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Abstract: The effects of soybean oil (20%, v/w) and extraction time (30, 60, or 90 min) on volatile
compounds in cinnamon bark extract were investigated. The relative content and odor activity values
(OAVs) of volatile compounds were measured by Gas Chromatography-Mass Spectrometer (GC-MS).
The results showed that a total of 26 and 27 volatile compounds were detected in the water extract
and the aqueous phase of the water/oil extraction, respectively. Hexanal, nonanal, cinnamaldehyde,
D-limonene, 1-octen-3-ol, linalool, and anethole were the major aroma-active compounds, accounting
for 85% of the total substance content. Cinnamaldehyde had the highest contribution rate to the
aroma of the water extract (26%), whereas anethole has the highest contribution rate to the aroma of
the oil/water extract (30%). Whether or not the extraction medium contained soybean oil, the relative
content of aroma-active compounds in the aqueous phase decreased with increased extraction time,
and the relative content of these compounds in the aqueous phase further decreased when soybean
oil was present. This should be due to the high hydrophobicity of these compounds, which were
prone to dissolving in the oil layer during the extraction process, resulting in a decrease in the relative
content of aroma-active compounds in the aqueous phase.
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1. Introduction

Cinnamomum cassia, known as Chinese Cinnamon, is a member of the Lauraceae
family and is widely distributed in the Guangxi, Guangdong, and Yunnan provinces of
China [1]. Cinnamaldehyde, the major constituent of cinnamon essential oil, has obvious
analgesic and antibacterial effects [2,3], and thus cinnamon has become a popular traditional
Chinese medicine substance. In addition, cinnamon is one of the earliest spices used by
humans, and its strong aroma makes it popular in Chinese cooking [4].

In China, cinnamon is the most important spice in stewed meat, used to enhance the
flavor intensity of meat products and remove the peculiar odor of meat products [5]. The
amount of cinnamon added to stewed meat products is approximately 1% of the meat
weight [6], and China produces approximately 50 million tons of stewed meat products
each year. As a result, approximately 10,000 tons of cinnamon are consumed annually
by China’s meat processing industry. At the end of stewing, the cinnamon is discarded,
although it always has a cinnamon aroma. Gu et al. [7] reported that 50% of cinnamon
essential oil was still present in cinnamon even after 5 h of stewing. In the aroma research
on Chinese stewed meat, the water extract of cinnamon is used for evaluating volatile
compounds [4,6,7]. In addition, studies on the effect of spices on the flavor of stewed meat
products and the identification of the major volatile compounds were performed [7,8], and
these studies only focused on the effect of spices on the flavor of meat products and ignored
the fact that spices in the stewing system should be extracted into the aqueous phase before
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being transferred to the meat. Therefore, it is an essential step to reveal the aroma formation
of stewed meat by studying the dissolving rule of volatile compounds from spices to the
aqueous phase during the long-term heating process, but there is not yet any research.

Steam extraction is a common water extraction method for cinnamon bark, and the
main purpose of this method is to obtain essential oils [1,2]. In addition, hot-water ex-
traction of spices is also used to obtain the essential oils via evaporation [9]. The main
fields of study of essential oil components in cinnamon include (1) effects of extraction
methods on essential oil components [9]; (2) aroma differences in origin, type, and parts of
cinnamon [10]; (3) antioxidant properties of cinnamon essential oils [11]; and (4) antibac-
terial effect of essential oils [12]. Essential oils, in particular, have been widely reported
as functional components of edible film in terms of shelf-life extension, increased water
retention, or the inhibition of discoloration of meat products [2,11,12]. In addition, there are
still few studies on the aroma profile of water extracts of spices. Moreover, the oil/water
extraction of spices is a necessary process for the production of braised meat products.
The main odorants in spices are hydrophobic, and these substances are easily soluble in
oil but hardly soluble in water. For example, cinnamaldehyde, the highest percentage of
cinnamon essential oil [1], has a hydrophobicity value of 1.9. As a result, the distribution of
characteristic aroma compounds in the cinnamon extract between the oil phase and the
aqueous phase is of particular importance in terms of the extraction efficiency of aroma
substance; however, it is unknown.

This experiment investigated in detail the dissolving process of aroma compounds
from spices into the aqueous phase during the stewing process. Furthermore, in order to
simulate the extraction process of spices in the authentic system of Chinese stew meat,
cinnamon bark extract using soybean oil and/or water was designed. Soybean oil was
chosen because it is a low-cost, odorless matrix with the largest market share. The obtained
information can not only reveal the dissolution rule of hydrophobic volatile compounds
from spices to the aqueous phase in the presence of soybean oil but also provide a reference
for the manipulation of aroma of spices in the manufacturing of stewed meat.

