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Medicinal plants have played an important role in the development of human health care and culture, serving as both 
medicine and food. Herbal drugs have been used for centuries for the treatment of several diseases and many of the new 
medicines are produced based on recent research on their traditional uses. Medicinal plants of the Middle East are 
regarded as a rich resource of different valuable bioactive compounds. Such compounds extracted from natural 
resources maintain many potential health benefits. The application of bioactive compounds is, however, rather limited 
in food and drug formulations because of their poor bioavailability, fast release and low solubility. Thus, encapsulation 
can protect the bioactive compounds from environmental stress, improve their physicochemical functionalities, reduce 
the potent toxicity of drugs, modify the release of encapsulated active materials, reduce dosage, enhance their health-
promoting and anti-disease activities.   
This review discusses the importance of the pharmaceutical properties of thirty-two species of relevant medicinal plants 
native to the Middle East and their uses in various industrial applications.  
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INTRODUCTION 

The World Health Organization (WHO) 
indicates that there are 20,000 different medicinal 
plants reported in more than 91 different countries 
that have adequate weather conditions for plant 
growth.1 Determining the plants that can be 
candidates for pharmaceutical research, including 
their compounds of interest, among a large 
number of potentially valuable natural bioactive 
compounds, is a particularly challenging process. 
It would require important skills and 
consideration of different market-related aspects, 
including the comprehensive procedures for 
extraction and product elucidation and 
characterization.2,3  

Secondary plant metabolites are bioactive 
natural products that can have important benefits 
for human health. Data on plant extracts, 
summarized after an overview of numerous 
studies published in the last two decades, revealed  

 
the potent properties of natural products, 
highlighting the importance of several classes of 
compounds, such as monoterpenes,4,5 
monoterpene hydroperoxides, bicyclic 
monoterpenes, diterpens, tetranortriterpenoids,6 
sesquiterpene,4,5 sesquiterpene coumarins,7 
triterpenoids,8 polysaccharides,9 phenolic 
compounds,10–12 phenolic acids,12,13 
flavonoids,14,15 flavonoid anthocyanins,14-17 
carotenoids,5,16,18 tannins,13,15 coumarins,15,17,19 
ocopherols,12 steroids,13,15,17 saponins,13,15,17 
alkylamides,20 alkaloids,15,17 tropane alkaloids,21 
isoquinoline alkaloids, pyrazole alkaloids,22 
pyrrolizidine alkaloids, acridone alkaloids,6 
anthraquinone, naphthoquinones, 
glucopyranoside, naphthalene, xanthones,23 
proteins, resins, fiber, ash,9 amino acids,24 Na, 
Mg, Ca, K, P, Mn,9 vitamins,24 and a wide range 
of phenolic acids, for instance, rosmarinic acid, 
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ellagic acid, palmitoleic acids, linoleic acid, 
chlorogenic acid, caffeic acid, ferulic acid, p-
hydroxybenzoic acid, gallic acid, vanillic acid, 
syringic, p-coumarin acid, caffeic acid,25 among 
others. Numerous available plant species have a 
potential application in the food and 
pharmaceutical industries for the production of 
generally used pharmaceutical drugs and foods 
for human consumption, including capsules, 
health supplements, energy drinks, energy 
boosters, food products, nutraceuticals etc.  

This work reviews some of the most important 
medicinal plants used in the Middle East that have 
shown clinical efficiency in the treatment of 
different kinds of diseases, and discusses possible 
uses of these plants in the pharmaceutical, food 
and cosmetic industries. Moreover, the 
advantages of encapsulating various plant extract 
bioactive compounds, by different techniques, for 
controlled release or drug delivery applications, 
which would affect the performance of the final 
product and its efficiency, are discussed.  

 
RELEVANT MEDICINAL PLANTS IN THE 

MIDDLE EAST  
In this section, the main relevant medicinal 

plants grown and used in the Middle East, namely 
in the region of Iran, will be presented. These 
medicinal plants have had several applications 
during centuries in the human diet, some for food 
or medicine, and others as spices, to preserve food 
products, fruits, etc. Their composition, biological 
activities, traditional uses, some of their health 
benefits and risks will be discussed. Some of 
these plants can be medicine or poison, depending 
on the amount of plant ingested. Their application 
as nutraceuticals and as bioactive food products is 
a challenge.  

Satureja khuzistanica is an endemic aromatic 
medicinal herb of the Lamiaceae family that 
grows in Iran. The local people believe that it 
reduces cholesterol, controls the heart rate, blood 
pressure and rheumatic pain, and helps in losing 
weight. The essential oil of S. khuzistanica 
contains carvacrol, thymol, and a number of other 
phenolic compounds, as well as vitamins B, C, A 
and niacin. There are several reports on the 
antimicrobial and antioxidant properties of its 
essential oil, which are due to the presence of 
carvacrol. Carvacrol is a famous compound for 
many diverse biological activities, including 
antimicrobial, antitumor, analgesic, anti-
inflammatory, antiparasitic, antihepatotoxic and 
hepatoprotective activities.26 Further, S. 

khuzistanica has antifungal,26,27 antidiabetic, 
hypoglycemic, antihyperlipidemic, anticholeretic, 
scolicidal, lysozyme activities and hematological 
factors.28–30 On the other hand, traditional 
medicine says it may affect the lungs if 
overused.26,28,29  

Crocus sativus L. belongs to the Iridaceae 
family and is widely cultivated in Iran. Actually, 
Iran is the world’s leading producer of saffron. It 
contains quercetin, galangin, kaempferol, chrysin, 
rosmarnic acid, naringenin, pinocembrin, 
myricetin.31 The chemical compounds found in 
saffron, such as crocin, crocetin (carotenoid), 
safranal,18,19,32 and its phenolic compounds10,11 
have several significant properties described in 
traditional medicine, being used for alleviating 
sunburns, improving sexual function, reducing 
menstrual pain, and considered beneficial for the 
health of liver and kidney. Many scientists reveal 
that C. sativus has antioxidant, antimicrobial,10,31 
anticancer, antigenotoxic, anti-apoptotic, 
angiogenesis, anti-Alzheimer, anti-Parkinson, 
anti-convulsant, anti-depressant, anti-
inflammatory, and anti-diabetic activities. It also 
has positive effects in the case of myocardial 
infarction, the nephritic syndrome, lipid 
peroxidation, thrombosis, respiratory disorder, 
insulin resistance, ischemia and anxiolytic visual 
impairment.11,33 C. sativus extract has been 
investigated for the treatment of colorectal 
cancer.18,19,34 The most important constituent of C. 
sativus is saffron, and most of the medicinal uses 
of this species are due to it. The production of 1 
kg of saffron uses almost 150.000 flowers. So, 
contemplating the number of flowers used to 
obtain the desired amount of saffron, the amount 
of petal waste, which are considered a by-product, 
can be deduced.35 

Zataria multiflora Boiss. belongs to the 
Lamiaceae family and mainly grows in Iran, 
Pakistan and Afghanistan.36 It is used traditionally 
for medicinal purposes due to its antiseptic, 
analgesic, carminative and intestine-soothing 
activities.37 It is used in folk medicine to treat 
various ailments, such as cramps, muscle pain, 
nausea, indigestion, diarrhea, and cough.38 Z. 
multiflora is a good source of rosmarnic acid and 
has p-cymene, carvacrol, thymol, and methyl-5-
(1-methylethyl)-phenol. Different 
pharmacological aspects have been described for 
this plant, including its antioxidant,39,40 
antimicrobial,37,40,41 cytotoxic, anti-inflammatory, 
anti-cancer,42 anti-ulcer,43 and COPD 
activities.36,44,45 It is also recommended for the 
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treatment of fatty liver disease46 and hydatid 
disease,47,48 being also recognized for its wound 
healing, spasmolytic, antifungal,49 anti-
nociceptive,50 and expectorant activities.51 Z. 

multiflora does not have any significant toxicity 
and has wide application in the herbal 
pharmaceutical industry.37  

Froriepia subpinnata Baill. is a medicinal 
herb and endemic vegetable, which grows 
naturally in the north of Iran. F. subpinnata has 
150 species native to Eurasia and Africa, and 
more than 16 species to Europe. F. subpinnata 
grows in Central, West, and North of Iran and 
especially at high altitudes with a cold climate.52 
In folk medicine, it has been used as carminative, 
appetizer, antiseptic, antispasmodic, anti-diuretic, 
sedative, and galatogogue agent.52,53 Some 
pharmacological research on F. subpinnata has 
been reported, revealing that its essential oil has 
anti-cancer activity,52,54 as well as antioxidant,53 
and antibacterial activities.52,54 

