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Societal Impact Statement
Cinnamomum zeylanicum (“Ceylon cinnamon/true cinnamon”) is native to Sri Lanka. In 
addition to generating significant foreign income, over 350,000 families are involved 
in the cinnamon industry, demonstrating its long-established role in the Sri Lankan 
society. The spice constitutes many bioactive compounds with antioxidant, antimi-
crobial, and insecticidal properties, in addition to therapeutic and preventive effects 
against many diseases and disorders. New uses of cinnamon continue to emerge, and 
in this review, we discuss the opportunities for crop and product improvement, which 
will likely impact positively on the lives and livelihood of the population in Sri Lanka.
Summary 
Cinnamomum zeylanicum Blume, known as Ceylon cinnamon, is native to Sri Lanka, 
whereas Cinnamomum cassia J. Presl (Cassia cinnamon) and other types of Cinnamomum 
spp. are grown in China and many other parts of Asia. Ceylon cinnamon is relatively ex-
pensive due to its chemical composition, high quality, proven health benefits, and ultra-
low levels of the toxic chemical compound, coumarin, which is reported in comparatively 
high concentrations in Cassia cinnamon. In Sri Lanka, more than 350,000 families are 
involved in the cinnamon industry. Among the total agricultural produce of Sri Lanka, 
cinnamon exports provide the second highest in terms of income (second only to tea). In 
addition to the use of cinnamon as a spice, leaf and bark extracts are used in the food in-
dustry to (a) improve the postharvest life of perishable foods through antimicrobial activ-
ity and (b) control pests in postharvest storage (insecticidal activity). The human health 
benefits include antioxidant activity and therapeutic and preventative properties against 
diseases and disorders. The potential uses of Ceylon cinnamon in the global food indus-
try, health, and cosmetics sectors are abundant. However, to ensure maximum benefits 
to producers and consumers, accredited laboratory testing and legislative procedures 
need to be developed and strengthened to detect and reduce malpractice and prod-
uct adulteration in the global marketplace. There are also considerable opportunities for 
crop improvement. The application of contemporary genomic and genetic approaches 
coupled to plant breeding will be needed to improve yields and disease resistance and to 
safeguard production in the face of the threats posed by global environmental change.
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1  | BACKGROUND

1.1 | History of cinnamon

Cinnamon is the peeled, dried bark of some Cinnamomum spp. be-
longing to the family Lauraceae. It has been used as a spice by human 
beings since ancient times (Anonymous,  2015; Barceloux,  2008; 
Leja & Czaczyk,  2016). In addition to its use as a spice, the bark 
and leaves of the plant are used for the production of volatile oils 
(Barceloux, 2008). Cinnamon has long been used as an ingredient in 
cooking and is an important ingredient in both the confectionary and 
cosmetics industries. It was also used in the embalming process in 
ancient Egypt and the Bible contains several references to cinnamon 
(Thomas & Duethi, 2001). The bioactive molecules in cinnamon have 
been exploited in the context of treatment of many ailments (Baker 
& Grant,  2018; Bandara et  al.,  2011; Barceloux,  2008; Ulbricht 
et al., 2011), in the perfume industry, and as a mosquito repellent 
(Baker & Grant, 2018; Thomas & Duethi, 2001).

Historically, the presence of cinnamon has attracted foreign 
invaders to Sri Lanka (previously known as Ceylon). Arabs were 
involved in the trading of cinnamon across the globe until the 10th–
15th century and were careful to keep the origin of the product a 
closely guarded secret (Ravindran & Nirmal-Babu,  2005). Gaining 
access to cinnamon was a prime motivation for the Portuguese to 
invade Sri Lanka in the early 16th century (Chatoor, 2017; Thomas 
& Duethi,  2001). During the 16th–17th centuries, the Portuguese 
established a very successful business of exporting cinnamon to 
Europe (Barceloux,  2008). The Dutch commenced systematic cul-
tivation of cinnamon in plantations after they captured the is-
land in the mid-17th century and this was prompted when the Sri 
Lankan king obstructed the collection of cinnamon from the for-
ests (Chatoor, 2017). After the British captured Sri Lanka in 1796, 
cinnamon exports to Europe continued, with the British East India 
Company being the main exporter (Barceloux,  2008). Because of 
high export duties imposed by the Dutch, there was a significant re-
duction in the export of Ceylon cinnamon, which was replaced by 
cheaper Cassia cinnamon. Sri Lanka still continues to be an import-
ant supplier of Ceylon cinnamon to customers throughout the world.

1.2 | Different species of cinnamon

There are over 250 known aromatic species of the genus Cinnamomum, 
which are primarily located in Asia and Australia. Many of these species 
are aromatic and used as flavoring agents (Thomas & Duethi, 2001). 
Of these species, Cinnamomum zeylanicum Blume (Ceylon cinnamon; 
syn—Cinnamomum verum J. Presl.) and Cinnamomum cassia J. Presl 
(Cassia cinnamon) are the economically most important species 

(Barceloux, 2008; Muhammed & Dewettinck, 2017). Cinnamomum 
burmannii Blume that grows in Indonesia, Cinnamomum loureiroi 
Nees in Vietnam (Chen et al., 2014), and Cinnamomum tamala in India 
and Nepal also have some economic importance (Anonymous, 2015; 
Barceloux,  2008). Cinnamomum camphora in southern China and 
Indonesia, Cinnamomum sintok in Java and Sumatra, Cinnamomum in-
eris in Japan and South India, Cinnamomum obtusifolium in Northeast 
India and Myanmar, Cinnamomum olivera in Australia, Cinnamomum 
culilawan and Cinnamomum rubrum in the Moluccas and Amboyna, 
and Cinnamomum glaucascens in Nepal are other species of signifi-
cance (Thomas & Duethi, 2001). C. zeylanicum, widely known as the 
“true cinnamon,” is naturally found in Sri Lanka, while C. cassia, C. 
burmannii, and C. loureirii are collectively called Cassia cinnamon 
(Ghodki & Goswami, 2016).

In a substantial amount of literature, “cinnamon” is misleadingly 
associated with C. cassia or used as a generalized term for both C. 
cassia and C. zeylanicum together. We felt that this “confusion” does 
Ceylon cinnamon a considerable disservice. Therefore, the objective 
of this review was to emphasize that there are significant differences 
in terms of properties between Ceylon cinnamon and other species, 
especially cassia. This is important because cassia is commonly 
traded as “cinnamon” in most supermarkets. Here, we compare the 
botanical characteristics (Table  1) and biochemical properties of 
the products derived from C. zeylanicum and C. cassia (Table 2). We 
will also discuss the present uses and benefits of cinnamon; how-
ever in this context, we focus only on Ceylon cinnamon. For com-
parison purposes, the articles reporting the characteristics of both 
Ceylon cinnamon and Cassia cinnamon were used. When compiling 
literature, the keywords “cinnamon,” “Ceylon cinnamon,” “true cin-
namon,” “Cinnamomum zeylanicum,” “Cinnamomum verm,” and “cas-
sia cinnamon” either in the title, keywords, or abstract of an article 
using Google Scholar®, Science Direct®, PubMed, ResearchGate 
databases, and Google browser were used. For this review, the arti-
cles clearly specifying the different species were selected as much 
as possible.

