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Abstract Subcritical extraction was optimized to maxi-

mize the extraction yield of flavoring compounds from

cinnamon. The extracts of cinnamon were obtained at three

different levels of extraction temperature (110–130 �C),
time (20–60 min), and pressure (20–40 bar). Response

surface methodology was used in order to optimize the

subcritical extraction process. The suitability of each

independent variable in the second-order polynomial

regression model was evaluated on the extraction yield and

flavoring compound contents. For optimum extraction

yield, the optimum temperature, time, and pressure were

determined as 130 �C, 60 min, and 26.63 bar, respectively.

The contents of the flavoring compound predicted at opti-

mum conditions were as follows: 10.01 mg/g at 110 �C,
20 min, and 20 bar for coumarin; 4.95 mg/g at 110 �C,
20 min, and 32 bar for cinnamic acid; 55 mg/g at 110 �C,
34.62 min, and 37 bar for cinnamldehyde; and 4.92 mg/g

at 110.9 �C, 20 min, and 20 bar for cinnamyl alcohol.

Keywords Subcritical extraction process � Cinnamon �
Response surface methodology � Optimization � Regression
equation

Introduction

The recent emergence of health-oriented social trends such

as well-being and LOHAS (lifestyles of health and sus-

tainability) has occurred due to the increase in life quality,

life extension, the entry of a super-aged society, and

improved living standards. Under the influence of this

trend, the interest in and development of health functional

foods have increased. Cinnamon is a medicinal herb made

from the tree belonging to the genus Cinnamomum (Lin

et al., 2015). It is used as herbal medicine for people who

are weak in constitution and has been used to improve

gastrointestinal disease and other ailments (Cao and

Anderson, 2011; Kim et al., 2006; Qin et al., 2010). In

addition, whole or ground cinnamon or extracts obtained

from its leaves or bark can be added to food as a spice or

for nutraceutical properties, such as antioxidant and

preservative properties (Lv et al., 2012; Setthaaraksa et al.,

2012; Van Haute et al., 2016).

Subcritical extraction can be used to extract active

ingredients such as flavonoids and antioxidants from nat-

ural raw materials because it promotes the rate of mass

transfer by involving phase transitions, which promotes

cell permeability as well as the diffusion of secondary

metabolites (He et al., 2012; Plaza et al., 2010). In addition,

the application of subcritical extraction has been gradually

increased as an alternative technology to conventional

organic extraction for solving the problems such as low

extraction rate, long extraction time, and remaining toxic

organic matter (Khuwijitjaru et al., 2012). Optimum

& Yong-Jin Cho

yjcho@kfri.re.kr

Jaeyoon Cha

chajaeyoon@dau.ac.kr

Chong-Tai Kim

ctkim@ieasthill.com

Tae-Eun Kim

tekim@kfri.re.kr

1 Department of Food Science and Nutrition, Dong-A

University, Busan 49315, Korea

2 Korea Food Research Institute, Wanju, Jeollabuk-do 55365,

Korea

3 Department of Molecular Biology, Dankook University,

Cheonan, Chungnam 31116, Korea

123

Food Sci Biotechnol (2019) 28(6):1703–1711

https://doi.org/10.1007/s10068-019-00616-6

http://crossmark.crossref.org/dialog/?doi=10.1007/s10068-019-00616-6&amp;domain=pdf
https://doi.org/10.1007/s10068-019-00616-6


subcritical extraction conditions vary greatly depending on

the raw materials. The optimum temperature for the

extraction of anthocyanin from red grape skin was found to

be 100–110 �C (Corrales et al., 2008). The maximum

extraction rate of phenolic compound lignan from flaxseed

happened at 160 �C and 5.2 MPa using subcritical extrac-

tion (Kanmaz, 2014).

Response surface methodology (RSM) is a combination

applying mathematical and statistical techniques together

to build an empirical model. RSM was developed to model

one or more responses that varied depending on experi-

mental parameters (Box and Wilson, 1951). One of the

advantages of RSM is that it can statistically provide

acceptable results with fewer experimental runs compared

to a full factorial design (Tan et al., 2009). In addition,

RSM can determine the combination of multiple factor

levels that generate an optimum response. In the response

surface analysis, when estimates varying in accordance

with the parameters are expressed in a three-dimensional

space, the maximum or minimum points on the surface are

determined as the optimum conditions (Myers and Mont-

gomery, 1995). The application of RSM to design opti-

mization is aimed at reducing the cost expensive analysis

methods and their associated numerical noise. RSM has

been applied to establish optimal process conditions for the

extraction processes in food-related studies (Kim et al.,

2014; Lim et al., 2002; Nikrooz and Zandrahimi, 2011).

