method, this helps in the

identification of the isolates.

Table 1 provides the feature and results of the morphological and biochemical identification of

the isolated bacteria respectively.

Table 2, 3 and 4 showcase the antimicrobial properties of the essential oils used against bacteria

isolated from rotted carrot.
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Plate 1: Mixed culture of bacteria isolated from rotted carrot.

Key:

A: Isolated from serial dilution 10-1

B: Isolated from serial dilution 10-1

C: Isolated from serial dilution 10-2

D: Isolated from serial dilution 10-2

A B

C D
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Pure cultures were obtained from the mixed cultures of bacteria as represented in Plate 2, this
pure cultures were obtained through sub culturing specifically the streak plating method. Plate 2
represents the different isolates gotten from the mixed culture.
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Plate 2: Pure culture of bacteria isolated from the aforementioned mixed cultures.

Legend:

A: Enterobacter sp.

B: Pseudomonas sp.

C: Agrobacterium tumenfaciens.

A B

C
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Table 1: Cultural, morphological and biochemical characteristic of the bacteria isolate

Parameter Isolate 1 Isolate 2 Isolate 3

Cultural characteristics
Elevation Raised Flat Raised
Margin Entire Entire Undulate
Color Cream Cream Cream
Shape Circular Circular Circular
Size Medium Medium Medium
Morphology
Gram stain - + -
Cell type Rod Rod Rod
Arrangement Disperse Disperse Disperse
Biochemical test
Catalase + + +
Indole + - -
Citrate + + +
Identity Enterobacter sp. Pseudomonas sp. Agrobacterium tumenfaciens
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Plate 3: Culture plates showing the antibacterial activities of the essential oils against each

bacterial isolate using the agar well diffusion method.
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Table 2: Antibacterial activity of Neem oil against the test isolates represented by the zone of

inhibition (mm)

ISOLATES

(mm)
25 50

Concentration (%)

75 100

CONTROL

(AMPICILLIN)

CONTROL

(DMSO)

Enterobacter sp. 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 1.98 ± 0.03 0.60 ± 0.60

Pseudomonas sp. 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.75 ± 0.75 0.00 ± 0.00

Agrobacterium

tumenfaciens

0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00
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Table 3: Antibacterial activity of Bergamot oil against the test isolates represented by the zone

of inhibition (mm).

ISOLATES

(mm)
25 50

Concentration (%)

75 100

CONTROL

(AMPICILLIN)

CONTROL

(DMSO)

Enterobacter sp. 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 1.68 ± 0.08 0.00 ± 0.00

Pseudomonas sp. 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 1.78 ± 0.48 0.00 ± 0.00

Agrobacterium

tumenfaciens

0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 1.90 ± 0.12 0.00 ± 0.00
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Table 4: Antibacterial activity of Tea tree oil against the test isolates represented by the zone of

inhibition (mm).

ISOLATES

(mm)
25 50

Concentration (%)

75 100

CONTROL

(AMPICILLIN)

CONTROL

(DMSO)

Enterobacter sp. 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 2.20 ± 0.10 0.00 ± 0.00

Pseudomonas sp. 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 1.25 ± 0.15 0.00 ± 0.00

Agrobacterium

tumenfaciens

0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 2.25 ± 0.25 0.60 ± 0.60
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CHAPTER FIVE

DISCUSSION
Carrot (Daucus carota) is one of the most important economical root vegetable crops worldwide

and the largest source of provitamin A and carotenoids necessary in the human diet (Constance,

1971). The increasing resistance of the microorganisms that causes rot in carrot to conventional

chemicals and drugs prompted scientists to search for novel sources of biocides with broad-

spectrum activities as stated by Abad et al., (2007). The primary aim of this research endeavor

was to meticulously characterize and identify the bacterial isolates obtained from rotted carrot

and subsequently ascertain the antibacterial potentials of three distinct essential oils against the

aforementioned bacterial isolate.

Given the escalating demand for natural alternatives to synthetic preservatives, essential oils

have emerged as a viable substitute owing to their demonstrated ability to impede the growth and

proliferation of a wide range of bacterial species. Motivated by this premise, the present study

sought to examine and evaluate the antibacterial activities of selected essential oils against the

bacterial strains isolated from the rotted carrots. However, despite their well-documented

antibacterial properties in previous research projects, it is rather disconcerting to note that none

of the selected essential oils, namely Tea Tree Oil (TTO), Bergamot Essential Oil, and Neem

Essential Oil (EO), exhibited any discernible zones of inhibition against the isolates obtained

from the rotted carrots in this particular investigation.

The bacteria isolated from the rotted carrot were Enterobacter sp., Pseudomonas sp. and

Agrobacterium tumenfaciens.

As opposed to the findings in the study of Sultana et al., (2019), Neem oil did not show any

zone of inhibition against Pseudomonas sp. but there was a clear and distinct zone of inhibition

when tested against bacteria like Staphylococcus aureus and Klebsiella sp., the factor considered

in that study is due to the high resistance of Pseudomonas sp.

Bergamot oil did not show any antibacterial property when tested against any of the bacterial

isolate, this is not in line with the study by Cebi and Eraslan, (2023) who reported Bergamot oil

showed prominent antibacterial properties against Escherichia coli, Listeria monocytogenes and

Bacillus cereus at various concentrations such as 0.5 µg/mL, 1 µg/mL, 2.5 µg/mL and 5 µg/mL.
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There are several factors to consider as to why the essential oils did not show any clear zone of

inhibition against any of the bacterial isolate. The first reason is that the essential oils were not

extracted from the original plant source; rather they were purchased in the supermarket as a

commercial product which could have affected the integrity of the essential oil’s potential.

Another factor is the type of bacterial strain that was isolated, bacterial resistance,

methodological differences, inactivation or degradation of the essential oils, synergistic or

antagonistic reactions and difference in the composition of the essential oils (Hammer et al.,

1999).

While this study did not reveal any significant antibacterial property of the essential oils, the

study by Veira-Brock et al., (2017) shows great antibacterial properties when several essential

oils were combined together. The study demonstrated the synergistic effect of essential oil blend

against highly resistant bacteria. This gives better prospect to the efficiency of the essential oil

blend to just a single essential oil used against an individual bacteria strain as shown in this

current study.

Conclusion
The isolates employed in the study, coupled with potential bacterial resistance mechanisms,

methodological discrepancies, synergistic or antagonistic interactions, inactivation or

degradation of the essential oils, and variations in the composition of the essential oils

themselves, might all have collectively contributed to the observed lack of potential

antimicrobial activity. Further investigations can be done using essential oils against bacterial

isolates but it should be extracted from the plant source to avoid destroying its potential

antimicrobial properties.



50

REFERENCES

Abad, M. J., Ansuategui, M. and Bermejo, P. (2007). Active antifungal substances from natural

sources. Archive 7(11): 6-145.

Alhassan, M., Lawal, A., Nasiru, Y., Suleiman, M., Safiya, A. M. and Bello, N. (2018).

Extraction and formulation of perfume from locally available lemon grass

leaves. ChemSearch Journal 9(2): 40-44.

Amini, J., Farhang, V., Javadi, T. and Nazemi, J. (2016). Antifungal effect of plant essential oils

on controlling Phytophthora species. The Plant Pathology Journal 32(1): 16-24.

