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Introduction
It has been estimated that worldwide there are over 

500,000 species of plants. Traditionally, the compounds 
produced by plants have been categorised as primary 
and secondary metabolites. Compounds contributing to 
fundamental metabolism are termed primary metabolites. 
In contrast, secondary metabolites are limited in their 
distribution, both throughout the plant and between 
different species [1]. Secondary metabolites were once 
thought to be waste compounds [1]. Our understanding 
of the important in-planta functions of many secondary 
metabolites is gradually expanding. It has been revealed 
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Abstract
The fundamental quest for food safety and security fit for consumption cannot be underscore. Cinnamon has been 
known to possess wide variety of biological activities. We evaluated the phenolic and cytotoxity of C. impressicostatum as 
a potential additive to food to increase the shelf life and to prevent bacterial food infection. We used the Folin-Ciocailteu 
method for the total phenolic content quantification and MTT Assay using the Human Embryonic Kidney cells (HEK 298) 
for the cytotoxity evaluation of the crude extract of C. impressicostatum, ICP-MS was also used for the quantification of 
heavy metal ion in the crude extract. As shown in Table 1, the presence of essential metals in natural products is very 
important in its suitability as a food supplement and highlights the important role it plays in the normal functioning of 
the human body. Detection of toxic metals is pertinent as it may be a primary factor or accessory factor in influencing 
antibacterial activity against the target bacteria in this study. Toxic metals in Cinnamomum extracts may also potentially 
pose a risk to human health. This will eventually influence the ease of commercialisation of any extracts produced from 
cinnamon, in Table 2, the water extract of C. impressicostatum stem-bark showed a high level of phenolic content. 
The same extract also demonstrated highest antibacterial activity suggesting that it may be the phenolic compound(s) 
present in the extract responsible for bioactivity against MRSA and the other bacteria tested in this study.
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that many secondary metabolites are potent repellents and 
even toxic agents to pests and herbivores and also possess 
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Phytochemistry plays a fundamental role in the chemical 
investigation of plant metabolites, including secondary 
metabolites. Through phytochemical studies, directed 
characterisation of the chemical composition of complex 
secondary metabolite essential oils or plant extracts may 
be undertaken. Phytochemical screening can also assist in 
taxonomical classification whilst bioassay guided studies can 
target and identify biologically active compounds in complex 
plant extracts [3].

It is clearly documented in the literature that Cinnamomum 
species possesses potent antimicrobial activities against 
several microbes. Cinnamon occupied a pre-eminent position 
in the ancient world and was much sought after. In fact, it is 
often qualified as ‘sensational cinnamon’ and ‘spice of life’. 
It contains important medicinal essential oils in its leaves, 
fruits, twigs, stems, inner and outer bark. It has enormous 
valuable pharmacological activities. Cinnamomum is a genus 
within the family Lauraceae. Many species within this genus 
are used as spices. Most of cinnamon biological activity exists 
in its essential oils, which are about 90% cinnamaldehyde 

antibacterial activity [2]. Secondary metabolites that are 
semiochemicals are relied on as a means of defense against 
pathogens and predators, as attractants to lure mobile 
creatures for fertilisation and dissemination and also for aerial 
allelopathy (interplant communication). On the other hand, 
secondary metabolites that are volatile organic compounds 
have been revealed to be attractive to insects and help with 
fertilisation whilst secondary metabolite pigments that give 
warning colouration defend against predators [2]. Other 
plant pigments provide protection against environmental 
damage such as free radicals and UV radiation [1]. Some 
secondary metabolites perform signalling functions as plant 
hormones and pheromones. Plants produce an incredible 
array of secondary metabolites and many of these have been 
developed into economically important products including 
oils, gums, resins, tannins, rubber, waxes, pigments, flavours, 
fragrances, surfactants, preservatives, pesticides and 
pharmaceuticals [1]. As such, plant secondary metabolites 
represent a tremendous resource for commerce, particularly 
if they or their derivatives are potentially bioactive against 
pathogenic bacteria and other infectious parasites.

