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1  Introduction
With the rapid progress of modern lifestyle, deep-frying 

procedure has become an extremely common method for 
food preparation. The fried products are quite popular 
because of its unique flavor and tempting taste1, 2）. Mean-
while, the concerns about the safety of vegetable oils em-
ployed in deep-frying procedure have increased3）. In the 
deep-frying procedure, certain secondary products of veg-
etable oils such as esters, ketones, alcohols, lactones, alde-
hydes and hydrocarbons are produced by the oxidative 
degradation. Both of the nutritional contents and sensorial 
properties for the fried products are affected by these sec-
ondary products, although the frying vegetable oils are 
carefully monitored, including frying temperature, time 
and the storage of frying oil after use, they be oxidized 
after repeated heating is inevitable4）. Synthetic antioxi-
dants have been added to foods as additives to avoid lipid 
oxidation in oils for more than 70 years5）. The use of syn-
thetic antioxidants including butylated hydroxyanisole
（BHA）, butylated hydroxytoluene（BHT）and tert-butylhy-
droquinone（TBHQ）have been found to be effective in pre-
venting oxidation and changes in sensory properties of 
foods1）. Nevertheless, the usages of synthetic antioxidants 
have been limited because of concerns about their possible 
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toxicity and carcinogenic effects on humans and animals. 
For instance, TBHQ is no longer be allowed in the food in-
dustry in many nations6）. In recent years, various natural 
antioxidants have been investigated. Spices and herbs have 
received a great deal of scientific attention for their poten-
tial medicinal and therapeutic value. The essential oils, bio-
active substances and phenolic components of spices and 
herbs have demonstrated significant antioxidant and anti-
bacterial activities7）. It has been found that essential oils 
derived from herbs and spices not only provide a pleasant 
flavour, but also improve the oxidative stability and organo-
leptic properties of vegetable oils8）. For example, the addi-
tion of chili pepper seed oil and sweet pepper seed oil to 
sunflower oil could increase its oxidative stability during 
the deep-frying process9）. The volatile oils of flowers of 
Tripleurospermum conoclinium had significant oxygen-
ated sesquiterpene content and showed exceptional anti-
inflammatory and antidiabetic properties10）. Therefore, it is 
very meaningful to search for natural antioxidants from 
spices and herbs6）. 

As one of the widespread medicinal plants, Foeniculum 
vulgare Mill. belongs to Apiacea（Umbelliferae）family11）. It 
is an annual or perennial herb native to the Mediterranean 
region. Foeniculum vulgare Mill. has been introduced in 
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China for more than 1000 years. Extracts and essential oils 
from Foeniculum vulgare Mill. were found to possess an-
timicrobial12）, antioxidant, antidiabetic, and anti-inflamma-
tory activities13－15）. In these studies, Wild Foeniculum 
vulgare Mill. has been shown to be a potential source of 
natural antioxidants and antibacterial agents16）. Foenicu-
lum vulgare Mill. has also been shown to have hepatopro-
tective, antioxidant, antithrombotic, anti-inflammatory, an-
t id iabet ic ,  ant i tumor,  acar ic idal ,  ant i fungal  and 
antibacterial activities17, 18）. Other studies have found that
（E）-anethole, the main component of the essential oil of 
Foeniculum vulgare Mill. from Florence has antibacterial 
activity, the essential oil and hexane extract of Florence 
fennel can be used as a food preservative19）. The essential 
oils from different spices or herbs and their applications in 
frying oils have been reported widely, but there are no 
study on the effects of Foeniculum vulgare Mill. essential 
oil on fried sunflower oil.

Therefore, the purpose of this study was to investigate 
the influence of the essential oil of Foeniculum vulgare 
Mill. on the oxidative stability of sunflower oil during the 
deep-frying process and the sensory properties of the fried 
product, Chinese Maye, which is an economical, crispy, 
fried product made from pure flour, and revealed the es-
sential compounds by GC-MS analysis. This will be the first 
research about the effects of Foeniculum vulgare Mill. 
essential oil（FVEO）on frying sunflower oil（SFO）and its 
frying products. The study will also provide the theoretical 
basis for the application of Foeniculum vulgare Mill. in 
the food and other cosmeceutical industries.

