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Steamed chicken breast meat attracts people for its unique favor and nutritional benefts. In this study, the sensory evaluation of
Lueyang black chicken breast meat during steaming was frst performed, and their volatile organic compounds (VOCs) were
further analyzed by gas chromatography-ion mobility spectroscopy (GC-IMS) combined with stoichiometry. Te sensory results
demonstrated that the Lueyang black chicken breast meat steamed for 15–30min was more acceptable in taste, favor, and
chewiness. A total of 60 volatile favor signal peaks were obtained, and 46 VOCs were recognized from qualitative analysis,
containing 24 aldehydes (51.19–72.57%), 8 ketones (10.15–16.97%), 9 alcohols (7.98-13.16%), 2 furans (2.24–10.85%), 2 esters
(0.54–1.56%), and 1 ether (0.05–2.47%). A stable and reliable prediction model was set up by orthogonal partial least squares-
discriminant analysis (OPLS-DA), and 18 characteristic VOCs (including 10 aldehydes, 3 alcohols, 3 ketones, 1 furan, and 1 ether)
were picked out through variable importance in the projection (VIP>1.0 and p< 0.05). Principal component analysis (PCA)
results indicated that the cumulative contribution ratio was 92% with PC1 68.7% and PC2 23.3%, respectively, indicating that
these characteristic VOCs could well discriminate the steaming time of Lueyang black chicken breast meat. Heatmap clustering
analysis also demonstrated a similar distinguishing efect. Tese results could provide references for the research, development,
and quality control of ready-to-eat steamed products for Lueyang black chicken breast meat in the future.

1. Introduction

Chicken is the second favorite meat item after pork in the
human diet. Among chicken varieties, black chickens are
highly sought after due to their nutritional and medicinal
value [1–3]. Lueyang black chicken is an ancient and ex-
cellent chicken breed in Lueyang County, Shaanxi Province
of China, and has been certifed as a geographical indication
of agricultural products by the Ministry of Agriculture of
China since 2017. Given its increasing quantity and scale,
eforts have been made in the processing of Lueyang black
chickens to increase their added value. To date, the genetics

[4, 5], mitochondrial whole genome and molecular phy-
logeny [6], meat nutrition and transcriptome [7, 8], breeding
[9–13], eggshell color [14, 15], and inosine acid content
determination [16] of Lueyang black chicken have been
studied. For a long time, slaughtered Lueyang black chicken
has often been sold on the market, and there are fewer
processed products. Meanwhile, there are several studies on
the processed products of Lueyang black chicken, such as
chicken sausage [17], chicken and lentinus edodes sauce [18],
and chicken jerky [19].

Steaming, boiling, frying, and roasting are common
cooking methods for chicken in daily life. Diferent cooking
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methods can lead to diferent texture and favor profles of
the fnal products. Chicken breast meat is the tender part of
chicken with high protein and low fat, and humans can easily
cook, digest, and absorb it. Meanwhile, volatile favor
profles of the processed chicken products are also very
important quality parameters. Tere have been already
several studies on the volatile organic compounds (VOCs) in
raw chicken breast [20] and processed chicken breast
(roasted, steamed, fried, etc.) based on gas chromatography-
mass spectrometry (GC-MS) and gas chromatography-ion
mobility spectroscopy (GC-IMS) [21–24].

Compared to GC-MS, GC-IMS is a novel emerging tool
used for separating and detecting VOCs in food with low
cost, rapid response, visualization, and high sensitivity
[25, 26]. GC-IMS technology has been broadly utilized for
the diagnosis and analysis of VOCs in restewed chicken
breast [24], red-cooked chicken [27], braised chicken [28],
and soft-boiled and boiled chicken [29, 30]. A large number
of studies have proven that the GC-IMS is more efective
than the common GC-MS, particularly for detecting trace
volatile substances [21–24, 27–31], so the two comple-
mentary technologies can work together to provide the
whole favor profles in foods.

Our previous studies analyzed the nutritional content
and antioxidant efects of the soupmade from Lueyang black
chicken on aging mice induced by D-galactose [32] and
optimized processing conditions of Lueyang black chicken
sausage by single factor and orthogonal test [17]. However,
there is still a lack of research on VOCs in the cooking
process of Lueyang black chicken. Tis study aims to
evaluate the sensory quality of Lueyang black chicken breast
meat during the steaming process and further detect their
VOCs by GC-IMS combined with stoichiometry, which
would shed light on the research, development, and quality
control of ready-to-eat steamed products of Lueyang black
chicken in the near future.