1.3 | Comparison of major botanical and chemical 
features between C. zeylanicum and C. cassia

Both C. zeylanicum and C. cassia are evergreen, medium to large 
trees in their natural habitat (Figure 1a and h). The leaves are dark 
green and leathery with characteristics, three prominent veins, while 
young leaves are red/reddish in color. In both species, the bark is 
more valuable than the leaves. In the case of C. zeylanicum, this is 
the dried inner bark and in C. cassia it is both inner and outer bark 
(Table 1, Figure 2). Cinnamon is rich in phytochemically active and 
structurally diverse compounds with antimicrobial, antioxidant, and 

K E Y W O R D S

Cassia cinnamon, Ceylon cinnamon, Cinnamomum cassia, Cinnamomum zeylanicum, health 
benefits
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TA B L E  1   General comparison between Cinnamomum zeylanicum and Cinnamomum cassia

C. zeylanicum Blume C. cassia J. Presl References

Synonyms Cinnamomum verum J.S. Presl
Laurus cinnamomum L.

Cinnamomum aromaticum Nees
C. cassia Nees ex Blume

Barceloux (2008); Jayaprakasha & 
Rao (2011); Chen et al. (2014)

Common names True cinnamon, Ceylon cinnamon, Sri 
Lankan cinnamon, Cortex Cinnamomi 
(bark)

Cassia cinnamon, Chinese cinnamon, 
Cassia bark, Cortex Cinnamomi (bark)

He et al. (2005); Barceloux (2008); 
Jayaprakasha & Rao (2011); Chen 
et al. (2014); Ghodki and Goswami 
(2016)

Occurrence/ 
Native habitat

Indigenous to Sri Lanka. At present, also 
grown in Seychelles, Madagascar, and 
northwestern India

Occurs wild in the mountains of 
southern China, now cultivated in the 
Guangxi (Kwangsi) and Guangdong 
(Kwangtung) provinces of China

Wijesekera and Chichester (1978); 
Barceloux (2008); Jayaprakasha & 
Rao (2011); Thomas and Kuruwilla 
(2012)

Plant 
Characteristics

Large, tropical, evergreen trees that grow 
to a height of about 10–14 m in their 
natural habitat. In plantations coppiced 
annually starting from 2.5 to 3 years for 
the harvesting of bark. Young branches 
are smooth and brown

Slender, evergreen trees that grow up 
to 20 m in height. Young branches 
are smooth and brown

Wijesekera and Chichester (1978); 
Pathirana (2007); Barceloux 
(2008); Anonymous (2015)

Leaf 
characteristics

Leaves are carried on short petioles, 
opposite, leathery, ovate to broadly 
ovate with three (and rarely five) 
prominent veins. Entire margin, obtuse, 
and brittle tips. Young leaves are bright 
vermillion red that turns light-yellow 
green with maturation. Fully mature 
leaves are dark green in color on the 
upper surface and pale green underneat.

Leaves are sub-opposite, slender, 
lanceolate, or oblanceolate with 
three prominent veins. Leaves are 
reddish when young and dark green 
when mature.

Wijesekera and Chichester (1978); 
Pathirana (2007); Barceloux (2008)

Flower and fruit 
characteristics

Small (about 3 mm in diameter), pale 
yellow flowers are borne in axillary or 
terminal panicles, at the end of twigs. 
Exhibit protogynous dichogamy with 
two flower types “Type A” and “Type B”

Fruit is a fleshy, ovoid drupe that turns 
dark purple or black when ripe and 
contains one seed. Persistent calyx

Small, white flowers are borne in 
axillary or terminal panicles.

Fruit is a green, fleshy, globose drupe 
that turns dark purple or black when 
ripe and contains one seed

Wijesekera and Chichester (1978); 
Barceloux (2008); Azad et al., 2018

Bark 
characteristics

Almost papery, brittle, easily crushed, 
or powdered. The color is pale 
yellowish-brown

Bark is thick and hard when dried. 
Dark brown in color

Barceloux (2008); Chen et al. (2014); 
Thomas and Duethi (2001)

Bark/Quills Quills are made using the dried inner 
bark of the stems. Rolled into quills of 
less than 0.08 mm thick and usually 
debarked. Has a single spiral curl and is 
filled with single, short pieces of bark.

Rolled to the center resembling scrolls 
and possess an average thickness 
of 1.5 mm. Has a double curl when 
dries, a spiral of dried bark, a small 
bit of relatively straight bark, and 
then the other long edge spiral in the 
opposite direction. Ground cassia has 
a very reddish-brown color

Thomas and Duethi (2001); Jose 
et al. (2019)

Flavor 
characteristics

Considered to be the most delicate 
and complex of the major species of 
cinnamon. Its flavor is more subdued, 
less bitter, and has a decidedly sweet 
finish in the aftertaste. Its smell is sweet 
and aromatic

Has a strong, spicy-sweet flavor, and 
aroma. The flavor is extremely bitter 
and burning with somewhat of a bite 
in the aftertaste.

Chen et al. (2014); Thomas and 
Duethi (2001)

Flavor and aroma Delicate and complex Strong, spicy-sweet flavor, and aroma Chen et al. (2014)

Volatile oils Present in all parts including leaves, 
bark, roots, and fruits. Volatile oils 
are low molecular weight compounds 
(<300 Da), that vaporize readily at room 
temperature. Extracted by steam or 
solvent extraction

Present in all parts including leaves, 
bark, roots, and fruits

Gruenwald et al. (2010); Chen 
et al. (2014)
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TA B L E  2   Comparison of the biochemical properties of Cinnamomum zeylanicum and Cinnamomum cassia

C. zeylanicum Blume C. cassia J. Presl

Bark

Bark powder

Major volatile 
compounds

Cinnamaldehyde 1.99% (range 1.49%–3.20%), cinnamyl acetate, 
cinnamyl alcohol 0.043% (range n.d.−0.083%), eugenol 
(Archer, 1988)

Cinnamaldehyde (range 0.005%–9.383%), 
cinnamic acid (0.001%–0.191%, cinnamyl 
alcohol (0.001%–0.177%) cinnamyl acetate, 
cinnamyl alcohol (n.d.), eugenol (Archer, 1988; 
He et al., 2005)

Coumarin content n.d. (Archer, 1988), 0.004% (Lungarini et al., 2008) 0.001%–1.218% (Archer, 1988; He et al., 2005; 
Jose et al., 2019), up to 5% (Lungarini 
et al., 2008)

Bark essential oil

Essential oil yield 0.93%–3.06% (Jose et al., 2019; Liyanage et al., 2017; Singh 
et al., 2007; Unlu et al., 2010)

2%–4% (Jose et al., 2019)

Major volatile 
compounds in 
essential oil

trans-Cinnamaldehyde 49.9−97.7%, eugenol 2.77−16.03%, 
α-pinene 1.64−5.76%, linalool 1.38−3.78%, β-caryophyllene 
3.66%, myrcene 1.38%, benzaldehyde 9.94%, (E)-cinnamyl 
acetate 7.44%–10%, limonene 4.42%, 1,8-cineole 1.55%, 
(E)-cinnamic acid 1.15%, δ-cadinene 0.9%, α-copaene 
0.8%, α-amorphene 0.5% (Jayaprakasha & Rao, 2011; 
Jeyaratnam et al., 2016; Liyanage et al., 2017; Muhammed & 
Dewettinck, 2017; Singh et al., 2007; Unlu et al., 2010)

trans-Cinnamaldehyde 66.28%–97%, anethole 
0.6%–2.2%, (+)-δ-cadinene 0.09%–3.07%, 
α-amorphine 0.3%–0.9%, caryophyllene oxide 
0.4%, cinnamyl acetate 2.5%, coumarin/ 
cinnamic acid 1.0%–1.1%, benzene propanol 
0.6%–0.7%, o-methoxy cinnamaldehyde 
0.44%–5.49%, trans-cinnamic acid 0.09%–
16.1% (Jeyaratnam et al., 2016; Jose 
et al., 2019; Liyanage et al., 2017; Muhammed & 
Dewettinck, 2017)

