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Abstract

This study investigated the changes in volatile compounds in chicken flesh after boiling at
various pHs (6.0-9.0) and after chilling storage (4.0+1.0°C) for 7 d. The volatile compounds
were assessed qualitatively and quantitatively by using a headspace GC—MS analysis. Twenty-
one volatile compounds were discovered and categorized as amine, aldehyde, alcohol, ketone,
acid, and furan. One type of amine, (2-aziridinylethyl) amine, was the most prevalent volatile
component, followed by aldehyde, ketone, aldehyde, acid, ester, and furan. The results showed
that the quantity and quality of the volatile compounds were influenced by a pH of the boiling
medium. Additionally, the types and volatile profiles of the chicken were altered during chilling.
In particular, in the chicken that was boiled at a pH of 8.0, the hexanal (an aldehyde) content
increased the most after 7 d of chilling. Moreover, various alcohols formed after the 7 d of
chilling of the chicken that was boiled at pHs of 8.0 and 9.0. Because of the oxidation and
degradation of fat and proteins, the most altering volatile compounds were the reducing amines

and the increasing aldehydes.

Keywords: volatile compounds; headspace GC-MS; thermal treatment; chicken

1. Introduction

Poultry meat 1s one of the most widely consumed meats worldwide, with no religious
restrictions, in contrast to pork and beef, which are not consumed by Muslims and Hindus,
respectively. Chicken is the most common type of poultry in the world. It contains less fat than
the other types of meat and provides high-quality protein as well as other nutrients (Connolly et
al., 2022). It can be processed in a variety of ways; nevertheless, the processing influences its
customer acceptance (Maughan et al., 2012). Sensory perception of food encompasses aspects

such as appearance, odor, flavor, taste, and texture; additionally, odor has a considerably strong
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effect on preference (Nanda et al., 2021). Food contains various volatile compounds (Ayseli et
al., 2014), each of which has a unique olfactory profile that is determined by specific chemical
combinations. The volatile compounds or flavors are mainly formed by degrading and reacting
with non-volatile precursors such as fat, protein, peptides, fatty acids, amino acids, and reducing
sugar (Madruga et al., 2010). As the processing and storage affect the reaction and the changes in
the food compositions and then affect the volatile compound changes (Calkins and Hodgen,
2007), different heating conditions influence the products, giving them a specific aroma and

bringing about changes in their volatile profiles during storage.

Boiling is a typical method for preparing or cooking chicken. Chicken is cooked in a variety
of broths with varying flavors. The components change pH, which affects a variety of processes,
including lipid oxidation and the Maillard reaction (Niu et al., 2016). Boiling at 95°C is a viable
heating treatment for chicken, according to Wang et al. (2020), because it helps to retain the
fresh odor and texture while safeguarding food safety. This stands in contrast to the stewing
method, which involves slowly heating the meat in the broth to liberate the fatty acids and amino
acids and produce the desired flavors or volatiles (Guan et al., 2023). Boiled and pasteurized
chicken meat has a shelf life of up to 7 d under mild chilling conditions with acceptability of
flavor and odor (Montero-Prado and Morales, 2022) and customer safety (Hasani et al., 2023).
There have not been many studies, as far as we know, on how pH affects the volatile flavor of
cooked chicken after heat treatment. Therefore, the volatile components of chicken that were
boiled at various pH levels as well as the volatile alterations that occurred during chilling storage
were examined in this study. This research’s findings can be used in the manufacture of chicken
products and the design of the corresponding process, including the cooking and pre-cooking
steps. Furthermore, understanding the volatile changes that occur during chilling can help design

storage settings to limit product alterations.
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2. Materials and Methods

2.1.  Sample preparation

Chicken breast meat (Ross308 strain, 42—45 d of age, storage at 5-8°C) 9.04% protein,
0.74% fat, and 0.57% carbohydrate) was purchased from the local market. It was diced into
cubes measuring 1 cm x 1 cm x 1 cm and then boiled in water with pH adjustments of 6.0, 7.0,
8.0, and 9.0 made using sodium bicarbonate and citric acid until the core temperature of the
chicken reached 95°C for 5 min. The ratio of chicken and water was 1:10. The samples were
divided into two parts: 1) to evaluate the volatile compound immediately, and 2) to analyze the

volatile compound after 7 d of storage at 4.0 = 1.0°C (chilling).