2. Materials and Methods

2.1. Materials and Chemicals. Tree 8-month-old fresh
Lueyang black chicken cocks, with a body weight of
2.42± 0.43 kg, were purchased from Black Phoenix Black
Chicken Breeding Co., Ltd. located in Lueyang County
(Hanzhong, China). After killing the chickens, the breast
meat was taken out and delivered to the laboratory on ice.
Analytical grade n-ketones (2-pentanone, 2-butanone,
2-heptanone, 2-hexanone, 2-octanone, and 2-nonanone,
purities≥ 99%) were provided by Guoyao Reagent Co., Ltd.
(Beijing, China).

2.2. Preparation of Steamed Breast Meat of Lueyang Black
Chickens. Te steamed chicken breast meat was referenced
according to Fan et al. [21], with slight adjustments. Te
breast meat of Lueyang black chicken was frst washed clean,
cut into approximately 7 cm× 2.5 cm× 2 cm in size, and put
in the steamer after steaming for 5, 15, and 30min (labeled as
Z5, Z15, and Z30, respectively). Te raw breast meat
(unsteamed, labeled as Z0) was used as control. It was

removed and cooled, and then the steamed and unsteamed
meat was crushed with a tissue masher homogenizer (JJ-2B,
Changzhou, China) for analysis of VOCs.

2.3. Sensory Evaluation. Based on the Chinese national
standard for sensory evaluation of meat products (20142773-
T-601), 10 evaluators (including 5 men and 5 women) with
experience in meat evaluation were invited to score three
steamed chicken breast meat samples in four aspects, in-
cluding taste, aroma, chewiness, and tissue state, with a total
score of 100. Te fnal sensory score� taste× 0.3 +
aroma× 0.3 + chewiness× 0.3 + tissue status× 0.1, and the
specifc sensory assessment standards are listed in Table 1
[33].

2.4. GC-IMS Assay of Breast Meat VOCs. GC-IMS was uti-
lized to analyze the volatile favor substances in breast meat
samples of Lueyang black chicken at diferent steaming
times. Each kind of meat sample was measured 3 times.
Concisely, 2.0 g of breast meat at diferent steaming times
was put in a 20.0mL headspace vial and 500.0 μL headspace
gas nitrogen (purity ≥99.99%) was injected into the injector
after incubation at 60°C for 15min and then detected by
GC-IMS instrument (FlavourSpec®, Germany) [31]. Te gas
chromatographic separation was performed on the MXT-5
column (15m× 0.53mm) at 60°C with nitrogen
(purity≥99.99%) as a carrier gas for 20min. Te start-up gas
fow rate was 2.0mL/min, maintained for 2min, linearly
enlarged to 10mL/min within 10min, and then linearly
expanded to 100mL/min within 20min. Te IMS was
performed with 45°C IMS detector temperature and 150mL/
min nitrogen (purity ≥99.99%) fow rate and analyzed for
30min. Te n-ketones mentioned above were used as im-
migrant markers to obtain the relative ratio of VOCs in the
breast meat according to the retention index (RI) and the
drift time (DT) provided by the fragment library of the
instrument.

2.5. Statistical Analysis. Te VOCs were qualitatively
identifed using the built-in NIST 2014 and self-built IMS
database software. Te Reporter plug-in allows for direct
comparison of spectral diferences between samples. Te
Gallery Plot plugin can be used to compare the fngerprint
spectrum, allowing for intuitive and quantitative compari-
son of VOCs’ diferences between diferent samples. Excel
2010 was used to draw the bar graph of relative content
changes of diferent components. PCA and the establish-
ment and validation of OPLS-DAmodeling were carried out
by SIMCA-P 14.1 software. Te cluster heatmap was drawn
using the BioDeep tool assistant (https://www.biodeep.cn/
home/tool).