The objectives of this study were (1) to identify the

effects of extraction conditions for extraction yield and the

contents of flavoring compounds such as coumarin, cin-

namic acid, cinnamaldehyde, and cinnamyl alcohol

extracted from cinnamon using RSM, (2) to identify the

regression equations to predict the extraction yield and the

contents of flavoring compounds, and (3) to determine the

optimum conditions of subcritical extraction for the

extraction yield and the contents of flavoring compounds

from cinnamon. The optimization parameters tested were

extraction temperature, time, and pressure.

Materials and methods

Materials

The cinnamon (cultivated in Korea) used in this study was

supplied from Cheonho Bio Co. (Seoul, Korea). The

reagents used for the flavoring compound analysis were

purchased from Sigma (Sigma Aldrich Co., St. Louis, Mo.,

USA) as standard products of coumarin, cinnamic acid,

cinnamaldehyde, and cinnamyl alcohol.

General assay

The moisture content of the sample was measured using a

dry oven method (AOAC, 1995). The samples were dried

in a dry oven at 105 �C for 16 h, then cooled in a desic-

cator for 30 min before the moisture content was measured.

According to the semi-micro Kjeldahl method, Se (sele-

nium) mixed catalyst and 95% sulfuric acid solution were

added to the sample. Next, the sample solution was dis-

assembled until it became completely transparent. The

crude protein content was measured using a Tecator

digestion system (2006 Digestor, Foss, Hilleroed, Den-

mark) and Kjeltec auto sampler system (1035 analyzer,

Foss, Hilleroed, Denmark). According to the Soxhlet

extraction method, the crude fat was extracted with solvent

ether for 16 h using an EAM 9202-03 extraction device

(Injae Scientific Co., Seoul, Korea). The ether was then

completely evaporated. Finally, after drying for 2 h at

105 �C dryer, the crude fat content was measured.

Subcritical extraction process

The subcritical extraction system, which was composed to

set the optimal extraction conditions for cinnamon, was

designed and fabricated by a manufacturing company (In-

noway Co., Seoul, Korea). Figure 1 shows the schematic

diagram of the subcritical extraction system. Extractions

were performed at 13 different extraction conditions by

combining three different levels of extraction temperature

(�C), time (min), and pressure (bar). Thirty grams of the

pulverized cinnamon was mixed with 10 times distilled

water (w/v) to the amount of dried cinnamon in the sealed

extraction pressure vessel connected to a heat exchanger

and gas pump. After setting the specified pressure of the

extraction vessel with distilled water and air using a pres-

sure pump, the extraction vessel was heated to specified

extraction temperature by an electric heating chamber

around the vessel. The electric heating chamber was con-

trolled using a temperature sensor equipped to the vessel.

The extraction system was rinsed between extractions in

order to overcome any extract carryover. The extraction

condition of each experimental run is shown in Table 1.

The extracts were centrifuged at 11,0009g and 4 �C for

5 min, then filtered through a filter paper (Whatman No. 4,

Sigma-Aldrich, Maidstone, England). The supernatant

obtained was lyophilized and used as the sample for

analysis.

Measurement of extraction yield and flavoring

compound analysis

The extraction yield was determined by dividing the weight

of the lyophilized extract by the dry weight of the sample
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and it is expressed as a percentage. The lyophilized cin-

namon extract was dissolved in distilled water to a con-

centration of 1 mg/mL, then sonicated for 60 min. After

filtering through a 0.45 lm PVDF syringe filter, it was used

as extract sample for flavoring compound analysis. The

standard products of coumarin, cinnamic acid,

Fig. 1 The schematic diagram of the subcritical extraction system

Table 1 Box–Behnken design

and the response for the

extraction yield and the content

of cormarin, cinnmic acid,

cinnamaldehyde, and cinnamyl

alcohol from Cinnamomum

cassia blume by subcritical

extraction process

Run no. Independent variables Dependent variables (%)

