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ARTICLE INFO ABSTRACT

Keywords: Glyoxal, methylglyoxal, and diacetyl are toxic a-dicarbonyl compounds found in heat-processed foods, including
Dfacety_l o ) edible oils. Dispersive liquid-liquid microextraction was combined with gas chromatography mass spectrometry
Dispersive liquid-liquid microextraction to determine the glyoxal, methylglyoxal, and diacetyl contents in sesame oil. Chloroform and methanol were
Glyoxal . . . . . . . . .

Methvlglvoxal selected as the optimal extraction and dispersive solvents, respectively. The maximum derivatization efficiency
Sesan}:ego}gl was obtained using 500 pg of the derivatization agent, o-phenylenediamine. The derivatization of glyoxal was

completed in 1 h, whereas those of methylglyoxal and diacetyl were completed immediately. The optimized
method was validated, and was found to exhibit a good linearity, recovery, intraday repeatability, and interday
reproducibility. The a-dicarbonyl compound concentrations in the oils were dependent on the roasting tem-
perature. The sesame oil concentrates contained 0-175.4, 0-990.5, and 0-220.9 ng g ' of glyoxal, methyl-
glyoxal, and diacetyl, respectively. For the perilla oils, the respective concentrations were 0-96.4, 0-410.8, and

0-197.5ng g~ .

1. Introduction

Glyoxal, methylglyoxal, and diacetyl (or 2,3-butanedione) are
potentially hazardous a-dicarbonyl compounds that are formed by
endogenous (in the body) or exogenous (in foods) reactions, such as lipid
peroxidation and the Maillard reaction under high-temperature condi-
tions (Jang et al., 2013; Jiang et al., 2013). The generation of endoge-
nous glyoxal and methylglyoxal under diabetic conditions or their
consumption from heated foods facilitates the formation of advanced
glycation end products (AGEs) in blood vessels, which readily accu-
mulate in tissues and are associated with metabolic diseases such as
cardiovascular and renal diseases (Wattanapitayakul et al., 2023; Burns
et al., 2006; Zieman & Kass, 2004). Diacetyl is a highly volatile com-
pound, and the inhalation of large quantities of this compound can lead
to various lung diseases (Harber et al., 2006; Kovacic & Cooksy, 2010).

Sesame (Sesamum indicum) oil is an unrefined and desirable edible oil
because of its high nutrient content (Woo et al., 2019; Burns et al., 2006;

Zieman & Kass, 2004). It is also commonly consumed as a flavor
enhancer in many Asian cuisines. However, it has been reported that
a-dicarbonyl compounds can accumulate in edible oils, such as sesame
oil, during production and/or cooking at high temperatures (Jiang et al.,
2013). In addition, sesame seeds are roasted at high temperatures
(160-250 °C) prior to oil extraction to enhance the flavor, color, and
palatability of the oil. However, this roasting process can result in the
formation of a-dicarbonyl compounds (Jang et al., 2013). Teruhisa et al.
first detected the formation of glyoxal, methylglyoxal, and diacetyl
during lipid peroxidation using the headspace extraction method (Hir-
ayama et al., 1984); however, since then, no additional extraction
methods for the determination of a-dicarbonyl compounds in sesame oil
have been established. Moreover, only a few studies have investigated
the generation of o-dicarbonyl compounds during sesame oil
production.

The dispersive liquid-liquid microextraction (DLLME) technique
uses a combination of dispersive and extraction solvents to extract

