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Abstract: This study aimed to determine the essential oil volatile components ARTICLE HISTORY
of ginger and turmeric rhizomes, as well as to determine the total antioxidant .
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capacity of essential oil samples according to the CUPric Reducing Antioxidant
Capacity (CUPRAC), ferric reducing antioxidant potential (FRAP) method and ~ Revis ed: Feb. 11, 2022
free radical scavenging activities of oil samples and standards such as BHA,  Accepted: Apr. 14, 2022
BHT, and Trolox were determined using a DPPH method. Essential oil analysis
of volatile components was also performed on a Shimadzu GCMS-QP2010 SE 1 pyWORDS
(Japan) model with Support Rx-5Sil MS capillary column (30 m x 0.25 mm, .
film thickness 0.25 pm). Antioxidant capacities of essential oils were evaluated ~Ginger,
according to the CUPRAC method in millimole Trolox/gram -oil equivalent.
GC-MS analysis of ginger showed the presence of 5 major peaks identified as
Curcumene (13.46%), Zingiberene (33.92%), a-Farnesene (8.07%), B- CUPRAC Assay,
Bisabolene (6.39%), and B-Sesquiphellandrene (15.92 %), respectively. GC- DPPH
MS analysis of Turmeric showed the presence of 3 major peaks identified as ’
Ar-Turmerone (29.24%), a-Turmerone (22.8 %), and p-Turmerone (18.84%). FRAP
CUPRAC values of calculated antioxidant capacities of essential oil samples
were determined as 1.97 + 0.102 mmolTR/g-oil for Zingiber officinale R. and
3.40 £ 0.071 mmol TR/g-oil for Curcuma longa L. The scavenging effect of
turmeric, ginger and standards on the DPPH radical decreased in the order of
Trolox>BHA>BHT>Turmeric>Ginger which were 95.25 + 0.05%, 62.57 +
0.34%, 61.6 £ 0.3%, 51.45 + 0.59%, and 50.26 + 0.09%, at the concentration
of 150pg/mL, respectively. Additionally, it revealed that essential oils of
turmeric and ginger exhibited effective ferric reducing power.

Turmeric,

1. INTRODUCTION

Essential oils are volatile, strong-smelling, and oily mixtures obtained from plants by
hydrodistillation of water or water vapor, liquid at room temperature, but can sometimes freeze.
They are called "essential oil" or "etheric oil", because they can evaporate even under room
temperature and "essence" because they are fragrant. Essential oils obtained from spices have
been used since ancient times for their perfume, medicinal and preservative properties, and
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adding aroma and flavor to food (Bilia ef al., 2014). Essential oils are generally complex
mixtures of volatile organic compounds produced as secondary metabolites in plants. Essential
oils consist of components belonging to the terpene and phenylpropanoid groups, such as
monoterpenes and sesquiterpenes, where the main compounds usually determine the biological
properties of the essential oil (de Cassia Da Silveira e Sa et al., 2015). Terpenes are constructed
from combinations of several 5-carbon-based (C5) units called isoprenes, forming structurally
and functionally diverse classes (Bilia et al., 2014). Sesquiterpenes, consisting of a combination
of three isoprene units (C15), are a subclass of terpenes that have been described to exhibit a
broad spectrum of biological and pharmaceutical activities (Moujir ef al., 2020).

Antioxidant components can sweep free radicals and prolong shelf life by delaying the lipid
peroxidation process, which causes food and pharmaceutical products to deteriorate (Halliwell,
1996). In general, antioxidants act by chain-breaking reactions, reducing the concentration of
reactive oxygen species, scavenging initiating radicals, and chelating transition metal catalysts
(Eroglu et al., 2015). An inquiry of normally happening antioxidant ingredients from plant
sources may prompt the advancement of novel medicines, which may diminish the danger of
long-term infections brought about by free radicals (Abuja & Albertini, 2001). Many methods
based on free radical scavenging have been developed to determine antioxidant capacity in
recent years. The CUPric Reducing Antioxidant Capacity (CUPRAC) method is a simple and
versatile antioxidant capacity method for applying many different components, including
nutritional components, synthetic antioxidants, and vitamins C and E (Ozyiirek et al., 2011).

Turmeric (Curcuma longa L.) is a perennial plant that belongs to the Zingiberaceae family
and is widely cultivated in Asian countries. Curcuma longa L. thizomes are used in many fields
such as textile, medicine, cosmetics, and food (Singh et al., 2003). The rhizomes of this plant
are the most useful and are used for culinary and traditional medicinal purposes (Bagchi, 2012).
Turmeric rhizomes are widely used as a spice in Indian and Mediterranean cuisine. It is
frequently used for many therapeutic purposes in alternative medicine. Turmeric is also used in
medicines to treat cancer, dermatitis, AIDS, and high cholesterol (Ammon, & Wahl, 1991;
Kuttan et al., 1985). Curcumin is the most important bioactive component of turmeric, which
is also used as a spice (Martin-Cordero et al., 2003). Investigations of turmeric have uncovered
various pharmacological properties (Huei-Chen et al., 1992; Wichitnithad et al., 2009).
However, Ginger, whose Latin name is Zingiber officinale, is a plant of the Zingiberaceae
family, growing up to one meter in length, with long leaves and yellow-red flowers. The
antioxidant, antiseptic and carminative properties of many different bioactive components of
ginger have made its use popular (Mushtaq et al., 2019). Also, the essential oil from ginger has
been found to have antibacterial, antiviral, and antifungal properties (Koch et al., 2008; Singh
etal.,2005). Our previous study has already reported that the phytochemical profile of ethanolic
extraction from both rhizomes is very rich (Erdogan & Erbas, 2021).

