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Abstract

Fat deposition is important for pig production because excessive fat decreases the economic value of meat production. Plant
extracts have been used as feed additive in pig diets to improve oxidative stability of meat. However, only a few studies had
investigated the effect of plant extracts on lipid accumulation of porcine adipocytes. Therefore, this study examined
antioxidative potential of plant extracts and essential oil-cyclodextrin complexes and their effect on lipid accumulation in
porcine adipocytes. Porcine preadipocytes were isolated from dorsal subcutancous adipose tissue of a 5-month-old female
pig. Preadipocytes were differentiated in the presence of extracts, then lipid accumulation was determined using oil red O
staining. Results showed that green tea and grape seed extracts had the highest total phenolic and total flavonoid contents
and also possessed the highest antioxidant activities. Among essential oil-cyclodextrin complexes, thyme oil had the highest
antioxidant activities by all assays. With a regard to the lipid accumulation, all of plant extracts and essential oil-cyclodextrin
complexes decreased lipid accumulation in adipocytes from 32.61 to 91.71% compared with the control. Green tea extract,
thyme and galangal oil products decreased lipid accumulation about 60% lower than that of the control. In conclusion, green
tea and grape seed extracts, and thyme oil powder illustrated high antioxidant potentials, while lipid accumulation in
porcine adipocytes was greatly reduced by green tea extract, thyme and galangal oil products. The research finding is
beneficial in the development of natural feed additives to improve oxidative stability and reduce excessive subcutaneous fat
in pig production.
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INTRODUCTION

In pig production, fat accumulation play a pivotal role because the
excessive subcutaneous fat (backfat) decreases the economic efficiency of meat
production (Suzuki etal., 2013). The backfat thickness is an important parameter
used to evaluate carcass quality (Lucas et al., 2017), and it inversely correlated
with meat percentage in pig carcasses (Knecht and Duzinski, 2016). The
reduction of fat percentage in pig carcasses has been a major selection goal to
improve feed efficiency during fattening. This selection goal was in line with
consumer preferences, which need the carcasses with low fat percentage and
high meat percentage (Catillo et al., 2021). Dietary supplementation of
conjugated linoleic acid (CLA), which is a fatty acid found in meat and dairy
products, has been reported to improve feed efficiency, decrease backfat
thickness and improve meat quality (Dunshea et al., 2002; Wiegand et al.,
2001). Pigs have high levels of polyunsaturated fatty acids (PUFA), including
the long chain (C20-22) PUFA in adipose tissue and muscle (Wood et al., 2008).
However, PUFA are particularly susceptible to oxidize and could affect meat
quality and stability (Jiang et al., 2017). Synthetic antioxidants have been used
to minimize oxidative process in meat and meat products but the customers
concern about these synthetic antioxidants because of their potential
toxicological effects. Therefore, the demand for natural antioxidants, especially
of plant origin has increased mainly in the recent years (Shah et al., 2014).

Nowadays, natural products are interesting for various purposes
(Bootyothee et al., 2022). Plant extracts contain variety of organic compounds
produced that are considered as the secondary active ingredients (Liu et al.,
2013). Polyphenols are major bioactive compounds found in plant extracts
(Efenberger-Szmechtyk et al., 2021). Essential oils contain those of volatile
components such as those of the terpene groups. Consequently, they can be
easily degraded by light, heating, oxidation and volatilization if they are
exposed to the environments (Asbahani et al., 2015). Besides, they are poorly
soluble in aqueous systems. Cyclodextrins, which are non-toxic cyclic
oligosaccharides obtained from the enzymatic degradation of starch, have been
used to formed inclusion complexes with essential oils in order to improve their
solubility and stability, and enhance bioactivities (Kfoury et al., 2019; Wadhwa
et al., 2017). The profile of secondary metabolites in plants is the influence of
genetics (Sobeh et al., 2019; Zengin et al., 2018), seasonality (De Macédo et al.,
2018), harvest times (Ozkan et al., 2010), and growing location (' Yahyaoui et al.,
2019). The variation and bioavailability are also as the results of extracting
solvents (Bandara et al., 2018; Ruamrungsri et al., 2016) and plant part used
(Malsawmtluangi et al., 2016). Several plant extracts and essential oils have
shown the potential benefit on antioxidant activities, such as grape seed extract
(Mandic et al., 2008), green tea extract (Farooq and Sehgal, 2019), Caesalpinia
sappan wood extract (Arjin et al., 2020), thyme essential oil (Youdim et al.,
2002), ginger ang galangal essential oils (Ivanovi¢ et al., 2021). These six
natural products were selected to use in this study because their antioxidant
potential, and they are available in the local market. In addition, it is generally
known that phenolic compounds, total phenolic and total flavonoid contents
contributes to the antioxidant potentials of the extracts (Farooq and Sehgal,
2019; Mandic et al., 2008; Zhou et al., 2019). Many natural products derived
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from plants have been utilized as feed additive in pig diets to improve growth
performance (Li et al., 2012; Liu et al., 2013; Sampath et al., 2020; Yan et al.,
2010), and oxidative stability in meat (Cheng et al., 2017; Rossi et al., 2013).
Besides, essential oils have been viewed as the alternative to antibiotics in pig
production (Omonijo et al., 2018). It was also found that the functional properties
and stability of essential oils in feed additive can be improved by encapsulation
(Asbahani et al., 2015; Bilenler et al., 2015). There are only a few studies to
investigate the effects of plant extracts and essential oils on lipid accumulation
of porcine adipocytes. The lower lipid accumulation in porcine adipocytes can
reduce the backfat thickness, improve the carcass quality, and increase the
economic value. Previous works reported that ramie leaf extract inhibited lipid
accumulation in porcine adipocytes (Lee et al., 2016) and Korean medicinal
plant extracts modified the differentiation of porcine preadipocytes in vitro
(Choi et al., 2010). Therefore, this study aimed to investigate the effect of plant
extracts and essential oil-cyclodextrin complexes on antioxidant activities and
lipid accumulation in porcine adipocytes.

MATERIALS AND METHODS

This experiment was designed to investigate the effects of plant extracts
and essential oil-cyclodextrin complexes on antioxidant activities and lipid
accumulation in porcine adipocytes. The flow chart for this experiment was
shown in Figure 1.
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Figure 1 Flow chart for investigating the effects of plant extracts and essential oil-cyclodextrin complexes
on antioxidant activities and lipid accumulation in porcine adipocytes.
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Chemicals

All chemicals were of analytical grade or HPLC grade. Ethanol,
methanol, chloroform, sodium hydroxide, acetonitrile, dimethyl sulfoxide
(DMSO), formalin and isopropanol were purchased from RCI Labscan Ltd.,
Thailand. B-carotene, linoleic acid, Tween 20, ABTS [2,2-Azino-bis
(3-ethylbenzothiazoline-6-sulfonic acid)], potassium persulfate, DPPH
(2,2-Diphenyl-1-picrylhydrazyl), Foline-Ciocalteu's phenol reagent, sodium
carbonate, sodium nitrite, aluminum chloride hexahydrate, catechin, formic
acid, HEPES, dexamethasone, oil red O, MTT [3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide] and insulin were obtained from
Sigma-Aldrich, USA. Gallic acid was produced by Fluka Chemical Co.,
Switzerland. B-cyclodextrin was supplied by Yimming Biological Product Co.,
Ltd., China. Dulbecco’s modified Eagle’s medium (DMEM), fetal bovine
serum (FBS), type-1 collagenase and penicillin/streptomycin were purchased
from Gibco, USA.

Plant extracts and essential oils

Three plant extracts and three essential oils were used in this study.
Ethanolic sappan wood (Caesalpinia sappan), green tea, and grape seed
extracts were purchased from Specialty Natural Product Co., Ltd., Thailand.
Thyme, ginger, and galangal essential oils were obtained from Thai-China
Flavours and Fragrances Industry Co., Ltd., Thailand. The essential oils were
encapsulated in B-cyclodextrin before used.