Abbreviations: 1-MP, 1-methylpyrazine; 2,3-DMQ, 2,3-dimethylquinoxaline; 2-MQ, 2-methylquinoxaline; AGE, advanced glycation end product; DLLME,
dispersive liquid-liquid microextraction; oPD, o-phenylenediamine; Q, quinoxaline; SIM, selected ion monitoring.
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Fig. 1. Optimization of the extraction and derivatization conditions. (A, B) Optimization of the extraction and dispersive solvents. (A) Selection of the extraction
solvent (aqueous phase vol. = 3 mL; compound concentration = 250 ng mL™'; o-phenylenediamine dihydrochloride (oPD) = 0.5 mg; derivatization time = 2 h;
dispersive solvent = methanol; dispersive solvent vol. = 0.2 mL; buffer = 0.5 M sodium phosphate buffer at pH 7.6). (B) Selection of the dispersive solvent (aqueous
phase vol. = 3 mL; compound concentration = 250 ng mL~}; oPD = 0.5 mg; derivatization time = 2 h; extraction solvent = chloroform; extraction solvent volume =
100 pL; buffer = 0.5 M sodium phosphate buffer at pH 7.6). Data are shown as the mean + standard deviation (n = 3). (C, D) Optimization of the extraction and
dispersive solvent volumes. (C) Optimization of the extraction solvent volume (extraction conditions: aqueous phase vol. = 3 mL; compound concentration = 250 ng
mL~; oPD = 0.5 mg; derivatization time = 2 h; dispersive solvent = methanol; dispersive solvent vol. = 0.2 mL; extraction solvent = chloroform; buffer = 0.5 M
sodium phosphate buffer at pH 7.6). (D) Optimization of the dispersive solvent volume (extraction conditions: aqueous phase vol. = 3 mL; compound concentration
=250 ng mL~%; oPD = 0.5 mg; derivatization time = 2 h; dispersive solvent = methanol; extraction solvent = chloroform; extraction solvent vol. = 100 uL; buffer =
0.5 M sodium phosphate buffer at pH 7.6). Data are shown as the mean + standard deviation (n = 3). (E, F) Optimization of the derivatization parameters. (E)
Optimization of the amount of derivatizing agent (aqueous phase = 3 mL; compound concentration = 250 ng mL™'; oPD = 0.5 mg; derivatization time = 2 h;
extraction solvent = chloroform; extraction solvent volume = 100 pL; buffer = 0.5 M sodium phosphate buffer at pH 7.6). (F) Optimization of the derivatization time.
Data are shown as the mean + standard deviation (n = 3). Q, quinoxaline; 2-MQ, 2-methylquinoxaline; 2,3-DMQ, 2,3-dimethylquinoxaline.
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Table 1
Relative recoveries of the optimized DLLME method.

Food Chemistry: X 22 (2024) 101302

Compound Content (ng g~ ) 250 ng g~ ! spiked 500 ng g~ spiked 1000 ng g~ ' spiked
Found (ng g’l) Relative recovery (%) Found (ng g’l) Relative recovery (%) Found (ng g’l) Relative recovery (%)
Glyoxal 143.7 £ 5.7 431.9 £17.3 115+ 6.9 724.2 £ 29.0 116.1 £ 5.8 1154.1 + 51.9 1154 £ 5.2
Methylglyoxal 544.4 + 21.8 789.4 + 31.6 98.0 +12.6 1129.2 + 45.2 116.9 +£ 9.0 1159.3 + 68.1 115.9 + 6.8
Diacetyl 155.1 £ 6.2 394.0 £ 15.8 95.6 + 6,3 777.6 + 31.1 1245+ 6.2 1196.3 £+ 54.1 119.6 £ 5.4
*Recovery tests were performed in triplicate at each concentration.
Table 2
Linear range, precision, LOD, and LOQ of the optimized DLLME method.
Compound Linear range R? Slope Y-intercept Precision (20 ng mL™}, RSD %) LOD LOQ
L1 L1 L1
(ng mL. ") Intraday (n = 3) Interday (n = 3) (ng mL ) (ng mL )
Glyoxal 0.2-100 0.9988 0.0705 + 0.0013 0.0722 + 0.0091 0.5 9.8 0.43 1.30
Methylglyoxal 0.2-100 0.9993 0.0738 & 0.0006 0.0763 % 0.0049 0.9 6.7 0.22 0.66
Diacetyl 0.2-100 0.9995 0.0776 + 0.0034 0.1086 + 0.0202 9.6 1.3 0.86 2.60
Table 3
Concentrations of the glyoxal, methylglyoxal, and diacetyl compounds in sesame and perilla oils.
Sample No. Concentration (ng g 1)
Sesame oil Perilla oil
Glyoxal Methylglyoxal Diacetyl Glyoxal Methylglyoxal Diacetyl
1 26.2 + 0.8 113.6 + 6.4 355+1.5 96.4 + 4.5 153.8 + 5.6 46.8 + 1.4
2 175.4 +£ 2.0 7741 +6.1 196.4 +£ 9.1 50.1 £2.1 251.9 +£16.3 197.5 £ 15.0
3 141.4 + 6.2 412.5 +18.1 n.q.c n.d. n.d. n.d.
4 96.4 + 4.2 598.5 + 36.2 204.1 £ 0.6 73.6 3.2 410.8 £ 8.5 172.6 £9.1
5 128.7 + 3.3 843.2 +£19.4 2209 + 2.4 147 £ 0.4 130.6 + 2.4 154.8 +£ 2.2
6 89.0 £ 6.8 432.2 + 24.0 165.6 + 8.3 n.d. 57.2+28 n.q.
7 41.1 £+ 2.0 263.2 £ 6.0 77.8 £1.7 n.d. 37.3+17 389 +1.6
8 n.d. n.d. n.d. n.d. 92.2+1.8 41.9+09
9 109.4 + 3.4 990.5 + 32.1 215.0 £ 5.0 n.d. 58.4 + 4.4 74.8 £ 2.0
10 92.5+ 5.1 968.4 + 35.9 182.0 + 6.7 25.0+ 1.5 248.3 £11.1 112.2+ 7.0