Table 1: The concentrations of heavy metals in C. impressicostatum bark stem. All the essential, non-essential and toxic metals evaluated 
in C. impressicostatum bark stem were within the permissible limits of heavy metal content in a herbal product (data is expressed as mean 
parts per billion ± Standard Deviation). Examples of permissible limits: Lead (Pb) = 10.0 ppb; Cadmium (Cd) = 3.0 ppb; Arsenic (As) = 5.0 ppb; 
Mercury (Hg) = 5.0 ppb.

Sample ID Parameter Heavy metal content (ppb)

 

 

 

 

 

 

C. impressicostatum stem bark

Macro elements

Sodium (Na) 390.28 ± 0.00

Magnesium (Mg) 2520.91 ± 0.00

Calcium (Ca) 2142.31 ± 0.00

Trace elements

Copper (Cu) 15.57 ± 0.00

Zinc (Zn) 63.71 ± 0.00

Manganese (Mn) 525.38 ± 0.00

Nickel (Ni) 23.37 ± 0.00

Iron (Fe) 396.64 ± 1.26

Cobalt (Co) 0.45 ± 0.00

Chromium (Cr) 14.98 ± 3.95

Selenium (Se) 0.13 ± 0.00

Aluminium (Al) 313.39 ± 0.00

Toxic metals

Lead (Pb) 5.57 ± 0.00

Cadmium (Cd) 0.25 ± 0.00

Arsenic (As) 0.61 ± 0.00

Mercury (Hg) 0.54 ± 0.00

Table 2: Total phenolic content (TPC) of C. impressicostatum stem bark extracts; TPC is expressed as grammes of gallic acid equivalents (GAE) 
per 100 gm dry weight (DW); Mean ± Standard Deviation.

C. impressicostatun Extracts Total Phenolic Content (mg (GAE/100 gm of dried extract)

Stem bark

Volatile oil 131.71 ± 7.67

Hexane 38.55 ± 6.35

Ethyl acetate 35.13 ± 9.62

Methanol 162.48 ± 2.20

Water 165.04 ± 2.10
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nm. The total phenol in the extracts was calculated from the 
calibration curve and determined as percent phenolic content 
(g phenolics/g crude extract).

Determination of cytotoxic activity 
(3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyl 
tetrazolium bromide) (MTT) assay

The goal of this study was to determine whether the 
extracts from Cinnamomum species that showed antibacterial 
activity were cytotoxic. Quite interestingly, often the 
difference between a therapeutic and a toxic extract or 
compound is simply the dosage level [3].

In the measurement of cellular metabolic activity via the 
NAD (P)H-dependent cellular oxidoreductase enzyme, the 
MTT colorimetric assay is mostly used. The cellular enzyme 
reduces the MTT dye tetrazolium to an insoluble complex called 
formazan which is purple in colour. The dye tetrazolium can 
be used to assess cytotoxic and cytostatic activity of potential 
medicinal plants and other toxic materials. The MTT reagent 
is light sensitive, thus the processes of the MTT assay are 
performed in the dark [4]. 99 ul of cell suspensions of Human 
Embryonic Kidney cells (HEK 298) containing 1 × 106 cells 
were seeded into each well of a sterile 96 well plate and then 
incubated for 24 h at 37 °C in a humidified incubator. Crude 
extracts of C.impressicostatum were added to concentrations 
ranging from 50 to 250 µg mL-1. The final volume in each well 
was 100 µl and the final concentration of DMSO in each well 
was 0.5%. The plates were further incubated for 48 h. 5 ml of 
MTT reagent was added to each well and incubated for 4 h. 
The plates were centrifuged at 1000 rpm for 5 min at 4 °C. The 
MTT solution and the medium were aspirated from the wells 
without disturbing the formazan crystals at the bottom of 
the wells. Buffered DMSO (200 µL) was added into each well 
to dissolve the formazan crystals. The plates were shaken 
for 5 min and the absorbance was recorded on a microtitre 
plate reader at the wavelength of 570 nm and a reference 
wavelength of 630 nm. The percentage of viable cells in the 
treatments was calculated using the following formula:

% 100Absorbance of treated cells absorbance of blankof cell viability
Absorbance of the negative control absorbance of blank

−
= ×

−

5-fluorouracil was used as a positive control while 0.5% 
DMSO was used as the negative control (DMSO did not affect 
cell proliferation). Cell proliferation at each concentration 
of each extract was tested in triplicate in each respective 
96 microwell plate and the whole experiment was repeated 
three times.