This study aimed to determine the essential oil volatile components of ginger and turmeric
rhizomes and determine the total antioxidant capacity of essential oil samples according to the
CUPRAC, FRAP, and DPPH methods.

2. MATERIAL and METHODS
2.1. Chemicals

Copper(Il) chloride dihydrate (CuClz-2H20), 1,1-diphenyl-2-picryl-hydrazyl (DPPHs),
butylated hydroxyanisole (BHA), butylated hydroxytoluene (BHT), Trolox, Neocuproine (Nc-
Ci14H12N2) were purchased from Sigma Chemical Co. (St. Louis, MO, USA). Absolute ethanol
(EtOH) was purchased from ISOLAB Laborgerdte GmbH (Eschau, GERMANY). Potassium
hexacyanoferrate(Ill)  (K3[Fe(CN)¢]), di-Sodium  hydrogen  phosphate  dihydrate
(Na2HPO4-2H>0), Sodium dihydrogen phosphate dihydrate (NaH2POs:2H>0), Iron(III)
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chloride hexahydrate (FeCl3-6H20), trichloroacetic acid (TCA), and Ammonium acetate
(NHsAc) were purchased from Merck (Darmstadt, Germany).

2.1. Preparation of Solutions

All CUPRAC reagents were prepared by dissolving in a small amount of distilled water and
then diluting with ethanol. The copper (I1I) chloride solution was prepared by weighing 0.085 g
of CuCl».2H20 to be 1.0x102 M, dissolving it in a small amount of distilled water and diluting
it to 50 mL with ethanol. Ammonium acetate buffer is prepared by weighing 7.71 gat 1 M
(pH=7), dissolving it in a small amount of distilled water, and diluting it to 100 mL with ethanol.
Neocuproin solution was prepared by weighing 0.78 g as 7.5x10* M and diluting to 50 mL
with ethanol.

The FRAP reagents were prepared as follows: To prepare 0.2 M phosphate buffer at pH 6.6,
7.80 g of NaH>PO4-2H>0O was dissolved in water and diluted to 250 mL with H>O such that its
final concn. would be 0.2 M; 8.90 g of Na,HPO4-2H>0 was dissolved in water and diluted to
250 mL such that its final concn. would be 0.2 M. To prepare 0.2 M phosphate pH 6.6 buffer,
62.5 mL of NaH>PO4:2H>0 solution was mixed with 37.5 mL of Na;HP04:2H>O and diluted
to a total of 200 mL with H>O (Stoll & Blanchard, 2009). Potassium ferricyanide solution (1%,
w/v) was prepared daily by dissolving 1 g KsFe(CN)s in 1 mL of 1 M HCI and some water and
diluting to 100 mL with water. Ferric chloride solution (0.1%, w/v) was prepared daily by
dissolving 0.1 g of FeClz-6H>O in 1 mL of 1 M HCI and some water and diluting to 100 mL
with water. Trichloroacetic acid (TCA) solution (10%, w/v) was prepared by dissolving 10 g of
TCA in water and diluting it to 100 mL with H>O (Berker ef al., 2007).

2.3. Plant Material

The turmeric and ginger were obtained from the Isparta University of Applied Sciences Faculty
of Agriculture. Plant specimens were also identified by Prof. Hasan Baydar and deposited at
the herbarium of Faculty of Agriculture, Isparta University of Applied Sciences, with voucher
specimen numbers: TP32-2020 and GP32-2020, respectively.

2.4. Essential Qil Isolation

The isolation procedure of the essential oil is as follows; 100 g of both types of rhizome
preparations were subjected to hydrodistillation, separately, in a Clevenger apparatus for 4 h.
From 100 grams of turmeric and ginger powder samples, 3.15 and 1.65 mL of pure essential oil
were obtained, respectively. The essential oils obtained were kept at +4 °C until used in the
analysis.

2.5. Essential Oil Components Analysis with GC-MS

Essential oil analysis of volatile components was performed on a Shimadzu GCMS-QP2010
SE (Japan) model with Support Rx-5Sil MS capillary column (30 m x 0.25 mm, film thickness
0.25 um). GC analyses were performed under the following conditions (Erdogan et al., 2020).
The carrier gas (helium) flow rate was 1 ml/min. The split ratio was 1:10. After 1 min at 60 °C,
the temperature program reached 250 °C with an increase of 4 °C per min and was kept at 250
°C for 15 min. The mass spectra were taken at 70 eV. 970 pL hexane was added over 30 pL of
pure essential oil. 1 uL was injected from the capped vial. The identification of the separated
compounds was made based on a comparison of the mass spectra obtained with NIST27 and
NIST147 from the US National Institute of Technology and Standards (NIST) mass spectra
libraries.