2 Data represent mean + standard deviation (n = 3); ® n.d. = Not detected; © n.q. = Not quantified. Sesame oil #8 and perilla oil #3 were raw oils.

compounds from various media (Rezaee et al., 2006; Yoo et al., 2022).
Use of both dispersive and extraction solvents allows the rapid disper-
sion of the extraction solvent in an aqueous solution even, with when
only a small amount of the extraction solvent is present. As a result, the
extraction time and degree of solvent usage can be reduced, while the
enrichment factor can be increased (Vinas et al., 2014). To date, the
DLLME approach has been applied to extract both volatiles and semi-
volatiles, such as pesticides, polycyclic aromatic hydrocarbons, myco-
toxins, and bioactive compounds, from various food matrices (Chormey
etal., 2017; Makos et al., 2018; Mu et al., 2017; Rodriguez-Caceres et al.,
2017). Recent studies have reported that glyoxal and/or methylglyoxal
can be successfully extracted from alcoholic beverages (Rodriguez-
Carrasco et al., 2017) and biological samples (Campillo et al., 2017;
Pastor-Belda et al., 2017) using the DLLME approach. In a previous
study, our group developed a DLLME method coupled with gas chro-
matography-mass spectrometry (DLLME/GC-MS) to determine the
contents of toxic a-dicarbonyl compounds in red ginseng products (Lee
et al., 2019).

Thus, to build on our previous study, we herein report the develop-
ment of a DLLME/GC-MS method for the determination of toxic
a-dicarbonyl compounds (glyoxal, methylglyoxal, and diacetyl) in ses-
ame oil. The types and volumes of both the extraction and dispersive
solvents are optimized, along with the amount of o-phenylenediamine
dihydrochloride (oPD) as a derivatizing agent, and the corresponding
derivatization time. Subsequently, the optimized DLLME method is
validated in terms of its accuracy, linearity, intra- and interday pre-
cisions, limit of detection (LOD), and limit of quantification (LOQ).

2. Materials and methods
2.1. Reagents and samples

Glyoxal (40 % in Hy0, w/v), methylglyoxal (40 % in Hy0, w/v),
diacetyl (97 %), 1-methylpyrazole (1-MP, 99 %), quinoxaline (Q, 99 %),
2-methylquinoxaline (2-MQ, 97 %), 2,3-dimethylquinoxaline (2,3-DMQ
97 %), sodium dihydrogen phosphate, and disodium hydrogen phos-
phate were purchased from Sigma-Aldrich (St. Louis, MO, USA). oPD
(99 %) was purchased from Acros Organics (Geel, Belgium). HPLC-grade
methanol, chloroform, and water were purchased from J.T. Baker
(Phillipsburg, NJ, USA). Stock solutions (1000 mg/L) of glyoxal, meth-
ylglyoxal, diacetyl, and 1-MP (internal standard) were dissolved in
HPLC-grade methanol and stored at — 20 °C prior to use. The working
standard solutions were freshly prepared in sodium phosphate buffer
solution (0.25 M, pH 7.6) and stored at 4 °C. The sesame and perilla oil
samples were purchased from local supermarkets (Gyeonggi-do, Re-
public of Korea).

2.2. Sample preparation

The oil samples (0.2 g) were placed in a 15 mL glass conical centri-
fuge tube. Subsequently, n-hexane (5 mL), sodium phosphate buffer (5
mL, 0.25 M, pH 7.6), and 1-MP (100 pL, 10 mg/L) were added. The
solution was then mixed by vigorously shaking by hand for 2 min, after
which time the mixture was subjected to centrifugation for 5 min at
3000 rpm. The majority of the supernatant (organic phase) was dec-
anted, and an aliquot (3 mL) of the sedimented phase (aqueous phase)
was transferred to another glass conical tube. For derivatization of the
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Fig. 2. Representative chromatograms obtained in the selected ion monitoring (SIM) mode. (A) SIM chromatogram of the standard glyoxal, methylglyoxal, and
diacetyl solutions (20 ng mL~! in each case). (B) SIM chromatogram of the sample (sesame oil No. 1). Q, quinoxaline; 2-MQ, 2-methylquinoxaline; 2,3-DMQ, 2,3-
dimethylquinoxaline; 1-MP, 1-methylpyrazine (internal standard, ISTD). (C) Mass spectra of Q, 2-MQ, and 2,3-DMQ in the sample (sesame oil No.1) obtained in the