2. Materials and Methods
2.1. Chemicals and Reagents

Cyclohexanone (>98%) and n-alkane standards (C7-C30, >97%) were of high-performance
liquid chromatography and were purchased from Sigma Aldrich Ltd. (Saint Louis, MO, USA).

2.2. Cinnamon Bark Extract Preparation

Cinnamon bark (Cinnamomum cassia Presl.) was acquired at a local market in Hefei,
Anhui province of China. For the water extract of cinnamon bark, the extract containing
5 g of cinnamon bark and 500 mL of distilled water was packaged in vacuum plastic bags
(nylon/polyethylene pouches; Tongxiang Enter Packaging Co. Ltd., Jiaxing, China) and
then stewed at 95 °C for 30, 60, or 90 min in a controlled-temperature water bath (HH-42;
Lihua, China). Immediately after stewing, the extract was cooled to room temperature in
an ice bath, and the aqueous phase of the extract was collected by centrifugation and used
for evaluating changes in the profile of volatile compounds. For the oil/water extract of
cinnamon bark, the extract containing 5 g of cinnamon bark, 100 mL of soybean oil, and
400 mL distilled water was packaged in vacuum plastic bags, and the subsequent heating,
cooling, and sample collection procedures were the same as described previously. Three
independent extractions were performed, and a total of 18 samples were analyzed.

2.3. Volatile Compound Analyses

Volatile compounds in cinnamon bark extract were analyzed according to Qi et al. [13]. An
aliquot of the extract (7 g) was placed into a 20-mL vial (Supelco Co., Ltd., Bellefonte, PA, USA)
with 2 uL of cyclohexanone (1.11 pg/pL in absolute alcohol, an internal standard), and then
tightly capped. The odorants were subsequently collected using a TRIPLUS autosampler
equipped with an HS-SPME fiber (75 um, carboxen/polydimethylsiloxane; Supelco Co.,
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Ltd., Bellefonte, PA, USA). After incubating for 30 min at 50 °C, the fiber was then inserted
into the GC injector port and desorbed for 3 min at 250 °C. Separation was performed
immediately on a GC-Trace Ultra gas chromatograph equipped with an HP-WAX capillary
column (30 m length x 0.25 mm i.d. x 0.25 um film thickness). The oven temperature was
held at 40 °C for 3 min, ramped to 70 °C at 3 °C/min, then to 180 °C at 5 °C/min, then to
280 °C at 10 °C/min, and finally held at 280 °C for 5 min. The carrier gas was helium at a
constant flow rate of 1 mL/min. Identification was carried out on a DSQ II mass-selective
detector, and the detector was operated in the electron impact mode at 70 eV. Full scan
(50-550 m/z) mode was applied and the ion source temperature was set to 230 °C. The
LRI (linear retention index) for each odorant was calculated based on the retention time of
n-alkane standards [14].

The compounds were first matched according to their mass spectra, and then fur-
ther identified by comparing the LRI values with those in the online databases (https:
/ /webbook.nist.gov/chemistry/, accessed on 18 November 2021). The relative concentra-
tion of each volatile compound was calculated by dividing the peak area of the compound
by the peak area of the internal standard according to Qi et al. [15], based on the semiquan-
titative determinations.

2.4. Odor Activity Value (OAV) and Its Contribution Rate

OAV was calculated by dividing a volatile compound’s concentration by its threshold
value reported in the aqueous phase. The threshold values of aroma compounds identified
in the cinnamon extract were derived from previous studies [4,16-29]. A compound with
OAV greater than 1 was defined as a direct contributor to aroma quality.

The contribution rate was calculated as a ratio between a volatile compound’s OAV
and the total OAV of all odorants. The contribution rate directly reflected the importance of
aroma-active compounds in the overall aroma profile.

2.5. Statistical Analysis

The relative concentrations of volatile compounds and their OAVs were presented as
the mean + SD (standard deviation) values of three independent replicates. The variances
between the means were determined by one-way analysis of variance, followed by Dun-
can’s multiple range test using SAS software (SAS Inst. Inc., Cary, NC, USA). The level
of p < 0.05 was considered significant. The different cinnamon bark extracts and volatile
compounds were also conducted with partial least squares-discriminant analysis (PLS-DA)
using SIMCA-P (version 14.0, Umetrics, Umea, Sweden).