3. Results and Discussion

3.1. Sensory Scores of Lueyang Black Chicken Breast Meat at
Diferent Steaming Times. According to the sensory evalu-
ation standards shown in Table 1, evaluators conducted
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a sensory evaluation on the steamed chicken breast meat
samples of Z5, Z15, and Z30 (Figure 1(a)), and the sensory
scores bar graph is shown in Figure 1(b). As can be seen from
the results of the sensory evaluation (Figure 1), as the
steaming time extended, the volume of breast meat con-
tinued to increase, the tissue was more fufy, and the taste,
aroma, and chewiness were better. Te total sensory score of
sample Z30 was the highest, followed by samples Z15 and
Z5. Due to the short steaming time, the taste, aroma, and
chewiness of sample Z5 were poor, and there were signif-
cant diferences compared with samples Z15 and Z30, re-
spectively (p< 0.01). Te taste and aroma of sample Z30
were better than those of sample Z15, while there was no
signifcant diference between them, and sample Z30 is easier
to chew and more fufy than sample Z15. Terefore, based
on diferent eating habits, consumers who prefer chewymeat
can choose the breast meat steamed for 15min, while
consumers who prefer meat that is easy to chew can choose
the breast meat steamed for 30min. Te Lueyang black
chicken breast meat steamed for 15–30min was more ac-
ceptable in taste, favor, and chewiness.

3.2. GC-IMS 3D and 2D Spectrum of VOCs in Four Chicken
BreastMeatSamples. TeVOCs of the breast meat samples
Z0, Z5, Z15, and Z30 were measured by GC-IMS. Te
GC-IMS 3D spectra of four breast meat samples were
obtained (Figure 2(a)). Te DT, ion relative retention time
(RT), and signal intensity were the X, Y, and Z axes,
respectively, on the 3D spectra. Te signal intensity
showed the amplitude of the peak [23, 31]. Tere were
fewer VOCs on the spectrum of Z0 samples, while there
were a higher variety and quantity of VOCs on the spectra
of Z5, Z15, and Z30 samples steamed for 5, 15, and 30min.
When the meat was cooked, it could produce a greater
variety and quantity of favor substances. Tis is consis-
tent with the results that the restewed chicken produced
more variety and quantity of VOCs than the raw chicken
[24] and the contents and types of VOCs of steamed sea
bass were signifcantly higher than those of unsteamed sea
bass [34]. However, it is difcult to tell the diferences in
VOCs on the 3D spectra.

To compare the variations of VOCs in the four breast
meat samples more intuitively, 2D view spectra (Figure 2(b))
were converted by the 3D spectra in Figures 2(a), and 2D
diference spectra (Figure 2(c)) were obtained by deducting
Z0 spectrum as a base. Diferent VOCs have diferent
horizontal migration times and vertical RT, and the same
VOC content in diferent samples varied with an obvious
trend of change (Figures 2(b) and 2(c)). Te VOCs of
Lueyang black chicken breast meat at diferent steaming
times could be separated and distinguished efectively by
GC-IMS, showing diferent characteristic GC-IMS spectra
(Figures 2(b) and 2(c)).

3.3. Qualitative Analysis of VOCs in Four Chicken Breast
Meat. Te qualitative analysis of VOCs is conducted based
on their DT and RT. Samples Z0 were taken as an example
for qualitative analysis of VOCs (Figure 3), while those of
other samples were not shown here. Each signal peak in
Figure 3 represents a substance, marked with numbers.
Tere were 60 signal peaks obtained from the breast meat of
Lueyang black chicken at the diferent steaming time, from
which 46 VOCs were identifed, including 24 aldehydes
(51.19–72.57%), 8 ketones (10.15–16.97%), 9 alcohols
(7.98–13.16%), 2 furans (2.24–10.85%), 2 esters (0.54–1.56%)
and 1 ether (0.05–2.47%) (Figure 3 and Table 2).

Te RI, RT, DT, relative proportion, and favor de-
scription of various VOCs are shown in Table 2. Te relative
proportion of hexanal was the highest among aldehydes,
reaching 23.82%, 31.87%, 30.96%, and 29.95%, respectively,
in the samples of Z0, Z5, Z15, and Z30 (Table 2), which can
endow the breast meat of Lueyang black chicken with grass,
tallow, and fat aroma, consistent with the results fromWang
et al. [35]. Lueyang black chicken is a kind of free-range
chicken in mountainous areas, and the hexanal content of
free-range chickens is greater than that of cage-range
chickens [36], and this may be one of the reasons for the
high hexanal content of Lueyang black chicken breast meat.
Research also showed that the SLC27A1 gene and peroxi-
some proliferator-activated receptor (PPAR) pathway are
closely related to hexal content in Chinese local chicken
VOCs [37].

Table 1: Te sensory assessment standards of chicken breast meat.