Hyssopus officinalis L. is one of the most 
important plants from the Lamiaceae family, 
being considered a medicinal plant and cultivated 
in regions of Asia, Europe and America. The 
aerial parts of H. officinalis have been 
traditionally used in the treatment of infections 
due to its antiseptic properties. In addition, it is 
stimulative, carminative, expectorant, 
antispasmodic, being used for the cure of colds, 
cough and asthma.55 H. officinalis contains 1,8-
cineole,55,56 α-glucosidase,57,58 cis-pinocamphone, 
pinocarvone, caffeic and chlorogenic acid.59,60 
The essential oils obtained from Iranian H. 
officinalis have moderate antioxidant properties, 
but great antibacterial activity. The essential oil 
can be used as a natural antimicrobial agent, being 
effective for the inhibition of bacterial growth of 
different strains, especially Escherichia coli. The 
antibacterial and antioxidant activities of these 
essential oils could be partly due to the presence 
of some classes of compounds, such as 
monoterpene ketones, hydrocarbons, and oxides. 
Some studies recommend the use of the natural 
antibacterial and antioxidant agents derived from 
H. officinalis for application in the food 
industry.56 Its antibacterial and antifungal 
properties have been also attributed to the 
presence of pinocamphone and isopinocamphone. 
The antiviral effect of the plant is probably due to 
the presence of caffeic acid, tannins, and 
unknown high molecular weight compounds.61,62 
Other studies also report on its antioxidant, 

antibacterial,56,59,63 antidiabetic,57 anthelmintic64 
and antifungal activities.59 It has drawn attention 
for the treatment of chronic bronchitis and 
asthma,65 as well as due to its strong antiviral 
activity against HIV.61,66Also, due to its content of 
α-glucosidase inhibitors, H. officinalis could be 
used to prevent and treat diabetes.  

Curcuma longa L., also called turmeric, 
belongs to the Zingiberaceae family and is highly 
valued worldwide due to its medicinal and 
economic significance. More than 100 active 
compounds are found in this herb. The root 
contains volatile oils, such as tumerone, and 
coloring ingredients, known as curcuminoids.27 
The active constituents of turmeric are the 
flavonoid curcumin (diferuloylmethane), and its 
various volatile oils, including tumerone, 
atlantone, zingiberone, zingiberene, α-
phellandrene, cineol, sabinene, borneol, 
sesquiterpene, monoterpene,4,5 carotenoids and 
polyphenol compounds.5 In vivo and in vitro 
studies have shown that C. longa has significant 
pharmacological effects. In folk medicine, 
turmeric is used for respiratory diseases, such as 
allergies, liver problems, sinusitis and 
anorexia.4,67 C. longa is a good source of proteins, 
carbohydrates, fiber, and ash, and contains a 
considerable amount of Na, Mg, Ca, K, P, and 
Mn. Fresh and dried turmeric leaves present low 
nitrate levels, with no cyanogenic compounds, 
which makes their consumption safer for the 
consumers.9 A special emphasis was also given to 
the activity of curcumin in the case of 
intoxications and multiple malignant diseases.68 In 
general, different studies have revealed that C. 

longa has anti-inflammatory,4,69 antioxidant,4,5,70 
antitumor, antimicrobial, antitoxin, gastro-
protective,4,71,72 and anti-carcinogenic69 activities 
in the case of oral cancer, skin cancer and 
stomach cancer.4,73,74 It presents cyclooxygenase 
enzyme activity,75,76 and cardio-protective 
effects.77 It has been also reported to have 
hepatoprotective, antiarthritic and hypoglycemic 
properties.78,79 C. longa has been examined for its 
benefits in the case of neurodegenerative diseases 
and for wound treatment.4 It has been established 
that this plant rises dopamine, norepinephrine and 
5-HT levels in the central nervous system.80 It 
demonstrated inhibition effects on apoptosis, 
platelet aggregation, cytokines production, 
reactive oxygen species production, oxidative 
brain damage, cytokines production, cognitive 
deficits in cell culture and animal models.75,76 C. 

longa has antifungal activities against 
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Trichophyton longifusus,81 and is antibacterial.82 
Clinical trials proved the positive effects of 
curcumin on inflammation, skin, eye, central 
nervous system, respiratory, cardiovascular, 
gastrointestinal, urogenital and metabolic 
disorders.68,83,84 Braga et al. have cautioned that 
the plant could have nitrate toxicity.9  

Ferula assa-foetida L. belongs to the 
Umbelliferae family and is a medicinal plant 
native to Iran, India and some regions of 
Afghanistan.7 There are two types of it: bitter and 
sweet. The plant is traditionally used for the 
treatment of different diseases, including asthma, 
epilepsy, intestinal parasites, influenza,85 and to 
alleviate toothache.86 In Iranian traditional 
medicine, it has been used as an antispasmodic 
and carminative agent, and – due to its 
anthelmintic effect – for the treatment of 
bronchite vermineuse87 and intestinal parasites.88 
Ferula assa-foetida is also known as 
“Anghouzeh”, “Khorakoma” and “An-guzakoma” 
in Iran.89,90 The plant contains various chemical 
constituents, such as beta-pinene, E-
caryophyllene, elemicin, cedrol, myrcene, 
ferulenol, ferulenol acetate, carvacrol, thymol, 
ferutinin, jaeschkeanadiol vanillate, kuhistanol D, 
kuhistanol A, (E)-1-propenyl sec-butyl disulfide, 
1-(1-propenylthio) propyl methyl disulfide, and 
1,2-di-thiolane.90,91 It is a good source of 
sesquiterpene coumarins.7 F. assa-foetida has 
been proved to have antimicrobial, antifungal, 
antibiofilm,85,90 antidiabetic and 
antihyperlipidemic effects,92 as well as 
antitumor,93 sedative, diuretic, and emmenagogue 
activities.94 It is a potential source for developing 
novel antimicrobial agents in order to control 
fungal and bacterial infections or to improve the 
quality and extend the shelf life of food 
products.90  

Datura stramonium L., belonging to the 
Solanaceae family, produces pharmaceutically 
important tropane alkaloids, including 
scopolamine and hyoscyamine, potent antagonists 
of the acetylcholine receptor95 and have been used 
as a taxonomic criterion in chemotaxonomy 
studies.21 In recent years, D. stramonium has been 
used as a recreational drug due to its 
hallucinogenic and euphoric effects.21 Different 
alkaloids are obtained from the plant for 
medicinal purposes, to be used in the treatment of 
various groups of diseases, especially of the 
respiratory and muscular-skeletal systems. 
Several studies investigated the pharmacological 
activities of D. stramonium. It has been proven to 

have anti-proliferative activity against human 
gastric adenocarcinoma and potential 
immunosuppressive effects,96 cytotoxic activity in 
carcinomas of colon, breast and lung,97 
anticholinergic properties.21 It treats inflammation 
of the UVA and Parkinson's and painful spasms, 
promotes cyclopegia in cases of accommodative 
strabismus, and prevents motion sickness.21 It has 
antitumor and antimitotic activity.98 Some authors 
propose the following mnemonic rule to 
remember the symptoms produced by poisoning 
by D. stramonium: “blind as a bat, mad as a 
hatter, red as a beet, hot as a hare, dry as a bone, 
bowel and bladder lose their tone, and the heart 
runs alone”.95,99 

Ficus carica L. belongs to the Moraceae 
family, represents one of the greatest plants in this 
genus of angiosperms, which comprises more 
than 800 species of trees cultivated in tropical and 
subtropical areas, and it traditionally used for 
constipation, cough problems, piles, and diabetes. 
It treats the foot and mouth disease in livestock.100 
The main ingredients of F. carica are flavonoids, 
phenolic acids, phenolic compounds, 
anthocyanin,100 tannins, alkaloids, glycosides, 
coumarins, triterpenoids, sterols and vitamin E.101 
It also includes ficusin, vitexin, alpha-amyrin 
acetate, isovitexin, kaempherol, quercetin, 
naringenin, and blacalein.101 It presents anti-
diabetic, anticancer, anti-inflammatory,101,102 and 
antibacterial activities,103 and treats atopic 
dermatitis103 and constipation105,106 in pediatric 
patients. It has been demonstrated to have 
antibacterial activity against Staphylococcus 

aureus, Bacillus subtilis, Proteus vulgaris, 
Pseudomonas aeruginosa and Escherichia 

coli.
103,107,108 

Artemisia absinthium L., from the Asteraceae 
family, generally known as wormwood, it is a 
perennial herb with fibrous roots, growing on 
non-cultivated, dry ground or rocky slopes and at 
the edge of footpaths and fields. It is usually used 
as an ingredient in the spirit absinthe, and as a 
flavoring agent in some other spirits and wines.109 
In folk medicine, it has been used for various 
infectious diseases, Crohn's disease or as an 
antimicrobial agent,110 it has also proved a 
hemorrhoid healing effect.111 The main 
ingredients of A. absinthium are phenolic 
compounds,112 acyclic monoterpenes, 
monoterpene hydroperoxide, bicyclic 
monoterpene, glycosides,113 β-thujon, p-cymene, 
β-pinene and ethyl-5,6-dihydro-1,4-
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dimethylazulene.114 Many investigations on A. 

