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This study aimed to analyse trans fatty acid (TFA) levels and key volatile flavour substances in fried youtiao prepared using five
common edible oils and the relationship between TFAs and key volatile flavour substances via partial least squares regression
(PLSR) analysis. Total TFA levels were the highest on using rapeseed oil during frying (approximately 1.061 mg/g), probably owing
to the high content of unsaturated fatty acids in rapeseed oil and their instability. In total, 22 key flavour substances were detected.
Although the flavours differed with different oils, flavour compounds including 3-(methyl sulphide) propionic aldehyde, (E,E)-
2,4-sebacedienal, nonaldehyde, and 3-hydroxy-2-butanone contributed to overall flavour. PLSR analysis revealed that C18:2, 9t12t
is produced with (E)-2-hexenaldehyde and nonaldehyde. (E,E)-2,4-sebacedienal levels were positively correlated with those of
C18:2, 9c12t and C18:2, 9t12c. Most aliphatic aldehydes and pyrazines yield C18:3, 9t12t15c TFAs. These results indicate the

characteristic flavour profile of youtiao and promote the preparation of healthy fried food.

1. Introduction

Youtiao, a Chinese traditional fried breakfast item with a
long history, has a characteristic crispy covering, a soft and
flavourful interior, a golden colour, and an appealing aroma.
It is popular among different groups and is a prominent
aspect of the Chinese food culture [1, 2]. Nowadays, youtiao
is extensively served as a breakfast item in fast food res-
taurants. Youtiao is popular not only in China but also in
Indonesia, Laos, Myanmar, and other Southeast Asian
countries [3, 4].

Various types of trans fatty acids (TFAs) derived from
fried food have received increasing attention among con-
sumers, especially regarding their potential health hazards in
humans and their potential to increase the risk of coronary

heart disease, breast cancer, and type II diabetes. According
to the guidelines of the WHO and numerous institutions
including the FDA, trans isomers of linoleic acid and their
association with the risk of the aforementioned diseases are
apparent, and TFAs are speculated to be formed primarily
owing to isomerization of unsaturated fatty acids during
high-temperature frying [5, 6, 7, 8]. Simultaneously, flavour
is a major deciding factor of food preferences among
consumers. Studies on food flavour have made significant
advancements thus far. For example, Lotfy, Fadel, El-
Ghorab, and Shaheen et al. [9, 10, 11, 12] assessed the oil
used for frying and the changes in its composition and
characteristics, reporting that oil fried at 170, 180, and 190°C
for 70 h had increased levels of TFAs, potentially undergoing
isomerization. It has been reported that the primary volatile
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flavour substances in bread bran were heptaldehyde, 3-
methyl-1-butanol, 2-methyl-pyrazine, 2,5-dimethylpyr-
azine, 2,3-dimethylpyrazine, 2-acetylpyrazine, and 4-hy-
droxyl-2,5-dimethyl-3-hydrofuranone [6, 13, 14, 15, 16, 17].
The flavouring substances in steamed bread have been
analysed, and it has been reported that the primary fla-
vouring substances are ethanol, phenylethanol, and 3-
methyl butanol [7, 18-21]. Headspace solid phase micro-
extraction (HS-SPME) along with gas chromatography mass
spectrometry (GC-MS) analysis was carried out, and it was
reported that the primary characteristic flavour compounds
of youtiao are (E,E)-2,4-sebacedienal, 3-methyl butyralde-
hyde, 1-octene-3-alcohol, furfural, and furfuryl alcohol
[10, 22, 23]. However, few studies have reported methods of
retaining the relevant flavours while simultaneously de-
creasing the TFA content, thus promoting the preparation of
healthy and flavourful fried food, which has long been
desirable among consumers. This study investigated the
association between the characteristic flavour substances in
youtiao and TFAs.