3. Results and Discussion
3.1. Changes in the Relative Concentrations of Volatile Compounds in the Water Extract

Table 1 shows changes in the relative content of volatile compounds in the water extract
of cinnamon bark. A total of 26 volatile compounds were identified, including 7 aldehydes,
4 alkenes, 7 alcohols, 2 ethers, 3 ketones, and 3 esters. Aldehydes accounted for more
than 90% of the total volatile compound content, which was consistent with a previous
finding of cinnamon essential o0il [1]. Cinnamaldehyde was the most abundant compound in
aldehydes, followed by benzaldehyde. With the increased stewing time, the relative content
of furfural and cinnamaldehyde decreased significantly, whereas the contents of hexanal,
nonanal, benzaldehyde, benzenepropanal, and p-anisaldehyde increased significantly. The
decrease in the total aldehyde content was attributed to the decrease in the cinnamaldehyde
content, which accounted for more than 90% of the total aldehyde content (Table 1). A
previous study has reported that increasing extraction intensity can significantly increase
the relative content of aroma compounds in the water extract of spices [30]. Therefore, the
increase in the relative content of the five aldehydes noted above can be attributed to the
extension of extraction time. The decreased relative content of furfural and cinnamaldehyde
may be related with their antioxidant properties. It has previously been demonstrated
that furfural and cinnamaldehyde have the ability to scavenge free radicals [31,32], and
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heating is a vigorous oxidation process. An antioxidant can react with free radicals to
generate a variety of products, resulting in a decrease in its relative content. For example,
a-tocopherol can react with peroxynitrite to form tocopherylquinone, and it can also react
with peroxyl radicals to generate epoxytocopherolquinone. In addition, two a-tocopherol
can react to produce tocopherol dimers via a radical coupling reaction [33]. Therefore,
the decrease in the relative content of furfural and cinnamaldehyde could be due to the
structural transformation in the process of scavenging free radicals.

Among alkenes, the levels of camphene, D-limonene, and cyclooctatetraene increased
with the increased heating time, which was attributed to the improved extraction effi-
ciency [30]. In addition, the 4-methoxystyrene content decreased, which may be due to the
substance’s catalytic activity [34].

The relative content of eucalyptol and linalool increased with the increased heating
time, whereas the relative content of 1-octen-3-ol, isopulegol, and «-terpineol decreased
significantly. Isopulegol and x-terpineol share the general structure of monoterpenoids,
which have a remarkable ability to scavenge free radicals [35]. Lee and Shibamoto [36] re-
ported that 1-octen-3-ol showed potent antioxidative activities. As a result, the antioxidant
properties of 1-octen-3-ol, isopulegol, and «-terpineol caused a decrease in their relative
content, as did the decrease in furfural and cinnamaldehyde.

With the increased heating time, the relative content of anethole increased significantly,
but the relative content of all ketones and esters decreased significantly, except ethyl
cinnamate. The lower levels of these compounds may be related to their vapor pressure
(Table 1), as compounds with high vapor pressure tend to migrate into the air phase during
heating, resulting in a decrease in their concentrations in the cinnamon extract.

3.2. Changes in the Relative Concentrations of Volatile Compounds in the Oil/Water Extract

Changes in the relative content of volatile compounds in the oil/water extract of
cinnamon bark are shown in Table 2. A total of 26 volatile compounds were identified,
including 7 aldehydes, 4 alkenes, 7 alcohols, 2 ethers, 3 ketones, and 3 esters. Compared
with the water extract, only 1-pentanol was found in the aqueous phase of the oil/water
extract. Aldehydes accounted for more than 70-93% of the total volatile compound content,
which was in agreement with an earlier report [1]. Cinnamaldehyde and benzaldehyde
were the most predominant in aldehydes.

When stewing time increased from 30 min to 60 min, the relative content of all alde-
hydes increased except cinnamaldehyde, which remained constant; the relative content
of all akenes increased except 4-methoxystyrene, which decreased significantly. Among
alcohols, the relative content of 1-pentanol, linalool, and benzyl alcohol increased signifi-
cantly, whereas the relative content of eucalyptol and borneol decreased. In addition, the
relative content of the ethers and the esters increased, whereas the relative content of all
ketones decreased. An increase in the relative concentrations of these compounds could
be explained by increased extraction efficiency [30]. A decrease in the levels of all ketones
may be due to the accelerated release of ketones, and Wang [37] reported that aldehydes
could promote the release of ketones. The decreased levels of eucalyptol, borneol, and
4-methoxystyrene could be related to the hydrophobicity and density. The density of
these three compounds (Table 2) is greater than that of soybean oil (0.92 g/mL), and their
hydrophobicity is greater than 2.5. As a result, these compounds could have the advantage
of passing through the oil layer into the air phase.

In the next 30 min of stewing time, the relative content of all compounds decreased
significantly except 1-pentanol, benzyl alcohol, and 2-cyclohexen-1-one. A decrease in the
relative content of almost all compounds was due to their high hydrophobicity, which
caused a decrease in the relative content in the aqueous phase because these compounds
are more soluble in oil layers. A previous report had shown that the presence of oil resulted
in the transfer of a large number of flavor compounds into the oil droplets [38]. The higher
relative content of 1-pentanol, benzyl alcohol, and 2-cyclohexen-1-one might be due to their
hydrophilicity, which made them less susceptible to the flavor-absorption ability of oils.
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Table 1. Changes in relative concentrations of aroma substance in the water extract of cinnamon bark.

