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ABSTRACT
Ocimum plants are commonly used culinary herbs and fragrant ornamental 
plants. Beyond this feature, the present review firstly describes scientific 
studies on the antimicrobial and antioxidant activities of several Ocimum 
species. Secondly, the use of Ocimum plants as ingredients for food preserva
tion, such as meat, fish and dairy products was covered. Thirdly, the phyto
chemical composition has been reviewed to reinforce further standardization 
to be Ocimum plants used as preservatives. Finally, other pharmacological 
properties (cardioprotective activity, anti-diabetic activity, hepato-renal pro
tective activity, anticancer activity) are also reviewed. Overall, these plants 
can serve to promote food preservatives and functional ingredients, but 
there are still some challenges to be overcome as this review points out.

KEYWORDS 
Aromatic herb; basil; food 
preservative; functional 
ingredient; Ocimum

Introduction

Medicinal plants are rich sources of biologically active molecules employed in the treatment of various 
diseases in traditional and modern medicine.[1–3] This has promoted the quest for researching a wide 
pool of plant extracts as a potential source of new therapeutic drugs and food preservatives.[3,4] Among 
them, Ocimum (family Lamiaceae) is a plant genus growing worldwide, prominently wild, in tropical 
and sub-tropical areas, although indigenous from Asia and African continents. Ocimum genus is 
generally known as basil. “The Plant List” website lists 76 accepted names while 18 are unresolved 
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names.[5] The major diversity appears to be in Africa, with various Ocimum species and forms vary in 
growth habit, colour, and aromatic composition making complex the real identity of basil.[6]

Ocimum plants have been recognised as a good repository source of essential oils and aroma 
compounds, as culinary herbs and even as attractive and fragrant ornamental plants. This makes 
them excellent culinary herbs to flavour foods that are used in several regions worldwide, e.g. 
Ocimum bassilicum L. (sweet basil), Ocimum gratissimum L. (clove basil), Ocimum tenuiflorum L. 
(syn. Ocimum sanctum L.) are renowned culinary herbs.[7–9] The latter and Ocimum gratissimum are 
known as Tulsi in Hindi or Tulasi in Sanskrit (holy basil) and have been used in the Ayurveda for more 
than 3000 years for its healing properties. Moreover, the extracts and essential oils of Ocimum plants 
worldwide have been traditionally used for the treatment of gastroenteritis and chronic diarrhea, skin 
infections, headaches, respiratory tract infections, etc.[4,10–13] Some Ocimum species have also been 
traditionally used to treat diabetes mellitus in Africa and Asia.[14,15] Essential oil of O. basilicum has been 
applied to treat upper respiratory tract infections, while extracts from O. gratissimum L. have revealed to 
be useful in the treatment of Leishmania and as medicine to treat central nervous system diseases.[16,17]

In this context, this review firstly extensively describes the antimicrobial and antioxidant properties 
of Ocimum plants, including O. basilicum, O. gratissimum, and O. sanctum, as well as their promising 
use as antimicrobial and antioxidant agents, serving as key ingredients for food preservation and to 
extend the shelf life of foodstuffs. Moreover, the phytochemical composition is also reviewed and it 
could serve to reinforce further standardization to be used in foods applications. Additionally, in view 
of the aforementioned ethnopharmacological potential of Ocimum plants, some other pharmacologi
cal properties are described for adequate health care delivery to human being to promote the 
formulation of functional ingredients.

Antimicrobial and antioxidant effects of Ocimum spp.: in vitro and in vivo

Antimicrobial activity of Ocimum spp

The discovery of antibiotics was a great achievement in the history of health and diseases, as there was 
an effective treatment of the myriads of diseases caused by microorganisms. This succor was soon cut- 
short owing to the emergence of resistant bacteria against prevailing antibiotics.[13,18] In this context, 
finding natural sources of antimicrobial components is attractive and Ocimum plants have been 
extensively studied, possessing a wide range of antimicrobial spectrum.[19] Fig. 1 summarizes the 
antimicrobial properties reported for some Ocimum species, which are described in this section, 
including the activity of solvent and aqueous extracts and essential oils. Firstly, studies on O. basilicum 
are described and then about other Ocimum species.

Antibacterial activity of Ocimum spp
Taechowisan et al.[20] observed that the ethyl acetate extract of O. basilicum leaves tested against nine 
S. aureus isolates with femB gene, of which six were methicillin-resistant (MRSA) with mecA gene, 
gave a growth inhibition zone size ranging from 10.3 ± 0.6 to 17.5 ± 1.2 mm, while the control, S. 
aureus ATCC25923 had an inhibition zone of 25.6 ± 0.8 mm. It was also noted that most MRSA strains 
had minimum inhibitory concentrations (MIC) less than 0.09 mg/ml and minimum bactericidal 
concentration (MBC) ≤0.09 mg/ml, including the control strain.[13] Adam and Omer[10] reported an 
inhibition zone of 7.8 mm against Escherichia coli and Pseudomonas aeruginosa at the lowest 
concentration (6.25 µg/ml), while the antibacterial activity detected against S. aureus was of 4.4 mm. 
According to Khalil,[21] O. basilicum ethanol leaf extract at different concentrations (50–200 mg/ml) 
revealed a high inhibitory activity at the highest dose against E. coli (21 mm), followed S. aureus (16 
mm). The study of Kaya et al.[22] using three different solvents for extraction, resulted in that methanol 
leaves extract (of 5 ml) displayed the highest antibacterial activity compared with acetone and 
chloroform extracts: the inhibition zones ranged from 13 mm (E. coli ATCC 25922 and P. aeruginosa 
ATCC 27853) to 15 mm (Listeria monocytogenes ATCC 7644). S. aureus ATCC 29213 had an 
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Figure 1. Scheme summarizing the antimicrobial activity, the antioxidant activity and other biological properties (in vitro, in vivo and/ 
or in humans) of extracts from Ocimum spp. described here and in the review on clinical trials by Jamshidi and Cohen.[9] The icons 
have been designed using resources from Flaticon.com.
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inhibition zone of 15 mm, whereas Streptococcus pyogenes ATCC 19615 had 13 mm when methanol 
extract was used. Chloroform and acetone extracts revealed no activity against both Gram-positive and 
Gram-negative bacteria tested, except for P. aeruginosa ATCC 27853. Different phytochemicals could 
be solubilized in the different extracts, although the characterization study was not provided.

Other Ocimum species have also revealed antibacterial effects. Shiju[23] studied the activity of Tulsi 
extract (O. sanctum) against E. coli and S. aureus and found to be higher at a concentration of 100 µg 
(100%), with the maximum inhibition zones being 16 mm and 17 mm, respectively. In another study, 
O. sanctum leaves aqueous and ethanolic extracts (50–150 mg/ml) revealed antibacterial activity 
against E. coli, S. aureus and P. aeruginosa inhibition zones up to 18.52 mm, 16.62 mm, and 19.72 
mm for E. coli, S. aureus, and P. aeruginosa, respectively. Root extract showed no inhibitory activity 
against the studied strains.[24] O. sanctum leaves aqueous, chloroform, and ethanolic extract (at 100 μg 
disc concentration) also revealed to be effective against a wide range of microorganisms: S. aureus 
(inhibition zone of 54%-87%), Staphylococcus epidermidis (74%-92%), Streptococcus pyogenes (82%- 
97%), Streptococcus mutans (71%-95%), Streptococcus pneumoniae (87%-92%), Micrococcus luteus 
(77%-97%), Bacillus cereus (74–77%), Bacillus subtilis (79%-77%),[25] thus revealing the high efficacy of 
O. sanctum extracts and supposing it as upcoming antibacterial agents in place of synthetic cipro
floxacin. Methanolic leaves extracts of O. sanctum (Black and green Tulsi) also revealed to be effective 
against Klebsiella pneumoniae with inhibition zone of 16 mm, Salmonella typhi (13–14 mm), S. aureus 
(12–17 mm) and Streptococcus spp. (14–16 mm), at the highest dose tested (5000 μg/ml), while only 
Black Tulsi extract was found to be effective against E. coli (16 mm).[26]

O. sanctum antibacterial activity was also assessed against Xanthomonas citri using 25 Xcmi strains. 
The average activity was 19.05 mm and fourteen of the 25 strains showed higher activity than the 
average, while the other 11 Xcmi strains showed less activity.[27] This study corroborates the potential 
use of Ocimum spp. not only for the treatment of human pathogens or against foodborne bacteria, but 
also against bacterial pathogens of economic plants.