Anderson, J. W., Smith, B. M. and Guftanson, N. S. (1994) Health benefit and practical aspects of

high fiber diets. American Journal of Clinical Nutrition 595:1242–1247.

Andrews, R. E., Parks, L. W. and Spence, K. (1980). Some effects of Douglas fir terpenes on

certain microorganisms. Applied and Environmental Microbiology 40(2): 301-304.

Avoseh, O., Oyedeji, O., Rungqu, P., Nkeh-Chungag, B. and Oyedeji, A. (2015). Cymbopogon

species; ethnopharmacology, phytochemistry and the pharmacological

importance. Molecules 20(5): 7438-7453.

Babic, I., Amiot, M. J., Nguyen‐The, C. and Aubert, S. (1993). Changes in phenolic content in

fresh ready‐to‐use shredded carrots during storage. Journal of Food Science 58(2): 351-

356.

Bagamboula, C. F., Uyttendaele, M. and Debevere, J. (2004). Inhibitory effect of thyme and basil

essential oils, carvacrol, thymol, estragol, linalool and p-cymene towards Shigella sonnei

and S. flexneri. Food Microbiology 21(1): 33-42.

Bakkali, F., Averbeck, S., Averbeck, D. and Idaomar, M. (2008). Biological effects of essential

oils–a review. Food and Chemical Toxicology 46(2): 446-475.



51

Banga, O. (1957). The development of the original European carrot material. Euphytica 6(1): 64–

76.

Banga, O. (1963). Origin and distribution of the western cultivated carrot. Agricultural Genetics

17: 357-370.

Bao, B. and Chang, K. C. (1994). Carrot pulp chemical composition, color, and water‐holding

capacity as affected by blanching. Journal of Food Science 59(6): 1159-1161.

Baranski, R., Allender, C. and Klimek-Chodacka, M. (2012). Towards better tasting and more

nutritious carrots: Carotenoid and sugar content variation in carrot genetic resources. Food

Research International 47(2): 182–187.

Barras, F., van Gijsegem, F. and Chatterjee, A. K. (1994). Extracellular enzymes and

pathogenesis of soft-rot Erwinia. Annual Review of Phytopathology 32(1): 201-234.

Bast A., Van den Berg, H., Van der Plas, R. M. and Haenen, G. R. (1996). β-Carotene as

antioxidant. European Journal of Clinical Nutrition 50:554–556.

Bast, A., Haenen, G. R., Van den Berg, R. and Van den Berg, H. (1998). Antioxidant effects of

carotenoids. International Journal for Vitamin and Nutrition Research 68(6): 399-403.

Bautista-Baños, S., Hernandez-Lauzardo, A. N., Velazquez-Del Valle, M. G., Hernández-López,

M., Barka, E. A., Bosquez-Molina, E. and Wilson, C. L. (2006). Chitosan as a potential

natural compound to control pre and postharvest diseases of horticultural

commodities. Crop Protection 25(2): 108-118.

Ben Arfa, A., Combes, S., Preziosi‐Belloy, L., Gontard, N. and Chalier, P. (2006). Antimicrobial

activity of carvacrol related to its chemical structure. Letters in Applied

Microbiology 43(2): 149-154.



52

Bendich, A. (1994). Recent advances in clinical research involving carotenoids. Pure and Applied

Chemistry 66(5): 1017–1024.

Bendich, A. and Olson, J. A. (1989). Biological actions of carotenoids 1. The FASEB Journal 3(8):

1927–1932.

Bhat, K. A., Bhat, N. A., Masoodi, S. D., Mir, S. A., Zargar, M. Y. and Sheikh, P. A. (2010).

Studies on status and host range of soft rot disease of cabbage. Journal of Phytology 2(10).

Bishayee, A., Sarkar, A. and Chatterjee, M. (1995). Hepatoprotective activity of carrot (Daucus

carota L.) against carbon tetrachloride intoxication in mouse liver. Journal of

Ethnopharmacology 47(2): 69-74.

Boland, G. J. and Hall, R. (1994). Index of plant hosts of Sclerotinia sclerotiorum. Canadian

Journal of Plant Pathology 16(2): 93-108.

Boukhatem, M. N., Ferhat, M. A., Kameli, A., Saidi, F. and Kebir, H. T. (2014). Lemon grass

(Cymbopogon citratus) essential oil as a potent anti-inflammatory and antifungal

drugs. Libyan Journal of Medicine 9(1).

Božik, M., Císarová, M., Tančinová, D., Kouřimská, L., Hleba, L. and Klouček, P. (2017).

Selected essential oil vapours inhibit growth of Aspergillus spp. in oats with improved

consumer acceptability. Industrial Crops and Products 98: 146-152.

Bramley, P. M. (2000). Is lycopene beneficial to human health?. Phytochemistry 54(3): 233-236.

Bučková, M., Puškárová, A., Kalászová, V., Kisová, Z. and Pangallo, D. (2018). Essential oils

against multidrug resistant gram-negative bacteria. Biologia 73: 803-808.

Burt, S. A., and Reinders, R. D. (2003). Antibacterial activity of selected plant essential oils

against Escherichia coli O157: H7. Letters in Applied Microbiology 36(3): 162-167.



53

Burt, S. A., Van der Zee, R., Koets, A. P., de Graaff, A. M., Van Knapen, F., Gaastra, W. and

Veldhuizen, E. J. (2007). Carvacrol induces heat shock protein 60 and inhibits synthesis of

flagellin in Escherichia coli O157: H7. Applied and Environmental Microbiology 73(14):

4484-4490.

Byers, T. and Perry, G. (1992). Dietary Carotenes, Vitamin C, and Vitamin E as Protective

Antioxidants in Human Cancers. Annual Review of Nutrition: 12(1): 139–159.

Carbajal, D., Casaco, A., Arruzazabala, L., Gonzalez, R. and Tolon, Z. (1989). Pharmacological

study of Cymbopogon citratus leaves. Journal of Ethnopharmacology 25(1): 103-107.

Carle, R. and Schiber, A. (2001). Recovery and characterization of functional compounds from

by-products of fruit and vegetable processing—effect of processing on the nutritional

quality of food. Karlsruhe 75:21–23.

Carrot, W. (2011). Carrot: history and iconography. Chronica 51(2): 13.

Carson, C. F., Mee, B. J. and Riley, T. V. (2002). Mechanism of action of Melaleuca alternifolia

(tea tree) oil on Staphylococcus aureus determined by time-kill, lysis, leakage, and salt

tolerance assays and electron microscopy. Antimicrobial Agents and Chemotherapy 46(6):

1914-1920.

Castenmiller, J. J. and West, C. E. (1998). Bioavailability and bioconversion of carotenoids.

Annual Review of Nutrition 18: 19–38.

Cebi, N. and Erarslan, A. (2023). Determination of the antifungal, antibacterial activity and

volatile compound composition of citrus bergamia peel essential oil. Foods 12(1): 203.

Chaieb, K., Hajlaoui, H., Zmantar, T., Kahla‐Nakbi, A. B., Rouabhia, M., Mahdouani, K. and

Bakhrouf, A. (2007). The chemical composition and biological activity of clove essential

oil, Eugenia caryophyllata (Syzigium aromaticum L. Myrtaceae): a short



54

review. Phytotherapy Research: An International Journal Devoted to Pharmacological

and Toxicological Evaluation of Natural Product Derivatives: 21(6): 501-506.

