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Abstract

Cannabis sativa L. is a medicinal plant cultivated globally due to its remarkable historical
and scientific relevance. Through the consumption of its flowers, also referred to as inflo-
rescences, which contain a high content of cannabinoids, terpenes and polyphenols, the
therapeutic properties of C. sativa can be harnessed. This study therefore aimed to determine
the chemical profile, antioxidant and anti-inflammatory activities of the essential oils (EOs)
obtained from the fresh and dried flowers of two C. sativa cultivars, Lifter and Cherrywine,
grown in Komga, South Africa, to assess which cultivar has greater biological potential. The
chemical profiles of the hydro-distilled EOs were analyzed by gas chromatography–mass
spectrometry (GC-MS), while the in vitro antioxidant and anti-inflammatory activity of the
EOs was analyzed using the DPPH and EAD methods, respectively. The identified con-
stituents from the EOs were molecularly docked against NOX2 and NIK (NF-κB-inducing
kinase) protein, which are implicated in oxidative stress. The afforded EOs were yellow
(pale and bright yellow) in color with a sweet to mildly sweet aroma description. A total of
51 constituents were identified in both fresh and dry oils from the Lifter cultivar, while the
Cherrywine cultivar contained a total of 44 constituents. Eighteen compounds, were found
to be the main chemical constituents consistent in the flower EOs of both cultivars, notably,
caryophyllene (10.71–19.96%), levo-β-pinene (1.37–13.21%), humulene (5.88–9.77%), caryophyl-
lene oxide (4.32–7.49%), D-limonene (1.40–5.48%), α-pinene (2.22–5.22%), nerolidol (0.63–4.97%),
cis-β-ocimene (0.22–4.37%), linalool (1.12–4.28%), selina-3,7(11)-diene (0.15–4.23%), humulene-
1,2-epoxide (1.23–3.32%), guaiol (0.17–2.60%), (+)-β-selinene (1.20–2.51%), trans-α-bergamotene
(0.68–2.37%), β-ocimene (0.90–2.27%), fenchol exo- (0.15–1.27), terpineol (0.14–1.38%) and α-
terpineol (0.19–0.75%). The fresh Lifter flower oil (LFO) showed 50% inhibition at 100 µg/mL,
with an IC50 of 69.50 ± 4.05 µg/mL against DPPH, suggesting moderate to low radical scaveng-
ing activity. The maximum percentage inhibition response of DLFO, CFO and DCFO remained
below 50% at all concentrations. The antioxidant activity of fresh LFO may be attributed to
its overall chemical composition. The flower oils showed in vitro inhibition of protein de-
naturation; however, the high standard deviation relative to the mean IC50 values limited
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the ability to rank the samples’ potencies. Further in silico studies on the putative con-
stituents in the Lifter and Cherrywine cultivars revealed β-bisabolene and α-curcumene
as potential molecular targets, with binding energy scores of −7.7 and −7.9 kcal/mol,
respectively. Thus, the study findings highlight the promising biological importance of C.
sativa inflorescences in the management of oxidative stress-related conditions. Further stud-
ies may investigate the influence of environmental growing conditions on their chemical
composition, total ROS analysis, pharmacokinetic properties, and in vivo efficacy against
oxidative damage to DNA, proteins and lipids. Evaluating the toxicity of the flower EOs is
also recommended.

Keywords: plant VOCs; cannabis floral essential oils; hydro-distillation; GC-MS
characterization; antioxidant and anti-inflammatory activities; molecular docking

1. Introduction
Volatile organic compounds (VOCs) are chemically diverse and lipophilic compounds

with low molecular weights and high vapor pressures [1]. They are present in the organs
of plants such as roots, flowers, stems, seeds, fruits and leaves, and they play important
ecological roles [1]. Essential oils (EOs), also known as volatile oils, are complex mixtures
of volatile organic compounds (mainly terpenes and phenylpropanoids) obtained through
distillation and extraction with organic solvents and have a characteristic aroma distinct
to their plant source [2,3]. EOs represent the concentrated extract of plant VOCs with
characterized biological and ecological roles such as protection, communication, defense,
pollination and adaptation [1,4–7]. The amount of essential oils derived from various
plant parts is small (usually 1% or less); hence, they are valued for their aromatic proper-
ties [2,4,8]. Recently, the research into EOs is a growing area of research interest due to its
versatile applications across industries. Plant EOs are used in the food flavoring, agricul-
ture, healthcare, cosmetics, and perfumery industries [2,4]. Their antiseptic and analgesic
properties can also be used in dentistry [9]. Anti-tumor, anti-inflammatory, anti-arthritis,
insect-repellent, antioxidant, and phytotoxic activities of plant essential oils have been
extensively reported in the literature [10–13].

