Food Chemistry: X 21 (2024) 101227

ELSEVIER

Contents lists available at ScienceDirect
Food Chemistry: X ey

journal homepage: www.sciencedirect.com/journal/food-chemistry-x —=

CHEMISTRY: @

Developing the procedure-enhanced model of ginger-infused sesame oil

based on its flavor and functional properties

Li-Yun Lin?, Chih-Wei Chen ™', Hsin-Chun Chen “?, Tai-Liang Chen®, Kai-Min Yang“>"

@ Department of Food Science and Technology, Hung Kuang University, Taichung 433, Taiwan

Y Bachelor Degree Program in Food Safety/Hygiene and Laboratory Science, Chang Jung Christian University, Tainan City 711, Taiwan

¢ Department of Cosmeceutics, China Medical University, Taichung 406, Taiwan
d Department of Food Science, National Quemoy University, Kinmen 892, Taiwan

ARTICLE INFO ABSTRACT

Keywords:

Ginger

Infused sesame oil
Gingerol
Antioxidant capacity

Ginger-infused sesame oil enriches the nutrition and provides enhanced flavor for the foods. An original pro-
cessing procedure and module for evaluation were established in this study, using different raw materials
(Guangdong and Chu ginger) and treatments (ginger powder, extract, and both). The quality, functionality, and
flavor of the infused oils were evaluated. Ginger-infused sesame oil contained 0.58-3.22 pg/g of 6-gingerol,
0.21-0.88 ug/g of 6-shogaol. The number range of volatile compounds from 48 to 55 identified by gas

chromatography-mass spectrometry varies depending on different process procedures. Agglomerative hierar-
chical clustering analysis revealed the flavor profiles were clustered by different varieties, while gingerol and
phytosterol was by different treatments. In conclusion, sesame oil was an appropriate carrier for gingerol and
phytosterol, which are characterized by higher antioxidant capacities (p < 0.05). These results show the benefits
of developing infused oil products with enhanced functional and sensory properties.

1. Introduction

Over the past few years, the increase of eating disorders has been
noted. Frequent consumption of unbalanced meals has led to an
increased risk of metabolic disorders, for instance, diabetes, obesity, or
dyslipidemia (Albert Perez, Poveda Gonzalez, Martinez-Espinosa,
Molina Vila, & Reig Garcia-Galbis, 2019; Lee, Shin, & Kim, 2021). Di-
etary intervention is crucial for treating such conditions. Functional
foods, that have received attraction as a result, provide health-
promoting effects that go beyond their nutritional properties. Func-
tional foods can be natural foods or fortified ones, and when ingested to
a proper dosage, can achieve health-promoting benefits (Vecchio &
Cavallo, 2019; Parks, Stern, Fricke, Clausen, & Yaroch, 2020). The
growth of functional foods is fueled by industrial innovation, the
increasing demands made by health-conscious consumers, and by
varying health claims. Products such as fermented diary drinks, plant-
based milk, propolis, fish oil, and leutein supplements has received
commercial success across the globe (Vecchio & Cavallo, 2019).

* Corresponding author.

The application of natural products as therapeutic agents was com-
mon in history. Currently, there is rising interest in the exertion of
natural products for treating a variety health conditions such as
inflammation. Ginger (Zingiber officinale Rosc.) is a plant used in food,
medicine, and cosmetics. Due to the refreshing aroma and spicy, pun-
gent taste, the addition of ginger rhizome enhances the sense of heat and
has been widely used as a dietary supplement in traditional medicine
(Jang, Han, Park, Jhon, & Seo, 2004; Koga, Beltrame, & Pereira, 2016;
Maghraby, Labib, Sobeih, & Farag, 2023). Numerous studies have
demonstrated ginger (Fam. Zingiberaceae) to be a promising contem-
porary remedy as it contains gingerol, curcumin, phytosterols, terpe-
noids, and zerumbone and therefore may prevent cardiovascular
diseases and associated pathologies (e.g., diabetes, obesity, and meta-
bolic syndrome) that act as risk factors for cardiovascular diseases (Jang,
Han, Park, Jhon, & Seo, 2004; Yeh et al., 2014; Lal, Begum, Munda, &
Pandey, 2021). Sesame (Sesamum indicum L.), a member of the Ped-
aliaceae family, is one of the earliest oil crops domesticated and
consumed by humans. Sesame oil is an aromatic oil produced by cold
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Table 1

Oxidation stat, color and browning index values of ginger-infused sesame oil.

