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ABSTRACT
Rosemary (Rosmarinus officinalis L.) is a spice herb found in 
most cuisines and in many spice blends on the Polish market. 
It deserves special attention, not only because of its unique taste 
and smell, but also due to a composition that provides health 
benefits. Its antimicrobial activity has been proven in relation 
to bacteria, fungi (including yeast) and viruses. Positive effects 
on the metabolism of carbohydrates and lipids, and the function 
of the nervous system, as well as hepatoprotective properties 

have been demonstrated. The plant itself and the extracts and 
essential oils obtained from it are used in home cooking, and 
the cosmetic and food industries. It also finds applications in 
agriculture as an animal feed additive. 
The aim of the work was to review current scientific publica-
tions and present the properties and areas of use of rosemary .
Keywords: rosemary; Rosmarinus officinalis L.; chemical com-
position; applications. 

ROSEMARY – A PLANT FROM THE LAMIACEAE FAMILY

Rosemary (Rosmarinus officinalis L.) is an evergreen brush 
belonging to the Lamiaceae family. In natural conditions, it 
can reach from approx. 1 m to even 2.5 m in height. The stems 
are quadrangular, erect, and tend to lignify in the 2nd year. 
They are densely covered with small needle-like leaves with-
out stalks (sessiles); the leaves are linear with entire slightly 
revolute margins that are dark-green above, lighter and tomen-
tose beneath. Rosemary blooms from early June to August. The 
flowers are very small, white or purplish-blue, gathered in ter-
minal racemose inflorescences [1, 2]. Rosemary is cultivated in 
the Mediterranean region, as well as in the former Yugoslavia, 
along the Black Sea coast, in the USA and in Mexico [3]. It is best 
planted in a sunny position and must be protected from cold 
winds (mainly in temperate climate zones). The plant repro-
duces predominantly sexually. The soil needs to be loose and 
loamy with excellent drainage. When grown in such condi-
tions, the plant will have a more intense aroma, though at the 
expense of size. Leaves produced at the beginning of bloom 
contain the highest amounts of oil, and is when they should 
be collected. Apart from the leaves, non-woody sprigs are also 
used. After harvesting, the material is air dried, in the shade 
preferably, at 30–35°C [1, 4]. 

CHEMICAL COMPOSITION OF ROSEMARY

Rosemary extract
The extract is produced mainly from the leaves. Solvents 
used for extraction include: ethanol, acetone and hexane, and 
extraction by means of supercritical CO2 is also popular [5]. 
Extracts contain considerable amounts of biologically active 
substances [6], e.g. phenolic acids, flavonoids, terpenes [5]. 

Among the phenolic acids in rosemary extract, researchers 
have managed to isolate caffeic acid, 4-hydroxybenzoic acid, 
p-coumaric acid, and rosmarinic acid (0.14 mg/g) [7]. They 
also found some flavonoids: luteolin (0.26 mg/g), apigenin  
(0.45 mg/g), diosmetin (0.21 mg/g), hispidulin and hesperi-
din (0.36 mg/g). Besides di- and triterpenes they found: car-
nosic acid (128.15 mg/g), oleanic acid, ursolic acid, carnosol 
(30.08 mg/g), rosmanol (1.25 mg/g), rosmaridiphenol, betulin, 
picrosalvin, α-amyrin and β-amyrin. The biological effects of 
rosemary depend to a large extent on the constituents of its 
essential oil, which is therefore described separately in an 
analysis of the composition of the volatile oil fraction [7, 8]. 