Formation of flavour substances is significantly associ-
ated with cracking of oil. This study first analysed the TFA
content using different cooking oils to fry youtiao and
identified the flavour substances in youtiao via GC-MS/GC-
olfactometry analysis; thereafter, PLSR analysis was per-
formed to explore the correlation between the key volatile
compounds and TFA levels. The composition of charac-
teristic flavour substances in youtiao and the flavour-
imparting mechanism can be considered a reference for
retaining key flavour substances and further controlling the
formation of TFAs, thus promoting the preparation of
healthy fried food items.

2. Materials and Methods

2.1. Materials. Flour was obtained from Henan Xuejian
Industrial Co., LTD.; sunflower oil and soybean oil, COFCO
Fulinmen Food Marketing Co., LTD.; rapeseed oil, China
Grain Storage Zhenjiang Grain and Oil Co. LTD.; palm oil,
Tianjin Julong Grain and Oil Co. LTD.; peanut oil, Shan-
dong Luhua Group Co. LTD.; leavening agent, Hubei
Yichang Angi Yeast Co. LTD. and Beijing Salt Co., LTD;
white granulated sugar, China Sugar and Alcohol Group
Corporation; 1,2-O-dichlorobenzene (99%) and C5-C25
n-alkanes (chromatographically pure), Beijing Chemical
Reagent Co., LTD.; mixed standard and flavour compound
of methyl oleate and TFA methyl ester, Sigma-Aldrich,
Darmstadt, Germany; and isooctane, dichloromethane, and
anhydrous sodium sulphate (chromatographically pure)
were purchased from Sinopac Chemical Reagent Co., LTD.

2.2. Sample Preparation. Three hundred grams of flour, 12 g
leavening agent, 4.5g sugar, 3 g salt, and 210 g deionized
water, mixed into the dough, sealed in plastic wrap, and the
dough was maintained in a 28°C water bath for 30 min. The
dough was then uncovered, spread with oil, and 3-10 cm-
thick pieces were cut out. Two pieces were fold together,
500 mL of fresh vegetable oil was added in a pan preheated to
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210°C, and the dough was fried, thus yielding youtiao, and
the entire process of frying was carried out at 190 + 10°C,
after which the fried youtiao was allowed to drain from both
sides (approximately 2~3 min). Thus, 13-14 pieces of youtiao
were prepared in approximately 45min. The aforemen-
tioned steps were repeated with different types of oils and
fried in 3 parallel sets.

2.3. Analysis of TFAs. Accurately, in accordance with the
sample, 60.0 mg can be accommodated in the test tube. Four
millilitres of isooctane (methyl heptadecanoate, 2.5 g/L) was
added to dissolve the sample, and 200 uL potassium hy-
droxide in methanol was added, after which the tube was
plugged with a glass stopper, oscillate on the shaker for
2min, and allow the mixture to clarify. Thereafter, ap-
proximately 1 g sodium bisulphate was added, the tube was
agitated for 1 min, neutral potassium hydroxide was added,
and the mixture was allowed to stand for clarification, after
filtering the mixture through a 0.22 ym membrane filter in
sample bottles for GC analysis. Three samples were prepared
in parallel [24].

Using the Gas Chromatography Agilent 7890B system
and CP Sil-88 columns (100 m x 0.2 mm x 0.25um), the
initial oven temperature was maintained at 45°C for 4 min,
13°C/min to 175°C for 27 min, and 4°C/min to 215°C for
29 min, followed by 220°C after 2min. An FID detector
(detector temperature, 300°C) was used, and the carrier gas
was highly pure N, with a flow rate of 1.0 mL/min. The
sample injection port was set to 250°C, with a split ratio of
50:1 and sample volume, 1 uL.