absinthium proved that it has anthelmintic,64,114,115 
antimicrobial,116,117 antioxidant,114,118 anti-feedant, 
anti-venom,119 and antitumor activities,120 as well 
as hepatoprotective117 and neuroprotective 
effects,121 and with benefits in the case of 
cutaneous lesions.122 The plant has been 
demonstrated to have antiprotozoal effects against 
Leishmania aethiopica and L. donovani, as well 
as acaricidal, insecticidal and fungicidal 
activities.116,117  

Bunium persicum (Boiss.) B. Fedtsch. relates 
to the Umbelliferae family. Also called Kala 
zeera, it is a high-value herbaceous spice 
generally used for culinary, flowering, perfumery 
and carminative puposes.123 B. persicum is a rich 
source of alkaloids, flavonoids, steroids, 
glycosides, phenols, saponins, terpenoids, and 
tannins.13 It is rich in cumin aldehyde and ɣ-
terpinene, and also has trans-3-caren-2-ol, acetic 
acid, terpinolene, 1,3,8-p-menthatriene, hinokitiol 
(β-thujaplicin), estragole, pulegone, limonene, 
methyl eugenol, and bornyl acetate.124 Its large 
amount of phenolic compounds, specifically, 
flavonoids, can explain its excellent antioxidant 
activity.13 γ-Terpinene, cumin aldehyde, ρ-
cymene and limonene cause high antimicrobial 
and antioxidant activities.125 B. persicum is a rich 
source of oils, with different biological activities, 
such as antioxidative and antimicrobial ones.126 
Several studies revealed that B. persicum has 
antioxidant,13 antimicrobial, antifungal, 
larvicidal,127 diuretic,128 anti-tumor, 
antinociceptive,129 antihematotoxic,126 anti-
inflammatory, antihistaminic, hypolipidemic, 
anticonvulsant, anticholinergic, antidiabetic and 
antidiarrheal125 activities. Also, it has been 
demonstrated to have apoptotic activity on human 
leukemia cell lines.130 

Nigella sativa L., known as black cumin, is an 
annual flowering plant of the Ranunculaceae 
family, native to south and southwest Asia. 
Ancient people believed that it increased male 
potency and improved intelligence and 
memory,131 being also used to treat infertility, 
epilepsy,132 and liver disorders.132 N. sativa has 
two classes of alkaloids, including isoquinoline 
alkaloids, such as nigellimine-N-oxide, and 
pyrazole alkaloids, such as nigellidine and 
nigellicine,22 and also has proteins and 
saponins.133 It also contains different compounds, 
such as thymoquinone, thymol, limonene, 
carvacrol,134,135 α-pinene, 4-terpineol, longifolene, 
t-anethole benzene, trans-anethole, alpha-thujene, 

anisaldehyde, n-nonane, miristicine, sabinene, 
fenchene, apiol.134,136 Thus, it has proven effective 
anthelmintic, antiviral, antibacterial, 
antipyretic,137,138 moderate anti-mycotic,139 anti-
hyperglycemia, anti-hyperlipidemia,140,141 anti-
inflammatory, anti-oxidative,142,143 anti-cancer and 
anti-hypertensive activities.137 Several studies142–

144 have reported on its carminative and blood 
sugar lowering effects,138 wound healing,137 and 
ameliorating effects in the case of metabolic 
disorders.140,142 It has been found to bring benefits 
in rheumatoid arthritis, asthma, diabetes and 
digestive diseases,117 in addition to decreasing the 
water intake in rats with STZ-induced 
diabetes.143,145 

Cuminum cyminum L., belonging to the 
Umbelliferae family, is used in folk medicine as a 
stimulant, carminative and astringent agent, in 
cases of flatulence and diarrhea, and as a remedy 
against indigestion. It is also used to flavor foods 
and other products.37,41 It is a rich source of 
phenolic compounds, anthocyanins, flavonoids, 
alkaloids, coumarins, anthraquinone, glycoside, 
proteins, resins, saponins, tannins, steroids,15,17 
cuminal, and cumin alcohol.17 Its essential oil 
contains pinene, cineole, linalool,51 carrvone and 
cumin aldehyde.147 Many scientists revealed that 
C. cyminum has antioxidant, antifungal, 
antimicrobial,17,37,146 antitumor, anti-
inflammatory,148 antihypertensive, 
hypocholesterolemic, antidiabetic and diuretic 
effects,149 also being beneficial to inhibit platelet 
aggregation, as a bronchodilator, immunological, 
contraceptive, anti-osteoporotic,17,139 anti-
diarrheic, and antispasmodic agent.51 Due to its 
benign activities, it is used in the treatment of 
mild digestive disorders, bronchopulmonary 
disorders,150 intestinal inflammation,148 abdominal 
pain and bloating, as well as to heal fractures and 
body aches.131 Besides these, it also used for 
preserving various food products.146 Moreover, C. 

cyminum does not have any significant toxicity 
and therefore has been considered as an efficient 
alternative to conventional antimicrobial agents to 
be included into packaging materials that come in 
contact with foods.37 As the extract of C. cyminum 
contains many sensitive compounds, which can 
easily suffer degradation in the presence of 
oxygen, light and moderate temperatures, it has 
been a challenge to stabilize essential oil 
formulations.146 

Glycyrrhiza glabra L. belongs to the Fabaceae 
family, and is among the oldest and most widely 
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used spices and medicinal plants in both Eastern 
and Western countries, especially in Iran and 
Europe.151 It has been used for the treatment of 
chronic hepatitis for more than 60 years in Japan, 
and also has therapeutic benefits against other 
viruses; it presents expectorant, anti-tussive, mild 
laxative, and anti-aging activities.152 G. glabra is 
a good source of flavonoids, alkaloids, steroids, 
terpenoids, saponins, tannins, glycosides, and 
triterpenoid saponins.8 The primary bioactive 
compounds of G. glabra have anti-androgen and 
phytoestrogen effects,153 also presenting anti-
coagulant,154 anti-bacterial, anti-inflammatory, 
antiulcer, free and hydroxyl radical scavenging, 
anticonvulsant, and anxiolytic activities.8,155 G. 

glabra has been used to treat coughs, bronchitis, 
constipation, gastric ulcer,143,156 and stomach pain, 
joint pain (back and leg), bone fractures,131 and 
stomach infection.148,156 Its anti-inflammatory 
effect occurs by inhibiting the migration of white 
globules and the production of inflammatory 
meditators and neutrophils.157 

Dracocephalum moldavica L. is an annual 
aromatic plant belonging to the Lamiaceae family. 
D. moldavica has been investigated due to its 
naturally present components, such as 
germacrene, caryophyllene, α-copaene, δ-
cadinene, ethyl nerolate, rosmarinic acid and 
phenolic compounds, such as luteolin and 
apigenin.158,159 Rosmarinic acid and phenolic 
compounds cause antioxidant,158,160 and antifungal 
activity.161 

Arctium lappa L. belongs to the Asteraceae 
family. Commonly known as burdock, it has been 
widely consumed as a vegetable and due to its 
medicinal properties in East Asia for centuries.162 
A. lappa has been traditionally used for the 
treatment of acne, dermatitis, diffuse skin 
telangiectasia (hepatic diseases), skin infections, 
purulent wounds, furuncles, venereal diseases, 
hyperhidrosis, skin inflammation, mouth diseases, 
alopecia and dry scalp seborrhea. A. lappa 
contains many interesting compounds, such as 
amino acids, nucleotides, vitamins, flavonoids, 
terpenoids, polyphenols, oligosaccharides, 
polysaccharides, and polyunsaturated fatty 
acids.24 Due to its composition, A. lappa has a 
wide range of medicinal properties, such as anti-
inflammatory,164,165,170 anti-burning sensation, 
anti-infective, depurative, hemostatic, hair tonic, 
analgesic,164 anticancer, antidiabetic, antiviral,163 
antibacterial against both Gram-positive and 
Gram-negative bacteria,166 and hepato-protective 
effects.167,168 The plant has been utilized in the 

treatment of different cancer types (breast, ovary, 
bladder, pancreas), malignant melanoma and 
lymphoma. It has been established that it relieves 
the pain, lessens the tumor size and enhances the 
survival phase.163 A. lappa was also assessed due 
to its anti-mutagenic properties in lung, kidney, 
brain and testicles tumors. Most studies on the 
bioactivities of A. lappa have focused on its low 
molecular weight phytochemicals, such as 
arctigenin, arctiin, tannin, β-eudesmol, caffeic 
acid, chlorogenic acid, lappaol and diarctigenin.169 
The synergistic anti-inflammatory and protective 
effects of the associated A. lappa extracts were 
investigated in the management of the 
inflammatory response in a COPD model.165  