2  Materials and Methods
2.1  Materials and chemicals

Foeniculum vulgare Mill. （4×10 kg）was purchased 
from Zhang Zhongjing Pharmacy, Zhengzhou, China. Cold-
pressed sunflower oil（without added antioxidants）was 
purchased from COFCO Group Co., Ltd. Hemp leaf embryo 
was purchased from Yonghui supermarket, Zhengzhou, 
China. TBHQ was obtained from applyhem, Darmstadt, 
Germany. In addition, all analytical/HPLC-grade chemicals 
were provided by Zhengzhou Senbo Biotechnology Co., 
Ltd., China.

2.2  Steam distillation of FVEO 
The steam distillation of FVEO was carried out according 

to the procedure described previously20）. The yield of es-
sential oil was the ratio between the volume of essential oil 
obtained and the weight of the Foeniculum vulgare Mill. 
seeds used21）. The water was removed from the distilled 
essential oil with anhydrous sodium sulfate and stored in a 
vial protected from light at －20℃ before analysis.

2.3  Chemical analysis of FVEO
After being diluted 1:50（m/v）with chromatogen-grade n-

hexane, the FVEO was filtered through a 0.22 um micropo-
rous filtration membrane into gas phase vials and subse-
quently kept at －20℃. The volatile oil composition was 
analyzed and determined by gas chromatography/mass 
spectrometry based on the previous study with slight modi-
fications10）. Briefly, the chemical analysis was performed 
with an Agilent 6890-5973 N system operated at 60 eV 
using an HP-5MS column（30 m×0.25 mm i.d., 0.25 mm f.t., 
Agilent, USA）. For the detector and the injector, the tem-
peratures were set to 290℃ and 250℃, respectively. At a 
split ratio of 1:20, the carrier gas helium was supplied at 1 
mL/min. The temperature of the system oven was pro-
grammed as follows: Initial temperature 50℃, increased at 
10℃/min to 70℃ and kept for 2 min, increased at 1℃/min 
to 125℃ and kept for 2 min, and then, increased at 4℃/
min to 210℃ and kept for 2 min, at last, increased at 20℃/
min to 280℃ and kept for 5 min. The mass spectra were 
saved at 70 eV with the mass range m/z 30 to 500. Mass 
spectrometry retrieval standard library: NIST2017 database
（http://webbook.nist.gov）was chosen since it matches 
more than 90％ of the compounds, and the area normaliza-
tion method was used to determine the contents of each 
FVEO component. Mass spectrometry retrieval standard 
library: NIST2017 database（http://webbook.nist.gov.）, se-
lected matches more than 90％ of the substances and the 
content of each component of FVEO was calculated by 
area normalization method.

2.4  Antioxidant test of FVEO
The antiradical activity of FVEO was evaluated by 1,1-di-

phenyl-2-picrylhydrazyl（DPPH）radical, 2-ethyl-benzothia-
zoline sulphonic acid-6（ABTS）radical（ABTS・＋）and hy-
droxyl radical（HO・）assays, in contrast, the reducing power 
of FVEO was evaluated by the ferric ion reducing antioxi-
dant power（FRAP）, following the methods reported in 
previous studies and with slight modifications19, 22－24）.

2.5  Deep-frying process
According to our previous studies on this topic, SFO 

samples FVEO-1, FVEO-1.5 and TBHQ-0.01 were obtained 
by adding FVEO and TBHQ to the SFO. SFO samples 
without antioxidants（Control）also need to be prepared. All 
of these SFO samples were stored in a refrigerator at 4℃. 
The deep-frying procedure was started once the tempera-
ture of the SFO samples reached 180℃, and the whole 
frying process was continued for 30 h, each batch of 
Chinese Maye could be obtained when it stayed in sun-
flower oil for about 3 min, and there was 616 Maye batch 
were obtained, while the sunflower oil was heated over for 
30 h. During the whole deep-frying process, the color, vis-
cosity, acid value, malonaldehyde（MDA）, total polar com-
pounds and conjugated ditriene of the SFO samples were 
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measured every 6 hours according to Chinese National 
Standards GB5009.229–2016, GB/T 22235–2008, GB 
5009.229-2016, GB5009.181-2016, GB5009.202-2016 and 
GB/T22500-2008, respectively.