2.4. Extraction of Volatile Flavour Compounds. Fried youtiao
was cut into 0.5 x 0.5 cm” pieces and mixed well, and 150 g of
pieces was placed in a 1L beaker. Thereafter, dichloro-
methane (heavy steam) was used for continuous extraction
thrice at boiling point temperature (3x450mL). During
extraction, the mixture was continuously stirred. The ex-
traction liquid (2 x150g) of youtiao was combined. To set
the extract for SAFE device processing, a water tank was used
at a constant temperature and distillation head with water at
25°C, liquid was distilled using liquid nitrogen for cooling,
and the entire distillation process was carried out to
maintain the pressure at 107*~10> Pa. The distilled liquid
was dried with anhydrous Na,SO,. After drying, the Vigreux
column was used to initially concentrate the mixture to
5mL, and the nitrogen blowing apparatus was used to
concentrate the mixture to 0.5 mL for GC-MS analysis [5].
The experiment was performed in triplicate.

2.5. GC-O Analysis. The DB-5MS capillary column
(30m x0.25 mm x 0.25 ym) was used for GC. At an initial
column temperature of 40°C, at a rate of approximately 5°C/
min to 180°C, with 10°C/min to 280°C, the temperature was
maintained after running the samples for 2 min. The carrier
gas was N, (purity, 99.999%); velocity, 1 mL/min; temper-
ature of the injection port, 250°C; and splitless sample
volume, 1 uL.
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The humidified clean air mixes with the postcolumn
effluent and enters the nose. Dichloromethane was used to
dilute the sample step by step in accordance with the 2"
method, and GC-O analysis was performed. DATU 2000
high-resolution olfactometer system (DATU Inc.) was used.
Four trained graduated students (two men and two women,
aged 23-25) performed GC-O analyses. Each panelist sniffed
for twenty minutes. When the panel did not perceive any
odour, the sample was no longer diluted. The highest di-
lution factor is the dilution factor (FD value) of the odorant
[25].

2.6. Quantitative Analysis of Key Volatile Flavour Compounds.
Twenty-two compounds with high FD values (log,FD >4)
were quantified among the aromatic substances identified
via GC-MS/GC-O/aroma extraction dilution analysis in
youtiao samples. The solution and samples of each mixed
standard sample were analysed, using a DB-5MS chro-
matographic column (30m x0.25mm x0.25um). The
sample volume was 1 L, and the internal standard was 1,2-O-
dichlorobenzene in GC-MS in the selected ion monitoring
(SIM) mode. The concentration of 1,2-O-dichlorobenzene is
1 mg/L.

2.7. Statistical Analysis. Statistical analysis was performed
using Unscrambler version X 10.4 (CAMO ASA, Oslo,
Norway). Analysis of the key volatile flavour substances and
TFA content of 5 types of edible oils used to fry youtiao was
performed, with the TFAs denoted on the X-axis and the
content of 22 different volatile flavour substances denoted on
the Y-axis. Using standardized variables, partial least squares
regression (PLSR) analysis was performed to investigate the
association between key flavour substances and TFA
content.

3. Results and Discussion

3.1. Analysis of TFAs in Fried Youtiao Prepared Using Different
Edible Oils. GC/MS was performed to quantify TFAs in fried
youtiao prepared using five types of vegetable oils (Table 1).

Total levels of unsaturated fatty acids in fresh vegetable
oil were in the following order: sunflower > rapeseed oil-
> soybean oil > peanut oil > palm oil. Regarding the levels of
TFAs in fried youtiao prepared using five types of vegetable
oils, rapeseed oil yielded approximately 1.061 mg/g (being
the maximum), since unsaturated fatty acids in rapeseed oil
are unstable and are easily obtained during high-tempera-
ture heating. Peanut oil yielded the lowest TFA levels, ap-
proximately 0.100 mg/g. Although peanut oil contains more
unsaturated fatty acids, it does not yield TFAs, indicating
that the unsaturated double bond of fatty acids in peanut oil
is more stable and less prone to isomerization during frying
of youtiao. Previous studies [26] reported that although fats
and oils with high unsaturated fatty acid content and food
items having higher nutritional value are used, during
heating, especially during frying, the unsaturated double
bond is extremely unstable, thus being more likely to

generate TFAs. Hence, from the viewpoint of TFA gener-
ation, peanut oil yielded the least TFAs when frying youtiao.