Chen, X., Zhu, X., Ding, Y. and Shen, Y. (2011). Antifungal activity of tautomycin and related

compounds against Sclerotinia sclerotiorum. The Journal of Antibiotics 64(8): 563-569.

Chorianopoulos, N. G., Giaouris, E. D., Skandamis, P. N., Haroutounian, S. A. and Nychas, G. J.

(2008). Disinfectant test against monoculture and mixed‐culture biofilms composed of

technological, spoilage and pathogenic bacteria: bactericidal effect of essential oil and

hydrosol of Satureja thymbra and comparison with standard acid–base sanitizers. Journal

of Applied Microbiology 104(6): 1586-1596.

Coles, R. B. and Wicks, T. J. (2003). The incidence of Alternaria radicina on carrot seeds,

seedlings and roots in South Australia. Australasian Plant Pathology 32: 99-104.

Collmer, A. and Keen, N. T. (1986). The role of pectic enzymes in plant pathogenesis. Annual

Review of Phytopathology 24(1): 383-409.

Constance L. ( 1971). History of the classification of Umbelliferae.(Apiaceae). Botanical Journal

of the Linnean Society 64: 1–11.

Cox, S. D., Mann, C. M., Markham, J. L., Bell, H. C., Gustafson, J. E., Warmington, J. R. and

Wyllie, S. G. (2000). The mode of antimicrobial action of the essential oil of Melaleuca

alternifolia (tea tree oil). Journal of Applied Microbiology 88(1): 170-175.

Cristani, M., D'Arrigo, M., Mandalari, G., Castelli, F., Sarpietro, M. G., Micieli, D. and

Trombetta, D. (2007). Interaction of four monoterpenes contained in essential oils with

model membranes: implications for their antibacterial activity. Journal of Agricultural and

Food Chemistry 55(15): 6300-6308.



55

Darroudi, F., Targa, H., and Natarajan, A. T. (1988). Influence of dietary carrot on cytostatic drug

activity of cyclophosphamide and its main directly acting metabolite: Induction of sister-

chromatid exchanges in normal lymphocytes, Chinese hamster ovary cells, and their DNA

repair-deficient cell lines. Mutation Research/Fundamental and Molecular Mechanisms of

Mutagenesis 198(2): 327-335.

D'Ávila, J. V., Martinazzo, A. P., Santos, F. S. D., Teodoro, C. E. D. S. and Portz, A. (2016).

Essential oil production of lemongrass (Cymbopogon citratus) under organic compost

containing sewage sludge. Brazilian Journal of Agriculture and Environmental

Engineering 20: 811-816.

Dawid, C., Dunemann, F., Schwab, W., Nothnagel, T. and Hofmann, T. (2015). Bioactive C17-

Polyacetylenes in Carrots (Daucus carota L.): Current Knowledge and Future Perspectives.

Journal of Agricultural and Food Chemistry 63(42): 9211–9222.

De Martino, L., De Feo, V., Fratianni, F. and Nazzaro, F. (2009). Chemistry, antioxidant,

antibacterial and antifungal activities of volatile oils and their components. Natural

Product Communications 4(12).

Desai, M. A. and Parikh, J. (2015). Extraction of essential oil from leaves of lemongrass using

microwave radiation: optimization, comparative, kinetic, and biological studies. ACS

Sustainable Chemistry and Engineering 3(3): 421-431.

Deshpande, S. S., Deshpande, U. S. and Salunkhe, D. K. (1995). Nutritional and health aspects of

food antioxidants. Food Science And Technology-New York-Marcel Dekker 361-470.

Di Pasqua, R., Hoskins, N., Betts, G. and Mauriello, G. (2006). Changes in membrane fatty acids

composition of microbial cells induced by addiction of thymol, carvacrol, limonene,



56

cinnamaldehyde, and eugenol in the growing media. Journal of Agricultural and Food

Chemistry 54(7): 2745-2749.

Dias, J. S. (2012). Nutritional quality and health benefits of vegetables: A review Food and

Nutrition Sciences 3(10): 1354-1374.

Dixon, R. A. and Paiva, N. L. (1995). Stress-induced phenylpropanoid metabolism. The Plant

Cell 7(7): 1085-1097.

D'Odorico, A., Martines, D., Kiechl, S., Egger, G., Oberhollenzer, F., Bonvicini, P. and Willeit, J.

(2000). High plasma levels of α-and β-carotene are associated with a lower risk of

atherosclerosis: Results from the Bruneck study. Atherosclerosis 153(1): 231-239.

Dorman, H. D. and Deans, S. G. (2000). Antimicrobial agents from plants: antibacterial activity

of plant volatile oils. Journal of Applied Microbiology 88(2): 308-316.

Ekam, V. S., Udosen, E. O. and Chighu, A. E. (2006) Comparative Effect of Carotenoid Complex

from Goldenneo-Life Dynamite and Carrot Extracted Carotenoids on Immune Parameters

in Albino Wistar Rats. Nigerian Journal of Physiological Sciences 21:1-4.

Ellis, M. B. and Holliday, P. (1972). Alternaria radicina No. 346. CMI Descriptions of

pathogenic fungi and bacteria’. (Commonwealth Mycological Institute: Kew, Surrey,

England).

Faulks, R. M. and Southon, S. (2001). Carotenoids, metabolism and disease. Handbook of

nutraceuticals and functional foods. CRC Press, Florida, 9.

Fernandes, S. S., Tonato, D., Mazutti, M. A., de Abreu, B. R., da Costa Cabrera, D., D'Oca, C. D.

R. M. and de las Mercedes Salas-Mellado, M. (2019). Yield and quality of chia oil

extracted via different methods. Journal of Food Engineering 262: 200-208.



57

Finlayson, J. E., Pritchard, M. K. and Rimmer, S. R. (1989). Electrolyte leakage and storage

decay of five carrot cultivars in response to infection by Sclerotinia

sclerotiorum. Canadian Journal of Plant Pathology 11(3): 313-316.

Fitzgerald, D. J., Stratford, M., Gasson, M. J. and Narbad, A. (2005). Structure− function analysis

of the vanillin molecule and its antifungal properties. Journal of Agricultural and Food

Chemistry 53(5): 1769-1775.

Fitzgerald, D. J., Stratford, M., Gasson, M. J., Ueckert, J., Bos, A. and Narbad, A. (2004). Mode

of antimicrobial action of vanillin against Escherichia coli, Lactobacillus plantarum and

Listeria innocua. Journal of Applied Microbiology 97(1): 104-113.

Gabel, C. V. and Berg, H. C. (2003). The speed of the flagellar rotary motor of Escherichia coli

varies linearly with proton motive force. Proceedings of the National Academy of

Sciences 100(15): 8748-8751.

Geeson, J. D., Browne, K. M. and Everson, H. P. (1988). Storage diseases of carrots in East

Anglia 1978–82, and the effects of some pre‐and post‐harvest factors. Annals of Applied

Biology 112(3): 503-514.

Gill, A. O. and Holley, R. A. (2004). Mechanisms of bactericidal action of cinnamaldehyde

against Listeria monocytogenes and of eugenol against L. monocytogenes and

Lactobacillus sakei. Applied and Environmental Microbiology 70(10): 5750-5755.

Gill, A. O. and Holley, R. A. (2006). Disruption of Escherichia coli, Listeria monocytogenes and

Lactobacillus sakei cellular membranes by plant oil aromatics. International Journal of

Food Microbiology 108(1): 1-9.