Punica granatum L., known as pomegranate, 
is a fruit-bearing shrub belonging to the 
Punicaceae family. It is native to Afghanistan, 
China, Iran and India, but it is also cultivated in 
the Mediterranean region.171 The fruit is widely 
used in making juice, despite some concern about 
its inedible part, the peel, which represents 
approximately 77%. Pomegranate peel is 
popularly used as traditional herbal medicinal 
products. It is a rich source of tannins, flavonoids, 
polyphenols, and some anthocyanins, as 
delphinidins and cyanidins.172 Several studies 
demonstrated that pomegranate peel has 
significant anti-infective, anti-oxidative, 
antimicrobial, anti-atherogenicity, hepato-
protection, antidiarrheal, anti-atherogenicity, and 
anti-mutagenic characteristics.173 It is a potential 
agent for the treatment or prevention of 
inflammation and cancer.174 Polysaccharides from 
pomegranate peel have antioxidant and hepato-
protective activities.173 Pomegranate has anti-
urolithiatic and cardiovascular protection 
roles.175,176 The antibacterial172 properties of 
pomegranate peel in in-vitro model systems have 
been reported. Pomegranate fruit powder was 
found to stimulate the cell-mediated and humoral 
components of the immune system in rabbits, at 
the dose of 100 mg/kg, administered orally as 
aqueous suspension. Pomegranate additionally 
improved the inhibition of leucocyte migration in 
leucocyte migration inhibition tests and induration 
of skin in delayed hypersensitivity tests.  

Lawsonia inermis L., known as Henna, 
belongs to the family of Lythraceae and is a well-
known antimalarial medicinal plant.177 Henna is 
widely used by cosmetics manufacturers.178 Its 
leaves have been widely used as a dye for hands, 
feet, hair, and textiles.178 Henna is a good source 
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of coumarins, naphthoquinones and a variety of 
flavonoids,23 several types of acacetin, luteolin, 
apigenin, appin, cosmossin, isoscutellarin, 
lawsochrysin and catechin. It is also a precious 
source of volatile and non-volatile terpenes. 
Lawsaritol steroids and two alkaloids named 
harmine and harmaline have been also found in 
henna.23 Several researchers have investigated the 
plant’s pharmaceutical properties. They revealed 
that it has antimicrobial,179,180 anticancer,181,182 
antibacterial,23 antimalarial,177,179 antiviral,183 
antifungal against human pathogens,184 
antidiabetic, anti-inflammatory,181 
antioxidant,178,181 anti-ulcer, anti-tubercular,185 and 
hepatoprotective,186 activities. Henna has a potent 
activity of wound healing.23,187,188 Henna has the 
capacity of preventing linoleic acid oxidation,189 
moisture loss, skin cracking, chronic ulcers and 
discomfort in the feet of diabetics.23 Henna also 
contributes to enhancing memory.23 An acute 
toxicity study of henna carried out in Sprague-
Dawley rats proved the median oral lethal dose as 
above 2000 mg/kg.190 

Ziziphus Jujuba Mill. belongs to the 
Rhamnaceae family and is widely distributed in 
the subtropical and tropical regions, particularly 
in Australia, southern and eastern Asia, and 
Europe.191 Diverse active ingredients were found 
in it, such as polysaccharides,191 oleic, linoleic, 
palmitic, palmitoleic,25 p-coumaric, cinnamic, 
caffeic, chlorogenic, ferulic, p-hydroxybenzoic 
and vanillic acids, as well as quercetin, rutin, 
quercetin-3-galactoside, quercetin-3-rutinoside, 
kaempferol-glucosyl-rhamnoside, epicatechin, 
catechin, and procyanidin B2.25 Many 
investigations have revealed its antifungal, 
antibacterial, antioxidant, anti-ulcer, anti-tumor, 
anti-stress, hepato-protective, hypoglycemic, anti-
inflammatory, sedative, cytotoxicity, immune-
stimulating, gastrointestinal protective,191,192 and 
anti-insomnia activities.193  

Pimpinella anisum L. belongs to the Apiaceae 
family, and is a medicinal and aromatic plant 
widely cultivated in Asia, and the Mediterranean 
area. P. anisum is among the most extensively 
used plants for infant healthcare. Traditionally, it 
has been used as carminative, expectorant, 
sedative, antidepressant, insecticidal, antiviral, 
antispasmodic, nematocidal, mutagenic, diuretic, 
estrogenic, antimalarial, and pectoral stimulant. It 
has been reported for the treatment of abdominal 
pain and flatulence. Other woks reported on its 
antioxidant, antiseptic,58,194 anti-inflammatory,194 
analgesic, antifungal, anti-diabetic and anti-

convulsing activities. Enzyme inhibitory or 
stimulant, and hypothermic activities are the other 
most important effects of the plant. Moreover, P. 

anisum is used in the treatment of renal colic, 
intestinal colic, and upper respiratory tract 
problems,195 for the treatment of gastrointestinal 
disturbances, bronchial asthma, insomnia, 
persistent cough, and epilepsy.100 

Artemisia dracunculus L., commonly called 
tarragon, belongs to the Asteraceae family, and 
consists of around 500 species distributed all over 
the world. The composition and biological effects 
of the essential oil (EO) of A. dracunculus have 
been widely studied. In Iranian folk medicine, it is 
used as an antiepileptic, anticonvulsant, and 
sedative agent, these effects being related to the 
presence of monoterpenoids.196 The major 
constituents are sabinene and estragole, as well as 
alkamides, pellitorine, neopellitorine A, and 
neopellitorine B.20 Estragole is responsible for the 
genotoxicity and carcinogenicity activities of the 
oil.197 Tarragon has been extensively used in 
traditional medicine and as part of the human diet 
for centuries. Its medicinal uses are also related to 
its moderate antimicrobial inhibitory effect, 
anticoagulatory, antihyperlipidemic,198 anti-
diabetic,196,199 antifungal, allopathic and 
insecticidal activities.  

Citrus aurantium and C. aurantiifolia, of the 
Rutaceae family, like most of the Citrus genus, 
are native to tropical and subtropical Southeast 
Asia. C. aurantium, or bitter orange, is 
traditionally used for consumption. It has been 
reported to contain coumarins, limonoids, 
flavonoids, tetranortriterpenoids, monoterpenoids, 
and acridone alkaloids.6 Limonene, acriquinoline 
A and acriquinoline B have been found to be the 
major constituents of its essential oil.6 Other 
studies have also mentioned the presence of 
citpressine I, citpressine II, citruisinine II, 
citracridone II, 5-hydroxynoracronycine, 8-
hydroxy-6-methoxy-3-pentylisocoumarin, xanthy-
letin, clausarin, (E)-suberenol, transgleinadiene, 
methoxysuberenol, fridelin, lupeol, limonin, 
stigmasterol, β-sitosterol, and β-sitosterol-3-O-β-
D glucoside in C. aurantium.