AV* (mg KOH/g) POV (meq/kg) TBA (pmole/g) L a b AE" BI

So 1.74 11.96 10.05 23.82* 0.82 1.70 - 188.04
GuEx-So 1.81 13.25 10.14 31.06 4.59 11.01 12.38 231.70
GuP-So 1.78 12.16 10.12 2291 0.18 1.40 1.15 185.07
GuExP-So 1.78 12.11 9.98 30.09 7.14 11.29 13.09 241.32
ChEx-So 1.76 13.12 10.07 33.79 6.03 15.51 17.81 250.66
ChP-So 1.82 12.07 9.98 22.87 0.62 1.67 0.97 187.69
ChExP-So 1.81 12.13 9.76 31.61 6.01 12.96 14.64 243.39

Data presented are in triplicate mean.

*AV: acid value; POV: peroxide value; TBA: thiobarbituric acid.
**AE:The comprehensive color difference represented.

AE = [(AL¥)2 + (4a*)2 + (4b*)2]"/2.

**% BI: browning index.

pressing roasted sesame seeds and is traditionally used as an edible oil.
Sesame oil is rich in linoleic and linolenic acids and contains high
amounts of biologically active substances such as lignans
(338.1-1153.6 mg/100 g), vitamin E (53.4-81.1 mg/100 g), and phy-
tosterols (411.8-488.6 mg/100 g) (Shi et al., 2018, Yin, Ma, Li, Liu, &
Shi, 2021).

Infused oils are convenient food products consumed worldwide,
which are used as dressings in various foods, increasing their attrac-
tiveness and tastiness. Nowadays, there is high demand for innovative
and specialized products of high nutritional quality and with different
sensory characteristics (Khatri et al., 2023). Herb-infused oils seem to
derive from ancient processing and conservation practices, in which the
oils acquired the flavor of the aromatic herbs used and were later used in
the preparation of dishes and salads. Infused oils come with advantages,
such as versatility, handiness, and rich flavors has turned them into
cupboard staples around the world. The aromatic herbs used to infuse
the oils not only improve their sensory and nutritional properties but
also extend their expiration date and counteract free radicals because of
their antioxidant and antimicrobial activities (Diaz-Montana, Aparicio-
Ruiz, & Morales, 2023). In recent research, the addition of essential
oils derived from herbs and spices could provide pleasant flavors and
improve the oxidative stability in vegetable oils (Abo et al., 2014; Lim,
Hamdan, David Chua, & Lim, 2021).

Ginger-infused sesame oil is often used as a food therapy and me-
dicinal diet therapy in Asia, since ginger has properties described as
“interior-warming and cold-dispelling” and sesame oil is said to be “Yin-
tonifying (in terms of Qi)” and “replenishing”, combination the benefits
are enhanced, making it the ultimate recipe for activating blood circu-
lation in the concept of Traditional Chinese Medicine, which also claims
it the best for post-partum women. The objective of this study was to
develop a new manufacturing process for ginger-infused sesame oil to
promote its functional and flavor properties. Analyses of the quality,
functionality, and volatiles of the ginger-infused oil were conducted.

2. Materials and methods
2.1. Materials

The chemicals and solvents used in this research were provided by
Merck (Darmstadt, Germany), Sigma-Aldrich (St. Louis, MO, USA), and
Chemical Co., Ltd. (Miaoli, Taiwan), including 6-hydroxy-2,5,7,8-tetra-
methylchroman-2-carboxylic acid (Trolox), 1,1-diphenyl-2-picrylhydra-
zyl (DPPH), 2,4,6-tripyridyl-S-triazine (TPTZ), 2,2-azinobis-(3-
ethylbenzothiazoline-6-sulfonate) (ABTS), gallic acid, quercetin,
Folin—Ciocalteu reagent, 6-gingerol, 6-shogaol, 8-gingerol, 10-gingerol,
curcumin, and sesame. All solvents were of HPLC grade.