2.6  Determination of fatty acid composition
The fatty acids of the frying oil samples were determined 

according to the normalization method in CNS GB 
5009.168-2016 Determination of fatty acids in foods. Gas 
chromatographic conditions: HP-88 capillary column（100 
m×0.25 mm×0.2 μm）; inlet and detector temperatures of 
250℃ and 280℃, respectively; carrier gas: high purity ni-
trogen at a flow rate of 1 mL/min; hydrogen generator: flow 
rate of 30 mL/min. The column temperature was initially 
170℃, then increased to 220℃ at 4℃/min without holding, 
and then increased to 240℃ at 1℃/min; injection volume: 
1 μL. 

2.7  Sensory analysis of Chinese Maye samples
At the end of the frying process, the different sensory 

attributes of Maye were evaluated including appearance, 
taste, flavor and overall acceptability. A consumer-based 
hedonic test was performed by 25 males and 25 females
（18-40 years old）on a nine-point hedonic scale（1: dislike, 
5: neutral, 9: extremely like）Maye fried in the same SFO 
was evaluated as a large group, with samples of Maye 
placed randomly at different times. Each large group of 
samples was tasted at 15-minute intervals and each sample 
was tasted at 1-minute intervals. We explained the meaning 
of each attribute to the group members to reduce misun-
derstanding and asked them to read the instructions on the 
sensory sheet before performing the sensory analysis. Most 
importantly, they will have plenty of time to familiarize 
themselves with the sensory assessment process if they 
were unsure of the details of the process. 

2.8  Statistical analysis
Unless otherwise stated, data are presented as means 

and data in tables and figures are indicated as mean±stan-
dard deviation（n＝10）. For the statistical analysis, Graph-
Pad Prism 8（GraphPad Software, San Diego, USA）analysed 
the data by one-way ANOVA, where p＜0.05 and p＜0.01 
were determined to be statistically significant and highly 
significant, respectively.

3  Results and Discussion
3.1  Extraction of FVEO

The FVEO yield was 1.53％（w/w）. At room temperature, 
FVEO is one yellowish clear liquid oil with a distinctive 
anise aroma and sweetness. It is important to note that the 
results of extraction yield are close to the previous 
studies25）.

3.2  Chemical composition of FVEO
The use of plants in medicine and cosmetics has in-

creased dramatically with the rapid growth of physical 
therapy26）. Natural ingredients derived from plants are 
getting a lot of attention in the cosmetic industry27）. In the 
present investigation, as reported in Table 1, 28 chemical 
constituents were identified in FVEO, which represent 
99.42％ of total essential oil with the main chemical con-
stituents anethole（79.53％）, fenchone（8.49％）, estragole
（2.95％）, limonene（2.56％）, α-pinene（1.47％）, and 
γ-terpinene（1.14％）. Napoli et al. also found that the main 
components of wild Sicilian fennel were fenchone and es-
tragole, with growth location having an impact on the 
content28）. Shahat et al.（2011）29） found that the main com-
ponents of the Foeniculum vulgare Mill. essential oil from 
Egyptian were estragole（51.04％）, limonene（11.45％）, l-
fenchone（8.19％）. These research’s slightly differing find-
ings could be explained by variations in the genetic 
makeup of the populations, geographic and environmental 
characteristics, and biological and abiotic pressures30）.