58

Gorinstein, S., Zachwieja, Z., Folta, M., Barton, H., Piotrowicz, J., Zemser, M. and Màrtín-

Belloso, O. (2001). Comparative contents of dietary fiber, total phenolics, and minerals in

persimmons and apples. Journal of Agricultural And Food Chemistry 49(2): 952-957.

Groves, J. W. and Skolko, A. J. (1944). Notes on seed-borne fungi: Ii. Alternaria. Canadian

Journal of Research 22(5): 217-234.

Gustafson, Liew, Chew, Markham, Wyllie, & Warmington. (1998). Effects of tea tree oil on

Escherichia coli. Letters in Applied Microbiology 26(3): 194-198.

Hammer, K. A., Carson, C. F. and Riley, T. V. (1999). Antimicrobial activity of essential oils and

other plant extracts. Journal of Applied Microbiology 86(6): 985-990.

Hammer, K. A., Carson, C. F., Riley, T. V. and Nielsen, J. B. (2006). A review of the toxicity of

Melaleuca alternifolia (tea tree) oil. Food and Chemical Toxicology 44(5): 616-625.

Haque, A. N. M. A., Remadevi, R. and Naebe, M. (2018). Lemongrass (Cymbopogon): a review

on its structure, properties, applications and recent developments. Cellulose 25: 5455-5477.

Harris, D. R. (1990). 3. Vavilov's concept of centres of origin of cultivated plants: its genesis and

its influence on the study of agricultural origins. Biological Journal of the Linnean

Society 39(1): 7-16.

Harvey, I. C., Foley, L. M. and Saville, D. J. (1995). Survival and germination of shallow‐buried

sclerotia of Sclerotinia sclerotiorum in pastures in Canterbury. New Zealand Journal of

Agricultural Research 38(2): 279-284.

Heinonen, M. I. (1990). Carotenoids and provitamin-A activity of carrot (Daucus carota L.)

cultivars. Journal of Agriculture and Food Chemistry 38: 609-612.

Helander, I. M., Alakomi, H. L., Latva-Kala, K. and Koski, P. (1997). Polyethyleneimine is an

effective permeabilizer of gram-negative bacteria. Microbiology 143(10): 3193-3199.



59

Helander, I. M., Alakomi, H. L., Latva-Kala, K., Mattila-Sandholm, T., Pol, I., Smid, E. J. and

Von Wright, A. (1998). Characterization of the action of selected essential oil components

on Gram-negative bacteria. Journal of Agricultural and Food Chemistry 46(9): 3590-3595.

Heywood, V. H. (1983). Relationships and evolution in the Daucus carota complex. Israel

Journal of Plant Sciences 32(2): 51-65.

Hildebrand, P. D., Forney, C. F., Song, J., Fan, L. and McRae, K. B. (2008). Effect of a

continuous low ozone exposure (50 nL L− 1) on decay and quality of stored

carrots. Postharvest Biology and Technology 49(3): 397-402.

Holiman, P. C., Hertog, M. G. and Katan, M. B. (1996). Analysis and health effects of

flavonoids. Food Chemistry 57(1): 43-46.

Horváth, G., Kovács, K., Kocsis, B. and Kustos, I. (2009). Effect of thyme (Thymus vulgaris L.)

essential oil and its main constituents on the outer membrane protein composition of

Erwinia strains studied with microfluid chip technology. Chromatographia 70: 1645-1650.

Huang, H. C. and Kozub, G. C. (1993). Influence of inoculum production temperature on

carpogenic germination of sclerotia of Sclerotinia sclerotiorum. Canadian Journal of

Microbiology 39(5): 548-550.

Hung, R. J., Zhang, Z. F., Rao, J. Y., Pantuck, A., Reuter, V. E., Heber, D. and Lu, Q. Y. (2006).

Protective effects of plasma carotenoids on the risk of bladder cancer. The Journal of

Urology 176(3): 1192-1197.

Hyldgaard, M., Mygind, T. and Meyer, R. L. (2012). Essential oils in food preservation: mode of

action, synergies, and interactions with food matrix components. Frontiers in

Microbiology 3: 20029.



60

Iorizzo, M., Senalik, D. A., Ellison, S. L., Grzebelus, D., Cavagnaro, P. F., Allender, C., Brunet,

J., Spooner, D. M., Van Deynze, A. and Simon, P. W. (2013). Genetic structure and

domestication of carrot (Daucus carota subsp. sativus) (Apiaceae). American Journal of

Botany 100(5): 930–938.

Janick, J. (2011). New World Crops: Iconography and History. Acta Horticulturae 916: 93–104.

Jung, H. G. and Fahey Jr, G. C. (1983). Nutritional implications of phenolic monomers and lignin:

a review. Journal of Animal Science 57(1): 206-219.

Juven, B. J., Kanner, J., Schved, F. and Weisslowicz, H. (1994). Factors that interact with the

antibacterial action of thyme essential oil and its active constituents. Journal of applied

bacteriology 76(6): 626-631.

Karakaya, S. N. and Tas, S. (2001). Antioxidant activity of some foods containing phenolic

compounds. International Journal of Food Sciences and Nutrition 52(6): 501-508.

Kim, J., Marshall, M. R. and Wei, C. I. (1995). Antibacterial activity of some essential oil

components against five foodborne pathogens. Journal of Agricultural and Food

Chemistry 43(11): 2839-2845.

Kobæk-Larsen, M., Christensen, L. P., Vach, W., Ritskes-Hoitinga, J. and Brandt, K. (2005).

Inhibitory effects of feeding with carrots or (−)-falcarinol on development of

azoxymethane-induced preneoplastic lesions in the rat colon. Journal of Agricultural and

Food Chemistry 53(5): 1823-1827.

Kora, C., McDonald, M. R. and Boland, G. J. (2003). Sclerotinia rot of carrot: an example of

phenological adaptation and bicyclic development by Sclerotinia sclerotiorum. Plant

Disease 87(5): 456-470.



61

Kora, C., McDonald, M. R. and Boland, G. J. (2005). Epidemiology of sclerotinia rot of carrot

caused by Sclerotinia sclerotiorum. Canadian Journal of Plant Pathology 27(2): 245-258.

Kpoviessi, S., Bero, J., Agbani, P., Gbaguidi, F., Kpadonou-Kpoviessi, B., Sinsin, B. and Quetin-

Leclercq, J. (2014). Chemical composition, cytotoxicity and in vitro antitrypanosomal and

antiplasmodial activity of the essential oils of four Cymbopogon species from

Benin. Journal of Ethnopharmacology 151(1): 652-659.

Krinsky, N. I. (1989a). Antioxidant functions of carotenoids. Free Radical Biology and Medicine

7(6): 617–635.

Krinsky, N. I. (1989b). Carotenoids in Medicine. Carotenoids 279–291.

Krinsky, N. I. (1994). The biological properties of carotenoids. Pure and Applied Chemistry 66(5):

1003–1010.

Kühn, J. (1855). Über das Befallen des Rapses und die Krankheit der Möhrenblätter. Hedwigia 1:

86-91.

La Storia, A., Ercolini, D., Marinello, F., Di Pasqua, R., Villani, F. and Mauriello, G. (2011).

Atomic force microscopy analysis shows surface structure changes in carvacrol-treated

bacterial cells. Research in Microbiology 162(2): 164-172.