Prasad et al.[4] evaluated the antibacterial activity of different extracting solvents on five Ocimum 
plant leaves (namely, O. sanctum purple, O. sanctum green, O. gratissimum, O. basilicum and O. 
kilimandscharicum Gürke – Camphor basil) against Gram-positive and Gram-negative bacteria. 
Ocimum spp. isoamyl extract was the most active and those that led to highest inhibition zone, 
being 24 mm (O. sanctum purple) to 32 mm (O. sanctum green) against B. subtilis; 22 mm (camphor 
basil) to 28 mm (O. basilicum) against S. typhi. When looking at the antibacterial effect against S. 
aureus, the inhibition zones obtained to isoamyl extracts were 12 mm (Camphor basil) to 21 mm (O. 
gratissimum), while no activity was detected to O. sanctum green. Similar findings were reported by 
other studies on E. coli and S. aureus, although with different species of Ocimum plants.[21] In another 
comparative study, O. kilimandscharicum, O. sanctum and O. gratissimum antibacterial activity was 
also examined against Gram-positive (B. subtilis, B. cereus) and Gram-negative (E. coli, P. aeruginosa) 
bacteria. Among the Ocimum species studied, O. kilimandscharicum was those with higher antibac
terial activity (maximum inhibition zone on B. subtilis and 25 mm on E. coli). Gram-negative bacteria 
were highly susceptible to all Ocimum species extracts, whereas Gram-positive were resistant to leaf 
extracts, except O. kilimandscharicum.[28]

As can be seen till now the species and the solvent used for extraction, and the plant part affect the 
antibacterial activity, being leaves the most interesting part. According to Ba-Hamdan et al.,[29] the 
antibacterial activity of methanolic extracts of O. basilicum revealed a better effect against the Gram- 
positive bacteria (Bacillus spp., Micrococcus spp., MRSA, S. aureus, S. epidermidis and S. pneumoniae), 
ranging from 10.7 ± 0.58 to 15.3 ± 0.58 mm, as compared with ethanolic extracts (varying from 
8.7 ± 1.2 to 14 ± 2 mm). A similar scenario was found when using methanol extract (10.7 ± 2.5 to 
12 ± 2.6 mm) to the Gram-negative bacteria (Acinetobacter spp., E. coli, K. pnuemoniae, and P. 
aeruginosa) when compared with ethanol extract (9 ± 1.7 to 10.3 ± 1.5 mm). It was also evident from 
the report of Kaya et al. that different extraction solvents affect the final bioactive effect of extracts, 
alcoholic extracts were more effective than hexane.[22] Alternatively, the antibacterial activity of 
chloroform O. sanctum extract was more effective than methanol extract against all tested strains 

4 J. SHARIFI-RAD ET AL.



(E. coli, P. aeruginosa, Salmonella typhimurium and S. aureus).[30] Similar findings were stated by 
Rathnayaka,[31] testing various O. sanctum leaves extracts using different solvents (water, chloroform 
and alcohol) against foodborne pathogens (Salmonella enterica, Vibrio parahaemolyticus, E. coli and L. 
monocytogenes), where a positive antibacterial activity was stated against all the tested foodborne 
microbial pathogens, except to L. monocytogenes that was resistant to three of five solvent extracts.

Concerning essential oils, Al Abbasy et al.[12] assessing the antibacterial activity of that obtained 
from basil against three Gram-positive and four Gram-negative pathogenic bacteria found that only 
two Gram-positive bacteria (S. aureus and B. cereus) and two Gram-negative bacteria (E. coli and S. 
typhimurium) were sensitive. B. cereus showed the highest susceptibility (25 mm), followed by E. coli 
(11 mm), S. typhimurium (10 mm) and S. aureus (9 mm). S. epidermidis, K. pneumoniae and P. 
aeruginosa were found to be highly resistant to O. basilicum essential oil. Other authors have also 
shown the susceptibility of E. coli and S. aureus against basil essential oil.[11] O. sanctum essential oil 
was also found highly effective (at 4.5 and 2.25% concentration) against S. aureus growth, including 
MRSA, and E. coli, completely inhibiting their growth, while to P. aeruginosa a partial inhibition was 
found at the same concentrations; for the latter the extract only exerted bacteriostatic effects.[32] 

Moreover, it has been shown that essential oils from the first and second cutting collection stages 
possess higher antibacterial properties than the others.[33] For instance, comparing the inhibition 
zones of essential oils with the control disc (tetracycline), essential oil of both cutting stages had better 
results against E. coli, P. aeruginosa and S. aureus.

Interestingly, Silva and co-workers reported a combination study between O. basilicum leaves 
essential oil, done by steam distillation, and standard antibiotics. The authors found a MIC value for O. 
basilicum essential oil and imipenem used alone against the S. aureus strains of 1024 mg/ml and 4 mg/ 
ml, respectively. However, when the two antibacterial agents were combined, O. basilicum oil in 
association with imipenem revealed MIC values of 32 and 0.125 mg/ml, respectively, suggesting the 
existence of synergy between compounds against S. aureus strains.[34] A contrary scenario was found 
to ciprofloxacin: the MIC value of ciprofloxacin alone is 2 mg/ml, but when combined with O. 
basilicum oil, an increase in MIC value to 4096 mg/ml was stated, and a reduction in the single 
MIC value to 0.5 mg/ml, respectively. Similar observations were reported for P. aeruginosa strains. 
Moreover, nanoemulsion of O. basilicum essential oil for encapsulation showed enhanced antibacterial 
activity (MIC) against enteric bacterial pathogens, E. faecalis, S. aureus, Salmonella paratyphi, and K. 
pneumoniae.[35]

An example of clinical study is through the control of the bacterial biofilm on teeth to maintain the 
oral health. In a randomized controlled clinical trial, a mouthrinse based on O. sanctum extract 
(obtained by maceration with ethanol) was as effective as chlorhexidine in reducing plaque and 
gingivitis.[36] Similarly, results were found by Penmetsa et al.[37]

Concerning the mechanism of action, it seems that Ocimum components could degrade the cell 
wall, as observed using scanning electron microscopy. They may cause some damage to the cytoplas
mic membrane proteins, the binding of proteins, leakage of cell contents, coagulation of cytoplasm 
and depletion of the proton motive force.[22]

Antifungal activity of Ocimum spp
The antifungal activity of essential oils and extracts of several Ocimum spp., including O. basilicum, 
have been also described. As before, it depends on the sample type, species, and fungi type. The variety 
is also another factor that affects the antifungal potency concentration.[38] The most studied one is O. 
basilicum. It has showed to a 100% mycelia growth inhibition against the plant pathogen Rhizoctonia 
solani at 500 µg/ml, while to the others species was at 750–1000 µg/ml.[39] In a similar study, the 
antifungal activity of O. basilicum methanolic-chloroform extract and hydrodistilled essential oil was 
determined by Hadush et al. against Aspergillus niger and Rhizoctonia bataticola.[11] No inhibitory 
activity was found by the solvent extract while the essential oil revealed a fungal growth inhibition 
zone up to 8.00 ± 0.71 mm and 12.75 ± 0.35 mm, respectively (10 and 20 µL).[11] Similar findings were 
reported by Sethi et al.[39] Abou El-Soud et al. also stated antifungal effects to O. basilicum essential oil 
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against the human pathogenic Aspergillus flavus mycelial growth and aflatoxin B1 production.[40] O. 
basilicum essential oil revealed dose-dependent (500–1000 ppm) antifungal effects up to 100%, while 
noticeable aflatoxin B1 production inhibition was stated. Alternatively, O. basilicum crude extracts of 
varying solvents yielded no antifungal activity (Candida albicans 845981, C. crusei ATCC 6258, C. 
albicans 90028 and Saccharomyces cerevisiae (Pakmaya)) at the concentrations tested by Kaya et al.[22] 

In this regard, probably higher dose are required in line with results on O. forskolei essential oil, which 
showed a MIC value of 8.6 mg/ml.[41]

Concerning food spoilage fungi species, the growth inhibition potential of a food grade basil extract 
against Fusarium species (F. verticillioides, F. oxysporum, F. proliferatum, and F. subglutinans) was 
shown at varying concentrations during a 14 days incubation period by Kocić-Tanackov and cow
orkers. Concentrations at 0.35% and 0.70% (v/v) inhibited some species, while at 1.50% all species 
were susceptible. Also, a reduced growth of aerial mycelium was observed, along with hyphae 
deformations.[42] Jakowienko et al. (2011) assessed the antifungal activity of essential oils from two 
varieties of sweet basil (5–10 μl/disc) on Botrytis cinerea, Cladosporium herbarum, A. flavus, Eurotium 
spp., and Alternaria sp. Among them, E. chevalieri was the most sensitive to the two varieties studied 
(Wala and Fine Verde), with mean inhibition zones at 90 and 62.5 mm, respectively, while the most 
resistant fungi was A. flavus (mean growth inhibition diameters were 6.8 and 7.3 mm, respectively). It 
was clearly observed that both oils under same experimental conditions had higher antifungal activity 
than cycloheximide and methyl thiophanate.[38]

In addition to O. basilicum the antifungal activity of other Ocimum spp. essential oils against R. 
solani revealed to be dose-dependent. All essential oils tested, except O. sanctum and Ocimum 
americanum L., had inhibitory effect on fungal mycelia growth at 750–1000 µg/ml.[39] Nonetheless, 
other studies on O. sanctum extracts have revealed opposite results against other fungi. This can be 
influenced for the chemical composition and the dosage tested. In another work, O. sanctum extracts 
(aqueous and alcoholic extracts, and hexane, benzene, chloroform, ethyl acetate, methanol, and water 
fractions) were determined against different clinically isolated fungi, like Trichophyton mentagro
phytes, Trichophyton rubrum, Microsporum canis, Microsporum gypseum and Epidermophyton flocco
sum; the results varied in function of the fungi species tested and the sample type, with the lowest MIC 
values against T. mentagrophytes (125 ± 25 µg/ml) for the methanol fraction.[43] Moreover, O. sanctum 
has been discovered to possess fungicidal activity against all forms of dermatophytic fungus and up till 
now there is no data on side effects.[43]

Londhe et al.[28] described the antifungal activity of hydrodistillates essential oils of O. gratissimum, 
O. sanctum and O. kilimandscharicum against the food spoilage mold A. niger, stating maximum 
antifungal potential. O. gratissimum had the largest inhibition zone (29 mm) followed by O. sanctum 
(20 mm) and O. kilimandscharicum (16 mm). Among these species, the findings by Mohr and 
coworkers showed that the essential oil of O. gratissimum, obtained by hydrodistillation, is also an 
effective inhibitor of phytopathogenic fungi, with MICs varying from 31.25 to 125 µg/ml. F. oxysporum 
f. sp lycopersici and R. solani were the most sensitive, with growth inhibition potential compared to 
the positive control ketoconazole at 500 µg/ml.[44] This is in line with results obtained by other 
authors.[11,39] Other study have revealed that the essential oil of Ocimum campechianum Mill., rich in 
methyleugenol, exhibited antifungal activity against F. oxysporum and Colletotrichum gossypii phyto
patogens (IC50, 0.7–0.8 μl/ml,) as well as the mycelial growth and spore germination of the fungi.[45]

Finally, as for other microorganisms, Ocimum components are able to disrupt cell wall and cell 
membrane, as well as to provoke denaturation based on the previous literature.

