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Abstract
The number of plants used to give flavor, aroma, odor and color to food currently exceeds 20,000. The availability of new areas of use and
the increase in the demand for natural products increase the use of these plants day by day. They can be used raw or cooked, dried, brined
or pickled. Medical and aromatic plants, in addition to their aromatic properties such as taste and aroma, can show functional properties
such as antioxidant, anti-inflammatory, antiallergic, antidepressive and antimicrobial effects, depending on the active substances
in their content. With these properties, they can also be used as spices, food supplementary and additives. Thyme (Thymus vulgaris),
coriander (Coriandrum sativum), peppermint (Mentha piperita), coconut (Cocos nucifera), cinnamon (Cinnamomum zylancium), cumin
(Cuminum cyminum), rosemary. (Rosmarinus officinalis), black pepper (Piper nigrum) and garlic (Allium sativum) are aromatic plants
commonly used in ayran (Turkish traditional yoghurt drink), yoghurt and various cheese types. In addition to their taste and aromatizing
uses in dairy products, bioactive molecules extracted from medicinal plants can be used as natural preservative additives due to their
antimicrobial and antioxidant activity.
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Introduction
Using aromatic plants as nutrients dates back to ancient times, and the terms “medical” and “aromatic” plants are commonly used
together. Aromatic plants have a wide range of using area. Plant species rich in secondary components (alkaloids, essential oils,
glycosides, flavonoids, tannins, phenols, coloring agents and resins) are in the group of medical and aromatic plants [1,2]. They are
used fresh and dry and have many different forms of use including plant parts such as leaves, roots, flowers, seeds, crusts, tubers
or herbs, as well as crushed or grounded forms, and extracts prepared in different ways [3]. Medical and aromatic plants are used
for aromatic, coloring, preservative and antioxidative purposes as spice and food additives, thanks to their functional properties.
Their natural antioxidant properties were benefitted in their safe use against synthetic antioxidants due to the increasing concerns
about the reliability of synthetic antioxidants; the food industry has shown an intense interest on obtaining natural antioxidants
from various plant materials. Thyme (Thymus vulgaris), coriander (Coriandrum sativum), peppermint (Mentha piperita), coconut
(Cocos nucifera), cinnamon (Cinnamomum zylancium), cumin (Cuminum cyminum), rosemary (Rosmarinus officinalis), black
pepper (Piper nigrum) and garlic (Allium sativum) can improve sensory properties such as aroma, taste, color and general quality
in dairy products [4-13]. They can be effectively used as powerful alternatives to synthetic and chemical antimicrobial agents
as natural preservatives thanks to their antimicrobial effects, as well as their use in dairy products for taste and aroma purposes
(Table 1). The potent antioxidant properties of thyme in butter, and the use of safflower in the production of ice cream as natural
carthamidine dye obtained from its yellow pigments in petals increase the added value of these products. The antimicrobial effect
of thyme essential oils against Listeria monocytogenes, Staphylococcus aureus, Lactobacillus sake, Lactobacillus plantarum, Yersinia
enterocolitica, Pediococcus acidilactici, Pediococcus pentosaceus and Micrococcus luteus and the antimicrobial effects of mint, cumin,
fennel and bay essential oils against Escherichia coli, S. aureus, P. aeruginosa, Proteus vulgaris and Bacillus subtilis are important in
terms of the microbial quality of products [11,14-19].
The purpose of this paper is to provide an overview of the published data on the some of medicinal and aromatic plants used for
protective, taste and aromatic purposes in dairy products, and describe the possible modes of action that could be considered
suitable for application.
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Functional Properties
Antimicrobial properties
Secondary metabolites found in the structure of aromatic plants are important considering their antibacterial properties. The
lipophilic properties of these plants causing antibacterial activities originate from terpenoids (isoprenoids), monoterpenes and
sesquiterpenes, low molecular weight aliphatic hydrocarbons, acids, alcohols, aldehydes, acyclic esters or lactones, and as an
exception, nitrogen and sulfur containing compounds, coumarins and phenylpropanoids [20]. Their antibiotic and antiseptic
properties were effective on certain bacteria such as L. monocytogenes, E. faecalis, Staphylococcus spp., Micrococcus spp., Bacillus
spp., Campylobacter jejuni, Vibrio parahaemolyticus, Pseudomonas fluorescens, Shigella spp., E. coli, yeast and molds (Saccharomyces
cerevisiae, Aspergillus flavus, Aspergillus parasiticus) causing food spoilage and poisoning [15]. It has been stated that gram-negative
bacteria are more resistant to the antimicrobial properties of essential oils compared to gram-positive bacteria, and this resistance
of gram-negative bacteria may be due to their cell walls. It has been observed that the antimicrobial effects of aromatic and phenolic
compounds are based on their ability to disrupt cell wall and cytoplasmic membrane, leading to the disruption of cell membrane,
increased membrane permeability, leading to lysis and leakage of intracellular compounds [21].