Rosemary essential oil
Essential oils are found in glandular trichomes, at the bottom of 
the leaves and within flowering tops. The oil content in leaves 
ranges between 1.0–2.5%, depending on whether the leaves are 
young, or fully mature and dry. The composition of the essential 
oil may differ depending on the country of origin, weather and 
cultivation conditions, as well as the time of harvest, manner of 
drying and storing. Genetic variability is also a factor [9, 10]. In 
a quantitative analysis of the chemical composition of oils from 
different regions (Iran, Morocco, Spain, France, Algeria, Cuba, 
Argentina, Italy), the following constituents were identified as 
shared in common: α-pinene, β-pinene, 1,8-cineole, camphene, 
borneol, camphor, linalool and β-caryophyllene. Substances 
found in the majority of oils were: β-myrcene, bornyl acetate, 
verbenone, limonene and sabinene [11, 12], which are terpene 
compounds [13]. The 4 main chemotypes of rosemary that are 
characteristic of the different geographical regions are named 
according to the predominant constituent: α-pinene chemo-
type (Iran, Spain, France, Italy, Romania), 1,8-cineole chemo-
type (Algeria, Austria, Morocco), camphor chemotype (Cuba, 
India), and myrcene chemotype (Argentina, Portugal). While 
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these are the most common chemotypes, there are many other 
combinations of relative quantitative values of the respective 
constituents. A study made in the Sudan demonstrated that the 
predominant constituent of the local rosemary oil was bornyl 
acetate, which is usually only found in small quantities in the 
material from other countries [9, 10]. 

ANTIMICROBIAL PROPERTIES OF ROSEMARY

The inhibiting effect on bacterial growth depends on the type of 
rosemary preparation the bacteria are exposed to. Fresh leaves, 
essential oils, aqueous or alcoholic extracts all produce a dif-
ferent degree of inhibitory or bactericidal effect. This phenom-
enon is attributed to the different concentrations of biologically 
active compounds. The largest amounts are found in essential 
oils, followed by extracts. Both Gram(+) and Gram(–) bacteria 
are sensitive, but rosemary was reported to be a more potent 
inhibitor against Gram(+) bacteria due to the difference in the 
structure of the bacterial cell wall. The minimum inhibitory 
concentration (MIC) and minimum bactericidal concentra-
tion, at which the number of live bacteria is reduced to under 
0.1% may differ even for the same bacterial strains, mainly 
due to the origin of the plant and, consequently, the different 
chemical composition determining antimicrobial activity. Dif-
ferences are also related to the type of solvent used in extrac-
tion. Importantly, bacteria may develop resistance against the 
active components of plant extracts, rendering them less effec-
tive [14, 15, 16]. Rosemary has demonstrated bacteriostatic and 
bactericidal effects against the bacteria responsible for food 
spoilage and food poisoning. Sensitivity was observed in Sal-
monella (S. typhimurium, S. anatum, S. enteritidis) and Listeria 
(L. monocytogenes, L. ivanovii, L. grayi, L. innocua), as well as 
Yersinia enterocolitica, Shigella flexneri, Staphylococcus aureus, 
Bacillus cereus, isolated from meat products and dishes con-
taining meat: sausage, chicken salads, steak tartare and meat 
pasties [17, 18, 19, 20, 21]. Rosemary also displays inhibitory and 
cidal activity against fungi. It was particularly effective against 
plant pathogenic species. Researchers investigated the sensitiv-
ity of Fusarium moulds (F. culmorum, F. nygamai, F. avenaceum, 
F. sporotrichiodes, F. subglutinans, F. trincinctum, F. oxysporum, 
F. ploriferatum, F. semitectum, F. scirpi, F. nivale, F. graminearum, 
F. monoliforme, F. solani) isolated from dried maize grains. The 
highest efficacy was observed with respect to F. scirpi, F. ave-
naceum, F. semitectum and F. trincinctum. Growth inhibition 
was observed in Aspergillus species (A. flavus, A. ochraceus, 
A. parasiticus, A. fumigatus, A. flavipes, A. ustus, A. nidulans, 
A. wentii, A. sparsus, A. versicolor, A. terreus, A. humicola). In 
some cases, the efficacy of the essential oil was comparable 
to that of nystatin [22]. 