3.3  FVEO antioxidant activity
DPPH radical and ABTS radical scavenging is commonly 

used in antioxidant tests, where antioxidants bind by do-
nating hydrogen or electrons to free radicals to scavenge 
them31）. The result demonstrated a dose-dependent scav-
enging capacity against DPPH（Fig. 1A）and ABTS＋（Fig. 
1B）. The free radical scavenging percentages, with the 
concentration of FVEO at 10, 20, 30, 40 and 50 mg/mL, 
were 13.0％, 25.5％, 31.2％, 38.21％ and 46.1％ against 
DPPH., while the concentration of FVEO at 10, 15, 20, 25 
and 30 mg/mL, were 19.3％, 30.1％, 40.8％, 49.9％ and 
56.1％ against ABTS＋. The OH radical is generated when 
H2O2 encounters Fe2＋. Wang et al studied the Fe2＋ chelat-
ing ability of Ocimum basilicum essential oil and found 
that the Fe2＋ chelating ability of Ocimum basilicum es-
sential oil was mainly due to the presence of Artemisia 
absinthium32）. The ability of the essential oil to scavenge 
OH radicals can thus be seen in a direct scavenging 
manner, as well as in a manner that chelates Fe2＋ before 
the onset of the reaction and thus prevents the production 
of free radicals. As can be seen in Fig. 1C, the OH radical 
scavenging rate of FVEO increased from 36.45％ to 
51.67％ as the concentration increased from 10 mg/mL to 
30 mg/mL, which is close to the scavenging rate of 59.98％ 
for BHT. The increase in the OH radical scavenging rate of 
the essential oil was slower and the scavenging capacity of 
BHT was not as good as the rest of the indicators, this phe-
nomenon may be caused by the indicator being a water-
based indicator. Meanwhile, FRAP（Fig. 1D）was determined 
to find the FVEO reducing power. The FRAP values in-
creased from 0.24 to 0.44 as the concentration increased 
from 10 mg/mL to 50 mg/mL. The results indicate that 
FVEO had the antioxidant capacity to be investigated with 
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further research as a natural antioxidant33）. 

3.4   Antioxidant effect of FVEO in the deep-frying of 
Chinese Maye 

Polar compounds are produced by the thermal, hydro-
lytic, and oxidative alteration during the frying process of 
vegetable oils and for which the level of TPC is often con-
sidered to be an important indicator of oil deterioration34）. 
Malondialdehyde（MDA）is the main secondary product of 
oxidative deterioration of vegetable oils35）. In addition, con-
jugated dienes and conjugated trienes are formed, which 
can give rise to absorption peaks at 232 nm and 268 nm, 
respectively. Therefore, their content could be assessed 

using absorbance at 232 nm and 268 nm36－38）. In the 
present study（Fig. 2）, the values of MDA, TPC, conjugated 
dienes and conjugated trienes of all of the SFO samples 
were dramatically rosed as the amount of frying time in-
creased. For the MDA value（Fig. 2A）, the SFO sample 
TBHQ-0.01 showed the slowest growth rate, followed by 
the control sample and FVEO group samples. However, for 
TPC（Fig. 2B）, conjugated dienes（Fig. 2E）and conjugated 
trienes（Fig. 2F）values, the control samples were the 
slowest, followed by TBHQ and FVEO group samples. 

The changes in MDA value（Fig. 2A）of the SFO sample of 
FVEO were not significantly different from the sample of 
TBHQ-0.01 and the control samples, and the inhibitory 

Table 1　Volatile components of FVEO.

No. Compound name Molecular 
formula CAS number w/w (%)

1 α -Pinene C10H16 80-56-8  1.47%
2 Camphene C10H16 79-92-5  0.06%
3 Sabinene C10H16 3387-41-5  0.29%
4 β -Pinene C10H16 18172-67-3  0.12%
5 β -Myrcene C10H16 123-35-3  0.41%
6 α -Phellandrene C10H16 99-83-2  0.21%
7 α -Terpinene C10H16 99-86-5  0.02%
8 p-Cymene C10H14 99-87-6  0.75%
9 D-Limonene C10H16 5989-27-5  2.56%