Laekeman, G. M., Van Hoof, L., Haemers, A., Berghe, D. V., Herman, A. G. and Vlietinck, A. J.

(1990). Eugenol a valuable compound for in vitro experimental research and worthwhile

for further in vivo investigation. Phytotherapy Research 4(3): 90-96.

Lambert, R. J. W., Skandamis, P. N., Coote, P. J. and Nychas, G. J. (2001). A study of the

minimum inhibitory concentration and mode of action of oregano essential oil, thymol and

carvacrol. Journal of Applied Microbiology 91(3): 453-462.



62

Lee, B.-J., Lee, Y.-S. and Cho, M.-H. (1998). Antioxidant Activity of Vegetables and Their

Blends in Iron - Catalyzed Model Systems. Journal of Food Science and Nutrition 3(4):

309–314.

Leite, J., Maria De Lourdes, V. S., Maluf, E., Assolant, K., Suchecki, D., Tufik, S. and Carlini, E.

A. (1986). Pharmacology of lemongrass (Cymbopogon citratus Stapf). III. Assessment of

eventual toxic, hypnotic and anxiolytic effects on humans. Journal of

Ethnopharmacology 17(1): 75-83.

Liang, Y., Rahman, M. H., Strelkov, S. E. and Kav, N. N. (2010). Developmentally induced

changes in the sclerotial proteome of Sclerotinia sclerotiorum. Fungal Biology 114(8):

619-627.

Liu, J., Zhang, Y., Meng, Q., Shi, F., Ma, L. and Li, Y. (2017). Physiological and biochemical

responses in sunflower leaves infected by Sclerotinia sclerotiorum. Physiological and

Molecular Plant Pathology 100: 41-48.

Luby, C. H., Maeda, H. A. and Goldman, I. L. (2014). Genetic and phenological variation of

tocochromanol (vitamin E) content in wild (Daucus carota L. var. carota) and

domesticated carrot (D. carota L. var. sativa). Horticulture Research 1(1).

Mackevic, V. I. (1929). The carrot of Afghanistan. Bulletin of Applied Botany, Genetics and Plant

Breeding 20: 517-562.

Majewska, E., Kozlowska, M., Gruszczynska-Sekowska, E., Kowalska, D. and Tarnowska, K.

(2019). Lemongrass (Cymbopogon citratus) essential oil: extraction, composition,

bioactivity and uses for food preservation-a review. Polish Journal of Food and Nutrition

Sciences 69(4).



63

Mandrich, L., Esposito, A. V., Costa, S. and Caputo, E. (2023). Chemical composition, functional

and anticancer properties of Carrot. Molecules 28(20): 7161.

Mann, C. M., Cox, S. D. and Markham, J. L. (2000). The outer membrane of Pseudomonas

aeruginosa NCTC 6749 contributes to its tolerance to the essential oil of Melaleuca

alternifolia (tea tree oil). Letters in Applied Microbiology 30(4): 294-297.

Mansfield, J., Genin, S., Magori, S., Citovsky, V., Sriariyanum, M., Ronald, P. and Foster, G. D.

(2012). Top 10 plant pathogenic bacteria in molecular plant pathology. Molecular plant

pathology 13(6): 614-629.

Matasyoh, J. C., Wagara, I. N., Nakavuma, J. L. and Kiburai, A. M. (2011). Chemical

composition of Cymbopogon citratus essential oil and its effect on mycotoxigenic

Aspergillus species 5(3): 138-142.

Mathews-Roth, M. M. (1985). Carotenoids and cancer prevention - experimental and

epidemiological studies. Pure and Applied Chemistry 57(5): 717–722.

Matsunaga, H., Katano, M., Yamamoto, H., Fujito, H., Mori, M. and Takata, K. (1990). Cytotoxic

activity of polyacetylene compounds in Panax ginseng CA Meyer. Chemical and

Pharmaceutical Bulletin 38(12): 3480-3482.

Maude, R. B. (1966). Studies on the etiology of black rot, Stemphylium radicinum and leaf blight,

Alternaria dauci on carrot crops; and on fungicide control of their seed‐borne infection

phases. Annals of Applied Biology 57(1): 83-93.

Maude, R. B. and Bambridge, J. M. (1991). Evaluation of seed treatments against Alternaria

dauci (leaf blight) of naturally infected carrot seeds. Annals of applied biology 118: 30-31.

Meier, F. C., Drechsler, C. and Eddy, E. D. (1922). Black rot of carrots caused by Alternaria

radicina n. sp. Phytopathology 12(4).



64

Mercier, J., Arul, J. and Julien, C. (1994). Effect of food preparation on the isocoumarin, 6-

methoxymellein, content of UV-treated carrots. Food Research International 27(4): 401-

404.

Miedzobrodzka A., Ciesllk E. and Sikora E. (1992). Changes in the content of nitrate and nitrites

in carrot roots during storage in the clamp. Annals of the National Institute of Hygiene 43:

33–36.

Mills, A. A. S. and Hurta, R. A. R. (2006). Sensitivity of Erwinia spp. to salt compounds in vitro

and their effect on the development of soft rot in potato tubers in storage. Postharvest

Biology and Technology 41(2): 208-214.

Mills, J. P., Simon, P. W. and Tanumihardjo, S. A. (2008). Biofortified Carrot Intake Enhances

Liver Antioxidant Capacity and Vitamin A Status in Mongolian Gerbils1. The Journal of

Nutrition 138(9): 1692-1698.

Mital, P. R., Laxman, P. J. and Ramesshvar, P. K. (2011). Protective effect of Daucus carota root

extract against ischemia reperfusion injury in rats. Pharmacology 1: 432-439.

Mith, H., Dure, R., Delcenserie, V., Zhiri, A., Daube, G. and Clinquart, A. (2014). Antimicrobial

activities of commercial essential oils and their components against food‐borne pathogens

and food spoilage bacteria. Food Science and Nutrition 2(4): 403-416.

Mounce, I. and Boshe, J. E. (1943). Seedling Blight of Carrot Caused by Alternaria

Radicinip. Scientific Agriculture 23(7): 421-423.

Mrozik, A., Piotrowska-Seget, Z. and Łabużek, S. (2004). Changes in whole cell-derived fatty

acids induced by naphthalene in bacteria from genus Pseudomonas. Microbiological

Research 159(1): 87-95.



65

Nagai, T., Inoue, R., Inoue, H. and Suzuki, N. (2003). Preparation and antioxidant properties of

water extract of propolis. Food Chemistry 80(1): 29-33.

Naidu, K. A. (2003). Vitamin C in human health and disease is still a mystery? An overview.

Nutrition Journal 2(1).

Nawirska, A. and Kwaśniewska, M. (2005). Dietary fibre fractions from fruit and vegetable

processing waste. Food chemistry 91(2): 221-225.

Nicolle, C., Cardinault, N., Aprikian, O., Busserolles, J., Grolier, P., Rock, E. and Rémésy, C.

(2003). Effect of carrot intake on cholesterol metabolism and on antioxidant status in

cholesterol-fed rat. European Journal of Nutrition 42: 254-261.

Nikaido, H. (2003). Molecular basis of bacterial outer membrane permeability

revisited. Microbiology and Molecular Biology Reviews 67(4): 593-656.

Olorunnisola, S. K., Hammed, A. M. and Simsek, S. (2014). Biological properties of lemongrass:

an overview. International Food Research Journal 21(2).

