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Abstract 

This research was conducted to determine the optimum fermentation time ofcinnamon (Cinnamomum burmannii) 

bark usingAspergillus awamori to degrade lignocellulose content in the cinnamon bark. Aspergillus 

awamoriinoculum, 108 cells/g, was added to the substrate and the fermentation was carried out at 25-30°C, ~0 

W/cm2 light intensity and ~99% humidity for 0, 3, 6, and 9 days. Before the fermentation, the cellulose, 

hemicellulose, and lignin content in the cinnamon bark substrate were 15.37%, 27.83%, and 48.04%, respectively. 

The biggest decrease of cellulose, hemicellulose, and lignin occurred after 9 days of fermentation: 12.37%, 16.55%, 

and 39.95%, respectively. Cinnamon oil extraction was carried out using hydrodistillation, maceration and Soxhlet 

methods. The yield of cinnamon oil after 9 days of fermentation using the hydrodistillation, maceration and 

Soxhlet methods were 2.09%, 2.47%, and 3.01%, respectively. Composition of the cinnamon oilwas analysed using 

Gas Chromatography - Mass Spectrometry. The cinnamon oil primarily composed of cinnamaldehyde, and the 

concentration varies with fermentation time and extraction methods. A mathematical model was also developed 

to determine the diffusion coefficient of cinnamon oil during the extraction process that can be used predict the 

cinnamon oil yield. The results indicate that a higher diffusion coefficient of 2.36 x 10-11 m2/s was obtained for the 

hdyrodistillation method, followed by Soxhlet (1.44 x 10-11 m2/s) and maceration (1.42 x 10-12 m2/s). The 

mathematical model can predict the cinnamon oil yield for all extraction methods reasonably well.  
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1. Introduction 

Cinnamon is a type of spice obtained from the bark of plants within the genus Cinnamomum and 

belongs to the Lauraceae family [1]. There are several species of cinnamon available in the market; 

among them are Cinnamomum zeylanicum, Cinnamomum burmannii, and Cinnamomum cassia [2]. 

Cinnamon plants have a lot of applications in different areas. Cinnamon leaves can be used as pesticides, 

its wood can be used as building materials and to make particle board, meanwhile its bark, which is 
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most widely avialable, can be used as flavor, perfume base, and as an ingredient in pharmaceutical 

products [3]. 

 

Indonesia, China, Sri Lanka, and Vietnam are the main suppliers of cinnamon in the global market. All 

four countries supply up to 99% of the world's demand for cinnamon. Indonesia is the world's largest 

supplier of cinnamon with a total production of 87,130 tons in 2017 [4]. Cinnamon plantations in 

Indonesia are centered in West Sumatra Province, especially in Kerinci Regency, and are also present in 

Aceh, North Sumatra, Bengkulu, West Java, and East Java. Nevertheless, most of the cinnamon 

production in Indonesia is still at the upstream level. This is a problem because the export price of 

cinnamon has decreased every year, reaching USD 0.17/kg in 2008 due to excessive availability [3]. One 

of the efforts that can be made to overcome the excess supply of cinnamon is by processing cinnamon 

into its derivative products, such as cinnamon oi that causes the fragrant aroma of cinnamon [6].  

 

Essential oils have many beneficial properties, including antiseptic, antispasmodic, and other health 

benefits. In addition, essential oils are also widely used in food and cosmetics, especially in the 

production of perfume [7]. Cinnamon oil is widely produced throughout the world with the largest 

producer being Sri Lanka [8]. The market price of cinnamon oil is relatively high compared to barley 

cinnamon, around USD 29-34/kg [9]. This high price can provide added values for the excess stock of 

cinnamon in Indonesia.  

 

Essential oils can be extracted through variousextraction methods such as supercritical extraction and 

solvent extractionas well as distillation [10]. A typical issue in the extraction of essential oil is its 

relatively low yield. Extraction of essential oils using asteam distillation method produces a yield of 1.23-

2.95% [1,9] whereasahydrodistylation method produces a yield of 1.7-3.1% [11,12], while the yield for 

Soxhlet extraction and maceration have been reported as 3,83% [1] and 2.28% [13], respectively. A 

higher yield of cinnamon oil can be achieved by optimizing the operating conditions of the extraction 

process or through initial treatment/pre-treatmentof the substrate. 