2.6. CUPRAC Assay of Total Antioxidant Capacity

Total antioxidant analysis of oil samples was done by modifying the CUPRAC method
developed by Celik et al. (2019). The method has been modified to be applied to oil samples.
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Therefore, CUPRAC reagents were prepared fresh daily in ethanol medium. Briefly, to a test
tube were added 1 mL each of ethanolic Cu(II), Nc, and NHsAc buffer solutions. Then a 0.5
mL oil sample diluted with acetone at a specific ratio (1:100, v/v) and 0.6 mL of EtOH were
added. The tubes were closed, and after 30 min, the absorbance at 450 nm (A450) was recorded
against a reagent blank. According to the equation below, the total antioxidant capacity of the
oil samples was calculated as mmol/g Trolox equivalent. If the absorbance of the sample was
greater than 2 when the CUPRAC method is applied, the extract should be diluted at an
appropriate ratio, and the measured absorbance should be in the range of 0.2<A<1.5 in order to
prevent deviations from the Lambert-Beer law. The assays were carried out in triplicate, and
the results were expressed as (mean values + standard deviations).

Reagent blank solution: 1 mL Cu(Il) + 1 mL Nc + 1 mL NH4Ac + 1.1 mL ethanol
Sample solution: 1 mL Cu(Il) + 1 mL Nc + 1 mL NH4Ac + X mL sample + (1.1-X) mL ethanol

TAC(mmolTR D=2l s e le
mmo / g — ol —ngéx .fxm

Where;

A: Sample absorbance measured at 450 nm

€: Molar absorption coefficient of TR compound in the CUPRAC method (16700 L mol-!.cm™)
(Celik et al., 2010)

Vt: Total volume of CUPRAC measuring solution (4.1 mL)

Vo: Sample volume (mL)

S.f.: Dilution factor (if no dilution will be made, this factor is taken as “1”)

Ve: Volume of the prepared extract (mL)

m: The amount of sample taken in the extraction process (g)

2.7. Free Radical-Scavenging Activity on DPPH

The free-radical-scavenging capacity of oil samples was evaluated, using the DPPHe stable
radical and following the methodology described by Blois (1958). The free radical scavenging
capacity of pure essential oil samples was determined by considering the recommendations on
using DPPH radicals in Molyneux's study (2003). Briefly, 0.1mM solution of DPPH?* in ethanol
was prepared, and 2 mL of this solution was added to 2 mL of oil sample solution at 150 ug/mL
concentration in ethanol medium. After 30 min, the absorbance was measured at 517 nm against
ethanol as a blank in a spectrophotometer (SHIMADZU UV-1280 UV-Vis Spectrophotometer).

The ability to sweep the DPPHe radical was counted up using the following equation: DPPHe
scavenging effect (%) = [(Acontrol = Asample/ Acontrol) X 100] where Acontrol Was the absorbance
of the control reaction (ethanol solution containing 0.1 mM DPPHe) and Asample Was the
absorbance in the presence of oil samples and standards (BHT, BHA, Trolox).

140



Erdogan

2.8. Ferriccyanide (Fe*") Reducing Antioxidant Power Assay

Procedure. The reducing capacity (RP) of the extracts was assessed as described by Oyaizu
(1986). 2.5 mL of 0.2 M phosphate buffer (pH 6.6) and 2.5 mL of K3Fe(CN)s solution (1%)
were added to 1 mL of oil sample solution at different concentrations (500-1000 pg/mL) in
ethanol); the mixture was incubated at 50 °C on a water bath for 20 min. The incubated mixture
was let to cool to room temperature, and 2.5 mL of TCA (10%) was added. The solution was
thoroughly mixed by vortexing for 30 s., an aliquot of 2.5 mL was withdrawn from the
supernatant, and 2.5 mL water was followed by 0.5 mL of FeClz-6H>O solution (0.1%) added
so that the final volume was 5.5 mL. The colored solution was read at 700 nm against the blank
regarding standard using UV Spectrophotometer (SHIMADZU UV-1280 UV-Vis
Spectrophotometer). BHA and BHT were used as standard references.

3. RESULTS and DISCUSSION
3.1. Essential Oil Efficiency

From 100 grams of turmeric and ginger powder samples, 3.15 and 1.65 mL of pure essential oil
were obtained, respectively. In a study presented in the literature, essential oil isolation from
turmeric was performed using a modified microwave distillation system and a rotary evaporator
unit. This study determined that essential oils ranging from 1.895% to 4.973% were obtained
from turmeric rhizomes (Sachin et al., 2020). On the other hand, it has been reported that the
essential oil obtained from ginger varies between 1% and 4% depending on the region and
variety ( EI-Ghorab et al., 2010). It was determined that the results obtained in our study were
consistent with the data presented in the literature.