Preparation of pB-cyclodextrin inclusion complexes of essential
oils

The inclusion complexes of essential oils were prepared according to
the method of Hill et al. (2013) with some modifications. Essential oil was
added to an ethanolic solution of B-cyclodextrin at equimolar concentration of
essential oil: B-cyclodextrin (16 mmol/L: 16 mmol/L). The mixture was then
magnetically stirred in a sealed container for 24 h at room temperature to allow
complex formation. After that, the solution was evaporated by a rotary
evaporator, then frozen and lyophilized at-90 °C and 0.1 mbar in a Freeze-Dryer
Beta 2-8 LSCbasic (Martin Christ, Osterode, Germany) until all moisture had
been sublimated. The lyophilized powder was stored in sealed containers at
-20 °C until used.

Total phenolic content

The phenolic content was analyzed according to the modified method
of Nantitanon et al. (2010). The extract was dissolved in distilled water prior
test. A 12.5 puL of aqueous solution of each extract was mixed with 50 pL of
distilled water and 12.5 pL of Folin-Ciocalteu reagent. After 6 min, 125 pL of
10% w/v sodium carbonate and 100 pL of distilled water were added. The
mixture was then incubated at room temperature for 1.5 h. After that, the
absorbance was measured at 750 nm using a SpectraMax M3 microplate reader
(Molecular Devices, CA, USA). Gallic acid was used as a standard to prepare
the calibration curve. The total phenolic content was expressed as milligram
gallic acid equivalents (GAE) per gram of dried sample.
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Total flavonoid content

The total flavonoid content was determined according to the method of
Sunanta et al. (2020). The extract was dissolved in methanol prior test. A 25 pL.
of the extract solution was mixed with 125 pL of distilled water, and then 7.5
uL of 5% sodium nitrite was added. The mixture was permitted to react at room
temperature for 5 min before adding 15 pL of 10% Aluminum chloride
hexahydrate. After incubating for 6 min, 50 uL of 1 M of sodium hydroxide
and 27.5 pL distilled water were added. The absorbance was measured at 510
nm using a SpectraMax M3 microplate reader (Molecular Devices, CA, USA).
Catechin was used as a standard to prepare the calibration curve. The total
flavonoid content was expressed as milligram catechin equivalents (CE) per
gram of dried sample.

B-carotene bleaching assay

In this test, antioxidant activity was determined using the method of
Kulisic et al. (2004) with some modifications. The B-carotene-linoleic acid
emulsion was prepared as follows: 0.25 mg -carotene was dissolved in 1 mL
of chloroform, then 23 pL of linoleic acid and 400 pL of Tween 20 were added.
The chloroform was totally evaporated using a rotary evaporator. Afterwards,
50 mL of oxygenated distilled water was added and sonicated for 3 min to form
emulsion. A 200 pL of extract solution in ethanol was mixed with 5 mL of
[-carotene-linoleic acid emulsion in test tubes. Tubes containing 200 pL of
ethanol and 5 mL of B-carotene-linoleic acid emulsion were prepared as a
control. Besides, a blank consisting of 23 pL of linoleic acid, 400 puL of Tween
20 and 50 mL of oxygenated distilled water was prepared for setting zero. The
absorbance of all samples was instantly measured (t=0) at 470 nm using a
C30M portable spectrophotometer (PG instrument Ltd, Leicestershire, UK)
and then heated in a water bath for 120 min at 50 °C before measuring the
absorbance once again (t=120). The percentage inhibition was calculated as the
following equation;

Inhibition (%) = [(AS(120) — AC(120) / (AC(0) — AC(120)] x 100

Where AS(120) is the absorbance of extract sample at t=120 min,
AC(120) is the absorbance of control at t=120 min, and AC(0) is the absorbance
of control at t=0 min.

ABTS radical scavenging activity

The ABTS radical scavenging activity was assayed as the
method described by Binsan et al. (2008) with slight modifications. A stock
solution was produced by mixing 7.4 mM ABTS solution with 2.6 mM
potassium persulfate solution in equal quantities, and allowing the mixture to
react for 12 h at 25 °C in darkness. Afterwards, ABTS working solution was
prepared by diluting 1 mL of the stock solution with 65 mL of methanol to get
an absorbance 0.7 £ 0.2 units at 734 nm. A 10 pL of extract solution in
methanol was mixed with 190 pL of the ABTS working solution in a 96-well
plate, and then incubated for 10 min at 25 °C in darkness. Wells containing 10
uL of methanol and 190 pL of the ABTS working solution, without extract,
were used as a control. The absorbance was subsequently measured at 734 nm
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using a SpectraMax M3 microplate reader (Molecular Devices, CA, USA).
The ABTS radical scavenging activity of extract were expressed as the
percentage inhibition, which was calculated by below equation;

Inhibition (%) = [(AC — AS)/ AC] x 100

Where AS is the absorbance of extract sample and AC is the absorbance
of control.

DPPH radical scavenging activity

The DPPH radical scavenging activity was determined using the
modified method of Kulisic et al. (2004). A 50 uL of extract solution in ethanol
was mixed with 200 pL of 0.6 mM DPPH solution in a 96-well plate, and then
incubated for 30 min at 25 °C in darkness. Wells containing 50 pL of ethanol
and 200 pL of 0.6 mM DPPH solution, without extract, were used as a control.
After incubating, the absorbance was measured at 517 nm using a SpectraMax
M3 microplate reader (Molecular Devices, CA, USA). The DPPH radical
scavenging activity of extract were reported as the percentage inhibition, which
was calculated by below equation;

Inhibition (%) = [(AC — AS)/ AC] x 100

Where AS is the absorbance of extract sample and AC is the absorbance
of control.

Quantitative Analysis of phenolic components by Liquid
Chromatography—Electrospray lIonization/Mass Spectrometry
(LC-ESI/MS)

The phenolic components of ethanolic sappan wood, green tea, and
grape seed extracts were performed on LC-ESI/MS. The extracts were dissolved
in 95% methanol to a final concentration of 20 mg/mL. Stock solution (10 mg/
mL) of 17 standards including gallic acid, caftfeic acid, phytic acid, ferulic acid,
chlorogenic acid, hydroxybenzoic acid, rosmarinic acid, p-coumaric acid,
o-coumaric acid, catechin, epicatechin, epigallocatechin gallate, naringin,
naringenin, quercetin, rutin and kaempferol were individually prepared by
dissolving standards in ethanol. An intermediate mixed stock solution
containing all the 17 standards (0.1 mg/mL) was prepared in ethanol and diluted
with the same solvent to obtain working solutions with different concentrations
from 3.125 to 50 pg/mL, which were used for preparing standard curves.

The analytical liquid chromatography (LC) was performed using an
Agilent 1260 Infinity II series, coupled with an electrospray ion (ESI)
quadrupole mass spectrometry 6130 (Agilent Tech., Santa Clara, CA, USA).
Separation was executed using a Reverse-phase column chromatography was
performed using the Restek Ultra C18 column (250 x 4.6 mm, 5 um, Restek,
USA). The running protocol was followed the method of Mighri et al. (2019)
with slight modification. The mobile phase consisted of A (0.2% acetic acid in
95% water and 5% methanol) and B (0.2% acetic acid in 50% water and 50%
acetonitrile) with a linear gradient elution: 0-45 min, 10-20% B; 45-85 min,
20-55% B; 85-97 min, 55-100% B; 97-110 min, 100% B; the initial conditions
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were hold for 10 min as a re-equilibration step. The flow rate of the mobile
phase was 0.5 mL/min. The column temperature was maintained at 40 °C and
the injection volume was 20 pL. The spectra were operated in the negative
selected ion monitoring (SIM) as a followed condition: a capillary voltage of
-3.5 'V, a nebulizing gas flow of 1.5 L/min, a dry gas (N2) flow rate of 12 L/
min, a DL (dissolving line) temperature of 250 °C, a block source temperature
of 400 °C, fragmentor voltage 70 V and the full scan spectra from 100-1200
m/z with 250 ms/spectrum. The spectra processed using OpenLab software
(Agilent Tech., Santa Clara, CA, USA).