Generally, VOCs can be classified into three classes: terpenoids, phenylpropanoids/
benzonoids, and fatty acids and amino acid derivatives [1]. The terpenoids form the largest
group of VOCs, which are derived from the mevalonic acid (MVA) and the methylerythritol
phosphate (MEP) pathways. Lipophilic compounds present in essential oils are classified as
monoterpenes, diterpenes and sesquiterpenes, depending on the number of isoprene units,
and these molecules cross cellular membranes freely and serve various signaling roles
inside the cell [1]. Traditional methods used to obtain plant volatiles include distillation
(hydro-distillation) and extraction with organic solvents; however, more recent soft extrac-
tion methods, such as headspace methods, have been developed [1]. The suitable analytical
technique used to obtain the qualitative profiles of the volatiles and measure quantitative
changes in volatile or semi-volatile compounds, is gas chromatography–mass spectrometry
(GC-MS) [1,14,15]. Flowers produce complex volatile mixtures that constitute a highly
diversified group of signaling molecules, with each flower having a unique fragrance due
to the relative quantities and diversity of VOCs, as well as the interactions between these
compounds [1]. It has been reported that floral chemical profiles vary in many species, both
within and between individuals and populations. This intra- and interspecific variation
has led scientists to conduct numerous research studies.
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Recently, cannabis (Cannabis sativa L.), an ancient plant of historical and scientific
importance, belonging to the family Cannabaceae family, has been extensively studied due
to its medicinal potential and grown to be used as ingredients in several foods, beverages,
fibers, nutritional supplements, personal care products and pharmaceutics [16–18]. The
chemical profile of C. sativa EO is of particular interest due to its organoleptic characteristics,
which further influences its utilization and biological activity [19–21]. C. sativa contains
various bioactive compounds providing antioxidant, anti-tumor, anti-inflammatory, anti-
fungal, and antibacterial properties [22]. Volatile constituents—such as terpenes, aldehydes,
ketones, esters and sulfur-containing compounds—together with non-volatile taste-active
molecules including flavonoids and phenolic compounds, underlie its distinctive aroma
and flavor [23]. Genetics and environmental influences, cultivation practices, harvest
time, seasonal variations and postharvest processing (drying methods, extraction method
and conditions during extraction) significantly influence the accumulation of secondary
metabolites, including terpenes, flavonoids, esters, aldehydes, ketones and other volatile
constituents, as well as the quantity and quality of the EO obtained [24–28]. The cannabis
flower, also known as the bud or female inflorescence, contains more than 100 terpenes
and terpenoids, which mostly accumulate in the glandular trichomes [13,29,30]. Recently,
the interest in the uses of cannabis flower is increasing because, through its consump-
tion, the therapeutic botanical properties of cannabis have been harnessed, as well as its
diverse scents (citrus, lemon, sweet, pungent, woody, earthy and herbal) and various
ethnomedicinal benefits including for pain management, anxiety and depression [31,32].
The main therapeutic properties of cannabis are attributed to cannabinoids, such as
∆9-tetrahydrocannabinol (∆9-THC) and cannabidiol (CBD). Notwithstanding, increasing
evidence supports the relevance of terpenes, including monoterpenes and sesquiterpenes,
which contribute to their distinctive aroma and serve as natural defense mechanisms against
predators, growth modulation, disease resistance, attraction of pollinators, plant–plant
communication, and antimicrobial, antioxidant and anti-inflammatory properties [13,26,33].
Also, the entourage effect, arising from the synergistic interaction between cannabinoids
and terpenoids, is believed to enhance the therapeutic efficacy of cannabis-derived
products [29].

According to the World Health Organization, trade in medicinal plants, raw herbal
materials and herbal pharmaceuticals is increasing by approximately 15% annually [34].
This growing acceptance of herbal therapy results from the notion that natural products
are safe, inexpensive and readily available [35]. Research has consistently demonstrated
a strong and intricate link between oxidative stress and inflammation, considering the
former as a primary cause of the latter [36]. Conventional treatments for these conditions
often carry adverse side effects, highlighting the urgent need for alternative therapeutic
approaches. Consequently, this study determined the chemical profiles of the EOs from
the fresh and dried inflorescences of two C. sativa commercial cultivars grown in the
Eastern Cape Province of South Africa, using gas chromatography–mass spectrometry
(GC-MS). The antioxidant and anti-inflammatory capacity of the floral EOs were assessed
in vitro using the DPPH radical scavenging spectrophotometric assay and the albumin
denaturation assay, respectively. Furthermore, molecular docking of the phytochemicals
present in the EOs was performed against NOX2 and NIK (NF-κβ-inducing kinase)
proteins to explore potential molecular targets and mechanisms of action underlying the
bioactivities of the studied EOs as antioxidant and anti-inflammatory agents.
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2. Results and Discussion
2.1. Physicochemical Analysis of Fresh and Dried Flower EOs from Two C. sativa Cultivars