Antioxidant properties
The antioxidative properties of plants are due to the phenolic hydroxyl groups present in the structure of their constituents. As
natural antioxidants, especially polyphenols and carotenoids [22,23] they exhibit a wide range of biological effects including antiinflammatory, anti-aging, anti-atherosclerosis and anticarcinogenic effects. Antioxidations are important for nutrition because
they reduce physiological stress in organs and cells [24-26]. During oxidation, many compounds such as peroxides, hydrocarbons,
aldehydes, ketones, alcohols and acids are formed and consequently, food becomes bitter and loses its sensory properties, the
nutritional value of the product decreases and the shelf life is shortened. Synthetic antioxidants are commonly used in food
processing to extend the shelf life of food. Research has suggested that synthetic antioxidants such as butylated hydroxytoluene
(BHT) and butylated hydroxy anisole (BHA) used in food processing show a carcinogenic effect on living organisms [27]. This has
led to an increased use of medicinal and aromatic plants, which have a great potential as natural antioxidant sources, to prevent
oxidation in fatty foods such as meat, milk and bakery products.

Aromatic Plants Used in Dairy Products
The major problems encountered during the preservation and storage of products is microbial contamination and lipid oxidation.
Natural antimicrobial and antioxidant plants are known to be extremely safe compared too many other synthetic antimicrobials and
antioxidants. Aromatic plants used in imparting flavor and aroma in dairy products are also effective in increasing the nutritional
value of the product and in extending its shelf life. Many researchers suggest that essential oils of aromatic plants and some certain
plants may be used as food preservatives.

Thyme (Thymus vulgaris)
Thyme is a small, perennial plant that surrounds the ground and can rarely grow up to 40 cm. It blossoms in summer and contains
vitamin A, vitamin C, iron, manganese and copper minerals. The plant is characterized by a sharp aroma resulting from the essential
oils in its leaves, which give its characteristic taste and medical properties. Thymol, which is the main essential oil component of
thyme, is widely used in liquor, perfume and medicine production. In food industry, it is used as a preservative in meat and butter.
In a study on the antioxidant effects of thyme in butter, it was determined that butter containing thyme had potent antioxidant
effects originating from the thymol, carvacrol, p-cymene content of the plant [6].
The researchers determined that thyme was the most effective plant preventing the growth of E. coli [28]. It has antibacterial
effects on Salmonella and Staphylococcus species and strengthens the immune system, thanks to its antiseptic properties [29]. The
ethanol extract of the leaf of the plant showed the best inhibition zone against P. aeruginosa. In a study, essential oils of six different
spices were applied directly at two different ratios against eight different bacterial strains (L. monocytogenes, S. aureus, L. sake, L.
plantarum, Y. enterocolitica, P. acidilactici, P. pentosaceus, M. luteus) and, the highest antimicrobial activity was detected in the
thyme essential oil, compared to those of others [30].

Dill (Anethum graveolens)
One of the most useful spices as well as medicinal plants is Anethum graveolens L. which is commonly known as dill, is an annual
aromatic herb belonging to Gravolens family. Dill contains essential oil in its leaves, stem, flowers and fruits. Thoroughly chopped
fresh dill leaves are aromatic plant parts widely used to give flavor and aroma in kefir, yoghurt and sour cream. It is used in cheese
making by adding to the curd. Seventeen volatile compounds were identified from the seeds, leaves and flowers of that plant. The
main components are monoterpenes containing 40 to 60% d-karvone (23.1%) and d-limonene (45%) [31,32]. The essential oils of
dill have antimicrobial activity against S. aureus, Salmonella sp. and E. coli and reduced the growth of L. monocytogenes. Antifungal
and antibacterial effects were studied by using various foods [16]. An inhibitory effect was detected on Penicillium verrucosum
which causes deterioration in cheese. The total phenolic contents of fresh dill changes between 129 and 1250 mg GAE and it was
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determined that it has the highest total polyphenol levels [33-35]. Compared to different cheese samples, dill cheese has high
total phenolic compound contents with 37.82 mg of GAE/100 g. Phenolic compounds found in the plant’s structure contribute
to the antioxidant activity of the cheese. Dill has a specific taste and odor in addition to the relatively high amounts of vitamin C,
chlorophyll and carotenoid in its content compared to those of other leafy plants [36].

Basil (Ocimum basilicum)
It is a white, herbaceous plant with purple flowers and grows annually and generally in temperate regions. Fresh flowering branches
and seeds of the plant are used. Essential oil content is composed of estragol, linalol, cineol and pinen, depending on geographical
conditions [37]. Leaves can be used fresh or dried and used as spices. The main phenolic compounds in basil are phenolic acids
and flavonol-glycosides [38]. Basil has antimicrobial, antifungal and antioxidant effects originating from its phenolic and aromatic
compounds [39-41]. Basil seed gum, as a surface-active polysaccharide, is used both as an emulsifier agent and as a stabilizer agent
and its use in low fat ice cream production to improve the rheological properties yielded positive results in sensory evaluations
[9,10]. It is also used to preserve the rheological, physical and sensory properties of cheese [10]. Due to the importance of basil
bioactive compounds, its functional and protective properties was evaluated and it was used as a natural and suitable ingredient in
the production of Serra da Estrela cheese Basil supplementation which have yielded positive results in prevention of peroxidation
in proteins and unsaturated fatty acids, and avoiding moisture loss in cheese [12].