Index Scoring criteria Score

Taste
Fresh and delicious 20∼30
Not outstanding 10∼19

No taste 0∼9

Aroma
Strong fragrance 20∼30
Light fragrance 10∼19
No fragrance 0∼9

Chewiness
Easy to chew 20∼30
Easier to chew 10∼19
Hard to chew 0∼9

Tissue status
Tight 8∼10

Slightly fufy 4∼7
Flufy 0∼3
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Figure 1: Appearance photo (a) and sensory scores (b) of Lueyang black chicken breast meat at diferent steaming times (note: Z5, Z15, and
Z30 represent samples of Lueyang black chicken breast meat steamed for 5, 15, and 30min, respectively).
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Figure 2: Spectra of GC-IMS in four breast meat (note: Z0, Z5, Z15, and Z30 represent samples of Lueyang black chicken breast meat
steamed for 0, 5,15, and 30min, respectively). (a) 3D spectra. (b) 2D top view spectra. (c) 2D diference spectra.
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3.4. Fingerprint ofVOCs inFourChickenBreastMeatSamples.
Te fngerprint was constructed to display the VOCs’ dif-
ferences in four breast meat samples, including Z0, Z5, Z15,
and Z30, by three parallel tests (Figure 4). Te horizontal
represents four breast meat samples (Z0, Z5, Z15, and Z30)
from top to bottom, while the vertical represents the same
volatile compound at diferent steaming times. Te redder
and larger the spot is, the higher the VOC content [38, 39].
Tere are signifcant diferences in VOCs in four breast meat
samples (Figure 4). Te relative content of VOCs in samples
of Z0, including butanal, 2-pentanone, 1-propene-3-meth-
ylthio, 6-methyl-5-hepten-2-one, 3-hydroxy-2-butanone
monomer, 2-butanone, hexanal, and n-hexanol, were rela-
tively higher (Figure 4). Te variety and content of VOCs in
samples Z5, Z15, and Z30 exhibited a clear increase com-
pared to that of samples Z0, which is consistent with the
observed trend of VOCs variation in chicken following
thermal processing [22, 24]. Te concentration of VOCs,
including 1-penten-3-ol, octanal, n-nonanal, pentanal di-
mer, 1-pentanol, 2-methylbutanal monomer, 1-octen-3-ol,
2-pentyl furan, heptanal dimmer, 2-hexenal dimmer, 2-
penten-1-ol (Z), and butyl acetate, exhibited relatively higher
levels as the steaming time increased from 0min to 5min.
After increasing the steaming time from 5min to 15min,
there was a decrease in the levels of 1-penten-3-ol dimmer,
octanal dimmer, 1-pentanol monomer, hexanal monomer,
heptanal, n-nonanal, decanal, and octanal monomer, while
there was an increase in the content of benzaldehyde
monomer, 2-heptanone, acetone, butyl acetate, pentanal-D,
3-methylbutanal dimer, 2-methyl-propanal, methyl acetate,
benzaldehyde dimer, 1-octen-3-ol dimer, 2-pentyl furan, 2-
penten-1-ol (Z), and 2-heptenal (E). Te content of VOCs,
including octanal monomer, and heptanal dimer content
decreased, and the contents of pentanal dimer, 3-
methylbutanal dimer, 2-methyl-propanal, methyl acetate,

benzaldehyde dimer, 1-octen-3-ol dimer, 2-pentyl furan, 2-
penten-1-ol (Z), and 2-heptenal (E) showed relatively higher
levels as the steaming time increased from 15min to 30min.

During the hot processing of meat, various VOCs are
generated, such as alcohols, aldehydes, ketones, esters, fu-
rans, ethers, and other substances [21–24]. To demonstrate
the various VOC changes, the relative content of various
VOCs in Lueyang black chicken breast meat at diferent
steaming times was calculated based on the signal intensity
of various substances on the fngerprint spectrum (Figure 5).
Te results showed that aldehydes, ketones, and alcohols
were the main VOCs in steamed Lueyang black chicken
breast meat, which was consistent with the research results
of Fan et al. [21]. Te relative content of aldehyde in breast
meat of Lueyang black chicken was the highest, ranging from
69.14% to 72.57%, composed of hexanal, heptanal, decanal,
butanal, octanal, pentanal, n-nonanal, benzaldehyde, 2-
heptenal (E), 2-hexenal, 2-methyl-propanal, 2-octenal (E),
2-methylbutanal, and 3-methylbutanal. Te relative content
of ketones was 10.14%–16.37%, including 2-pentanone, 2-
butanone, 2-heptanone, 3-hydroxy-2-butanone, 6-methyl-
5-hepten-2-one, and acetone. Te relative content of alco-
hols was 10.50%–13.16%, which was composed of 1-octen-3-
ol, 1-pentanol, 1-penten-3-ol, n-hexanol, and 2-penten-1-ol
(Z). Te relative content of furans, including 2-butyl furan
and 2-pentyl furan, was 2.24%–3.16%.Te relative content of
esters, namely, butyl acetate and methyl acetate, was 0.74%–
1.56%.Te relative content of ether 1-propene-3-methylthio
was 0.05%–0.23%.

