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Abstract White chocolate is often considered as an

unhealthy product with low phenolic content and antioxi-

dant activity since it does not contain cocoa liquor. In this

study, investigation on the phytochemical composition of

cinnamon essential oil as well as its potential use to

improve the antioxidant activity of white chocolate were

carried out. The effect of the essential oil incorporation on

the quality attributes of white chocolate was also exam-

ined. The results show that cinnamon essential oil was rich

in cinnamaldehyde and exhibited antioxidant activity. The

incorporation of cinnamon essential oil at a level of 0.1%

(w/w) increased the antioxidant activity of the white

chocolate more than twofold without significant effect on

its hardness, melting properties and colour. However, a

slight alteration on the flow behaviour of the white

chocolate was observed. This study clearly shows that

natural cinnamon essential oil could be an alternative to

synthetic additives in foods to improve their antioxidant

activity.

Keywords Cinnamon � Essential oil � Antioxidant � White

chocolate

Introduction

Research interests on the exploration of bioactive com-

pounds especially for their use in food processing have

been increasing significantly due to their potential health

benefits (Granato et al. 2016). Several medicinal plants

traditionally used for enhancing health or healing different

kinds of diseases around the world have been known to be

promising for their application in functional food formu-

lations. The genus Cinnamomun (cinnamon) has been

reported as a potential source of bioactive compounds, such

as cinnamaldehyde, eugenol, linalool and limonene. A

considerable amount of literature has correspondingly

shown its great potency as an anti-cancer, anti-Alzhei-

mer’s, anti-inflammatory, anti-diabetic, anti-bacterial agent

and antioxidant agent (Ribeiro-Santos et al. 2017;

Muhammad and Dewettinck 2017; Muhammad et al.

2019b). Previous studies have shown that cinnamon has

been successfully used to improve the health-promoting

properties of coffee and yoghurt (Durak, et al. 2014; Shori

and Baba 2011).

It is widely known that cocoa beans (Theobroma cacao

L.), the main ingredients of chocolate, are rich in biological

active compounds. However, they decrease significantly

during cocoa bean processing namely, fermentation and

drying as well as during chocolate manufacturing, partic-

ularly the roasting, mixing and conching processes

( _Zy _zelewicz et al. 2016; Evina et al. 2016; Carrillo et al.

2014). Fermentation, for instance, in one hand is useful to

develop the flavour profile of chocolate (Kongor et al.

2016), but in the other hand results in a loss of the contents

of monomeric flavan-3-ols due to the enzymatic browning

processes (Oracz et al. 2015).
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White chocolate is made by mixing cocoa butter, milk

powder, sugar and lecithin. Due to the absence of cocoa

mass, white chocolate has significantly lower polyphenol

content and antioxidant activity compared to milk and dark

chocolate (Meng et al. 2009), and thus is often considered

as unhealthy food by consumer. In the context of product

stability, the lack of antioxidant compounds in white

chocolate induce the rapid development of brown colour as

a result of non-enzymatic browning reaction and oxidation

process which limits the shelf-life of white chocolate

(Jardim et al. 2011). Thus, improvement of antioxidant

activity of white chocolate is required.

This study therefore aims to investigate the improve-

ment of antioxidant activity of white chocolate using cin-

namon. In our previous studies, the improvement of

phenolic content and antioxidant activity of cocoa derived

products, including milk chocolate, cocoa drink and cocoa

powder using cinnamon extract have been carried out (Ilmi

et al. 2017; Muhammad et al. 2017; Muhammad et al.

2018; Praseptiangga et al. 2019; Muhammad et al. 2019a).

However, the use of cinnamon essential oil to improve the

antioxidant activity of white chocolate is still under-in-

vestigated. As fortification of food with novel ingredients

can change the characteristics of the food, research on the

quality attributes of the white chocolate incorporated with

cinnamon essential oil is also required.