Coded values Uncoded values

X1 X2 X3 X1 (�C) X2 (min) X3 (bar) Y1 Y2 Y3 Y4 Y5

1 - 1 - 1 0 110 20 40 7.61 15.02 4.91 53.73 4.49

2 1 - 1 0 130 20 40 12.79 8.34 2.86 23.00 3.32

3 - 1 1 0 110 60 40 10.22 12.87 4.14 45.23 3.92

4 1 1 0 130 60 40 15.11 7.54 2.74 15.75 3.24

5 - 1 0 - 1 110 40 20 9.35 15.53 4.62 53.68 4.29

6 1 0 - 1 130 40 20 13.99 7.84 2.68 18.29 3.15

7 - 1 0 1 110 40 60 8.83 13.78 4.46 41.49 4.05

8 1 0 1 130 40 60 13.45 6.80 2.50 17.46 3.04

9 0 - 1 - 1 120 20 20 9.79 12.29 3.65 37.89 3.69

10 0 1 - 1 120 60 20 11.70 8.88 3.13 19.91 3.36

11 0 - 1 1 120 20 60 11.64 9.96 3.27 25.67 3.37

12 0 1 1 120 60 60 11.78 9.80 3.35 25.71 3.47

13 0 0 0 120 40 40 13.03 9.34 3.59 38.50 2.92

14 0 0 0 120 40 40 11.52 9.80 3.99 35.05 2.91

15 0 0 0 120 40 40 10.62 8.98 3.83 40.66 2.86

X1 = extraction temperature (�C), X2 = extraction time (min), X3 = extraction pressure (bar), Y1 = ex-

traction yield (%), Y2 = content of coumarin (%), Y3 = content of cinnamic acid (%), Y4 = content of

cinnamaldehyde (%), Y5 = content of cinnamyl alcohol (%)
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cinnamaldehyde, and cinnamyl alcohol were dissolved in

methanol to a concentration of 1 mg/mL and diluted to 0,

20, 40, 60, and 80 lg/mL. The diluted solution was then

filtered through a 0.45 lm PVDF syringe filter and used for

the analysis. As flavoring compounds, four kinds of cou-

marin, cinnamic acid, cinnamaldehyde, and cinnamyl

alcohol were analyzed through HPLC (Agilent Technolo-

gies 1260 infinity, Santa Clara, CA, USA). The analytical

column used was ZORBAX Eclipse XDB-C18

(250 mm 9 4 mm, 5 lm, Agilent Technologies, Santa

Clara, CA, USA), while acetonitrile (A) and 0.02% aque-

ous acetic acid in water (B) were used as mobile phase. The

gradient program for the HPLC was as follows: 90–50% B

for 0–60 min, 50–90% B for 60–65 min, and 90% B for

65–70 min, and the flow rate was 1 mL/min. The injection

volume was 20 lL, and the column temperature was

maintained at 20 �C of the column temperature. Coumarin,

cinnamic acid, and cinnamaldehyde were all detected at

280 nm and cinnamyl alcohol was detected at 250 nm.

Experiment design using response surface

methodology

Response surface methodology (RSM) was used to opti-

mize the subcritical extraction process for cinnamon. The

optimum extraction conditions were determined using

Box–Behnken design (BBD) (Ferreira et al., 2007), which

is an experimental design to fit the second-order response

surface based on the structure of balanced incomplete

block designs (Lim et al., 2002; Myers and Montgomery,

1995; Wang et al., 2008). For the experimental design of

the three factors and three levels, extraction temperature

(X1), time (X2), and pressure (X3) were encoded as inde-

pendent variables affecting the extraction process, while

the dependent variables were extraction yield and the

contents of the four flavoring compounds of coumarin,

cinnamic acid, cinnamaldehyde, and cinnamyl alcohol.

Table 1 shows the symbols and levels of this RSM design.

The BBD consisted of 12 different levels of the indepen-

dent variables (Runs No. 1–12) and three central point runs

(13–15). The central point runs were fitted with a second-

order response surface and used to provide a measurement

of process stability and inherent variability for the analysis

of the experimental error (Nikrooz and Zandrahimi, 2011).

RSM was performed using MiniTab (MiniTab 16, Minitab

Inc., State college, PA, USA). All experiments were

repeated three times, and the mean values were used for

regression analysis. Polynomial regression modeling

informs a mathematical relationship between the dependent

variables and independent variables. The suitability of each

independent variable in the reaction model was evaluated

on the extraction yield and flavoring compound contents in

the extraction process. The independent variable (Xn) and

the dependent response (Yn) are shown in the second-order

polynomial regression equation below, and bn are the fixed

constant and regression coefficients of the equation.