2.2.  Headspace volatile analysis

The headspace volatile compounds in the chicken were analyzed using the Thermo
Scientific Trace 1300 gas chromatography—mass spectrometry (GC—-MS; Thermo Fisher
Scientific, UK). The volatile compounds were collected and separated with a TG-5slims column
with dimensions of 0.25 mm x 30 mm x 0.25 pum (Thermo Fisher Scientific, UK) using helium
(UHP, 99.999%) as a carrier gas at a constant flow rate of 1.6 mL/min. With the modified
procedure of Bhadury et al. (2021), the initial oven temperature was held at 50°C for 2 min
before ramping at 5°C/min until 125°C for 10 min, and then at 10°C/min until 200°C for 2 min.
The total run time was 26.50 min. Eluted compounds that exited the GC column were separated
by a splitter at a ratio of 2:3 before entry into the mass selective detector (MSD 5975, Agilent
Technologies, USA). The MSD was operated in the electron impact mode at 70 eV with 35 to
500 scanning m/z. The identification of the separated compounds was performed by comparing
the mass spectra to the NISTO2 library available in the GC system. The percentage peak area
method was used to present the content of each specified component by evaluating it as a

proportion of the area of the target component to the total area of all of the detected peaks. Each
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treatment was examined using 10 g of boiling chicken cubes in triplicate. Every analyte was

injected in triplicate.

2.3.  Statistical Analysis

The data were analyzed using the Minitab 19 software. A one-way analysis of variance
(ANOVA) was used to determine the significant differences between the means, and the Tukey

test was used for a comparison, with the significance level set at P < 0.05.

3. Results and Discussion

3.1.  Overall volatile profile

The volatile compounds obtained at different pHs of the boiling water, in chicken breast
meat were detected using GC-MS. In all, 21 volatile compounds were detected among eight
samples (chicken boiled at pHs of 6.0, 7.0, 8.0, and 9.0 and those chilled for 7 d), which could be
divided into seven categories. Among all of the volatile compounds were one amine, one ester,
one furan, two ketones, eight alcohols, and eight aldehyde compounds. It was found that the pH
of the boiling water not only affected the number of volatile compounds but also their relative
contents. Moreover, changes were observed in both compound type and quantity during chilling
storage. The highest concentration of volatile compounds detected in the chicken was that of
amine, followed by that of aldehyde, ketone, alcohol, and acids, respectively, as shown in Fig.
1(A). Most of these compounds (except amine) were derived from the Maillard reaction or the
thermal degradation of lipids (Ruiz et al., 2002). Amine, alcohol, ketone, alcohol, and acid
volatiles were found in chicken boiled at a pH of 6.0, but no acid was found in chicken boiled at
pHs of 7.0, 8.0, and 9.0. The free OH™ in the medium with pHs of 7.0, 8.0, and 9.0 most likely
neutralized the free H' in the medium; moreover, a number of acids were destroyed by heat

during boiling. Furthermore, alcohol was not detected in chicken cooked at a pH of 7.0. The
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volatile compounds changed after 7 d of chilling, as indicated in Fig. 1(B). The concentration of
amine in the boiled chicken reduced; in contrast, that of aldehydes and alcohols increased. Acid
was only found in the chicken boiled at a pH of 6.0 as 0.2% and increased after storage for 7 d as
0.4%. In addition, ester (n-caproic acid vinyl ester) was not found in the chicken boiled at any
pH, but it was detected in the chicken boiled at any pH studied after 7 d of chilling storage. It
was probably produced from the esterification of the existing alcohol and carboxylic acid
(Hwang et al., 2020). In addition, 2-pentyl furan, a non-carboxyl compound derived from linoleic
acid oxidation (Wall et al., 2019), lipid oxidation (Zhao et al., 2022), and the Maillard reaction
(Niu et al., 2016), was identified to be responsible for fatty and cooked-meaty aromas (Niu et al.,

2016; Zhao et al., 2022), which had a very low aroma threshold (Wang et al., 2020).

[Figure 1]

The only amine found in the chicken after boiling and chilling was (2-aziridinylethyl) amine
with a fishy flavor (Xu et al., 2019). As it contained nitrogen, it was possibly related to the amino
acid degradation during boiling. A reduction in its relative content was found after storage at a
chilling temperature (lower than 10°C), but the relative contents of the other products,
particularly the aldehydes, increased. The volatile compounds from chicken boiled at a pH 0f 9.0
included the least amount of (2-aziridinylethyl) amine and the most aldehydes; in contrast, those
boiled at a pH of 7.0 exhibited an increase in the formation of (2-aziridinylethyl) amine while
inhibiting the aldehyde release. However, after 7 d of chilling, the amount of (2-aziridinylethyl)
amine in all of the samples (chicken boiled at each pH tested) decreased while that of the
aldehydes increased. The aldehyde content in the chicken boiled at pHs of 7.0, 8.0, and 9.0
became not significantly different (P < 0.05) after chilling for 7 d. It was indicated that the
boiling medium pH of 7.0 inhibited the aldehyde production in the fresh boiling but enhanced the

generation during storage up to 5.5 times (from 9.9 to 54.6%). This change altered the aroma in
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the chicken from fishy to aldehyde-type. The changes in type and contents of volatiles during
chilling storage were because the pH condition of the boiling process affected the oxidation rate
of the volatiles (Hassanzadeh et al., 2022a; Hassanzadeh et al., 2022b), fatty acids (Ba et al.,

2013), and lipids (Kim et al., 2016).