200 A number of 
authors have established its beneficial health 
effects, including its antioxidant,201,202 anti-
inflammatory,201-203 anticancer,203,204 antiseptic, 
antispasmodic, aromatic, astringent, 
carminative,203 cytotoxic, antimalarial, antimi-
crobial, anti-allergic, anticonvulsant properties 
and antiplatelet aggregation activity.205,206  
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The acetyl group in the phenolic compound 
plays an important role in its antioxidant activity 
and the cytotoxicity activity against NCI-H460 
and CAL-27 cell lines.202 Also, herbal 
supplements with C. aurantium are recommended 
due to its slimming effect.203,204 It has also been 
used in treating anxiety and other central nervous 
system disorders,207 gastrointestinal disorders, 
insomnia, headaches, cough, muscular pain, 
nausea, ringworm infection and hypertension.203  

C. aurantiifolia is traditionally used as food 
flavoring and as facial wash to rejuvenate the 
skin. The most important secondary metabolites 
include limonoids, rhamnose, arabinose, 
galactose, glucose, mannose, and galacturonic 
acid.208 Its antimicrobial,209,210 antiviral,208,209 anti-
tumor, anti-carcinogenic, immunomodulation, 
analgesic, anthelminthic, anti-mutagenic,211,212 
and antifungal213 activities have been reported. C. 

aurantiifulia has been found to inhibit human 
pancreatic cancer cells and viral infection.214 
Limonin, present in C. aurantiifulia, has been 
shown to possess anti-carcinogenic properties in 
in vivo rodent models, demonstrating cytotoxic 
activity.208 Also, it reduced the incidence of 7,12-
dimethylbenz(a)anthracene (DMBA) induced 
buccal pouch epidermoid carcinomas in female 
Syrian hamsters.212  

Echium amoenum Fisch. & C.A. Mey. is 
known as Iranian borage and is a member of the 
Boraginaceae family. There are 4 species of the 
genus Echium growing in Iran, but only E. 

amoenum has medicinal uses. It also grows in 
most of Europe and in the Mediterranean region. 
The traditional medicine in Iran uses the plant as a 
remedy for cough, sore throat and pneumonia, due 
to its anti-inflammatory and analgesic effects, but 
also as an anxiolytic and sedative.159,215 
Pyrrolizidine alkaloids, such as echimidine, 
echimidine isomer, 7-angeloyl retronecine, 7-
tigloyl retronecine and rosmarinic acid, were 
identified in this species.159 Its antidepressant, 
demulcent, atonic, tranquillizer, and diaphoretic 
activities have been discussed.216 Also, E. 

amoenum exhibited high inhibition capacity 
towards some key enzymes that are considered as 
triggering major health problems.217 

Malva sylvestris L. species, known as 
common mallow, belongs to the family of 
Malvaceae.218 It has strong antioxidant properties, 
including radical-scavenging activity,12,219 as well 
as lipid peroxidation inhibition in liposomes. It is 
a good source of natural antioxidant compounds, 
such as phenols, flavonoids, carotenoids, 

tocopherols;12 also, sesquiterpene, 
leucoanthocyanidines, anthocyanidines, 
coumarins, and anthocyanin have been 
reported.220 Malva sylvestris possesses 
bacteriostatic, antinociceptive, and 
anticholinesterase activities; it is used in the 
treatment of inflammation, urinary, digestive, and 
respiratory disorders.205 Young leaves are used for 
skin injuries, burns, diarrhea and stomach 
disorders, as well as rheumatism; shoots – for 
toothache, genital tract diseases, hemorrhoids and 
constipation; leaves and flowers – for colds, 
cough, sore throat, tonsillitis, bladder dysfunction 
and rheumatism; and finally, seeds are used for 
skin inflammation.12 In general, the plant extract 
has cardioprotective,221 anti-inflammatory,222 and 
anti-psoriatic activities,222 being also used for the 
treatment of colitis and stomatitis.223 High 
amounts of ascorbic acid, carbohydrates and 
particularly sugars, such as fructose and glucose, 
were revealed in mallow. Further, the presence of 
malvidin 3-glucoside, scopoletin and quercetin 
suggested its anti-inflammatory activity.224 

Boswellia serrata Roxb. ex Colebr. belongs 
to the family of Burseraceae.225 Traditional Uman 
and Chinese medicine believes that it contains 
anti-inflammatory, analgesic, antihyperlipidemic, 
anti-bacterial and sedative substances.226 
Pentacyclic triterpenoids, tetracyclic triterpenoids 
and macrocyclic diterpenoids are the main 
constituents of Boswellia.226 Several 
investigations have demonstrated its anti-
inflammatory,225,227,228 anti-arthritic,228 
hypolipidemic, immune-modulatory and anti-
tumor activities.225 It also has moderate hepato-
protective activity against D-galactosamine-
induced HL-7702 cell damage.226  

Fraxinus excelsior L. belongs to the Oleaceae 
family and is a major charismatic tree species in 
Iran, Ireland, south Scandinavia and northern 
Spain.229 Its phytomedicinal uses are due to its 
anti-oxidative,230 anti-hepatitis, anti-ulcer,230 anti-
fibrotic, hepato-protective and liver 
regenerative,231 anti-atherosclerosis, antimi-
crobial, anti-inflammatory, immunomodulation, 
hypocholesterolemic potential. It has been 
reported as a potent inhibitor of cyclic AMP 
phosphodiesterase activities.230,231 F. excelsior is a 
potent source of glucoside, esters of 
hydroxyphenylethyl alcohols, lignans, flavonoids, 
simple phenolic compounds and coumarins, such 
as esculin and fraxin.229 F. excelsior is also used 
for the treatment of rhinitis, stomatitis, toothache, 
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pyrexia and urinary organ infections in humans,229 
as well as fungal diseases in trees.232 

Ziziphus spina-christi (L.) Desf. belongs to 
the Rhamnaceae family, and is cultivated in sub-
tropical and warm-temperate areas, all around the 
world, being commonly used in folk medicine for 
the treatment of various diseases. It has been 
found to contain nerolidol,233 epigallocatechin, 
gallocatechin and spinosins,234 saponins, phenolic 
compounds,235 quercetin 3-O-robinobioside, 
quercetin 3-O-rutinoside, kaempferol 3-O-
rutinoside, and quercetin 3-O-b-D-xylosyl-a-L-
rhamnoside.236 Several studies have revealed that 
it has anti-cancer and anti-inflammatory 
activities,234 antibacterial, anthelminthic and 
antidiuretic properties, as well as cytotoxicity 
effects. Epigallocatechin, gallocatechin and 
sapinosins are responsible for the anti-
inflammatory activities in natural extracts.234 

Myrtus communis L., which belongs to the 
Myrtaceae family, is a green scrub typical of the 
Mediterranean region, which grows 
spontaneously in many countries. Flavonoids, 
such as myricetin, quercetin, catechin,16,237 
anthocyanins,16,238 arabinogalactan, cyclitols, 
glucose, organic acids and oligosaccharides,238 
terpinolene, tannins, such as gallotannins,16 and 
phenolic acids, such as gallic acid and caffeic 
acid,16 have been reported for this plant. It has 
been established as having significant anti-
inflammatory,237 antifungal,239 anti-
hyperglycemic,240 antiseptic,241 antimicrobial, 
antiviral, antioxidant,242,243 and anti-mutagenic 
activities.  

Silybum marianum L., belonging to the 
Asteraceae family, is a valuable medicinal plant 
traditionally used as a remedy for liver diseases, 
gallbladder disorders,244 and neurological 
disorders, including depression, and Alzheimer’s 
disease.245 The plant has been found to contain 
flavonoids, such as taxifolin, silychristin, 
silydianin, silybin A, silybin B, isosilybinin A, 
isosilybinin B, and most importantly, silymarin.245 
Silybum marianum is a good source of 
antioxidant,246–250 anti-diabetic,249 anti-aging,250 
anti-amnesic, anti-Alzheimer,248 anti-hepatotoxic 
and chemo-preventive substances. It protects the 
liver from toxins and free radical 
scavenging,247,251 and also has 
hypocholesterolemic effects.246 

 

ENCAPSULATION OF HERBAL 

EXTRACTS  

Encapsulation technology 
Encapsulation is a promising technology that 

has recently attracted renewed scientific interest 
for extending its applications in many different 
domains, starting from the pharmaceutical 
industry,252–254 to cosmetics and personal care 
products, the food industry, construction, textiles, 
chemistry, and agriculture.255 The encapsulation 
approach has been applied to develop a significant 
number of novel products on several markets, 
including aromatherapy, agrochemicals, paints, 
coatings, colorants, adhesives, biocides, 
nutraceuticals, oil and gas, paper systems, 
electronics and imaging systems.  

Encapsulation lies in coating different 
substances within another material. Different 
micro/nano encapsulation methods have been 
used in industrial applications.256,257 The 
encapsulated material is commonly referred to as 
the inner phase, the core material or filler.255,258 
The encapsulating agent is known as the external 
phase, the shell, coating or membrane.259–262 The 
core includes the active ingredient, for example, 
drugs, odors, biocides, vitamins, etc., while the 
shell isolates and protects the nucleus from the 
surrounding environment, and is often prepared 
from different biopolymers, as will be further 
discussed below.263,264 The main reasons for 
encapsulation, in all industries, include the 
protection of the active ingredient, by the 
encapsulating agent, from oxidation or 
deactivation, caused by environmental conditions; 
the enhancement of the bioavailability of a natural 
product in the human body, especially in the 
gastrointestinal tract; the controlled and targeted 
release of encapsulated active compounds, and 
their increased stability. Encapsulation processes 
can have the following advantages: conversion of 
liquids to solids; safe handling of toxic materials; 
separation of incompatible materials; masking the 
organoleptic properties such as color, taste, odor 
of substances; reducing the potent toxicity of 
drugs; reducing drug dosage; providing targeted 
and sustained release of the active agent; 
improving adhesion, penetration and release of 
the active principles under physiological changes 
in pH and temperature.265 

Therefore, encapsulation requires 
consideration   of   two   main  factors:   first,   the 
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selection of an appropriate encapsulating agent 
for the preparation of a suitable encapsulation 
system, and second, the selection of an 
appropriate encapsulation technique. Numerous 
techniques have been investigated to encapsulate 
natural active compounds extracted from 
medicinal plants for therapeutic purposes. The 
more commonly reported methods are shown in 
Table 1.  
 