Antiviral activity of Ocimum spp
In the assessment of a potential antiviral agent, cytotoxicity evaluation is considered very important 
owing to the extract selective nature for virus-specific activity, with little or no effects on the host cells 
metabolisms. Yucharoen et al. tested the effect of dichloromethane and methanol extracts of O. 
basilicum, O. sanctum, and O. americanum on African Green Monkey (GMK) cells, the 50% cyto
toxicity dose (CD50) value were with doses of 110 μg/ml for both dichloromethane and methanol 
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extracts of O. sanctum and O. americanum and 56 μg/ml for both dichloromethane and methanol 
extracts of O. basilicum. Then, all samples were tested against anti-herpes simplex virus (HSV) and the 
extract showed HSV activities at various steps of the viral multiplication cycle. For example, the 
extract-pretreated cells when infected with HSV-2 G had effective doses at 50% (ED50) for O. sanctum 
methanol extract and O. americanum dichloromethane extract at 66.96 and 59.1 µg/ml, respectively, 
and with therapeutic indexes (TI = CD50/ED50) of 1.644 and 1.865, respectively. The antiviral activity 
after the addition of extracts both during and after HSV adsorption was also evaluated. Both O. 
americanum and O. basilicum extracts affected HSV-2 G during adsorption. The authors reported the 
ED50 of O. americanum, O. sanctum and O. basilicum methanol extracts on HSV-2 G as 46.95, 44.49 
and 35.83 μg/ml, respectively, with TI at 2.345, 2.473 and 1.563, respectively. The ED50 of O. 
americanum and O. basilicum dichloromethane extracts on HSV-2 G were 41.95 and 30.58 μg/ml, 
respectively, and the TI were 2.623 and 1.835, respectively. In contrast, HSV-1 F was inhibited less 
than 50% during adsorption by all extracts.[46] In another work, the antiviral activity of O. basilicum 
against new Castle Disease (NCD) virus, an important poultry pathogen with considerable financial 
losses to poultry business, was assessed by Al-Amri and coworkers. The maximum non-toxic con
centrations, ranged from 50 to 500 μg/ml, were used for antiviral activity. The reduction in viral titer 
after the O. basilicum extract administration from Tissue Culture Infected Dose of 50% (TCID50) was 
found to be 10−1 with 500 μg/ml concentration when compared with control virus at 107 titer. The 
extract was also found to prevent the cytopathic effect of NCD virus, and thus indicating inhibition of 
viral replication.[47] Moreover, the antiviral activities of O. basilicum extracts (aqueous and ethanolic) 
and selected purified components were assessed against DNA viruses, herpes viruses (HSV), adeno
viruses (ADV) and hepatitis B virus, and RNA viruses, coxsackievirus B1 (CVB1) and enterovirus 71 
(EV71). The EC50 varied between 0.4 mg/L and 16.9 mg/L for the compounds and from 51.4 to > 100 
mg/L for the extracts, depending on the virus. In general, aqueous extract had stronger antiherpetic 
activity than the ethanolic extract, both showed mild activity against adenoviruses and low activity 
against CVB1. Moreover, of the 11 purified components assayed, linalool revealed inhibitory activity 
with a broad spectrum.[48]

O. sanctum extracts have been tested against several virus types, generally, showing dose-dependent 
effect and inhibited virus replication at higher concentrations (e.g. 10 to 15 mg/ml), including human 
pathogens, such as influenza A virus,[49] and animal ones, such as NCD virus,[50,51] infectious bursal 
disease (IBD) virus,[51] orthomyxovirus and paramyxovirus.[52] In particular, Ghoke and co-authors 
on influenza A virus subtype H9N2 using embryonated chicken egg model, the maximum non-toxic 
concentration (MNTC) from O. sanctum extracts was determined at 135 mg/0.1 ml, which showed no 
evidence of mortality till hatching in the specific pathogen free (SPF) embryonated chicken eggs 
(ECEs) (SPF ECEs). The concentrations of antiviral drugs tested were also non-toxic to the embryos at 
doses of 16 μg/0.1 ml and 2.66 μg/0.1 ml for amantadine hydrochloride and oseltamivir, respectively. 
In another work, O. sanctum crude extract, terpenoid and polyphenol fractions showed significant 
virucidal activity, being higher for the two first samples. Also, the therapeutic effect was maintained for 
longer period of time (up to 72 h post-incubation).[49] Moreover, Patil, assessing the in vitro 
cytotoxicity of O. sanctum (Tulsi) crude extracts on MDBK cells (bovine kidney cells) and African 
Green Monkey cells (Vero cell) against orthomyxovirus and paramyxovirus, observed that the IC50 
values in mammalian cells indicated no cytotoxicity effect in the evaluated cells, which was found 
useful and safe.[52] The antiviral effect against paramyxovirus and orthomyxovirus was dependent on 
the solvent used for extraction.

Furthermore, an in vivo study was conducted by Varshney et al.[51] The 50% infectious dose (ID50) 
of NCD virus was calculated to be 109.5/ml, while that of IBD virus was 103.5/ml. Chickens fed with O. 
sanctum aqueous extract and subsequently challenged with NCD virus, were observed with clinical 
signs found to be mild as compared to control group of chicken. Exhibition of paralysis in leg and 
wings was absent in treated chickens, while two of six unfed chickens exhibited paralysis in one leg and 
wings at the determined ID50. Comparing the body weight of chicken fed with O. sanctum and the 
unfed, fed chicken were found healthier with a fewer loss in body weight as compared to unfed groups. 
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Treated chickens showed mild hemorrhagic lesions in intestines whereas unfed chickens challenged 
with NCD virus showed more hemorrhage.

Finally, some of the aforementioned studies have reported that in the mechanisms of action can be 
implied a specific inhibition of a stage in viral intracellular multiplication and non-specific inter
ference with virus-cell interactions like masking/blocking the some important glycoproteins.[52]

Antioxidant activity of Ocimum spp

Free radicals are molecular fragments containing an unpaired electron in atomic or molecular orbitals, 
such as superoxide, hydroxyl, peroxyl (RO2

•), alkoxyl (RO•), and hydroperoxyl (HO2
•) radicals.[2] To 

avert free radicals’ buildup, the body has different levels of antioxidants defense mechanisms produced 
endogenously. Moreover, antioxidants can be consumed exogenously. These compounds prevent the 
oxidation of other molecules by inhibiting the initiation or propagation of oxidizing chain reactions. 
They can protect the human body from free radicals, reduce lipid oxidation and oxidative stress 
damage, in addition to retard the progress of many chronic diseases. Also, lipids oxidation causes 
deterioration in many food systems, leading to reduced-flavors and formation of toxic compounds 
lowering the quality and nutritional value of foods.[53–55]

Artificial antioxidants are often used in industry, but due to their carcinogenic potential, a growing 
interest on natural antioxidants has emerged since antioxidants-rich compounds have a vital role in 
ailments management.[56] Therefore, natural antioxidants have attracted interest because of their 
safety and potential nutritional, therapeutic benefits and low side effects.[56] In this sense, medicinal 
plants, particularly those with less toxic compounds, continue to play an important role in the modern 
healthcare system or to be used as antioxidant additives.[57,58]

Concerning O. basilicum, several in vitro assays or test tube, such as 2,2-diphenyl-1-picrylhydrazyl 
(DPPH) radical inhibition, have been applied to reveal the antioxidant properties of different 
cultivars.[59–61] Extracts and essential oils have shown antiradical properties.[59–68] Teofilovic and 
coworkers showed that the antioxidant activity of O. basilicum extracts was highly variable (DPPH 
assay, IC50, 0.22 to 20.49 μg/ml), depending on the solvent used for extraction, conditions and plant 
fragmentation. Best solvents were ethanol and methanol,[59] while acetone is another alternative.[60] 

The antioxidant activity of methanolic and aqueous-methanolic leaves extract of O. sanctum, O. 
americanum (syn. Ocimum canum) and O. gratissimum have shown antioxidant activity by scavenging 
free radicals; the first plant showing the lowest IC50 by the DPPH assay (35.2 μg/ml).[62–64,68] 

Regarding essential oils, those from O. basilicum, containing linalool as main compound (56.7– 
60.6%), and O. gratissimum leaves, rich in methyl cinnamate (48.3%) and γ-terpinene (26%), showed 
high antioxidant activity through β-carotene-linoleic acid bleaching assay and DPPH assay, with IC50 
values <0.007 μL/ml (or <6.7 μg/ml) and 5.5 μl/ml, respectively.[65,66] Alternatively, slight antioxidant 
activity has been reported for O. forskolei leaves essential oil rich in endo-fenchol (31.1%) (DPPH 
assay, IC50 of 31.6 μl/ml) and O. campechianum leaves/stem essential oil (<40%) rich in methyleugenol 
(up to 87%).[41,45] In addition to species, cultivar and chemotype, the maturity of the plant at the 
harvest time also affects the antioxidant activity and phytochemical profile.[67]

Moreover, ex vivo studies on rats’ pancreas and heart homogenates have shown inhibition of Fe2+ 

and sodium nitroprusside-induced lipid peroxidation by essential oil from O. basilicum rich in 
limonene (47.4%).[69] In vivo studies have shown that O. basilicum (methanolic-aqueous extract) 
reduced the brain acetylcholinesterase activity and oxidative stress, which was related to the anti- 
amnesic and neuroprotective activities and attributed to the presence of phenolic compounds.[68] O. 
basilicum callus extract was also able to limit the deleterious effects of UV-induced oxidative stress, 
radical production, and membrane integrity in yeast cell culture.[70] In another work, O. gratissimum 
aqueous extract also efficiently inhibit CCl4-induced liver injuries in rats, which was associated to its 
antioxidant and anti-inflammatory activities in livers of rats after CCl4-induced liver damage.[71] Its 
essential oil has also shown antioxidant activity in vivo.[72] Moreover, the methanolic leaves extract of 
O. americanum reverses alterations in oxidative stress markers occasioned by the diabetic 
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conditions,[64] and O. sanctum exerted oxidative stress reduction along with better seizure control, 
memory retention, and neuronal structure preservation in animal models.[73] Thus, the in vitro 
antioxidant potential can be associated to these antioxidant properties evidenced in vivo.