3.2. Chemical Composition of The Essential Oil of Dry Rhizomes from Zingiber officinale
and Curcuma longa

Almost all (about 90%) of Z. officinale essential oil consists of sesquiterpenes components.
Sesquiterpenes are molecules in the composition of essential oils and are responsible for the
pharmacological activity of essential oils. The GC-MS analysis of Z. officinale rhizome (Table
1) showed the presence of 5 major peaks distinguished at 38.624, 39.663, 40.235, 40.341, and
41.31 min, which were identified as ar-Curcumene (13.46%), Zingiberene (33.92%), a-
Farnesene (8.07%), B-Bisabolene (6.39%), and B-Sesquiphellandrene (15.92 %) respectively
(Figure 1). It has been reported that these components have many different bioactivities such
as antioxidant (Marliyana et al., 2019), antimicrobial (Pulido-Moran et al., 2016), antiaging
(Nelson et al., 2017), and anticancer (Naksuriya et al., 2014). Simultaneously, 40 minor
compounds were also identified, presented in Table 1. Other researchers also reported similar
results concerning the content of major constituents (Pino et al., 2004; Sasidharan & Menon,
2010). On the other hand, Approximately 80% of the essential oil obtained from C. longa
rhizomes consists of sesquiterpenes. GC-MS analysis of C. longa rhizome (Table 2) showed
the presence of 3 major peaks distinguished at 49.548, 49.85, and 51.62 min, which were
identified as Ar-Turmerone (29.24%), a-Turmerone (22.8 %), and B-Turmerone (18.84%),
respectively. Simultaneously, 23 minor compounds were also identified as minor compounds
were presented in Table 3. These findings were compatible with many studies in the literature
(Gopalan et al., 2000; Zaeoung et al., 2005).
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Figure 1. Major compononents of essential oil from Zingiber officinale R. and Curcuma longa L.
Rhizome.
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Table 1. Chemical composition of Zingiber officinale (Ginger) essential oil.

Compound® RI® R.Time % area
Camphene 950.3  7.258 0.33
B-Phellandrene 1030.0 9.485 0.83
Eucalyptol (1,8-cineole) 1031.8 10.694 0.5
Linalool 1099  14.263 0.32
B-Terpineol 1143.9 17.400 0.11
Borneol 1166.2 18.489 1.58
Terpinen-4-ol 1177.1 19.044 0.29
a-Terpineol 1189.7 19.986 0.89
Nerol 1228.9 23.698 0.11
Neral 1242.1  22.777 0.23
Linalyl acetate 1255.2  32.079 0.44
Geranial 1270.3 24.735 0.39
Isobornyl acetate 1285.9 25.767 0.22
2-Undecanone 1293.1 26.462 0.85
Citronellyl acetate 1352.4 30.219 0.18
Cyclosativene 1368.2 31.110 0.26
a-Ylangene 1369.9 38.308 1.11
a-Copaene 1376.2 31.672 0.61
B-Elemene 1390.4 32.622 0.38
7-epi-Sesquithujene 1393  33.574 0.27
a-Gurjunene 1408.6 36.264 0.11
B-Caryophyllene 1420.1 36.883 1.25
a-Bergamotene 1434.5 49.701 0.49
v-Elemene 1436.4 35.178 0.17
a-Guaiene 1439.6  47.392 0.17
a-Patchoulene 1457.2 41.406 0.38
e-Muurolene 1458.8 36.392 0.28
v-Gurjunene 1472.2 47.010 0.43
ar-Curcumene 1482.2 38.624 13.46
Eudesma-4(14),11-diene 1486.1 38.790 0.47
Valencene 1491.7 41.821 0.17
a-Zingiberene 1495.3  39.663 33.92
B-Himachalene 1501.0 54.060 0.12
a-Farnesene 1504.1 40.235 8.07
B-Bisabolene 1508.4 40.341 6.39
v-Cadinene 1513.1 38.025 0.67
A-Cadinene 1523.2 40.810 1.43
B-Sesquiphellandrene 1523.5 41.311 15.92
Elemol 1547.5 42.524 0.3
Germacrene B 1550.9 43.010 0.38
a-Cedrol 1600.1 50.710 1.18
v-Eudesmol 1630.9 46.733 0.2
Murolan-3,9(11)-diene-10-peroxy 1730  42.063 0.43
Farnesol 1743.5 43.453 0.81
a-Springene 1940 51.119 0.77
Monoterpene hydrocarbons (%) 1.82
Oxygenated monoterpenes (%) 4.60
Sesquiterpene hydrocarbons (%) 86.91
Oxygenated sesquiterpenes (%) 2.92
Others (%) 1.62
Total (%) 97.87

2Compounds were listed in order of their elution from a Restek Rxi®-5Sil MS column using a series of
the standards of C;-Cso saturated n-alkanes. PRetention index from the literature (Adams, 2007;
Babushok et al., 2011)
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Table 2. Chemical composition of Curcuma longa L.(Turmeric) essential oil.