Bark oleoresin

Oleoresin yield 9.7%–12% (Shahidi & Hossain, 2018; Singh et al., 2007) -

Major components 
of oleoresin

(E)-Cinnamaldehyde 50%, coumarin 16.6%,(check) δ-cadinene 
7.8%, α-copaene 4.6%, (Z)-cinnamaldehyde 1.5%, ortho-
methoxy cinnamaldehyde 1.5%, β-bisabolene 1.4% (Muhammed 
& Dewettinck, 2017; Singh et al., 2007)

-

Leaves

Leaf Essential Oil

Essential oil yield 
(%)

1.5−4.7% (Jayaprakasha & Rao, 2011; Jose et al., 2019; Liyanage 
et al., 2017; Singh et al., 2007; Wang et al., 2009)

0.27−1.54% (Jose et al., 2019; Liyanage 
et al., 2017; Singh et al., 2007; Wang 
et al., 2009)

Major volatile 
compounds in 
essential oil

Eugenol 74.9%–90%, trans-cinnamaldehyde 2.07%–16.25%, 
(3-ethoxy-hexa−1,5-dienyl)-benzene 1.14%, borneol 0.92%, 
acetyl eugenol 6.07%, β-caryophyllene 1.08%–1.9%, linalool 
0.97%, bicyclogermacrene 3.6%, α-phellanderene 1.9%, 
aromadendrine 1.1%, p-cymene 0.7%–21.35%, 1,8-cineole 
0.7%, benzaldehyde, safrol (Jayaprakasha & Rao, 2011; 
Jose et al., 2019; Liyanage et al., 2017; Muhammed & 
Dewettinck, 2017; Singh et al., 2007; Wang et al., 2009; 
Wijesekera & Chichester, 1978)

trans -Cinnamaldehyde 30.36%–67.86%, 
3-methoxy−1,2-propanediol 29.3%, o-methoxy-
cinnamaldehyde 11.29%–25.39%, coumarin 
0.27%–6.36%, glycerin 3.01%, benzeneethanol 
1.32%, δ-cadinene 0.33%–2.31%, o-
Anisaldehyde 1.99%–4.39% (Jose et al., 2019; 
Wang et al., 2009)

Coumarin content 0.05% (Wang et al., 2009) 6.36% (Wang et al., 2009)

Leaf oleoresin

Oleoresin yield 6.9% (Singh et al., 2007) -

Major volatile 
compounds in 
oleoresin

Eugenol 87.2%, spathulenol 1.7%, bicyclogermacrene 1.7%, 
β-carryophyllene 1.4%, δ-elemene 1.0%, eugenol 87.2% 
(Muhammed & Dewettinck, 2017; Singh et al., 2007)

-

Note: n.d., Not detected.
Coumarin – 2H-1-benzopyran-2-one (Archer, 1988).
Cinnamaldehyde – 3-phenyl-2-propanol (Archer, 1988).
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many other medicinal properties. The flavonoid concentration, an-
tioxidant capacity, composition, and chemical properties of cinna-
mon oils vary with species, age of bark and leaves, harvesting dates, 
extracting methods, and type of solvent (Muhammad et al., 2017). 
Although little information is available, the bioaccessibility and bio-
availability of the biomolecules present in cinnamon are considered 
to be high (Muhammed & Dewettinck, 2017).

The leaves, barks, wood, twigs, roots, and fruits of cinnamon are 
utilized for the production of essential (volatile) oils and oleoresins 
by distillation and solvent extraction, respectively (Muhammed & 
Dewettinck, 2017). The volatile oils obtained from different parts of 
the species C. zeylanicum and C. cassia vary substantially (Gruenwald 
et al., 2010; Muhammed & Dewettinck, 2017). In the bark oil of both 
species, the primary constituent is cinnamaldehyde, whereas in the 
leaf and root bark oil, the primary constituents are eugenol and cam-
phor, respectively (Gruenwald et al., 2010).

The essential oil from the bark of C. zeylanicum consists of trans-
cinnamaldehyde, eugenol, and linalool as the main components, 
representing more than 80% of the total composition (Table 2), and 

trans-cinnamaldehyde can account for up to 98% of the total. In con-
trast, the dried stem bark of C. cassia consists of cinnamaldehyde, 
cinnamic acid, cinnamyl alcohol, and coumarin as the major compo-
nents (Gruenwald et al., 2010). The ultra-low level of coumarin re-
ported in C. zeylanicum (Archer, 1988) is an advantage as coumarin 
is known to possess hepatotoxic (Ballin & Sørensen, 2014) and car-
cinogenic (Fotland et al., 2012) properties, and hence can cause ill 
effects in human beings.

2  | PRESENT STATUS OF THE CINNAMON 
INDUSTRY

2.1 | The world

In 2018, China was the biggest cinnamon producer in the world with 
a production of 60,124 metric tons, followed by Indonesia and Sri 
Lanka 41,380 and 17,450 metric tons of production, respectively. 
However, when export earnings are considered, Sri Lanka dominated 

F I G U R E  1   Cinnamomum zeylanicum 
(a) seedling nursery plants; (b) leaves of 
a mature tree; (c) a mature, trained tree; 
(d) harvested sticks with the outer bark 
cleaned; (e) preparation of quills; (f) drying; 
and (g) quills ready for sale. Photographs 
(a) to (g) depict C. zeylanicum and belong 
to the authors. Informed consent was 
obtained for photograph (e)

F I G U R E  2   (a) A transverse section 
(×10) and (b) a line diagram showing 
different anatomical components of a 
cinnamon stem. C: Cork (Phellem), CC: 
Cork cambium (Phellogen), Co: Cortex, 
SP: Sclerenchymatous pericycle, Ph: 
Phloem, PR: Phloem rays, OC: Oil cells, 
MC: Mucilage cells, SC: Stone cells, VC: 
Vascular cambium, XR: Xylem rays, SX: 
Secondary xylem. Image and diagram 
courtesy of A J Mohotti (unpublished)
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with USD 205 million, followed by Indonesia (USD 141 million) and 
China (USD 135 million) (ITC, 2019). This is because “Pure Ceylon 
Cinnamon®” generally commands a price that is more than 10 times 
the price of the Cassia cinnamon (EDB, 2020).

2.2 | Sri Lanka

Cinnamon cultivation is mainly in the hands of  smallholders, pro-
viding livelihoods for approximately 350,000 families in Sri Lanka 
(Samarawickrama,  2015). The extent of cinnamon cultivation has 
increased by 14% over the past 10 years, with a 52% increase in the 
annual production (Figure  3) during the same period (DEA,  2019). 
Cinnamon is the most important export commodity of Sri Lanka ac-
counting for ca. 1.7% of the total export earnings in 2017. Among 
all agricultural commodities that Sri Lanka produces for the export 
market, cinnamon is the second only to tea contributing ca. 11% 
(ITC, 2019) of exports. Mexico buys almost 44% of Sri Lankan cin-
namon exports, with the United States being the second most im-
portant customer (ca. 13%) (ITC, 2019).