Gas Chromatography/Mass Spectrometry (GC/MS) analysis

The major components of essential oil-cyclodextrin complexes were
performed on a gas chromatograph-mass spectrometer detector using a Scion
436-MS (Bruker, CA, USA). An injector operating in the split mode (10:1) at
250 °C and a fused silica capillary column (30 m x 0.25 mm ID x 0.25 uM film
thickness; Rxi®-5Sil MS (Restek, PA, USA); 5% diphenyl/95% dimethyl
polydimethylsiloxane) were used. The oven temperature was programmed at
40 °C for 1 min, increased to 80 °C at 3 °C/min, then increased to 260 °C at 5
°C/min and held at 260 °C for 10 min. Helium was used as carrier gas at a flow
I mL/min and injection volume of each sample was 1 pL. The temperatures of
transfer line and ion source were maintained at 290 °C and 320 °C, respectively.
In the full-scan mode, electron ionization mass spectra in the range 35-500 m/z
were recorded at 70 eV electron energy. The identification of components was
assigned by comparison of their mass spectra with those of NIST and Wiley
libraries.

Cell isolation

Porcine preadipocytes were isolated from dorsal subcutaneous adipose
tissue of a 5S-month-old female pig in accordance with the modified method of
Choi et al. (2010). Briefly, adipose tissue was washed once with 70% ethanol,
and washed twice with a sterile buffer containing serum-free Dulbecco’s
modified Eagle’s medium (DMEM) and 2% Penicillin/Streptomycin. Then,
adipose tissue was finely minced and digested by gently shaking at 37 °C for 1
h in a digestion buffer consisting of DMEM, 20 mM HEPES, 2% penicillin/
streptomycin, and 700 U type-1 collagenase/mL. The digested tissue was
subsequently filtered through a stainless-steel mesh (250 pm) and centrifuged
at 3,000 rpm for 10 min. The pellet was collected and washed twice with the
sterile buffer, then centrifuged at 2,000 rpm for 10 min. The cells were
resuspended in the culture medium containing DMEM, 10% FBS, and 2%
penicillin/streptomycin. After that, the cells were seeded into 6-well plates and
cultured in an incubator at 37 °C with 5% CO, atmosphere.

Cell cytotoxicity assay

The cytotoxicity was determined using the 3-(4,5-dimethylthiazol-2-yl)
-2,5-diphenyl tetrazolium bromide (MTT) assay according to the method of
Arjinetal. (2020) with some modifications. Briefly, preadipocytes were seeded
in 96-well plates at 2.5 x 10* cells/well and incubated at 37 °C with 5% CO,
atmosphere for 24 h. Then, the medium was removed and substituted by plant
extract that was diluted in the medium. Wells comprising only medium, without
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extract, were used as a control. Incubation was subsequently continued for
24 h. After incubation, the medium was cautiously removed and 200 pL of
MTT solution (0.5 mg/mL) was added to each well. After that, the plates were
incubated in optimum atmosphere at 37 °C for 2 h. The metabolically active
cells converted MTT to purple formazan crystals. Then, the MTT solution was
replaced with 200 pL of DMSO in order to dissolve the formazan crystals, and
the plates were incubated for 5 minutes. The absorbance was measured at 550
nm using a SpectraMax M3 microplate reader (Molecular Devices, CA, USA),
and compared with the control. Results were assessed as CC, (the concentration
of tested extract that there was an 80% of cell viability). The CC,, of each
extract was used to differentiate the cells for studying lipid accumulation.

Differentiation of preadipocytes

The differentiation of preadipocytes was performed according to the
method of Suzuki et al. (2013) with some modifications. Preadipocytes were
seeded at 2.0 x 10*cells/well in 96-well plates and incubated at 37 °C with 5%
CO, atmosphere until they reached confluence. At confluence (Day 0), the
medium was replaced with adipogenic medium containing DMEM, 10% FBS,
0.25 uM of dexamethasone, 5 ug/mL of insulin, and extract at CC,, to induce
differentiation. Wells containing adipogenic medium, without extract, were
used as a control. And wells with culture medium containing DMEM, 10%
FBS, and 2% penicillin/streptomycin were used as a negative control. The cells
were cultured to differentiate for 8 days, then subjected to oil red O staining.

Lipid accumulation using oil red O staining

Lipid accumulation in adipocytes was observed by oil red O staining.
The lipid droplets of differentiated cells were stained with oil red O solution in
accordance with the modified method of Kim et al. (2017). Briefly, the medium
was removed and cells were rinsed once with phosphate buffered saline (PBS).
After that, the cells were fixed with 10% buffered formalin for 1 h and washed
twice with PBS. After incubating in 60% isopropanol for 2 minutes, the cells
were stained with oil red O solution at room temperature for 1 h, and washed
three times with PBS. The oil red O-stained lipid droplets were microscopically
inspected and each well was taken a photo for color extraction using a
MulticolorEngine (TinEye, Ontario, Canada). The extracted red color of lipid
droplets in each well was compared with the control. Lipid accumulation was
reported as percentage of control, which was calculated by below equation;

Lipid accumulation (% of control) = [(ERS)/ ERC] x 100

Where ERS is the extracted red color of lipid droplets in well treated
with extract and ERC is the extracted red color of lipid droplets in control.
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Statistical analysis

All experiments were performed with at least two replicates, and
expressed as mean + standard deviation (SD). The data of antioxidant activities,
total phenolic content, and total flavonoid content were statistically analyzed
using a one-way analysis of variance and Turkey’s post hoc test in the SPSS
23.0 software (SPSS Inc., Chicago, IL, USA), with a P-value < 0.05 considered
statistically significant.

RESULTS

Total phenolic and total flavonoid content

The total phenolic and total flavonoid content of plant extracts are
shown in Table 1. Among the plant extracts, green tea extract had significantly
the highest total phenolic content (323.63 = 4.77 mg GAE/g sample), followed
by grape seed extract (201.77 + 3.10 mg GAE/g sample). The total flavonoid
content was significantly the highest in grape seed extract (211.47 + 7.02 mg
CE/g sample), followed by green tea extract (112.79 = 7.00 mg CE/g sample).
The lowest total phenolic and total flavonoid content were significantly
observed in sappan wood extract (25.08 £ 0.35 mg GAE/g sample and 19.15 +
0.43 mg CE/g sample, respectively).

Antioxidant activities

In this study, the antioxidant activities were determined using the
[-carotene bleaching assay, ABTS and DPPH radical scavenging activity. The
results were assessed as IC, | (half maximal inhibitory concentration). The low
IC,, value indicates the high antioxidant activity of sample. The antioxidant
activities of three plant extracts are illustrated in Table 1. The IC, value with
-carotene bleaching test showed that grape seed extract had significantly the
highest antioxidant activity (1.22 = 0.01 mg/mL), followed by green tea extract
(1.97+0.07 mg/mL) and sappan wood extract (8.23 + 0.02 mg/mL) respectively.
Concerning ABTS and DPPH radical scavenging activities, grape seed extract
and green tea extract had significant lower IC, value than those of sappan
wood extract (Table 1). Taking three antioxidant tests into consideration, the
antioxidant activity of grape seed extract was similar to green tea extract.
Among the essential oil-cyclodextrin complexes, the IC, value derived from
the B-carotene bleaching test, ABTS and DPPH radical scavenging activity of
thyme oil had significantly the highest antioxidant activities, followed by
galangal oil and ginger oil respectively (Table 2).
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Table 1 Total phenolic content, total flavonoid content and antioxidant activities of plant extracts