Compound RI R.Time % area
Bornylene 908 10.558 0.39
a-Pinene 936.1 6.686 0.17
B-Myrcene 989.2 8.742 0.16
a-Phellandrene 1004.1 9.499 4.2
A-3-Carene 1011.3 9.612 0.1
Eucalyptol 1031.8 10.698 1.76
O-Cymene 1041 10.325 2.47
v-Terpinene 1059.7 12.004 0.17
Terpinolene 1086.9 13.455 0.29
B-Fenchyl Alcohol 1100.7 19.962 0.11
Phenethyl alcohol 1114.9 19.443 0.1
Camphor 1143.4 47.845 0.12
a-Longipinene 1352.1 45.072 0.61
2,2,4.1,4,7,7-Hexamethyl-2,3,3 a,4,7,7a-hexahydro- 1367 55 455 2,69
1H-indene

Sesquithujene <7-epi-> 1393 39.383 2.6
B-Caryophyllene 1420.1 34.391 0.61
B-Farnesene <(E)- 1455.9 36.826 0.21
ar-Curcumene 1482.2 38.468 2.51
B-Bisabolene 1508.4 40.165 0.73
B-Sesquiphellandrene 1523.5 41.111 2.97
6,10-Dodecadien-1-yn-3-ol, 3,7,11-trimethyl- 1562 48.180 0.16
a-Cedrol 1600.1 42.956 0.86
a-Turmerone 1631 49.859 22.8
B-Turmerone 1647 51.622 18.84
Ar-Turmerone 1664 49.548 29.24
cis a-Santalol 1683 45.989 0.6
(Z)-valerenyl acetate 1804 47.693 0.96
Monoterpene hydrocarbons (%) 5.09
Oxygenated monoterpenes (%) 1.87
Sesquiterpene hydrocarbons (%) 11.2
Oxygenated sesquiterpenes (%) 72.11
Others (%) 5.81
Total (%) 96.2

*Compounds were listed in order of their elution from a Restek Rxi®-5Sil MS column using a series of the
standards of C;-Cj3p saturated n-alkanes. "Retention index from the literature (Adams, 2007; Babushok et

al, 2011)

3.3. Antioxidant Capacity of Zingiber officinale and Curcuma longa Essential Qil

The antioxidant capacity of essential oils is most likely due to the interaction between their
main components. The antioxidant capacity of essential oil samples was evaluated according to
the CUPRAC, FRAP, and DPPH methods. CUPRAC reagent has more stable and accessible
advantages over other chromogenic reagents (e.g., ABTS, DPPH) (Apak et al, 2008).
CUPRAC values of calculated antioxidant capacities of essential oil samples were determined
as 1.97+ 0.102 mmolTR/g-oil for Zingiber officinale and 3.40 £ 0.071 mmol TR/g-oil for
Curcuma longa. When the data were analyzed, the antioxidant capacity of turmeric essential

oil was greater than ginger.

144



Erdogan

In the FRAP method, the reducing capacity of oil samples was accomplished using Fe3* to
Fe?" reduction assay. In this analysis, the yellow color of the frap test solution changed to shades
of green and Prussian blue depending on the concentration of the reducing agent. The presence
of reducing agents acting as antioxidants in the samples causes the Fe**/ferricyanide complex
to be reduced to the ferric form. Thus, Fe?* can be tracked by measuring the formation of
Prussian blue of Perl at 700 nm (Giilgin et al., 2006). The absorbance values of oil samples and
reference antioxidant substances at different concentrations at 700 nm were presented in Table
3. The higher the absorbance measured at 700 nm, the higher the reducing power. The data in
Table 3 revealed that BHA had the highest FRAP value at 1000 ug/ml concentration, followed
by BHT, Turmeric, and ginger, respectively. The Frap values of turmeric and ginger were
almost close to each other. However, the absorbance value measured at 700 nm increased
depending on the concentration.

Table 3. Total reducing power of different concentrations (500—1000 pg/mL) of oil samples, BHA and
BHT determined by Ferriccyanide method of the Fe**—Fe?* transformation.

FRAP value (at 700 nm)

Sample

500 pg/mL 1000 pg/mL
BHA 2.834+0.071* 3.029 +0.049
BHT 0.993 +0.0103 1.844 +0.058
TURMERIC 0.147 £ 0.013 0.351 +£0.020
GINGER 0.131 +£0.003 0.296 + 0.007

* Data expressed as meant S.D (n=3).

In this study, free radical scavenging activities of oil samples and standards such as BHA,
BHT, and Trolox were determined using a DPPH method. DPPH is often used to evaluate
different antioxidant substances' free radical scavenging effects (Erdogan & Gokge, 2021).
When a DPPH solution is mixed with a substance that donates a hydrogen atom, this leads to
the reduced form with loss of this violet color (Molyneux, 2003). Figure 2 displayed a
significant decrease in the concentration of DPPH radical due to the scavenging ability of oil
samples and standards. The scavenging effect of turmeric, ginger and standards on the DPPH
radical decreased in the order of Trolox>BHA >BHT>Turmeric>Ginger which were 95.25 +
0.05%, 62.57 + 0.34%, 61.6 £ 0.3%, 51.45 £ 0.59%, and 50.26 + 0.09%, at the concentration
of 150ug/mL, respectively.