Onawunmi, G. O., Yisak, W. A. and Ogunlana, E. O. (1984). Antibacterial constituents in the

essential oil of Cymbopogon citratus (DC.) Stapf. Journal of Ethnopharmacology 12(3):

279-286.

Ooi, L. S., Li, Y., Kam, S. L., Wang, H., Wong, E. Y. and Ooi, V. E. (2006). Antimicrobial

activities of cinnamon oil and cinnamaldehyde from the Chinese medicinal herb

Cinnamomum cassia Blume. The American journal of Chinese medicine 34(03): 511-522.

Oosterhaven, K., Poolman, B. and Smid, E. J. (1995). S-Carvone as a natural potato sprout

inhibiting, fungistatic and bacteriostatic compound. Industrial Crops and Products 4(1):

23-31.



66

Oviasogie, P. O., Okoro, D. and Ndiokwere, C. L. (2009). Determination of total phenolic amount

of some edible fruits and vegetables. African Journal of Biotechnology 8(12): 2819-2820.

Palozza, P. and Krinsky, N. I. (1992). Antioxidant effects of carotenoids in vivo and in vitro: an

overview. Methods Enzymol 213: 403–420

Panalaks, T. and Murray, T. K. (1970). The Effect of Processing on the Content of Carotene

Isomers in Vegetables and Peaches. Canadian Institute of Food Technology Journal 3(4):

145–151.

Patil, M. V. K., Kandhare, A. D. and Bhise, S. D. (2012). Pharmacological evaluation of ethanolic

extract of Daucus carota Linn root formulated cream on wound healing using excision

and incision wound model. Asian Pacific Journal of Tropical Biomedicine 2(2): 646-655.

Pauli, A. and Kubeczka, K. H. (2010). Antimicrobial properties of volatile

phenylpropanes. Natural Product Communications 5(9).

Perombelon, M. C. and Kelman, A. (1980). Ecology of the soft rot erwinias. Annual Review of

Phytopathology 18(1): 361-387.

Pisani, P., Berrino, F., Macaluso, M., Pastorino, U., Crosignani, P. and Baldasseroni, A. (1986).

Carrots, green vegetables and lung cancer: a case-control study. International Journal of

Epidemiology 15(4): 463-468.

Plesiat, P. and Nikaido, H. (1992). Outer membranes of Gram‐negative bacteria are permeable to

steroid probes. Molecular microbiology 6(10): 1323-1333.

Poolman, B., Driessen, A. J. and Konings, W. N. (1987). Regulation of solute transport in

streptococci by external and internal pH values. Microbiological Reviews 51(4): 498-508.



67

Posadzki, P., Alotaibi, A. and Ernst, E. (2012). Adverse effects of aromatherapy: a systematic

review of case reports and case series. International Journal of Risk and Safety in

Medicine 24(3): 147-161.

Prashar, A., Locke, I. C. and Evans, C. S. (2004). Cytotoxicity of lavender oil and its major

components to human skin cells. Cell proliferation 37(3): 221-229.

Premathilake, U. G. A. T., Wathugala, D. L., & Dharmadasa, R. M. (2018). Evaluation of

chemical composition and assessment of antimicrobial activities of essential oil of

lemongrass (Cymbopogon citratus (DC.) Stapf). International Journal of Minor Fruits,

Medicinal and Aromatic Plants 4(1): 13-19.

Pryor, B. M. and Strandberg, J. O. (2002). Alternaria leaf blight of carrot. Compendium of

Umbelliferous Crop Diseases 15-16.

Pryor, B. M., Davis, R. M. and Gilbertson, R. L. (1998). Detection of soilborne Alternaria

radicina and its occurrence in California carrot fields. Plant Disease 82(8): 891-895.

Purup, S., Larsen, E. and Christensen, L. P. (2009). Differential effects of falcarinol and related

aliphatic C17-polyacetylenes on intestinal cell proliferation. Journal of Agricultural and

Food Chemistry 57(18): 8290-8296.

Que, F., Hou, X.-L., Wang, G.-L., Xu, Z.-S., Tan, G.-F., Li, T., Wang, Y.-H., Khadr, A. and

Xiong, A.-S. (2019). Advances in research on the carrot, an important root vegetable in

the Apiaceae family. Horticulture Research 6(1): 1–15.

Ramage, G., Milligan, S., Lappin, D. F., Sherry, L., Bagg, J. and Culshaw, S. (2012). Antifungal,

cytotoxic, and immunomodulatory properties of tea tree oil and its derivative components:

potential role in management of oral candidosis in cancer patients. Frontiers in

Microbiology 3: 29010.



68

Rattanachaikunsopon, P. and Phumkhachorn, P. (2010). Assessment of factors influencing

antimicrobial activity of carvacrol and cymene against Vibrio cholerae in food. Journal of

Bioscience and Bioengineering 110(5): 614-619.

Reis‐Teixeira, F. B., Sousa, I. P., Alves, V. F., Furtado, N. A. J. C. and De Martinis, E. C. P.

(2019). Evaluation of lemongrass and ginger essential oils to inhibit Listeria

monocytogenes in biofilms. Journal of Food Safety 39(4): 12627.

Rock, C. L. (1997). Carotenoids: Biology and treatment. Pharmacology and Therapeutics 75(3):

185–197.

Rong, J., Lammers, Y., Strasburg, J. L., Schidlo, N. S., Ariyurek, Y., de Jong, T. J., Klinkhamer,

P. G., Smulders, M. J. and Vrieling, K. (2014). New insights into domestication of carrot

from root transcriptome analyses. BMC Genomics 15(1).

Roriz, C. L., Barros, L., Carvalho, A. M., Santos-Buelga, C. and Ferreira, I. C. (2014).

Pterospartum tridentatum, Gomphrena globosa and Cymbopogon citratus: A

phytochemical study focused on antioxidant compounds. Food Research International 62:

684-693.

Rostrup, E. (1888). Oversigt over de I indlobne Foresporgsler angaaende Sygdomme paa

Kultureplanterne. Tids. Landok 7: 330-393.

Rubatzky, V. E., Quiros, C. F. and Simon, P. W. (1999). Carrots and related vegetable

Umbelliferae. CABI publishing 2-9

Sadler, M. J., Gibson, S., Whelan, K., Ha, M.-A., Lovegrove, J. and Higgs, J. (2019). Dried fruit

and public health – what does the evidence tell us? International Journal of Food Sciences

and Nutrition 70(6): 675–687.



69

Santin, M. R., dos Santos, A. O., Nakamura, C. V., Dias Filho, B. P., Ferreira, I. C. P. and Ueda-

Nakamura, T. (2009). In vitro activity of the essential oil of Cymbopogon citratus and its

major component (citral) on Leishmania amazonensis. Parasitology Research 105: 1489-

1496.

Santos, M. S., Meydani, S. N., Leka, L., Wu, D., Fotouhi, N., Meydani, M., Hennekens, C. H. and

Gaziano, J. M. (1996). Natural killer cell activity in elderly men is enhanced by beta-

carotene supplementation. The American Journal of Clinical Nutrition 64(5): 772–777.

Schaneberg, B. T. and Khan, I. A. (2002). Comparison of extraction methods for marker

compounds in the essential oil of lemon grass by GC. Journal of Agricultural and Food

Chemistry 50(6): 1345-1349.