Te aldehydes, ketones, alcohols, furans, esters, and
ethers mainly generated after the oxidation and degradation
of chicken fat are important for chicken favor [40]. From
Figure 5, it can be seen that before steaming, the VOCs of
Lueyang black chicken breast meat are mainly composed of
aldehydes (51.19%), ketones (26.97%), furans (10.85%), and
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Figure 3: Qualitative spectrum of VOCs in the samples of Z0.
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alcohols (7.98%), with a small amount of ethers (2.47%) and
esters (0.54%). When the breast meat was steamed for 5min,
the content of aldehydes, esters, and alcohols increased,
while the content of furans, ketones, and ethers decreased.
With the steaming time extended from 5min to 30min, the
content of aldehydes, alcohols, furans, and ethers in the
breast meat of the steamed Lueyang black chicken gradually
decreased, while the content of ketones and esters gradually
increased. When steamed for 30min, the VOCs in the breast
meat of Lueyang black chicken are mainly aldehydes
(69.14%), ketones (16.37%), and alcohol (10.625%).

Aldehydes have a low threshold, which is very important
in the production of meat favor [40].Tey are the key VOCs
in local Chinese chicken meat [41], which account for the
highest proportion of VOCs in the unsteamed and steamed
breast meats of Lueyang black chicken, and contribute grass,
tallow, fat, almond, malt, pungent, citrus, green aromas to

the breast meat. Aldehydes also contributed the largest to the
overall breast meat favor of Piao chicken and Yanjin silky
fowl [20], Chai hen, and black chicken [35]. Te thresholds
of ketones and alcohols are higher than those of aldehydes,
with pleasant favors such as foral and fruity. Ketones are
few in variety; however, they are important in the formation
of chicken’s characteristic favor. Te contents of ketones
and alcohols in the breast meat of Lueyang black chicken
steamed for 30min were higher than that in the breast meat
of many Chinese native chickens [21, 35].

3.5. OPLS-DA and Model Validation. OPLS-DA, diferent
from PCA, is a supervised statistical method for discrimi-
nant analysis. Te relationship model between the substance
expression and sample category was established by partial
least squares regression to predict the sample category. R2X
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Figure 4: Gallery fngerprint of VOCs in four steamed chicken breast meat samples.
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and R2Y stand for the explanation rate of the constructed
model for the X and Ymatrices, respectively, and Q2 denotes
the prediction ability of the model. A scoring plot in
OPLS-DA was used to classify VOCs of 4 kinds of breast
meat, and the results are shown in Figure 6. Parameters of Q2

greater than 0.5 and less than 1.0 are considered to be more
accurate [38, 39, 42]. Most information on the VOCs of four
breast meat was covered by this model with Q2 (cum)�

0.648, R2X(cum)� 0.96, and R2Y(cum)� 0.786 (Figure 6).
Most breast meat samples at diferent steaming times could
be classifed by the OPLS-DA map (Figure 6(a)). To prevent
overftting, a permutation test was used to confrm the
OPLS-DA model reliability, and the result is shown in
Figure 6(b). Te regression line of Q2 (−0.815) is less than
0 at the crossing point of the ordinate after 200 cross-
validations. R2 and Q2 are lower than the raw values in
all tests, showing that the established OPLS-DAmodel is not
overftting and is stable and reliable [43].