Scholars also looked into the effect of rosemary on Candida 
strains collected from gynaecological patients. Activity was 
determined for aqueous, ethanol and ethyl acetate extracts of 
rosemary. For 9 strains, MIC ranged between 25–150 mg/mL 
for the ethanol extract and 12–50 mg/mL for the ethyl acetate 
extract. These findings suggest that extracts of rosemary may 

offer an alternative therapy for vaginal yeast infections. A pre-
cise therapeutic doses needs to be established, though, and 
various species and strains of Candida should be investigated. 
It is also important to examine synergistic effects with other 
preparations having a similar action and to observe cytotoxic 
effects [23]. Matsuzaki et al. [24] analysed extracts obtained 
by steam distillation of rosemary leaves from Spain, Tunisia 
and Morocco, representing chemotypes determined accord-
ing to the predominant compounds, respectively: camphor, 
verbenone and 1,8-cineole. Extracts were examined with and 
without a surfactant for antimicrobial activity against Candida 
albicans. The highest inhibitory and antifungal activity was 
observed when the surfactant was added to the extracts. The 
1,8-cineole chemotype showed the lowest MIC. Still, it is difficult 
to identify the exact compounds responsible for the inhibitory 
and antifungal activity against Candida. Research findings 
are not consistent in this regard. Consequently, researchers’ 
attention should be directed at components present in trace 
amounts or those whose properties have not been described yet. 

Rosemary essential oil was also investigated for its effect 
on Bortrytis cinerea, the fungus responsible for causing grey 
mould disease of tomato. With respect to the volatile vapour 
of rosemary oil, fungal growth was inhibited by more than 
50% at 0.8 μg/mL air concentrations, and in terms of contact 
phase effects, 60% efficacy was observed at 12.8 μg/mL. Apart 
from inhibiting the growth of B. cinerea, rosemary oil was 
also observed to reduce the germination and growth of such 
weeds as Stachys arvensis and Lolium rigidum. The phytotoxic 
properties of rosemary, together with its antifungal activity, 
may open up an opportunity for developing a bio-pesticide 
combining herbicide and fungicide effects [25, 26]. 

Yucharoen and Tragoolpua [27] evaluated the influence 
of ethanol extracts of rosemary on the Herpes simplex virus 
(HSV), and more specifically: HSV-2G and HSV-1F. An inhibitory 
effect was observed both during and after viral adsorption. The 
extract under analysis interfered in the process of fusion of the 
viral envelope to cell membrane. Having identified a therapeu-
tic potential, the authors suggested that further studies were 
needed to develop anti-HSV medication which would combine 
the extracts of both plants. Vijayan et al. [28] confirmed the anti-
viral activity of essential oil against HSV-1. High antiviral activity 
was demonstrated in a study of essential oil blends, which apart 
from rosemary leaf at 3% included the leaf of Tasmanian blue-
gum (3.52%), cinnamon bark (3.52%), wild carrot seed (1.04%) 
and camelina seed oil (88.9%). Findings included inhibition of 
HSV-1 viruses and the H1N1 influenza viral strain [29]. 

EFFECT OF ROSEMARY ON THE HUMAN BODY

Effect of rosemary on carbohydrate metabolism
Recent years have witnessed a growing interest in medicinal 
products of natural origin, driven among others by the side effects 
caused by pharmaceutical preparations. A variety of chemical 
compounds found in plants have insulin mimetic effects, which 
can be used in the treatment of diabetes. Phenolics, flavonoids 
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and terpenoids, which bring down blood glucose levels, and there-
fore help control hyperglycaemia, are found in rosemary in large 
amounts. Therefore, the plant became the object of studies, which 
confirmed time and time again its health benefits [30]. 