10 Eucalyptol C10H18O 470-82-6  0.17%
11 trans-β -Ocimene C10H16 3779-61-1  0.39%
12 β -Ocimene C10H16 13877-91-3  0.04%
13 γ -Terpinene C10H16 99-85-4  1.14%
14 L-Fenchone C10H16O 7787-20-4  8.49%
15 Butanoic acid, 2-methyl-, 3-methyl butyl ester C10H20O2 27625-35-0  0.01%
16 Isopentyl valerate C10H20O2 2050-9-1  0.01%
17 1,3-Cyclohexadiene, 1,3,5,5-tetramethyl- C10H16 4724-89-4  0.01%
18 (-)-Camphor C10H16O 464-48-2  0.09%
19 (+)-2-Bornanone C10H16O 464-49-3  0.05%
20 Terpinen-4-ol C10H18O 562-74-3  0.05%
21 Estragole C10H12O 140-67-0  2.95%
22 α -Fenchyl acetate C10H20O2 1000429-50-4  0.02%
23 Carvone C10H14O 99-49-0  0.25%
24 Benzaldehyde, 4-methoxy- C8H8O2 123-11-5  0.12%
25 Benzaldehyde, 3-methoxy- C8H8O2 591-31-1  0.20%
26 Anethole C10H12O 104-46-1 79.53%
27 Pentadecanal- C15H30O 2765-11-9  0.01%
28 5-Heptenal, 2,6-dimethyl- C9H16O 106-72-9  0.01%

Total 99.42%
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effect of FVEO on MDA content was 1.5 g/kg＞1 g/kg. After 
18 h, the MDA values（Fig. 2A）of SFO samples from the 
FVEO group showed a significant increase（p＜0.01）. It can 
be seen that FVEO was weaker than TBHQ in terms of an-
tioxidant capacity and a pro-oxidation phenomenon was 
observed at the late stage of frying. For conjugated dienes
（Fig. 2E）and conjugated trienes（Fig. 2F）, the growth rate 
of the FVEO group showed a significant increase in the late 
frying period（p＜0.01）. The SFO sample of FVEO-1.5 g/kg 
showed a significantly faster increase than 1 g/kg; mean-
while, the CD value（Fig. 2E）of the sample FVEO-1.5 g/kg 
reached 23.835 at 30 h. The CT value（Fig. 2F）showed that 
the sample FVEO-1.5 g/kg showed a significantly higher 
level than the rest of the SFO samples at 30 h of frying（p＜
0.05）, while the FVEO-1 g/kg showed no significant differ-
ence with TBHQ. For the total polar compounds, the 
changes in content were affected by several factors and 
were similar to those for the conjugated diatrienes. It is ob-
served from this study that high concentrations of FVEO 
during frying led to an increase in malondialdehyde, polar 
components and conjugated ditrienes in SFO, whereas low 
concentrations of FVEO samples had a similar effect on 

SFO as TBHQ.
The oxidative polymerization reactions during frying 

produce functional groups with a high degree of conjugated 
double bonding which leads to a deepening of the colour of 
the frying oil. The viscosity change of the oil is mainly in-
fluenced by the increase of polymer, and antioxidants, as 
well as the generation of FVEO in the late stage of frying 
can affect the viscosity of sunflower oil. As shown in Fig. 2, 
the values of yellow（Fig. 2G）, red（Fig. 2H）and viscosity
（Fig. 2C）of the four SFO samples increased significantly（p
＜0.05）. During the frying process, the control group 
samples showed the slowest increase in color and viscosity 
values, followed by the TBHQ-0.01 samples and the FVEO 
group samples. As observed by the changes in the values of 
yellow and viscosity, the values of yellow（Fig. 2G）and vis-
cosity（Fig. 2C）of the sample FVEO-1.5 g/kg grew higher 
than the sample FVEO-1 g/kg. There was no significant dif-
ference in the change in viscosity values between the SFO 
sample FVEO-1 g/kg and TBHQ samples and the control 
samples before frying for 18 hours. After 18 h, the values of 
yellow and viscosity from the FVEO group showed signifi-
cant differences（p＜0.05）with control as well as the 

Fig. 1　�Antioxidant effects of FVEO and positive BHT in vitro. Values are expressed as means±SD. （A）DPPH・ scavenging 
activity of FVEO compared with BHT（0.1 mg/mL）. （B）ABTS＋ scavenging activity of FVEO compared with BHT（0.1 
mg/mL）. （C）OH・ scavenging activity of FVEO compared with BHT（0.1 mg/mL）. （D）Ferric-reducing antioxidant 
power（FRAP）of FVEO compared with BHT（0.1 mg/mL）. Different letters（a, b, c, d）indicate that the difference is 
significant（p＜0.05）.
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Fig. 2　�The values for the viscosity, malonaldehyde（MDA）, total polar compounds（TPC）, acid value（AV）, conjugated dienes
（CD）, conjugated triteness（CT）, yellow value and red value of sunflower oil added by nothing, FVEO（1.5 g/kg）, 
FVEO（1 g/kg）TBHQ（0.01 g/kg）during the deep-frying of Chinese Maye for 30 h. Values are expressed as means±
SD（n＝10）. 