Some novel improvements include encapsulation via nanoemulsion of O. basilicum essential oil 
with enhanced antioxidant properties,[35] and the use of LED-based light to manipulate Ocimum 
plants. It enabled to improve commercial production of O. basilicum through increasing the volatile 
content that affects sensory quality, mass, and antioxidant capacity.[74] The use of elicitors reduced 
stress effect on growth and also increased antioxidant properties of Ocimum plants.[75,76]

Antimicrobial and antioxidant activity of Ocimum spp. in food systems: use as 
preservatives

Spoilage microorganisms are responsible for the deterioration and eventual spoilage of food products 
leading to a reduction in quality and economic value. The biodeterioration of food either on the field 
or during storage generates post harvest losses. Majority of food products are perishable in nature, 
hence there is a need to protect them from spoilage microorganisms and ensure the quality of these 
food products is sustained by extending their shelf life. Various methods of preservation of food 
products had been devised over the years to ensure that the quality of food products is prolonged after 
harvesting. The different food preservation techniques such as drying, heat treatment, cold storage, 
smooking and use of preservatives, including antioxidants and antimicrobials, reduce the risk of food 
poisoning and preserve food quality. In this context, the application of the extracts and essential oils 
from different plant sources in food preservation is receiving attention as a more natural 
alternative.[57]

Table 1. Ocimum plants and constituents applied in food preservation.

Ocimum 
plant Component Food Incorporation Effect Main constituent Ref.

Antimicrobial preservative
Ocimum 

basilicum
Essential oil (leaves) Beef burger Addition (0.125– 

0.25%, v/w)
� Estragole (85.2%) [78]

Ocimum 
basilicum

Essential oil (aerial 
parts)

Chicken meat Soaking (0.25– 
0.5%, w/v; 
15 min)

� [79]

Ocimum 
basilicum

Essential oil (aerial 
parts)

Ewe’s cheese 0.025%, w/w, in 
milk

� Estragole (58.2%), linalool 
(11.2%)

[80]

Ocimum 
sanctum

Commercial leaves 
extract

Chicken sausage Addition (0.03%, 
w/w)

� [81]

Ocimum 
sanctum

Leaves solution Indian mackerel Soaking (up to 
30%, 30 min)

� [82]

Ocimum 
sanctum

Essential oil Fermented dairy 
products (dahi and 
yoghurt)

Addition (0.05– 
0.1%, v/v)

[83]

Ocimum gratissimum Ethanol and hexane 
extracts (leaves)

Cucumber cuts Soaking (0.05%) �

γ-Terpinene 
(17.2%), 
phenolic 

compounds (5– 
11 mg/100 g)

[84]

Antioxidant preservative
Ocimum 

basilicum
Essential oil (leaves) Beef burger Addition (0.125– 

0.25%, v/w)
x Estragole (85.2%) [78]

Ocimum 
basilicum

Essential oil (leaves) Beef meat Addition (2–4%) � Estragole (41.4%) and linalool 
(26.5%)

[8]

Ocimum 
basilicum

Extract Pork meat Addition (0.03%, 
w/w)

� [85]

Ocimum 
basilicum

Dried leaves and 
branches

Fesh buffalo cheese Addition (0.25– 
0.5%, w/w)

� Phenolic compounds (mainly, 
rosmarinic acid, 0.18%)

[86]

Ocimum 
sanctum

Aqueous extract 
(leaves)

Tofu Addition (3%, w/ 
v)

� [87]
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Application of Ocimum as an antimicrobial agent in food products

In recent times plant antimicrobials have also been applied to food preservation by keeping food 
products safe from spoilage microorganisms over a long period of time.[77] The bioactive compounds 
present in the plant materials determine their suitability as an antimicrobial agent. In particular, in the 
previous section it was evidenced the antimicrobial properties of Ocimum extracts and essential oils, 
including against foodborne pathogens, such as Salmonella spp., B. cereus, E. coli., L. monocytogenes 
and V. parahaemolyticus, and food spoilage fungi species, including Fusarium spp., B. cinerea, A. 
flavus, and Alternaria spp. In this section, some applications are reviewed (Table 1).

Preservation of meat and fish products with Ocimum
The applications of O. basilicum essential oils in the preservation of meat[78] and fish products[88] have 
been investigated. As an example, it was able to decrease the growth rate of S. aureus in beef burger 
(added at 0.125%) with a good acceptability value after cooking.[78] Also, O. basilicum essential oil was 
able to reduce the number of bacterial pathogens and Salmonella enteritidis in raw meat. It exhibited a 
stabilizing effect to lipid oxidation, reduced cooking loss and did not cause any notable quality changes 
in chicken meat after being soaked in 2.5 and 5.0 mg/ml solutions of the essential oil for 15 min.[79]

It has been observed that the action of essential oils against spoilage microorganisms are limited 
and affected by the fat content in the food. This might be due to the dissolution of the essential oils in 
the lipid phase of the food thereby making less essential oil available to act on bacteria present.[88] 

Spreading of these oils improved their potency against the spoilage microorganisms inherent in fish 
and shrimps.[89] Another alternative could be the use of bioactive edible films as coating. For example, 
microencapsulated essential oils of O. basilicum (rich in linalool) and Lippia graveolens Kunth was 
applied to obtain bioactive edible film that enables an increase in the shelf life of refrigerated pork meat 
pieces, exhibiting the lowest concentration of 2-thiobarbituric acid reacting substances and natural 
microbiota growth, while favorable sensory properties were obtained.[90] In this sense, microencapsu
lation may reduce odor and obtain higher aqueous solubility than free oils, facilitating their incorpora
tion into polymers.[90]

In addition, a commercial extract from O. sanctum leaves has also been tested as preservative in 
chicken sausages during refrigerated storage (incorporated at 0.03%), being able to reduce values for 
total plate count, psychrophilic count and yeast and mould count, while favored several sensory 
parameters.[81] Applied to Indian mackerel fish by soaking (up to 30%, soaking time 30 min), leaves 
solution was able to extend shelf life until the 13th day with amount of bacteria 6.9 × 107 CFU/g during 
low-temperature storage.[82]

Preservation of dairy products with Ocimum
Essential oils from plants exhibited antibacterial activity against some spoilage microorganisms of 
dairy products.[91] The application of O. sanctum essential oil (0.5–1.0 μL mL−1) to preserve dairy 
products have also been reported,[83] as well as either as powder (up to 10:1000, g/g) or as water extract 
(100:1000, w/w) O. bassilicum can increase sensory scores.[92] This latter work showed that the use of 
basil enhanced the volatile composition of yogurt, being enriched in linalool. A recent work showed 
that O. basilicum at 0.025% (w/w), added to milk before cheese-making process, displays excellent 
activity to combat microorganisms like clostridia and E. coli that may cause late cheese blowing before 
and after inoculation. The effects on normal cheese flora were slight and intermediate between the 
effects of Melissa officinalis and Thymus vulgaris essential oils. Moreover, the main components 
transferred to milk, cheese and whey were estragole, linalool and 1,8 cineol.[80]

However, the antibacterial activity of plant extracts against microorganisms in dairy products can 
be limited by the reaction between some phenolic components of this plant extracts and proteins.[93] 

As earlier reported with other food products, the presence of fat in dairy products reduced the potency 
of essential oils against spoilage microorganisms. This is thought to be brought about by the shielding 
of the microorganisms from the antimicrobial action of the bioactive compounds. Therefore, higher 
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concentrations of essential oils are needed in food matrices compared with those used in in vitro 
assays.[80]

Preservation of plant foods with Ocimum
It has been reported that most of these essential oils and their components are active effective against 
the spoilage microorganisms inherent in fruits and are able to extend their shelf-life.[94,95] Moreover, 
as shown in the sections above, O. bassilicum essential oils was active against plant pathogens in vitro.