 

Pre-treatment of the substrate can be carried out in the form of drying or degradation of components 

within the cell wall of the substrate [14]. Plant cell walls are composed of lignin, cellulose, and 

hemicellulose[15]. Degradation of these compounds can facilitate better contact between solvent and 

essential oil components present in the cell. Enzymes can be used to degrade compounds of thecell 

walls. Aspergillus awamori is one type of microorganisms capable of producing enzymes that can 

degrade lignocellulosic compounds or delignify cell walls [16]. Aspergillus sp. can reduce the 

lignocellulose content of a biomass up to 22.6% for lignin, 38.3% for cellulose, and 18.9% for 

hemicellulose [17]. 

 

Pre-treatment in the form of degradation of lignocellulosic compounds by Aspergillus awamori can 

degrade the lignocellulosic content of cinnamon bark to increase the yield of cinnamon oil. Hence, this 

study was conducted to determine the effect of biodegradation of cinnamon bark by Aspergillus 

awamori on the yield and composition of cinnamon oil. In addition, mathematical modeling of cinnamon 

oil extraction was also carried out to determine the diffusion coefficient and predict the cinnamon oil 
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yield extracted using different methods particularly hydrodistillation, maceration and Soxhlet extraction 

methods. 

 

2. Materials and Methods 

 

2.1 Materials 

Cinnamomum burmannii bark samples were obtained from Gambung Tea and Tea Plantation Center 

(PPTK), Bandung Regency, West Java whereas Aspergillus awamori, potato dextrose agar, sodium 

chloride, n-hexane, sulphuric acid, dichloromethane, distilled water and aquades were obtained School 

of Life Sciences,InstitutTeknologi Bandung, West Java, Indonesia. 

 

2.2 Preparation of Cinnamon Bark 

Fresh cinnamon bark was cleaned of its outer skin and vegetation. Cinnamon bark was then cut to about 

3 x 3 cm and sterilized using ultraviolet light for 30 minutes [18]. 

 

2.3 Preparation of Aspergillus awamori Inoculum 

Pure culture of Aspergillus awamoriwere subcultured to a potato dextrose agar (PDA) medium in 

reaction tubes using inoculation needles aseptically. The cultures were incubated at room temperature 

(25°C) for 7 days. After 7 days, 5 ml of NaCl solution was added into the reaction tubes to harvest 

Aspergillus awamori before being transferred to a chemical glass. Determination of the number of cells 

was done using ahemocytometer method [19]. 

 

2.4 Solid State Fermentation of Cinnamon Bark 

Approximately 100 g of Cinnamon bark was placed in a fermentation tray. Each tray was given a solution 

of 108 Aspergillus spores/g of cinnamon bark substrate. After that, aquadeswas added with a 1:1 ratio 

with respect to the cinnamon bark.Small holes were provided at the bottom of the tray for drainage. 

The fermentation tray was covered with a plastic to maintain a low light intensity (~0 W/m2). The 

fermentation was performed at room temperature (25–27°C) for 0, 3, 6, and 9 days [17]. 

 

2.5 Measurement of Lignocellulose Content 

Measurement of lignocellulose content in the cinnamon bark was carried out using a Chesson-Datta 

method [20]. Approximately 1 g of cinnamon bark was weighed (a). A total of 150 ml of distilled water 

was added to the sample and heated using a water bath at 90-100°C for 1 hr. The mixture was filtered, 

and the residue was rinsed with 300 mlof distilled water. The sample was then dried with an oven until a 

constant was obtained (b). The dry residue was mixed with 150 ml of H2SO4 1 N while heated using a 

water bath at 90-100°C for 1 hour. The mixture was given the same treatment as in the previous mixture 

until a constant weight was obtained (c). The dried residue was then mixed with 10 ml of 72% H2SO4 for 