Materials and methods

Preparation of C. burmannii Blume essential oil

Cinnamon barks (C. burmannii Blume) were collected

from Kerinci, Sumatra (Indonesia). Cinnamon essential oil

was obtained by hydro-distillation according to the proto-

col of Li et al. (2013). The initial ratio of the cinnamon and

water in the distillation chamber was 1:10 (w/v). The

chamber was constantly heated for 8 h to boil the water and

to obtain the distillate. Afterwards, the distillate was moved

to a conical flask and subjected to a phase separation. The

water was removed to obtain the essential oil. The yield of

the essential oil was approximately 4 mL per kg of raw

material. The cinnamon essential oil was kept at 4 �C for

further analysis.

Preparation of cinnamon essential oil-enriched

white chocolate

Molten white chocolate (Barry Callebaut Belgium NV)

was mixed with the cinnamon essential oil at a concen-

tration of 0.1% (w/w) using a Stephan Universal Machine

UMC 5 (Stephan Food Service Equipment GmbH, Hameln,

Germany). The mixing temperature was kept at 35 �C.

After being manually tempered by a trained chocolatier,

the tempered chocolate was each moulded and cooled

(12 �C, 2 h). The chocolate was then removed from the

mould and kept at 20 �C for 14 days to ensure proper

maturation before analysis.

GC–MS analysis of cinnamon essential oil

A Shimadzu GCMS-QP2010 SE instrument equipped with

a Restek RTX-5MS low-bleed fused-silica capillary col-

umn (length 30 m and inner diameter 0.25 mm) with a film

thickness of 0.25 lm was used for the analysis of the odour

profile of the cinnamon essential oil. Samples (0.1 lL)

were injected for odour profile analysis. The injector and

the interface temperature were kept at 200 �C and 300 �C,

respectively. Initial oven temperature was programmed at

60 �C and was then gradually increased to 300 �C. The

effluent of the capillary column was introduced directly

into the ion source of the mass spectrometer which had a

temperature of 200 �C. The sector mass analyser was set to

scan from 30 to 400 amu, while the linear velocity of the

helium carrier gas was 0.75 mL/min at a split ratio of

153:1. Components of essential oil were identified by

comparing mass spectra of each peak with those of

authentic samples in a mass spectra library. The result was

expressed as relative content (%) based on the result of area

percentage obtained from the mean value of two injections.

Determination of antioxidant activity

Extraction of antioxidant compounds from white chocolate

Extraction of antioxidant compounds from the white

chocolate is required prior the antioxidant activity analysis.

The extraction was based on the work of Belščak et al.

(2009). Exactly 20 g of white chocolate was washed three

times with 100 mL of n-hexane to remove the fat content.

The washing was conducted by a stirring process using a

magnetic stirrer for 10 min with a speed of 1000 rpm.

Afterwards, the defatted chocolate was air-dried in a dark

condition (with the absence of light) for 24 h to remove

n-hexane residue. The defatted chocolate (10 g) was well-

mixed with 25 ml of solvent containing acetone (70%),

distilled water (29.8%), and acetic acid (0.2%). The mix-

ture was then maintained in an ultrasonic bath (Elmasonic

P30H Elma Schmidbauer GmBH, Germany) for 30 min at

25 �C at a frequency of 80 kHz, followed by centrifugation

for 10 min at 3000 rpm (Sigma 4K15 Sartorius AG, Ger-

many) and filtration to remove the residual particles. This

procedure was repeated twice, and then the supernatant was

collected.
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Ferric reducing antioxidant power assay

The ferric reducing antioxidant power (FRAP) analysis of

cinnamon essential oil and white chocolate was carried out

according to the method of Udayaprakash et al. (2015). A

phosphate buffer (0.2 M, pH 7) was prepared by mixing

Na2HPO4 (61 ml, 0.2 M) and NaH2PO4 (39 ml, 0.2 M).

About 2.5 mL of phosphate buffer was mixed with the

sample (1 mL) and 1% potassium ferricyanide (2.5 mL).