Figure 2. Scavenging effect of Turmeric, Ginger, BHA, BHT, and Trolox on the stable DPPHe at
concentration 150 pg/mL. (DPPHe: 1,1-diphenyl-2-picryl-hydrazyl free radicals, BHA: butylated
hydroxyanisole, BHT: butylated hydroxytoluene, Data expressed as mean+ S.D (n=3).
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4. CONCLUSION

GC-MS essential oil analysis results from ginger and turmeric revealed that the oils were rich
in sesquiterpene content. Both essential oils exhibited a strong antioxidant capacity. These
essays have significant applications for the food and pharmaceutical industry. Moreover, the
components used in the pharmaceutical, food, and cosmetics industries have also been
identified in the essential oils of C. Longa and Z. officinale. These data revealed that turmeric
and ginger profiles were similar in essential oil components and antioxidant capacity. This study
also presented the total antioxidant capacity of pure essential oils of turmeric and ginger for the
first time according to the CUPRAC method.

Acknowledgments

The analyses in this study were carried out in the Department of Field Crops laboratory at the
University of Applied Sciences in Isparta.

Declaration of Conflicting Interests and Ethics

The author declares no conflict of interest. This research study complies with research and
publishing ethics. The scientific and legal responsibility for manuscripts published in IJSM
belongs to the author.

Authorship contribution statement

Umit Erdogan: Writing-Original draft preparation, Formal Analysis, Conceptualization,
Resources, Investigation, Supervision, Methodology, and Validation.

Orcid
Umit Erdogan'® https://orcid.org/0000-0002-6627-4472

REFERENCES

Abuja, P.M., & Albertini, R. (2001). Methods for monitoring oxidative stress, lipid
peroxidation and oxidation resistance of lipoproteins. Clin. Chim. Acta., 306(1-2), 1-17.
https://doi.org/10.1016/S0009-8981(01)00393-X.

Adams, R.P. (2007). Identification of essential oil components by gas chromatography/mass
spectrometry (Vol. 456). Carol Stream, IL: Allured publishing corporation.

Ammon, H.P., & Wahl, M.A. (1991). Pharmacology of Curcuma longa. Planta Medica, 57(01),
1-7.

Apak, R., Giiclii, K., Ozyiirek, M., & Celik, S.E. (2008). Mechanism of antioxidant capacity
assays and the CUPRAC (cupric ion reducing antioxidant capacity) assay. Microchim.
Acta., 160(4), 413-419. https://doi.org/10.1007/s00604-007-0777-0

Babushok, V.I., Linstrom, P.J., & Zenkevich, I.G. (2011). Retention indices for frequently
reported compounds of plant essential oils. J. Phys. Chem. Ref. Data., 40(4), 043101.
https://doi.org/10.1063/1.3653552

Bagchi, A. (2012). Extraction of curcumin. /OSR J. En. Env. Sci. Toxicology. Food Tech., 1, 1-
16. https://doi.org/10.9790/2402-0130116

Berker, K.1., Giigli, K., Tor, I., & Apak, R. (2007). Comparative evaluation of Fe(III) reducing
power-based antioxidant capacity assays in the presence of phenanthroline, batho-
phenanthroline, tripyridyltriazine (FRAP), and ferricyanide reagents. Talanta, 72(3), 1157—
1165. https://doi.org/10.1016/j.talanta.2007.01.019

Bilia, A.R., Guccione, C., Isacchi, B., Righeschi, C., Firenzuoli, F., & Bergonzi, M.C. (2014).
Essential oils loaded in nanosystems: a developing strategy for a successful therapeutic
approach. Evid.-based Complement Altern. Med., 2014. http://dx.doi.org/10.1155/2014/651
593

146


https://doi.org/10.1016/S0009-8981(01)00393-X
https://doi.org/10.1007/s00604-007-0777-0
https://doi.org/10.1063/1.3653552
https://doi.org/10.9790/2402-0130116
https://doi.org/10.1016/j.talanta.2007.01.019
http://dx.doi.org/10.1155/2014/651593
http://dx.doi.org/10.1155/2014/651593

Erdogan

Blois, M.S. (1958). Antioxidant determinations by the wuse of a stable free
radical. Nature, 181(4617), 1199-1200.