2.2. Production of ginger-infused sesame oil

Guangdong ginger (Gu) and Chu ginger (Ch) were purchased from

three different markets in Nantou County (Taiwan) in September 2020
to achieve three biological replicates. All ginger were mixed then made
into powder according to the following description. Sample preparation
of this study were listed as following: (1) Ginger powder preparation:
The ginger was washed and cut into slices, dried with a hot air at 50 °C
for 18 h, ground, and passed through a 40-mesh sieve. (2) Ginger extract
preparation: 50 g of ginger powder was mecerated with eight times its
volume of ethanol and collected after 3 h, concentrated into a syrup form
under a vacuum, then diluted to 10 mL with sesame oil. (3) Ginger-
infused sesame oil preparation: (a) Gu/ChEx-So, 10 mL of ginger
extract was added to 200 mL of sesame oil in an airtight glass jar; (b) Gu/
ChP-So, 200 mL of sesame oil was added into a stainless-steel pot with
50 g of ginger powder, infused for 10 min at 150 °C, and canned in an
airtight glass jar; (¢) Gu/ChExP-So, 200 mL of sesame oil was added into
a stainless-steel pot with 25 g of ginger powder and infused for 10 min at
150 °C. After cooling, 5 mL of ginger extract was added and canned in an
airtight glass jar. (4) Sample of control preparation: (d) So, 200 mL of
sesame oil (FWUSOW INDUSTRY CO., LTD.) was added into a stainless-
steel pot and heated to 150 °C then held in this temperature for 10 min
and canned in an airtight glass jar.

2.3. Quality analysis

The peroxide value (POV) of each oil sample was determined as
prescribed by the official analytical methods of the Mariotti (2014). The
acid value (AV) of the samples was determined by titration witha 0.1 N
potassium hydroxide alcoholic solution. The thiobarbituric acid (TBA)
content of the samples was measured according to Ghani, Barril, Bed-
good, and Prenzler (2017).

The color of each oil sample was measured using a colorimeter (NE-
4000, Nippon Denshoku Industries Co. Ltd., Tokyo, Japan). After the
instrument was standardized with a white plate (LO = 97.51, a0 = —
0.16, and b0 = 1.75), the colors of the samples were evaluated at room
temperature. The Hunter L, a, and b values correspond to lightness,
greenness (—a) or redness (+a), and blueness (—b) or yellowness (+b),
respectively. The browning index (BI) was calculated using the
following.

Equation:

Browningindex = [100 x (x —0.312)]/0.172.

where x = (a + 1.75L)/(5.645L + a — 3.012b).
2.4. Functional component analysis

This study used standard solutions to investigate the functional
components, including 6-gingerol, 6-shogaol, 8-gingerol, 10-gingerol,
curcumin, and sesamol. To determine standards quantitatively, we fol-
lowed the method of Yeh et al. (2014) and used high-performance liquid
chromatography (HPLC) with a Hitachi L-2130 pump and L-2400 UV
detector from Hitachi, Japan. Sample solutions were filtered through a
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Table 2

Analyzed gingerols and sesamols of ginger-infused sesame oil.

Sesamol
(ng/g)
0.62
0.54
0.39
0.42
0.45
0.38
0.42

Curcumin

(ng/g)

10-gingerol
(ng/8)

8-gingerol
(ng/g)

6-shogaol

(1g/g)

6-gingerol
(ng/g)

0.04
0.03
0.03
0.02
0.04
0.02
0.03

So

0.03
0.06
0.07
0.01
0.05
0.01

0.31
1.02
0.66
0.11
0.51
0.27

0.01
0.02
0.02

0.05
0.11
0.08

0.01
0.02
0.01
0.01
0.01
0.01

0.06
0.19
0.14
0.08
0.27
0.21

0.01
0.06
0.03
0.01
0.04
0.05

0.22
0.81
0.57
0.21
0.88
0.54

0.08
0.18
0.21
0.06
0.18
0.12

0.99
3.

GuEx-So
GuP-So

22

2.51
0.58
2.11
1.42

GuExP-So
ChEx-So

nd.”
n.d.
n.d.

ChP-So

ChExP-So

* Data presented are in mean + SD (n = 3) which with different letters are significantly different at p < 0.05.