SIM mode.

target analytes, an aliquot (100 pL) of the oPD solution (10 g/L) was
added, and the reaction was allowed to proceed for 1 h at room
temperature.

2.3. DLLME procedure

The derivatized solution was used for DLLME. Initially, a mixture of
methanol (1 mL) and chloroform (100 pL) was rapidly injected into the
sample solution using a 1.5 mL syringe. The mixture was gently shaken
by hand for a few seconds, and a cloudy solution was obtained. This
mixture was then subjected to centrifugation for 3 min at 3000 rpm. The

sedimented phase was withdrawn using a 50 pL micro-syringe, trans-
ferred to a 0.15 mL glass insert vial, and placed in the autosampler vial
for GC-MS analysis. All experiments were performed in triplicate.

2.4. Instrumentation

GC-MS analysis was performed using a 7890A gas chromatograph/
5975C mass-selective detector (Agilent Technologies, Palo Alto, CA,
USA). The gas chromatograph was equipped with a 30 m DB-WAX col-
umn (0.25 mm i.d., 0.25 pm thickness; Agilent Technologies, Palo Alto,
CA, USA). The temperature of the injection port was maintained at
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Fig. 3. Effects of the roasting temperature and time on the generation of
a-dicarbonyl compounds in the oils of sesame and perilla seeds. (A) Effect of the
roasting temperature and time on the a-dicarbonyl compound contents in the
sesame oil. (B) Effect of the roasting temperature and time on the a-dicarbonyl
compound contents in the perilla oils. Data are shown as the mean + standard
deviation (n = 3).

250 °C and the sample (1 pL) was introduced in splitless mode at a flow
rate of 1.0 mL min~'. Helium was used as the carrier gas. The purge flow
was 50 mL min~’, and the purge time was 0.75 min. The oven tem-
perature was held at 50 °C for 2 min, increased to 220 °C at a rate of
10 °Cmin ", and then held for 15 min at 220 °C. The temperatures of the
transfer line, ion source, and quadrupole were maintained at 250, 230,
and 150 °C, respectively. The mass spectra were obtained by electron
ionization at 70 eV. The selected ion monitoring (SIM) mode was used
for confirmation and quantification. For SIM, three ions were monitored
for each compound, i.e., m/z 76, 103, and 130 for Q; m/z 76, 117, and
144 for 2-MQ; m/z 76, 117, and 158 for 2,3-DMQ; and m/z 54, 81, and
82 for 1-MP.

2.5. Extraction of the sesame and perilla oils

To extract the sesame and perilla oils, the raw seeds (200 g) were
either unheated or heated in 250 mL swing-top bottles at 100, 150, or
210 °C for 15 or 30 min, and pressed using an oil presser (Cat. No. HD-
333, GGAEBAKSA, Gyeongsangnam-do, Republic of Korea). The ob-
tained oils were stored at 4 °C until required for analysis.

2.6. Statistical processing

SigmaPlot v12.5 (Systat Software, Rockville, USA) was used for
statistical data processing. The data were analyzed using analysis of
variance (ANOVA) followed by Tukey’s multiple comparison test.
Values with P values < 0.05 were considered significant.
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3. Results and discussion
3.1. Selection of the extraction and dispersive solvents

The types of extraction and dispersive solvents employed are known
to have a significant impact on the analyte extraction efficiency in the
DLLME method (Yan & Wang, 2013). To maximize the extraction effi-
ciency, three extraction solvents (i.e., chloroform (CHCl3), tetrachloro-
ethylene (CyCly), and chlorobenzene (CgHsCl)) and three dispersive
solvents (i.e., acetone (C3HgO), acetonitrile (CoH3N), and methanol
(CH30H)) were evaluated. When chloroform was used as the extraction
solvent, the highest extraction efficiencies were obtained for glyoxal,
methylglyoxal, and diacetyl (P < 0.05) (Fig. 1A), and when methanol
was used as the dispersive solvent, significantly higher extraction effi-
ciencies were obtained for these three compounds (P < 0.05) (Fig. 1B).
These results suggest that chloroform and methanol are the optimal
extraction and dispersive solvents, respectively, for the efficient
extraction of glyoxal, methylglyoxal, and diacetyl from sesame oil.