Total phenolic Total flavonoid Inhibition (IC,,, mg/ml)
Extract (mg GAE/g) (mg CE/g) p-carotene bleaching ABTS DPPH
Sappan wood 25.08 £0.35¢ 19.15+£0.43¢ 8.23 £0.02° 3.75+£0.21° 1.63 £0.04°
Green tea 323.63 £4.77° 112.79 +7.00° 1.97 £0.07° 0.057 £ 0.00° 0.052 £ 0.00°
Grape seed 201.77 £ 3.10° 211.47+£7.02° 1.22 £0.01° 0.048 + 0.00° 0.051 + 0.00°
P-value <0.001 <0.001 <0.001 <0.001 <0.001

»b¢Means in the same column with different superscripts differ significantly (P <0.05); IC,, half maximal inhibitory concentration;
GAE, gallic acid equivalents; CE, catechin equivalents. Results were expressed as means + SD (n=3 for total phenolic and total
flavonoid; n=2 for antioxidant activities)

Table 2 Antioxidant activities of essential oil-cyclodextrin complexes
Inhibition (ICE, mg/ml)

Essential oil

p-carotene bleaching ABTS DPPH
Thyme oil 10.57 + 1.36° 7.73+0.54¢ 97.37 £0.06°
Ginger oil 58.54 +£0.39° 165.22 + 11.60° 212.20 £ 0.50°
Galangal oil 45.20+0.10° 106.83 +4.92° 201.64 +4.34°
P-value <0.001 <0.001 <0.001

+b.¢ Means in the same column with different superscripts differ significantly (P <0.05); IC
Results were expressed as means + SD (n=2)

5,» half maximal inhibitory concentration.

Major components

Table 3 shows the phenolic components in sappan wood, green tea, and
grape seed extracts, which are analyzed by LC-ESI/MS. The major components
of sappan wood extract were naringenin (84.78 =4.26 mg/100 g of extract) and
kaempferol (82.57 + 8.15 mg/100 g of extract). While epigallocatechin gallate
(193.36 + 1.42 mg/100 g of extract) and epicatechin (64.36 + 0.35 mg/100 g of
extract) were dominant in green tea extract. As for grape seed extract, the
major components were hydroxybenzoic acid (28.97 + 1.67 mg/100g of
extract), chlorogenic acid (27.29 £ 0.09 mg/100 g of extract) and catechin (6.51
+0.04 mg/100g of extract). Regarding the essential oil-cyclodextrin complexes,
the components were identified by GC/MS and shown in Table 4. The
components of thyme oil contained the highest content of cymene (39.26 +
0.63%), followed by thymol (23.08 = 0.66%) and y-terpinene (18.87 +0.22%)),
respectively. While zingiberene (26.96 + 1.43%), geranial (15.41 = 0.16%) and
B-sesquiphellandrene (12.69 + 0.30%) were dominant in ginger oil. The major
components of galangal oil were 1,8-cineole (43.57 £ 0.03%), a-bisabolene
(18.05 + 0.63%) and B-sesquiphellandrene (10.60 £ 0.04%).
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Table 3 Phenolic components of plant extracts

Plant extract

No. Component (mg/ 100 g of extract)
Sappan wood Green tea Grape seed
1 Gallic acid 6.98 £0.19 22.52 £0.46 6.23 £0.06
2 Rosmarinic acid 2.20£0.01 ND 2.75+0.01
3 Chlorogenic acid 25.70 £ 0.39 25.72 + 1.46 27.29 £ 0.09
4 Hydroxybenzoic acid ND ND 28.97 +1.67
5 Catechin ND 17.15+0.89 6.51+0.04
6 Epicatechin 5.11+0.27 64.36 +0.35 2.98 +£0.01
7 Epigallocatechin gallate ND 193.36 £ 1.42 3.54+0.01
8 Quercetin 12.61 £1.35 10.60 £ 0.20 5.99+0.13
9 Rutin ND 7.09 £0.42 3.16+£0.03
10 Kaempferol 82.57+8.15 9.93+0.16 ND
11 Naringin 6.61 £0.08 ND ND
12 Naringenin 84.78 £4.26 ND ND
ND, not detected. Results were expressed as means + SD (n=2)
Table 4 Major components of essential oil-cyclodextrin complexes

- Component CAS . Essential oil-cyclodextrin complex

(% of total) Number Thyme oil Ginger oil Galangal oil
1 v-Terpinene 99-85-4 12.812 18.87£0.22 ND ND
2 Cymene 25155-15-1 13.135 39.26 £0.63 ND ND
3 1,8-Cineole 470-82-6 13.496 1.00 +£0.04 ND 43.57 £0.03
4 Bergamiol 115-95-7 16.404 2.81+£0.01 ND ND
5 Geranial 5392-40-5 22.098 ND 15.41+£0.16 ND
6 Thymol 89-83-8 22.784 23.08 = 0.66 ND ND
7 B-Caryophyllene 87-44-5 26.427 2.32+0.03 ND ND
8 trans-a-Bergamotene 13474-59-4 26.770 ND ND 9.70 £0.05
9 a-Curcumene 644-30-4 27.974 ND 12.14+0.16 ND
10 Zingiberene 495-60-3 28.335 ND 26.96 +1.43 ND
11 (Z,E)-alpha-Farnesene 26560-14-5 28.550 ND 9.87+0.06 ND
12 a-Bisabolene 25532-79-0 28.659 ND 7.38+0.17 18.05£0.63
13 B-Sesquiphellandrene 20307-83-9 29.048 ND 12.69 £ 0.30 10.60 + 0.04
14 a-Sinensal 17909-77-2 29.125 ND ND 5.66 +0.04

RT, retention time; ND, not detected. Results were expressed as means = SD (n=3).

Cell Cytotoxicity

The cytotoxicity of plant extracts and essential oil-cyclodextrin
complexes were performed on the viability of porcine preadipocytes, and
results were expressed as CC, (the concentration of tested extract that there
was 80% of cell viability). The CC, value indicates the potency of sample. The
CC,, value of plant extracts and essential oil-cyclodextrin complexes ranged
from 0.026 + 0.00 to 3.64 + 0.94 mg/mL (Figure 2). The thyme oil had the
highest CC, value (3.64 + 0.94 mg/mL), followed by the galangal oil (1.37 +
0.16 mg/mL), the ginger oil (1.29 = 0.02 mg/mL), sappan wood extract (0.59 +
0.03 mg/mL), grape seed extract (0.032 + 0.00 mg/mL), and green tea extract
(0.026 + 0.00 mg/mL), respectively. These observed CC, values showed that
green tea extract had the highest cytotoxicity, while the thyme oil had the
lowest cytotoxicity. The CC, of each extract was used to differentiate the cells
for studying lipid accumulation.
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Figure 2 Cytotoxicity of plant extracts and essential oil-cyclodextrin complexes on porcine preadipocytes
determined by MTT assay. Cs, sappan wood extract; Gt, green tea extract; Gs, grape seed extract; Th,
thyme oil; Gg, ginger oil; Gl, galanga oil. CC, , the concentration of tested extract that there was an 80%

807

of cell viability. Results were expressed as CC, (n=2).