The cultivars evaluated were commercially available varieties, and because they are
grown under various conditions, the observed differences may result from both genetic
and environmental factors rather than solely genetic variation. Fresh and air-dried materials
were analyzed as distinct postharvest states, and yields were expressed as a percentage
of fresh weight (w/w), calculated as the mass of the extracted material divided by the
mass of the starting material at the time of analysis. The results are shown in Table 1.
Upon hydro-distillation, the fresh Lifter flower oil (LFO) and the dried Lifter flower oil
(DLFO) afforded yields of 0.64% and 0.91% (w/w), respectively. On the other hand, the
fresh and dried flower oils from the Cherrywine cultivar (CFO and DCFO) had yields of
0.27% and 1.99% (w/w), respectively. Overall, the DCFO exhibited a higher oil yield. That
said, the yield range for the fresh and dried flower oils was 0.05–18.0% (w/w), which aligns
with the literature [37], and the variation in EO yields suggests differences in essential
oil content. The EOs obtained were yellow in color and had a mildly floral, sweet smell.
This could indicate oils with high concentrations of monoterpenes and sesquiterpenes,
characterized by a sweet, floral and woody aroma [23]. Monoterpenes such as ocimene,
with a fruity fragrance, and linalool, known for its lavender-like scent, are commonly found
in cannabis. Additionally, sesquiterpenes such as bisabolol, characterized by a sweet floral
aroma; nerolidol, known for its woody, citrusy scent; and caryophyllene and humulene,
associated with an earthy, woody aroma, could contribute to the aroma of the flower
oils [23].

Table 1. Percentage yield and physicochemical analysis of floral EOs of two C. sativa cultivars.

Sample Codes Total Weight of
Fresh Plant (g) Net Weight of Oils (g) % Yield

(w/w) Color Odor/Scent

LFO 189.3 1.22 0.64 Bright yellow Sweet

CFO 361.00 0.97 0.27 Pale yellow Mildly sweet

DLFO 189.3 1.72 0.91 Yellow Mildly floral

DCFO 100 1.99 1.99 Transparent Mildly sweet
Fresh (LFO; CFO) and dried (DLFO; DCFO) flower oils of two C. sativa cultivars.

2.2. Chemical Composition of Floral EOs of Two C. sativa Cultivars

The chemical compositions of the inflorescence (flowers) EOs from two cultivars of C.
sativa, as revealed by the chromatographic profiles, are presented in Figure S1 and Table 2.
The main chemical constituents in the flower EOs of both cultivars include caryophyllene
(10.71–19.96%), levo-β-pinene (1.37–13.21%), humulene (5.88–9.77%), caryophyllene oxide
(4.32–7.49%), D-limonene (1.40–5.48%), α-pinene (2.22–5.22%), nerolidol (0.63–4.97%), cis-β-
ocimene (0.22–4.37%), linalool (1.12–4.28%), selina-3,7(11)-diene (0.15–4.23%), humulene-1,2-
epoxide (1.23–3.32%), guaiol (0.17–2.60%), (+)-β-selinene (1.20–2.51%), trans-α-bergamotene
(0.68–2.37%), β-ocimene (0.90–2.27%), fenchol exo- (0.15–1.27), terpineol (0.14–1.38%), α-
terpineol (0.19–0.75%) and naphthalene,1,2,3,4,4a,5,6,7-octahydro-4a,8-dimethyl-2-(1-methylethe
nyl) (0.58–0.90%). The flower oils contained predominantly oxygenated sesquiterpenes,
except for DLFO, which had almost the same amount of monoterpenes (43.78%) as of
sesquiterpenes (46.43%) present. In addition, the fresh plant materials (LFO and CFO)
contained more chemical components. Interestingly, some EO constituents were present
exclusively in the fresh and dried plant materials.
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Table 2. Chemical composition of EOs from fresh and dried flowers of two cultivars of C. sativa.

RI Lit.

Percent Composition of Plant Parts (%)

RT
(Min) Chemical Components Identified a CAS No. RI Cal. b LFO c DLFO d CFO c DCFO d

8.175 1-Vinyl-5,5-dimethyl[2.1.1]bicyclohexane 016626-39-4 919 920 - 0.65 0.10 -
8.815 α-Pinene 000080-56-8 936 936 2.22 5.22 3.17 3.19
9.370 Camphene 000079-92-5 950 950 - 0.54 - -
10.498 Levo-β-pinene 018172-67-3 980 992 12.35 3.11 13.21 1.37
11.245 β-Pinene 000127-91-3 1000 976 - - - 13.96
11.272 β-Terpinene 000099-84-3 1000 1020 - 19.23 - -
12.544 D-limonene 005989-27-5 1033 1030 2.88 5.48 1.76 1.40
12.936 Trans-β-ocimene 003779-61-1 1044 1048 - - - 0.33
13.301 β-Ocimene 013877-91-3 1053 1050 - 0.90 2.72 -
13.318 cis-β-Ocimene, (Z) 003338-55-4 1054 1053 0.22 - - 4.37
14.611 L-fenchone 007787-20-4 1087 ** - 0.33 - -
14.996 Rosefuran 015186-51-3 1098 1093 - - 0.07
15.122 Linalool 000078-70-6 1101 1103 1.49 4.28 1.12 2.18
15.489 Fenchol exo- 022627-95-8 1110 1117 0.37 - - 0.16
15.503 Fenchol 001632-73-1 1111 1123 - 1.27 0.15 -
15.738 Pinene hydrate 000473-54-1 1117 1145 0.27 - - -
15.745 trans-2-Pinanol 004948-29-2 1117 1118 - 0.79 0.15 -
16.213 cis-p-Mentha-2,8-dien-1-ol 003886-78-0 1129 1131 0.16 - - -
16.477 Myroxide 028977-57-3 1136 1138 - - 0.18 -
17.191 Endo-borneol 000507-70-0 1155 1156 0.21 0.60 - -
17.984 α-Terpineol 000098-55-5 1176 1189 0.75 - - 0.19
17.994 Terpineol 1000411-59-6 1176 ** - 1.38 0.14 -
18.547 2,6-Dimethyl-3,5,7-octatriene-2-ol, E,E- 1000141-11-8 1190 1208 - - 0.19 -
23.183 Ylangene 014912-44-8 1400 1367 0.16 0.20 - -
23.305 α-Copaene 1000360-33-0 1377 1370 - - 0.07 -
23.556 n-Hexyl hexanoate 006378-65-0 1378 1386 0.63 0.33 - -
24.128 (Z,Z)-α-farnesene 1000293-03-1 1411 1462 - - 0.63 -
24.134 Isocaryophyllene 000118-65-0 1411 1406 - - - 0.63
24.544 Caryophyllene 000087-44-5 1428 1423 10.71 11.33 19.59 19.96
24.723 (E)-β-farnesene 018794-84-8 1435 1442 - - 0.12 -
24.883 trans-α-Bergamotene 013474-59-4 1441 1437 0.68 0.70 2.37 2.42
24.967 α-Guaiene 003691-12-1 1445 1439 - - 4.82 5.62
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Table 2. Cont.