Inductively coupled plasma - mass spectrometer 
(ICP-MS)

Inductively coupled plasma - mass spectrometry (ICP-
MS) systems are currently being applied in different areas 
of research studies, which include environmental, clinical, 
metallurgical, geochemical, chemical etc. The advances made 
by this technique are due to its rapid multi-element detection 
limit even at an ultra-trace level, isotopic capacity and the 
pace of analysis.

[4]. Cinnamon as a plant possesses chemo-preventive, 
antibacterial, antifungal, antiviral, antispasmodic, antipyretic, 
anti-ulcer, choleretic, sedative, hypothermic, lipolytic, 
antiseptic, anesthetic, anodyne, cytotoxic, hypolipidemic, 
antiplatelet properties and also stimulates the immune 
system. It may be useful in reducing cardiovascular disease 
and the risk of cancer [5,6].

Materials and Methods

Determination of total phenolic content in the 
crude extracts

Growing evidence has shown in recent research into 
human health and nutrition that plant secondary metabolites 
play essential and critical roles in wellness [7-10]. Phenolic 
metabolites that are plant-based are quite interesting due to 
their potent antibacterial and antioxidative activity and have 
a host of pharmacological applications such as for anticancer 
therapy and platelet aggregation inhibition activity [11-15]. 
Phenolic metabolites are mostly components of vegetables 
and fruits and play a functional role in defense against insects 
and animal herbivores [16]. The synthesis or production of 
phenolic metabolites might be as a result of insect-induced 
stressors, UV light exposure and microorganism-induced 
stressors. This therefore suggests that phenolics have a 
protective role against insect predators, light-oxidative 
effects and microbial infection [1,17].

The total phenolics were quantified based on the method 
described by Singleton 1999 (20) using the Folin-Ciocailteu 
(FC) reagent. First, the calibration curve of aqueous gallic acid 
solutions of known concentrations was prepared.

Preparation of Gallic acid curve
25 mg of Gallic acid was dissolved in about 5 mL of 95% 

ethanol and made up to 50 mL in a volumetric flask with 95% 
ethanol. The solution was diluted with water to prepare 50, 
100, 150, 200 and 250 µg/mL Gallic acid.

Construction of calibration curve
1.58 mL of distilled water was added to 20 µL of Gallic 

acid solution and blank solution (0.95% ethanol) in a cuvette. 
Then, 100 µL of FC reagent was added to each cuvette and 
mixed well. After 5 minutes, 300 µL of saturated sodium 
carbonate solution was added to each cuvette and mixed 
thoroughly followed by incubation in the dark at 40 °C for 
30 minutes. The absorbance was measured at 760 nm. Each 
measurement was undertaken thrice and a calibration curve 
of absorbance versus concentration was generated.

Determination of the absorbance of extracts
1.85 ml of distilled water was added to 20 µL of extracts 

(250 µg/mL in ethanol) and blank solution (0.95% ethanol) 
in a cuvette. Then, 100 µL of FC reagent was added to each 
cuvette and mixed well. After 5 minutes, 300 µL of saturated 
sodium carbonate solution was added to each cuvette and 
mixed thoroughly followed by incubation in the dark at 40 
°C for 30 minutes. The absorbance was determined at 760 
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The correlation coefficient (r2) values for all calibration curves 
ranged from 0.9926 to 1.0000. 14 out of 16 calibration curves 
showed satisfactory linearity (r2 > 0.995 with reference to 
at least four points), hence the method used in this study is 
linear within the range of 5 to 200 ppb.

Statistical analysis
Microsoft excel 2010 was employed to derive graphs 

and summary statistics such as standard deviation values. 
Statistical Package for Social Sciences (SPSS) software version 
19 was used to analyse the data. Results obtained from this 
study were analysed using one-way analysis of variance 
(ANOVA) and Post hoc least significant Difference (LSD). The 
level of significance (p-value) was set at 0.05.