Naimi et al. [31] demonstrated that rosemary extract 
and rosemary extract polyphenols (carnosic acid and ros-
marinic acid) found in rosemary in large quantities, can pro-
duce insulin-like effects in target cells for insulin, as well as 
exhibit protective properties against hyperglycaemia. The 
effect was observed in different animal models used in experi-
ments. Observed effects on hepatocytes in the liver included 
the suppression of gluconeogenesis and an increased glyco-
lytic rate, as well as a decreased glycogen content. Treatment 
with rosemary extract or concentrated amounts of carnosic 
acid resulted in an increased glucose uptake in muscle tissue, 
skeletal muscles to be exact. Runtuwene et al. [32] confirmed 
the beneficial effects of rosemary. Rosmarinic acid on its own 
exhibits highly comprehensive action. Its effects on skeletal 
muscle upregulate the expression of glucose transporter type 
4 (GLUT4), and consequently enhance glucose transport and 
utilisation, as well as reverse the development of insulin resist-
ance. Moreover, researchers observed reduced expression of 
phosphoenolpyruvate carboxykinase (PEPCK), an enzyme 
participating in gluconeogenesis, whose elevated levels are 
present in chronic hyperglycaemic conditions. A lot of atten-
tion was also attracted by the discovery of the effect of ros-
marinic acid on AMP-activated protein kinase – responsible 
for a variety of regulatory processes in lipid and carbohydrate 
metabolism. AMP-activated protein kinase phosphorylation 
increased, leading to an enhanced glucose uptake in muscle 
cells comparable to that with insulin and metformin stimu-
lation [33, 34]. Wen and Yin [35] demonstrated a variety of 
protective effects caused by the administration of rosmarinic 
acid. In particular, the inflammatory response in the livers of 
diabetic mice was reduced, which was confirmed by lower lev-
els of inflammatory parameters: interleukin 6, tumor necrosis 
factor, prostaglandin E2 and cyclooxygenase 2. 

Research corroborates the efficacy of rosemary extracts in 
bringing down blood glucose levels. In studies on animal models, 
rosemary was found to produce positive hypoglycaemic effects 
in normoglycaemia, hyperglycaemia caused by excessive glu-
cose supply, and in alloxan-induced diabetes. Administration of 
the extract at 200 mg/kg b.w. produced effects similar to that 
of glibenclamide (a drug reducing blood glucose levels). These 
effects were accompanied by increased insulin secretion [36]. 
The efficacy of rosemary leaf powder in humans was also dem-
onstrated. Study participants (48 people) were divided into 3 
groups and administered 2, 5 and 10 g of rosemary leaf powder 
a day, respectively. The best effect was obtained with the 10 g 
dosage, with blood glucose level dropping by 18.25%, compared 
to the baseline. For the 2 g and 5 g cohorts, the levels went down 
by 11.2% and 15.74% respectively [37]. Another study, also with 
human participants, and also with leaf powder, confirmed the 
reduction in glucose and additionally a reduction in glycated 
haemoglobin (HbA1c), the parameter used to monitor glycae-
mic control in people with diabetes. The participants took 3 g 

of rosemary leaf powder 3 times a day (total 9 g a day). Fasting 
glucose levels in healthy participants decreased by 14%, and by 
18–23% in those with type 2 diabetes and on medication. The 
versatile activity of rosemary preparations in maintaining car-
bohydrate homoeostasis is highly promising for the future and 
merits deeper insights into the properties of the plant. Further 
research is needed to explore all the aspects of its activity and 
long-term effect on the body [38]. 

Effect of rosemary on lipid metabolism
Literature also reports on the effects of rosemary on total 
cholesterol, high-density lipoprotein (HDL) and low-density 
lipoprotein (LDL) fractions, as well as the concentrations of tri-
glycerides (TG) in serum. Afonso et al. [39] evaluated the effect 
of an aqueous extract and its phenolic fractions on changes 
in blood serum composition and the condition of tissues in 
rats with diet-induced hypercholesterolemia. The extract, 
administered at concentrations of 70 and 140 mg/kg b.w., led 
to a significant increase in HDL cholesterol and a decline in 
serum TG. The level of total cholesterol, on the other hand, 
was reduced with both the aqueous extract and the phenolic 
fractions. The best therapeutic effect was obtained with the 
extract at 70 mg/kg b.w., which apart from improving the lipid 
profile, brought down the levels of thiobarbituric acid reac-
tive substance, a marker of oxidative stress, thus helping in 
the battle against complications. 