3.6. Screening of Characteristic VOCs in Four Breast Meat.
According to the VIP values in the OPLS-DA model, the
importance of each variable for sample classifcation can be
quantifed. Te characteristic VOCs were screened based on
VIP values greater than 1.0 and signifcance levels less than
0.05.Te screeningmethod based on the OPLS-DAmodel and
VIP values was used in many kinds of foods to select the
characteristic favor components [31, 34, 38, 39, 44].Te results
showed that 18 characteristic VOCs were screened from 46
VOCs in four breast meat samples (Figure 7(a)), including 10
aldehydes (hexanal (monomer and dimer), pentanal (mono-
mer and dimer), octanal (monomer and dimer), heptanal
(monomer and dimer), 2-heptenal (E), and n-nonanal
monomer), 3 ketones (acetone, 2-butanone monomer, and
2-pentanone), 3 alcohols (1-pentanol (monomer and dimer)
and n-hexanol monomer), 1 furan (2-butyl furan), and 1 ether
(1-propene-3-methylthio). Hexanal dimmer (with aromas of
grass, tallow, and fat) had the highest VIP value, followed by 2-

butanonemonomer (with aromas of ether), 2-butyl furan (with
aromas of fruity, wine, sweet, and spicy), hexanal monomer
(with aromas of grass, tallow, and fat), 2-heptenal (E) (with
aromas of soap, fat, and almond), acetone (with aromas of
apple and pear), and pentanal dimmer (with aromas of almond,
malt, and pungent). Hexanal is the main VOC in steamed,
stewed, air-fried, boiled, fried, and roasted chicken breast meat
[21–23, 35]. 2-Butanone is present in the volatile favor
compounds of fried and roasted chicken breast meat [22]. 2-
Heptenal (E) is an olefnic aldehyde with a very low threshold
that plays an important role in chicken breast favor.

Te 18 characteristic VOCs were then subjected to PCA
and cluster analysis (Figures 7(b) and 7(c)). PCA results
showed that the cumulative contribution ratio of 18 char-
acteristic substances was 92% (PC1 and PC2 were 68.7% and
23.3%, respectively) (Figure 7(b)), which could explain the
variation in the samples. In addition, 18 kinds of charac-
teristic VOCs in the breast meat samples of Lueyang black
chicken at the same steaming time were relatively concen-
trated, which could better distinguish the breast meat
samples of Lueyang black chicken at diferent steaming
times. Based on the signal intensities of these VOCs,
a clustering heatmap was created (Figure 7(c)), and it was
found that there were diferences in 18 characteristic VOCs
in the breast meat samples of Lueyang black chicken at
diferent steaming times. Te favor characteristics of
Lueyang black chicken breast meat could be divided into
three categories: before steaming (Z0), the early stage of
steaming (Z5), and the late stage of steaming (Z15, Z30).Te
results of PCA and heat map of 18 characteristic favor
substances could distinguish the breast meat of Lueyang
black chicken with diferent steaming times. In this study, 18
potential characteristic VOCs were screened by GC-IMS and
the OPLS-DA model with VIP> 1.0 and p< 0.05. However,
quantitative analysis was lacking. In the future, it is necessary
to combine GC-MS, GC-O, and relative odor activity values
to further reveal the fne changes of VOCs during the
steaming process of Lueyang black chicken breast meat.
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Figure 6: OPLS-DA scores of VOCs in breast meat of Lueyang black chicken at diferent steaming times (a) and displacement tests (b).
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4. Conclusions

In summary, a total of 46 VOCs were identifed from the
breast meat of Lueyang black chicken at diferent steaming
times, mainly including aldehydes, ketones, alcohols, and
furans. Compared with raw chicken breast meat, the relative
contents of aldehydes and alcohols increased after steaming,
whereas the relative contents of ketones and furans de-
creased. A stable and reliable OPLS-DA model was estab-
lished, and 18 characteristic VOCs were screened including
10 aldehydes, 3 ketones, 3 alcohols, 1 furan, and 1 ether.
Among them, the important substances afecting the favor

of chicken breast meat during the steaming process were
hexanal dimmer, 2-butanone monomer, 2-butyl furan,
hexanal monomer, 2-heptenal (E), acetone, and pentanal
dimer (VIP> 1.50). Further, the PCA and cluster analysis of
18 characteristic VOCs showed that they could efectively
distinguish the breast meat of Lueyang black chicken at
diferent steaming times. Combined with sensory evaluation
results, 15–30min were recommended for steaming
Lueyang black chicken breast meat. Te GC-O aroma
profles, degradation of protein, and lipid of Lueyang black
chicken breast during the steaming process will be reported
elsewhere.
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Figure 7: Screening of VOCs in breast meat of Lueyang black chicken at diferent steaming times. (a) VIP values. (b) Principal component
score map. (c) Cluster heatmap.
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