Y ¼ b0 þ b1X1 þ b2X2 þ b3X3 þ b21X
2
1 þ b22X

2
2 þ b23X

2
3

þ b12X1X2 þ b13X1X3 þ b23X2X3

The statistical significance level was set at p = 0.05.

Statistical analysis

The experimental results in Table 1 were analyzed using

SPSS program (IBM SPSS 22 for windows, SPSS INC.,

Chicago, IL, USA). Data was analyzed by ANOVA and

Duncan’s multiple range test, which was used to resolve

the difference among treatment means. A value of p\ 0.05

was used to indicate significant difference.

Results and discussion

The general components of the cinnamon used in this study

were 10.86 in moisture, 3.52 in crude protein, 2.22 in crude

fat, 4.49 in crude protein, and 78.91% in carbohydrate. The

general components of cinnamon were mostly composed of

carbohydrates.

RSM analysis for extraction yield

The extraction yield (Y1) of cinnamon subcritical extract

was measured in 15 runs according to the Box–Behnken

design, and the results ranging from 7.61 to 15.11% are

shown in Table 1. The highest extraction yield was

obtained at 130 �C and 40 bar for 60 min, and the lowest

yield was obtained at 110 �C and 40 bar for 20 min. The

extraction yield increased at the same extraction time and

pressure (run 1–4 and 6–8) as extraction temperature

increased from 110 to 130 �C (Table 1). Although it was

not significantly different at most extraction conditions

with the increase of extraction pressure, it significantly

increased at 120 �C for 20 min (run 9 and 11) as the

pressure increased from 20 to 60 bar (p\ 0.05). Kim et al.

(2014) reported that the extraction yield of kirenol

increased slightly as the pressure increased from 100 to

500 MPa using high hydrostatic pressure (HHP) extraction;

however, this difference was not significant at the 5% level.

They believed that this result may have been due to other

factors such as solvent type and feed-to-solvent ration,

affecting the extraction of kirenol. However, Bi et al.

(2009) reported that the solubility of salidroside from

Rhodiola sachalinensis was improved as the pressure

increased. The extraction yield increased at the conditions

of 110 �C and 40 bar (run 1 and 3), 130 �C and 40 bar (run
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2 and 4), and 120 �C and 20 bar (run 9 and 10) as the

extraction time increased from 20 to 60 min (Table 1).

The regression equation for the extraction yield is shown

in Table 2. The coefficient of determination (R2), which

indicates the general validity and accuracy of the polyno-

mial regression equation, was 0.912. In addition, Table 3

shows the coefficients and significance of each term of the

regression equations so as to indicate the fitness of the

model through an essential part of the data analysis. As a

result, the first-order term of extraction temperature was

significant, whereas the quadratic terms and reciprocal

terms were not significant and relatively high (p[ 0.05). It

is thought that the independent variables did not interact

with each other. The p value of extraction temperature

among the first-order terms was 0.001 (Table 3). This

result shows that this term was the most important in the

reaction model of extraction yield. The lack of fit indicates

that the p value of the model would be less than 0.05 if the

function relationship between the dependent response and

independent variables is not adequately explained in the

response model. The p value of the correct model is greater

than 0.05. It is thus considered that the regression equation

of the extraction yield was appropriate because the p value

of this equation was 0.718, as obtained in the variance

analysis.

RSM analysis for flavoring compounds using HPLC

The results of quantitative analysis of coumarin, cinnamic

acid, cinnamaldehyde, and cinammyl alcohol in cinnamon

subcritical extracts at the extraction conditions of 15 runs

are shown in Table 1. The highest content of coumarin was

15.53 mg/g extracted at 110 �C and 20 bar for 40 min, and

the lowest content was 6.80 mg/g at 130 �C and 60 bar for

40 min. The content of coumarin decreased at the same

extraction time and pressure (run 1–8) as the extraction

temperature increased from 110 to 130 �C; it also

decreased at the conditions of 110 �C and 40 bar (run 1 and

3), 130 �C and 40 bar (run 2 and 4), and 120 �C and 20 bar

(run 9 and 10) as the extraction time increased from 20 to

60 min. In addition, it decreased at the same extraction

temperature and time (run 5–7) as the extraction pressure

increased from 20 to 60 bar. The highest content of cin-

namic acid obtained was 4.91 mg/g extracted at 110 �C
and 40 bar for 20 min, and the lowest one was 2.50 mg/g