Prior research (Petrucci et al., 2016; Jung et al., 2023) indicates that heating provided
molecular energy to break atom-to-atom bonds, resulting in smaller molecules or volatiles, but it
also led to volatile degradation (Yuan et al., 2023). Moreover, Yang et al. (2017) found that the
pH of the solution affected the volatility of the compounds through two processes: 1)
decomposition, in which a low or high pH caused some compounds to break down into smaller,
more volatile molecules, and 2) acid and base reactions, which result in charged ions, which are
less volatile than neutral molecules. This investigation included the effects of dissolving the
molecules, releasing the volatile molecules through heat, and enhancing the volatile stability

under pH conditions.

3.2.  Aldehydes

Aldehydes were the second-most-abundant volatile compounds in the chicken, both after
boiling and chilling. They significantly contributed to the overall aroma of cooked chicken
because of their low threshold values (Ba et al., 2010). As shown in Fig. 2, after boiling, five
aldehydes, namely hexanal, pentanol, nonanal, heptanal, and octanal, were detected in the
chicken boiled at pHs of 6.0, 8.0, and 9.0, but three aldehydes, namely hexanal, pentanol, and
nonanal, were detected in the chicken boiled at pH 7.0. Among them, nonanal and heptanal had
pleasant meat flavors, and octanal had a sweet orange flavor. Benzaldehyde, an organic
compound formed by replacing a hydrogen of benzene with an aldehyde group, contributed an

almond smell (Zhao et al., 2021).
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[Figure 2]

However, more types of aldehydes were found after chilling for 7 d. Butanal was detected
in the chicken boiled at a pH of 6.0 after chilling for 7 d, while acetaldehyde and benzaldehyde
were found in the chicken boiled at pHs of 7.0, 8.0, and 9.0 and chilled for 7 d. It was found that
acetaldehyde formed in a high concentration in the chicken boiled at a pH of 8.0 and chilled for 7
d as the 6.42% relative content increased, as shown in Fig. 3; it caused a pungent odor, which
was unpleasant, in the chicken (Luttrel, 2009). A small amount of benzaldehyde (~0.06% relative
content increase) was detected in the chilled chicken, which was boiled at pHs of 7.0, 8.0, and
9.0; however, its high threshold (Acree and Heinrich, 2024) presented no effect on the sensory
reception. The relative contents of hexanal and pentanal clearly increased in the chicken boiled at
every pH of water after chilling for 7 d. The highest increase in the relative concentration of
hexanal after 7 d of chilling in the chicken boiled at a pH of 8.0 (40.29%), followed by that
boiled at pHs of 7.0 (36.34%), 6.0 (23.99%), and 9.0 (15.17%), respectively. Aldehydes were
identified as the primary odor components in cooked chicken because of their high volatility and
low threshold (Shi et al., 2019). Previous research (Yang et al., 2017) has demonstrated that
aldehydes are mostly produced via lipid oxidation. Hexanal and heptanal, known for their
unpleasant rancidity and green odor (Kobayashi et al., 2016; Li et al., 2020), are mostly formed
by the oxidation of linoleic acid and arachidonic acid, whereas octanal and nonanal are formed
through the oxidation of oleic acid (Watanabe et al., 2015), which is high in chicken meat (Kim
et al., 2020). Moreover, pentanal, nonanal, and octanal have been reported to be formed from the
oxidation of unsaturated fatty acids and the thermal oxidative decomposition of fat (Sampaio et

al., 2012).

[Figure 3]

3.3.  Alcohols
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According to Fig. 4, alcohol was not produced in the chicken boiled at a pH of 7.0, but two
alcohols, namely 1-pentanol and 1-octen-3-ol, were found in the chicken boiled at a pH of 6.0.
Both 1-pentanol and 1-octen-3-ol are the oxidation products of fatty acids composed of linoleic
acid (Pratt et al., 2011) and arachidonic acid (Jerkovie et al., 2021), respectively. 1-pentanol and
2-hexyl-1-octanol were also found in the chicken boiled at pHs of 8.0 and 9.0, while 1-octen-3-
ol, a product of the auto-oxidation of linoleic acid that supplied a mushroom aroma (Feng et al.,
2019) and green flavor (Zhang et al., 2023), was detected in the chicken boiled at a pH of 9.0 but
not at a pH of 8.0. Because alcohols are the main products of fat oxidation and decomposition
and generate the aroma volatiles (Miks-Krajnik et al., 2016), the difference in the type and
concentration of the detected volatile compounds in the boiled chicken meat was attributed to the

differences in the fat decomposition at different pHs.