3.2. Analysis of the Composition of Flavour Compounds in
Different Youtiao Samples. GC-MS/GC-O/AEDA analysis
was performed to quantify the key volatile flavour substances
in youtiao prepared using five different edible oils (Table 2).

For 22 types of key volatile flavour substances identified
via GC-MS/GC-O/AEDA analysis, we used internal stan-
dards to accurately quantify 22 types of key volatile flavour
compounds in deep-fried youtiao prepared using 5 types of
vegetable oils.

Sunflower oil yielded the following 6 flavour compounds
at high levels: 3-methyl butyl aldehyde (642.47 ng/g), (E)-2-
hexene aldehyde (346.69 ng/g), nonyl aldehyde (182.40 ng/
g), (E,E)-2,4-sebacic olefin aldehyde (245.10ng/g), 3-hy-
droxy-2-butanone (233.16ng/g), and furfuryl alcohol
(555.63 ng/g); fourteen volatile flavour compounds in sun-
flower oil-fried youtiao had a high FD value (log,FD >8),
primarily including furfuryl alcohol, furfuryl mercaptan,
and 1-octene-3-ol. Among them, the key volatile flavour
compounds, such as 3-methyl butyraldehyde, nonaldehyde,
(E,E)-2,4-sebacedienal, 3-hydroxy-2-butanone, and furfuryl
alcohol, had high concentrations (100 ng/g) and a high di-
lution factor (log,FD > 8), thus contributing significantly to
the overall aroma of youtiao fried in sunflower oil. These
flavour compounds primarily have the unique caramel
sweet, green, grease, and roasted characteristics aroma of
youtiao, which appeal to consumers.

Soybean oil yielded the following 6 flavour compounds
at high levels: 3-methyl butyl aldehyde (639.76 ng/g), (E)-2-
hexene aldehyde (205.89 ng/g), nonyl aldehyde (188.10 ng/
g), (E,E)-2,4-sebacic olefin aldehyde (227.84ng/g), 3-hy-
droxy-2-butanone (253.42ng/g), and furfuryl alcohol
(592.03 ng/g); fourteen key volatile flavour compounds had a
high FD value (log,FD >8), primarily including furfuryl
alcohol, 3-(methylsulphyl) propionic aldehyde, and 3-hy-
droxy-2-butanone. Among these, the key volatile flavour
compounds, such as 3-methyl butyraldehyde, nonaldehyde,
(E,E)-2,4-sebacedienal, 3-hydroxy-2-butanone, and furfuryl
alcohol, had both a higher concentration (100ng/g) and a
higher dilution factor (log,FD >8), thus contributing sig-
nificantly to the overall aroma of youtiao fried in soybean oil.
These flavour compounds primarily have the malt, caramel,
green, grease, and roasted aroma characteristic of youtiao,
which appeal to consumers.

Rapeseed oil yielded the following 6 flavour compounds
at high levels: 3-methyl butyl aldehyde (634.66ng/g),
(E)-2-hexene aldehyde (213.23ng/g), nonyl aldehyde
(106.42 ng/g), (E)-2-decyl olefin aldehyde (122.03 ng/g), 3-
hydroxy-2-butanone (246.68ng/g), and furfuryl alcohol
(347.61 ng/g); eleven of these key volatile flavour compounds
had a high FD value (log,FD >8), primarily including 3-
(methyl sulphide) propionic aldehyde, furfuryl mercaptan,
and heptaldehyde. Among these, the key volatile flavour
compounds, including 3-methyl-butyral, 3-hydroxy-2-
butanone, and furfuryl alcohol, had both a higher con-
centration (100ng/g) and a higher dilution factor
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TasLE 1: Types and levels of trans fatty acids in youtiao prepared using five types of vegetable oils (mg/g).