2.3 | Commercial cultivation of C. zeylanicum

C. zeylanicum can be propagated from either seeds or stem cuttings 
(Anonymous,  2015; Wijesekera & Chichester,  1978). Vegetative 
propagation is achieved using single-leaved semi-hardwood pieces 
of stem approximately 2.5  cm long (Azad et  al.,  2019). Seeds or 
stems are raised in nurseries for 4–6 months before field planting 
(Anonymous, 2015) (Figure 1a). These are field planted in commercial 
plantations with a spacing of 120 × 90 cm, and 60 × 120 cm in slopes 
(Anonymous, 2015; Wijesekera & Chichester, 1978) (Figure 1c). Soil 
conservation, weed control, manuring, pest and disease manage-
ment, and training of the plant are important aftercare operations.

The commercial production of C. zeylanicum begins about 
3–4  years after field planting and the plants have an economic 
lifespan of around 35–40  years (Wijesekera & Chichester,  1978). 
Initial plant training is important in order to produce a long-lasting 
and spreading plant base which produces continuous, vigorous, 
and straight shoots (Anonymous, 2015) (Figure 1c). The actual yield 
(average 445 kg/ha) is known to be much lower than the potential 
yield (1,000 kg/ha). This is known to be related to aging and poor 
maintenance of the crop and the incidence of pests and diseases. 

The wood-boring moth (Ichneumoniptera cinnamomumi) can be con-
sidered as the major pest and rough bark disease (Phomopsis spp.) as 
the disease of significance, causing major yield losses (Jayasinghe 
et al., 2016).

2.4 | Harvesting and processing of Ceylon cinnamon

The stems are ready for the first harvest in about 2.5–3 years, when 
the bark turns a brown color. The subsequent shoots are ready to be 
harvested in about 1.5  years. Traditionally, harvesting takes place 
when the new leaves turn a light green color because, at this stage, 
the bark is easier to peel. Peeling is difficult at times when plants 
bear red-colored immature leaves, flowers or fruits, and during dry 
periods (Anonymous, 2015). Peelability and its basis are still inad-
equately researched, but are suggested to be related to water rela-
tions of the plant (Gallage et al., 2019).

When harvesting, the stems are coppiced, leaving one to two im-
mature stems per bush to grow, at a 45° angle toward the middle of 
the base, which promotes spreading of the base. During processing 
(making of “quills”), the tops of the branches are lopped-off for leaf 
oil distillation. The corky tissues of sticks are scraped off (Figure 1d) 
and then the sticks are rubbed using a brass rod to loosen the bark 
from the hardwood. Two longitudinal slits are drawn from an end of 
stick to the end on the two opposite sides, and the knife is worked 
between the bark and stem to detach the bark into two halves. These 
barks are connected one inside the other until 106.7-cm (42-inches) 
long, cigar-shaped quills are made by joining the overlaps, and the 
hollow is filled with smaller pieces of the same peel (Figure 1e) and 
the edges were trimmed as necessary. The quills are then dried 
on coir rope strands indoors for 4–7  days (Anonymous,  2015; 
Barceloux, 2008; Wijesekera & Chichester, 1978) (Figure 1f). Quills 
are graded based on the diameter, thickness of the quill, uniformity, 
and color, and “foxing.” Foxing is a defect that appears as reddish-
brown patches on the surface of the quills. These patches may turn 
dark brown in color with time.

Quill making is a traditional, highly skilled, and time-consuming 
task (Figure 1d–g), which is unique to the cinnamon produced in Sri 
Lanka (Wijesekera & Chichester,  1978) and is associated with the 
lives of its people culturally, socially, and economically (Ravindran 
& Nirmal-Babu,  2005). A skilled worker can produce 4–5  kg of 
dried, processed cinnamon per day, for which they are required to 
peel about 50 sticks, taking approximately 10–15  hr. The method 

F I G U R E  3   Cultivated extent (left) 
and annual production (right) of Ceylon 
cinnamon in Sri Lanka (Data Source: 
Department of Export Agriculture, Sri 
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of quill making is known to be low in efficiency and high in cost due 
to the labor charges, which can account up to 50% of the income 
(Ranaweera, 2016).

3  | USES OF CINNAMON

The processed bark and the extracts of cinnamon are valued for 
their insecticidal properties, medicinal bioactive properties, health 
benefits against common diseases and disorders, preservative activ-
ity on food commodities, and as a raw material in cosmetics and an 
ingredient for incorporation into foods as discussed subsequently.

3.1 | Incorporation into foods

Because of its fragrance, cinnamon has been traditionally used as a 
spice and a flavoring agent in cooking for centuries (Barceloux, 2008; 
Rao & Gan, 2014). Cinnamon is a common ingredient in seasonings, 
sauces, baked goods, and drinks throughout the world. The presence 
of cinnamaldehyde in cinnamon brings about the sweet taste of it, and 
when cinnamon is used along with sweet food, the sweet sensation 
is enhanced due to the synergetic effect between the sweet taste of 
sugar and the sweet aroma of cinnamon. The deodorizing/masking 
property of cinnamon bark is due to the presence of trimethylamine 
(Thomas & Duethi, 2001). The increase in shelf life (postharvest life) 
of cinnamon-treated food commodities is because of the presence of 
phenolic compounds in cinnamon oil. However, it has been reported 
that phenolic compounds can degrade and develop unpleasant odors 
and color changes, thus limiting the applications of cinnamon oil 
(Cadena et al., 2018; Ghaderi-Ghahfarokhi et al., 2017; Lu et al., 2010; 
Ostroschi et al., 2018; de Souza et al., 2018). Moreover, researchers 
have found that cinnamon oil can make complexes with numerous 
food ingredients (i.e., enrichment) protecting its biochemical proper-
ties, and enhancing its applicability in a wide range of food commodi-
ties (Ahmed et al., 2018; Chuesiang et al., 2019; Hu et al., 2015; Lin 
et  al.,  2017; Meghani et  al.,  2018; Premkumar et  al.,  2018; Zhang, 
Zhang, et al., 2017; Zhang, Li, et al., 2017).

Enrichment of cinnamon oil has widely been practiced through 
encapsulation into different food materials, such as gelatin and 
polysaccharides (Ghani et  al.,  2018; Kim et  al.,  2018), Tween 80 
(Zhang, Zhang, et  al.,  2017; Zhang, Li, et  al.,  2017), β-cyclodextrin 
(Munhuweyi et al., 2018; Ponce-Cevallos et al., 2010), maltodextrin 
(Santiago-Adame et al., 2015), vitamin D (Meghani et al., 2018), chi-
tosan (Ghaderi-Ghahfarokhi et  al.,  2017; Hu et  al.,  2015), polylac-
tic acid (Wen, Zhu, Feng, et al., 2016; Wen, Zhu, Wu, et al., 2016), 
polyvinyl alcohol (Jo et al., 2015; Wen, Zhu, Feng, et al., 2016; Wen, 
Zhu, Wu, et  al.,  2016), polypropylene films (Manso et  al.,  2014), 
mesoporous silica (Cadena et  al.,  2018), and sodium alginate (Han 
et al., 2018; Kapetanakou et al., 2019). These compounds can either 
be incorporated into food commodities or used as protective films 
to act against pathogens and increase the shelf life (Kapetanakou 
et al., 2019; Van Haute et al., 2017) (Table 3).