Selmi et al. [40] investigated the protective effect of essential 
oils in alloxan-induced metabolic disorders. The study confirmed 
the beneficial effects of rosemary on normalising cholesterol 
and triglyceride parameters. The biochemical parameters of 
the lipid profile were also reduced in a study of patients who 
received powdered rosemary for 8 weeks at 2.5 and 10 g; the 
best results were achieved with a 10 g dosage [37]. Stefanon et 
al. [41] reported that rosemary may affect adipocyte lifecycle at 
different stages. Importantly, this effect also applies to the cells 
of the visceral fat tissue, which plays the most important role in 
the development of the metabolic syndrome. In another study, 
the focus was placed on carnosic acid and carnosol. They were 
found to be involved in inhibiting the differentiation of preadi-
pocytes into mature fat cells – adipocytes [42]. Bustanji et al. [43] 
attempted to explain the mechanism behind the hypoglycaemic 
and hypolipidemic properties of rosemary. They posited that 
one of the reasons is the effect of rosemary on hormone sensi-
tive lipase (HSL), also referred to as cholesterol esterase, which 
is involved in regulating fatty tissue metabolism. Under normal 
physiological conditions, the activity of this enzyme is inhib-
ited by insulin, but insulin resistance compromises this abil-
ity. Rosemary extract was demonstrated to have an inhibitory 
effect on HSL. It means that the improvement of the glycaemic 
and lipid profiles is linked to the activity of rosemary, which 
despite insulin resistance regulates the parameters of the inter-
related processes of lipid and carbohydrate metabolism [44, 45]. 

Effect of rosemary on the nervous system
Reports about rosemary also point to its anxiolytic and antin-
ociceptive effects. Abdelhalim et al. [46] demonstrated such 
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activity for 3 compounds isolated from rosemary: rosmanol, 
salvigenin and cirsimaritin. The study was based on standard-
ised tests checking the response in mouse models to factors 
inducing anxiety and pain. Positive results were observed in 
all areas tested, and the antinociceptive effect was comparable 
to that of tramadol – an opioid analgesic. Another study dem-
onstrated that anxiety in mice subjected to a forced swimming 
test and a tail suspension test was lower after the adminis-
tration of a hydroalcoholic extract. The effect was compared 
to that of an anti-depressant (fluoxetine). Rosemary interacted 
with dopaminergic, noradrenergic and serotonergic recep-
tors [47]. The hydroalcoholic extract was also analysed for 
effects on biochemical and behavioural parameters of mice 
following olfactory bulbectomy. The procedure induces similar 
behavioural and neurological alterations as those observed in 
people with depression. Researchers reported reduced activ-
ity of acetylcholinesterase, whose elevated expression causes 
anhedonic behaviour. The effects were again compared to those 
of fluoxetine. These findings raise hopes for assisting in the 
treatment of major depression episodes in the course of bipo-
lar affective disorder [48]. 

Nematolahi et al. [49] investigated rosemary as a poten-
tial remedy for the widespread prevalence of sleep disorders, 
anxiety and depression among university students and their 
increasing use of stimulants to improve memory performance 
and to reduce stress levels. About 100 students (aged: 20–25 
years) were included in the study and divided into 2 groups. 
One group received starch capsules as a placebo, the other 
received powdered rosemary capsules (one 500 g capsule twice 
a day). At the beginning and then at the end of the experiment, 
the students filled out questionnaires testing their stress and 
depression parameters, sleep quality, prospective and retro-
spective memory. Rosemary was demonstrated to have positive 
effects on enhancing memory performance, reducing anxiety 
and depression. Moreover, the group which received rosemary 
reported improved sleep onset latency and better sleep qual-
ity. It may therefore be concluded that rosemary preparations 
could provide a herbal alternative to stimulant substances that 
many people resort to at times of intense mental effort. There 
have been promising reports about the effects of the extract 
and components isolated from rosemary on inhibiting neuro-
degenerative processes. One of the lines of research is looking 
into the phenomenon of induced cerebral ischaemic tolerance. 
Seyedemadi et al. [50] investigated the effect of hydroalcoholic 
extract in rats. They found a reduced number of complica-
tions following acute ischaemic stroke which, notably, was also 
observed in the ischaemic penumbra (the area immediately 
surrounding an ischaemic event). 