Schieber, A., Stintzing, F. C. and Carle, R. (2001). By-products of plant food processing as a

source of functional compounds—recent developments. Trends in Food Science and

Technology 12(11): 401-413.

Seo, A., and Yu, M. (2003). Toxigenic fungi and mycotoxins. In: Hand book of industrial

mycology (Andrea, Z ed.) Academic Press London 233-246.

Shaikh, M. N., Suryawanshi, Y. C. and Mokat, D. N. (2019). Volatile profiling and essential oil

yield of Cymbopogon citratus (DC.) Stapf treated with rhizosphere fungi and some

important fertilizers. Journal of Essential Oil Bearing Plants 22(2): 477-483.

Sharma, A., Rajendran, S., Srivastava, A., Sharma, S. and Kundu, B. (2017). Antifungal activities

of selected essential oils against Fusarium oxysporum f. sp. lycopersici 1322, with

emphasis on Syzygium aromaticum essential oil. Journal of Bioscience and

Bioengineering 123(3): 308-313.



70

Sharma, K. D., Karki, S., Thakur, N. S. and Attri, S. (2011). Chemical composition, functional

properties and processing of carrot—a review. Journal of Food Science and Technology

49(1): 22–32.

Shi, C., Song, K., Zhang, X., Sun, Y., Sui, Y., Chen, Y. and Xia, X. (2016). Antimicrobial activity

and possible mechanism of action of citral against Cronobacter sakazakii. Plos one 11(7).

e0159006.

Sikkema, J. A. N., de Bont, J. A. and Poolman, B. (1995). Mechanisms of membrane toxicity of

hydrocarbons. Microbiological reviews 59(2): 201-222.

Silva, C. D. B. D., Guterres, S. S., Weisheimer, V. and Schapoval, E. E. (2008). Antifungal

activity of the lemongrass oil and citral against Candida spp. Brazilian Journal of

Infectious Diseases 12: 63-66.

Simmons, E. G. (1995). Alternaria themes and variations. Mycotaxon 55: 55-163.

Simon, P. W. (2010). Domestication, historical development, and modern breeding of

carrot. Plant Breeding Reviews 19: 157-190.

Simon, P. W. and Wolff, X. Y. (1987). Carotenes in typical and dark orange carrots. Journal of

Agricultural and Food Chemistry 35(6): 1017–1022.

Simpson, K. W. (1983). Relative value of carotenoids as precursors of vitamin A. American

Journal of Clinical Nutrition 42(1): 7–17.

Sultana, S., Shova, N. A., Ahmed, A. and Hossain, M. M. (2019). Comparative Study on the

Antibacterial Activities of Neem Oil, Mustard oil and Black Seed Oil Against Pathogenic

Staphylococcus aureus, Klebsiella pneumoniae, Salmonella Typhi and Pseudomonas

Aeruginosa. European Journal of Scientific Research 154(1): 58-67.



71

Sun, M. S., Mihyang, K. and Song, J. B. (2001). Cytotoxicity and quinine reductase induced

effects of Daucas carrot leaf extracts on human cancer cells. Kor. J. Food Sci 30: 86-91.

Suryawanshi, M. A., Mane, V. B. and Kumbhar, G. B. (2016). Methodology to extract essential

oils from lemongrass leaves: solvent extraction approach. International Research Journal

of Engineering and Technology 3(8): 1775-1780.

Swamy, K. R., Nath, P. and Ahuja, K. G. (2014). Vegetables for human nutrition and health. The

Basics of Human Civilization-Food, Agriculture and Humanity 2: 145-198.

Szczepanek, M., Wilczewski, E., J. Poberezny, E. Wszelaczynska, A. Keutgen and I. Ochmian.

(2015). Effect of biostimulants and storage on the content of macroelements in storage

roots of carrot. Journal of Elementology 20(4): 1021–1031.

Tajidin, N. E., Ahmad, S. H., Rosenani, A. B., Azimah, H. and Munirah, M. (2012). Chemical

composition and citral content in lemongrass (Cymbopogon citratus) essential oil at three

maturity stages. Journal of the Science of Food and Agriculture 11(11): 2685-2693.

Tavares, F., Costa, G., Francisco, V., Liberal, J., Figueirinha, A., Lopes, M. C. and Batista, M. T.

(2015). Cymbopogon citratus industrial waste as a potential source of bioactive

compounds. Journal of the Science of Food and Agriculture 95(13): 2652-2659.

Terzi, V., Morcia, C., Faccioli, P., Vale, G., Tacconi, G. and Malnati, M. (2007). In vitro

antifungal activity of the tea tree (Melaleuca alternifolia) essential oil and its major

components against plant pathogens. Letters in Applied Microbiology 44(6): 613-618.

Thebaudin, J. Y., Lefebvre, A. C., Harrington, M. and Bourgeois, C. M. (1997). Dietary fibres:

nutritional and technological interest. Trends in Food Science & Technology 8(2): 41-48.

Thoroski, J., Blank, G. and Biliaderis, C. (1989). Eugenol induced inhibition of extracellular

enzyme production by Bacillus subtilis. Journal of Food Protection 52(6): 399-403.



72

Tiwari, B. K., Valdramidis, V. P., O’Donnell, C. P., Muthukumarappan, K., Bourke, P. and

Cullen, P. J. (2009). Application of natural antimicrobials for food preservation. Journal

of Agricultural and Food Chemistry 57(14): 5987-6000.

Towner, D. B. and Beraha, L. (1976). A Bacterial Disease Of Carrots. The Plant Disease

Reporter 60(1-6).

Trombetta, D., Castelli, F., Sarpietro, M. G., Venuti, V., Cristani, M., Daniele, C. and Bisignano,

G. (2005). Mechanisms of antibacterial action of three monoterpenes. Antimicrobial

Agents and Chemotherapy 49(6): 2474-2478.

Turina, A. D. V., Nolan, M. V., Zygadlo, J. A. and Perillo, M. A. (2006). Natural terpenes: self-

assembly and membrane partitioning. Biophysical Chemistry 122(2): 101-113.

Tyagi, A. K. and Malik, A. (2011). Antimicrobial potential and chemical composition of

Eucalyptus globulus oil in liquid and vapour phase against food spoilage microorganisms. Food

Chemistry 126(1): 228-235.

Tzortzakis, N. G. and Economakis, C. D. (2007). Antifungal activity of lemongrass (Cympopogon

citratus L.) essential oil against key postharvest pathogens. Innovative Food Science and

Emerging Technologies 8(2): 253-258.

Ultee, A., Bennik, M. H. J. and Moezelaar, R. J. A. E. M. (2002). The phenolic hydroxyl group of

carvacrol is essential for action against the food-borne pathogen Bacillus cereus. Applied

and Environmental Microbiology 68(4): 1561-1568.

Vaara, M. (1992). Agents that increase the permeability of the outer membrane. Microbiological

Reviews 56(3): 395-411.

Van, P. G. (1996). Review: epidemiological evidence for β-carotene in prevention of cancer and

cardiovascular disease. European Journal of Clinical Nutrition 50:557–561.



73

Vasireddy, L., Bingle, L. E. and Davies, M. S. (2018). Antimicrobial activity of essential oils

against multidrug-resistant clinical isolates of the Burkholderia cepacia complex. PLoS

One 13(8): e0201835.