RI Lit.

Percent Composition of Plant Parts (%)

RT
(Min) Chemical Components Identified a CAS No. RI Cal. b LFO c DLFO d CFO c DCFO d

25.371 Humulene 006753-98-6 1461 1457 6.03 5.88 9.77 9.62
25.518 Alloaromadendrene 025246-27-9 1467 1462 0.95 1.11 - -
25.732 4,5-Di-epi-aristolochene 1000374-17-1 1476 1471 - - 0.11 -
25.900 γ-Muurolene 030021-74-0 1483 1480 - 0.27 - -
25.989 α-Amorphene 020085-19-2 1487 1485 0.26 0.25 - -
26.035 α-Curcumene 000644-30-4 1489 1480 - - 0.22 0.32

26.092 Naphthalene,1,2,3,4,4a,5,6,7-octahydro-4a,8-
dimethyl-2-(1-methylethenyl)- 103827-22-1 1491 1492 0.67 0.58 0.87 0.90

26.166 (+)-β-Selinene 017066-67-0 1494 1492 1.36 1.20 2.40 2.51
26.323 Valencene 004630-07-3 1500 1503 3.60 0.82 - -
26.379 α-Selinene 000473-13-2 1503 1493 - - 0.15 0.14
26.385 4,11-Selinadiene 1000192-43-5 1503 1473 - - 2.25 -
26.472 Guaia-9,11-diene 1000374-19-8 1507 1521 - - 0.21 -
26.665 β-Bisabolene 000495-61-4 1514 1514 1.25 1.52 - -
26.675 δ-Guaiene 003691-11-0 1515 1509 - - 9.72 10.91
26.824 γ-Cadinene 039029-41-9 1521 1513 0.22 0.22 - -
26.919 β-Cyclogermacrene 024703-35-3 1525 1505 - 0.55 - -
26.920 Bicyclogermacrene 067650-90-2 1525 1505 0.68 - -
27.035 β-Sesquiphellandrene 020307-83-9 1530 1525 - - 0.54 0.67

27.345 Naphthalene, decahydro-4a-methyl-1-methylene-7-
(1-methylethylidene)-, trans- 058893-88-2 1542 1544 - 2.22 - -

27.505 Selina-3,7(11)-diene 006813-21-4 1549 1546 4.23 3.47 0.15 -
27.866 β-Germacrene 015423-57-1 1564 1558 0.52 0.19 - -
27.970 Nerolidol 007212-44-4 1568 1556 1.03 - -
27.989 Nerolidol 000142-50-7 1569 1570 - 0.63 4.18 4.97
28.548 Caryophyllene oxide 001139-30-6 1592 1583 7.49 4.32 7.47 5.59
28.827 Guaiol 000489-86-1 1603 1600 2.60 1.54 0.17 -
28.969 Ledol 000577-27-5 1609 1608 0.32 - - -
29.117 Humulene-1,2-epoxide 019888-34-7 1615 1603 3.32 1.67 1.75 1.23
29.216 Patchoulane 025491-20-7 1619 1618 - - - 0.12
29.352 7-Epi-γ-eudesmol 117066-77-0 1624 1660 3.81 1.96 0.17 -
29.506 Isoaromadendrene epoxide 1000159-36-6 1631 1590 - 0.33 - -
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Table 2. Cont.

RI Lit.