In particular, the use of Ocimum plants and their extracts in the preservation of food products has 
been established. Lopez et al. (2008) reported the antimicrobial action of O. basilicum against stored 
rice pests (Sitophilus oryzae, Rhyzopertha dominica and Cryptolestes pusillus).[96] In another work, 
fresh cuts of Cucumis sativus (cucumber) dipped into O. gratissimum ethanol and hexane extracts 
solutions (0.05%), rich in γ-terpinene, had lower moisture content, pH, total soluble solids, and total 
load of microbes than untreated ones. However, ascorbic acid, phenolic and carotenoids contents were 
also low for the former.[84] Ethanolic extracts of leaves from this plant have also been effective against 
postharvest pathogens of avocado pear (Persea americana Mill.).[97]

Application of Ocimum as an antioxidant agent in food products

The essential oils and extracts of O. bassilicum leaves have also been applied against oxidation in meat 
and meat products.[8,78] However, some results have not been satisfactory in all cases, e.g. essential oil 
rich in estragole at 0.25% was not able to decrease lipid oxidation in raw beef burger at 4°C compared 
to the untreated control.[78] Alternatively, an essential oil rich in estragole and linalool, added at higher 
concentrations (2% and 4%), was able to improve color and lipid oxidative stability of refrigerated 
minced beef samples.[8] Similarly, the inclusion of a commercial basil leaf extract in minced pork at 
0.03% has been reported to lower the microbial population and oxidative deterioration, while it 
improved the sensory quality compared to the control after 5 days of cold storage at 1°C.[85] 

Furthermore, buffalo fresh cheese with 2.5 and 5.0 g dried basil/kg cheese showed high acceptability 
by consumers, with additional benefits such as improved functional characteristics, including anti
oxidant activity and total phenolic content. It also changed hardness and chewiness, while cohesive
ness and springiness were not influenced.[86]

O. sanctum extracts have been added to meat, plant and dairy products, e.g., chicken sausages (300 
mg/kg), tofu (3%, w/v) and ghee, with or without refrigeration, to increase their oxidative stability by 
lowering thiobarbituric acid reactive substances, bacteria, and/or free fatty acid.[81,87,98] As an example, 
aqueous extract of O. sanctum (3%, w/v) added during the preparation and storage of tofu was also 
able to prolong its shelf life up to eight days compared to the control, without requiring refrigeration. 
The organoleptic characteristics were good with less lipid-peroxidation and less protease activity.[87] 

Moreover, its mixture with other essentials oils (clove oil, 40%; thyme oil, 40%) in emulsion based 
chicken sausages (0.25%) enhanced shelf life and storage stability at 4°C.[99]

In another context, the use of O. sanctum and O. basilicum leaves extracts contributed to improve 
the antioxidant system in rice seedlings and arsenic toxicity alleviation[100] and to increase the 
antibacterial and antioxidant properties of ZnO nanoparticles, suggesting a potential for green 
synthesis of nanoparticles.[101] Potential uses of O. gratissimum essential oil in aquiculture include 
its uses as antiparasitic agent against the parasite Gyrodactylus sp. and it also prevented the lipid 
peroxidation and increased the antioxidant status of fish tissues.[72]

Current challenges of Ocimum plants in food preservation

Despite the acceptability and approval of the use of Ocimum and its essential oils as flavorings and in 
protecting food products from spoilage by some of the regulatory agencies (European Commission, The 
United States Food and Drug Administration), there is a constraint of the acceptable daily intake of these 
oils in food, although their toxicity could be low.[65,102] Notwithstanding the several reports in vitro and 
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in vivo, their application in food preservation requires high concentrations in some cases (up to 4% for 
addition), which might be higher than the tolerable limits accepted/approved by regulatory agencies. 
Furthermore, the effectiveness of the essential oils against microorganisms can be impaired in food 
products rich in fats, starch,[103] and proteins,[104] as commented before. The resulting high concentra
tion of these essential oils may lead to the rejection of such food products by consumers. Notably, in the 
aforementioned studies on Ocimum, the organoleptic characteristics of the food were acceptable. Other 
factors that influence the effectiveness of essential oils against spoilage microorganisms include: pH,[105] 

the degree of contamination by microorganisms[106] and temperature.[107] When essential oils and plant 
extracts are added to a fermented product, the inhibitory effects on desirable flora should be negligible to 
consider their suitability for this matrix.[80] These factors make the practical use of plant essential oils, 
and their components, including those from Ocimum spp., challenging in the preservation of food 
products. In any case, some of these challenges can be circumvented by microencapsulation and/or 
incorporating these oils into the material used in the packaging of the food products, e.g., as sachets 
containing essential oils. The oils can also be immobilized in polymers of packages of the food 
products.[90,105,108] Besides these preservatives properties, the selection of the sensory characteristics 
that pair with the food should be also considered since Ocimum spp. can be grouped based on anise, 
citrus aroma, and/or spice-like aroma depending on their phytochemical composition.[109]

Moreover, other Ocimum plants, such as O. campechianum, O. kilimandscharicum and O. amer
icanum, were reported to have antimicrobial and antioxidant activity in the previous sections, and thus 
more work is required to test it in food systems. Mixtures of essential oils from different plants can be 
tested to improve their potency, but it should be verified to avoid antagonistic effect among the active 
ingredients.[90] In this sense, Sharma and coworkers[99] investigated several blends of essential oils 
including O. sanctum. Their results showed that blends with clove oil, O. sanctum, and cassia oil or 
thyme oil at 40%, 20%, 40%, respectively, showed the lowest microbial count, while clove oil, O. 
sanctum, cassia oil, thyme oil, ajowan oil, and betel oil at 25%, 20%, 20%, 15%, 10%, 10%, respectively, 
showed the highest sensory scores. Alternatively, the combination of rosemary and basil essential oils 
has no preservative effect against spoilage microorganisms, while individual essential oils were 
effective.[79] Another key issue is the requirement of standardization to establish the dosage more 
accurately and to choose the best chemotype and collection time since the phytochemical composition 
and bioactivity vary,[67,84,110–112] as shown in the sections below.

Phytochemicals in Ocimum and mode of action as preservatives

The main active phytochemicals present in Ocimum plants are broadly classified as terpenes (includ
ing terpenoids) and phenolic compounds. Some phenolic compounds, such as eugenol, are classified 
in the terpene group owing to their structure and presence in the volatile fraction and essential oils of 
medicinal plants.

Terpenes: composition and mode of action

Composition
The essential oils of Ocimum are made up terpenes and terpenoids which are active against spoilage 
microorganisms. These bioactive compounds are hydrocarbons synthesized in the cytoplasm of plant 
cells using acetyl-CoA as a starting material in the pathway. The rearrangement of the carbon 
backbone of terpenes may give rise to a single or double cyclic structures.[113] Moreover, terpenoids 
are products of enzymatic and biochemical modifications of terpenes,[113] which may contain, e.g., 
some oxygen functionality. Figure 2 shows the structure of the main terpenes found in Ocimum plants.

The chemical composition of Ocimum essential oil varies depending on the species, cultivar (and 
even chemotype) and season.[66,110–112] In general, O. basilicum essentials contain mainly oxygenated 
monoterpenes (up to 68.9%). Sesquiterpenes, diterpenes, and hydrocarbons may also appear. Linalool 
was the main constituent of essential oils (56.7%–60.6%) in some cases, while hydrodistilled essential 
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oil from Iranian and South Africa O. basilicum leaves presented estragole (or methyl chavicol) (41.4%- 
85.19%) as major compound (Table 2).[8,78,110,111] In this regard, a cluster analysis of 179 essential oil 
compositions of O. basilicum revealed six major chemotypes: linalool, eugenol, estragole, methyl 
eugenol, 1,8-cineole, and geraniol.[116,117] Another two chemotypes are (E)-methyl cinnamate (cin
namic derivative, and so phenolic compounds) and mixed type having both linalool and estragole.[112] 

Further, Maggio et al.[110] evaluated the chemical profiles of 21 cultivars of O. basilicum belonging to 
Genovese, Napoletano, and Purple types. While estragole occurred in Napoletano type, it was not 

Figure 2. Chemical structure of main terpenoids found in Ocimum plants.
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present in Genovese and Purple basil types. Alternatively, a high presence of eugenol (25–76%), 
methyl eugenol (0–34.2%), and linalool (0–21.8%) was observed in the majority of Genovese and 
Napoletano cultivars. α-Cadinol (up to 36.8%), (E)-phytol (up to 26.8%) and phytol acetate (up to 
26.8%) were high in some particular cultivars.

Eugenol (e.g. 61.30%), estragole (e.g. 44.63%) and/or linalool (e.g. 21.84%) are also some of the 
major compounds of O. sanctum essential oils.[102,114,115] Chemical profiling of O. gratissimum 
essentials oils from aerial parts showed that eugenol (38.6–79.2%) and thymol (47.6–50.7%) were 
the major components.[102] A recent study on several Ocimum species has found that they can be 
classified into different chemotypes: Ocimum × citriodorum were rich in geranial/neral and estragole, 
O. kilimandscharicum in camphor (43.21%), and O. viride in eugenol (77.86%). γ-Terpinene was 
found as main compound in hexane extract of O. gratissimum leaves[84] and in its essential oil along 
with methyl cinnamate,[65] as commented before.

In addition, labdane-type diterpenes ((+)-trans-ozic acid, labda-8(17),12E,14-triene-2 R,18-diol, 
and 2 R-hydroxylabda-8(17),12E,14-trien-18-oic acid) have been isolated in Ocimum labiatum (N.E. 
Br.) A.J.Paton leaves extract obtained by ethanol and ethyl acetate extraction.[118,119] The triterpenic 
acid ursolic acid has been detected in ethanolic and methanolic extracts of O. basilicum, O. sanctum, O. 
gratissimum, O. americanum, O. selloi and O. micranthum, with contents between 0.27% (O. basili
cum) and 2.02% (O. sanctum) in dried leaves.[120]

Mode of action
The functional groups of the terpenoids have been reported to be responsible for their antimicrobial 
activity, including linalool, eugenol, estragole, and thymol.[57,121] Furthermore, studies have shown 
that the presence of delocalized electrons is important for antimicrobial activity.[113] The mode of 
action of terpenes against microbes is by disrupting their membranes that alter the microorganism’s 
ability to effectively carry out osmoregulation and affect the cell permeability resulting in cell 
collapse.[90] Terpenes alter the detoxification mechanism of the microorganisms through their outer 
membrane[122] and their physiological processes.[77]

In addition, some Ocimum terpenoids are able to inhibit aflatoxin production, which is desirable 
for the use of essential oils as food preservative,[65,102] as well as to reduce the amount of ergosterol in 

Table 2. Content (%) of the main volatile compounds found in essential oils from several Ocimum species.[8,65,78,110,112,114,115].