[Figure 4]

After storage under chilling conditions for 7 d, 1-pentanol and 1-octen-3-ol detected in the
chicken boiled at all of the studied pHs increased, while 2-hexyl-1-octanol detected in the meat
boiled at pHs of 8.0 and 9.0 decreased by a relative concentration of 0.24, as shown in Fig. 5. It
was possible that 2-hexyl-1-octanol was a substance for some reactions or a substrate for
bacterial growth during the chilling storage. The increases in 1-pentanol and 1-octen-3-ol in the
chicken boiled at pHs of 8.0 and 9.0 were quite similar, with relative concentrations of around
0.45-0.49 and 0.39-0.40, respectively. As both 1-pentanol and 1-octen-3-ol were formed during
the oxidation of the fatty acids, the results indicated that there was still fatty acid oxidation
during storage, particularly in the chicken boiled at pHs of 7.0 and 8.0. A new volatile
compound, 1-hexanol, contributing an oily odor (Niu et al., 2016), was detected in the chicken
boiled at pHs of 6.0, 7.0, and 8.0. Even if alcohols were not found in the chicken after boiling at

a pH of 7.0, as shown in Fig. 4, four alcohols, namely 1-pentanol, 1-octen-3-ol, 1-hexanol, and 2-
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butyl-1-octanol, were detected after chilling for 7 d, as shown in Fig. 5. Moreover, various
alcohols were present in the chicken boiled at a pH of 8.0 after chilling for 7 d: 1-octen-3-ol, 1-
hexanol, 2-hexyl-1-octanol, cyclopropyl carbinol, ethanol, and cyclobutanol. Most of them, such
as 1-pentanol, 1-hexanol, and 2-hexyl-1-octanol, gave off fatty odors. Ethanol, which was
detected only in the chicken boiled at a pH of 8.0 and chilled for 7 d with a relative content of
0.30 £ 0.03%, indicated the spoilage of the boiled chicken (Miks-Krajnik et al., 2016; Klein et
al., 2018). This implied that the chicken boiled at pHs of 6.0, 7.0, and 9.0 had a longer shelf life

for chilling storage.

[Figure 5]

3.4. Ketones

2-butanone compounds, having a pungent odor (Zhao et al., 2021), were detected in the
chicken boiled at pHs of 6.0, 7.0, and 8.0, respectively, as shown in Fig. 6. D-limonene, one of
the most common terpenes in nature found in beef (Canedo et al., 2009) and chicken
(Ramaswamy and Richards, 1982), which was probably from the feed (Bampidis et al., 2005),
was found in the chicken boiled at pHs of 6.0 and 8.0. No ketone was found in the chicken after
boiling at a pH of 9.0, but both 2-butanone and D-limonene were detected after chilling for 7 d.
In contrast, D-limonene found in the chicken after boiling at a pH of 6.0 disappeared after 7 d of
chilling due to its low zeta potential at low temperatures in the chilling condition (Li and Lu,
2016). Moreover, it was found that the 2-butanone volatile was reduced in the chicken boiled at
pHs of 6.0, 7.0, and 8.0 after chilling for 7 d. It was implied that the pungent odor from 2-
butanone reduced during chilling, similar to the citrus odor from D-limonene, which also
reduced after chilling.

[Figure 6]
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4, Conclusion

The volatile development and stability of boiled chicken were investigated using a
headspace GC-MS after boiling and during the chilling storage period. The findings revealed that
boiling chicken flesh at various boiling medium pH levels affected the generation of volatiles
and alterations that occurred after storage. Amines, aldehydes, alcohols, ketones, acids, esters,
and furans all responded significantly to the pH of the boiling medium and chilling storage (7
days). The maximum concentration of amine ((2-Aziridinylethyl) amine, boiled at pHs of 6.0—
8.0) was found after boiling. In contrast to the alterations observed after 7 days of chilling,
amines showed the greatest decline, while aldehydes showed the greatest increase. In specifics,
after the chicken was chilled for 7 days, it was found to include n-caproic acid vinyl ester (ester),
2-pentyl furan, butanal, acetaldehyde, benzaldehyde, cyclopropyl carbinol, ethanol, and
cyclobutanol, depending on the pH of the boiling medium. This study showed that heat in the
boiling medium with varying pH levels changed the production of distinct volatiles in the boiled
chicken meat. The primary causes of the volatiles' altered composition during chilling were
Maillard and oxidation reactions. Various types of volatiles in chicken were generated after
boiling it in a medium with a low pH (a pH of 6.0), but the off-flavors (aldehydes) created after
chilling were found mostly in the chicken meat boiled at a high pH (pHs of 8.0 and 9.0). The pH
of the boiling medium should be taken into account in order to improve the changes in volatiles

or flavor in cooked chicken during chilling storage.