Percent Composition of Plant Parts (%)

RT
(Min) Chemical Components Identified a CAS No. RI Cal. b LFO c DLFO d CFO c DCFO d

29.635 Caryophylla-4(12),8(13)-dien-5-α-ol 019431-79-9 1636 1637 0.56 - - -
29.698 Caryophylla-4(12),8(13)-dien-5-β-ol 019431-80-2 1639 1644 - - 0.27 0.18
30.045 β-Eudesmol 000473-15-4 1653 1652 1.94 0.75 - -
30.108 α-Eudesmol 000473-16-5 1655 1643 2.68 1.17 - -
30.405 Bulnesol 022451-73-6 1668 1666 1.88 0.80 - -
30.772 α-Bisabolol 000515-69-5 1683 1685 5.74 2.54 - -
31.046 Juniper camphor 000473-04-1 1694 1700 0.48 0.21 - -
31.300 Rotundone 018374-76-0 1745 1722 - - 0.11
36.253 m-Camphorene 020016-73-3 1958 1944 - 0.23 0.09 -

Total compounds identified 85.80 90.77 91.50 92.95
Total monoterpenes (%) 20.92 43.78 22.97 27.16
Total sesquiterpenes (%) 64.88 46.43 68.44 65.79
Others (%) - 0.56 0.09 -

a Compounds are listed in order of their retention time (RT). b RI (retention index) measured relative to n-alkanes (C9–C36) using a ZB-5MS capillary column. c Essential oil of fresh plant
parts (Lifter and Cherrywine). d Essential oil of dried plant parts (Lifter and Cherrywine). ** No literature for RI. Bold values refer to the main constituents of the EOs.
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Notable sesquiterpenes found exclusively in LFO include nerolidol (1.03%), ledol
(0.32%), caryophylla-4 (12),8(13)-dien-5-α-ol (0.56%) and bicyclogermacrene (0.68%). cis-
β-Ocimene, (Z), fenchol exo-, pinene hydrate, cis-p-mentha-2,8-dien-1-ol and α-terpineol
were the monoterpenes present exclusively in the fresh Lifter oil (LFO), whereas monoter-
penes such as camphene, β-terpinene (19.23%), β-ocimene, fenchol and trans-2-pinanol
were present exclusively in the dried flower oil (DLFO). Nerolidol (0.63%) with a differ-
ent CAS number was identified, along with other sesquiterpenes, present exclusively in
DLFO. Notable sesquiterpenes present exclusively in the Lifter cultivar include ylangene,
α-amorphene, valencene, β-bisabolene, alloaromadendrene, γ-cadinene, β-eudesmol, α-
eudesmol, bulnesol and α-bisabolol. On the other hand, rosefuran, myroxide, β-ocimene
and α-copaene were monoterpene compounds found exclusively in the fresh Cherrywine
flower oil (CFO), while sesquiterpenes such as δ-guaiene, 4,11-selinadiene, guaia-9,11-
diene, 4,5-di-epi-aristolochene, (E)-β-farnesene and (Z,Z)-α-farnesene were present in CFO.
The monoterpenes found exclusively in the dried Cherrywine flower oil (DCFO) are β-
pinene (13.21%), trans-β-ocimene, cis-β-ocimene (4.37%) and α-terpineol. Interestingly,
the sesquiterpenes found exclusively in the DCFO are isocaryophyllene and patchoulane.
Notable compounds found exclusively in both fresh and dried plant parts of the Cherry-
wine cultivar include caryophylla-4(12),8(13)-dien-5-β-ol, β-sesquiphellandrene, α-selinene
and α-curcumene. All terpenes identified in this study are reported in previous stud-
ies [20,26,38,39], except for patchoulane, α-curcumene, rosefuran and myroxide, which are
not widely reported in C. sativa literature.

Although these sesquiterpenes and monoterpenes have been found in other medic-
inal plants, their biological activities have been reported. For example, patchoulane, the
sesquiterpene found exclusively in DCFO, has been reported in Cyperus rotundus (Cyper-
aceae), which showed moderate cytotoxicity against human ovarian cancer cells [40].
Computational studies of rosefuran, a monoterpenoid-derived furan, suggest its modest
antioxidant/radical scavenging capacity in essential oil mixtures [41]. Myroxide, an oxirane
derivative of ocimene, is a monoterpene present exclusively in CFO and has been reported
to be present in elevated levels in the EO samples of Artemisia absinthium exploited for its
antimicrobial, antioxidant and anti-inflammatory properties [42]. α-Curcumene is reported
to have antimicrobial, antioxidant, anti-cancer and anti-inflammatory activities [43,44].
Caryophylla-4(12),8(13)-dien-5-β-ol, found in CFO, has been reported in Psidium species,
and the fresh stembark of C. sativa has cytotoxic, antifungal, anti-inflammatory, larvicidal,
antimicrobial and antioxidant properties [45,46]. It is worth noting that the EOs were
cannabinoid-free, unlike in previous reports [47]. Most of these natural monoterpenes
and sesquiterpenes from the cannabis flower have relaxing sedative and anti-depressive
effects. Oxygenated sesquiterpenes such as α-bisabolol, bulnesol and α-eudesmol, present
in pharmacologically appreciable quantities in the Lifter flower oils, have been reported to
have antifungal, antiplatelet, anticholinesterase, antioxidant, antiemetic, anti-inflammatory,
anticancer and anti-tumor activities [13,48,49]. Caryophyllene, caryophyllene oxide and hu-
mulene, present in both cultivars, have also been reported as the main constituents of
cannabis flower oil [17,33]. Consequently, given previous biological reports on the terpenes
of C. sativa, the flower EOs of both cultivars studied may be a potential source of therapeutic
agents for disease management.