Vegetable oil C18:1,9t C18:2, 9t12t C18:2, 9cl2t C18:2, 9tl12c¢ C18:3, 9t,12t,15¢ Total
Sunflower oil 0.022 + 0.002 0.008 + 0.001 0.380 + 0.006 0.320 + 0.006 0.006 + 0.000 0.736
Soybean oil 0.009 + 0.001 0.010 + 0.000 0.210 + 0.003 0.170 + 0.003 0.410 + 0.002 0.809
Rapeseed oil 0.061 + 0.005 0.000 = 0.000 0.150 £+ 0.003 0.120 + 0.003 0.730 + 0.003 1.061
Palm oil 0.098 + 0.004 0.005 + 0.000 0.210 £ 0.005 0.190 + 0.002 0.090 + 0.009 0.593
Peanut oil 0.032 + 0.002 0.020 + 0.003 0.030 + 0.004 0.008 + 0.001 0.010 £ 0.000 0.100

X + SD, mean + standard deviation, n = 3.

(log,FD > 8), thus contributing significantly to the overall
aroma of youtiao fried in rapeseed oil. These flavour
compounds primarily have the oil flavour, green flavour,
caramel sweet flavour, and roasted flavour characteristic of
youtiao, which appeal to consumers.

Palm oil yielded the following 6 flavour compounds at
high levels: 3-methyl butyl aldehyde (747.39 ng/g), (E)-2-
hexene aldehyde (201.74ng/g), (E)-2-nonene aldehyde
(112.61 ng/g), (E)-2-decyl olefin aldehyde (166.53 ng/g), 3-
hydroxy-2-butanone (296.36 ng/g), and furfuryl alcohol
(644.72 ng/g); fourteen of these key volatile flavour com-
pounds had a high FD value (log,FD >8), primarily in-
cluding furfuryl alcohol, (E)-2-nonenal, and 3-hydroxy-2-
butanone. Among these, the key volatile flavour compounds,
such as 3-methyl butyraldehyde, (E)-2-nonenal, 3-hydroxy-
2-butanone, and furfuryl alcohol, had both a higher con-
centration (100ng/g) and a higher dilution factor
(log,FD > 8), thus contributing significantly to the overall
aroma of youtiao fried in palm oil. These flavour compounds
primarily have the oil flavour, caramel sweet flavour, and
roasted flavour characteristic of youtiao, which appeal to
consumers.

Peanut oil yielded the following 7 flavour compounds at
high levels: 3-methyl butyl aldehyde (492.84ng/g), (E)-2-
hexene aldehyde (270.48 ng/g), nonyl aldehyde (159.79 ng/
g), (E)-2-decyl olefin aldehyde (188.15ng/g), (E,E)-2,4-
sebacic olefin aldehyde (194.41 ng/g), 3-hydroxy-2-butanone
(201.80 ng/g), and furfuryl alcohol (531.00 ng/g); ten of these
key volatile flavour compounds had a high FD value
(logoFD >8), primarily including furfuryl alcohol, furfuryl
mercaptan, and 3-(methylene sulphide) propionic aldehyde.
Among these, (E,E)-2,4-sebacedienal, 3-hydroxy-2-buta-
none, furfuryl alcohol, and other key volatile flavour com-
pounds had both a higher concentration (100 ng/g) and a
higher dilution factor (log,FD >8), thus contributing sig-
nificantly to the overall aroma of youtiao fried in peanut oil.
These flavour compounds primarily have the fried, malt,
caramel sweet, roasted, grease, and green flavours charac-
teristic of youtiao, which appeal to consumers.

Opverall, using different vegetable oils to prepare youtiao,
sunflower oil-fried and soybean oil-fried youtiao contained
common key flavour compounds including 3-methyl butyl
aldehyde, (E)-2-hexene aldehyde, nonyl aldehyde, (E,E)-2,4-
sebacic olefin aldehyde, 3-hydroxy-2-butanone, and furfuryl
alcohol, resulting from oil cracking during high-temperature
frying, showing that the primary difference in flavour be-
tween the two types of fried youtiao is not significant.
However, from the viewpoint of the FD value, youtiao fried
in sunflower oil contains furfuryl thiol with a high dilution