After incubation at 50 �C for 30 min, 2.5 mL of 10% tri-

chloroacetic acid was added to the mixture and centrifuged

at 6500 rpm for 10 min. The absorbance was measured at

700 nm after the supernatant (4 mL) was added with 4 mL

of distilled water and 0.8 mL of 0.1% FeCl3. A standard

plot of ascorbic acid was used to measure the FRAP

activity of the sample.

Phosphomolybdenum method

The method of Udayaprakash et al. (2015) was used as the

reference for measuring the antioxidant activity of cinna-

mon essential oil and white chocolates. The phospho-

molybdenum reagent was made by equally mixing

sulphuric acid (0.6 M), sodium phosphate (28 mM), and

ammonium molybdate (4 mM). Samples (0.5 mL) was

added to 4.5 mL of the reagent, and then the solution was

kept in a water bath at 95 �C for 90 min. The absorbance

was then measured at 695 nm using a UV–visible spec-

trophotometer (Varian Cary 50 Bio, Agilent Technology).

The antioxidant activity was expressed as micrograms of

tannic acid equivalent per gram of the sample (lg TAE/g

sample).

DPPH (2,2-diphenyl-1-picrylhydrazyl) radical scavenging

activity analysis

DPPH radical scavenging activity of the essential oil and

its main constituent was investigated using two protocols.

The first protocol was adopted from Singh et al. (2007),

while the second protocol followed the method of Skroza

et al. (2015). In the first method, the essential oil (20–100

lL) was added to 4 mL of DPPH 0.01 mM. The absor-

bance was measured at 517 nm after 30 min incubation in

the dark. In the second method, 100 lL of each samples

was added to a DPPH solution system (4 mL), and then the

absorbance was continuously monitored at 517 nm for

60 min. By this method, the TIC50 value (the time needed

to inhibit 50% radical reaction) of the sample could be

observed. For each method, the DPPH radical scavenging

activity was calculated using Eq. (1).

% inhibiton

¼ Absorbance of the control Acð Þ � Absorbance of the sample Asð Þð Þ � 100

Absorbance of the control Acð Þ

ð1Þ

Determination of quality attributes of white

chocolate

Flow behaviour analysis

An AR2000 rheometer (TA Instruments, New Castle,

USA) equipped with concentric DIN cylinder (cylinder:

42.00 mm; rotor outer radius: 14.00 mm; stator inner

radius: 15.00 mm; geometry gap: 5920 mm) was used to

determine the rheological properties of white chocolate

following the protocol of ICA46. Briefly, 20 g of molten

chocolate was placed in the cylinder and sheared at 5 s-1 at

40 �C for 15 min before the test. The measurement of the

shear stress (s) was conducted by increasing the shear rate

(c) from 2 to 50 s-1 (ramp up) and by holding for 16 s per

shear rate level. After holding the shear rate at 50 s-1 for

60 s, decreasing the shear rate from 50 to 2 s-1 (ramp

down) was conducted by holding for 16 s per shear rate

level. The data were then fitted to the Casson model as

shown in Eq. (2) to determine the Casson yield stress (sCA)

and Casson viscosity (gCA). The thixotropy was deter-

mined by measuring the difference between the ramp up

and ramp down at the shear stress of 5 s-1.
ffiffiffi

s
p

¼ ffiffiffiffiffiffiffi

sCA
p þ ffiffiffiffiffiffiffi

gCA
p � ffiffiffi

c
p ð2Þ

Hardness measurement

The textural properties of white chocolate with a dimension

of 100 mm 9 24 mm 9 10 mm was analysed using the

Instron 5942 Universal Testing Machine (Norwood, MA,

Canada) following the method of Saputro et al. (2016). The

measurement was carried out by penetration with a needle-

shaped probe (U = 1 mm) to a depth of 5 mm at a rate of

2 mm/s after a pre-load of 0.2 N. The hardness (N) defines

the maximum force recorded during the probe penetration

to the white chocolate.

