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Fig 1 The structure of D-limonene
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Table 1 Properties of D-limonene

Properties
Molar mass 136.238 g.mol”’
Density 0.8411 g/cm’

. . —74.35°C (-101.83 °F;

Melting point 198.80 K)
Boiling point 176 °C (349 °F; 449 K)

Chiral rotation ([a]D) 87-102°

Refractive index (np) (20 °C) 1.4721
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. Limonene

. Linalool

. Myrcene
Octanal
Decanal

. Flavonoid

. Flavone

. Catechin

9. D-limonene
10. L-limonene
11. Dipentene
12. Carvone
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Fig 2 The extraction of D-limonene [30]
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13. Escherichia coli

14. Staphylococcus aureus

15. Listeria monocytogenes

16. Micrococcus luteus

17. Staphylococcus epidermidis
18. Salmonella typhimurium
19. Bacillus cereus

20. Enterococcus faecalis

21. Salmonella typhi

22. Yersinia enterocolitica
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Table 2 Encapsulation of D-limonene

Wall material

Encapsulation method

Results

Reference

Gelatine, Na-alginate,
Polyvinyl alcohol,
Lactalbumin, or Xanthan
gum

Gum arabic

Whey protein -

Maltodextrin

Chitosan

Alyssum homolocarpum
seed gum

Modified cyclodextrin

Gum Arabic, whey
protein concentrate, and
cassava starch

Pullulan and B-
cyclodextrin

Gum Arabic, sucrose, and
gelatin

Uniaxial electrospinning
process

Emulsion stabilized with
B-lactoglobulin

Nanoemulsion

Emulsion

Electrospraying process

Nanoemulsion

Electrospinning process

Pickering emulsion
stabilized by cellulose
nanocrystals (CNC)

Spray drying

Electrospinning process

Freeze-drying

The highest encapsulation efficiency was
obtained for the sample containing polyvinyl
alcohol

D-limonene emulsions had stronger
antimicrobial activity compared to D-
limonene in bulk form
It was observed that minimum inhibitory
concentration of both limonene
nanoemulsion and bulk limonene dissolved in
dimethyl sulphoxide were at 12.50 pl/ml
against Bacillus cereus , Escherichia coli ,
Enterococcus faecalis, and Salmonella typhi.
The combined usage of active modified
atmosphere packaging (MAP) and chitosan-
based coating on cucumber represents an
innovative and interesting method for
commercial application.

The stability of encapsulated D-limonene was
also monitored for 90 days at 4 °C and 25 °C.
The encapsulated ratio of D-limonene in
nanoemulsions was significantly decreased
during storage with increasing temperature,
which resulted in increased release rate
constant of D-limonene.
Cyclodextrin/limonene-inclusion complexes-
nanofibers exhibited high antibacterial
activity against Escherichia coli and
Staphylococcus aureus.

When temperature rose, the stability to of
emulsions would be increased, and the
stability of emulsions was reduced with low
pH or high salt concentration due to
electrostatic screening of the negatively
charged CNC particles.

The presence of starch might have
contributed to retaining the crystalline phase
of gum Arabic and stabilizing the system of
whey protein concentrate, providing greater
retention ability for the limonene
encapsulated in these matrices.

The release of the volatile from the
membranes is triggered by relative humidity
changes, taking place at aw > 0.9.

High amount of retention of limonene in
freeze-drying might be achieved by
homogenising the emulsion containing gum
Arabic—sucrose—gelatin (1:1:1) at a single
stage pressure of 100 MPa.

[50]

[16]

[45]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]
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23. Apiumgraveolens
24. Anethum graveolens L.
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33. Leukocyte

34. Atherosclerosis

35. Lymphocyte
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Table 3 Effects and mechanisms of limonene in vitro and in vivo assay [85]

Effect Model Assay Mechanisms References
Decreased thiobarbituric acid
Antioxidant . Streptozotocin-induced reactive substange s (T.BARS)’
.. In vivo . . . enhanced superoxide dismutase, [86]
activity diabetes in Wistar rats . .
catalase, glutathione peroxidase,
and glutathione transferase
. . Inhibition of glycation by
Anatcl:?iljﬁenc In vitro Bovine serum albumin stabilizing protein structure [87]
y through hydrophobic interactions
Lowered the expression of
inducible nitric oxide synthase
(INOS), cyclooxygenase (COX),
. RAW 264.7 the production of prostaglandin E,
In vitro macrophages (PGE,) and the levels of [88]
Anti-inflammatory interleukin 1 beta (IL-10),
activity interleukin 5 (IL-6), and tumor
necrosis factor alpha (TNF-a)
Inhibited nitric oxide (NO)
In vitro Human chondrocytes production, nuclear factor kappa [89]
stimulated with IL-13 B (NF-«B) and p38 activation,
and decreased iNOS expression
In vivo Women diagnosed with Reduced cyclin D1 but not [90]
operable breast cancer antigen KI-6 (Ki67) expression
Together with docetaxel,
Anticancer activity limonene intensified cytotoxic
. Human prostate . .
In vitro . effect, induced reactive oxygen [91]
carcinoma DU-145 cells . .
species (ROS) generation and
increased caspase activity
Effects in Acetic acid-induced Healing effect on stoma ch u.l cer
. . . . . . by enhancing cell proliferation,
gastrointestinal In vivo gastric ulcers in Wistar . . [92]
angiogenesis, and PGE,
tract rats .
production
Pre-administration of Prevented the hyperalgesia caused
S . by gp120, IL-1B, and TNF-a by
Antinociceptive In vivo envelope glycoprotein modulating cytokines production [93]
activity GP120 (gp120), IL-1p, & P

or TNF-o to Swiss mice

and superoxide dismutase
expression
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Due to the identified side effects of current synthetic drugs and growing
public awareness in terms of beneficial usage of the natural compounds,
the attention of researchers towards effective compounds in plants have
recently drawn. D-limonene is a monoterpene, volatile, and aromatic
flavor compound which is found in citrus fruits such as orange peel oil.
As an essential oil, it has been reported that D-limonene presents a wide
spectrum of antimicrobial, antioxidant, and therapeutic properties. D-
limonene is also classified as generally recognized as safe (GRAS). This
compound is widely used in the cosmetic, pharmaceutical, perfume,
food, and beverage industries. However, due to some inherent properties
of D-limonene such as low water solubility, chemical destruction in the
presence of light and high temperature, and high sensitivity to oxidation,
its application is considerably limited at the industrial scale. In this
paper, structure, extraction methods, physicochemical, therapeutic and
health properties of limonene, as well as its applications in the food
industry are investigated.
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