Celik, S.E., Asfoor, A., Senol, O., & Apak, R. (2019). Screening method for argan oil
adulteration with vegetable oils: An online hplc assay with postcolumn detection utilizing
chemometric multidata analysis.J. Agric.  Food Chem., 67(29), 8279-8289.
https://doi.org/10.1021/acs.jafc.9b03001

Celik, S.E., Ozyiirek, M., Giiglii, K., & Apak, R. (2010). Solvent effects on the antioxidant
capacity of lipophilic and hydrophilic antioxidants measured by CUPRAC,
ABTS/persulphate and FRAP methods. Talanta, 81(4-5), 1300-1309. https://doi.org/10.10
16/j.talanta.2010.02.025

de Cassia Da Silveira e S4, R., Andrade, L.N., & De Sousa, D.P. (2015). Sesquiterpenes from
essential oils and anti-inflammatory activity. Nat. Prod. Commun., 10(10), https://doi.org/1
0.1177/1934578X1501001033

El-Ghorab, A.H., Nauman, M., Anjum, F.M., Hussain, S., & Nadeem, M. (2010). A
comparative study on chemical composition and antioxidant activity of ginger (Zingiber
officinale) and cumin (Cuminum cyminum). J. Agric. Food Chem., 58(14), 8231-8237.

Erdogan, U., & Erbas, S. (2021). Phytochemical Profile and Antioxidant Activities of Zingiber
officinale (Ginger) and Curcuma longa L.(Turmeric) Rhizomes. Bilgesci., 5(special issue),
1-6. https://doi.org/10.30516/bilgesci.991202

Erdogan, U., & Gokce, E.H. (2021). Fig seed oil-loaded nanostructured lipid carriers:
Evaluation of the protective effects against oxidation. J. Food Process. Preserv., 45(10),
e15835.

Erdogan, U., Yilmazer, M., & Erbas, S. (2020). Hydrodistillation of Nigella sativa seed and
analysis of Thymoquinone with HPLC and GC-MS. Bilgesci, 4(1), 27-30.
https://doi.org/10.30516/bilgesci.688845

Eroglu, 1., Gokge, E.H., Tsapis, N., Tanriverdi, S.T., Gokee, G., Fattal, E., & Ozer, O. (2015).
Evaluation of characteristics and in vitro antioxidant properties of RSV loaded hyaluronic
acid-DPPC microparticles as a wound healing system. Colloids Surf. B., 126, 50-57.
https://doi.org/10.1016/j.colsurtb.2014.12.006

Gopalan, B., Goto, M., Kodama, A., & Hirose, T. (2000). Supercritical carbon dioxide
extraction of turmeric (Curcuma longa). J. Agric. Food Chem., 48(6), 2189-2192.

Giilgin, 1., Elias, R., Gepdiremen, A., & Boyer, L. (2006). Antioxidant activity of lignans from
fringe tree (Chionanthus virginicus L.). Eur. Food Res. Technol., 223(6), 759-767.
https://doi.org/10.1007/s00217-006-0265-5

Halliwell, B. (1996). Antioxidants in human health and disease. Annu. Rev. Nutr., 16(1), 33-50.

Huei-Chen, H., Tong-Rong, J., & Sheau-Farn, Y. (1992). Inhibitory effect of curcumin, an anti-
inflammatory agent, on vascular smooth muscle cell proliferation. Eur. J. Pharmacol., 221
(2-3), 381-384. https://doi.org/10.1016/0014-2999(92)90727-L

Koch, C., Reichling, J., Schneele, J., & Schnitzler, P. (2008). Inhibitory effect of essential oils
against herpes simplex virus type 2. Phytomedicine, 15(1-2), 71-78. https://doi.org/10.1016
/j.phymed.2007.09.003

Kuttan, R., Bhanumathy, P., Nirmala, K., & George, M.C. (1985). Potential anticancer activity
of turmeric (Curcuma longa). Cancer letters, 29(2), 197-202. https://doi.org/10.1016/0304-
3835(85)90159-4

Marliyana, S.D., Wibowo, F.R., Wartono, M.W., & Munasah, G. (2019, September).
Evaluation of antibacterial activity of sesquiterpene Ar-Turmerone from Curcuma soloensis
Val. rhizomes. In IOP Conference Series: Materials Science and Engineering (Vol. 578, No.
1, p. 012060). IOP Publishing. https://doi.org/10.1088/1757-899X/578/1/012060

147


https://doi.org/10.1021/acs.jafc.9b03001
https://doi.org/10.1016/j.talanta.2010.02.025
https://doi.org/10.1016/j.talanta.2010.02.025
https://doi.org/10.1177/1934578X1501001033
https://doi.org/10.1177/1934578X1501001033
https://doi.org/10.30516/bilgesci.991202
https://doi.org/10.30516/bilgesci.688845
https://doi.org/10.1016/j.colsurfb.2014.12.006
https://doi.org/10.1007/s00217-006-0265-5
https://doi.org/10.1016/0014-2999(92)90727-L
https://doi.org/10.1016/j.phymed.2007.09.003
https://doi.org/10.1016/j.phymed.2007.09.003
https://doi.org/10.1016/0304-3835(85)90159-4
https://doi.org/10.1016/0304-3835(85)90159-4
https://doi.org/10.1088/1757-899X/578/1/012060

Int. . Sec. Metabolite, Vol. 9, No. 2, (2022) pp. 137-148

Martin-Cordero, C., Lépez-Lazaro, M., Galvez, M., & Jesus Ayuso, M. (2003). Curcumin as a
DNA topoisomerase II poison. J. Enzyme Inhib. Med. Chem., 18(6), 505-509.
https://doi.org/10.1080/14756360310001613085

Molyneux, P. (2004). The use of the stable free radical diphenylpicrylhydrazyl (DPPH) for
estimating antioxidant activity. Songklanakarin J. Sci. Technol., 26(2), 211-219.