** n.d.: not detected.

a-d: Date with identical letters in the same column are not significantly different (p < 0.05).
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0.45 pm filter (3 mm; Millex Filter, Millipore), and 20 L of the filtrate
was analyzed. We built calibration curves of the standards by plotting
the peak area vs. each corresponding concentration and used them to
quantify the functional components.

The remaining procedures were carried out as previously reported
(Yang, Cheng, Ye, Chu, & Chen, 2022), using an Agilent 6890 GC
equipped with a DB-1 fused-silica capillary column (60 m x 0.25 mm i.
d., 0.25 pm film thickness, Agilent Technologies) coupled to an Agilent
5973 N MSD mass spectrometer (MS). We used Helium as the carrier gas
at a 1 mL/min flow rate and maintained the injector temperature at
250 °C. The GC conditions were identical for both GC/MS and GC
analysis. GC analyzed the derivatized phytosterol extracts by an injec-
tion with 1:30 split ratio at 260 °C. The content of individual sterols was
expressed as the percentage of the PS fraction obtained using 5a-Cho-
lestane as an internal standard.

2.5. Antioxidant property assay

DPPH, ABTS, and FRAP tests were carried out to evaluate the anti-
oxidant activity in triplicate (Olszowy & Dawidowicz, 2016). A solution
of 1 mL of DPPH methanol was mixed with 0.5 mL of the sample and
allowed to stand for 30 min. The mixture was mixed vigorously and
incubated for 30 min at ambient temperature without exposure to the
light, and the mixture was measured under 517 nm. ABTS radical cation-
scavenging activity using method was measured and compared with
standard materials’ results. ABTS + radicals were produced by reacting
the ABTS solution (7 mM, 25 mL) with potassium persulfate (1.4 mM,
0.44 mL), and the mixture was kept in the dark at room temperature for
12-16 h. The sample (1.0 mL) was added to the ABTS + solution (2.5
mL) and mixed vigorously. After reacting at room temperature for 5 min,
the absorbance was measured at 734 nm. FRAP using method was
measured and compared with standard materials’ results. Each oil
sample was diluted with an acetone/methanol (2:8) solution to 2 mg/mL
and mixed with the FRAP reagent (containing acetate buffer, FeCl;3 so-
lution, and TPTZ by the ratio of 10:1:1). With vigorous vortex, the
mixture was incubated at ambient temperature for 10 min following
with the measurement at 595 nm. The Trolox was selected as the posi-
tive control.

2.6. Volatile analysis

To isolate the volatile components of ginger-infused sesame oil, we
used simultaneous distillation—extraction (SDE) with a modified Likens-
Nickerson apparatus (Lin, Tseng, Li, & Mau, 2008). We added 100 g of
ginger-infused sesame oil and 1000 ml of deionized water to the appa-
ratus. Then, we used a solvent mixture of n-pentane and diethyl ether
(1:1, v/v) as the extractant. We repeated this process three times and
concentrated the filtered extract at 40 °C to 100 ml, which we then
stored at —20 °C until analysis using a Vigreux column (i.d. 1.5 x 100
cm; Tung Kwan Glass Co., Hsinchu, Taiwan).

To identify the volatile components of the oil sample, we used the
Agilent 6890 GC with the DB-1 column and coupled it to the Agilent
5973 N MSD MS. We identified the constituents by matching their
spectra with those recorded in an MS library (Wiley 7 N), and we
confirmed them using the Kovats indices or by comparing the GC
retention time data with those of authentic standards or published in the
literature. The linear RIs were calculated from the retention times of n-
alkanes (Cs-Cgs) run under the same chromatographic conditions.

2.7. Statistical analysis

The measurement was obtained in triplicate (n = 3) for each sample
and expressed as means + SD (standard deviation). The data were
subjected to a hierarchical cluster analysis (HCA) with squared
Euclidean distances. Subsequently, the data were analyzed using prin-
cipal components analysis (PCA) combined with varimax rotation. The
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Table 3
Analyzed phytosterols of ginger-infused sesame oil.
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Brassicasterol Campesterol Stigmasterol pB-sitosterol
(ng/g) (ng/8) (ng/8) (hg/8)