2.3. Evaluation of In Vitro Antioxidant Activity of the Fresh and Dried C. sativa Floral EOs of
Two C. sativa Cultivars

In this study, the 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging assay was
used. This spectrophotometric method was used to quantify the free radical scavenging
activity of the flower EOs of two C. sativa cultivars. The spectrophotometric method is
sensitive, cost-effective, reproducible, rapid and can measure antioxidant capacity in any
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extract compared with antioxidant standards such as L-ascorbic acid [50]. The antioxidant
activities of the EOs from fresh (LFO, CFO) and dried (DCFO, DLFO) flowers of both C.
sativa cultivars were determined as indicated by the 50% inhibitory concentration (IC50) of
the radicals, as well as the standard (ascorbic acid).

The results in Table 3 and Figure 1a,b show that the % inhibition of most flower
EOs remained below 50% across all concentrations; hence, the IC50 values could not be
determined. At a low concentration, fresh Cherrywine flower oil (CFO) showed negative %
inhibition values, indicating low scavenging potency. Increased inhibition was observed at
higher concentrations, and the compound showed better activity than DCFO. The fresh
Lifter flower oil (LFO) showed significantly (p < 0.001) higher antioxidant activity at
100 µg/mL, with an IC50 value of 69.50 ± 4.05; however, the lower IC50 value (11.28 ± 0.20)
of the standard (ascorbic acid) indicates that the standard possesses greater antioxidant
potency overall. LFO, with levo-β-pinene (12.35%) and caryophyllene (10.71%) as its
major constituents, showed better antioxidant activity than DLFO. Studies [51,52] have
shown that the major compounds in LFO can scavenge reactive oxygen species, but CFO,
DCFO and DLFO contain a higher percentage of caryophyllene. This observation suggests
that the antioxidant potency of fresh Lifter flower oil (LFO) is influenced by its overall
chemical composition rather than by its major constituents. Notably, LFO contained unique
constituents, including pinene hydrate (0.27%), ledol (0.32%), caryophylla-4(12),8(13)-
dien-5-α-ol (0.56%), bicyclogermacrene (0.68%), nerolidol (1.03%) and cis-p-mentha-2,8-
dien-1-ol (0.16%). Minor constituents at low concentrations can contribute to biological
activity, as synergistic interactions between major and minor compounds may enhance
overall antioxidant activity. Perhaps the poor dose–response and negative inhibition
values observed from some of the tested EOs (CFO, DCFO and DLFO) may be due to subtle
chemical compositional changes and possible chemical changes (oxidation and degradation)
due to prolonged storage, as cannabis essential oils become chemically unstable over time,
which can produce secondary products that can affect the oils’ quality and efficacy [33,38,53].
The antioxidant assay provided reproducible results with the standard control (ascorbic
acid), which indicates that the observed sample variability is not a methodological issue.
It is worth noting that re-extracting the essential oils to assess the potential impact of
prolonged sample storage was not performed in the present study.

Table 3. In vitro antioxidant activities (IC50) of flower oils of two C. sativa cultivars.

Test Samples
IC50 ± SD (µg/mL)

DPPH

LFO 69.50 ± 4.05 ***
DLFO ND
CFO ND

DCFO ND
Ascorbic acid 11.28 ± 0.20

Data are expressed as the mean ± standard deviation (n = 3). *** (p ≤ 0.001) of fresh Lifter (LFO), when compared
with the standard L-ascorbic acid. ND = not determined in dried Lifter (DLFO), fresh Cherrywine (CFO) and dried
Cherrywine (DCFO) flower oils.

2.4. Inhibitory Effect of C. sativa Flower Oils on Protein Denaturation

The protein (egg albumin) denaturation test is an analytical technique for rapidly
and reliably assessing the anti-inflammatory activity of natural products [54]. The mean
percentage inhibitions and IC50 values of the flower EOs from two C. sativa cultivars,
with egg albumin denaturation, are shown in Figure 2 and Table 4 below. At the lowest
concentration of 6.25, CFO exhibited 94.18 ± 0.08 inhibition, which was significantly
(p ≤ 0.01) higher than that of diclofenac (52.58 ± 4.16). Diclofenac showed greater potency
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and reproducible inhibitory activity, with an IC50 of 9.25 ± 1.09, compared with the flower
oils. The flower EOs exhibited higher IC50 values and greater variability in their inhibitory
response, indicating lower potency than the standard. The fresh LFO exhibited an IC50

value of 16.12 ± 10.01, lower than those of DLFO, CFO and DCFO, but with reduced
precision due to variability in their inhibitory activity. The EOs from the Cherrywine
cultivar had the least potency relative to their IC50 values. Overall, the 50% inhibitory
concentration (IC50) values of the EOs could not be used to rank the potency of the flower
oils or the cultivars due to the high standard deviation relative to the mean IC50. This
variability in inhibitory responses observed in the tested EOs may be due to differences
in sample composition and compositional changes that influence bioactivity [55,56]. The
positive control (diclofenac) exhibited consistent results across replicates, confirming the
reliability of the assay conditions.