at 130 �C and 60 bar for 40 min. The content of cinnamic

acid decreased at the same extraction time and pressure

(run 1–8) as the extraction temperature increased from 110

to 130 �C. However, it was not significantly different at

most extraction conditions with the increase of extraction

time and pressure (p[ 0.05). The highest content of cin-

namaldehyde was 53.73 mg/g extracted at 110 �C and

40 bar for 20 min, and the lowest content was 15.75 mg/g T
a
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at 130 �C and 40 bar for 60 min. The content of cin-

namaldehyde decreased to more than half at the same

extraction time and pressure (run 1–8) as the extraction

temperature increased from 110 to 130 �C; it also

decreased at the conditions of 110 �C and 40 bar (run 1 and

3), 130 �C and 40 bar (run 2 and 4), and 120 �C and 20 bar

(run 9 and 10) as the extraction time increased from 20 to

60 min. The highest content of cinnamyl alcohol obtained

was 4.49 mg/g extracted at 110 �C and 40 bar for 20 min,

and the lowest one was 2.86 mg/g at 120 �C and 40 bar for

40 min. The content of cinnamyl alcohol decreased at the

same extraction time and pressure (run 1–8) as the

extraction temperature increased from 110 to 130 �C.
However, it was not significantly different at most

extraction conditions with the increase of extraction time

and pressure (p[ 0.05). Based on these results, it is con-

sidered that the contents of flavoring compounds decreased

with increasing extraction temperatures over 110 �C due to

evaporation during extraction.

The regression equation for the amount of coumarin in

the sample extracted at various extraction conditions is

shown in Table 2. This equation fits well because its

coefficient of determination was 0.986. The significance

for the amount of coumarin in the first-order terms was

shown for this equation, whereas that in the quadratic terms

and the reciprocal terms were shown not to be statistically

significant (p[ 0.05). Among the first-order terms, the

p values of extraction temperature and time were 0.000 and

0.009, respectively (Table 3), indicating that they have

great importance in the regression equation for the amount

of coumarin. The p value for the lack of fit was 0.316,

which indicated that the model was appropriate.

The regression equation for the amount of cinnamic acid

in the sample extracted at various extraction conditions is

shown in Table 2. This equation fits well because its

coefficient of determination was 0.982. In addition, the

statistical significance for the amount of cinnamic acid in

the first-order terms and quadratic terms was shown for this

equation, whereas the reciprocal terms were shown not to

be statistically significant (p[ 0.05). The p value of the

extraction temperature among the first-order terms was

0.001 (Table 3), showing that this term was the most

important in the regression equation for the amount of

cinnamic acid. The lack of fit had a p value of 0.744, which

indicated that the model was appropriate.

The regression equation for the amount of cinnamalde-

hyde in the sample extracted at various extraction condi-

tions is shown in Table 2. The coefficient of determination

was 0.982. In addition, the significance for the amount of

cinnamaldehyde in all of the terms except for the quadratic

term of extraction temperature and the reciprocal term

between extraction temperature and time, was shown for

this equation statistically (p\ 0.05). The first-order terms

of the extract temperature and time had p values of 0.000

and 0.002 (Table 3), respectively, indicating a great

importance in the regression equation of cinnamaldehyde.

The p value for the lack of fit was 0.855, which indicated

that the model was appropriate.

Table 3 p value of each parameter in the quadratic polynomial equations of extraction yield and the contents of cormarin, cinnmic acid,

cinnamaldehyde, and cinnamyl alcohol from Cinnamomum cassia blume by subcritical extraction process

Parameter p value of each parameter in quadratic polynomial eqations

Y1 Y2 Y3 Y4 Y5

Constant 0.000 0.000 0.000 0.000 0.000

X1 0.001 0.000 0.000 0.000 0.000

X2 0.060 0.009 0.036 0.002 0.002

X3 0.775 0.043 0.332 0.022 0.022

X1
2 0.919 0.010 0.683 0.415 0.415

X2
2 0.678 0.214 0.093 0.009 0.009

X3
2 0.643 0.175 0.024 0.002 0.002

X1X2 0.893 0.274 0.106 0.778 0.778

X1X3 0.993 0.547 0.954 0.043 0.043

X2X3 0.425 0.032 0.128 0.008 0.008

X1 = extraction temperature (�C), X2 = extraction time (min), X3 = extraction pressure (bar), Y1 = extraction yield (%), Y2 = content of