Acknowledgments

The authors are grateful for the financial support from the school of engineering, KMITL
research fund [2564-02-01-013] and, the department of food engineering for providing the

facilities to carry out this research.



245

246

247

248

249

250

251

252

253

254

255

256

257

258

259

260

261

262

263

264

265

266

267

References

Acree TE, Heinrich A. 2004. Gas chromatography - olfactometry (GCO) of natural products.
Accessed Sep. 2023. http://www.flavornet.org/flavornet.html.

Ayseli MT, Filik G, Selli S. 2014. Evaluation of volatile compounds in chicken breast meat
using simultaneous distillation and extraction with odour activity value. J Food Nutr Res
53:137-142.

Ba HV, Oliveros MC, Ryu KS, Hwang IH. 2010. Development of analysis condition and
detection of volatile compounds from cooked Hanwoo beef by SPME-GC-MS analysis.
Korean J Food Sci Anim Resour 30:73-86. https://doi.org/10.5851/kosfa.2010.30.1.73

Ba VH, Amna T, Hwang I. 2013. Significant influence of particular unsaturated fatty acids and
pH on the volatile compounds in meat-like model systems. Meat Sci 94(4):480-8.
http://dx.doi.org/10.1016/j.meatsci.2013.04.029.

Bai J, Fan Y, Zhu L, Wang Y, Hou H. 2022. Characteristic flavor of Antarctic krill (Euphausia
superba) and white shrimp (Penaeus vannamei) induced by thermal treatment. Food Chem
378:132074. https://doi.org/10.1016/j.foodchem.2022.132074

Bampidis VA, Christodoulou V, Florou PP, Christaki E, Spais AB, Chatzopoulou PS. 2005.
Effect of dietary dried oregano leaves supplementation on performance and carcass
characteristics of growing lambs. Anim Feed Sci Technol 121:285-295.
https://doi.org/10.1016/j.anifeedsci.2005.02.002

Bhadury D, Nolvachai Y, Marriott PJ, Tanner J, Tuck KL. 2021. Detection of volatiles from raw
beef meat from different packaging systems using solid-phase microextraction GC—Accurate

mass spectrometry. Foods 10(9):2018. https://doi.org/10.3390/foods10092018



268

269

270

271

272

273

274

275

276

277

278

279

280

281

282

283

284

285

286

287

288

289

290

291

Calkins CR, Hodgen JM. 2007. A fresh look at meat flavor. Meat Sci 77(1):63-80.
https://doi.org/10.1016/j.meatsci.2007.04.016

Canedo AR, Garcia EF, Nunez M. 2009. Volatile compounds in fresh meats subjected to high
pressure processing: Effect of the packaging material. Meat Sci 81:321-328.
https://doi.org/10.1016/j.meatsci.2008.08.008

Connolly G, Clark CM, Campbell RE, Byers AW, Reed JB, Campbell WW. 2022. Poultry
consumption and human health: How much is really known? A systematically searched
scoping review and research perspective. Adv Nutr 13(6):2115-2124.
https://doi.org/10.1093/advances/nmac074

Feng T, Shui M, Song S, Zhuang H, Sun M, Yao L. 2019. Characterization of the key aroma
compounds in three truffle varieties from China by flavoromics approach. Molecules
24:3305. https://doi.org/10.3390/molecules24183305

Guan H, Yang C, Tian Y, Feng C, Gai S, Liu D, Dioa X. 2023. Changes in stability and volatile
flavor compounds of self-emulsifying chicken soup formed during the stewing process. LWT
175:114520. https://doi.org/10.1016/j.1wt.2023.114520

Hasani E, Kiskd G, Dalmadi |, Hitka G, Friedrich LF, Kenesei G. 2023. Effect of two-step sous
vide cooking and storage on microbiological and oxidative stability of chicken breast. Foods
12(6):1213. https://doi.org/10.3390/foods12061213

Hassanzadeh H, Alizadeh M, Hassanzadeh R, Ghanbarzadeh B. 2022a. Garlic essential oil-based
nanoemulsion carrier: Release and stability kinetics of volatile components. Food Sci Nutr
10(5):1613-1625. https://doi.org/10.1002/fsn3.2784

Hassanzadeh H, Ghanbarzadeh B, Galali Y, Bagheri H. 2022b. The physicochemical properties
of the spirulina-wheat germ-enriched high-protein functional beverage based on pear-

cantaloupe juice. Food Sci Nutr 10(11): 3654-3661. https://doi.org/10.1002/fsn3.2963.