Vapor Pressure

Relative Concentrations (ng/g Extract)

RT Compound LRI Density (g/mL) log Kow Identification
P Ve 5 (mmHg) 30 min 60 min 90 min
Aldehydes
7.39 Hexanal 1079 0.83 1.8 11.26 MS + LRI 136.47 + 12.09¢ 171.05 + 6.31b 274.93 + 18.60a
18.70 Nonanal 1396 0.83 3.3 0.37 MS + LRI 117.27 &+ 1.70b 142.80 + 5.25a 149.10 + 6.67a
20.61 Furfural 1468 1.16 0.4 221 MS + LRI 67.16 + 2.92a 44.35 + 2.55b 37.69 + 4.91b
22.16 Benzaldehyde 1508 1.05 15 1.27 MS + LRI 8.41e3 £0.06e®®  11.03¢% £ 0.15e3  10.78¢% + 0.42e%
28.32 Benzenepropanal 1745 1.01 1.3 N.A. MS + LRI 1.19¢% + 0.04e®  153e3 +£0.04e%  1.46e% +0.07 3
33.41 p-Anisaldehyde 2006 1.12 1.8 0.03 MS + LRI 564.81 + 27.84c 794.41 + 25.07b 870.28 + 31.05a
33.84 Cinnamaldehyde 2037 1.05 1.9 0.03 MS + LRI 81.92¢% +3.03¢3  64.20e> +2.27e%  42.79e3 + 0.49e3¢
Subtotal 92.40e3 +2.99¢% 77913 +2.33¢  56.36e3 + 0.99¢3¢
Alkenes
6.74 Camphene 1057 0.84 3.3 2.50 MS + LRI 13.38 + 1.39b 11.47 + 1.03b 57.87 + 3.43a
11.28 D-Limonene 1185 0.84 34 1.64 MS + LRI 187.86 + 19.96b 178.61 & 10.10b 268.35 + 17.69a
13.83 Cyclooctatetraene 1264 3.08 31 7.80 MS + LRI 90.58 =+ 4.23¢ 127.83 + 0.88b 22491 + 8.30a
26.04 4-Methoxystyrene 1670 0.99 31 N.A. MS + LRI 240.72 + 19.06a 117.25 + 5.96b 78.78 + 1.72¢
Subtotal 532.55 + 20.76b 435.25 + 16.14c 629.91 + 23.15a
Alcohols
11.85 Eucalyptol 1209 0.93 25 1.90 MS + LRI 154.73 4+ 9.05¢ 24354 + 15.58b 345.90 + 18.09a
20.51 1-Octen-3-ol 1456 0.84 2.6 N.A. MS + LRI 127.31 + 4.34a 38.70 + 1.11b 36.23 + 1.76b
23.07 Linalool 1552 0.87 2.7 0.16 MS + LRI 47330 + 14.13b 473.10 + 18.37b 683.91 + 31.20a
24.36 Isopulegol 1617 0.90 3 N.A. MS + LRI 834.35 + 31.34a 485.51 + 21.57b 466.64 + 16.60b
26.65 «-Terpineol 1680 0.93 1.8 0.04 MS + LRI 690.93 + 13.96a 507.52 + 14.96b 508.01 + 38.52b
26.77 Borneol 1690 1.10 2.7 0.05 MS + LRI 997.79 + 40.01 973,50 + 30.48 935.43 + 35.49
30.54 Benzyl alcohol 1861 1.05 1.1 0.09 MS + LRI 23.55 + 1.72 23.31 + 0.54 20.87 + 2.82
Subtotal 3.30e> + 0.06e32 2.75¢3 + 0.05e3¢ 3.00e3 + 0.13e3P
Ethers
25.89 Estragole 1661 0.96 34 0.165 MS + LRI 243.84 + 34.84a 132.02 + 4.81b 22598 + 14.28a
29.40 Anethole 1815 0.99 3.3 0.07 MS + LRI 1.65¢3 + 0.05e3¢ 2.40e3 + 0.06e3 5.91e3 + 0.39¢32
Subtotal 1.90e3 + 0.03e3¢ 2.53¢3 + 0.07e3P 6.14e> + 0.40e32
Ketones
16.87 6-methyl-5-Hepten-2-one 1341 0.85 1.9 N.A. MS + LRI 129.37 4+ 2.25a 118.04 + 1.35b 104.82 + 4.67¢
19.67 2-Cyclohexen-1-one 1412 0.98 0.6 N.A. MS + LRI 77.22 + 3.69a 67.14 + 2.44b 52.76 =+ 5.06c
25.37 Acetophenone 1645 1.03 1.6 0.4 MS + LRI 339.27 + 29.74a 290.24 + 6.71b 232.62 + 15.08¢
Subtotal 545.86 + 19.83a 47542 +3.93b 390.20 + 12.10c