So 133.65 + 9.68 a 25.84 + 1.66 a 18.96 + 1.22 a 98.69 + 5.63 a
GuEx-So 211.23 + 14.38 N 44.43 + 2.31 ¢ 38.92 + 2.91 d 205.70 + 13.95 b
GuP-So 162.51 + 12.86 b 32.57 + 2.26 4 30.23 + 2.83 c 157.48 + 11.66 c
GuExP-So 179.61 + 14.37 b 37.27 + 3.57 b 33.52 + 2.64 cd 174.81 + 12.95 d
ChEx-So 211.67 + 15.72 N 50.03 + 2.13 d 30.09 + 2.19 ¢ 188.35 + 13.42 d
ChP-So 163.54 + 11.41 b 34.99 + 2.91 b 24.03 + 1.85 b 141.26 + 10.63 b
ChExP-So 177.19 + 13.56 b 33.36 + 2.15 4 27.91 + 1.93 4 145.31 + 12.37 b

Data presented are in mean + SD (n = 3) which with different letters are significantly different at p < 0.05.

a-d: Date with identical letters in the same column are not significantly different (p< 0.05).

Table 4

Antioxidant property of ginger-infused sesame oil.

DPPH ABTS FRAP
(%) (%) (Trolox pg/g)

So 55.61 + 2.36 a 61.45 + 3.25 b 82.04 + 6.12 b
GuEx-So 62.57 + 3.74 b 56.64 + 213 a 73.21 + 5.75 a
GuP-So 72.99 + 2.83 ¢ 62.72 + 3.21 b 72.26 + 451 a
GUuExP-So 74.14 + 3.18 ¢ 72.59 + 3.69 ¢ 82.90 + 6.32 ab
ChEx-So 63.79 + 2.96 b 57.71 + 2.36 a 75.01 + 6.11 a
ChP-So 77.63 + 3.85 cd 68.01 + 2.11 be 80.27 + 5.93 ab
ChExP-So 80.26 + 412 d 73.37 + 4.62 c 88.24 + 3.68 b

Data presented are in mean + SD (n = 3) which with different letters are significantly different at p < 0.05.
a-d: Date with identical letters in the same column are not significantly different (p < 0.05).

XLSTAT software (version 2010.2.01, Addinsoft Deutschland, Ander-
nach, Germany) was used for the AHC and PCA analyses.

3. Results and discussion

3.1. Quality profile

The thermal processing of ginger-infused sesame oil can impart
unique flavors, colors, and textures to foods and increase nutrient di-
gestibility or reduce antinutritional elements (Aydeniz-Guneser, 2021).
Heat treatment can also lead to adverse outcomes, such as oil oxidation
(Yin et al., 2021). We used the POV, AV, and TBA to evaluate the
oxidation state of sesame oil and ginger-infused sesame oil. In this study,
the POVs were in the range of 11.96-13.25 meq/kg, the AVs were in the
range of 1.74-1.82 mg KOH/g, and the TBAs were in the range of
9.76-10.12 umole/g (Table 1). The results show that the oil is of suffi-
cient quality and no safety concerns exist.

The color of ginger-infused sesame oil is highly associated with
consumer acceptance of this product. The color difference (AE) com-
pares the L, a, and b values of the infused samples to those of plain
sesame oil. The AE of GuEx-So, GuP-So, GuExP-So, ChEx-So, ChP-So,
and ChExP-So were 12.38, 1.15, 13.09, 17.81, 0.97, and 14.64,
respectively (Table 2). An important aspect of the quality of ginger-
infused sesame oil subjected to heat is its browning index (BI). The BIs
of GuEx-So, GuP-So, GuExP-So, ChEx-So, ChP-So, and ChExP-So were
231.70, 185.07, 241.32, 250.66, 187.69, and 243.39, respectively
(Table 2). The results show that the addition of ginger extract enhanced
the Maillard reaction. The tendency to darken the color of the ginger-
infused sesame oil is related to its chemical composition (Ahmad
et al., 2021).