Lipid accumulation

Porcine preadipocytes were differentiated for 8 days and then stained
with oil red O solution. Microscopic observation of the oil red O-stained lipid
droplets indicated the lipid accumulation in the extract-treated cells, in
comparison with that observed in the control (Figure 3). Results showed that
all of plant extracts and essential oil-cyclodextrin complexes decreased lipid
accumulation in adipocytes. The percentage of lipid accumulation in adipocytes,
which was treated with plant extracts and essential oil-cyclodextrin complexes,
ranged from 32.61 + 4.80% to 91.71 £ 16.70% (Figure 4). The thyme oil was
observed to have the greatest potential on the decrease of lipid accumulation,
with the percentage of 32.61 + 4.80%. Besides, green tea extract and the
galangal oil were also shown to have a great potential on the reduction of lipid
accumulation, with the percentage of 33.42 + 3.12% and 35.87 =+
4.21%, respectively.
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Figure 3 Lipid droplets were observed by oil red O staining in porcine adipocytes that were differentiated
for 8 days with various medium, plant extracts and essential oil-cyclodextrin complexes. CM, culture
medium; AM, adipogenic medium; Cs, sappan wood extract; Gt, green tea extract; Gs, grape seed extract;

Th, thyme oil; Gg, ginger oil; Gl, galangal oil. Arrows indicate the lipid droplets stained with oil red O.
Scale bar represents 100 pm.
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Figure 4 Lipid accumulation in porcine adipocytes treated with plant extracts
and essential oil-cyclodextrin complexes. Cs, sappan wood extract; Gt, green
tea extract; Gs, grape seed extract; Th, thyme oil; Gg, ginger oil; Gl, galangal
oil. Results were expressed as the percentage of control (n=4).

DISCUSSION

The total phenolic and total flavonoid contents varied broadly among
all extracts. Green tea extract had the highest total phenolic content, followed
by grape seed extract. While the total flavonoid content was the highest in
grape seed extract, followed by the green tea extract. This result agreed with
Rababah et al. (2004), who reported that total phenolic content differed among
different types of plant extracts, which green tea and grape seed extracts
displayed higher amount of total phenolic content than those of ginger, ginko,
gotu kola and fenugreek extracts. Farooq and Sehgal (2019) reported that green
tea had higher total phenolic and total flavonoid contents as compared with the
extract of Ocimum gratissimum. While Al-Dalain (2020) showed that grape
seed extract had high total phenolic and total flavonoid contents. Significant
difference in total phenolic and total flavonoid contents was also observed
among different plant species, cultivars, extracting solvents, harvest times,
growing locations and plant part used (Bakkalbasi et al., 2005; Malsawmtluangi
et al., 2016; Ozkan et al., 2010; Yahyaoui et al., 2019; Zengin et al., 2018)

Considering three antioxidant tests in this study, grape seed and green
tea extracts showed the great potential for antioxidant activities. While thyme
oil had the highest antioxidant activities among essential oil-cyclodextrin
complexes. The results agreed with Rababah et al. (2004), who reported that
green tea and grape seed extracts illustrated high antioxidant activities against
lipid oxidation. The strong antioxidant activities of essential oils obtained from
several thymus species had been also reported (Bilenler et al., 2015; Khan et
al., 2019; Tepe et al., 2005; Youdim et al., 2002). The total phenolic and total
flavonoid content are considered as the indicators of antioxidant capacity
because the redox properties of phenolic compounds which are of great
reducing agents via hydrogen donors and radical scavengers (Weerawatanakorn
et al., 2018). A strong correlation between total phenolic content and total
flavonoid contents and antioxidant activities was observed in green tea (Farooq
and Sehgal, 2019). Moreover, the correlation between total flavan-3-ol content
and antiradical efficiency was also found highly significant in grape seed
(Bakkalbasi et al., 2005). Regarding the antioxidant properties of thyme oil in
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previous study, it has been attributed mainly to their terpenoid phenols,
especially thymol and carvacrol. It is believed that hydroxy groups on the
aromatic rings of thymol and carvacrol give the antioxidant activity by acting
as a powerful hydrogen donor (Youdim et al., 2002). The antioxidant activity
of thymol and carvacrol has also been reported in several studies (Aeschbach
et al., 1994; Ruberto and Baratta, 2000).

The major components of sappan wood extract were naringenin and
kaempferol. While epigallocatechin gallate and epicatechin were dominant in
green tea extract. As for grape seed extract, the major components were
hydroxybenzoic acid, chlorogenic acid and catechin. Regarding the essential
oil-cyclodextrin complexes, the major components of thyme oil were cymene,
thymol and y-terpinene. While zingiberene, geranial and -sesquiphellandrene
were dominant in ginger oil. The major components of galangal oil were
1,8-cineole, a-bisabolene and B-sesquiphellandrene. These results were in
agreement with previous studies, which indicated the major components in
Caesalpinia sappan extract (Arjin et al., 2021), extract of green tea (Lee et al.,
2014), thyme oil (Khan et al., 2019), ginger oil (Ravi Kiran et al., 2013) and
galangal oil (Mallavarapu et al., 2002). However, the major components of
grape seed extract found in this study were slightly different with Rababah et
al. (2004) and Mandic et al. (2008), who reported that the main phenolic
components in grape seed extract were epicatechin and catechin. The phenolic
components of plant extracts can be affected by species (Zengin et al., 2018),
harvest time (Ozkan et al., 2010) and growing location (Ghasemzadeh et al.,
2015) and also the solvent choice (Bandara et al., 2018). Therefore, the different
results of grape seed extract in this study compared to the previous studies
might be as a result of any of these factors.

Prior to determining the effects of plant extracts and essential
oil-cyclodextrin complexes on lipid accumulation, the cell cytotoxicity assay
was determined to find the concentration that can be used to avoid cells death.
The cytotoxicity results were expressed as CC,, which is the concentration of
tested extract that there was an 80% of cell viability. These observed CC,,
values showed that green tea extract had the highest cytotoxicity, while the
thyme oil had the lowest cytotoxicity. Lao et al. (2015) investigated
the cytotoxicity of green tea polyphenols and epigallocatechin in 3T3-L1
preadipocytes cell line derived from mouse, and found that epigallocatechin
gallate (the most major component found in green tea) at a concentration of 68
pg/mL decreased cell viability to 78 + 5.1% of control, while 100 pug/mL of
green tea polyphenols did not significantly affect cell viability until the
concentration at 1000 ug/mL (< 80% of control). The CC,, of green tea extract
in this study was 0.026 £+ 0.00 mg/mL, which was lower than in the study of
Lao et al. (2015). The lower concentration of green tea extract affecting cell
viability in this study might be due to the different kind of preadipocyte used,
which this study used porcine preadipocytes, while the previous study used
3T3-L1 preadipocytes derived from mouse.

This study illustrated that all plant extracts and essential oil-cyclodextrin
complexes decreased lipid accumulation in adipocytes, with the percentage of
lipid accumulation ranged from 32.61 + 4.80% to 91.71 + 16.70%. Green tea
extract, thyme oil and galangal oil decreased lipid accumulation about 60%
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lower than that of the control. The results were in-line with the finding of Choi
et al. (2010), who reported that many Korean medicinal plants that had been
extracted by ethanol and water could reduce lipogenesis of adipose tissue and
differentiation of porcine preadipocytes in vitro. Lao et al. (2015) reported that
green tea polyphenols and epigallocatechin gallate reduced lipid accumulation
during 3T3-L1 preadipocytes differentiation by inhibiting the expression of
CCAT element binding protein o (C/EBPa), peroxisome proliferator-activated
receptor gamma (PPARy) and sterol regulatory element-binding protein-1c
(SREBP-1c), which are transcription factors involved in the regulation of
adipogenesis pathway. Essential oil obtained from Alpinia galanga rhizomes
(Liang et al., 2018), and Ethanolic Alpinia officinarum extract (Jung et al.,
2012) were also indicated to inhibit lipid accumulation by downregulating the
expression of C/EBPa, SREBP-lc and PPARy genes during 3T3-LlI
preadipocytes differentiation. Furthermore, several studies demonstrated that
plant extracts inhibited lipid accumulation and reduced the expression of
PPARy and C/EBPa in 3T3-L1 preadipocytes (Kim et al., 2017; Ogawa et al.,
2010; Popovich et al., 2010). Regarding thyme oil, this study is the first to
report its effects on lipid accumulation in adipocytes. Nevertheless, thymol,
which is a monoterpene phenolic compound found in thyme oil, could
downregulate the expression level of SREBP-1c and reduced lipid accumulation
in kidney of mice fed by high fat diet (Saravanan and Pari, 2016). To understand
the mechanism of thyme oil on reducing lipid accumulation in adipocytes,
further study is indeed still needed. It is worth to notice a relation between
antioxidant activities and lipid accumulation in our work. Green tea extract and
thyme oil had high antioxidant potential and reduced lipid accumulation about
60% lower than that of the control. While grape seed extract, which had also
high antioxidant activities, could reduce lipid accumulation to about 40% lower
than that of the control. Concerning galangal oil, its antioxidant activities
placed the second among the essential oil products, and it reduced lipid
accumulation to percentage that was similar to that of the green tea extract and
thyme oil. Previous studies suggested that reactive oxygen species (ROS)
facilitated adipocyte differentiation (Lee et al., 2009) and lipid accumulation
increased in parallel with ROS production in adipocytes (Lee et al., 2013). In
the study of Choi et al. (2016) found that 7,8-dihydroxyflavone, belonged to
the flavonoid exhibited high DPPH radical activity, reduced lipid accumulation
and attenuated ROS accumulation by inducing antioxidant enzymes during
differentiation of 3T3-L1 preadipocytes. Besides, several plant extracts, which
exhibited high antioxidant activities, served as ROS scavenger (Barizao et al.,
2016; Sittisart and Chitsomboon, 2014). The relation between antioxidant
activities and lipid accumulation observed in this study might be explained by
the potent antioxidant activities of plant extracts and essential oils on reducing
intracellular ROS production during differentiation of porcine preadipocytes,
which leaded to reduce lipid accumulation in adipocytes. As the results
observed in this study, the products that had high antioxidant activities might
be able to use as feed additive in pig diets to reduce the backfat thickness for
improving the carcass quality.
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CONCLUSION