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RT Compound LRI Density (g/mL) log Kow Vapor Pressure ldentification Relative Concentrations (ng/g Extract)
(mmHg) 30 min 60 min 90 min
Esters
23.75 Isobornyl acetate 1583 0.98 3.3 0.107 MS + LRI 220.23 + 10.06a 106.39 £ 3.16c 197.40 £+ 4.51b
35.45 Ethyl cinnamate 2106 1.05 3 0.00 MS + LRI 128.16 +£ 0.91 135.01 £ 11.88 128.69 £+ 14.89
35.79 Cinnamyl acetate 2150 1.05 2.3 N.A. MS + LRI 1708.64 + 14.92a 781.35 £ 14.34b 602.13 £ 47.93¢
Subtotal 2.06e3 +0.02¢%  1.02¢% +0.02¢®>  0.93¢? £ 0.06e*
Total 100.73¢% £ 3.01e%  85.12¢3 +2.49e®  67.45e% & 1.59%3¢
Means with different letters within a row are significantly different (p < 0.05). Each value is expressed as mean + SD (n = 3). LRI: Linear retention index on HP-WAX column. LogKow,
density, and vapor pressure were obtained from https://pubchem.ncbi.nlm.nih.gov, accessed on 18 November 2021. N.A.: not acquired. Definitions: MS, mass spectrum (identified with
the mass spectra of database); LRI, linear retention index (compared with the LRI in the online database, http://webbook.nist.gov, accessed on 18 November 2021). This information also
applies to Table 2.
Table 2. Changes in relative concentrations of aroma substance in the aqueous phase of the oil/water extract of cinnamon bark.
RT Compound LRI Density(g/mL)  log Kow Vapo Pressure Identification Relative Concentrations (ng/g Extract)
(mmHg) 30 min 60 min 90 min
Aldehyde
7.39 Hexanal 1079 0.83 1.8 11.26 MS + RI 223.14 + 7.49b 316.24 + 14.57a 12.78 £ 0.50c
18.70 Nonanal 1396 0.83 3.3 0.37 MS + RI 30.73 4+ 1.89a 33.17 £ 0.94a 9.74 £ 1.83b
20.61 Furfural 1468 1.16 0.4 2.21 MS + RI 19.11 £ 0.60b 35.88 £+ 4.37a 10.32 £ 0.65¢
22.16 Benzaldehyde 1508 1.05 15 1.27 MS + RI 3115.85 + 101.70b 3504.35 + 170.50a 69.45 + 5.41c
28.32 Benzenepropanal 1745 1.01 1.3 N.A. MS + RI 306.43 £ 6.69b 404.53 &+ 8.21a 15.22 £ 3.14c
33.41 p-Anisaldehyde 2006 1.12 1.8 0.03 MS + RI 91.19 + 4.83P 176.85 + 8.97° 10.85 4 1.99¢
33.84 Cinnamaldehyde 2037 1.05 1.9 0.03 MS + RI 21.60e% + 0.41e% 21.07¢3 £1.33¢3  1.80e3 + 0.06e%
Subtotal 25.38¢3 4 0.51e% 25.54e3 +1.47e%  1.93e% £ 0.06e>
Alkenes
6.74 Camphene 1057 0.84 3.3 2.50 MS + RI 53.85 + 7.02¢ 208.84 + 13.01a 125.43 £ 6.46b
11.28 D-Limonene 1185 0.84 3.4 1.64 MS + RI 156.12 £ 7.46b 170.56 £ 7.42a 173.78 £+ 6.21a
13.83 Cyclooctatetraene 1264 3.08 3.1 7.80 MS + RI 49.12 £ 4.13b 100.99 £ 5.40a 23.48 + 1.34c
26.04 4-Methoxystyrene 1670 0.99 3.1 N.A. MS + RI 21.03 & 3.40a 16.59 £ 1.45b 6.49 £ 0.10c
Subtotal 280.12 £+ 15.73c 496.98 + 20.33a 329.19 + 12.16b