3.2. Functionality profile

Ginger rhizomes with numerous bioactive compounds showed
beneficial properties, especially pharmacologically. Among these com-
pounds, gingerol is considered as the most potent and rich component.
(Jang et al., 2004; Yeh et al., 2014). The combination of gingerol de-
rivatives, including 6-gingerol, 8-gingerol, and 10-gingerol not only

provided therapeutic effects but also its unique flavor and aroma (Yeh
et al.,, 2014; Koga et al., 2016). Previous study showed Gu and Ch
contains 6.11 and 5.54 mg/100 g (dry weight) of total gingerol with 6-
gingerol and 6-shogaol making up most of the content (Yeh et al., 2014).
In this study, the ginger-infused sesame oil contained 0.58-3.22 pg/g of
6-gingerol, 0.21-0.88 pg/g of 6-shogaol, 0.06-0.27 ng/g of 8-gingerol,
0.0.5-0.11 pg/g of 10-gingerol, and 0.11-1.02 pg/g of curcumin
(Table 2). The presence of heat or storage for long time, gingerols may
transformed into shogaols (Zagorska, Czernicka-Bos, Kukula-Koch, Ito-
wiecka, & Koch, 2023). Bacterial metabolism also played a vital role,
converting 6-Shogaol into 6-paradol, while both showed similar anti-
inflammatory and antioxidant properties. Sesame lignans are the main
active ingredients in sesame seeds and have strong antioxidant activity
(Nayak, Dash, Rayaguru, & Krishnan, 2016).

Lipid soluble bioactive compounds are often limited of their per-
formance in most cooking processes and upon direct consumption.
Edible oils have been effective carriers for said compounds. Sesamol was
0.62 ug/g in sesame oil and had a concentration of 0.38-0.54 ug/g in
ginger-infused sesame oil (Table 3). Phytosterols also provide health
benefits, and they can increase the stability of oils in storage. A-5-ave-
nasterol for instance, exhibits anti-polymerization properties, which
protects oil compounds from oxidation during heat treatment (Winkler
& Warner, 2008; Zhang, Saleh, Chen, & Shen, 2012). Ginger-infused
sesame o0il contains 163.54-211.67 png/g of brassicasterol,
32.57-50.03 pg/g of campesterol, 24.03-38.92 ug/g of stigmasterol, and
141.26-205.7 pg/g of p-sitosterol. These results show that ginger can
effectively increase the phytosterol content in ginger-infused sesame oil,
and the ginger extract is better than the ginger powder for this purpose.

Antioxidants hindered the oxidation of oils, including their reaction
with free radicals and peroxy or alkoxy radicals, which then led to the
propagation step of oxidation (Endo, 2018). The results showed that
ginger-infused sesame oil had a better DPPH-scavenging effect, which
was 62.57-80.26 % compared to 55.61 % for sesame oil. The ABTS-
scavenging effect of ginger-infused sesame oil was 56.64-73.3 %
compared to 61.45 % for sesame oil (Table 4). The relevant literature
showed that the antioxidant capacity is correlated with the chemical
structure of free radicals. Specifically, ABTS presents cationic properties
that behave as a proton acceptor or an electron. Hence, ABTS can cope
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Table 5
Volatile compounds of ginger-infused sesame oil.

Table 5 (continued)

Compound M.W RI Odor description**
Compound Mw RI Odor description™ 2-pentylfuran 138 978 fruity, green, earthy
Monoterpene Hydrocarbone 2-acetyl-5-methylfuran 124 1003 sweet, musty, nutty
camphene 136 943 camphoraceuos, cooling, 1,8-cineole 154 1018 eucalyptus,herbal
::fg;lilj:li l::e igg ?Z; ;l,‘t,:i iigs];:lzitg:s:n 11: I;etténti:l)r; indel).(é cidtentiﬁed via comparison of the mass spectra with the RI;

B obtained Irom literature.