Végh, A., Bencsik, T., Molnár, P., Böszörményi, A., Lemberkovics, É., Kovács, K. and Horváth,

G. (2012). Composition and antipseudomonal effect of essential oils isolated from

different lavender species. Natural Product Communications 7(10).

Veldhuizen, E. J., Tjeerdsma-van Bokhoven, J. L., Zweijtzer, C., Burt, S. A. and Haagsman, H. P.

(2006). Structural requirements for the antimicrobial activity of carvacrol. Journal of

Agricultural and Food Chemistry 54(5): 1874-1879.

Verma, R. K., Verma, R. S., Chauhan, A. and Bisht, A. (2015). Evaluation of essential oil yield

and chemical composition of eight lemongrass (Cymbopogon spp.) cultivars under

Himalayan region. Journal of Essential Oil Research 27(3): 197-203.

Vieira-Brock, P. L., Vaughan, B. M. and Vollmer, D. L. (2017). Comparison of antimicrobial

activities of natural essential oils and synthetic fragrances against selected environmental

pathogens. Biochimie Open 5: 8-13.

Villanueva-Suarez, M. J., Redondo-Cuenca, A., Rodriguez-Sevilla, M. D. and De las Heras

Martínez, M. (2003). Characterization of nonstarch polysaccharides content from different

edible organs of some vegetables, determined by GC and HPLC: comparative

study. Journal of Agricultural and Food Chemistry 51(20): 5950-5955.

Walker, J. C. (1998). Bacterial soft rots of carrot. Diseases of Vegetable Crops. Discovery

Publishing Company, New Delhi 184-215.



74

Walsh, S. E., Maillard, J. Y., Russell, A. D., Catrenich, C. E., Charbonneau, D. L. and Bartolo, R.

G. (2003). Activity and mechanisms of action of selected biocidal agents on

Gram‐positive and‐negative bacteria. Journal of Applied Microbiology 94(2): 240-247.

Wendakoon, C. N. and Sakaguchi, M. (1995). Inhibition of amino acid decarboxylase activity of

Enterobacter aerogenes by active components in spices. Journal of Food Protection 58(3):

280-283.

Wu, H., Li, J., Jia, Y., Xiao, Z., Li, P., Xie, Y. and Li, C. (2019). Essential oil extracted from

Cymbopogon citronella leaves by supercritical carbon dioxide: antioxidant and

antimicrobial activities. Journal of Analytical Methods in Chemistry.

Wu, K., Erdman Jr, J. W., Schwartz, S. J., Platz, E. A., Leitzmann, M., Clinton, S. K. and

Giovannucci, E. (2004). Plasma and dietary carotenoids, and the risk of prostate cancer: a

nested case-control study. Cancer Epidemiology Biomarkers and Prevention 13(2): 260-

269.

Xu, J., Zhou, F., Ji, B. P., Pei, R. S. and Xu, N. (2008). The antibacterial mechanism of carvacrol

and thymol against Escherichia coli. Letters in Applied Microbiology 47(3): 174-179.

Yoon, K. Y., Cha, M., Shin, S. R. and Kim, K. S. (2005). Enzymatic production of a soluble-fibre

hydrolyzate from carrot pomace and its sugar composition. Food Chemistry 92(1): 151-

157.

Yusuf, E., Tkacz, K., Turkiewicz, I. P., Wojdyło, A. and Nowicka, P. (2021). Analysis of

chemical compounds’ content in different varieties of carrots, including qualification and

quantification of sugars, organic acids, minerals, and bioactive compounds by UPLC.

European Food Research and Technology 247(12): 3053–3062.



75

Zaini, R., Clench, M. R. and Le Maitre, C. L. (2011). Bioactive chemicals from carrot (Daucus

carota) juice extracts for the treatment of leukemia. Journal of Medicinal Food 14(11):

1303-1312.

Zaman, Z., Roche, S., Fielden, P. R., Fröst, P., Niriella, D. C. and Cayley, A. C. D. (1992).

Plasma Concentrations of Vitamins A and E and Carotenoids in Alzheimer’s Disease. Age

and Ageing 21(2): 91–94.

Zemek, J., Košíková, B., Augustin, J. and Joniak, D. (1979). Antibiotic properties of lignin

components. Folia microbiologica 24: 483-486.

Zhang, D. and Hamauzu, Y. (2004). Phenolic compounds and their antioxidant properties in

different tissues of carrots (Daucus carota L.). Journal of Food Agriculture and

Environment 2: 95-100.

Zuzarte, M., Gonçalves, M. J., Cruz, M. T., Cavaleiro, C., Canhoto, J., Vaz, S. and Salgueiro, L.

(2012). Lavandula luisieri essential oil as a source of antifungal drugs. Food

Chemistry 135(3): 1505-1510.


	ANTIBACTERIAL PROPERTIES OF CERTAIN ESSENTIAL OILS
	ANTIBACTERIAL PROPERTIES OF CERTAIN ESSENTIAL OILS
	CERTIFICATION
	DEDICATION
	ACKNOWLEDGMENT 
	LIST OF TABLE
	LIST OF PLATES
	CHAPTER ONE
	INTRODUCTION
	1.1AIM AND OBJECTIVES

	CHAPTER TWO
	LITERATURE REVIEW
	2.1Overview of Research
	2.2HISTORY OF CARROT
	2.3NUTRITIONAL CONTENT OF CARROT
	2.4CAROTENOIDS
	2.5PHENOLICS
	2.6DIETARY FIBER
	2.7HEALTH BENEFITS OF CARROT
	2.7.1ANTIOXIDANT, ANTICARCINOGEN, AND IMMUNOENHAN
	2.7.2WOUND HEALING BENEFITS
	2.7.3HEPATOPROTECTIVE AND RENOPROTECTIVE BENEFITS

	2.8DISEASES OF CARROT
	2.8.1ALTENARIA BLACK ROT
	2.8.2SCLEROTINIA ROT
	2.8.3BACTERIAL SOFT ROT

	2.9ESSENTIAL OILS
	2.9.1ACTIVITY OF ESSENTIAL OILS AGAINST BACTERIA
	2.9.2TERPENES
	Hydrocarbons known as terpenes are created when mu
	2.9.3TERPENOIDS
	Terpenoids are terpenes that have had oxygen molec
	Carvacrol and thymol are known to have strong OM d
	Thyme oil (EO) contains thymol, a phenolic monoter
	Thymol integrates within the lipid bilayer's polar
	The main source of carvacrol, a phenolic monoterpe
	Carvacrol appears to work via increasing the perme
	The impact of carbvacrol on membrane permeability 

	2.9.4PHENYLPROPENES
	2.9.5MECHANISM OF ACTION OF ESSENTIAL OILS

	2.10TYPES OF ESSENTIAL OILS
	2.10.1EUCALYPTUS OIL
	2.10.2TEA TREE OIL
	2.10.3LEMON GRASS OIL


	CHAPTER THREE
	MATERIALS AND METHODS
	3.1list of equipment / apparatus
	3.2Collection of samples
	3.3Media preparation
	3.3.1Nutrient agar

	3.5Isolation of bacteria from the rotted carrot
	3.6Subculturing of bacterial isolates
	3.7Identification of Bacteria
	3.7.1Gram staining
	3.7.2.Catalase test
	3.7.3Indole test
	3.7.4Citrate test

	3.8Antimicrobial Susceptibility Test

	CHAPTER FOUR
	RESULT
	CHAPTER FIVE
	DISCUSSION
	Conclusion