https://pubchem.ncbi.nlm.nih.gov
http://webbook.nist.gov

Appl. Sci. 2022, 12, 1284

70f13

Table 2. Cont.

Vapo Pressure

Relative Concentrations (ng/g Extract)

Compound Density (g/mL) log K Identification
K P L Ve & Row (mmHg) 30 min 60 min 90 min
Alcohols
11.85 Eucalyptol 1209 0.93 2.5 1.90 MS + RI 149.53 4+ 4.10a 77.91 4+ 5.94b 40.52 + 3.49¢
14.16 1-Pentanol 1275 0.82 1.6 3.04 MS + RI 12.07 & 2.08b 13.87 £ 1.49b 55.70 + 1.57a
20.51 1-Octen-3-ol 1456 0.84 2.6 N.A. MS + RI 22.14 +1.97¢ 30.61 + 2.82a 26.45 + 0.77b
23.07 Linalool 1552 0.87 2.7 0.16 MS + RI 55.28 4+ 1.25b 58.10 4 3.27ab 61.84 4= 0.98a
24.36 Isopulegol 1617 0.90 3 N.A. MS + RI 60.48 + 2.98b 66.83 + 3.05a 37.76 + 0.87¢
26.65 a-Terpineol 1680 0.93 1.8 0.04 MS + RI 104.69 + 1.81a 97.51 + 5.82a 50.59 + 1.36b
26.77 Borneol 1690 1.10 2.7 0.05 MS + RI 310.14 £ 6.95a 241.82 + 8.39b 144.20 + 3.00c
30.54 Benzyl alcohol 1861 1.05 1.1 0.09 MS + RI 9.73 &+ 2.04b 9.11 +1.47b 77.02 &+ 6.79a
Subtotal 724.05 + 7.88a 595.77 + 18.80b 494.08 £+ 12.84c
Ethers
25.89 Estragole 1661 0.96 34 0.165 MS + RI 21.03 &+ 2.60b 27.80 £+ 2.22a 21.43 + 1.05b
29.40 Anethole 1815 0.99 3.3 0.07 MS + RI 607.54 + 12.89¢ 747 .43 + 13.68a 644.98 + 10.36b
Subtotal 628.57 + 13.90c 775.23 + 15.83a 666.41 + 9.35b
Ketones
16.87 6-methyl-5-Hepten-2-one 1341 0.85 1.9 N.A. MS + RI 60.78 &+ 1.34a 53.34 + 1.64b 29.21 +1.17c
19.67 2-Cyclohexen-1-one 1412 0.98 0.6 N.A. MS + RI N.D. N.D. 15.36 £ 0.38
25.37 Acetophenone 1645 1.03 1.6 04 MS + RI 65.94 + 0.18a 57.60 + 3.49b 26.93 + 2.38¢
Subtotal 126.72 +1.21a 110.95 £+ 5.11b 71.50 & 1.35¢
Esters
23.75 Isobornyl acetate 1583 0.98 3.3 0.107 MS + RI 14.88 £ 1.65b 18.07 & 0.62a 10.79 £ 1.08c
35.45 Ethyl cinnamate 2106 1.05 3 0.00 MS + RI 18.75 £ 2.08b 2592 +1.93a 5.01 + 0.62¢
35.79 Cinnamyl acetate 2150 1.05 2.3 N.A. MS + RI 69.65 + 6.54a 64.07 4= 4.55a 19.31 £ 3.37b
Subtotal 103.28 + 5.54a 108.06 + 6.37a 35.11 + 4.83b
Total 26.52e3 + 0.52¢32 27.03¢3 + 1.51e%  3.03¢3 4 0.07e3

Means with different letters within a row are significantly different (p < 0.05). Each value is expressed as mean & SD (n = 3). N.D.: not detected.
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3.3. Comparing the Odorant Levels of the Water Extract with Those of the Oil/Water Extract

As stewing time increased from 60 to 90 min, the relative content of odorants in the
aqueous phase of the oil/water extract greatly decreased because of the presence of the oil
layer. Therefore, the relative concentrations of odorants in the water extract were compared
with those in the aqueous phase of the oil/water extract during the first 60 min of stewing.
The relative concentrations of all compounds in the aqueous phase of the oil/water extract
were significantly lower than those in the aqueous extract except hexanal and camphene.
Because hexanal and camphene have high vapor pressure (Table 2), a large number of these
compounds should be released into the air phase; however, in the presence of an oil layer,
the relative concentrations of these compounds in the aqueous phase increased, resulting
from the physical barrier effect of the oil layer and the flavor-adsorption of oil droplets
because of their high hydrophobicity [38].

When soybean oil was added into the extraction, the relative content of the alde-
hydes in the aqueous phase decreased significantly, and nonanal, p-anisaldehyde, and
cinnamaldehyde, which have the highest hydrophobicity, decreased by more than 70%;
the relative content of all alcohols in the aqueous phase decreased significantly, except
eucalyptol in the 30-min extraction group. This difference in eucalyptol may be related
to its high vapor pressure and the role of the oil layer, and the degree of decrease in the
alcohols with hydrophobicity greater than 2 was significantly higher than that of benzyl
alcohol with hydrophobicity of only 1.1. In addition, all alkenes, ethers, ketones, and
esters have high hydrophobicity, and their relative concentrations in the aqueous phase
decreased by at least 50% in the presence of the oil layer. In general, when the cinnamon
extract contained soybean oil, these compounds were prone to dissolving in the oil phase,
resulting in a decreased level of these compounds in the aqueous phase [39]. In addition,
the relative content of aroma compounds with vapor pressure greater than 2.5 mmHg in
the water phase increased, which could be caused by the physical barrier of the oil layer
and flavor-adsorption of oil droplets, such as hexanal and camphene.