Cornejo et al. [51] evaluated epiisorosmanol, rosmanol, carno-
sol, carnosic and rosmarinic acid isolated from rosemary. They 
were observed to play a part in inhibiting structural neurode-
generative changes in the course of brain diseases caused by the 
aggregation of various undesirable compounds, in this case, tau 
proteins. Moreover, findings pointed to the protective effects of 
rosmarinic acid against neurotoxicity induced by β-amyloid. By 
combining these 2 actions against tau proteins and β-amyloid, 

rosemary offers a therapeutic potential for both slowing down 
and preventing the development of Alzheimer’s disease [52]. 

Effect of rosemary on liver function
In search of hepatoprotective properties of rosemary, 
researchers elicited metabolic stress response with the use 
of compounds causing toxic damage to liver cells. Amin and 
Hamza [53] reported that pretreatment with an aqueous rose-
mary extract before the administration of hepatotoxic azathio-
prine prevented subsequent increases in the levels of alanine 
aminotransferase (ALT) and aspartate aminotransferase (AST) 
in serum. The absence of upregulation in these markers sug-
gested that there was no liver damage, which was confirmed by 
histopathological examination. Moreover, researchers observed 
reduced levels of compounds accompanying adverse lipid per-
oxidation in oxidative stress conditions. These effects were 
attributed to the high levels of antioxidants. Abdel-Wahhab 
et al. [54], in a study on rats, evaluated the hepatoprotective 
action of aqueous extract in tetrachloromethane-induced tox-
icity. The protective effects were confirmed and attributed 
to anti-free radical properties. The parameters of liver func-
tion in rats that were given the extract before the tetrachlo-
romethane suggest that the induced hepatoxicity was sup-
pressed. Researchers tested AST, ALT, alkaline phosphatase, 
glutathione reductase, malondialdehyde and bilirubin. A simi-
lar study had been carried out earlier, leading to similar find-
ings [55]. The protective action in hepatotoxicity is promis-
ing as it involves the inhibition of the primary mechanisms 
leading to the development of disorders. The risk of hepatic 
lipid accumulation is reduced, and in the long run also that of 
cirrhosis. Shan et al. [56] investigated the effect of carnosic 
acid on the progression of non-alcoholic fatty liver disease. 
They observed activation of one of the pathways attenuating 
hepatocyte apoptosis. The production of compounds respon-
sible for stimulating the intensity of apoptosis was inhibited. 
Al Attar and Shawush [57] proposed that rosemary should be 
combined with other products with highly antioxidant prop-
erties, e.g. olive oil, to maximise the hepatoprotective effect. 
Rosemary was found to produce positive effects at various 
stages of liver disease, no matter how advanced. 

APPLICATIONS OF ROSEMARY

Herbs in the kitchen, apart from enhancing the taste of foods, 
also produce some additional health benefits. Rosemary com-
bines well with marjoram, savory, and is an ingredient of the 
traditional herbes de Provence. Rosemary leaves can be added 
to any type of meat, including fish, in any cooking method. 
They are a valuable addition to legumes, cauliflower, potatoes 
and herb butter. Rosemary also works very well with toma-
toes, either fresh or in tomato-based sauces; and can be suc-
cessfully used in baking (with bread, rolls or pizza). Further-
more, rosemary can be an ingredient of vinegar- and oil-based 
marinades and is also used to infuse liqueurs, flavoured bitter 
vodkas, herbal wine, mead and beer [3, 58]. Both the leaves 
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and the flowers can be used: added to salads, candied as food 
garnish or mixed with sugar and cream and added to fruit 
mousse [1]. Extract of rosemary (E392) has been approved by 
the European Commission for use in the food industry as an 
antioxidant. It can be used in products with a fat content. Maxi-
mum usage levels for extracts of rosemary have been estab-
lished. For products with a fat content not higher than 10%, it is  
15 mg/kg, and for products with a higher fat content – up to  
150 mg/kg, according to the fat content in the respective food 
category [59]. Table 1 presents the max. levels of the extract [60]. 