Based on the results of this study, it can be concluded that green tea
and grape seed extracts, and thyme oil powder had high antioxidant potential.
Lipid accumulation in porcine adipocytes can be reduced by green tea extract,
thyme and galangal oils. This study was initially investigating the effects of
plant extracts and essential oil-cyclodextrin complexes on lipid accumulation
of porcine adipocytes. These potential products including green tea and grape
seed extracts, thyme oil and galangal oil powders need to be further tested for
the in vivo study.

AUTHOR CONTRIBUTIONS

Conceptualization, R.N. and K.S.; methodology, R.N., C.A., and A.S;
validation, N.C. and W.R.; data curation, R.N. and A.S.; formal analysis R.N.
and C.A.; investigation, R.N., C.A., and A.S.; project administration, K.S.;
resources, S.M. and K.S.; writing-original draft, R.N. and C.A.; writing-review
and editing, R.N., C.A., SM., WR., S.R.S. and K.S. All authors read and
agreed with the final manuscript.

CONFLICT OF INTEREST

We all declare that we have no conflict of interest.

REFERENCES

Aeschbach, R., Loliger, J., Scott, B.C., Murcia, A., Butler, J., Halliwell, B., Aruoma, O.1. 1994.
Antioxidant actions of thymol, carvacrol, 6-gingerol, zingerone and hydroxytyrosol.
Food Chem. Toxicol. 32, 31-36.

Al-Dalain, S.Y.A. 2020. Antioxidant properties flavonoids and phenolic content of grape seed
extracts in Jordan. EurAsian J. Biosci. 14, 4571-4574.

Arjin, C., Hongsibsong, S., Pringproa, K., Seel-Audom, M., Ruksiriwanich, W., Sutan, K.,
Sommano, S.R., Sringarm, K. 2021. Effect of ethanolic caesalpinia sappan fraction
on in vitro antiviral activity against porcine reproductive and respiratory syndrome
virus. Vet. Sci. 8, 1-14.

Arjin, C., Pringproa, K., Hongsibsong, S., Ruksiriwanich, W., Seel-Audom, M., Mekchay, S.,
Sringarm, K. 2020. /n vitro screening antiviral activity of Thai medicinal plants
against porcine reproductive and respiratory syndrome virus. BMC Vet. Res. 16, 1-9.

Asbahani, A. El, Miladi, K., Badri, W., Sala, M., Addi, E.H.A., Casabianca, H., Mousadik, A.
El, Hartmann, D., Jilale, A., Renaud, F.N.R., Elaissari, A. 2015. Essential oils: From
extraction to encapsulation. Int. J. Pharm. 483, 220-243.

Bakkalbasi, E., Yemi, O., Aslanova, D., Art, N. 2005. Major flavan-3-ol composition and
antioxidant activity of seeds from different grape cultivars grown in Turkey. Eur.
Food Res. Technol. 221, 792-797.

Bandara, K.R.V., Padumadasa, C., Peiris, D.C. 2018. Potent antibacterial, antioxidant and
toxic activities of extracts from Passiflora suberosa L. leaves. Peer] 6, 1-16.
Barizio, E.O., Visentainer, J.V., de Cinque Almeida, V., Ribeiro, D., Chisté, R.C., Fernandes,
E. 2016. Citharexylum solanaceum fruit extracts: Profiles of phenolic compounds
and carotenoids and their relation with ROS and RNS scavenging capacities. Food

Res. Int. 86, 24-33.

Norkeaw et al. Vet Integr Sci. 2022; 20(1): 209-229 225




VETERINARY INTEGRATIVE SCIENCES

Bilenler, T., Gokbulut, I., Sislioglu, K., Karabulut, I. 2015. Antioxidant and antimicrobial
properties of thyme essential oil encapsulated in zein particles. Flavour Fragr. J. 30,
392-398.

Binsan, W., Benjakul, S., Visessanguan, W., Roytrakul, S., Tanaka, M., Kishimura, H. 2008.
Antioxidative activity of Mungoong, an extract paste, from the cephalothorax of white
shrimp (Litopenaeus vannamei). Food Chem. 106, 185-193.

Bootyothee, K., Aunpromma, S., Artchayasawat, A., Pitaksakulrat, O., Boonjaraspinyo, S.,
Boonmars, T., 2022. Screening of natural product extracts for fly repellent and
larvicide. Vet. Integr. Sci. 20, 25-40.

Catillo, G., Zappaterra, M., Lo Fiego, D. Pietro, Steri, R., Davoli, R. 2021. Relationships
between EUROP carcass grading and backfat fatty acid composition in Italian Large
White heavy pigs. Meat Sci. 171, 108291.

Cheng, C., Liu, Z., Zhou, Y., Wei, H., Zhang, X., Xia, M., Deng, Z., Zou, Y., Jiang, S., Peng, J.
2017. Effect of oregano essential oil supplementation to a reduced-protein, amino
acid-supplemented diet on meat quality, fatty acid composition, and oxidative stability
of Longissimus thoracis muscle in growing-finishing pigs. Meat Sci. 133, 103—-109.

Choi, J.W.,, Lee, C.W,, Lee, J., Choi, D.J., Sohng, J.K., Park, Y. 11 2016. 7,8-Dihydroxyflavone
inhibits adipocyte differentiation via antioxidant activity and induces apoptosis in
3T3-L1 preadipocyte cells. Life Sci. 144, 103—112.

Choi, Y.-S., Choi, K.-D., Kim, S.-D., Phillip, O., Chung, C.-S. 2010. Extracts of Korean
medicinal plant extracts alter lipogenesis of pig adipose tissue and differentiation of
pig preadipocytes in vitro. J. Anim. Sci. Technol. 52, 383-388.

De Macédo, D.G., Souza, M.M.A., Morais-Braga, M.F.B., Coutinho, H.D.M., Dos Santos,
A.T.L., Da Cruz, R.P., Da Costa, J.G.M., Rodrigues, F.F.G., Quintans-Junior, L.J., Da
Silva Almeida, J.R.G., De Menezes, I.LR.A. 2018. Effect of seasonality on chemical
profile and antifungal activity of essential oil isolated from leaves Psidium salutare
(Kunth) O. Berg. Peer]J 6, 1-19.