4 hr at room temperature(25–27°C). The mixture was then mixed with 150 ml H2SO4(1 N) and refluxed 

for 1 hr. After that, the solid compound obtained was rinsed with 300 ml of distilled water then dried 

using an oven at 105°C until a constant weight was attained (d). The solid was then heated in a furnace 

until it became ash and was weighed (e). The composition of lignocellulose was then calculated using 

equation (1), (2), and (3). 
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% cellulose =
(c) (g) −(d) (g)

(a) (g)
 × 100%........................(1) 

% lignin =  
(d) (g) −(e) (g)

(a) (g)
× 100%..........................(2) 

% hemicellulose =  
(b) (g) −(c) (g)

(a) (g)
× 100%...............(3) 

 

2.6 Drying of Cinnamon Bark 

Fresh cinnamon bark that had been removed from the stalk was dried using an oven until it reached a 

moisture content of 35-45% for extraction of cinnamon oil [9]. The water content of cinnamon bark was 

calculated using equation (4). 

 

Moisture content (%) =  
cinnamon bark mass (g)

fresh cinnamon bark mass (g)
× 100%........(4) 

 

2.7 Extractionof Cinnamon Oil  

Extraction of cinnamon oil was carried out using four different methods particularly steam distillation, 

hydrodistillation, maceration and Soxhlet extraction. For steam and hydrodistillation, approximately 40 

g of cinnamon bark wasused, and the steam distillation was carried out at 90-100°Cfor 4 hr. After that, 

the distillate was separated using a separatory funnel and mixed with 30 ml of dichloromethane (DCM) 

and shaken for 1 min followed by separation of the organic phase at the bottom part of the funnel. The 

processes were repeated 3 times until all the essential oil in the distillate had been dissolved in the DCM 

followed by evaporation using a rotary vacuum evaporator to evaporate the DCM[12]. 

 

As for maceration, approximately 30 g of cinnamon bark was immersed in a glass chamber containing 

180 ml of n-hexane and stirred using a shaker at 150 rpm for 24 hr.  After that, the mixture was filtered, 

and the n-hexane was evaporated using a rotary evaporator at 60°C. The remaining semi-solid 

compound (concrete) was reconstituted with 20 ml of n-hexane. The solution was heated at 75°C and 

simultaneously stirred for 5 min and then filtered. The solution was stored at -18°C to -35°C and then 

filtered by a cold filtration method. The n-hexane was evaporated again with a rotary evaporator and 

the remaining solution was allowed to evaporate at room temperature (25–27°C) until the remaining n-

hexane evaporated.  

 

As for Soxhlet extraction, approximately 30 g of cinnamon bark was extracted using 150 ml of n-

hexanefor 3 hr followed by evaporation using a rotary vacuum evaporator, resulting in a semi-solid 

(concrete) solution. The concrete was then dissolved in 10 ml of ethanol until it was completely 

dissolved and then heated at 50ºC using an electric stove. The concrete was stored in a freezer at -20ºC 

until the wax solidified. After that, the concrete was filtered to separate the waxy substance and the 

mixture of cinnamon oil and ethanol. The filtered product was then evaporated at 40°C until all the 

ethanol has evaporated [1,6]. All the extracted cinnamon oil was stored in a dark botlle for further 

analysis. Cinnamon oil yield was determined using equation (5). 
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Yield (%) =  
mass of cinnamon oil (g)

mass of cinnamon bark (g)x(100−moisture content)
× 100%........(5) 

 

2.8 Cinnamon Oil Composition Analysis 

The composition of cinnamon oil was analyzed using a Gas Chromatography - Mass Spectrometry (GC-

MS) method at the Central Forensic Laboratory, Police of the Republic of Indonesia. The GC-MS 

equipment consists of an oven, back inlet, and capillary column. The oven was operated at 80 ° C for 30 

min. The back inlet was operated using a split method with a split ratio of 30:1. The capillary column 

contains 5% phenyl methyl silox. The capillary column has a length of 30 m, a diameter of 0.25 mm, and 

a thickness of 0.25 µm. The analysis of the composition of cinnamon oil was carried out based on the 

database of National Institute of Standards and Technology. 