3.4. Changes in the OAVs and Their Contribution Rate of Volatile Compounds

Changes in OAVs of aromatic compounds in the water extract of cinnamon bark are
presented in Table 3. A total of 17 odorants showed aroma activity, including 5 aldehydes,
1 alkene, 5 alcohols, 2 ethers, 2 ketones, and 2 esters. Among these compounds, the OAVs
of cinnamaldehyde, nonanal, 1-octen-3-ol, linalool, and anethole exceeded 100, whereas the
OAVs of hexanal, benzaldehyde, p-anisaldehyde, D-limonene, eucalyptol, and estragole
exceeded 20. In terms of the contribution rate of OAVs, aldehydes contributed more
than 50%, followed by alcohols and ethers, and the remaining aroma-active compounds
contributed less than 5%.

Changes in OAVs of aromatic compounds in the oil/water extract of cinnamon bark
are shown in Table 3. A total of 15 odorants presented aroma activity, including 5 aldehydes,
1 alkene, 5 alcohols, 2 ethers, 1 ketone, and 1 ester. Among these aroma-active compounds,
the OAVs of hexanal, nonanal, cinnamaldehyde, 1-octen-3-0l, and anethole were greater
than 20, and the OAVs of benzaldehyde, eucalyptol, 1-pentanol, and linalool were greater
than 10. Cinnamaldehyde and anethole in the aqueous phase of the oil/water extract
were the most important flavor contributors in terms of the contribution rate of OAVs of
aroma compounds.

Compared with the water extract, the contribution rate of cinnamaldehyde in the
aqueous phase of the oil/water extract to the overall aroma decreased, whereas the con-
tribution of hexanal and D-limonene to the overall aroma increased. Cinnamon, as we
all know, has a characteristic “cinnamon” olfactory odor, which is mostly produced by
cinnamaldehyde [22]. The relative content of aroma-active compounds in the aqueous
phase decreased significantly in the presence of the oil layer, resulting in alterations in the
overall aroma profile created by the major aroma-active compounds.
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Table 3. Changes in OAVs and contribution rates of aroma substance in the water extract and in the aqueous phase of the oil/water extract.
Water Extr il/Water Extr. Referen
Compound Odor Descriptors Odor Threshold™ ate tract Oil/Wate tract eference
(ng/g) OAVs Contribution Rates (%) OAVs Contribution Rates (%)
Aldehyde
Hexanal grass, green 5 27-55 3-5 2-63 2-21 [24]
Nonanal green, fatty 1 117-149 14-18 10-33 8-12 [30]
Furfural almond, bread, sweet 10,000 <1 <1 <1 <1 [17]
Benzaldehyde almond, burnt sugar 350 24-32 34 0-10 0-3 [23]
p-Anisaldehyde fennel, hawthorn 21 2741 3-5 1-8 0-3 [22]
Cinnamaldehyde cinnamon 385 111-213 11-26 5-56 4-12 [22]
Alkene
Camphene green, camphoreous 450 <1 <1 <1 <1 [16]
D-Limonene citrus, mint 10 19-27 2-3 16-17 6-14 [4]
Alcohols
Eucalyptol minty, eucalyptus 12 13-29 2-3 3-12 2-5 [23]
1-Pentanol rubber, phenolic 3 N.D. N.D. 4-19 2-13
1-Octen-3-o0l mushroom 1 36-127 3-15 22-31 9-18 [30]
Linalool flower, lavender 6 79-114 9-11 9-10 3-7 [4]
Isopulegol minty 1000 0-1 <1 <1 <1 [29]
oa-Terpineol green 330 2 <1 <1 <1 [27]
Borneol camphor 140 7 1 1-2 1 [21]
Benzyl alcohol popcorn, sweet 900 <1 <1 <1 <1 [26]
Ether
Estragole licorice, anise 6 22-41 3-5 4-5 1-2 [4]
Anethole anissed-like 15 110-394 13-37 41-50 16-30 [4]
Ketones
6-methyl-5-Hepten-2-one green, nutty 50 2-3 <1 <1 0.85 [28]
Acetophenone floral, almond 65 4-5 0-1 <1 1.03 [23]
Ester
Isobornyl acetate woody, camphor 1800 <1 <1 <1 0.98 [18]
Ethyl cinnamate honey 16 8 1 0-1 1.05 [20]
Cinnamyl acetate floral 150 4-11 0-1 <1 1.05 [19]

Each value is expressed as mean + SD (n = 3). Means in the same row with no common superscript differed significantly. Odor thresholds were obtained with water applied as the matrix.
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Hexanal and D-limonene show “grass, green” and “citrus, mint” odors [4,24], respec-
tively, which are distinct from the characteristic aroma of cinnamon. Consequently, the
characteristic aroma of the aqueous phase decreased in the presence of soybean oil.