ingredients in colognes, adding a pleasant piney camphor-like 
scent. Rosemary is used in daily skincare products as well as 
haircare products designed to nourish the hair and add shine. 
It is recommended for dark hair because the compounds found 
in rosemary produce a gentle darkening effect. It is best suited 
for greasy hair and hair prone to dandruff. Because of its stimu-
lating effect on hair follicles, increasing vascular pressure and 
circulation in the scalp, it is effective against hair loss and thin-
ning – whether premature or old age-related [2, 6]. In contrast, 
rosemary-based cosmetics have been known to cause allergic 
reactions and irritation. Reszke and Reich [61] report cases of 
people who had an adverse reaction to rosemary preparations. 
A worker in a food factory presented with contact dermatitis, 
which was attributed to carnosol. Other symptoms included 
erythema, swelling and cheilitis. It is important to maintain 
caution when using rosemary preparations and patch test 
every skincare product for reaction before regular use. Cross-
reactivity was observed in combination with thyme, sage and 
lavender. This is particularly true of the leaves, but no such 
information was reported about the flowers.

Rosemary is a valuable herb in aromatherapy. The practice, 
going back to 1928, offers natural safe treatments. Aromather-
apy does not focus just on the symptoms, but promotes whole-
body healing. There are several subcategories within the field 
of aromatherapy: clinical, aesthetic and holistic aromatherapy. 
The applications of rosemary are mainly aesthetic (beauty and 
relaxation treatments) and it is also used in clinical aromather-
apy, e.g. in France where it is valued by physicians as aiding in 
treating infections and illnesses [62]. Rosemary oil is one of the 
most popular aromatherapeutic products. It is believed to have 
invigorating, refreshing, stimulating and warming properties, 
acting as a tonic and boosting the immune system. Its warming 
properties make it useful as a massage oil or bath oil additive. It 
has a beneficial effect on muscles, relaxing them, relieving stiff-
ness and fatigue. It is also beneficial for people who spend a long 
time in the same position; baths, massage and compresses are the 
recommended applications. Rosemary is also used for chronic 
gastrointestinal problems (affecting the stomach, intestine, gall-
bladder) as it stimulates the production of stomach acid, relieves 
gas and regulates bile release. Minor ailments (like colic) can be 
alleviated by massaging some oil onto the abdomen. By activat-
ing the lymphatic system, it helps detoxify the body. Through 
the combination of warming and antiseptic properties, inhal-
ing the vapours of rosemary oil is excellent for upper respira-
tory tract infections, colds, or when feeling weak or generally 
out-of-sorts. By dilating blood vessels, the blood supply to the 
brain is increased, promoting wellbeing and improving concen-
tration [63, 64]. Moss et al. [65] explain the mechanisms behind 
the behavioural effects of essential oil. Volatile compounds enter 
the bloodstream via the mucous membrane inside the nose by 
the pharmacological mechanism or by immediately impacting 
on the olfactory nerve, and then on the limbic system of the brain. 
In turn, Sayorwan et al. [66] demonstrated that the inhalation 
of rosemary oil affects brain wave activity, producing a nerv-
ous system response, which in turn influences mood states. Its 
stimulating effects increased brain activity in areas responsible 

TABLE   1. Maximum levels of E392 (mg/L or mg/kg as appropriate) 
depending on food category

Food category

Max. level of 
E392 (mg/L 
or mg/kg as 
appropriate)

Dried milk for manufacturing of ice cream; 
vegetable oils where content of polyunsaturated 
fatty acids (PUFA) is higher than 15% w/w of the 
total fatty acid (excluding virgin oils and olive oils), 
for the use in non-heat-treated food products

30

Ready-to-eat foods based on: potatoes, cereals, 
flour and starch; soups, broths; tin greasing 
products; algae and fish oils; lard; beef, poultry, 
sheep and pork fat for heat-treated foods; frying 
oil and frying fat excluding olive and pomace oil 

50

Mustards; dried sausages; sauces 100
Processed fish and fisheries products, molluscs 
and crustaceans; dehydrated meat 150

Processed nuts, nut butters; seasonings and 
condiments; processed eggs and egg products; fine 
bakery wares; chewing gum; dehydrated potato 
products; milk powder for vending machines