 

2.9 Determination of Diffusion Coefficient for Extraction of Cinnamon Oil 

A mathematical model was developed out to determine the diffusion coefficient for extraction of 

cinnamon oil using a second Fick's law of diffusion[22] as shown in equation (6).  

 
dφ

dt
(

g

cm3s
) =  D(

cm2

s
)

d2φ 

d2x
(

g

cm5  ) .................................(6) 

 

whereD is the diffusion coefficient (cm2/s), φ is the concentration (g/cm3), and x is the position 

(cm).Relevant assumptions used in constructing the model to determine the diffusion coefficient for 

extraction of cinnamon oil are as follows: 

1. The value of Dis constant 

2. There is no diffusion resistance in the solution around the particles 

3. There is no oil concentration on the particle surface due to washing by solvent 

4. The concentration of oil in the particles is uniform 

5. The geometry of the plate-shaped particles is uniform with a thickness of L 

6. The diffusion process occurs in 1 dimension 

Equation (6) can be derived using the number of exponential decays to yield equation (7)to compare the 

experimental values with those based on the model. This model is valid for the acquisition value when t 

is greater than 0. 

 
Mt(%)

M∞ (%)
= 1 − Ae(−B(s−1) x t(s))...................................(7) 

 

whereMt is the yield at time t, M∞ is the yield at steady state, A is the model constant (A = 8/π2 for plate 

geometry), t is time, and B is the diffusion rate constant. Equation (7) can be simplified to equation (8) 

by changing the yield fraction of cinnamon oil to a constant E [23]. 

 

E = 1 −
Mt(%)

M∞(%)
 = Ae(−B(s−1) x t(s)) 

ln E = ln A − B(s−1) x t (s) ....................................(8) 
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Parameter Bwas determined using a curve fitting feature on MATLAB® based on equation (8). The value 

of parameter Bwas used to determine the value of D, the diffusion rate coefficient that can be 

determined using equation (9), where L is the particle width used in this study (1.25 x 10-3 m)[24]. 

 

D (
cm2

s
) =

B(s−1) x L(cm)2

π2  .........................................(9) 

 

3. Results and Discussion 

3.1 Effect of Different Extraction Methods on Cinnamon Oil Yield  

Essential oil is typically produced using a steam distillation method. In this study, different extraction 

methods were used to extract essential oil from unfermented cinnamon bark and the results are shown 

in Table 1. Extraction of cinnamon oil using the steam distillation method produces a cinnamon oil yield 

of 1.17%, which is lower than previously reported cinnamon oil yield of 3.2% (dry weight) [9]. This 

difference can be due to the smaller particle size of the cinnamon bark used in the previous study. 

Smaller particle sizes will have a larger surface area so that the diffusion rate is higher and consequently 

lead to a higher yield [25]. From Table 1, it can be observed that cinnamon oil yield of the 

hydrodistillation method (1.37%, dry weight) is higher than the steam distillation method. This is 

because in the hydrodistillation method, the substrate was immersed in water and consequently has a 

better contact with the solvent as compared to the steam distillation method. It has been reported that 

increasing the contact time between the substrate and the solvent will increase the yield [26]. 

 

Table 1 Cinnamon oil yield for diffrent extraction methods 

 

Method Yield (% dry weight) 

Steam distillation 1.17 ± 0.22 

Hydrodistillation 1.37 ± 0.31 

Maceration 0.94 ± 0.35 

Soxhlet 1.96 ± 0.13 

 

A lower cinnamon oil yield 0.94% (dry weight) was obtained from the maceration method. Two– stage 

maceration with ethanol as a solvent may further increased the cinnamon oil yield as reported in 

another study [13]. Hoewever, the use of ethanol as a solvent may extact other non-volatile ompounds 

together with the volatile compounds, thereby reducing the quality of the extracted oil [21].Cinnamon 

oil extracted by the Soxhlet extraction method using n-hexane as the solvent produced a higher yield 

than the distillation method. The results resemble the findings in previous studies that extraction of 

cinnamon oil using Soxhlet extraction produces a higher yield as compared to the steam distillation 

method [1,6]. As such is due to the much greater solubility of cinnamon oil in n-hexane as compared to 

water [24]. 