Dunshea, F.R., Ostrowska, E., Luxford, B., Smits, R.J., Campbell, R.G., D’Souza, D.N.,
Mullan, B.P. 2002. Diectary conjugated linoleic acid can decrease backfat in pigs
housed under commercial conditions. Asian-Australasian J. Anim. Sci. 15, 1011-1017.

Efenberger-Szmechtyk, M., Nowak, A., Czyzowska, A. 2021. Plant extracts rich in
polyphenols: antibacterial agents and natural preservatives for meat and meat
products. Crit. Rev. Food Sci. Nutr. 61, 149-178.

Farooq, S., Sehgal, A. 2019. Synergistic antioxidant interactions between green tea and
Ocimum gratissimum. Asian Pac. J. Trop. Biomed. 9, 333-338.

Ghasemzadeh, A., Jaafar, H.Z.E., Rahmat, A. 2015. Phytochemical constituents and biological
activities of different extracts of Strobilanthes crispus (L.) Bremek leaves grown in
different locations of Malaysia. BMC Complement. Altern. Med. 15, 1-10.

Hill, L.E., Gomes, C., Taylor, T.M. 2013. Characterization of beta-cyclodextrin inclusion
complexes containing essential oils (trans-cinnamaldehyde, eugenol, cinnamon
bark, and clove bud extracts) for antimicrobial delivery applications. LWT - Food Sci.
Technol. 51, 86-93.

Ivanovié, M., Makoter, K., Razborsek, M.1. 2021. Comparative study of chemical composition
and antioxidant activity of essential oils and crude extracts of four characteristic
zingiberaceae herbs. Plants 10, 1-20.

Jiang, J., Tang, X., Xue, Y., Lin, G., Xiong, Y.L. 2017. Dietary linseed oil supplemented with
organic selenium improved the fatty acid nutritional profile, muscular selenium
deposition, water retention, and tenderness of fresh pork. Meat Sci. 131, 99-106.

Jung, C.H., Jang, S.J., Ahn, J., Gwon, S.Y., Jeon, T. I, Kim, T.W., Ha, T.Y. 2012. Alpinia
officinarum inhibits adipocyte differentiation and high-fat diet-induced obesity in
mice through regulation of adipogenesis and lipogenesis. J. Med. Food 15, 959-967.

Kfoury, M., Auezova, L., Greige-Gerges, H., Fourmentin, S. 2019. Encapsulation in
cyclodextrins to widen the applications of essential oils. Environ. Chem. Lett. 17,
129-143.

Khan, A.A., Amjad, M.S., Saboon, 2019. GC-MS analysis and biological activities of Thymus
vulgaris and Mentha arvensis essential oil. Turkish J. Biochem. 44, 388-396.

Kim, G.C., Kim, J.S., Kim, G.M., Choi, S.Y. 2017. Anti-adipogenic effects of Tropacolum
majus (nasturtium) ethanol extract on 3T3-L1 cells. Food Nutr. Res. 61, 1-8.

Norkeaw et al. Vet Integr Sci. 2022; 20(1): 209-229 226




VETERINARY INTEGRATIVE SCIENCES

Knecht, D., Duzinski, K. 2016. The effect of sex, carcass mass, back fat thickness and lean
meat conent on pork ham and loin characteristics. Arch. Anim. Breed. 59, 51-57.

Kulisic, T., Radonic, A., Katalinic, V., Milos, M. 2004. Use of different methods for testing
antioxidative activity of oregano essential oil. Food Chem. 85, 633—-640.

Lao, W, Tan, Y., Jin, X., Xiao, L., Kim, J.J.Y., Qu, X. 2015. Comparison of cytotoxicity and the
anti-adipogenic effect of green tea polyphenols with epigallocatechin-3-gallate in
3T3-L1 preadipocytes. Am. J. Chin. Med. 43, 1177-1190.

Lee, H., Lee, Y.J., Choi, H., Ko, E.H., Kim, J.W. 2009. Reactive oxygen species facilitate
adipocyte differentiation by accelerating mitotic clonal expansion. J. Biol. Chem. 284,
10601-10609.

Lee, J., Kim, A.R., Lee, J.J. 2016. Ramie leaf extracts suppresses adipogenic differentiation in
3T3-L1 cells and pig preadipocytes. Asian-Australasian J. Anim. Sci. 29, 1338-1344.

Lee, L.S., Kim, S.H., Kim, Y.B., Kim, Y.C. 2014. Quantitative analysis of major constituents in
green tea with different plucking periods and their antioxidant activity. Molecules. 19,
9173-9186.

Lee, Y.J., Kim, D.B., Lee, J.S., Cho, J.H., Kim, B.K., Choi, H.S., Lee, B.Y., Lee, O.H. 2013.
Antioxidant activity and anti-adipogenic effects of wild herbs mainly cultivated in
Korea. Molecules. 18, 12937-12950.

Li, S.Y., Ru, Y.J., Liu, M., Xu, B., Péron, A., Shi, X.G. 2012. The effect of essential oils on
performance, immunity and gut microbial population in weaner pigs. Livest. Sci. 145,
119-123.

Liang, C.-H., Lin, Y.-S., Chiang, S.-S. 2018. Regulation of adipogenesis and lipolysis by the
rhizomes of Alpinia galanga in 3T3-L1 preadipocytes and high fat diet-induced obese
BALB/c mice. Taiwan. J. Agric. Chem. \& Food Sci. 56, 9-24.

Liu, Y., Che, TM., Song, M., Lee, J.J., Almeida, J.A.S., Bravo, D., Van Alstine, W.G.,
Pettigrew, J.E. 2013. Dietary plant extracts improve immune responses and growth
efficiency of pigs experimentally infected with porcine reproductive and respiratory
syndrome virus. J. Anim. Sci. 91, 5668-5679.

Lucas, D., Brun, A., Gispert, M., Carabus, A., Soler, J., Tibau, J., Font-i-Furnols, M. 2017.
Relationship between pig carcass characteristics measured in live pigs or carcasses
with Piglog, Fat-o-Meat’er and computed tomography. Livest. Sci. 197, 88-95.

Mallavarapu, G.R., Rao, L., Ramesh, S., Dimri, B., Rajeswara Rao, B., Kaul, PN,
Bhattacharya, A.K. 2002. Composition of the volatile oils of Alpinia galanga
rhizomes and leaves from India. J. Essent. Oil Res. 14, 397-399.

Malsawmtluangi, L., Nautiyal, B.P., Hazarika, T., Chauhan, R.S., Tava, A. 2016. Essential oil
composition of bark and leaves of Cinammoum verum Bertch. & Presl from
Mizoram, North East India. J. Essent. Oil Res. 28, 551-556.

Mandic, A.L, Dilas, S.M., Cetkovi¢, G.S., Canadanovié-Brunet, J.M., Tumbas, V.T. 2008.
Polyphenolic composition and antioxidant activities of grape seed extract. Int. J. Food
Prop. 11, 713-726.

Mighri, H., Akrout, A., Bennour, N., Eljeni, H., Zammouri, T., Neffati, M. 2019. LC/MS
method development for the determination of the phenolic compounds of Tunisian
Ephedra alata hydro-methanolic extract and its fractions and evaluation of their
antioxidant activities. South African J. Bot. 124, 102-110.

Nantitanon, W., Yotsawimonwat, S., Okonogi, S. 2010. Factors in fluencing antioxidant
activities and total phenolic content of guava leaf extract. LWT - Food Sci. Technol.
43,1095-1103.

Ogawa, T., Tabata, H., Katsube, T., Ohta, Y., Yamasaki, Y., Yamasaki, M., Shiwaku, K. 2010.
Suppressive effect of hot water extract of wasabi (Wasabia japonica Matsum.) leaves
on the differentiation of 3T3-L1 preadipocytes. Food Chem. 118, 239-244.

Omonijo, F.A., Ni, L., Gong, J., Wang, Q., Lahaye, L., Yang, C. 2018. Essential oils as
alternatives to antibiotics in swine production. Anim. Nutr. 4, 126-136.