Results

Cytotoxicity assay
The cytotoxic effect of C. impressicostatum extracts 

was evaluated using Human Embryonic Kidney Cells 
(HEK298). Cell viability was slightly but significantly reduced 
at different concentrations of the extracts tested, in a 
dose dependent manner, which indicated that the crude 
extracts of C. impressicostatum hexane bark stem (CI-H-
BS), C. impressicostatum ethyl acetate bark stem (CI-Et-BS), 
C. impressicostatum methanol bark stem (CI-M-BS) and C. 
impressicostatum water bark stem (CI-W-BS) were slightly 
but significantly cytotoxic to normal human embryonic kidney 
cells (HEK 298), at the minimal inhibitory concentration of our 
extract (Figure 1).

Inductively-Coupled Plasma Mass Spectrometry 
(ICPMS)

The concentrations of 16 metals (Cu, Zn, Mn, Ni, Fe, 
Co, Cr, Pb, Cd, As, Se, Al, Na, Mg, Ca, Hg) in the digested C. 
impressicostatum bark stem sample were analysed by IC-PMS 
as shown in Table 4. The analysed metals were grouped into 
three categories: macro-elements, trace metals and toxic 
metals.

Total phenolic content (TPC)
The total phenolic content (TPC) evaluations of C. 

impressicostatum stem-bark hexane, ethyl acetate, 
methanolic and water extracts as well as volatile oils are 
shown in Table 2. The water and methanolic extracts were 

Sample preparation
2g of C. impressicostatum leaves, stem-bark and stem-wood 

were transferred into Teflon digestion vessels using a spatula. 
All digestion vessels were pre-cleaned by soaking in 1% nitric 
acid for over 12 h, followed by rinsing with ultrapure water.

Microwave digestion
The sample was digested using the microwave digestion 

system START D (Milestone Inc., USA) equipped with 10 Teflon 
vessels. Two grams of each sample were mixed with 7 ml of 
65% nitric acid (Merk, Darmstadt, Germany) and 1 ml of 30% 
hydrogen peroxide (Merk, Darmstadt, Germany) in a separate 
digestion vessel. The digestion vessels were assembled and 
placed into a microwave digester. All samples and blanks 
were subjected to two steps of 15-minute digestion at 200 
°C at a power of 1200 W. When the digestion process had 
completed, the vessels were removed from the microwave 
digester and cooled to room temperature. All digestates were 
transferred into separate glass bottles.

Preparation of working solution and 
determination of metal content

Five ml of each digestate was diluted with ultrapure 
water to a final volume of 50 ml after being mixed well; 13 
ml of the final sample solution was transferred into separate 
auto sampler tubes for subsequent ICP-MS analysis. Sixteen 
(16) metals of interest were included in this study i.e. Cu, 
Zn, Mn, Ni, Fe, Co, Cr, Pb, Cd, As, Se, Al, Na, Mg, Ca, and Hg. 
Multi-element standard solutions (PerkinElmer Pure Atomic 
Spectroscopy Standard) were used for external calibration. 
Metal analysis was performed using the PerkinElmer ELAN 
ICP-MS system equipped with an ASX-520 Auto-sampler 
(CETAC Technologies, Omaha, USA). The whole system was 
flushed with a solution of highly pure 1% HNO3 (PerkinElmer 
Pure Atomic Spectroscopy Standard) prior to analysis of 
standards, blanks and samples. Then, metal analysis was 
performed for all standards by ICP-MS. A five-point calibration 
curve was automatically generated for each metal of interest 
by computer software. After that, all thirty samples were 
subjected to metal analysis using ICP-MS (Table 3).

External calibration
Each metal of interest was calibrated using five working 

standards at concentrations of 5, 10, 50, 100 and 200 ppb. 

Table 3: The instrumental parameters and operating conditions used for ICP-MS are shown below.

Instrumental parameters and operating conditions for ICP-MS

Nebuliser gas flow rate 1.01 L min-1

RF power 1000 W

Ion lens voltage 6.28 V

Pulse stage voltage 950.00 V

Analog stage voltage -1625.00 V

Detector mode Dual

Dual detector mode Pulse counting

Acquisition dead time 55 ns

Calibration External calibration
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Table 4: Potential human health risk(s) of selected toxic trace elements.