Colour measurement

The lightness component (L*), green to red component (a*)

and blue to yellow component (b*) values of the white

chocolate within Specular Component Excluded (SCE)

category were determined using a colorimeter (Minolta

Model CM-2500D Spectrophotometer, Konica Minolta

Sensing, Tokyo, Japan). The value of chroma (C*) and

whiteness index (WI) of white chocolates were calculated
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using Eqs. (3) and (4), respectively while the degree of

difference between the chocolate containing cinnamon

essential oil and chocolate control (DE*) were calculated

using Eq. (5).

C� ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

a�2 þ b�2
p

ð3Þ

WI ¼ 100 �
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

100 � L�ð Þ2þa�2 þ b�2

q

ð4Þ

DE ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

L�1 � L�2
� �2þ a�1 � a�2

� �2þ b�1 � b�2
� �2

q

ð5Þ

Melting profile analysis

The melting profile of the white chocolates were analysed

using a differential scanning calorimeter (DSC Q1000 TA

Instruments, New Castle, USA) equipped with a refriger-

ated cooling system. Based on the work of Saputro et al.

(2016), the chocolates were first sliced into small pieces,

and then approximately 5 mg of the chocolate slices were

put in hermetically sealed aluminium cups. The samples

were heated up from 20 to 200 �C at a rate of 5 �C/min.

The melting peak integration was conducted using a linear

baseline in the Universal Analysis 2000 software version

4.7A (TA Instruments).

Statistical analysis

Statistical analyses were performed using SPSS Statistics

22. The Independent Samples T test was used to test the

statistical differences between two samples (white choco-

late control and white chocolate with cinnamon essential

oil) and the differences were considered significant at

p\ 0.05.

Results and discussion

Volatile compounds and antioxidant properties of C.

burmannii Blume essential oil

Typically, cinnamon essential oil is yellow in colour with

hydrophobic characteristics and has a distinct scent. Vari-

ous volatile constituents of various classes were identified

in the cinnamon essential oil by GC–MS. They belong to

various classes of organic compounds such as terpenes,

aldehydes, esters and ketones (Table 1).

Cinnamaldehyde was recorded as the component with

the highest area percentage (56.02%). This finding is in

accordance with previous studies by Singh et al. (2007) and

Li et al. (2013), who identified cinnamaldehyde as the

typical volatile compound in the essential oil extracted

from cinnamon bark. The high cinnamaldehyde content

resulted in a spicy cinnamon odour (Narbona et al. 2010).

Aside from its role as flavouring agent, cinnamaldehyde

has a strong anti-microbial activity and has been reported

as a major contributing factor in the decline of degenera-

tive diseases as shown in some in vivo and in vitro studies

(Chuang et al. 2012; Farrokhfall et al. 2014; Muhammad

and Dewettinck 2017).

Besides cinnamaldehyde, some other volatile com-

pounds also contributed to the odour profile of the C.

burmannii Blume essential oil. Pleasant odours of the

cinnamon essential oil, such as citrus-like, sweet-floral,

flower and spicy-balsamic, can be attributed to the presence

of limonene, linalool, 4-terpineol, and cinnamyl acetate,

respectively (Jirovetz et al. 2002; Mahattanatawee et al.

2005; Ugliano and Moio 2008; Brechbill 2007). It was

identified that the relative content of those compounds in

the cinnamon essential oil were 1.59%, 0.35%, 1.33% and

3.99%, respectively (Table 1). Even though their presence

in cinnamon is minor, those compounds might contribute to

the aroma profile of the essential oil, since their threshold

concentrations are much lower than that of cinnamalde-

hyde. Threshold concentrations is defined as the minimum

concentration of a compound that is perceivable by the

human sense of smell.

The cinnamon essential oil exhibited an antioxidant

activity, as could be concluded from results of the FRAP

assay and phospomolybdenum method which was

328 lmol L-1 ascorbic acid equivalent and 597 lg tannic

acid equivalent, respectively. A kinetic study in DPPH

solution was carried out to further study the antioxidant

activity of the essential oil and its major constituent (i.e.

cinnamaldehyde). The kinetic study on the antioxidant

activity of bioactive compounds can be used to understand

the behaviour of the bioactive compound in inhibiting

radical reactions (Muhammad et al. 2017).