3.2 | Antimicrobial activity of cinnamon on food 
commodities

Microbial infections of food commodities have become a major 
health care challenge owing to the rise in drug-resistant microor-
ganisms. Natural antimicrobials, such as essential oils, contain com-
pounds that can act against many micro- and macro-organisms in 
food commodities. Eugenol and cinnamaldehyde are responsible 
for the antimicrobial properties of cinnamon (Table  3), whereas 
coumarin, cinnamyl acetate, and benzaldehyde have low or no an-
tibacterial effect. Cinnamaldehyde and cinnamic acid may damage 
cell membranes, alter lipid profiles, and inhibit enzymatic activi-
ties, reproduction, and biofilm formation of various microorgan-
isms (Vasconcelos et al., 2018). Cinnamon oil has shown promise in 
controlling bacterial and fungal infections in numerous food com-
modities, ranging from fresh vegetables, fruits, meat, fish, dairy, and 
various other processed food products (Table 3). These antimicrobial 
properties were gained by incorporating cinnamon oil into food com-
modities (Ghaderi-Ghahfarokhi et al., 2017; Lianou et al., 2018), by 
coating or immersing in a solution containing cinnamon oil (Cadena 
et al., 2018; Park et al., 2018), or by incorporating as a constituent in 
packing materials (Black-Solis et al., 2019; Kapetanakou et al., 2019). 
Cinnamon oil also shows synergistic effects when combined with 
other plant-derived oils, such as thyme oil, in controlling both “Gram-
positive” and “Gram-negative” bacteria (Lu et al., 2011). The appli-
cation method of cinnamon oil to increase the postharvest quality 
of food commodities varies depending on the quality parameters 
of the product. Cinnamon oil has been identified as a “Generally 
Recognized As Safe” (GRAS) product by the “United States Food and 
Drug Administration” (FDA). Findings from the aforementioned re-
search and GRAS recognition from the US FDA have increased the 
potential use of cinnamon in the food industry for purposes such as 
increasing the postharvest life of perishables.

3.3 | Antioxidant activity of cinnamon

Antioxidants can be used to retard the development of undesirable 
characteristics in food products and animal feeds, such as off-flavors, 
odors, and toxic compounds due to the oxidation of lipids (Decker 
et al., 2005; Vidanarachchi et al., 2014). The oleoresins of cinnamon 
have shown inhibition of lipid oxidation activity (Singh et al., 2007). In 
human beings, antioxidants can protect cells against the damage caused 
by reactive oxygen species and free transition metal ions, which dam-
age structural and functional compounds/molecules in cells causing 
various health problems (Ngo et al., 2011; Vidanarachchi et al., 2014).

Due to the negative health implications of many synthetic anti-
oxidants widely used in the food industry, in recent years, increas-
ing attention has been given to plant-based natural antioxidants 
(Mathew & Abraham, 2004). When compared to synthetic antiox-
idants, plant-based natural antioxidants have been identified and 
are widely accepted in terms of disease prevention, health pro-
motion, improved safety, and consumer acceptability (Muhammed 
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TA B L E  3   Antimicrobial activities of Cinnamon

Food commodity Types of microorganisms controlled Mode of cinnamon incorporation Reference

Almond Salmonella enteritidis, Salmonella 
tennessee

Immersion in coating solution Tsai et al. (2017)

Apple Aspergillus carbonarius Immersion in coating solution Kapetanakou et al. (2019)

Banana Escherichia coli, Staphylococcus aureus Immersion in coating solution Han et al. (2018)

Beef patties - Embedded into patties Ghaderi-Ghahfarokhi et al. (2017)

Beef S. aureus, Streptococcus pyogenes - Ghani et al. (2018)

Bread Penicillium commune, Eurotium 
amstelodami

Films Souza et al. (2013)

Cantaloupe Salmonella enterica, E. coli, Listeria 
monocytogenes

Yeast and mold

Coating Zhang et al. (2015)

Cantaloupe E. coli, L. monocytogenes, S. enterica Immersion in coating solution Ma et al. (2016)

Chicken L. monocytogenes, Salmonella 
typhimurium

Films Ahmed et al. (2016)

Yeats and molds Incorporated in marinade solution Van Haute et al. (2016)

L. monocytogenes, S. typhimurium - Ahmed et al. (2017)

L. monocytogenes, S. typhimurium, 
Campylobacter jejuni

- Ahmed et al. (2018)

Common carp fillets Aeromonas, Lactococcus Immersion in cinnamon solution Zhang, Zhang, et al. (2017), Zhang, 
Li, et al. (2017)

Fish skin gelatin E. coli, S. aureus, Aspergillus niger, 
Rhizopus oryzae, Paecilomyces varioti

Mixing with fish skin gelatin oil Wu et al. (2017)

Grass carp fillets Aeromonas veronii, Shewanella 
putrefaciens, Psuedomonas jessenii

Immersion in coating emulsion Huang et al. (2017)

Guava Colletotrichum gloesporiodies Immersed in coating gels Botelho et al. (2016)

Kale leaves L. monocytogenes, E. coli Added into washing solution Kang et al. (2019)

Kiwi fruit Colletotrichum acutatum He et al. (2018)

Milk chocolate, caramel 
soft candy, cookies

Plodia interpunctella (larve) Films Jo et al. (2015)

Mushroom sauce E. coli, Bacillus subtilis, S. typhimurium, 
S. aureus

Incorporated as a nanoemulsion Zhang, Zhang, et al. (2017), Zhang, 
Li, et al. (2017)

Orange pomegranate 
juices

Saccharomyces cerevisiae Added to pomegranate juice Sánchez-Rubio et al. (2016)

Pea Pseudomonas syringae pv. pisi, Coating Cadena et al. (2018)

Pear A. carbonarius Immersion in coating solution Kapetanakou et al. (2019)

Pork E. coli, S. aureus Nanofilm packaging Wen, Zhu, Feng, et al. (2016); Wen, 
Zhu, Wu, et al. (2016)

Yeats and molds Incorporated in marinade solution Van Haute et al. (2016)

Rainbow trout - Immersion in cinnamon solution Ojagh et al. (2010)

Red chard L. monocytogenes, S. typhimurium Washing in cinnamon solution Park et al. (2018)

Salmon Yeats and molds Incorporated in marinade solution Van Haute et al. (2016)

Snakehead fish fillets Bacteria Immersion in coating solution Lu et al. (2010)

Strawberry E. coli, S. aureus Nanofilm packaging Wen, Zhu, Feng, et al. (2016); Wen, 
Zhu, Wu, et al. (2016)

Strawberry jam Aspergillus flavus, Penicillium 
expansum, Zygosaccharomyces rouxii, 
Zygosaccharomyces bailii

Mixing with strawberry jam Ribes et al. (2017)

Tomato Alternaria alternata Incorporated into nets Black-Solis et al. (2019)

Treviso leaves L. monocytogenes Added into the washing solution Kang and Song (2018)

Vanilla cream pudding L. monocytogenes Added to vanilla cream pudding Lianou et al. (2018)
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& Dewettinck,  2017; Schmidt et  al.,  2006; Singh et  al.,  2007). 
Polyphenolic compounds found in cinnamon oil carry antioxidant 
properties. Morgan et al. (2014) tested the possibility of using cinna-
mon aqueous extracts against oxidative disorders caused by bisphe-
nol A (BPA) and octylphenol (OP) in male albino rats. They found a 
significant reduction of reduced glutathione (GSH) content and cat-
alase (CAT) and superoxide dismutase (SOD) activity in tissues when 
compared to the control vehicle group.