Element Potential health risk(s) Ref

Lead Brain damage, paralysis, abdominal pain, bone pain, anaemia and gastrointestinal symptoms [18]

Cadmium Kidney, lung, liver reproductive and skeletal damage, cancer [19]

Arsenic Carcinogenic (bladder, lung and skin cancers) [20]

Mercury Brain and kidney damage [20]

         

Figure 1: Graph showing that varying concentrations of C. impressicostatum hexane bark stem (CI-H-BS), C. impressicostatum ethyl 
acetate bark stem (CI-Et-BS), C. impressicostatum methanol bark stem (CI-M-BS) and C. impressicostatum water bark stem (CI-W-BS) 
extracts are slightly but significantly cytotoxic to Human Embryonic Kidney Cells (HEK 293) [human non-cancerous cell line] as evaluated 
using the MTT assay after 48hr of treatment. Results are expressed as a percentage of cell viability (mean of triplicate readings ± 
Standard Deviation).

medicinal plants and plant-related products. The potential 
cytotoxicity of Cinnamomum species was evaluated in this 
study using Human Embryonic Kidney cells (HEK 298) Extracts 
from C. impressicostatum were shown not to be cytotoxic 
to the HEK cells and this confirms the reason why, over the 
years, it has been used as a spice in global cuisine. This also 
clearly indicates that C. impressicostatum stem bark extract 
can be safely used for human therapy.

Metal ions are known to be essential and function in part in 
over one third of all proteins and also as an abundant cofactor 
in fundamental life processes, it include biological processes 
such as: respiration, photosynthesis, carbon, hydrogen, 
nitrogen and sulfur metabolism, biosynthesis of antibiotics, 
replication and repair of DNA, antioxidant defense, gene 
regulation, and neurotransmission. The understanding of the 
multi-functional role of metals and their presence in natural 
product is of utmost importance. Though, toxic metals such as 
Hg, Cd, and Pb at elevated concentrations can be toxic to the 

found to have the highest TPC values.

Discussion
There is the belief that natural medicines are much safer 

than synthetic drugs. This has caused exceptional growth 
and interest in the natural product industry, comprising 
phytotherapeutic agents and phytopharmaceutical products. 
This fact has led to a resurgence of scientific interest in 
their biological effects. There is no universal regulatory 
system insuring the safety and activity of natural products 
and in most countries they are not sufficiently investigated 
analytically or toxicologically [1]. Contrary to popular belief, 
herbal medicines can be potentially toxic to human health. In 
fact, scientific research has shown that many plants used in 
traditional and folk medicine are potentially toxic, mutagenic 
and carcinogenic [2,3].

Part of the current challenges being faced in ethno-
therapeutic research is the toxicity of some constituent of 
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cell the roles of metal in biological processes and in human 
health have greatly accelerated in past three decade. The 
quantification of metal ions in plants offer enormous potential 
for understanding life processes and human diseases at both 
the cellular and molecular levels.

In this study we evaluated the presence of essential, non-
essential and toxic metals in C. impressicostatum. As shown in 
Table 1, the presence of essential metals in natural products 
is very important in its suitability as a food supplement and 
highlights the important role it plays in the normal functioning 
of the human body. Detection of toxic metals is pertinent as 
it may be a primary factor or accessory factor in influencing 
antibacterial activity against the target bacteria in this study. 
Toxic metals in Cinnamomum extracts may also potentially 
pose a risk to human health. This will eventually influence 
the ease of commercialisation of any extracts produced from 
cinnamon.

Currently, evidence has shown that secondary plant 
metabolites play critical roles in human health and may be 
nutritionally important [21-24]. Of special interest are plant-
based phenolic metabolites due to their potent antibacterial 
and antioxidant activity and wide range of pharmacological 
properties including anticancer and platelet aggregation 
inhibition activity [25-29]. Phenolic metabolites are common 
constituents of fruits and vegetables that function in the 
defense against insects and animal herbivores [30]. The 
synthesis of phenolics in plants correlates to insect-induced 
stressors, UV light exposure and microorganism-induced 
stressors, which suggests they have a protective role in 
preventing insect predation, photo-oxidation and bacterial 
and fungal infection [31,32]. In this study, as shown in 
Table 2, the water extract of C. impressicostatum stem-bark 
showed a high level of phenolic content. The same extract 
also demonstrated highest antibacterial activity suggesting 
that it may be the phenolic compound(s) present in the 
extract responsible for bioactivity against MRSA and the 
other bacteria tested in this study. 
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