As shown, a gradual increase of DPPH radical reaction

inhibition was observed, in conjunction with the increasing

amount of essential oil (Fig. 1a). The radical scavenging

activity of essential oil was higher than that of pure cin-

namaldehyde, but lower than that of BHA (100 lg/mL).

This study showed that cinnamaldehyde contributed to the

antioxidant activity of the essential oil. Nevertheless, the

antioxidant activity cannot be solely attributed to cin-

nemaldehyde because some other compounds may have

contributed to the antioxidant activity of the essential oil,

indicated by the fact that cinnamaldehyde was much less

effective to inhibit the radical reaction than the essential

oil. The difference in inhibition between the pure cin-

namaldehyde and the essential oil is big, suggesting the

contribution of other compounds.

Figure 1b illustrates the kinetic evolution of the reaction

of DPPH by the antioxidant compounds. This method is

useful to investigate the TIC50 of an antioxidant compound.
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TIC50 is defined as the time needed to inhibit 50% of the

radical reaction. The TIC50 value is inversely related to its

radical inhibition activity, which means that the compound

having a lower TIC50 value has a higher antioxidant

activity. The TIC50 value of the essential oil was more than

30 min, whereas cinnamaldehyde could not reach 50%

radical inhibition even after 60 min of measurement. This

result confirms that not only cinnamaldehyde but also some

other compounds contributed to the antioxidant activity of

the cinnamon essential oil. Figure 1b also confirms that the

cinnamon essential oil had a lower antioxidant activity than

BHA as indicated by a higher TIC50 value (34 min).

Antioxidant activity and quality attributes of white

chocolate enriched with cinnamon essential oil

Antioxidant activity

Due to its antioxidant potential, cinnamon essential oil is

hypothesised to improve the antioxidant activity when

Table 1 Odour properties of C. burmannii Blume essential oil as identified by GC–MS

Compound Retention time (min) Relative content (%) Odour descriptora Threshold (lg/L)a