200

Food supplements supplied in a liquid, syrup-type 
or chewable form 400

Rosemary also finds applications in cosmetics. Its extraor-
dinary properties and fragrance had been recognised by the 
16th century, as illustrated by one of the oldest European cos-
metics – Hungary water, also known as “spirits of rosemary”, 
a perfume combining rosemary and lavender. The invention 
is attributed to Queen Elizabeth of Hungary, from the Polish 
royal House of Piast, sister of Casimir III the Great. Hungary 
water was used as a refreshing tonic, to wash the face and 
rub on the body. Several compounds are responsible for its 
scent. The top note contains fresh scents, originating from 
low-boiling aliphatic ingredients; sharp, penetrating scents 
of monoterpene origin, and a fruity scent of complex aliphatic 
ketones. The middle note includes: a refreshing scent of mint/
eucalyptus (from 1,8-cyneole), balsamic pine (from borneol and 
bornyl acetate), camphor-like – thanks to the presence of cam-
phor and a typical herbal aroma, released by verbenone. The 
base note contains sweet, grassy and woody/balsamic aromas, 
produced by benzenoids, carbonylic compounds and sesquit-
erpenes. Because of the antioxidant properties of rosemary, 
it is included in cosmetics intended to maintain youthful and 
healthy skin. The same antioxidant properties additionally help 
extend the shelf life of cosmetics. Oils and extracts are used as 
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for alertness, cognitive processes and mental exertion. In con-
sequence, this led to reduced sleepiness, higher productivity 
and feeling refreshed. Moreover, rosemary is recommended 
for rheumatic and arthritis pain, swelling and sexual dysfunc-
tions. As such, it can be an aromatherapeutic remedy of great 
benefit for the elderly. Its comprehensive effects can alleviate 
problems related to old age and improve the quality of life (e.g. 
by relieving joint pain caused by degenerative diseases). Caution 
must be exercised when administering rosemary to pregnant 
women, children under the age of 6, and people suffering from 
epilepsy or arterial hypertension [67]. The oil should never be 
used undiluted, ingested or applied to fresh skin lesions, open or 
oozing wounds. Any application to the eye area requires special 
caution. In case of doubt, it is good to consult a qualified aroma-
therapist or a natural medicine specialist [62]. 

Rosemary was also investigated as a feed additive, and was 
found to improve the quality of goat milk; milk and lard/tallow 
from pigs and lambs. Savoini et al. [68] researched the effects of 
rosemary extract on the quality of milk and the prevalence of 
mammary infections in organically-managed dairy goats. One 
group of goats was given the extract orally at 800 mg/d, the 
other at 1600 mg/d. The experiment began 10 days before kid-
ding and continued for 7 weeks. In this time, milk and colostrum 
were tested for nutrient levels and the number of somatic cells. 
Blood white cell parameters were also compared between the 
study groups: the control, the group receiving low-dose extract 
at 800 mg/d (LD) and the group receiving high-dose extract at 
1600 mg/d. In the LD group, fat content was reduced by 3.4% 
compared to the control. An increase in milk yield and reduced 
number of somatic cells was also observed, again in the LD group. 
Increased amounts of polyunsaturated fatty acids in milk were 
demonstrated, as was a shorter coagulation time [69]. In turn, 
the meat of lambs whose mothers were fed distilled rosemary 
leaves presented lower levels of lipid oxidation, lower bacterial 
counts and better colour stability during storage in a modified 
atmosphere. Improvement in colour stability was observed even 
within the gluteus medius, which is particularly prone to dis-
colouration. The effect was attributed to carnosic acid [70, 71]. 
It was observed that polyphenols contained in rosemary leaves 
and supplied with the diet of pregnant ewes were present in the 
young lambs. Lamb meat analysis revealed a higher content of 
rosmarinic acid, carnosol and carnosic acid compared to the 
the control group [72]. The study in which the diet of pigs was 
supplemented with rosemary extract focused on the effects 
on lipid oxidation. Analyses of lard from pigs fed rosemary dem-
onstrated increased amounts of Omega-6 fatty acids and some 
Omega-3 fatty acids, in particular linoleic acid and arachidonic 
acid. An improved polyunsaturated fatty acids:saturated fatty 
acids (PUFA:SFA) ratio was also demonstrated [73]. 
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