 

3.2 Effect of Fermentation on Lignocellulose Content of Cinnamon Bark and Cinnamon Oil Yield 
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The effect of solid-state fermentation of cinnamon bark with Aspergillus awamori on lignocellulose 

content of cinnamon bark and cinnamon oil yield are shown in Figure 1-2. From Figure 1, it can be 

observed that thelignocellulosic contentof the cinnamon bark shows a decreasing profule with 

increasing fermentation time. As such demonstrates that the Aspergillus awamori able to degrade 

lignocellulose in the cinnamon bark into simpler compounds. Initially, the lignin content in the 

unfermented cinnamon bark was 51.14% gradually decreased to 39.95% after 9 days of fermentation. 

The highest decrease of lignin was observed between day 3 and 6, most probably due to the presence of 

laccase enzyme secreted by Aspergillus awamori. that typically reaches it highest activity after 

fermentation for 6 days [27,28].  

 

Prior to fermentation, hemicellulose content in the cinnamon bark was 27.83%. The value gradually 

dereased to 16.55% after fermentation for 9 days with the highest decreased occurred between day 3 

and day 6. As such is most probably due to the presence of xylanase enzyme secreted by Aspergillus 

awamori that typically reaches it highest activity after fermentation for 5 days [29,30]. The reduction in 

hemicellulose content was greater than that of other lignocellulosic compounds. This happened because 

Aspergillus awamori is a soft rot fungus that can attack carbohydrates in wood more effectively by 

forming holes in the secondary cell walls and causing erosion of the entire secondary cell wall [31].In 

contrast to ligin and hemicellulose, cellulose content in the cinnamon bark only slightly decreased from 

15.37% to 13.20% after fermentation for 3 days and became stagnant at 12.37-12.67% after 

fermentation for 9 days wnich may be due to the limited amount of of cellulose degrading enzyme 

secreted by Aspergillus awamori during the fermentation process [32,33].  

 

 
 

Figure 1 Effect of fermentation time by Aspergillus awamori on lignocellulose content in cinnamon bark 

 

Figure 2 shows that the yield of cinnamon oil continues to increase along with an increasing 

fermentation time for all extraction methods, reaching a maximum yield of 3.01%, 2.09%, and 2.47% dry 

weight after 9 days of fermentation for extraction of cinnamon oil using Soxhlet, hydrodistillation, and 

maceration, respectively. As such indicates that solid-state fermentation of the cinnamon bark with 

Aspergillus awamori able to degrade the lignocellulosic components of the cell wall and facilitate better 
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mass transfer for the extraction of cinnamon oil [34].A higher cinnamon oil yield obtained by the Soxhlet 

extraction may be due to the reflux of solvent casusing the solvent not to be saturated with the 

dissolved material. Unsaturated solvents can extract more dissolved material because there is a larger 

concentration gradient that can increase the mass transfer rate between the solvent and the dissolved 

material [35]. Figure 2 also shows that the maceration method produces a higher yield than the 

hydrodistillation method. As such may be due to the use of non-polar organic solvent particularly n-

hexane. Cinnamon oil is non-polar so its solubility in n-hexane is higher than in water [36]. 