Deep-frying Chinese Maye

J. Oleo Sci. 72, (11) 985-995 (2023)

991

sample TBHQ-0.01, and the difference became more signif-
icant with increasing FVEO concentration. The change in 
the values of red and viscosity shows that the change in 
the sample of FVEO is similar to that of TBHQ-0.01. Most 
essential oils contain olefin double bonds and aromatic 
rings, which are capable of showing a certain color and can 
have an effect on their color when reacting with each other 
and frying oil. After the addition of FVEO, the components 
in the FVEO at high temperatures increase the polymers in 
the sunflower oil to some extent, which leads to an in-
crease in its viscosity. Babiker et al. found that sunflower 
oil with rosemary essential oil and extract added separately 
during frying showed an increase in red and yellow values, 
while the samples with essential oil added increased more 
slowly than those with additive extracts39）. It can be seen 
that the essential oil showed more advantages than the ex-
tracts when frying with sunflower oil.

3.5  Fatty acid changes in SFO
During the deep-frying process of SFO, the fatty acid 

composition would be affected by the oxidation reaction in 
sunflower oil40）. The fatty acids on the triglycerides are 
constantly oxidized and changed. The changes in fatty acid 

composition can be detected by methyl esterification, 
which reflects the changes in triglycerides in the oil41）. 
Table 2 shows that the fatty acid composition of all four 
groups of oil samples changed to a different level as the 
frying time increased. The fatty acids that changed signifi-
cantly（p＜0.05）between the control and TBHQ samples 
were: stearic acid, oleic acid, linoleic acid and α-linolenic 
acid. As essential fatty acids, the changes in linoleic acid 
and α-linolenic acid have important research value. Based 
on the data in Table 2, a visual graph of the changes in lin-
oleic and α-linolenic acids was obtained. It can be seen in 
Fig. 3 that the changes in linoleic and linolenic acids 
between the 1 g/kg oil group and the blank oil sample start 
to show significant differences（p＜0.05）at 18 hours and 
beyond, with a significant decrease in the 1.5 g/kg oil 
group. The complex and variable composition of the essen-
tial oil may be due to some of the heat intolerant compo-
nents of the oil, which produce more oxidation products in 
the later stages of frying. 

3.6  Sensory analysis of Chinese Maye
The aromatic compounds in the FVEO with some special 

fragrance will be transferred to the Maye during the frying 

Table 2　Fatty acid composition of frying oil.

Group Hour C14:0c C16:0 C16:1 C18:0 C18:1 C18:2 C20:0 C18:3 C22:0

Control

0 0.077±0.001 6.292±0.059 0.079±0.007 3.744±0.001 26.989±0.004 61.573±0.051 0.242±0.002 0.259±0.001 0.746±0.002

6 0.075±0.001 6.323±0.007 0.079±0.001 3.771±0.001 27.123±0.008 61.396±0.004 0.240±0.002 0.244±0.005 0.751±0.002

12 0.077±0.001 6.496±0.002 0.075±0.001 3.827±0.013a 27.285±0.026a 61.002±0.006a 0.241±0.005 0.234±0.001a 0.765±0.001

18 0.077±0.004 6.571±0.005 0.075±0.001 3.844±0.001a 27.573±0.039a 60.635±0.046a 0.241±0.002 0.217±0.004a 0.770±0.011

24 0.078±0.001 6.739±0.289 0.075±0.001 3.855±0.006a 27.766±0.091a 60.255±0.214a 0.243±0.001 0.208±0.004a 0.779±0.014