Monoterpene hydrocarbons

a-Pinene 4.59 4.54 ± 0.02 Pine-needle-like1 6.008

Camphene 4.81 2.15 ± 0.04 Camphoraceous1 1.9810

b-Pinene 5.19 1.31 ± 0.05 Terpene-like1 1408

p-Cymene 5.82 0.32 ± 0.02 Fresh, weak citrus like1 11.48

Limonene 5.89 1.59 ± 0.11 Citrus like1 10008

Oxygenated monoterpenes

1,8-cineole 5.95 3.58 ± 0.17 Balsamic9 5.089

Linalool 6.87 0.35 ± 0.01 Strong sweet floral2 6.008

Borneol 8.03 0.81 ± 0.04 Camphoraceous1 14010

4-Terpineol 8.18 1.33 ± 0.01 Flower5 1308

a-Terpineol 8.36 1.70 ± 0.01 Oil, anise, mint3 3308

Bornyl acetate 9.81 3.02 ± 0.09 Sweet, green2 138012

Sesquiterpene hydrocarbon

a-Copaene 11.16 4.95 ± 0.09 Vegetable-like1

b-Elemene 11.34 0.30 ± 0.02 Weak-fresh1

Zingiberene 11.63 0.41 ± 0.04 Spicy1

Trans-b-caryophyllene 11.83 2.10 ± 0.10 Fruity warm floral2 648

a-Humulene 12.30 0.54 ± 0.05 Weak woody1 16012

c-Muurolene 12.53 1.23 ± 0.07 Weak woody1

a-Guaiene 12.74 0.62 ± 0.15 Weak woody1

a-Muurolene 12.84 1.56 ± 0.03 Weak woody1

d-Cadinene 13.13 2.78 ± 0.14 Woody1

Cadina-1,4-diene 13.28 0.33 ± 0.11 Weak spicy1

a-Calacorene 13.44 0.25 ± 0.06 –

a-Cubebene 14.53 0.43 ± 0.11 Herbal1

Oxygenated sesquiterpene

d-Cadinol 14.71 0.65 ± 0.01 Weak woody1

Other

Benzaldehyde 4.97 0.29 ± 0.01 Hazelnut, pungent4 3508

Benzylacetaldehyde 7.92 1.38 ± 0.04 Floral4

Cinnamaldehyde 9.70 56.02 ± 0.56 Cinnamon spicy2 6008

Cinnamyl acetate 11.98 3.99 ± 0.27 Sweet floral spicy balsamic6 15011

Coumarin 12.13 1.32 ± 0.11 Sweet-herbaceous, cherry flower-like7

aReferences 1Jirovetz et al. (2002), 2Mahattanatawee et al. (2005), 3 Kraujalyt _e et al. (2012), 4 Selli and Cayhan (2009) 5 Ugliano and Moio

(2008), 6Brechbill (2007), 7 Yang et al. (2009), 8 Narbona et al. (2010), 9Benzo et al. (2007), 10 Qian and Wang (2005), 11Pino and Queris (2011),
12Pino and Mesa (2006)
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incorporated in white chocolate. In this study, the incor-

poration of cinnamon essential was conducted at a level of

0.1% (w/w) as at this concentration, the flavour of the

cinnamon essential oil-enriched chocolate was still

acceptable to the consumer as shown in our previous study

(Dwijatmoko et al. 2016; Ilmi et al. 2017). At a higher level

of cinnamon essential oil, the chocolate was perceived too

spicy and thus unacceptable. Figure 2 clearly shows that

the incorporation of cinnamon essential oil at the level of

0.1% significantly improved the FRAP activity and total

antioxidant activity of white chocolate. The increase was

approximately twofold from the initial FRAP activity and

total antioxidant activity. The antioxidant activity of cin-

namon essential oil-enriched white chocolate in different

test systems indicates that the chocolate has an ability to

transfers electron to reduce any target compound [i.e., from

Fe3? to Fe2?; from Mo(VI) to Mo (V)]. Even though

essential oil is volatile and sensitive to heat, the existence

of the antioxidant activity in the cinnamon-enriched

chocolate originating from the essential oil indicates the

essential oil was relatively stable during chocolate pro-

duction. This can be understood since the chocolate in this

study was made by a consecutive step of mixing, tempering

and moulding which did not involve a heat treatment. Thus,

the incorporation of cinnamon essential oil could signifi-

cantly improve the antioxidant activity of white chocolate.

As aforementioned, the supplementation of a novel ingre-

dient in food may alter its characteristics. Therefore, this

current study was continued by investigating the quality

attributes of the cinnamon essential oil-enriched white

chocolate. Rheological and textural properties as well as

melting profile and appearance are the crucial quality

attributes of chocolate.

Flow properties

Knowledge on the flow behaviour of chocolate is highly

important. In terms of processing, rheological characteris-

tic determines the pumping and moulding properties of the

chocolate while in a sensorial viewpoint, it contributes to

the mouth feel of the chocolate. As such, during con-

sumption, a chocolate with a high viscosity may stick to the

teeth and palate making it unacceptable for the consumer

(Saputro et al. 2016).

Figure 3 illustrates the effect of cinnamon essential oil

on the rheological behaviour of white chocolate. In this

study, Casson viscosity and Casson yield value were

evaluated. Casson viscosity can be defined as the internal

friction of the chocolate determining coating thickness

among others, while Casson yield value can be defined as

the amount of stress required to initiate fluid flow. It was

shown that the presence of cinnamon essential oil slightly

increased the Casson yield stress and the thixotropy, but

not the Casson viscosity of white chocolate. Particle–par-

ticle interaction of the ingredients is a key factor affecting

flow behaviour (Saputro et al. 2016). Cinnamon essential
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oil may create a high particle interaction in the white

chocolate matrix, and thus the amount of stress required to

initiate chocolate flow become higher as indicated by a

high Casson yield stress value. A high particle interaction

can form aggregation and gritty lump resulting in a high

Casson viscosity (Saputro et al. 2016). However, in this

study a gritty lump was not formed. After flowing, the

cinnamon essential oil did not change the internal friction

of particles in the white chocolate matrix as indicated by a

stable Casson viscosity value. This phenomenon may be

because the small amount of cinnamon essential oil added

to the chocolate formula was not sufficient to give a sig-

nificant impact on the internal friction during chocolate

flow. During the shear, the particle interaction broke, and

accordingly the difference between the shear rate value at

5 s-1 during the ramp up and the ramp down treatment

became higher, resulting in a high thixotrophy value.