Ozkan, G., Baydar, H., Erbas, S. 2010. The influence of harvest time on essential oil
composition, phenolic constituents and antioxidant properties of Turkish oregano
(Origanum onites L.). J. Sci. Food Agric. 90, 205-2009.

Popovich, D.G., Li, L., Zhang, W. 2010. Bitter melon (Momordica charantia) triterpenoid
extract reduces preadipocyte viability, lipid accumulation and adiponectin expression
in 3T3-L1 cells. Food Chem. Toxicol. 48, 1619-1626.

Norkeaw et al. Vet Integr Sci. 2022; 20(1): 209-229 227




VETERINARY INTEGRATIVE SCIENCES

Rababah, T.M., Hettiarachchy, N.S., Horax, R. 2004. Total phenolics and antioxidant activities
of fenugreek, green tea, black tea, grape seed, ginger, rosemary, gotu kola, and ginkgo
extracts, vitamin E, and tert-butylhydroquinone. J. Agric. Food Chem. 52, 5183-5186.

Ravi Kiran, C., Chakka, A.K., Padmakumari Amma, K.P., Nirmala Menon, A., Sree Kumar,
M.M., Venugopalan, V.V. 2013. Essential oil composition of fresh ginger cultivars
from North-East India. J. Essent. Oil Res. 25, 380-387.

Rossi, R., Pastorelli, G., Cannata, S., Tavaniello, S., Maiorano, G., Corino, C. 2013. Effect of
long term dietary supplementation with plant extract on carcass characteristics meat
quality and oxidative stability in pork. Meat Sci. 95, 542-548.

Ruamrungsri, N., Siengdee, P., Sringarm, K., Chomdej, S., Ongchai, S., Nganvongpanit, K.
2016. In vitro cytotoxic screening of 31 crude extracts of Thai herbs on a
chondrosarcoma cell line and primary chondrocytes and apoptotic effects of selected
extracts. In vitro Cell. Dev. Biol. - Anim. 52, 434-444.

Ruberto, G., Baratta, M.T. 2000. Antioxidant activity of selected essential oil components in
two lipid model systems. Food Chem. 69, 167-174.

Sampath, V., Shangmugam, S., Park, J.H., Kim, [.H. 2020. The effect of black pepper (Piperine)
extract supplementation on growth performance, nutrient digestibility, fecal microbial,
fecal gas mission and meat quality of finishing pigs. Animals. 10, 1-11.

Saravanan, S., Pari, L. 2016. Protective effect of thymol on high fat diet induced diabetic
nephropathy in C57BL/6J mice. Chem. Biol. Interact. 245, 1-11.

Shah, M.A., Bosco, S.J.D., Mir, S.A. 2014. Plant extracts as natural antioxidants in meat and
meat products. Meat Sci. 98, 21-33.

Sittisart, P., Chitsomboon, B. 2014. Intracellular ROS scavenging activity and downregulation
of inflammatory mediators in RAW264.7 macrophage by fresh leaf extracts of
pseuderanthemum palatiferum. Evidence-based Complement. Altern. Med. 2014,
1-11.

Sobeh, M., Mahmoud, M.F., Hasan, R.A., Abdelfattah, M.A.O., Osman, S., Rashid, H.O.,
El-Shazly, A.M., Wink, M. 2019. Chemical composition, antioxidant and
hepatoprotective activities of methanol extracts from leaves of Terminalia bellirica
and Terminalia sericea (Combretaceae). Peer] 7, 1-22.

Sunanta, P., Chung, H.H., Kunasakdakul, K., Ruksiriwanich, W., Jantrawut, P., Hongsibsong,
S., Sommano, S.R. 2020. Genomic relationship and physiochemical properties among
raw materials used for Thai black garlic processing. Food Sci. Nutr. 8, 4534-4545.

Suzuki, S., Suzuki, M., Sembon, S., Fuchimoto, D., Onishi, A. 2013. Characterization of
actions of octanoate on porcine preadipocytes and adipocytes differentiated in vitro.
Biochem. Biophys. Res. Commun. 432, 92-98.

Tepe, B., Sokmen, M., Akpulat, H.A., Daferera, D., Polissiou, M., Sokmen, A. 2005.
Antioxidative activity of the essential oils of Thymus sipyleus subsp. sipyleus var.
sipyleus and Thymus sipyleus subsp. sipyleus var. rosulans. J. Food Eng. 66, 447-454.

Wadhwa, G., Kumar, S., Chhabra, L., Mahant, S., Rao, R. 2017. Essential oil-cyclodextrin
complexes: an updated review. J. Incl. Phenom. Macrocycl. Chem. 89, 39-58.

Weerawatanakorn, M., Rojsuntornkitti, K., Pan, M.-H., Wongwaiwech, D. 2018. Some
Phytochemicals and Anti-inflammation Effect of Juice from Ziliacora triandra Leaves.
J. Food Nutr. Res. 6, 32-38.

Wiegand, B.R., Parrishx, F.C., Swan, J.E., Larsen, S.T., Baas, T.J. 2001. Conjugated linoleic
acid improves feed efficiency, decreases subcutaneous fat, and improves certain
aspects of meat quality in Stress-Genotype pigs. J. Anim. Sci. 79, 2187-2195.

Wood, J.D., Enser, M., Fisher, A. V., Nute, G.R., Sheard, P.R., Richardson, R.I., Hughes, S.I.,
Whittington, F.M. 2008. Fat deposition, fatty acid composition and meat quality: A
review. Meat Sci. 78, 343-358.

Yahyaoui, A., Arfaoui, M.O., Rigane, G., Hkir, A., Amari, K., Ben Salem, R., Ammari, Y. 2019.
Investigation on the chemical composition and antioxidant capacity of extracts from
Crataegus azarolus L.: Effect of growing location of an important tunisian medicinal
plant. Chem. Africa 2, 361-365.

Yan, L., Wang, J.P., Kim, H.J., Meng, Q.W., Ao, X., Hong, S.M., Kim, [.H. 2010. Influence of
essential oil supplementation and diets with different nutrient densities on growth
performance, nutrient digestibility, blood characteristics, meat quality and fecal
noxious gas content in grower-finisher pigs. Livest. Sci. 128, 115-122.

Norkeaw et al. Vet Integr Sci. 2022; 20(1): 209-229 228




VETERINARY INTEGRATIVE SCIENCES

Youdim, K.A., Deans, S.G., Finlayson, H.J. 2002. The antioxidant properties of thyme
(Thymus zygis L.) essential oil: An inhibitor of lipid peroxidation and a free radical
scavenger. J. Essent. Oil Res. 14, 210-215.

Zengin, G., Llorent-Martinez, E.J., Cérdova, M.L.F. de, Bahadori, M.B., Mocan, A., Locatelli,
M., Aktumsek, A. 2018. Chemical composition and biological activities of extracts
from three Salvia species: S. blepharochlaena, S. euphratica var. leiocalycina, and
S.verticillata subsp. amasiaca. Ind. Crops Prod. 111, 11-21.

Zhou, M., Lin, Y., Fang, S., Liu, Y., Shang, X. 2019. Phytochemical content and antioxidant
activity in aqueous extracts of Cyclocarya paliurus leaves collected from different
populations. PeerJ 7, 1-18.

How to cite this article;

Rakkiat Norkeaw, Chaiwat Arjin, Apinya Sartsook, Niraporn Chaiwang, Supamit Mekchay,
Sarana Rose Sommano, Warintorn Ruksiriwanich and Korawan Sringarm. Antioxidant
activities of plant extracts and essential oil-cyclodextrin complexes and their effect on lipid
accumulation in porcine adipocytes in vitro. Veterinary Integrative Sciences. 2022; 20(1):
209-229.

Norkeaw et al. Vet Integr Sci. 2022; 20(1): 209-229 229