Moujir, L., Callies, O., Sousa, P., Sharopov, F., & Seca, A.M. (2020). Applications of
sesquiterpene lactones: a review of some potential success cases. Applied Sciences, 10(9),
3001.

Mushtaq, Z., Tahir Nadeem, M., Arshad, M.U., Saeed, F., Ahmed, M.H., Bader Ul Ain, H., ...
& Hussain, S. (2019). Exploring the biochemical and antioxidant potential of ginger (Adric)
and turmeric (Haldi). Int. J. Food Prop., 22(1), 1642-1651. https://doi.org/10.1080/109429
12.2019.1666138

Naksuriya, O., Okonogi, S., Schiffelers, R.M., & Hennink, W.E. (2014). Curcumin
nanoformulations: a review of pharmaceutical properties and preclinical studies and clinical
data related to cancer treatment. Biomaterials, 35(10), 3365-3383. https://doi.org/10.1016/j
.biomaterials.2013.12.090

Nelson, K.M., Dahlin, J.L., Bisson, J., Graham, J., Pauli, G.F., & Walters, M.A. (2017). The
essential medicinal chemistry of curcumin: miniperspective. J. Med. Chem., 60(5), 1620-
1637. https://doi.org/10.1021/acs.jmedchem.6b00975

Oyaizu, M. (1986). Studies on products of browning reaction antioxidative activities of
products of browning reaction prepared from glucosamine. J. Nutr., 44(6), 307-315.

Ozyiirek, M., Giiglii, K., Tiitem, E., Baskan, K.S., Er¢ag, E., Celik, S.E., ... & Apak, R. (2011).
A comprehensive review of CUPRAC methodology. Anal. methods, 3(11), 2439-2453.
https://doi.org/10.1039/c1ay05320e

Pino, J.A., Marbot, R., Rosado, A., & Batista, A. (2004). Chemical composition of the essential
oil of Zingiber officinale Roscoe L. from Cuba. J. Essent. Oil Res., 16(3), 186-188. :
https://doi.org/10.1080/10412905.2004.9698692

Pulido-Moran, M., Moreno-Fernandez, J., Ramirez-Tortosa, C., & Ramirez-Tortosa, M. (2016).
Curcumin and health. Molecules, 21(3), 264. doi:10.3390/molecules21030264

Sachin, V.K.S., Garg, M.K., Kalra, A., Bhardwaj, S., Attkan, A.K., Panghal, A., & Kumar, D.
(2020). Efficacy of microwave heating parameters on physical properties of extracted oil
from turmeric (Curcuma longa L.). Curr. J. Appl. Sci. Technol., 39(25), 126-36.

Sasidharan, 1., & Menon, A.N. (2010). Comparative chemical composition and antimicrobial
activity fresh & dry ginger oils (Zingiber officinale Roscoe). Int. J. Curr. Pharm. Res., 2(4),
40-43.

Singh, G., Kapoor, I.P.S., Pandey, S.K., & Singh, O.P. (2003). Curcuma longa-chemical,
antifungal and antibacterial investigation of rhizome oil. Indian perfumer, 47(2), 173-178.
https://doi.org/10.1002/f1j.1373

Singh, G., Maurya, S., Catalan, C., & De Lampasona, M.P. (2005). Studies on essential oils,
Part 42: chemical, antifungal, antioxidant and sprout suppressant studies on ginger essential
oil and its oleoresin. Flavour Fragr. J., 20(1), 1-6.

Stoll, V.S., & Blanchard, J.S. (2009). Buffers: principles and practice. In Methods in
enzymology (Vol. 463, pp. 43-56). Academic Press

Wichitnithad, W., Jongaroonngamsang, N., Pummangura, S., & Rojsitthisak, P. (2009). A
simple isocratic HPLC method for the simultaneous determination of curcuminoids in
commercial turmeric extracts. Phytochem. Anal., 20(4), 314-319. https://doi.org/10.1002/p
ca.1129

Zaeoung, S., Plubrukarn, A., & Keawpradub, N. (2005). Cytotoxic and free radical scavenging
activities of Zingiberaceous rhizomes. Songklanakarin J. Sci. Technol., 27(4), 799-812.

148


https://doi.org/10.1080/14756360310001613085
https://doi.org/10.1080/10942912.2019.1666138
https://doi.org/10.1080/10942912.2019.1666138
https://doi.org/10.1016/j.biomaterials.2013.12.090
https://doi.org/10.1016/j.biomaterials.2013.12.090
https://doi.org/10.1021/acs.jmedchem.6b00975
https://doi.org/10.1039/c1ay05320e
https://doi.org/10.1080/10412905.2004.9698692
https://doi.org/10.1002/ffj.1373
https://doi.org/10.1002/pca.1129
https://doi.org/10.1002/pca.1129