30 0.079±0.001a 6.893±0.134a 0.076±0.002 3.933±0.021a 28.108±0.027a 59.668±0.101a 0.248±0.004 0.203±0.001a 0.794±0.014a

TBHQ

0 0.076±0.001 6.405±0.099 0.077±0.004 3.723±0.004 26.931±0.068 61.534±0.025 0.251±0.002 0.254±0.002 0.751±0.003

6 0.076±0.002 6.380±0.270 0.075±0.002 3.740±0.029 27.189±0.168 61.355±0.060a 0.244±0.001 0.251±0.005 0.754±0.005

12 0.077±0.001 6.386±0.002 0.072±0.004 3.792±0.014a 27.208±0.044 61.118±0.041a 0.242±0.002 0.239±0.006 0.762±0.002

18 0.077±0.001 6.524±0.001 0.070±0.003 3.825±0.011a 27.446±0.014a 60.809±0.018ab 0.247±0.001b 0.231±0.009ab 0.773±0.008a

24 0.078±0.001 6.693±0.006 0.077±0.001 3.980±0.002ab 27.780±0.003a 60.168±0.011a 0.245±0.001 0.215±0.002ab 0.763±0.001a

30 0.078±0.001 6.722±0.001 0.080±0.014 3.938±0.006a 28.034±0.049a 59.924±0.030a 0.249±0.003 0.204±0.002a 0.774±0.001a

FVEO
(1 g/kg)

0 0.069±0.001 6.471±0.015 0.074±0.001 3.731±0.196 26.802±0.078 61.577±0.109 0.252±0.006 0.248±0.001 0.787±0.001b

6 0.071±0.001 6.355±0.002a 0.076±0.009 3.890±0.001b 27.045±0.004a 61.279±0.005a 0.245±0.006 0.248±0.002 0.796±0.001b

12 0.073±0.001a 6.486±0.001a 0.078±0.001 3.905±0.134 27.434±0.094a 60.835±0.030ab 0.253±0.001b 0.245±0.008 0.811±0.002b

18 0.075±0.001a 6.544±0.001a 0.079±0.001 3.949±0.001b 27.546±0.030a 60.528±0.008a 0.255±0.002b 0.219±0.001a 0.828±0.024ab

24 0.076±0.001a 6.768±0.002a 0.080±0.002 4.086±0.001b 28.336±0.001ab 59.404±0.003ab 0.271±0.003ab 0.209±0.001a 0.871±0.001ab

30 0.081±0.001a 7.092±0.004a 0.086±0.004a 4.222±0.002ab 29.455±0.057ab 57.719±0.038ab 0.283±0.006ab 0.204±0.001a 0.862±0.017ab

FVEO
(1.5 g/kg)

0 0.077±0.003 6.517±0.053 0.076±0.003 3.744±0.004 26.865±0.019 61.540±0.019 0.251±0.009 0.252±0.001 0.778±0.001b

6 0.080±0.001 6.938±0.074a 0.076±0.001 3.839±0.004ab 27.315±0.089a 60.481±0.084ab 0.251±0.001b 0.245±0.002a 0.776±0.004b

12 0.079±0.001 6.907±0.028ab 0.079±0.001 3.901±0.006a 27.816±0.009ab 60.052±0.026ab 0.261±0.005ab 0.218±0.001ab 0.790±0.002ab

18 0.079±0.003 6.987±0.043ab 0.076±0.001 3.931±0.028ab 28.229±0.154ab 59.539±0.083ab 0.260±0.001ab 0.208±0.001a 0.794±0.003a

24 0.078±0.001 7.114±0.002ab 0.077±0.001 3.973±0.004ab 28.629±0.004ab 58.938±0.006ab 0.265±0.001ab 0.202±0.004a 0.806±0.001a