292

293

294

295

296

297

298

299

300

301

302

303

304

305

306

307

308

309

310

311

312

313

314

Hwang H, Ball JC, Doll KM, Anderson JE, Vermillion K. 2020. Investigation of polymers and
alcohols produced in oxidized soybean oil at frying temperatures. Food Chem 317:126379.
https://doi.org/10.1016/j.foodchem.2020.126379

Jerkovic I, Radman S, Jokic S. 2021. Distribution and role of oct-1-en-3-ol in marine algae.
Compounds 1:125-133. https://doi.org/10.3390/compounds1030011

Jung Y, Kim HJ, Kim D, Joo B, Jhoo JW, Jang A. 2023. Physicochemical properties and volatile
organic compounds of dairy beef round subjected to various cooking methods. Food Sci
Anim ResourFood Sci Anim Resour 43(5):767-791. https://doi.org/10.5851/kosfa.2023.e35

Kim HJ, Jeon JJ, Nam KC, Shim KS, Jung JH, Kim KS, Choi Y, Kim SH, Jang A. 2020.
Comparison of the quality characteristics of chicken breast meat from conventional and
animal welfare farms under refrigerated storage. Poult Sci 99(3):1788-1796.
https://doi.org/10.1016/j.psj.2019.12.009

Kim JY, Yi B, Lee C, Gim S, Kim M, Lee JH. 2016. Effects of pH on the rates of lipid oxidation
in oil-water system. Appl Biol Chem 59, 157-161. https://doi.org/10.1007/s13765-015-
0146-3

Klein D, Maurer S, Herbert U, Kreyenschmidt J, Kaul P. 2018. Detection of volatile organic
compounds arising from chicken breast fillets under modified atmosphere packaging using
TD-GC-MS. Food Anal Methods 11:88-98. https://doi.org/10.1007/s12161-017-0978-z

Kobayashi F, Odake S, Miura T, Akuzawa R. 2016. Pasteurization and changes of casein and
free amino acid contents of bovine milk by low-pressure CO2 microbubbles. LWT - Food Sci
Technol 71:221-226. https://doi.org/10.1016/j.Iwt.2016.03.042

Li P, Lu W. (2016). Effects of storage conditions on the physical stability of D-limonene

nanoemulsion. Food Hydrocoll 53:218-224. http://dx.doi.org/10.1016/j.foodhyd.2015.01.031



315 Li X, Amadou I, Zhou GY, Qian LY, Zhang JL, Wang DL, Cheng XR. 2020. Flavor components
316 comparison between the neck meat of donkey, swine, bovine, and sheep. Food Sci Anim

317 Resour 40(4):527-540. https://doi.org/10.5851/kosfa.2020.e30

318  Luttrell WE. 2009. Acetaldehyde. J Chem Health Saf 16(5):43-44.

319 https://doi.org/10.1016/j.jchas.2009.07.004

320 Madruga MS, Elmore JS, Oruna-Concha MJ, Balagiannis D, Mottram DS. 2010. Determination
321 of some water-soluble aroma precursors in goat meat and their enrolment on flavour profile
322 of goat meat. Food Chem 123(2):513-520. https://doi.org/10.1016/j.foodres.2018.04.036

323  Maughan C, Tansawat R, Cornforth D, Ward R, Martini S. 2012. Development of a beef flavor

324 lexicon and its application to compare the flavor profile and consumer acceptance of rib
325 steaks from grass- or grain-fed cattle, Meat Sci 90(1):116-121.
326 https://doi.org/10.1016/j.meatsci.2011.06.006.

327  Miks-Krajnik M, Yoon YJ, Ukuku DO, Yuk HG. 2016. Identification and quantification of
328 volatile chemical spoilage indexes associated with bacterial growth dynamics in aerobically
329 stored chicken. J Food Sci 81:2006-2014. https://doi.org/10.1111/1750-3841.13371

330  Montero-Prado P, Morales GAR. 2022. Recent advances to increase the shelf life and safety of
331 packaged foods. Agron Mesoam 33(3):48389. https://doi.org/10.15517/am.v33i3.48389

332 Nanda PK, Das AK, Dandapat P, Dhar P, Bandyopadhyay S, Dib AL, Lorenzo JM, Gagaoua M.

333 2021. Nutritional aspects, flavour profile and health benefits of crab meat based novel food
334 products and valorisation of processing waste to wealth: A review. Trends Food Sci Technol
335 112:252-267. https://doi.org/10.1016/j.tifs.2021.03.059

336  NiuY, Wu M, Xiao Z, Chen F, Zhu J, Zhu G. 2016. Effect of fatty acids profile with thermal
337 oxidation of chicken fat on characteristic aroma of chicken flavors assessed by Gas
338 chromatography-Mass spectrometry and descriptive sensory analysis. Food Sci Technol Res