factor, while youtiao fried in soybean oil did not. Soybean
oil-fried youtiao contains 3-(methyl sulphide) propanal with
a high dilution factor, while youtiao fried in sunflower fried
did not; hence, soybean oil-fried youtiao has a relatively
stringer boiled potato-like aroma than sunflower oil-fried
youtiao. Similarly, comparing rapeseed oil-fried with palm
oil-fried youtiao, besides the 3-methylbutyraldehyde, (E)-2-
hexenal, (E)-2-decenal, 3-hydroxy-2-butanone, and furfuryl
alcohol levels being higher, rapeseed oil-fried youtiao
contained higher levels of nonaldehyde, while palm oil-fried
youtiao contained more (E)-2-nonenal. Considering the
concentration of both compounds and their FD value, the
concentration of furfuryl alcohol in palm oil-fried youtiao
was higher than that in rapeseed oil, and the dilution factor
was greater, thus imparting a stronger caramel sweetness to
the youtiao. Peanut oil-fried youtiao had the highest levels of
flavour compounds than those fried in the other oils and a
rich aroma, and peanut oil itself may have a certain asso-
ciation with the aroma.

3.3. Correlation Analysis of Volatile Components and TFA
Levels in Youtiao. To determine the correlation between
TFA levels and the key flavour compounds in fried youtiao,
PLSR analysis was performed considering 5 types of vege-
table oil-fried youtiao containing 22 types of key volatile
flavour compounds and 5 types of TFAs (Figure 1), and two
large oval shapes of, respectively, 50% and 100% accounted
for the variance.

The results shown in Figure 1 indicate that levels of C18:
2, 9t12t are significantly positively correlated with those of
(E)-2-hexenal and nonaldehyde, indicating that the gener-
ation of these two flavour substances with a milky flavour
and sweet flavour almost inevitably leads to the generation of
C18:2, 9t12t. Analysis of the mechanism underlying the
generation of the two flavour compounds has been reported
previously [27]. The formation of (E)-2-hexenal and non-
aldehyde is derived from the thermal oxidation degradation
of unsaturated fatty acids, especially linoleic acid. Therefore,
it can be speculated that the key milky flavour and sweet
flavour of youtiao are accompanied by the inevitable gen-
eration of C18:2, 9t12t in the oil cracking process. The FD
value of (E)-2-hexenal is 2°, which plays a very important
role in the formation of the flavour profile of youtiao and is
an essential component of the characteristic flavour sub-
stance of youtiao. This type of flavour substance is mostly
produced by polyunsaturated fatty acids via thermal oxi-
dation or degradation and amino acid decomposition. GC-
MS analysis (Table 2) revealed that (E)-2-hexenal and nonyl
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FIGURE 1: Analysis of the correlation between the content of trans fatty acids and the key volatile flavour substances in youtiao fried in 5
different vegetable oils. Note: the flavour substances represented by the figures are (1) hexanal; (2) heptyl aldehyde; (3) caprylic aldehyde; (4)
furfuryl mercaptan; (5) 3-methylbutyraldehyde; (6) trans-2-nonenal; (7) phenylacetaldehyde; (8) trans,cis-2,6-nonadienal; (9) trans-2-
decenal; (10) trans, trans-2,4-sebacedienal; (11) 1-octene-3-alcohol; (12) trans-2-hexenal; (13) 3-hydroxy-2-butanone; (14) vanillin; (15) 2,3-
dimethylpyrazine; (16) 2-ethyl-3,5-dimethyl-pyrazine; (17) furfuryl alcohol; (18) 2,5-dimethyl-4-hydroxy-3 (2H)-furanone; (19) 3-ethyl-2,5-
dimethylpyrazine; (20) 3-(methyl sulphide) propionic aldehyde; (21) undecanoic aldehyde.

aldehyde generation were increased, approaching levels
greater than 100 ng/g, and that of oils with different C18:2,
9t12t content are generally lower, approximately 0.01 mg/g,
thus yielding a caramel flavour substance that does not
promote C18:2, 9t12t production; if processing technology
may be improved by increasing the levels of flavour sub-
stances, the accumulation of C18:2, 9t12t may be decreased.