Nano/micro encapsulation 

Considerable research efforts have been 
directed towards developing safe and efficient 
encapsulation techniques. Nano/microtechnology 
is a multidisciplinary area of research, including 
materials engineering, biotechnology, physics and 
pharmacy, among others, focusing on the 
development of structures of nano/micro-sizes. 
Nanocapsules have sizes ranging from 1 to 1000 
nm, while microcapsules – from 1 to 1000 µm; 
they can have a multitude of forms, depending on 
the substances and techniques used to prepare 
them.263,264 The pharmaceutical nanotechnology 
has allowed the development of innovative drug 
release systems, which resolved many of the 
issues related to the administration of 
conventional therapy. 

 
 

Encapsulating agents 

Encapsulating agents play an important role in 
the efficiency of delivery systems. Current 
investigations successfully reported new 
combinations of different biopolymers or new 
encapsulating agents to enhance the properties of 
encapsulation systems and improve the protection 
of the bioactive agent, with better encapsulation 
functionalities and enhanced release profile.263 
Many different materials have been investigated 
to develop encapsulating agents; they must be 
selected depending on the significant features 
required for each proposed use. The most 
commonly reported materials used for 
encapsulation in the food and pharmaceutical 
industries are polysaccharides, proteins, lipids, 
and other organic and inorganic materials, as 
tabulated in Table 2.  

Emulsion systems have been used for the 
encapsulation and successful delivery of different 
compounds. Emulsifiers play a significant role in 
the preparation of emulsions, which is generally 
regarded as an essential procedure to improve the 
shape, size, texture, stability and target release.266 
Emulsifiers can be divided into two classes: 
artificial emulsifiers and natural ones. In recent 
years, natural emulsifiers have become more 
relevant in the food industry due to their non-
toxicity, excellent accessibility, and plentiful 
sources. 

 
 

Table 1 
Most relevant encapsulation methods 

 
Encapsulation method Properties Ref. 
Anti-solvent 
precipitation 

• Simple, comparatively cheap, simple scale-up, non-toxic, non-flammable and 
chemically stable  

250, 272 

Complex coacervation 
• Uses two or more biopolymers; 
• Simple, high core loading capacity, high encapsulation efficiency and excellent 
control release 

273 

Electrospinning and 
Electrospraying 

• Simple, versatile, cheap, non-thermal method, enhanced oxidative stability and 
controlled release profile 

274 

Emulsification 
(Emulsion/  
nanoemulsion) 

• Includes two main techniques: single emulsion (O/W-W/O), double emulsion 
(W/OW-O/W/O); 
• Good for encapsulation of both hydrophilic and hydrophobic structures; 
• Encapsulation efficiency of up to 48% and 40-80 nm particle size 

276 

Extrusion 
• Used for hydrophilic and hydrophobic compounds, as well as oil; 
• Increases the bioavailability of poor-water soluble compounds, time controlled, 
thermoliable 

277  

Fluid bed coating 
• Time-consuming technique, low cost, low operational cost, and high thermal 
efficiency; allows total temperature control; 
• Encapsulates solid core materials 

258 

Freeze drying 

• Used for heat sensitive compounds, stabilizing nanoparticles, improves the 
stability of active compounds; better encapsulation efficiency; 
• Improves oral bioavailability, increases the solubility of a poorly soluble 
structure 

278 
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Liposome/nanoliposome • Can entrap a wide range of natural active compounds 256 

Phytosome/  
nanophytosome 

• Enhances bioavailability;  
• Enhanced capacity to cross the lipid-rich biomembranes and reach circulation;  
• Enhances the absorption of lipid insoluble polar phytoconstituents; 
• Substantially greater clinical efficacy; 
• Phytosome shows better stability profile owing to the chemical bonds formed 
between the phosphatidylcholine molecule and phytoconstituents; 
• Widely used in cosmetics due to better skin penetration and high lipid profile 

279 

Solid dispersion 
• Used for poorly water-soluble compounds (lipophilic); 
• Increases bioavailability, decreasing particle size, improving wettability  

280 

Spray drying 
• Simple, rapid, improves the retention of heat sensitive compounds, improves the 
stability of most natural compounds; 
• Converts a suspension of colloidal nanoparticles into nanostructured powder 

256, 

281, 282 

Sol-gel 

• Based on the preparation of a solution, sol and gel, solidification and heat 
treatment of the organic and inorganic compounds, improves the stability of most 
enzymes; 
• Easily scaled up, even considering the tight cost-in-use; 
• Used for the immobilization of lipase enzymes within a phyllosilicate and 
vinyltriethoxysilane 

263 

Suspension cross-
linking 

• Droplets are fixed by covalent binding and converted to capsules; 
• Simple, rapid, improves the stability of most proteins and polysaccharides 

263 

Freeze spray drying 
• Combination of spray drying and freeze drying; 
• More efficient than both methods; 
• High oral bioavailability and high thermal stability of natural compounds 

283 

Solid lipid nanoparticle  
(SLN) 

• Improves the performance of poorly water-soluble bioactive compounds, 
solvent-free, long-term stability 

284 

Nanostructured lipid 
carriers (NLC) 

• Improves the performance of poorly water-soluble bioactive compounds; 
• High drug loading, encapsulation efficiency, long-term stability, solvent free 

285 

Inclusion complexation • Drying method, increasing bioavailability; formation of inclusion complexes in 
the solid and the solution states   

286 

Thermal gelation 
• High encapsulation efficiencies (>90%), for both lipophilic and hydrophilic 
compounds; 
• Bioactive, non-toxic; can encapsulate different bioactive compounds 

287 

 
 
 

Table 2 
Most frequently used biopolymers as encapsulating agents – categories and properties 

 
Properties Ref. 

Encapsulating agent 
Polysaccharide-based  

Dextrins  
• DE value of 20; different types (white dextrin, yellow dextrin, brown dextrin); 
• Water soluble and hydrolyzed starches; 
• Applied in encapsulation of water-insoluble flavorings and oils 

288 

Maltodextrin 

• DE value of <20; 

• Hydrolyzed starch, highly water soluble (∼70%) and low viscosity in solution; 

• Improves emulsifying characteristics, reduces the oxygen permeability of the 
wall matrix, enhances the bioactive retention and controls the release profile 

282, 

289, 

290 

β-Cyclodextrin 

• Formulation structure with a hydrophobic cavity inside and hydrophilic external 
surface; 
• allows molecular inclusion; 
• complexes with poorly water-soluble molecules to enhance the molecular 
solubility 

291, 

292 

Hydroxypropyl 
cyclodextrin 

• Most abundant natural cyclodextrins, inclusion complexation behavior, highly 
affects the size, shape, hydrophobicity and the form of the guest molecule; 
• Improves the solubility, chemical stability and bioavailability of some poorly 
soluble compounds 

293 

Cellulose Carboxymethyl • Water-soluble, a biodegradable and biocompatible derivative of cellulose; 294 
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cellulose 
(CMC) 

• Used for stabilizing, thickening, binding, tableting, and encapsulation of active 
compounds, to enhance stability and bioavailability of active compounds 

 

Methylcellulose 
• High solubility, efficient oxygen, and lipid barrier properties; 

• Excellent film-forming characteristics 

294 

Cellulose 
ethers 

• Water-soluble, offers masking of colors and undesirable tastes, protective wall 

membrane for the encapsulated core; 
• Protective wall membrane for the encapsulated core and enhanced aesthetical 
appearance 

295 

Hydroxypropyl 
cellulose 

• Water-soluble; 
• Good film-forming ability, acts as a wall to oil and fat 

291 

Cellulose 
acetate • Improves encapsulation efficiency 296 

Ethyl cellulose 

• Only used in oral formulations, non-ionic, non-irritant, biocompatible and 
compatible with many celluloses and resins; 
• Water-insoluble, soluble in many organic solvents such as alcohol, ether, ketone 
etc. 
• Biodegradable, stable against light, heat, oxygen, moisture and chemicals, 
• Good flexibility and mechanical strength in a wide range of temperatures, non-
swellable 