 

 
 

Figure2 Effect of fermentation with Aspergillus awamori on cinnamon oil yield for different extraction 

methods 

 

3.3 Characterization of Cinnamon Oil 

Relevant properties of cinnamon oil were characterized and compared with the Indonesian 

NastionalStandard (SNI) and the results are shown in Table 2. The color and aroma of cinnamon oil 

obtained in this study are already in accordance with the SNI 06-3734-2006 however the density is 

slightly larger. The cinnameldehyde content also satifies a minimum requirement of 50%. Table 3 

presents the effect of fermentation of cinnamon bark with Aspergillus awamori on the cinnamaldehyde 

content in cinnamon oil extracted using different methods. In general, the cinnamaldehyde content 

varies for different extraction methods and tend to decrease upon fermentation. Nevertheless, the 

cinnamaldehyde content still lies in the range 42.23-96.01% as reported in previous studies 

[1,37,38].The lower cinnamaldahydecontent for fermented samples could have been caused by the 

presence of other compounds that are also extracted due to the degradation of the lignocellulosic 

compounds in the sample causing more compounds to be extracted.  The number of identified 

compounds also varies with an increasing fermentation time as shown in Table 3. As such because the 

composition of essential oil is highly influenced by various factors including internal and external factors 

that can cause the composition of cinnamon oil to vary even though the substrate of cinnamon comes 

from the same source [39].  

 

Table 2 Physical dan chemical properties of cinnamon oil 
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Property Experiment Result SNI 06-3734-2006 

Color Dark yellow Pale yellow 

Aroma Cinnamon Cinnamon 

Density (g/mL) 1.032-1.063 1.008-1.030 

Cinnamaldehyde content 

(%) 

53.63-93.19% Minimuml 50% 

 

From Table 3, it can also be observed that cinnamon oil extracted via the hydrodistillation method 

contains more ketones and carboxylic acidswhereras cinnamon oil extracted via the Soxhlet method 

contains more alcoholic compounds. Meanwhile, cinnamon oil extracted via the maceration method 

contains more sesquiterpene compounds. These differencesmay be caused by the different solvent used 

in the respective methods. Carboxylic acids and ketones are are easily soluble in water, hence they can 

be extracted well using the hydrodistillation method. The sesquiterpene compoundsare practically 

insoluble in water and consequentlymore available when extracted using n-hexane via the maceration 

and Soxhlet extraction. 

 

Table 3 Effect of fermentation with Aspergillus awamori on the composition of cinnamon oil for 

different extraction methods 

 

Compound 

Fermentation time (day) 

0 3 6 9 

HD1 S2 M3 HD1 S2 M3 HD1 S2 M3 HD1 S2 M3 

Cinnamaldeh

yde 

80,

73 

93,

19 

73,

74 

60,

78 

74,

11 

68,

75 

53,

63 

73,

38 

63,

27 

76,

05 

79,

68 

73,

5 

trans-

Cinnamic acid n.d n.d n.d 

33,

19 n.d 

4,8

9 

30,

48 n.d n.d 

18,

64 n.d n.d 

Benzaldehyde 0,5

6 n.d n.d 

1,9

5 n.d 

1,3

7 

4,6

2 n.d 

1,8

2 

1,1

1 n.d n.d 

3-

Phenylprop-

2-enoic acid 

15,

44 n.d n.d n.d n.d n.d n.d n.d 

16,

32 

0,1

9 

1,6

2 n.d 

Benzenacetal

dehyde 0,6 n.d n.d 

0,9

1 n.d n.d 

1,5

7 n.d 

1,2

5 

0,8

1 n.d n.d 

Acetophenon

e n.d n.d n.d n.d n.d n.d 

0,5

1 n.d n.d n.d n.d n.d 

3-

Phenylfuran n.d n.d n.d n.d n.d n.d 

1,1

1 n.d n.d n.d n.d n.d 

Chalcone 

n.d n.d n.d n.d n.d n.d 

0,2

3 n.d n.d n.d n.d n.d 

1,4-diphenyl-

1,4- n.d n.d n.d n.d n.d n.d 

2,6

9 n.d n.d n.d n.d n.d 
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Butanedione 