3.2. Optimization of the extraction and dispersive solvent volumes

The volumes of the extraction and dispersive solvents were opti-
mized to maximize the extraction efficiencies of glyoxal, methylglyoxal,
and diacetyl. Five volumes of chloroform were tested (100, 150, 200,
250, and 300 pL), and as shown in Fig. 1C, the peak areas corresponding
to the a-dicarbonyl compounds were significantly higher when 100 pL of
chloroform was used. Subsequently, six volumes of methanol were
evaluated (0.2, 0.4, 0.6, 0.8, and 1.0 mL). The peak areas for glyoxal,
methylglyoxal, and diacetyl increased in a volume-dependent manner
and reached their highest values when 1.0 mL of methanol was used
(Fig. 1D). Hence, 100 L of chloroform and 1.0 mL of methanol were
considered to be the optimal volumes for a-dicarbonyl extraction from
sesame oil.

3.3. Optimization of the derivatization parameters

The a-dicarbonyl compounds examined herein are highly reactive
and can adsorb on the GC column and/or be lost in the injector, thereby
leading to a poor analytical performance (Pizarro et al., 2010). Thus, to
address these issues, a derivatization step is required prior to analysis by
GC. The derivatization conditions (i.e., the amount of the oPD deriva-
tizing agent and the derivatization time) were optimized for the current
system to maximize the derivatization efficiency. Five amounts of oPD
(200, 500, 1000, 2000, 5000, and 10000 ug) were evaluated, and it was
found that when 500 pg of oPD was used, the extraction efficiencies for
quinoxaline, 2-methylquinoxaline, and 2,3-dimethylquinoxaline (the
derivatives of glyoxal, methylglyoxal, and diacetyl, respectively)
reached their highest values (Fig. 1E). In terms of the derivatization
time, the glyoxal peak area increased until a time of 1 h, indicating that
derivatization was complete at this point (Fig. 1F). In contrast, meth-
ylglyoxal and diacetyl were immediately derivatized to 2-methylqui-
noxaline and 2,3-dimethylquinoxaline (data not shown), and so no
further investigation into the derivatization time was required. Hence, a
1 h derivatization time combined with 500 ug of the derivatizing agent
were considered to be the optimal derivatization conditions for the
extraction of a-dicarbonyl compounds from sesame oil. It should be
noted here that in our previous study, the optimal DLLME conditions for
determining the a-dicarbonyl compound compounds in red ginseng
products were based on the use of chloroform (100 pL) as the extraction
solvent, methanol (200 pL) as the dispersive solvent, 0.5 g of the deri-
vatizing agent, and a 1 h derivatization time (Lee et al., 2019). These two
optimized methods differed in the volume of the dispersion solvent and
the amount of derivatization reagent employed, thereby indicating that
the optimal conditions for analyzing a-dicarbonyl compounds using the
DLLME method depend on the sample matrix.
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3.4. Method validation

The optimized DLLME method was validated in terms of accuracy,
linearity, intra- and interday precisions, LOD, and LOQ (Jang et al.,
2022). Recovery tests were performed using pooled sesame oil samples
(n = 5) at spiked concentrations of 250, 500, and 1000 ng g *. The
relative recoveries were 115-116.1, 98-116.9, and 95.6-124.5 % for
glyoxal, methylglyoxal, and diacetyl, respectively (Table 1). The method
linearities for the three compounds were tested at concentrations of
0.2-100 ng mL’l, and a high coefficient of determination (R% > 0.998)
was obtained. The intra- and interday precisions were evaluated by
measuring the relative standard deviations for three replications carried
out over a single day or over 3 d, respectively, and were found to be <
9.6 % and < 9.8 %, respectively. The LOD and LOQ were calculated as
the concentrations corresponding to signal-to-noise ratios (S/N) of 3 and
10, respectively. Thus, using the pooled sesame oil sample solution, the
LOD and LOQ were determined to be 0.22-0.86 and 0.66-2.60 ng mL ™},
respectively (Table 2). In our previous study, determination of the
glyoxal, methylglyoxal, and diacetyl contents in red ginseng products
gave LOD and LOQ values of 1.30 and 4.33 pg/L for glyoxal, 1.86 and
6.20 pg/L for methylglyoxal, and 1.45 and 4.82 pg/L for diacetyl.
Moreover, the relative recoveries ranged from 92.4 to 110.7 % and the
relative standard deviations were < 4.95 % and 5.80 % for the intra- and
interday analyses, respectively. To minimize the matrix effect during our
previous analysis, the red ginseng concentrate sample was diluted 20
times with water, resulting in good performance (Y. Y. Lee et al., 2019).
In the current study, the sesame oil specimen (0.2 g) was diluted in a
mixture of n-hexane and 0.25 M sodium phosphate buffer (pH 7.6) in a
1:1 (v/v) ratio (10 mL total volume), which effectively reduced the
matrix effect.