Anthriscus (Anthriscus nemorosa)
Also known as Chervil it is a wild plant found in warm regions [42]. It is found on road sides and in woodlands [43]. It was reported
to have an antibacterial activity on E. coli, S. aureus and Helicobacter pylori [44]. It is widely used to add flavor and aroma in the
production of Van herbed cheese [4]. Out of 18 essential oils, its main components were determined as β-caryophyllene (23.6%),
caryophyllene oxide (12.3%), δ-cadinene (12.1%), and trans pinocarveol (9.8%) [45].

Chives (Allium schoenoprasum)
Sirmo is an herbaceous perennial plant. Its length can reach 30 centimeters. Its flowers are usually pink and white. It is also called
cheese herb, leaf onion and French onion. It shares similarities with garlic regarding the common medicinal properties and it
contains organosulfur compounds, such as allyl sulfides and alkyl sulfoxides. It is an antimicrobial plant with a taste and aroma
similar to those of garlic [46]. Another large group of bioactive substances of great importance in human nutrition include sulfurfree polyphenolic compounds including anthocyanins, flavonols, tannins, flavonoids, phenolic acids, phytosterols, carotenoids and
saponins [2,47]. It is used in making herbed cheeses in the Eastern and Southeastern Anatolia. Chives adds traditional taste and
nutritional value to cheese.

Rosemary (Rosmarinus officinalis)
The rosemary is a thin-leafed, evergreen plant with purple flowers and a bushy appearance. It is widely grown around the
Mediterranean region; its young shoots are used as spices. It is widely used as dried or fresh to give flavor and aroma to foods.
Rosemary contains caffeic and rosmarinic acids as well as flavones, phenolic diterpenes and hydroxycinnamic acid ester and it has
a high antioxidant activity [48]. It was determined to have antibacterial activity against S. typhimurium, E coli, S. aureus and L.
monocytogenes [17]. Dried leaves contain 2-4 times more phenolic content than fresh leaves. Its anti-radical capacity was reported
to be 17.1 - 26.4 mmol /100 g, according to the FRAP method. The use of dried and fresh leaves in the production of cottage cheese
gives cheese its aroma [8]. It increases the antioxidant properties in cheese and used in mixture with other herbs in the production
of herbed cottage cheese and herbed cheese. It is also used to give flavor and aroma to yoghurt.

Garlic (Allium sativum)
Garlic is an herbal product, which recently gained attention with its strong antimicrobial effects. It has inhibitory effects on E.
coli, S. aureus, L. monocytogenes and S. typhi [49]. Studies, have reported that sulfur-containing compounds found in the garlic
structure are effective in inhibiting the formation of carcinogenic compounds by converting nitrides, which are necessary for the
formation of carcinogenic compounds, and nitrosamines to nitrosothiols [50]. It is commonly used in cheese and yogurt for taste
and aroma purposes. The addition of 3% garlic powder in cottage cheese led to a decrease in coliform bacteria, yeasts and mold
counts [5]. The total phenolic content of fresh garlic with low polyphenol content was determined as 59.4-74.1 mg of GAE / 100 g
[51].

Turmeric (Curcuma longa)
Turmeric has anti-inflammatory antioxidant, anticancer, antidiabetic, antiallergic, antiviral, antiprotozoal and antifungal properties
[7,52-58]. Curcuminoid, a potent antioxidant, prevents cancer formation by inhibiting tumor formation in the initial phase. It
promotes neuroprotective activity and helps protecting the cardiovascular system [59]. Turmeric addition to cheese milk had
positive effect on the taste and shelf-life of Karish cheese. It exhibited a 1 log inhibition in S. typhi, 2 log inhibition in E.coli 0157:H
and completely inhibited S .aureus, B .cereus and L. monocytogenes at the end of a 14 day-long storage [11].
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Coriander (Coriandrum sativum)
Also known as cilantro or Chinese parsley, both the seeds and the leaves of coriander are used as spices. The leaves are consumed
green and fresh. Coriander is similar to parsley and it is a 20-60 cm high, annual, herbaceous plant. Its green leaves contain protein,
vitamins and minerals (such as calcium, phosphorus and iron), fiber and carbohydrate, rich in various components that provide
a typical flavor [60]. Its fatty acid composition consists of petrozinic acid (68.8%), linoleic acid (16.6%), oleic acid (7.5%) and
palmitic acid (3.8%) [61,62]. With its antibacterial, antifungal, and anti-oxidative activities, it prevents food degradation [14-19,
63]. It is used as a mixture with other aromatic herbs in the production of herbed cheese and herbed cottage and it is used to give
taste and aroma in yogurt, fresh and cream cheese.

Conclusion
The antibacterial and potent antioxidant effects of plants result from the phenolic compounds in its content, which are bioactive
compounds. Fresh or dried herbs that will be added to dairy products to impart flavor and aroma will slow the proliferation of
microorganisms, and extracts from plants will be beneficial in terms of increasing the diversity and functionality of bioactive
compounds as natural preservatives and antioxidants.
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