coumarin (%), Y3 = content of Cinnamic acid (%), Y4 = content of cinnamaldehyde (%), Y5 = content of cinnamyl alcohol (%)

cFig. 2 Response surface plots for the effects of the extraction

temperature (�C, X1), time (min, X2), and pressure (bar, X3) on the

extraction yield (%, Y1) and the contents of coumarin (mg/g, Y2),

cinnamic acid (mg/g, Y3), cinnamaldehyde (mg/g, Y4), and cinnamyl

alcohol (mg/g, Y5) from from Cinnamomum cassia blume by

subcritical extraction process
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The regression equation for the amount of cinnamyl

alcohol in the sample extracted at various extraction con-

ditions is shown in Table 2. This equation fits well because

its coefficient of determination was 0.990. The first-order

term and the reciprocal terms of the extract pressure were

not statistically significant (p[ 0.05). The first-order terms

of the extract temperature had a p value of less than 0.0001

(Table 3), indicating a great importance in the regression

equation of cinnamyl alcohol. The p value for the lack of fit

was 0.810, which indicated that the model was appropriate.

Optimization of extraction condition using RSM

The optimal variables of extraction temperature, time, and

pressure were determined by the regression equation of the

reaction model using MiniTaP. The optimized values and

the interaction between the variables were analyzed and

expressed as a three-dimensional surface response graph,

shown in Fig. 2. The extraction yield (Y1) increased with

increasing extraction time and temperature, while it

decreased with increasing extraction pressure. For the

optimum extraction yield using the regression equation, the

optimum temperature, time, and pressure were determined

as 130 �C, 60 min, and 26.628 bar, respectively. The

extraction yield was predicted to be 14.76% in this opti-

mum extraction condition. In the case of coumarin (Y2),

the content of coumarin decreased as the extraction time,

temperature, and pressure increased. The optimum condi-

tions using the regression equation were found to be

110 �C, 20 min, and 20 bar. The content of coumarin was

predicted to be 10.01 mg/g at the optimum condition. The

content of cinnamic acid (Y3) decreased with increasing

extraction time and temperature. In the case of extraction

pressure, the content tended to increase up to 32 bar, and

then decreased. The optimal temperature, time, and pres-

sure using the regression equation were determined as

110 �C, 20 min, and 32 bar, respectively. The content of

cinnamic acid was predicted to be 4.95 mg/g in this opti-

mum extraction condition. The content of cinnamaldehyde

(Y4) tended to decrease as the extraction time increased.

However, it did first increase to a certain range before

decreasing. The optimum temperature, time, and pressure

using the regression equation, were determined as 110 �C,
34.62 min, and 37 bar, respectively. The content of cin-

namaldehyde was predicted to be 55 mg/g in this optimum

extraction condition. The content of cinnamyl alcohol (Y5)

showed a tendency to decrease, then showed a tendency to

increase in a certain range as the extraction time, temper-

ature, and pressure increased. The optimum conditions

using the regression equation were determined to be

110.9 �C, 20 min, and 20 bar, respectively. The content of

cinnamyl alcohol was predicted to be 4.92 mg/g in this

optimum condition.

In conclusion, cinnamon is used as an herbal medicine

and a food ingredient due to its functional properties. The

subcritical extraction method was optimized in order to

maximize the extraction yield and flavoring compounds

from cinnamon (Cinnamomum cassia blume). Four fla-

voring compounds of the extracts were analyzed by HPLC.

Response surface methodology, which applied Box–

Behnken design, was used in order to optimize the sub-

critical extraction process for cinnamon. The contents of

the flavoring compound predicted at optimum conditions

were as follows: 10.01 mg/g at 110 �C, 20 min, and 20 bar

for coumarin; 4.95 mg/g at 110 �C, 20 min, and 32 bar for

cinnamic acid; 55 mg/g at 110 �C, 34.62 min, and 37 bar

for cinnamldehyde; and 4.92 mg/g at 110.9 �C, 20 min,

and 20 bar for cinnamyl alcohol. For the optimum

extraction yield using the regression equation, the optimum

temperature, time, and pressure were determined as

130 �C, 60 min, and 26.63 bar, respectively. It was vali-

dated that the regression equations for extraction yield and

four flavoring compounds were accurate according to the

high values of the determination coefficients over 0.91.

Under the influence of health-oriented social trends, the

extraction process developed in the study will be used for

encouragement of small businesses in the field of food and

agriculture.
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