3.5. Application of the optimized DLLME method to sesame and perilla oil
samples

The validated DLLME/GC-MS method was used to determine the
contents of toxic a-dicarbonyl compounds in sesame and perilla oil
samples. As a result, the glyoxal, methylglyoxal, and diacetyl contents
were determined to be 0-175.4, 0-990.5, and 0-220.9 ng g™, respec-
tively, in the sesame oil samples, and 0-96.4, 0-410.8, and 0-197.5 ng
g7}, respectively, in the perilla oil samples. Notably, no a-dicarbonyl
compounds were detected in unroasted raw sesame oil (sample #8) or
raw perilla oil (sample #3) specimens (Table 3). Representative chro-
matograms and mass spectra for the a-dicarbonyl compounds detected
in the sesame oil sample and in the standard solution are shown in Fig. 2.

3.6. Effects of the roasting temperature and time on the generation of
a-dicarbonyl compounds in sesame and perilla seed oils

To evaluate the effects of the roasting conditions on the formation of
glyoxal, methylglyoxal, and diacetyl, in the sesame and perilla oils, the
corresponding seeds were roasted at different temperatures (100, 150,
or 210 °C) for 15 or 30 min. In the case of the sesame o0il, the roasting
conditions did not significantly affect the glyoxal and diacetyl contents,
while that of methylglyoxal was significantly increased following
roasting at 210 °C for 30 min (c.f., the non-roasted sample; P < 0.05).
For the perilla oil specimen, the glyoxal content was unaffected by the
roasting conditions, while the contents of methylglyoxal and diacetyl
significantly increased when the seeds were roasted at 210 °C for 30 min
(P < 0.05) (Fig. 3). These results suggest that relatively high roasting
temperatures (210 °C) and long roasting times (30 min) promote the
formation of methylglyoxal and diacetyl in sesame and perilla oils.

Recent studies have investigated the formation and presence of
a-dicarbonyl compounds in various foods, particularly focusing on cof-
fee beans and soy sauce. For example, one study investigated the effects
of organic acid-soaking and sonication on Robusta coffee beans, high-
lighting a significant decrease in the a-dicarbonyl compound contents
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after organic acid pretreatment (Lee et al., 2023). Additionally, optimal
roasting conditions have been identified to maximize flavor compound
production while minimizing a-dicarbonyl generation (Lee et al., 2023).
Furthermore, another study focused on analyzing the a-dicarbonyl
compounds present in soy sauce, and provided an analytical method for
their determination and quantification (Kim et al., 2022). It was pro-
posed that this method could potentially aid in the reduction of
a-dicarbonyl compound levels in soy sauce, thereby improving its
quality. Moreover, several other studies have explored the correlations
between roasting and brewing methods and the levels of a-dicarbonyl
compounds in coffee, emphasizing the impact of various parameters,
such as the temperature, time, and coffee bean particle size (Hyong
et al., 2021; Kwon et al., 2021). These findings underscore the impor-
tance of understanding and controlling a-dicarbonyl formation during
food processing to enhance the flavor of the final product and to mini-
mize potential health risks.

4. Conclusion

A dispersive liquid-liquid microextraction (DLLME) approach com-
bined with gas chromatography mass spectrometry (GC-MS) was
developed for the quantification of toxic a-dicarbonyl compounds (i.e.,
glyoxal, methylglyoxal, and diacetyl) in sesame oil. The extraction and
dispersive solvent volumes for the DLLME process were optimized to
maximize the extraction efficiency, and the conditions for derivatization
were also optimized. Subsequently, the optimized DLLME method was
validated in terms of its linearity, accuracy, precision, and sensitivity
using GC-MS. Real samples of sesame and perilla oils were successfully
quantified. Overall, the obtained results suggest that the developed
DLLME/GC-MS method is a sensitive and ecofriendly approach for the
determination of glyoxal, methylglyoxal, and diacetyl in sesame oil.
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