As shown in Figure 1, (E,E)-2,4-sebacedienal and other
fried flavour compounds were also formed during frying,
concurrent with the preferences of consumers. Accordingly,
the mechanism underlying the formation of these flavour
compounds is known [2], (E,E)-2,4-sebacedienal is a hy-
droperoxide cracking product of 13-linoleic acid, and its
levels are positively correlated with C18:2, 9c12t and C18:2,
9t12c. (E,E)-2,4-Sebacic olefin aldehyde has high FD values,
being not less than 27 in all types of vegetable oils, and high
levels influence the characteristic flavour profile of fried
youtiao.

As shown in Figure 1, trans C18:3 levels were signifi-
cantly positively correlated with fatty aldehydes such as 3-
methylbutyraldehyde, (E)-2-hexenal, and nonaldehyde.
With 2,3-dimethyl pyrazine, 2-ethyl-3,5-dimethyl-pyrazine,
furfuryl alcohol, ethyl-3-2,5-dimethyl pyrazine, 3-(methyl
sulfonium) propionaldehyde, 11-carbon aldehydes, and
chaff mercaptan are related, since these aldehydes are as-
sociated with the sweet malt fragrance, fresh scent, oil, and
the roasted aroma, resulting from trans C18:3, and 3-
methylbutyraldehyde and 2-ethyl-3, 5-dimethyl-pyrazine
are closely related to trans C18:3, based on the mechanism

underlying their formation [28]. Most of the aforementioned
compounds are hydroperoxide pyrolysis products of lino-
lenic acid, among which 3-methylbutyl aldehyde and fur-
furyl alcohol have the highest FD value and concentration.
They are essential components of the characteristic flavour
of youtiao, primarily imparting the malt aroma and caramel
flavour. (E,E)-2,4-Sebacedienal is the pyrolysis product of
1,2-linolenic acid. Heptanal and hexanal-saturated aliphatic
aldehydes are the hydroperoxide decomposition products of
1,1-linoleic acid and 1,3-linoleic acid, respectively, thus
imparting the green aroma and fruit flavour. Aromatic al-
dehydes such as benzene acetaldehyde and heterocyclic
turfural are derived from Streker degradation of amino acids
in the Maillard reaction, while saturated aliphatic aldehydes
such as heptyl aldehyde and hexanal can provide the food
bread flavour and fruit flavour, respectively.

However, trans C18:3 is slightly negatively correlated
with 2,5-dimethyl-4-hydroxy-3(2H)-furanone, which im-
parts the caramel sweet flavour, concurrent with the pref-
erences of the consumers. This substance is mostly derived
from the Maillard reaction and has only a slight association
with the generation of TFAs.

4. Conclusions

This study is the first to carry out PLSR analysis to analyse
the association between TFAs and key flavour compounds in
youtiao. Our results show that C18:2, 9t12t levels were
significantly positively correlated with levels of trans-2-



hexenal and nonaldehyde. These compounds play an im-
portant role in the formation of the flavour profile of youtiao
and are an essential component of the characteristic flavour
of youtiao.

C18:2, 9c12t and C18:2, 9t12c¢ levels were significantly
positively correlated with those of (E,E)-2,4-sebacedienal.
The high FD value and content of (E,E)-2,4-sebacedienal are
essential for the characteristic flavour profile of youtiao.

Trans C18:3 levels were significantly positively correlated
with most aliphatic aldehydes and pyrazines, which are
essential components in the characteristic flavour of youtiao,
primarily imparting malt aroma and caramel aroma.

Together, our results show that the formation of key
flavour substances in youtiao inevitably requires the syn-
thesis of the aforementioned trans fatty acids, and further
studies are required to investigate methods to inhibit the
synthesis of TFAs without affecting the formation of key
flavour substances in youtiao.
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