OB leaf OB leaf OB aerial part OB leaf
OG aerial 

part

Volatile 
compound

OB leaf 
South 
Africa

OB 
leaf 
Iran

Italy 
(Genovese 

type)

Italy 
(Napoletano 

type)

India  
(6 varietiesb, 

24 accessions)

Italy 
(Purple 
type)

OS leaf 
India

India 
(11 acce

sions)
OG leaf 

Brazil

OK aer
ial part  

India

Linalool 26.5 1.0 0.7–17.2 1.8–12.0 0.3–69.7 13.2 44.3 ND-t 0.3 9.7
Estragolea 41.4 85.2 ND ND-18.2 ND-90.7 - - - - 2.3
Eugenol 0.4 0.7 39.3–75.0 27.0–52.4 ND-2.0 38.8 4.4 38.6–79.2 74.8 -
Methyl 

eugenol
- 0.3 ND-34.2 ND-43.3 ND-16.6 24.4 6.3 - - -

1,8-cineole - 4.0 ND-7.3 ND-2.3 ND-7.2 1.3 21.7 ND-t 15.2 14.4
Geraniol - - ND-0.1 ND-0.2 ND-1.6 0.3 - - - 3.7
(E)-methyl cinnamate - - - - ND- 

50.5
- - - - -
α-Cadinol - 0.2 1.4–36.8 4.3–21 ND-18.0 3.2 - - - -
Phytol 

acetate
- - ND-0.6 ND - - - - - -

Thymol - - ND-1.6 ND - - - 47.6–50.7 - -
Camphor - - ND-1.2 ND ND-1.9 t - - 0.7 43.21

ND, not detected; t, traces; OB, Ocimum bassilicum; OG, Ocimum gratissimum; OK, Ocimum kilimandscharicum; OS, Ocimum 
sanctum. 

aOr methyl chavicol. 
bVar. difforme, purpurascens, basilicum, glabratum, pilosum, and thyrsiflora.
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fungi, which is a membrane sterol essential for growth and normal membrane functions.[114] Thymol 
also interferes with the starting phases of adherence and with biofilms of some microorganisms.[57]

Furthermore, Ocimum terpenes are able to donate electrons to scavenge free radicals involved in 
the propagation step of autoxidation and other radicals and they have protective effects against 
prooxidants like iron.[8] For example, eugenol is a potent antioxidant compound and thus it can 
enhance the shelf life of food products by controlling not only microorganism growth but also free 
radical scavenging and oxidation of unsaturated lipids.[102] Linalool also showed antioxidant activity 

Figure 3. Chemical structure of main phenolic compounds found in Ocimum plants.
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in vitro but synergistic interaction of the essential oil constituents can explain the better antioxidant 
properties of the whole essential oils.[66]

Phenolic compounds: composition and mode of action
Composition. The phenolic content and composition depend on the extraction method and the 
species.[84] The chemical structure of main phenolic compounds found in Ocimum plants are 
shown in Fig. 3, which can be classified into: hydroxybenzoic acids, hydroxycinnamic acids, and 
flavonoids (flavonols, anthocyanins, and flavones).

Some phenolic derivatives are found in essential oils, as commented before, such as eugenol, methyl 
eugenol, thymol, and (E)-methyl cinnamate.[112] Hydroxycinnamic acids, such as caftaric (0.08–0.85 
mg/g DW), chicoric (0.13–3.55 mg/g DW), and rosmarinic (1.31–21.31 mg/g) acids, as well as 
anthocyanins (2.07–9.72 mg/g) have been reported in leaves of O. basilicum after methanolic extrac
tion. These were the mean values for three type of purple basil.[67] Moreover, among this group, four 
anthocyanins were tentatively assigned as cyanidin conjugated with p-coumaric and/or caffeic acid. 
Higher contents of caftaric acid were found in other O. basilicum samples (up to 5.6 mg/g) obtained 
after extraction with methanolic extraction, along with chlorogenic acid (up to 0.7 mg/g), caffeic acid 
(1 mg/g), p-coumaric acid (0.3 mg/g), chicoric acid (up to 6 mg/g), and rosmarinic acid (up to 8 mg/g). 
The flavonols isoquercetin and rutin (up to 0.2 mg/g) were also detected (up to 0.6 mg/g). It depended 
on the shading treatment type.[123] Other study has also found p-hydroxybenzoic acid, vanillic acid, 
and ferulic acid in O. basilicum.[124] The presence of caffeic, p-coumaric, and rosmarinic acids in 
aqueous and ethanolic extracts of this plant was also reported.[125,126] As an example, Table 3 depicts 
the content of some main phenolic compounds found in Ocimum.

Rutin was the main flavonoid identified in ethanol extracts of O. sanctum, while it also contained 
quercetin and the flavones luteolin and apigenin.[129] Acetone extract of O. sanctum contained 
eugenol, cirsimaritin, apigenin, silineol, and rosmarinic acid.[130] In addition, the C-glycoside flavones 
orientin and vicenin have been isolated from aqueous extracts of leaves of O. sanctum,[131] while gallic 
acid was found also in methanolic extracts, together with chlorogenic acid, p-hydroxybenzoic acid, 
caffeic acid, vanillic acid, syringic acid, p-coumaric acid and ferulic acid.[124] Hydroxycinnamic acids, 

Table 3. Content (mg/g dry matter) of main phenolic compounds found in several Ocimum species.[67,123,124,126–128].

Phenolic 
compound

OB leafa 

Italy, 3 
purple 

types×5 
sampling 

days

OB aerial 
partsa 

Italy,  
different 
shading 

conditions
OB leafb 

Thailand
OS leafb 

Thailand

OB 
whole 
planta 

India

OB plant 
materialc 

India

OS 
whole 
planta

OS 
whole 
planta

OS plant 
materialb

OK plant 
materialb 

India
OG leafd 

Brazil

India, 
white 
type

India, 
black 
type

India,  
different 
accesions

Caftaric acid 0.07–1.14 2.89–5.60 - - - - - - - - Approx. 
20

Chicoric 
acid

0.12–4.52 3.19–6.03 - - - - - - - - Approx. 
70

Rosmarinic 
acid

0.79– 
22.77

0.78–7.93 - - - 0.23 - - 0.80– 
6.70

0.48 Approx. 
10

Caffeic acid 0.03–0.24 0.53–1.01 0.77 1.34 0.08 - 0.05 0.09 - - <10
p-Coumaric 

acid
0.02–0.58 0.15–0.22 1.23 11.61 0.02 - 0.01 0.06 - - -

Gentisic 
acid

0.30–2.61 - - - - - - - - - -

Rutin - 0.09–0.18 - - - - - - - - -
Isoquercetin - up to 0.56 - - - - - - - - -

Approx., approximately; ND, not detected; OB, Ocimum bassilicum; OG, Ocimum gratissimum; OK, Ocimum kilimandscharicum; OS, 
Ocimum sanctum; t, traces. 

a80% methanol extract. 
bWater extract. 
cMethanol extract. 
dWater extract further purified.
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including rosmarinic acid and eugenol, were found in methanolic extracts of O. kilimandscharicum 
and O. americanum.[124,127]

Among all these compounds, caftaric acid, chicoric acid, and vicenin-2 have also been identified in 
O. gratissimum leaves,[128] while caffeic acid and rutin (major peak) in their aqueous extract.[132]

Mode of action. Phenolic compounds are innate antioxidants, which can be employed in the 
preservation of food products. It is due to their unique ring structure that confers the ability to chelate 
metal ions, prevents lipid peroxidation and free radical scavenging properties.[124] Ocimum phenolic 
compounds are well-recognized for its antioxidant effects, conferred through its high radical scaven
ging activity,[124,130,133] although the potency depends on their structure.[124] Those with the ortho- 
dihydroxyl groups (see Fig. 3) possess the capacity to suppress hydroxyl radicals by the inhibition of 
HO● production.[134] Furthermore, the position and degree of hydroxyl groups on B ring of flavonoids 
influence its stability and reactivity hence their antioxidant activities (Fig. 3).[135] In particular, the 
individual phenolic acid composition is an important factor influencing the antioxidant capacity. 
Although rosmarinic acid is generally one of the major phenolic acids and active components of some 
Ocimum extracts,[127] chicoric acid and caffeic acid are also important contributors to the antioxidant 
activity.[136] Moreover, flavones like orientin and vicenin isolated from O. sanctum provided antiox
idant properties in vitro and in vivo against radiation-induced lipid peroxidation in mouse liver 
through radical scavenging. The inhibitory effect of orientin on hydrogen peroxide-induced β- 
galactosidase also supports its antioxidant properties.[137,138]

Moreover, the hydroxyl groups in the structure of phenols have also been reported to be responsible 
for their activity against spoilage microorganisms.[139] The action of this plant against spoilage 
microorganisms is also determined by the presence of other groups, like alkyl, acetate, and with the 
elevation of their lipophilic character.[140] Membrane disruption mainly explains the antimicrobial 
activity of most phenolic compounds, but there other non-membrane mechanisms of action that can 
occur.[141] A recent study on phenolic acids has shown that the antimicrobial activity against food 
borne bacteria could be mainly due to the effect of the undissociated forms, except for chlorogenic and 
gallic acids, for which the antimicrobial activity is mainly due to a decrease in extracellular pH. 
Moreover, the dissociated forms of p-coumaric and ferulic acids also exhibited inhibitory activity.[142] 

Orientin has also revealed potent antiviral effects,[143,144] being effective against HSV type 2 of different 
viral titre on Hep-2 cells.[145] Therefore, besides rosmarinic acid, which is one of the main antimicro
bial components of Ocimum extracts, all these components can contribute. Bear in mind that the 
concentration of rosmarinic acid is highly variable and cannot account for all the bioactivity of the 
extracts, e.g., Domlur Thyagaraj et al.[127] reported the following values: O. basilicum (0.023%), O. 
sanctum (0.084–0.426%), O. americanum (0.501%), and O. kilimandscharicum (0.048%). The same 
occurs with eugenol (0.005% in O. americanum-1.230% in O. sanctum).