Nanoparticles of cinnamon can remain in the bloodstream for a 
long period, facilitating bioavailability (Borzoei, Rafraf, Niromanesh, 
et al., 2018). It has been found that the growth, antioxidant and di-
gestive enzyme activities, and the innate immunity of Nile tilapia 
(Orechromis niloticus) could be enhanced by providing a diet rich in 
cinnamon nanoparticles (El-Gawad et al., 2016). Moreover, some re-
cent work found that cinnamon bark powder supplementation could 
improve the antioxidant status and serum lipid profile in women with 
polycystic ovary syndrome (PCOS) and could be used for reducing 
PCOS risk factors as well (Borzoei, Rafraf, Niromanesh, et al., 2018; 
Hajimonfarednejad et al., 2018; Kort & Lobo, 2014).

3.4 | Health benefits of cinnamon against common 
diseases and disorders

Ceylon cinnamon has received an increased level of interest recently 
in the field of medicine due to the discovery of its many therapeu-
tic and preventive properties against common diseases and disor-
ders. There have been many benefits claimed in the literature and 
a few extended into phase I and II clinical trials. The list includes 
(1) lowering of blood glucose (Akilen et  al., 2010, 2013; Crawford 
et al., 2016; Davis & Yokoyama, 2011; Ranasinghe et al., 2017; Zhu 
et  al.,  2017); (2) blood pressure control (Akilen et  al., 2010, 2013; 
Azimi et  al.,  2016); (3) lowering of serum cholesterol (Chatterji & 
Fogel, 2018; Gupta et al., 2017; Maierean et al., 2017); (4) antimi-
crobial activity (Condo et al., 2018; Husain et al., 2018; Mamajiwala 
et al., 2018; Rangel et al., 2018; Raybaudi-Massilia et al., 2006; Sethi 
et  al.,  2019; Shahina et  al.,  2018); (5) antiparasitic activity (Yang 
et al., 2014); (6) antioxidative properties and related free radical scav-
enging action (Dhuley, 1999; Khaki et al., 2014; Panickar et al., 2009; 
Ranasinghe et  al.,  2013; Shahid et  al.,  2018; Sharma et  al.,  2017); 
(7) prevention of aggregates and filament formation in Alzheimer's 
disease (AD) (Kang et al., 2016; Madhavadas & Subramanian, 2017; 
Malik et al., 2015; Momtaz et al., 2018); (8) gastritis and antigastric 
ulcer effects (Muhammad et  al.,  2015; Nir et  al.,  2000); (9) inhibi-
tion of osteoclastogenesis (Mendi et  al.,  2017; Tsuji-Naito,  2008); 
(10) anti-inflammatory (Fayaz et al., 2019; Ose et al., 2019; Schink 
et al., 2018); (11) wound healing and dressings (Ahmed et al., 2019; 
Ferro et  al.,  2019; Seyed Ahmadi et  al.,  2019), and more recently, 
promise for use in wound care practices (Ahmed et  al.,  2020); 
(12) hepatoprotective effects (Askari et  al.,  2014; Bellassoued 
et al., 2019; Hussain et al., 2019; Lopes et al., 2015); (13) anticancer 
effects (Kwon et al., 2010; Kwon et al., 2009; Parvazi et al., 2016; 
Perng, Tsai, Cherng, Kuo, et  al.,  2016; Perng, Tsai, Cherng, Wang, 

et  al.,  2016; Sadeghi et  al.,  2019; Schoene et  al.,  2005; Schoene 
et al., 2009; Yang et al., 2015); and (14) therapeutic effects against 
PCOS (Borzoei, Rafraf, Asghari-Jafarabadi,  2018; Borzoei, Rafraf, 
Niromanesh, et  al.,  2018; Hajimonfarednejad et  al.,  2018; Kort & 
Lobo, 2014; Wiweko & Susanto, 2017).

Due to the many health benefits and the presence of a rel-
atively very low level of coumarin in Ceylon cinnamon in com-
parison to Cassia cinnamon (Ranasinghe et  al.,  2013), there is 
considerable potential to promote Ceylon cinnamon (products and 
extracts) as pharmaceutical or nutraceutical supplements, in addi-
tion to its well-known and historical role as a spice. Even though 
Ceylon cinnamon has such promising therapeutic and preventive 
properties against many disorders, more in-depth research with 
advanced analysis, high-throughput bioassays combined with pro-
teomics, genomics, and metabolomics, and robust preclinical and 
clinical trials are needed to bring it up to bedside therapeutic or 
prophylactic use for clinical disorders and diseases. Of all the ben-
efits of Ceylon cinnamon against human disorders and diseases, 
the effects of cinnamon on neurological diseases and diabetes are 
perhaps the most investigated and these will be described in more 
detail.

3.5 | Effect of cinnamon on neurological diseases

Alzheimer's disease is the most common form of dementia, with pa-
tients showing symptoms of memory loss and cognitive degeneration. 
β-Amyloid peptide (βA) is mainly responsible for AD and it is the main 
toxic compound produced by the sequential proteolytic cleavage of 
amyloid precursor protein by β-secretase and ɾ-secretase enzymes. 
Neuronal cell death can be induced by the overproduction of βA, 
which forms oligomers and fibrils (O'Brien & Wong, 2011). Therefore, 
the inhibition of the production of βA can be considered as a thera-
peutic means to prevent AD. It has been reported that cinnamon bark 
is effective against the development of AD (Kang et  al.,  2016). The 
beneficial effects against AD are due to the presence of phenylpropa-
noids, such as medioresinol and crytamygin, in cinnamon oil.

Parkinson's disease (PD) is another common neurodegenera-
tive disorder, with a prevalence rate nearly 1–2% in aging popula-
tion (Massano & Bhatiya, 2012). It has been shown that cinnamon 
and its metabolite sodium benzoate could upregulate brain-derived 
neurotropic factors as well as neurotrophin-3 in the mouse central 
nervous system. Parkinson's disease protein-7 (DJ-1) is recognized 
as a key neuroprotective protein and could be effective as a com-
pound in therapeutic drugs to prevent PD. It has been indicated that 
oral feeding of cinnamon powder could induce the production of so-
dium benzoate in blood and brain in mice and thereby suppressing 
astrogliosis and the upregulation and/or protection of Parkin/DJ-1 
(Khasnavis & Pahan, 2014). Furthermore, cinnamon has been shown 
to reverse the biochemical and anatomical changes observed in PD-
affected brains of mice (Khasnavis & Pahan, 2014; Patel et al., 2019). 
Therefore, cinnamon shows great potential to halt the development 
of PD.
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Multiple sclerosis (MS) is a neurodegenerative disorder that af-
fects the central nervous system causing numbness in the limbs, 
paralysis, and loss of vision. It has been observed that sodium ben-
zoate, a metabolite of cinnamon, can inhibit the expression of vari-
ous proinflammatory molecules in brain cells and block the disease 
process of MS in mice (Pahan, 2011). Mondal and Pahan (2015) 
explained that administration of cinnamon powder could upregu-
late anti-autoimmune Treg/Th2 cells and downregulate autoimmune 
Th17/Th1 cells, and concluded that it has the potential to control the 
occurrence of MS.