 

Figure 1. (a) In vitro anti-inflammatory activity of fresh (CFO) and dried (DCFO) flower oils by
DPPH method. Data are represented as the mean ± S.D. (n = 3). * p ≤ 0.05; ** p ≤ 0.01; *** p ≤ 0.001;
NS = non-significant when compared with the standard ascorbic acid. (b) In vitro antioxidant activity
of fresh (LFO) and dried (DLFO) flower oil by DPPH method. Data are presented as the mean ± S.D.
(n = 3). * p ≤ 0.05; ** p ≤ 0.01; *** p ≤ 0.001 when compared with the standard (ascorbic acid).

https://doi.org/10.3390/molecules31111814

https://doi.org/10.3390/molecules31111814


Molecules 2026, 31, 1814 11 of 23

Figure 2. In vitro anti-inflammatory activity of flower oils of two C. sativa cultivars. Results are given
as the mean ± S.D. (n = 3). * p ≤ 0.05; ** p ≤ 0.01; NS = non-significant.

Table 4. In vitro anti-inflammatory activities (IC50) of flower oils of two C. sativa cultivars.

Test Samples
IC50 ± SD (µg/mL)

DPPH

LFO 16.12 ± 10.01
DLFO 18.61 ± 2.27
CFO 20.36 ± 3.88

DCFO 78.66 ± 6.31
Diclofenac 9.25 ± 1.09

Data are expressed as the mean ± standard deviation (n = 3). Fresh Lifter flower oil (LFO), dried Lifter flower oil
(DLFO), fresh Cherrywine flower oil (CFO) and dried Cherrywine flower oil (DCFO).

2.5. In Silico Molecular Docking of Flower Oil Constituents

The NOX2 and NIK (NF-κβ-inducing kinase) proteins were molecularly docked
against the main components found in the essential oils from the flowers of two C. sativa
cultivars. The results of the research showed that Ile67, Leu186, Ile189, Phe216, Phe215,
Phe212, His209, His101, Leu68, Val71, Arg284, His210, Tyr280, Trp206, Arg287, Arg73,
Phe202, Phe205, Arg198, Leu98, Ser193, Trp106, Lys102, Ala105, Ile190 and Ile108 formed
the active site pocket in NOX2 (PDB ID 7U8G) (Figure 3). Table 5 displays the binding
energy scores of the EO constituents found exclusively in the dried and fresh flowers of the
Cherrywine cultivar against the NOX2 protein. Among the phytocompounds, α-curcumene
showed the best binding energy score of −7.5 kcal/mol with hydrophobic interactions
(Leu186, Ser193, Phe216), Alkyl and Pi-Alkyl interactions including (Ile67, Leu68, Val71,
Ala105, Ile108, Ile189, Ile190, His209, Phe215), Pi–Pi stacked and Pi–Pi T stacked interactions
(His101, Phe212) and a covalent bond (Ile189) (Figure 4A). It is interesting to note that these
residues, located in the active site (Figure 4), are associated with α-curcumene, a compound
shown to play a crucial role in the interaction between NOX2 and small-molecule inhibitors
(Figure 4A). The enzyme NOX is a membrane-bound ROS producer. When the enzyme
NOX moves an electron from one oxygen atom to another, superoxide is created. CAT
uses reduced GSH to catalyze the further conversion of hydrogen peroxide, which it first
converts from superoxide to water. The standard L-ascorbic acid showed a binding energy
score of −5.7 kcal/mol with hydrophobic interactions (His115, His119, Ala175, Ile182)
and hydrogen bonds (Gly176, Gly179, Thr183, His222) (Figure 4B).
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Figure 3. Amino acids forming the active site pocket in NOX2.

Table 5. Binding energy scores of the essential oil compounds found exclusively in the dried and fresh
flowers of the C. sativa Cherrywine cultivar with NOX2 protein.

S/No. Compound Name Binding Affinity (Kcal/mol)

1 β-Pinene −6.5
2 trans-β-Ocimene −5.5
3 β-cis-Ocimene −5.8
4 Rosefuran −7.1
5 Myroxide −6.4

6 2,6-Dimethyl-3,5,7-
octatriene-2-ol, E,E- −5.7

7 α-Copaene −6.2
8 (Z,Z)-α-farnesene −6.4
9 Isocaryophyllene −6.1
10 (E)-β-farnesene −5.9
11 α-Guaiene −4.2
12 4,5-Di-epi-aristolochene −5.1
13 α-Curcumene −7.5
14 4,11-Selinadiene −5.3
15 Guaia-9,11-diene −6.1
16 β-Sesquiphellandrene −6.5
17 Patchoulane −4.9

18 Caryophylla-4(12),8(13)-
dien-5-β-ol; −5.0

19 α-Selinene −6.3
20 δ-Guaiene −6.6
21 Rotundone −5.7
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Figure 4. Molecular docking interactions of NOX2 with (A) α-curcumene and (B) L-ascorbic acid.
The blue ribbon represents the NOX2 protein. α-Curcumene and L-ascorbic acid are shown as
green sticks.