α-Cubebene 

n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d 

0,5

5 

δ-Cadinene 

n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d 

0,3

8 

Cinnamaldeh

yde dimethyl 

acetal n.d n.d 

21,

6 n.d 

20,

94 

12,

81 n.d 

24,

95 

5,4

8 n.d 

13,

59 

23,

0 

Caryophyllen

e oxide n.d n.d n.d n.d n.d n.d n.d 

0,1

1 n.d n.d 

0,2

2 

0,2

5 

Benzaldehyd

e dimethyl 

acetate n.d n.d 

3,1

2 n.d n.d 3,6 n.d n.d 

3,2

7 n.d n.d n.d 

Benzeneprop

anol n.d n.d n.d n.d 0,5 n.d n.d n.d n.d n.d n.d n.d 

3-Phenyl-2-

propen-1-ol n.d n.d n.d n.d 

0,3

7 n.d n.d n.d n.d n.d n.d n.d 

α -Terpineol n.d n.d n.d n.d n.d n.d n.d 0,2 n.d n.d n.d n.d 

Others 2,6

7 

6,8

1 

1,5

4 

3,1

7 

4,0

8 

8,5

8 

5,1

6 

1,3

6 

8,5

9 3,2 

4,8

9 

2,3

2 

Note: 1Hydrodistillation 2Soxhlet; 3Masceration; n.d : not detected 

 

 

3.4 Estimation of Cinnamon Oil using a Mathematical Model 

Extraction of cinnamon oilis highly influenced by the diffusion rate caused by a concentration gradient. 

In this study, thediffusion rate constant and diffusion coeffiecient for different extraction methods were 

determined using Fick's Second Law and the results are shown in Table 4. The diffusion rate constant 

varies from 9 x 10-6 s-1to 1.49 x 10-4 s-1 whereas the diffusion coefficient varies from 1.42 x 10-12m2s-1to 

2.26 x 10-11m2s-1. The results show that the diffusivity rate of the hydrodistillation and Soxhlet methods 

are greater than the maceration method. This could have been caused by the application of heat for the 

hydrodistillation and Soxhlet methods, while the maceration method was operated at room 

temperature. In general, the rate of diffusion is influenced by the movement of molecules. Hence, 

application of heat will increase the movement of the molecules, thus increasing the diffusion rate 

[40].The diffusion rate constant and diffusion coefficient can be used to develop a model to estimate the 

cinnamon oil yield and the results are shown in Figure 3. The figure illustrates that at any time greater 

than 0, the model can predict the cinnamon oil yield reasonably well for hydrodistillation, Soxhlet and 

maceration.  

 

Table 4 Diffusion rate constant and diffusion coeficientfor extraction of cinnamon oil using different 

methods 

 

https://webbook.nist.gov/cgi/cbook.cgi?ID=17699-14-8
https://pubchem.ncbi.nlm.nih.gov/compound/12306054
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Method Diffusion rate constant (s-1) Diffusion coefficient (m2s-1) 

Hydrodistillation 1.49 x 10-4 2.36 x 10-11 

Maceration 9.00 x 10-6 1.42 x 10-12 

Soxhlet 9.15 x 10-5 1.44 x 10-11 

 

 
 

Figure 3 Comparison of experimental and modelled cinnamon oil yield over time 

 

Conclusion 

Solid-state fermentation of cinnamon bark using Aspergillus awamori able to decrease the lignocellulose 

content and increased the cinnamon oil yield. The biggest decrease of cellulose, hemicellulose, and 

lignin occurred after 9 days of fermentation: 12.37%, 16.55%, and 39.95%, respectively. The yield of 

cinnamon oil after 9 days of fermentation using the hydrodistillation, maceration and Soxhlet methods 

were 2.09%, 2.47%, and 3.01%, respectively. The cinnamon oil primarily composed of cinnamaldehyde, 

and the concentration varies with fermentation time and extraction methods. A mathematical model 

has been successfully to determine the diffusion coefficient of cinnamon oil during the extraction 

process and can be used predict the cinnamon oil yield. The results indicate that a higher diffusion 

coefficient of 2.36 x 10-11 m2/s was obtained for the hdyrodistillation method, followed by Soxhlet (1.44 

x 10-11 m2/s) and maceration (1.42 x 10-12 m2/s). The mathematical model also can predict the cinnamon 

oil yield for all extraction methods reasonably well.  
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