3.6 | Antidiabetic activity of cinnamon

Diabetes mellitus is the most significant chronic metabolic disease 
and a growing health problem in the world. Effective blood glucose 
control is key for preventing and reversing diabetic complications. 
Oral hypoglycemic medications such as sulfonylureas, metformin, 
thiazolidinediones, and α-glucosidase inhibitors are available for the 
treatment of type 2 diabetes. However, these synthetic compounds 
are expensive and lead to adverse side effects in long-term use. It 
has been found that cinnamon has bioactive components that can 
lower cholesterol and glucose levels. Proanthocyanidins, phenolic 
compounds belonging to the class flavonoids, are used in the pre-
vention of damage caused by diabetes. Ping et  al.  (2010) showed 
that cinnamon has a regulatory role in blood glucose and improved 
the function of pancreatic cells. These researchers also revealed 
that cinnamon proanthocyanidins were able to inhibit the in vitro 
formation of advanced glycation end products, which are involved 
in the pathogenic process of diabetes complications. Therefore, it is 
advisable to use cinnamon proanthocyanidins in foods, especially for 
consumption by people with type 2 diabetes.

3.7 | Cinnamon as an insecticide

Controlling pests in agriculture largely involves the use of con-
ventional insecticides. The use of such insecticides may cause the 
development of pest resistance, health risks to human beings, and 
environmental pollution (Özkara et  al.,  2016). However, cinnamon 
oil has been shown to have insecticidal properties in storage and 
postharvest conditions (Baker & Grant,  2018; Correa et  al.,  2015; 
Plata-Rueda et  al.,  2018). Cinnamon oil is known to act against 
granary weevil (Sitophilus granarius L.), flour beetle (Tribolium cas-
taneum), maize weevil (Sitophilus zeamais Motschulsky) lesser grain 
borer (Rhyzopertha dominica), and bean weevil (Acanthos celidesob-
tectus Say). Depending on their level of resistance to conventional 
insecticides, cinnamon is understood to act on these insects by re-
ducing their rate of metabolic activity, minimizing their mobility on 
cinnamon oil-treated food surfaces, and reducing their population 
growth rates (Baker & Grant, 2018; Correa et al., 2015; Plata-Rueda 
et al., 2018). Furthermore, no non-target effects have been recorded 
with the use of cinnamon oil (Baker & Grant,  2018). Moreover, 

cinnamon oil has been tested to control parasites in poultry and 
is promising as a potential acaricide for Dermanyssus gallinae (Na 
et al., 2011).

Cinnamon oil (at 10.5% concentration) in combination with euge-
nol, geranium oil, peppermint, and lemongrass oil repelled mosquito 
species Aedes albopictus and Culex pipiens in equal efficacy to meta-
fluthrin as the active ingredient. Cinnamon oil also proved effective 
against cecidomyiid gall midge (Camptomyia corticalis), but a formula-
tion containing cinnamon oil was ineffective against western flower 
thrip (Frankliniella occidentalis), sweet potato whitefly (Bemisia ta-
baci), and green peach aphid (Myzus persicae) (Baker & Grant, 2018).

Cinnamaldehyde and eugenol are identified as the main biologically 
active substances in cinnamon, in addition to many other compounds 
with significant activity. The main mode of action of cinnamon as a pes-
ticide appears to be as a repellent, and it has biocidal action at higher 
doses (Baker & Grant, 2018). Although investigations on cinnamon oil 
as an insecticide are at the early stages, the results so far are promising 
and suggest that this might be a fruitful area for future research, espe-
cially in the context of reducing losses of stored agricultural products.

4  | CURRENT LIMITATIONS OF USING 
CINNAMON IN THE FOOD AND HE ALTH 
SEC TORS

4.1 | Ensuring quality in the value chain

Due to the presence of numerous chemical compounds (both fa-
vorable and unfavorable) in different cinnamon species and plant 
parts, it will be very important to deploy the most recent analyti-
cal techniques that will allow the identification and quantification 
of these compounds. Currently, most of the cinnamon raw materials 
are exported from Sri Lanka as oils and/or quills (Thanthirige, 2011), 
and these are used in the preparation of a wide range of products as 
discussed above. Despite the recognized importance of separating 
cinnamon raw materials based on their quality (i.e., chemical compo-
sition), cinnamon is currently exported from Sri Lanka with limited 
product diversification and portfolio. Due to these reasons, malprac-
tice and adulteration take place in the value chain of cinnamon and 
the authenticity of the original product cannot be traced at the end 
of the value chain. Currently, Sri Lanka is taking measures to obtain 
the Geographical Indication (GI) for Ceylon Cinnamon, and thereby 
the origin of a Ceylon cinnamon sample can be traced back in the 
value chain. Therefore, market or product-based standards need to 
be identified and introduced as an urgent need.

Molecular biological approaches such as polymerase chain re-
action (PCR)-based random amplified polymorphic DNA (RAPD) 
techniques, and biochemical approaches such as mass spectrom-
etry (MS), nuclear magnetic resonance (NMR), high-performance 
liquid chromatography (HPLC), fingerprinting technologies have im-
mensely contributed to differentiate the composition of cinnamon 
oil from different plant parts and species (Abeysinghe et al., 2014; 
Chen et  al.,  2014; Ding et  al.,  2011; Farag et  al.,  2018). However, 
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further improvements are needed to make testing cost-effective and 
efficient.

4.2 | Negative health effects

Adverse effects related to short- or long-term consumption of cin-
namon have been reported (Fotland et al., 2012; Hajimonfarednejad 
et al., 2018). These are mostly connected to the presence of cou-
marin, which is a hepatotoxic natural compound found in cassia cin-
namon. However, Ceylon cinnamon is reported to contain ultra-low 
levels of coumarin (Archer, 1988; Ballin & Sørensen, 2014; Lungarini 
et  al.,  2008) in contrast to Cassia, which contains relatively high 
amounts of coumarin (Ballin & Sørensen, 2014) (Table 2). Coumarin is 
known to be hepatotoxic for several species, and be a non-genotoxic 
carcinogen in rodents (Ballin & Sørensen, 2014; Fotland et al., 2012). 
The most common ill effects are allergic reactions and gastrointesti-
nal disorders (Hajimonfarednejad et al., 2018).

Fotland et al. (2012) have assessed the toxicity of coumarin and 
established a new tolerable daily intake (TDI) of 0.07 mg coumarin/
kg bw/day. Coumarin intake estimates have shown that in young 
children, consuming oatmeal porridge sprinkled with cinnamon 
several times a week could have an intake of coumarin of 1.63 mg/
kg bw/day, which exceeds the TDI by several folds. In addition, 
adults consuming cinnamon-based tea or cinnamon supplements 
could likely exceed the recommended TDI of coumarin. Ballin and 
Sørensen (2014) found that fine bakery products in Danish markets 
exceeded the EU limit for coumarin in almost 50% of cases and that 
cinnamon was of the C. cassia origin. Daily exceedances of such large 
TDI of coumarin, even for a short duration of 1–2 weeks, may result 
in negative effects on human health (Fotland et al., 2012). Moreover, 
the authenticity of Ceylon cinnamon with low coumarin levels used 
by European food manufacturers is not guaranteed due to the loose 
value chain of cinnamon from the farmer to end user. Thus, a prac-
tical guide to the food industry, including farmers, processors, and 
international food administrators, is needed to ensure the safe use 
of cinnamon in food.