30 0.081±0.001 7.528±0.215ab 0.078±0.001 4.109±0.030ab 29.467±0.056ab 57.410±0.125ab 0.270±0.003ab 0.194±0.001ab 0.836±0.001a

a represents a significant difference from the same set of data on day 0; b represents a significant difference from the data for the same frying time compared to blank; c C14:0, myristic 
acid; C16:0, palmitic acid; C16:1, palmitoleic acid; C18:0, stearic acid; C18:1n9, oleic acid; C18:2n6, linoleic acid; C20:0, arachidic acid; C18:3n3, α-linolenic acid; C22:0, behenic 
acid.
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time, thus enhancing the sensory qualities of Chinese 
Maye. The most critical thing to evaluate whether a fried 
product is suitable for the market is the sensory evaluation 
of the fried product. If the product does not appeal to con-

sumers, it will be rejected42）. As shown in Table 3, the ap-
pearance, taste, flavor and overall acceptance of Chinese 
Maye in the SFO sample gradually decreased with increas-
ing frying time. Both TBHQ and FVEO inhibited the de-

Fig. 3　The values for the linoleic acid, α-linolenic acid. Values are expressed as means±SD（n＝10）.

Table 3　Sensory evaluation score of Chinese Maye.

Hour Control TBHQ FVEO

Appearance

0 8.71±0.82 8.71±0.82 8.71±0.82
6 8.03±0.74 8.27±0.91 8.33±0.73

12 7.22±0.68 7.43±1.48 7.86±0.94
18 6.37±0.84 6.12±0.86 7.20±1.02
24 5.65±0.75 5.80±0.82 6.61±0.69b

30 4.78±0.77 5.54±0.57b 5.97±0.96b

Taste

0 8.85±1.40 8.85±1.40 8.85±1.40
6 8.13±0.93 8.43±0.91 8.45±0.83

12 7.25±1.54 7.78±0.84 8.23±0.65
18 6.47±1.34 6.50±0.76 7.84±0.71b

24 5.49±0.95 5.64±0.53 6.43±0.79b

30 4.84±0.78 5.05±1.11 5.82±0.66b

Flavor

0 8.64±1.21 8.64±1.21 8.64±1.21
6 8.15±0.84 8.45±0.65 8.29±0.75

12 7.22±0.95 7.50±0.83 7.60±1.02
18 6.26±1.53 6.32±0.66 7.24±0.56
24 5.43±0.67 5.65±1.21 6.61±0.81b

30 4.21±0.83 4.97±0.65 6.15±0.97c

Overall 
acceptance

0 8.91±1.04 8.91±1.04 8.91±1.04
6 7.75±0.96 7.85±0.76 8.41±0.90

12 6.87±0.89 6.46±1.41 7.86±0.68b

18 5.28±0.90 5.78±0.66 7.42±1.04c

24 4.09±1.22 4.63±0.70 6.81±0.63c

30 3.30±0.83 4.11±0.46 6.09±0.82c

b  represents a significant difference level of p < 0.05 from the same group of 
data on day 0

c represents a significant difference level of p < 0.01
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crease of sensory quality of Chinese Maye. As the frying 
time increased, the sensory scores of the SFO samples of 
FVEO were higher than that of the SFO sample of TBHQ. 
There were significant differences between the FVEO 
group and the control group in taste and acceptance scores 
at the late frying stage（p＜0.01）. At the same time, there 
was no significant difference in these attributes between 
the SFO sample of TBHQ and the control sample. The 
results indicate that the direct addition of FVEO to vegeta-
ble oils was considered to be an efficient way to improve 
the sensory properties of deep-fried products, which is 
similar to the results of previous studies9）. 

4  Conclusion
In the current study, the antioxidant effect of FVEO was 

investigated by adding FVEO to SFO during high-tempera-
ture frying of Chinese Maye, and sensory evaluation of 
Chinese Maye after frying was conducted. The results 
showed that the antioxidant effect of FVEO-1 g/kg on SFO 
was similar to that of TBHQ-0.01 g/kg, and FVEO-1.5 g/kg 
would promote the oxidation of SFO. The addition of 
FVEO also significantly improved various sensory attri-
butes of Chinese Maye, such as appearance, taste, flavor 
and overall acceptability. The main antioxidant components 
in FVEO are currently being investigated in our laboratory 
and can be developed as a natural antioxidant once the 
main antioxidant components in FVEO are identified and 
their safety is established through toxicological tests.
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