339 22(2):245-254. https://doi.org/10.3136/fstr.22.245



340

341

342

343

344

345

346

347

348

349

350

351

352

353

354

355

356

357

358

359

360

361

362

363

Petrucci RH, Herring FG, Madura JD, Bissonnette C. 2016. Chapter 10 Chemical bonding I:
Basic concepts. In General chemistry: Principles and modern applications (11th ed.). Pearson
Prentice Hall, Toronto, Canada. pp 450-451

Pratt DA, Tallman KA, Porter NA. 2011. Free radical oxidation of polyunsaturated lipids: New
mechanistic insights and the development of peroxyl radical clocks. Acc Che. Re. 44:458—
467. https://doi.org/10.1021/ar200024c

Ramaswamy HS, Richards JF. 1982. Flavor of poultry meat — A review. J Food Sci Technol
15:7-18. https://doi.org/10.1016/S0315-5463(82)72307-7

Ruiz J, Garcia C, Muriel E, Andrés Al, Ventanas J. 2002. Influence of sensory characteristics on
the acceptability of dry-cured ham. Meat Sci 61(4):347-354. https://doi.org/10.1016/S0309-
1740(01)00204-2

Sampaio GR, Saldanha T, Soares RAM and Torres EAFS. 2012. Effect of natural antioxidant
combinations on lipid oxidation in cooked chicken meat during refrigerated storage. Food
Chem 135(3):1383-1390. https://doi.org/10.1016/j.foodchem.2012.05.103.

ShiY, Li X, Huang A. 2019. A metabolomics-based approach investigates volatile flavor
formation and characteristic compounds of the Dahe black pig dry-cured ham. Meat Sci
158:107904. https://doi.org/10.1016/j.meatsci.2019.107904

Wall KR, Kerth CR, Miller RK, Alvarado C. 2019. Grilling temperature effects on tenderness,
juiciness, flavor and volatile aroma compounds of aged ribeye, strip loin, and top sirloin
steaks. Meat Sci 150:141-148. https://doi.org/10.1016/j.meatsci.2018.11.009

Wang H, Zhu Y, Zhang J, Wang X, Shi W. 2020. Characteristic volatile compounds in different
parts of grass carp by comprehensive two dimensional gas chromatography/time-of-flight
mass spectrometry. Int J Food Prop 23(1):777-796.

https://doi.org/10.1080/10942912.2020.1758715



364

365

366

367

368

369

370

371

372

373

374

375

376

377

378

379

380

381

382

383

384

385

386

387

Wang ZM, Shi YZ, Zhou K, Zhou H, Li XF, Li C. 2020. Effects of different thermal
temperatures on the shelf life and microbial diversity of Dezhou-braised chicken. Int Food
Res J 138:109471. https://doi.org/10.1016/j.foodres.2020.109471

Watanabe A, Kamada G, Imanari M, Shiba N, Yonai M, Muramoto T. 2015. Effect of aging on
volatile compounds in cooked beef. Meat Sci 107:12-19.
https://doi.org/10.1016/j.meatsci.2015.04.004

Xu M, Jin Z, Lan Y, Rao J, Chen B. 2019. HS-SPME-GC-MS/olfactometry combined with
chemometrics to assess the impact of germination on flavor attributes of chickpea, lentil, and
yellow pea flours. Food Chem 280:83-95. https://doi.org/10.1016/j.foodchem.2018.12.048

Yang QL, Lou XW, Wang Y, Pan DD, Sun Y'Y, Cao JX. 2017. Effect of pH on the interaction of
volatile compounds with the myofibrillar proteins of duck meat. Poult Sci 96(6):1963-1969.
https://doi.org/10.3382/ps/pew413

Yang Y, Zhang X, Ying W, Pan D, Sun Y, Cao J. 2017. Study on the volatile compounds
generated from lipid oxidation of Chinese bacon (unsmoked) during processing: Aroma
generated from lipid oxidation in bacon (unsmoked). Eur J Lipid Sci Technol 119(10):
1600512. https://doi.org/10.1002/ejlt.201600512

Yuan N, Chi X, Ye Q, Liu H, Zheng N. 2023. Analysis of volatile organic compounds in milk
during heat treatment based on e-nose, e-tongue and HS-SPME-GC-MS. Foods 12(5): 1071.
https://doi.org/10.3390/foods12051071

Zhao L, Zhang M, Wang H. 2022. Inhibition of the fishy odor from boiled crab meatballs during
storage via novel combination of radio frequency and carbon dots. Food Control 136:108843.
https://doi.org/10.1016/j.foodcont.2022.108843

Zhao WH, Wang GY, Xun W, Yu YR, Ge CR, Liao GZ. 2021. Characterization of volatile

flavour compounds in Chinese Chahua chicken meat using a spectroscopy-based non-



388

389

390

391

392

393

targeted metabolomics approach. Int Food Res J 28(4):763—779.
https://doi.org/10.47836/ifrj.28.4.13