Hardness and melting profile

Hardness and melting profile are essential quality attributes

of chocolate intensely related to organoleptic perception.

Hardness describes the stiffness and the degree of ‘snap’ of

chocolate while melting profile demonstrates the melting

behaviour of chocolate in the mouth (Saputro et al. 2016;

Muhammad et al. 2018). Figure 4a shows that the incor-

poration of cinnamon essential oil at a level of 0.1% did not

alter the textural properties and the melting profile of white

chocolate. Even though cinnamon essential oil may create

a particle–particle interaction in the white chocolate

matrix, the level of interaction was insufficient to alter the

hardness of the white chocolate. Figure 4b illustrates the

typical melting profile of the white chocolate control and

the white chocolate incorporated with cinnamon essential

oil. Three endothermic peaks were observed which are

attributed to the melting point of milk fat, cocoa butter and

sugar (Muhammad et al. 2018). Based on the data inte-

gration, no remarkable difference was observed on the

value of Tonset (the temperature at which a specific crystal

form starts to melt), Tmax (the temperature at which melting

rate is highest), width (peak width at half height) and

enthalpy (the amount of latent heat absorbed during melt-

ing) between the two types of chocolates. Both type of

chocolates had a Tmax in the range of 32–34 �C indicating

that the chocolates were well-tempered, and thus it had a

good melting behaviour in the mouth.

Appearance

Colour and appearance is a pivotal parameter in chocolate

since it give the first impression on the quality of the

product to the consumer and thus strongly influences the

product acceptability (Popov-Raljic and Lalicic-Petronije-

vic 2009). Table 2 shows that the incorporation of cinna-

mon essential oil resulted in no remarkable change in the

colour properties of white chocolate, particularly on the L*

and b* values. A slight difference was observed on the a*

value, and thus resulted in a slight alteration on the

whiteness index. Nonetheless, the discrepancy between the

colours of those two samples would not be observable by

consumers since they had a relatively similar chroma

value. Moreover, it was shown that the degree of difference

(DE) was only at a level of 0.9. According to Muhammad

et al. (2018), colour differences are not obvious for the

human if the DE is lower than 3.

Conclusion

Adding cinnamon essential oil is a strategically and tech-

nologically feasible approach to improve antioxidant

activity. The essential oil of cinnamon (C. burmannii

Blume) contains a wide range of typical volatile com-

pounds constituting the cinnamon aroma, such as cin-

namaldehyde, a-pinene, a-copaene, bornyl acetate,

limonene and linalool, and exhibited antioxidant activity.

There is no remarkable difference between the white

chocolate control and the white chocolate containing cin-

namon essential oil in terms of hardness, melting profile

and appearance. Even though there were some deviating

behaviour of the enriched chocolate in rheological prop-

erties, the differences were not significant and are not

insuperable in industrial application. The antioxidant

activity of cinnamon essential oil might contribute to retard
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the oxidation process of white chocolate, and thus might

help to extend the shelf-life of the chocolate. To challenge

this hypothesis, further studies focusing on the oxidation

process of white chocolate enriched with cinnamon

essential oil are required. Since essential oil is volatile, it

would have been interesting to study the shelf-stability of

the white chocolate in relation to antioxidant activity in the

function of time. It might be also interesting to investigate

the effect of cinnamon essential oil incorporation on the

sensorial properties and the consumer acceptance of white

chocolate as cinnamon essential oil might alter the odour

profile of white chocolate.
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