3.5. Changes in the Overall Flavor Profile

PLS-DA was carried out to evaluate the relationships between the OAVs of aroma-
active compounds and the water extract samples (Figure 1a), and the first two principal
components explained 88% of the total variation (68.1% and 19.9%, respectively). Figure 1b
shows the relationships between the contribution rate of OAVs of aroma-active compounds
and the water extract samples, and the first two principal components explained 94% of the
total variation (65.7% and 28.7%, respectively). The score plots (colored spots) in Figure 1a,b
suggested that the water extract of different stewing times was separated from one another.
Cinnamaldehyde and 1-octen-3-ol, which present “cinnamon” and “mushroom” odors,
respectively, had a close correlation with the 30-min extraction group, and their relative
concentrations in the 30-min extraction group were higher than those in the other groups.
Therefore, the water extract of cinnamon for 30 min was a better alternative for conserving
extraction time and improving aroma intensity.
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Figure 1. Biplot of partial least-squares discriminant analysis for water extract samples with OAVs
(a) of contribution rates of OAVs (b) of aroma-active compounds. Spots in color (W—i—j): sample
numbers, where w is the water extract, i is the number of stewing times, and j is the number of

test replicates.

Biplot of PLS-DA for the OAVs of aroma-active compounds with the oil/water extract
samples was performed (Figure 2a), and the first two principal components explained
93% of the total variation (69.6% and 24.7%, respectively). The correlations between the
contribution rate of OAVs of aroma-active chemicals and the oil/water extract samples
are shown in Figure 2b, and the first two principal components explained 94% of the total
variation (69.6% and 26.4%, respectively). The score plots (colored spots) in Figure 2a,b
suggested that the 30- and 60-min extract groups were distinguished from the 90-min
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extract group in the PC1 dimension and that the 30- and 60-min extract groups were
distinctly separated in the PC2 dimension.
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Figure 2. Biplot of partial least-squares discriminant analysis for oil/water extract samples with OAVs
(a) of contribution rates of OAVs (b) of aroma-active compounds. Spots in color (O—W —i—j): sample
numbers, where o—w is the oil/water extract, i is the number of stewing times, and j is the number
of test replicates.

Cinnamaldehyde and eucalyptol, which show “cinnamon” and “minty, eucalyptus”
odors [22,23], respectively, had a high correlation with the 30-min extraction group, and
eucalyptol might enhance the aroma of the cinnamon extract. Furthermore, the relative
concentrations of these two compounds in the aqueous phase of the 30-min extraction
group were higher than the relative concentrations in the other groups. As a result, 30 min
of stewing is a reasonable duration for oil/water extraction of cinnamon bark.

According to the information acquired, whether it is oil/water extraction or water
extraction, 30 min of extraction was advised based on economic cost, efficiency, and aroma
intensity. However, it was also found that the relative concentrations of aroma-active
compounds in the aqueous phase of the oil/water extraction were significantly lower than
those in the water extraction. Furthermore, stewing meat with oil, water, and spices was
more common and representative [6]. The oil layer in the oil/water extraction had the
potential to bind volatile compounds and shield the phase migration of odorants with high
vapor pressure [40], according to the previous analysis results. As a result, the aroma secrets
of traditional Chinese meat products made by stewing meat with oil, water, and spices
should be dependent on the oil layer, which was also the next step we would carry out.

4. Conclusions

The presence of soybean oil and the extraction times significantly affected the relative
content of aroma-active compounds in the cinnamon bark extracts. Because of the high
hydrophobicity of these compounds, the total amount of volatile compounds in the water
extract of cinnamon bark was 3-20 times that in the aqueous phase of the oil/water extract
of cinnamon bark. The aroma-active compounds included hexanal, nonanal, benzalde-
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hyde, p-anisaldehyde, cinnamaldehyde, D-limonene, eucalyptol, linalool, 1-octen-3-ol,
a-terpineol, borneol, estragole, anethole, 6-methyl-5-hepten-2-one, acetophenone, ethyl
cinnamate, and cinnamyl acetate. Whether soybean oil was present or not during the
extraction of cinnamon bark, cinnamaldehyde and anethole were the most important flavor
contributors. An increase in the anethole level could be attributed to the improved extrac-
tion effect, whereas a decrease in the cinnamaldehyde level might be due to its antioxidant
properties. These findings also indicated that the water phase was not the key factor
affecting the spice flavor of the oil/water extract. The next step will be to study the change
in the content of flavor substances in the oil phase of the oil/water extract of cinnamon
bark to clarify the role of the oil phase.
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