297 

Pectin 

• Extracted from peels of citrus fruits; 
• Anionic and linear polysaccharides; 
• Non-toxic, not digested in upper gastrointestinal tract by gastric or intestinal 
enzymes and poorly soluble in such condition; 
• High retention of mangiferin in microencapsulated particles; 
• Improves the physicochemical stability; 
• Enhances the sustained release of lipophilic compounds 

298–

301 

Chitosan 

• Linear cationic polysaccharide; 
• Second most abundant natural biopolymer after cellulose; 
• Non-toxic, biodegradable, biocompatible, film forming and antibacterial 
characteristics; 

• Improved encapsulation efficiency and stability 

301–

303 

Modified chitosan 

• Water-insoluble, non-toxic, biodegradable, biocompatible, film forming; 

• Improved encapsulation efficiency and stability 
256 

Calcium 
alginate Alginate 
Sodium 
alginate 

• Non-toxic, biocompatibility, hydrophilic, linear anionic polysaccharide; 
• Rapid dissolution behavior at intestinal pH or the presence of sodium ion 

304, 

305 

Arabic gum 
Xanthan gum Gum 
Seaweed gum 
(carrageenan) 

• Non-toxicity, biodegradable, biocompatibility, safe for the human body; 
• Potential capacity to encapsulate flavors, aromas, phenolic compounds, 
antioxidant agents and nutraceutical compounds 

290, 

306–

308 

Sucrose 
• Good solubility in water, non-hygroscopicity, low cost; 
• Used as a matrix for encapsulation of food ingredients and long shelf-life at 
ambient temperature 

309 

 Protein-based  

Whey protein • Usually used as hydrogel, nanoparticle system, conservation; 310–312 
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• High encapsulation efficiency (around 100%) and loading 
capacity (about 100%) 

Casein 

• Extracted from milk, includes α s1-casein, α s2-casein, β-casein, 
and κ-casein; 
• Low viscosity in solution, slight flavor, high nutritional value; 
• Very useful for encapsulation of hydrophobic compounds 

313, 314 

Gelatin • Water retention and film formation ability, biocompatibility, 
biodegradability and fast release 

315–317 

Soy protein • Emulsification, water binding potential, fat absorption and 
nutrient protection against oxidation 

318 

Zein 

• Known as prolamine and extracted from maize; 
• α, β, δ, Ƴ zein types; 
• Water soluble, biocompatible, biodegradable, self-assembly, 
inherent hydrophobic property 

319–321 

Wheat protein 
• Contains gliadin and glutenin compounds; 
• Less water solubility, gel formation ability; 
• Potent ability and stability maintenance to encapsulate fish oil 

322, 323 

Barley protein 

• Contains hordein and gluten endosperm; 
• Excellent emulsification properties and highly hydrophobic; 
• Potential ability to encapsulate fish oil with high efficiency and 
high loading capacity 

324, 325 

Potato protein 
• Inexpensive and non-allergic; 
• Potent antioxidant activity, foaming, and emulsifying ability 

326 

Amaranth 

• Contains high protein, amino acid and prolamine content (safe for 
the human body); 
• Good emulsifying, foaming, gelifying, film-forming, water 
retention capacity, and low-cost material 

327 327, 328 

Cereal 
protein 

Pulse protein 

• Contained in peas, chickpeas, lupins, and lentils; 
• Good emulsifying, foaming and entrapping efficiency; 
• Rich in protein, iron, potassium, folate, and fiber; 
• Low in fat and cholesterol 

329 

  Lipid-based  

Soybean lecithin 
Egg lecithin 

Choline Phosphtidyl 
Serine 

Cholesterol 

• Less toxicity; 
• Excellent function, emulsification, film formation, and 
encapsulation; 
• Biodegradable, biocompatible, excellent stability, high protection; 
• Significantly improves oral bioavailability; 
• Self-assembling, emulsification, wettability; 
• Potent for encapsulating both hydrophobic and hydrophilic natural 
active compounds 

330–332 

 
Advantages of encapsulating natural 

compounds 

The micro/nano encapsulation of natural active 
substances for controlled release or drug delivery 
applications is a promising approach for solving 
some of the significant problems inherent to such 
applications. The most suitable methods for 
encapsulating various natural products vary 
depending on the active compounds and the 
encapsulating agents used. Table 3 presents some 
of the most relevant studies on the encapsulation 
of different extracts from Middle East medicinal 
plants, detailing on the active agent, the 
encapsulation method selected and the 
encapsulating agent, as well as providing a brief 
explanation of the preparation procedure.  

The research works included in Table 3 
demonstrate the advantages of the encapsulation 

technology as applied to active compounds of 
medicinal plants. Thus, Kyriakoudi et al. reported 
on preparing Crocus sativus nanoparticles by the 
spray drying method, highlighting the advantages 
thus-achieved – an increase in the stability of 
crocins and picrocrocins under thermal and 
gastrointestinal conditions,267 which can be 
beneficial for the application of saffron in the 
pharmaceutical and food industries. Another 
study also verified an enhancement in the 
bioavailability, bioaccessibility, and stability of 
saffron bioactive components by spray drying 
encapsulation.268 Other authors revealed that Z. 
multiflora essential oil encapsulated into 
nanoliposomes can have a higher antibacterial 
effect in comparison with the free form of the 
plant’s essential oil.269 Garg et al. reported on the 
pronounced beneficial effects of curcumin in 
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hamster buccal pouch cancer – it decreased cell 
proliferation and modulated various cellular 
responses during tumorigenesis – but pointed out 
its poor absorption in in vivo studies.73 Further, 
some other researchers encapsulated the bioactive 
compounds of Curcumin longa – curcuminoids – 
into nanoparticles and found their significant 
antioxidant and cytotoxic effects, as the 
encapsulated curcuminoids acted on the 
cholinergic and endogenous antioxidant 
systems.270 The authors concluded that 
encapsulation improved the activity of 
curcuminoids in aqueous medium, in contrast to 
their original form, which could be explained by 
the improved water affinity and the reduced size 
of the nanoparticles. Another study focusing on 

silymarin demonstrated that the development of a 
buccal liposomal delivery system allowed an 
increase in drug penetration and bioavailability of 
silymarin in comparison with the free silymarin 
powder.271  

Thus, the encapsulation technology allows the 
development of novel delivery systems that 
ensure the stability and efficiency of natural 
compounds, as well as their delivery to the target 
site. The advancements in this technology will 
increase the efficiency and bioavailability of 
active agents, but also can widen the range of 
applications for the encapsulated products, 
opening new possibilities to develop a new 
generation of goods.  

 
Table 3 

Middle East medicinal plants reported in micro/nanoencapsulation studies 
 

Medicinal 
plant 

Core compound Method 
Encapsulating 

agent 
Brief explanation Ref. 

Polyphenols and 
anthocyanin 

Spray drying 
Maltodextrin 

Soybean 
protein isolate 

Inlet temperature: 140-160 ± 5 for MD and 100-140 ± 
5 for SPI, flow rate: 600 Lh-1, 10 mLmin-1 
Atomization pressure: 20 psi 

333 
Punica 

grantum 
Nodal segments 
of pomegranate 

Coaservation 
Sodium 
alginate 

-------------- 334 

Essential oil Emulsification Chitosan Emulsion in water with Tween 80 335 
Satureja 

khuzistanica Total extract 
Solution 

(emulsion) 
Hydrogel 
alginate 

Dried with NaCl 336 

Satureja 

rechingeri 
-------------- -------------- -------------- -------------- . 

Anthocyanin Freeze drying 
Arabic gum 

and 
maltodextrin 

Freeze drying conditions: (-86 °C, Operan-Korea) at 
5 mmHg pressure for 42 h; Porous solid materials 
were crashed in a pestle and mortar, and passed 
through 25 Mesh sieve and immediately transferred 
into brown glass containers with screwed caps, then 
stored in a freezer (-18 °C) 

337 

Crocins and 
picrocrocin 

Nanospray 
drying 

Maltodextrin 
with dextrose 

Keep away from direct light and the feed solution was 
kept in an ice bath. Nozzles with 4.0µm and 7.0µm 
spray mesh were used. 