Synergism can also occur in active Ocimum extracts containing phenolic compounds. For instance, 
the combination of flavonoids from O. sanctum (orientin and vicenin) synergistically inhibited the 
growth of different bacterial strains, such as E. coli, S. aureus, S. cohnii, K. pneumoniae, and Proteus, 
while the individual flavonoids were found to be less effective.[131]

Other biological properties with interest for promoting functional foods

In this section other biological properties of Ocimum extracts are reviewed since they could have 
interest in functional food and phytopharmacy sectors for more personalized diets. Figure 1 sum
marizes the Ocimum species object of study and their properties.

Anti-inflammatory and immunomodulatory activity

Plants from Ocimum genus are used in folk medicine for treating various diseases, including those of 
inflammatory nature and immune-related.[146,147] Experimental animal studies and controlled trials in 
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healthy volunteers have clearly shown the immunomodulatory effects of O. sanctum seed oil, leaves 
ethanolic and aqueous extracts.[148–150] The anti-inflammatory activity of O. sanctum’s methanol 
extract (500 mg) was also reported in rats. Fixed oil and linolenic acid present in tulsi have the ability 
to block cyclooxygenase (COX) and lipoxygenase (LOX) pathways of arachidonic acid metabolism. O. 
sanctum show anti-inflammatory effects against prostaglandin E2 (PGE2) and leukotrienes-induce 
edema in rats.[151] Similarly, Mrutyunjay reported that O. sanctum aqueous extract (200–400 mg/kg) 
exerted anti-inflammatory effect in rats with carrageenan-induced paw edema through inducing 
edema reduction, better than that of indomethacin, a standard anti-inflammatory drug.[152]

Aqueous and ethanol leaf extracts of Ocimum suave Wild and Ocimum lamiifolium Hochst. ex 
Benth. have shown anti-inflammatory activities in mice (400–800 mg/kg)[146,147]; with a low toxicity 
(LD50 > 8 g/kg). These studies suggest that the highest dose of the extracts, 800 mg/kg, in mice 
corresponds to intake of around 4 g of the extract for 60 kg adult human, which is lower than the 
human equivalent LD50 (>38.9 g). In all cases, the specific active constituent needs to be investigated.

The suppression of interleukin (IL)-10, IL-2, IL-4, IL-6, IL-17A and tumor necrosis factor (TNF)-α 
by O. labiatum ethanolic extract and a isolated labdane diterpenoid (labda-8(17),12E,14-triene-2 R,18- 
diol) (structure in Fig. 2) can be of general therapeutic significance.[118] The over expression of these 
cytokines has been linked to certain autoimmune diseases, as well as activation of pathogenic 
inflammation.[153,154]

Cardioprotective Activity

O. basilicum is used in traditional Asian medicine to treat cardiovascular diseases, including hyperten
sion and coronary heart disease. Previous studies have demonstrated platelet aggregation inhibitory 
activity of aqueous extract of O. basilicum, implying that it possesses antithrombotic effect in vitro and 
in vivo (15–375 mg/kg).[155] This is particularly important because thrombosis contribute to the 
development of many cardiovascular diseases. Furthermore, other reports show that aqueous extract 
O. basilicum possess hypolipidemic effect (0.5 g/100 g body weight), lowering total cholesterol, 
triglycerides and LDL-cholesterol levels, and reduces cholesterol synthesis in vivo.[156,157] Umar and 
coworkers demonstrated the antihypertensive effects of aqueous extract O. basilicum (leaves and 
stalks) (100–400 mg/kg) on blood pressure using the renovascular model of hypertension in 
rats.[158] Interestingly, the beneficial effect of O. basilicum ethanolic extract (leaves) (40 mg/kg) on 
heart was demonstrated in an experimental myocardial infarction model induced by isoproterenol. 
The study concluded that the cardioprotective effects O. basilicum may be through enhanced anti
oxidant defenses.[125] This is because O. basilicum extract markedly improved fibrosis and myocardial 
necrosis, suppressed left ventricular contractility, significantly increased left ventricular end-diastolic 
pressure and reduced the raise of malondialdehyde levels both in myocardium and serum. Moreover, 
O. basilicum aqueous and ethanol extracts were also reported to produce cardiotonic effect demon
strated by a significant reduction in membrane Mg2+ATPase and increase in Ca2+and Na+/K+ ATPase) 
and ß-adrenergic effects, respectively.[159] In most of these studies phytochemicals were not charac
terized, while Fathiazad and coworkers[125] showed that the content of rosmarinic acid was 157.4 mg/g 
in the ethanolic extract of O. basilicum. As commented before, this is one of the major phenolic 
compounds of Ocimum plants.

Similarly, O. sanctum prevented myocardial infarction and chronic-resistant stress in rats by 
preventing rise in cAMP level, myocardial superoxide dismutase and catalase activities and lactate 
dehydrogenase levels.[160,161]

Recently, the ACE inhibition activity in vitro and also in spontaneously hypertensive rats (100–500 
mg/kg) has been reported for O. gratissimum water extract (from whole dried plant), which was 
attributed to its main phenolic compound, rutin. Caffeic acid was also detected.[132] Other studies 
carried out in ra-ts showed that leaf methanolic extract of O. suave lowered total lipids 
concentration.[162]
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Anti-diabetic Activity

The genus Ocimum includes some species ethnopharmacologically used to treat diabetes mellitus in 
Africa and Asia.[14] Their hypoglycemic effects have been demonstrated in vitro, which was enhanced 
using silver nanoparticles,[163] and in various in vivo studies[164,165] for O. basilicum, O. gratissimum 
and O. americanum methanolic and aqueous extracts. It is noteworthy that the major phenolic 
substances from O. basilicum and O. gratissimum, namely, caffeic acid and its derivatives caftaric, 
chicoric, and rosmarinic acids, and also the flavonoid vicenin-2, seem to possess short- and long-term 
beneficial effects on glucose-stimulated insulin secretion. Among them, chicoric acid (3 mg/kg) 
reduced significantly the glycemic levels of diabetic mice by 53% after 120 min.[128] This further 
reinforces the potential of O. basilicum and O. gratissimum as antidiabetic agents. In addition, the 
antidiabetic properties of a dichloromethane:methanol extract from O. basilicum (100–400 mg/kg) 
were suggested to be due to its ability to suppress endogenous glucose release, inhibit glycogenolysis 
and/or stimulate glycogenesis. It was able to inhibit α-glucosidase (35.7–100%) and also α-amylase 
(23.6–81.5%) in vitro. In this case, the HPLC peaks were determined but not characterized.[166]

The anti-diabetic potential of O. gratissimum on type-2 diabetes was examined by Okoduwa et 
al.,[15] who found that specific biomarkers, such as aspartate aminotransferase (AST) and alanine 
aminotransferase (ALT), are responsible for liver damage. These biomarkers are responsible for amino 
acids dissociation to alpha-keto, metabolized through Krebs cycle and electron transport chain before 
its transportation into the blood stream. Their study validated that hepatic cells injury leads to damage 
to its cell membrane allowing permeability of cytoplasmic enzymes into the blood stream, hence it led 
to an increase in serum activities. All these resulted in liver impairment. However, in diabetic rats their 
investigation showed that the treatment with n-butanol fraction from methanolic O. gratissimum 
leaves extract (250 mg/kg) had the most active liver reduced serum enzyme activities and proved the 
hepatoprotective effect of O. gratissimum.

O. sanctum has been reported to possess great anti-diabetic effects due to the ability of the leaves to 
reduce blood glucose when administered in diabetic rats. For example, O. sanctum treatment (4.45 g/kg/ 
day of dried leaf powder) improved insulin resistance in diabetic rats.[167] Moreover, aqueous extract of 
O. sanctum whole plant (200 mg/kg, 60 days) delayed the development of insulin resistance in rats, 
preventing hyperglycemia, hypertriglyceridemia, hyperinsulinemia.[168] Gholap and Kar demonstrated 
that the anti-diabetic effects of O. sanctum may be through corticosteroid-dependent pathway.[169] The 
hypoglycaemic ability was also noticed in rats fed with O. sanctum ethanolic extract (200 mg/kg) in a 
long-term study in alloxanized diabetic rats.[170] In a similar study noticeable insulin-secretory effects 
were noticed in the rat pancreas perfused with the extract and three partition fractions of O. sanctum and 
related effects were noticed in acute insulin-release studies using isolated rat islets.[171]

Furthermore, the anti-diabetic activity of alcoholic leaf extracts from O. sanctum, O. gratissimum, 
and O. americanum against diabetes in rats was significant, being even more potent than metformin 
but at higher doses (up 800 mg/kg). This is in line with the anti-diabetic and anti-hyperlipidemic 
activities of hydroethanolic extract of O. sanctum against streptozotocin (STZ)- and nicotinamide- 
induced diabetes in rats, which was found to be comparable with glibenclamide at 250 and 500 mg/ 
kg.[64,172,173] All results suggest that O. sanctum could be used as an adjuvant therapy for treating 
diabetic patients, but characterization studies were lacking. However, this may be because of the active 
phytoconstituents of O. sanctum, such as rosmarinic acid. Other compounds that could participate are 
ursolic acid, eugenol, linalool, estragole, apigenin and cirsimaritin (see structures in Figs. 2 and Fig. 
3).[172]