Zhang X, Guan H, Zhao Q, Gong H, Wang D, Wang P, Li H, Liu W. 2023. Effect of thermal
treatment on the flavor quality of Chinese spicy cabbage. Food Control 144:109338.

https://doi.org/10.1016/j.foodcont.2022.109338



394
395

396
397
398
399
400
401

100.0

75449 qab 83.504.2» 78815 b (A)
80.0 +
) § 64.4+1.9°
E L
o 600 +
t C &
8 C p
@ F a o H
Z 400 1 | & =
g K S > b
o [ = Q@ = »
20.0 + 28 » 9 % oo
§ oo o © oo Ho
2 H H w H H o H
- 0 N 0 <o
- oo e oo -_—
00 - o
pH6 pH8 pHS
100.0
% (B)
80.0 & = 2 o
= Ho e o
= ~ 9 35
60.0 + © © + 'Y
£ © - L
3 < =
> 400 i)
R
7] : ©
(04 o i i = b=
20.0 - T-1-) —= &3 S ‘6?;
EEEEE EEREE R £
-  coooo lo— oo - oo . i
pH 6-7D pH 7-7D pH 8-7D pH 9-7D

mAmine mAldehyde mKetone mAlcohol mAcid coEster mFuran

Figure 1 Relative contents (%) of volatile compounds obtained from the GC—MS of chicken (A)
boiled at different pH values and (B) chilled for 7 d. pH 6, pH 7, pH 8, and pH 9 are the chicken
boiled at pH values of 6.0, 7.0, 8.0, and 9.0, respectively. pH 6-7D, pH 7-7D, pH 8-7D, and pH
9-7D are the chicken boiled at pH values of 6.0, 7.0, 8.0 and 9.0, and chilled at 4.0 + 1.0°C,
respectively. Different superscript letters showed a significant difference (P<0.05) in the same
volatile compounds boiled at different pH values and storage time (0 and 7 d).
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Figure 2 Relative contents (%) of aldehyde volatile compounds obtained from the GC-MS of
chicken boiled at different pH values. pH 6, pH 7, pH 8, and pH 9 are the chicken boiled at pH
values of 6.0, 7.0, 8.0, and 9.0, respectively. Different superscript letters showed a significant

difference (P<0.05) in the same volatile compounds boiled at different pH values.
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Figure 3 Changes in relative contents (%) of aldehyde volatile compounds obtained from the GC—
MS of chicken boiled at different pH values and chilled for 7 d. pH 6-7D, pH 7-7D, pH 8-7D, and pH
9-7D are the chicken boiled at pH of 6.0, 7.0, 8.0, and 9.0, and chilled at 4.0 + 1.0°C, respectively.
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Figure 4 Relative contents (%) of alcohol volatile compounds obtained from the GC-MS of
chicken boiled at different pH values. pH 6, pH 7, pH 8, and pH 9 are the chicken boiled at pH
values of 6.0, 7.0, 8.0, and 9.0, respectively. Different superscript letters in the same substance
showed a significant difference (P<0.05).



After boiling

<Dacraasing after 7 days of chilling Increasing after 7 days of chilling > OpH 8-7D

OpH 8-7D

Cyclobutanol —
BpH 7-7D

Ethanol - mpH 6-7D

Cyclopropyl carbinol

2-Butyl-1-octanel Y

s ==

2-Hexyl-1-octanol

Alcohol

1-Octen-3-ol

T

1-Pentanol .

030 -020 -010 000 0.0 020 030 040 050 060

Difference in relative content

419
420  Figure 5 Changes in relative contents (%) of alcohol volatile compounds obtained from the GC-MS

421  of chicken boiled at different pH values of water and chilled for 7 d. pH 6-7D, pH 7-7D, pH 8-7D,
422  and pH 9-7D are the chicken boiled at pH values of 6.0, 7.0, 8.0, and 9.0, and chilled at 4.0 £ 1.0°C,
423 respectively.
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Figure 6 Relative contents (%) of ketone volatile compounds obtained from the GC-MS of
chicken boiled at different pH values and chilled for 7 d. pH 6, pH 7, pH 8, and pH 9 are the
chicken boiled at pH values of 6.0, 7.0, 8.0, and 9.0, respectively. pH 6-7D, pH 7-7D, pH 8-7D,
and pH 9-7D are the chicken boiled at pH values of 6.0, 7.0, 8.0, and 9.0, and chilled at 4.0 +
1.0°C, respectively. Different superscript letters showed a significant difference (P<0.05) in the
same volatile compounds boiled at different pH values and storage time (0 and 7 d).