267 

Crocins Suspension 
Maltosyl-b-
cyclodextrin 

-------------- 338 

Crocin Solution 
Maltosyl-b-
cyclodextrin 

-------------- 339 

Crocus 

sativus 

Saffron extracts Spray drying 
Maltodextrin, 
Arabic gum 
and gelatin 

Inlet and outlet air temperature: at 180 ± 5 °C and 90 
± 5 °C, respectively. The air flow, rate of feeding and 
atomization pressure: 600 l/h, 5 ml/min and 20 psi, 
respectively 

268 

Essential oil 
Oil-in-water 
emulsion and 
ionic gelation 

Chitosan 

Various contents of carvacrol, i.e., 0, 0.12, 0.24, 0.36, 
0.48 and 0.60 g, used to obtain different weight ratios 
of chitosan to carvacrol of 1:0, 1:0.25, 1:0.50, 1:0.75, 
1:1.00 and 1:1.25, respectively. TPP solution (0.5% 
w/v, 40 mL) was slowly dropped into an o/w 
emulsion while stirring; agitation was continuously 
done for 30 min. The final pH of mixture solution 

was ∼5.0. The particles were collected by 

centrifugation at 10,000 rpm for 10 min at 25 °C 

340, 341 

Essential oil 
Ionic gelation 

(CSNP) 
Chitosan pH: 5.6 with NaOH 342 

Zataria 

multiflora 

Essential oil Nanoliposomes Soybean 
phosphatidyl 

The lipid film was hydrated with phosphate buffer 
saline (PBS); (pH 5-7.4) 

269 
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choline and 
cholesterol 

Total phenolic 
compound 

Liposome 

Soy bean 
lecithin 

(consisting of 
primary 

phosphatidyl 
choline, 

phosphatidyl 
ethanolamine 

and 
phosphatidyl 

inositol) 

-------------- 341, 343 

Froriepia 

subpinnata 
-------------- -------------- -------------- --------------  

Hyssopus 

officinalis 
-------------- -------------- -------------- --------------  

Curcumin 
Solid lipid 

nanoparticles 
SLN 

Lecithin 
(phosphatidyl 

choline), 
Tween 80 

-------------- 344 

Curcuminoids Solid dispersion 
Polyvinyl 

pyrrolidone 
-------------- 270, 344 

Total extract 
Water in Oil 

Emulsion 

Sodium 
alginate and 

carboxymethyl 
cellulose 

pH: 5.6 345 

Curcumin 

Solid lipid-
based self- 
emulsifying 
using spray 

drying 
 

Aerosol 200 as 
solid carrier, 
Lauroglycol 

FCC, Labrasol 
and Transcutol 
HP as oil phase 

-------------- 346 

Curcumin 
pigments 

Spray drying 
Edible gelatin 

and starch 

Flow rate of microencapsulating composition, Wff, 
60, 70 and 80 mL/min; inlet gas temperature, Tgi 
180, 190, and 200 °C; drying air flow; 50, 60 and 
70m 3/h. Samples of the spray-dried particles were 
collected during the experiments 

347 

Curcuma 

longa 

Curcumin 
Solid dispersion 

obtained by 
spray drying 

PVP -------------- 348 

Ferula assa-

foetida 
 

Oil in water 
emulsion 

(traditional) 
 -------------- 349 

Datura 

stramonium 
-------------- -------------- -------------- --------------  

Total extract Spray drying Arabic gum -------------- 350 

Fraxinus 

excelsior Embryos 
Solution  

(Ms medium) 

Sodium 
alginate and 

Sucrose 
-------------- 351 

Embryos 
Solution  

(Ms medium) 
Sodium 
alginate 

-------------- 352 

Ficus carica 

Embryos Ms medium 
Sodium 
alginate 

-------------- 353 

Artemisia 

absinthium 
Essential oil Nano cochleates Soy lecithin -------------- 354 

Essential oil Spray drying 
Maltodextrin 

DE10 
-------------- 355 

Hexane extract Spray drying 
Arabic gum 

and 
maltodextrin 

-------------- 356 Nigella sativa 

Thymoquinone Liposome DPPC -------------- 357 

Essential oil 
(caffeic acid) 

Nano gel 
(self-

aggregation) 

Chitosan and 
potato dextrose 
agar and potato 
dextrose broth 

-------------- 146 

Cumin oleoresin Spray drying 
Arabic gum, 
maltodextrin, 

modified starch 
-------------- 358 

Cuminum 

cyminum 

Essential oil 
Nano gel 

(self-assembly) 
MA-chitosan -------------- 359 

Artemisia 

absinthium 
Nodal segments MS medium 

Sodium 
alginate 

-------------- 360 
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Glycyrrhiza 
uralensis 

polysaccharide 
liposome 

Soybean 
phospholipid 

-------------- 361 

Glycyrrhizic acid 
Ionic 

complexation/ 
freeze-dried 

Chitosan-katira 
gum 

-------------- 362 

Total flavonoids 
extract 

liposome 
Soybean 

phospholipid 
-------------- 363 

Total phenol Liposome Phospholipid -------------- 160 
Dracocephalum 

moldavica 

Tilianin Liposome 
Phosphatidyl 

choline 
-------------- 364 

Polysaccharides liposome 
Soyabean 
lecithin 

-------------- 365 

Arctium lappa 

Chlorogenic acid 

and caffeic acid 
liposome Lecithin -------------- 366 

Total extract 
(shoot tips) 

Solution 
Sodium 
alginate 

-------------- 367 

Flavonoids Spray drying 
Cellulose 
acetate 

phthalate 
-------------- 368 

Citrus 

aurantium 

Oil extracts Nanoemulsion 
Different 

emulsifiers 
-------------- 369 

Citrus 

aurantifolia 
Total extract Liposomes 

Soybean 
phospholipids, 
triglycerides, 

and fatty acids 

-------------- 370 

Myrtus 

communis 
leaves Liposome 

Egg 
phosphatidylch

oline and 
cholesterol 

Phosphate buffer saline solution (PBS) (pH 7.4) 371 

Total extract Spray drying 
Potassium 
bromide. 

Henna extract was spray dried using a co-current 
spray drier apparatus (capacity of the spray drier: 500 
mL/h water evaporation). 

372 

Lawsonia 

inermis 

(henna) 
Total extract 

Noisome (thin 
film hydration 

method) 

Cholesterol and 
Lawsone 

Solvent was evaporated at 60 °C under vacuum in a 
rotary evaporator. The resulted thin lipid was 
hydrated with 10 mL of deionized water at 60 °C. 
The resulting solution was further sonicated in an 
ultrasonic bath for 30 min at 50 °C. Niosome 
purification was performed by a 0.22 um membrane. 

373 

Ziziphus 

jujube 

Protein 
hydrolysate 
extracted 

Solution 
Sodium 
alginate 

-------------- 374 

Ziziphus 

spina-christi 
-------------- -------------- -------------- --------------  

Essential oil Freeze drying Chitosan -------------- 375 
Pimpinella 

Anisum 
Extract/essential 

oil 
Liposome 

Phosphatidyl 
choline 

-------------- 376 

Artemisia 

dracunculus 
Essential oil Nano-emulsion 

Oil and 
surfactant 

-------------- 377 

Silymarin liposomes 
Lecithin soya 
powder and 
cholesterol 

 378 
Silybum 

marianum 

Silymarin liposome 
Lecithin and 
cholesterol 

 271 

Total extract Suspension 
Paraffin and 
erythrocyte 

-------------- 379 Echium 

amoenum 
Total extract Spray drying -------------- -------------- 380 

Malva 

sylvestris 
-------------- -------------- -------------- --------------  

Boswellia 

serrata 
Total extract Phytosome 

Lecithin, 
Phospholipon 

90G, 
cholesterol 

-------------- 381 

 
CONCLUSION 

In this review, the most relevant medicinal 
plants known in the Middle East for their 

therapeutic properties are presented. These 
medicinal plants have been used for centuries in 
the human diet, some as food, others as spices, 
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aromatic plants, and as medicines. The review 
summed up their bioactive compounds and 
biological activities, as well as their traditional 
uses and known health benefits.  

As some of the active components of these 
plants are very sensitive and are easily degraded 
during food processing or storage, their 
encapsulation can be a feasible solution to 
overcome these limitations. In the last few 
decades, a significant body of research has 
yielded various encapsulation systems produced 
by numerous different methods, such as anti-
solvent precipitation, complex coacervation, 
electrospinning or electrospraying, emulsification, 
extrusion, fluid bed coating, freeze drying, 
liposome/nanoliposome, layer-by-layer 
deposition, phytosome/nanophytosome, solid 
dispersion, spray drying, sol-gel, suspension 
cross-linking, freeze spray drying, solid lipid 
nanoparticle (SLN), nanostructured lipid carriers 
(NLC), inclusion complexation, thermal gelation 
and ionic gelation etc., which have the potential to 
be used in several food, pharmaceutical and 
biological applications.  
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