Hepato-renal protective activity

Ocimum extracts are also effective in decreasing the pathological changes in liver and kidney. As an 
example, O. basilicum treatment ameliorated acetaminophen-induced hepato-renal damage by 
decreasing serum markers and MDA in both organs and by increasing SOD and CAT activities. 
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Hence, O. basilicum aqueous extract (400 mg/kg b.w.) may act as a natural antioxidant against 
acetaminophen-induced acute hepato-renal toxicity when used as a post-treatment.[174]

In human liver cells, Chiu and coworker[175] validated the beneficial effect of O. gratissimum 
aqueous extract through its antioxidant and cytoprotective activities. Liver cells exposure to oxidative 
stress lead to hepatic cell death. However, with O. gratissimum aqueous extract administration, hepatic 
apoptosis and damage was reduced significantly by retaining the phase I and II and antioxidant 
enzymes activities. Flavonoids and non-flavonoids were present in O. gratissimum aqueous extract, 
with caffeic acid being detected and considered an important component. In vivo the hepatoprotective 
properties of O. gratissimum extracts (water, ethanol and methanol extracts) have been shown in 
several studies, with doses highly variable (0.2 mg/kg-1.6 g/kg). In vivo, Chiu et al.[71] validated the 
significant effect of O. gratissimum aqueous extract (0.2 mg/kg b.w.) on acute liver injury induced on 
male Wistar rats using CCl4. The hepatoprotective effect was visible through the significant increase in 
serum catalase (CAT) and DPPH levels, leading to reduced hepatic damage markers, such as HSP70 
and iNOS. Furthermore, their study attested that the hepatoprotective activity of O. gratissimum 
aqueous extract was possible through the increase in antioxidant enzymes activities and reduction of 
stress-related proteins levels, as well as MMP9 activity through ERK and NF-κB signaling pathways. 
The effects were similar to that of silymarin. In another work, Ighodaro and Omole[176] probed that the 
co-administration of O. gratissimum aqueous extract (0.2–0.4 mg/kg b.w.) and ethanol improved 
ethanol-induced hepatotoxicity and AST and ALT levels were reduced. Similar effects were found by 
Ezeonwu et al.[177] for O. gratissimum aqueous extract but at higher doses (80 mg/kg b.w.). Moreover, 
the hepatoprotective effect of O. gratissimum ethanolic extracts (100 and 200 mg/kg/, p.o., for 14 days) 
have also been assessed in a similar manner.[178] In another work, Prabhu and colleagues[179] validated 
that administration of O. gratissimum ethanol extract at various doses had various levels of hepato
protective effect on hepatocytes: at a dose of 0.8 g/kg, there was a reduction in hepatocytic edema with 
slight widened sinusoidal spaces; at 1.6 g/kg of O. gratissimum ethanol extract, the normal physiology 
of the liver was established, indicating a dose-dependent hepatoprotective activity and displaying an 
important role in restoring the normal physiological function of liver cells. Awogbindin et al. assessed 
the hepatoprotective effect of O. gratissimum methanol extract. Similarly to the aforementioned 
extracts, ALT and AST activities were reduced.[180]

Besides other studies on the positive effects of O. gratissimum extracts on CCl4-induced 
hepatotoxicity,[181–183] this plant also showed hepatoprotective potential against: 2-acetylaminoflour
ene-induced damage injuries,[184] the exposure to petrochemicals,[185] increased AST and ALT levels 
induced by rifampicin-isoniazid[186] or paracetamol-induced hepatotoxicity.[187] In the latter work, 
other mechanism proposed was: the activation of constitutive androstane receptor (CAR) regarded as 
an important regulator of bilirubin in liver. Akpan et al.[188] also validated the hepatoprotective activity 
of O. gratissimum on derangement in serum and biliary bilirubin, cholesterol and electrolytes in STZ- 
induced diabetic rats. Their study revealed that O. gratissimum was associated with hepatoprotective 
and neuroprotective properties. The reduction of serum and biliary cholesterol levels was associated 
with enhanced pancreatic exocrine activity, as a result of increased pancreatic amylase and lipase 
secretion. Generally, phenolic compounds have been proposed as the main contributors to the 
hepatoprotective effects of O. gratissimum.[178,183]

Furthermore, O. gratissimum leaves aqueous extract (100–400 mg/kg) could ameliorate gentamicin 
and mercuric chloride-induced kidney injury through improving antioxidant enzymes, total protein 
and urea concentrations, and thereby improving renal function.[189,190]

The hepato-protective effects of ethanol extract from O. sanctum leaves (200 mg/kg) are also 
associated with reduced serum ALP, AST and ALT levels and increased albumin:globulin ratio was 
observed. As before, these effects may be due to the antioxidant properties of its constituents, but the 
extract was neither characterized nor standardized.[191,192]
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Anticancer activity

Aqueous leaves extracts of O. basilicum and O. gratissimum have been tested for their cytotoxic, 
cytostatic and anti-proliferative properties against the human breast cancer cell line MCF-7. Both 
extracts presented cytostatic effects, but only the first species promoted cytotoxic effects and affected 
the cell proliferation and metabolism. The enzyme AMPK and the protein mammalian Target of 
Rapamycin (mTOR) signaling were activated by O. basilicum.[193] The anticancer effects of O. 
basilicum and O. sanctum extracts were also studied by Nakamura and co-authors, [60,194] and the 
chemopreventive properties was attributed to the high abundance of phenolic compounds, of which 
rosmarinic acid was the main compound.

O. sanctum extract trigger a reduction in tumor cell size and an increase in lifespan in mice with 
tumors.[194] Close results were gotten in a similar experiment where the leaf aqueous-ethanolic extract 
(200 mg/kg, p.o.) led to a rapid reduction in tumor mass, body weight increase, and improve in 
survival rate of mice.[195] The effect of other Ocimum species (O. gratissimum, O. basilicum, O. 
americanum, and O. kilimandscharicum), alone or in combination with radiotherapy, was determined 
on the basis of tumor volume, body weight, and survival rate of animals. All of them showed positive 
results as well as they presented modulatory influence against lethal irradiation doses of γ-radiation in 
terms of radiation-induced chromosomal damage and increased the reduced glutathione level and 
glutathione S-transferase activity.

Besides the former studies, a recent chapter also suggests that O. sanctum can be useful in cancer 
prevention based on in vitro and in vivo studies. The mechanisms behind this bioactivity involved: 
induction of apoptosis mediated by activating the release of cytochrome C enzymes and mitochondrial 
translocation of Bak and Bax apoptogenic proteins, p53, TNF-α and caspases, Apaf-1, and Bcl-2 family 
proteins, decreasing the expression of vascular endothelial growth factor (VEGF) protein, maintaining 
educed glutathione levels, reducing the cell invasion, among others.[196]

Clinical trials

Consulting “ClinicalTrials.gov”, seven clinical trials have been performed using Ocimum plants, 
alone or mixed with other herbs. In particular, it has been studied the effects of O. sanctum in 
oral hygiene and gingivitis (NCT02681939; NCT03287011), obesity (NCT02681939), anxiety and 
stress (NCT03184909), O. basilicum in male infertility (NCT01895816) and O. sanctum/O. 
basilicum mixed with other herbs in asthma (NCT02428322), fasting glucose (NCT02146157), 
and vascular health (NCT03064958). With the exception of the two first studies (mouthrinse), 
capsules, coated tablets or softgels were used as administration way or spices (2–6 g) were 
consumed during the meal. Although most of these studies are completed, results have not 
been posted. Moreover, a recent review has been performed considering clinical studies on O. 
sanctum and O. gratissimum. It showed that administration doses were highly variable, 300 mg- 
14 g aqueous extracts (1–3 times), 300 mg-1 g (1–2 times) ethanolic extracts and as tincture 
solution 30 drops a day, with or without combination with other herbs. No adverse events were 
observed, while occasional nausea was observed in one case. Among other effects, the treatments 
lowered blood glucose, improved lipid profile, reduced blood pressure, enhanced immune 
response, improved mood and/or cognitive functions.[9] These results are in line with the 
aforementioned in vitro and in vivo properties, which were mainly performed using aqueous or 
ethanolic extracts.

Conclusions

The anti-spoilage activities of Ocimum plants against many storage and field microorganisms have 
been established as well as their antioxidant properties. This can explain the interest in using Ocimum 
essential oils and extracts in food preservation. In most cases the sensory properties of foods treated 
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with O. basilicum and O. sanctum essential oils and extracts were acceptable and it enabled a reduction 
of the microbial load and/or an increase of the oxidative stability. While terpenes could be the active 
compounds of essential oils, aqueous and alcoholic extracts contain phenolic compounds, such as 
hydroxybenzoic acids, hydroxycinnamic acids and flavonoids.

Moreover, the application of Ocimum extracts and essential oils has also shown several health 
beneficial properties that can be the driver for the formulation of functional ingredients with interest 
in the food and phytopharmacy sectors.

Some challenges still include the selection of the best extraction conditions (with water or using 
solvents) and standardization of the extracts and essential oils is a requisite due to intra-species variation 
and potential impact in the sensory properties. This can help to establish adequate dosages for further 
clinical studies or food uses. For example, in vivo doses in animal models varied between 0.2 mg/kg and 
5 g/kg, while in foods dosage were up to 4%, depending on the study. Even, more work will enable to 
evaluate if these essential oils and extracts can lead to formulate multifunctional ingredients for both 
preservation and health promotion since current studies have only been focused in one of these targets.
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