gfﬁiﬁgeﬂe Hydrocarbone 204 1331 herbal, waxy, fresh *compared with standard compound;**compared with information from The
()-cycloisosativene 204 1363 - Good Scents Company Information System (https://www. the-
a-copaene 204 1371 woody, spicy, honey goodscentscompany.com); - no odor description to be found.
p-elemene 204 1383 herbal, waxy, fresh
g:z;lfg:;zne ) igi 32? ;l:r?;l’fr;i;harp with DPPH which contains an unpaired electron. (Nhu-Trang, Nguyen,
trans-p-farnesene 204 1431 woody, green, floral Cong-Hau, Anh-Dao, & Behra, 2023). The FRAP of ginger-infused ses-
5-selinene 204 1441 herbal ame oil was 72.26-88.24 Trolox pg/ml compared to 82.04 Trolox pg/mL
aromadendrene 204 1452 - for sesame oil (Table 4). The FRAP values quantify the ability of the
“'Curcumene; ;gi 1:% - antioxidant compounds to donate electrons and, thus, reduce the
(ggfir:sg;:;e 204 1476 oxidized species. The reducing power of a compound is an indicator of
p-zingiberene 204 1483 spicy, fresh, sharp its potential antioxidant activity. Ginger exhibits excellent antioxidant
y-cadinene 204 1490 woody activity and is a source of natural antioxidants that regulate lipid per-
gg{i;’:ﬁg;ne igi 1:22 ]vjvff;];ﬁ;}i??erbal oxidation and reduce the production of reactive oxygen species (Abdel-
ﬁisesquiphellan drene 204 1510 herbal,’ fmity” woody Azeem, Hegazy, Ibrahim, Farrag, & El-Sayed, 2013; Nayak et al., 2016;
trans-y-bisabolene 204 1518 woody, citrus, fruity Zagorska et al., 2023).
germacrene B 204 1546 woody, earthy, spicy
Oxygenated Sesquiterpene
butylated hydroxy toluene 220 1488 camphoreous 3.3. Flavor profile
elemol 222 1532 green, woody, spicy
zingiberenol * 222 1597 ginger, metallic Oil infusing is a process of transferring scent, flavor, and functional
Alcohol . ingredients into a carrier oil. This process can be done to add flavor to
Il’_e;lctf;:l&ol . ?28 ;gi :;1:;); gf;;?ﬁ?;OIIC cooking oils. Here, we identified the volatiles of So, GuEx-So, GuP-So,
guaiacol 124 1061 phenolic, smoky, spicy GuExP-So, ChEx-So, ChP-So, and ChExP-So have 31, 55, 53, 49, 48, 57,
cumic alcohol 150 1080 spicy, herbal and 55 compounds, respectively (Table 5). Nitrile compounds contrib-
linalool * 154 1084 orange, floral uted to the special aroma of sesame oil (Abdel-Azeem et al., 2013), and
Zi:;;?rlleol i:: ﬂzg f::;}g minty, camphoreous various compounds were found, including 2-ethyl-6-methyl-pyrazine,
a-terpineol 154 1171 pine, terpenic, lilac 2,5-dimethyl pyrazine, 2,5-dimethyl-3-ethylpyrazine, 3,5-diethyl-2-
p-citronellol 156 1208 rose, oily methyl pyrazine and methyl pyrazine in this study. Hexanal, nonanal,
geraniol * 154 1235 sweet, floral, fruity benzaldehyde, and benzeneacetaldehyde exhibited the highest odor
ge;;':fz one 126 1015 earthy ofl activity value in sesame oil (Jia et al., 2019). Terpene hydrocarbons,
acetophenone 120 1035 SWEEZ ’punygent including p-sesquiphellandrene, a-curcumin, B-bisabolene, and zingi-
2-nonanone 142 1070 fruity, sweet, waxy berene, are the main components that provide a distinct aroma and taste
camphor 152 1117 camphoreous to ginger (Yeh et al., 2014). In this study, ginger-infused sesame oil
5-nonanone 142 1074 fruity, sweet, waxy contained 5.41-23.57 mg/kg of zingiberene, 2.01-8.21 mg/kg of
gﬂiizzznone i% 1;2 Sfail;erfrx'i’t; szrtrtlghor p-sesquiphellandrene, 1.83-5.48 mg/kg of a-curcumin, and 0.94-3.97
Aldehydes ’ ’ mg/kg of p-bisabolene. The experimental results show that bamboo
hexanal 100 800 fresh, green, fatty ginger oil exhibits ginger’s most notable volatile characteristics, con-
heptanal 114 900 fresh, green, fatty taining both borneol (cooling) and bornyl acetate (piney).
benzaldehyde * 106 930 almond, fruity Heating can cause unpleasant flavors in condiments due to
Z?::tzzcmldehyde Eg 1822 i‘x:: fsavtvteyft’ floral biochemical reactions such as the Maillard reaction, caramelization, and
nonanal 142 1082 waxy, aldehydic fat oxidation. These reactions can be inconvenient for consumers and are
neral * 152 1122 sweet, citral associated with furan production, linked to Maillard reactions and un-
citronellal 154 1130 sweet, floral saturated fatty acid oxidation (Ludwig et al., 2021; Ni et al., 2022).
gg:;;?l 1:2 1;615(1) i'l"t’::: Spicy, cinnamon Additionally, 2,4-Decadienal is a lipid oxidation product that creates a
2,4-decadienal 152 1287 fatty, chicken, aldehydic cooked-like aroma (Brewer, 2011). Research has shown that thermal
Esters stability of terpenes relate to their structures, and sesquiterpenes exhibit
bornyl acetate 196 1266 woody, herbal better thermal stability as they increase oxygen-containing moieties
geranyl acetate 196 1357 waxy, green, floral through heat-induced oxidation (e.g., zingiberene — zingiberenol and
zs;zzarbon 92 751 sweet B-elemene — elemol) rather than monoterpenes facing degradation of
butyl benzene 134 1042 _ the terpene skeleton upon the introduction of heat (Yang & Chiang,
pentyl benzene 148 1142 - 2019).
dodecane 170 1196 -
Nitrile
methyl pyrazine 94 795 nutty, cocoa, roasted 3.4. Chemometricprofile
2,5-dimethyl pyrazine 108 884 nutty, musty, earthy
2-ethyl-6-methyl-pyrazine 122 972 nutty, roasted Several studies have utilized chemometrics to assess the impact of
igjiz;;}{y;i::ﬁpg;::zl?:e 1:3 1(1)22 gﬁ:g :ZZ:EZS processing on the quality of ginger-infused sesame oil (Yang & Chiang,