Although there are many positive effects of bioactive substances 
that are present in Cinnamomum, various in vivo and in vitro stud-
ies concluded that certain constituents in various Cinnamomum spp. 
could impart either negative effects or have no beneficial effect on 
human health. For instance, cinnamaldehyde, cinnamyl alcohol, and 
cinnamic acid have been identified as predisposition compounds 
toward allergic reactions. Furthermore, it has been reported that 
certain compounds from Cinnamomum could negatively interact 
with medications, and may have mutagenic, tumorigenic, or car-
cinogenic effects in animals and human beings when used in high 
doses (Ulbricht et al., 2011). The dose of Cinnamomum bark powder, 
or specific bioactive substances that are present in bark or leaves, 
is based on the most commonly used doses in accessible clinical 
trials, research studies, or on traditional practice; however, the op-
timum or safe recommended daily intake is not well documented. 
Moreover, there is immense variation among various batches and 

even manufacturers when preparing Cinnamomum-based products. 
In certain preparations, it is not clear what the active substance/s 
of the product are, and standardization procedures have not been 
practiced when preparing such products (Ulbricht et  al.,  2011). 
Interestingly, a recent phase I clinical study from Sri Lanka reported 
that up to 3 g of Ceylon cinnamon per day has no side effects while 
imparting beneficial effects (Ranasinghe et al., 2017).

4.3 | Crop improvement

A significant amount of genetic diversity is generated among C. zey-
lanicum progeny that results from a single cross-pollination event 
and this is also reflected in morphological and biochemical diver-
sity (Liyanage et al., 2020). However, only limited published litera-
ture is available on genetic diversity assessment of C. zeylanicum. 
Kojoma et al. utilized chloroplast intergenic spacer regions between 
the trnL 3’exon and trnF exon (trnL -trnF IGS) and the trnL intron re-
gion for identification of C. zeylanicum and three other species, C. 
cassia, C. burmannii, and Cinnamomum sieboldii (Kojoma et al., 2002). 
Accordingly, one variable nucleotide site in the  trnL-trnF  IGS and 
three sites in the  trnL  intron could identify the four species cor-
rectly. Furthermore, they could observe different banding patterns 
in single-strand conformation polymorphism from the trnL-trnF IGS 
and the trnL intron for C. cassia, C. zeylanicum, and C. burmannii.

Abeysinghe et al. utilized the chloroplast regions, the trnL intron, 
the trnT-trnL, trnL-trnF, and trnH-psbA intergenic spacers, as well as the 
internal transcribed spacer (ITS) of nuclear ribosomal DNA (rDNA) for 
identification of C. zeylanicum and several wild Cinnamomum species 
found in Sri Lanka (Abeysinghe et al., 2014). Interestingly, the chloro-
plast regions alone could not completely resolve the phylogenetic rela-
tionships among C. zeylanicum, Cinnamomum citriodorum, Cinnamomum 
capparu-coronde, Cinnamomum dubium, Cinnamomum litseifolium, 
Cinnamomum rivulorum, Cinnamomum sinharajaense, and Cinnamomum 
ovalifolium. The sequences of the ITS region turned out to be more use-
ful for the identification of the above species (Abeysinghe et al., 2009).

Later, a small number of C. zeylanicum accessions were studied 
using RAPD, sequence-related amplified polymorphism (Abeysinghe 
et al., 2014). Work comprising all the Cinnamomum species present 
in Sri Lanka has assessed both intraspecies and interspecies diver-
sity using universal barcoding regions, rbcL, matK, and a widely used 
identifier, trnH-psbA. The assessed regions had identical nucleotide 
sequences in all three C. zeylanicum accessions, while considerable 
intraspecies diversity was observed in wild species (Chandrasekera 
et al unpublished).

The Department of Export Agriculture (DEA), Sri Lanka, on the 
other hand, holds the largest C. zeylanicum germplasm in the world, 
which consists of over 600 superior accessions collected island wide. 
Nevertheless, C. zeylanicum breeding and crop improvement efforts 
in Sri Lanka are limited, except for two varieties, Sri Wijaya and Sri 
Gemunu released based on selections from the DEA germplasm. The 
recently assembled draft of the C. zeylanicum (variety Sri Gemunu) ge-
nome and identification of gene-specific markers (Narampanawa et al., 
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unpublished) would facilitate future crop improvement efforts, includ-
ing pest and disease resistance. Furthermore, the recent transcriptom-
ics and metabolomics work on the effect of plant growth environment 
and maturity stage on the quality of C. zeylanicum leaf and bark yield 
(Liyanage et al., unpublished) would assist the decision-making process 
of the government and commercial growers on the establishment of 
new plantations for diversified products and markets.

5  | CONCLUSION AND WAY FORWARD

Cinnamomum zeylanicum, also known as Ceylon cinnamon, is a spice 
produced from the bark of the plant. Due to its high fragrance, it 
has been globally used as a spice and flavoring agent since ancient 
times and has always been highly valued. It is a crop indigenous to Sri 
Lanka, which is of unique and high social significance. Furthermore, 
it is a crop of major economic importance to the country and the 
source of livelihood for a substantial number of people, including a 
considerable number of smallholders and primary processors.

The processed bark and the essential oils that are extracted from 
the bark, leaves, and roots of C. zeylanicum have long been used by 
human beings for various purposes. Cinnamon is increasingly used 
as an antimicrobial agent, an insect repellent, and as a flavoring agent 
in the food industry. Moreover, it has shown promising beneficial 
bioactivities against a wide range of diseases and disorders in human 
beings.

Despite its importance, there are many issues associated with 
the crop. Cinnamon is known to have a wide yield gap, which is 
thought mainly to be due to the management, and pest and disease 
issues. Furthermore, the processed product of cinnamon, that is, 
quills, which are individually hand-made after peeling off the bark of 
the stems, is unique to Sri Lanka. The production of quills requires 
a substantial amount of skills and time, making the process quite 
expensive. The process also makes mechanization very difficult. 
Furthermore, cinnamon can only be peeled during certain seasons, 
the underlying reasons of which are yet unclear. Limited progress 
has been made with respect to the improvement of the crop using 
molecular breeding approaches, including next-generation sequenc-
ing (NGS) data.

The global market also consists of cinnamon products from other 
Cinnamomum species (collectively called “Cassia cinnamon”), which 
are much cheaper alternatives and traded under the name “cinna-
mon.” These can be considered “inferior” to Ceylon cinnamon in 
several aspects, including their biochemical composition. The major 
concern is the presence of relatively high concentrations of “couma-
rin,” a hepatotoxic, carcinogenic compound, in other Cinnamomum 
species sold as cinnamon, but it is found only in trace amounts in 
Ceylon cinnamon. Currently, Sri Lanka exports cinnamon mainly as 
a raw material (i.e., the bark, essential oils, and oleoresins), and lacks 
technology for product diversification, value addition and branding, 
experiences long value chains, thereby increasing the risk of adulter-
ation and contamination of cinnamon. As a result, Sri Lankan farm-
ers and processors do not receive the maximum revenue for their 

exported products. Therefore, institutional, scientific, and legislative 
procedures have to be developed and strengthened to ensure the 
flow of high-quality Ceylon cinnamon from the farmer to the end 
user, under the brand name “Ceylon cinnamon.”
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