Miscellaneous compounds

2019; Santos et al., 2021; Chiang, Yang, Wang, & Chen, 2022; Yang
et al.,, 2022; Nhu-Trang et al., 2023). By using multivariate statistical
analyses (PCA and AHC), the chemometric profiles of the samples were
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Fig. 1. PCA and AHC plots of the (a)functionality and (b) flavor of ginger-infused sesame oil.

evaluated. The PCA analysis revealed the relationship between the
processing of ginger-infused sesame oil and its functionality (Fig. 1-A).
Two principal components accounted for 38.75 % and 33.93 % of the
variance, respectively, resulting in a cumulative variance of 72.68 %.
The results indicated that the presence of 8-gingerol (R: 0.941), 6-sho-
gaol (R: 0.869), and 6-gingerol (R: 0.723) in ginger-infused sesame oil
was effective in clearing DPPH. We then conducted AHC analysis and
identified four main clusters: Cluster 1 included GuP-So and ChP-So,
Cluster 2 contained GuExP-So and ChExP-So, Cluster 3 comprised
GuEx-So and ChEx-So, and Cluster 4 contained only So. We discovered a
significant correlation between various treatments and functional

performance. The stability and solubility of the functional components
in carrier oils played a crucial role in this relationship.

We also used PCA to analyze the connections between factors, such
as ginger-infused sesame oil and flavor. The two principal components
displayed a total variance of 76.76 %, with percentage variances of
47.68 % and 28.97 %, as shown in Fig. 1-B. Then, we employed AHC
analysis to identify flavor clusters and identified three main clusters:
Cluster 1 contained only So, Cluster 2 included GuEx-So, GuP-So, and
GuExP-So, while Cluster 3 comprised ChEx-So, ChP-So, and ChExP-So.
Our findings indicate that different raw materials significantly influ-
ence flavor performance.



L.-Y. Lin et dl.
Conclusion

By incorporating natural ingredients sourced from food into
everyday foods or condiments, we can help tackle nutritional in-
equalities. One way to do this is by altering the formulation of ginger-
infused sesame oil through material selection and different treatment
procedures, which can replicate traditional functional foods. Incorpo-
rating a combination of ginger powder and the extract is an innovative
and promising strategy that enhances the active substance of functional
ginger-infused sesame oil. This study offers helpful references and
methods for developing functional foods and conditions. However,
further research is necessary to explore issues such as consumer accep-
tance and activity methods of ginger-infused sesame oil, which are
critical factors to consider for the future.
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