The NIK (NF-κβ-inducing kinase) protein and the native ligand produced the active
site pocket (Figure 5). Table 6 displays the binding energy scores of the essential oil
compounds found exclusively in the dried and fresh flowers of the Lifter cultivar against
NIK. The molecule β-bisabolene was found to have a slight upper hand compared with the
remaining constituents, returning a binding energy score of −7.7 kcal/mol and interacting
with the hydrophobic interaction (Gly407, Arg408, Gly409, Gly412, Met469, Glu470, Leu472,
Ser476, Asp519, Asn520, Cys533, Asp534) and alkyl (Leu406, Val414, Ala427, Lys429,
Leu471, Leu522) of the protein NIK (Figure 6A). However, the standard diclofenac is not
far behind: it showed −5.9 kcal/mol with the hydrophobic interactions (Gly162, Asn164,
Leu173, Ala174, Gln177, Phe217, Thr226) and hydrogen bond (Leu167), Pi-Alkyl (Val414,
Ala427, Lys429, Met469, Leu522, Cys533) interactions (Figure 6B). Interestingly, Figure 6
shows that these active site residues are associated with β-bisabolene, a compound shown
to play a significant role in the interaction between NIK and small-molecule inhibitors
(Figure 6A). NIK plays an important role as an upstream regulator of the NF-κβ signaling
pathway for inflammation. Therefore, for illnesses associated with inflammation, blocking
or inhibiting NIK may be a promising strategy to reduce or modulate inflammatory disease.
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Figure 5. Amino acids forming the active site pocket in NIK.

Table 6. Binding energy scores of the essential oil compounds found exclusively in the dried and
fresh flowers of the C. sativa Lifter cultivar with NIK protein.

S/No. Compound Name Binding Affinity (Kcal/mol)

1 Camphene −5.3
2 β-Terpinene −6.1
3 L-fenchone −6.5
4 Pinene hydrate −4.9
5 cis-p-Mentha-2,8-dien-1-ol −5.0
6 Endo-borneol −6.3
7 Ylangene −6.6
8 n-Hexyl hexanoate −4.2
9 Alloaromadendrene −5.1
10 γ-Muurolene −4.9
11 α-Amorphene −4.4
12 Valencene −4.0
13 β-Bisabolene −7.7
14 γ-Cadinene −5.8
15 β-Cyclogermacrane −7.1
16 Bicyclogermacrene −6.4

17 Naphthalene, decahydro-4a-methyl-1-
methylene-7-(1-methylethylidene)-, trans- −5.7

18 β-Germacrene −6.2
19 Nerolidol (CAS No. = 007212-44-4) −6.4
20 Ledol −6.1
21 Isoaromadendrene epoxide −5.9
22 Caryophylla-4(12),8(13)-dien-5-α-ol −4.2
23 β-Eudesmol −5.1
24 α-Eudesmol −4.9
25 Bulnesol −4.4
26 α-Bisabolol −5.1
27 Juniper camphor −5.2
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Figure 6. Molecular docking interactions of NIK with (A) β-bisabolene and (B) diclofenac. The pink
ribbon represents the NIK protein. β-bisabolene and diclofenac have been illustrated as green sticks.

3. Materials and Methods
3.1. Reagents and Experimental Procedure

HPLC-grade solvent (hexane, 2.5 L), DPPH (1,1-diphenyl-2-picrylhydrazyl), fresh
eggs, diclofenac, ascorbic acid, glassware, and vials were sourced from Sigma-Aldrich (Pty)
Ltd. (Johannesburg, South Africa) through a licensed local supplier, Shalom Laboratories
(Musgrave Road, Durban, South Africa). Distilled water was prepared and used for hydro-
distillation with a Clevenger-type apparatus. Absorbance values of the DPPH and EAD
assays were obtained on a 680-Bio-Rad microplate reader (serial number 14966, Bio-rad
Laboratories, Inc., Hercules, CA, USA).

3.2. Ethical Consideration

A permit for research on Cannabis sativa, including cannabis collection, was obtained
from the South African Health Products Regulatory Authority (SAHPRA) under permit
No. PIA-HP-EC-2022-0023. Furthermore, approval for the execution of the study was
obtained through the Walter Sisulu University research ethics committee, with approval
reference number WSU/FNS-GREC-2021/12/01/G9. Fresh whole cannabis plants of the
two cultivars studied were also deposited at Walter Sisulu University’s herbarium for
authentication, with the voucher numbers AEO-001 and AEO-002 assigned to the Lifter
and Cherrywine cultivars, respectively.

3.3. Sample Collection and Extraction Procedure

The cultivars were obtained from the Eastern Cape Hemp Producers’ Associa-
tion (ECHPA) in South Africa. The seeds of the Lifter cultivar with the serial number
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Lot#:2020 - -A6, were sourced from Jack Hempicine LLC, 3395 S Pacific Hwy. W, Inde-
pendence, Oregon, USA (OR 97351) and was cultivated using the greenhouse approach,
while Cherrywine was sourced from Bodhi Urban of Longmont, Colorado, USA (CO 80501)
and was cultivated outdoors. Notably, Cherrywine is a hybrid of 50% indica and 50%
sativa, while the Lifter cultivar is 100% sativa. Dried (shed-dried in the dark at 25 ◦C
for 14 days) and fresh flowers of the two C. sativa cultivars were obtained in sealed FDA-
approved polyethene bags from Komga in the Eastern Cape province of South Africa (GPS
coordinates: 32.577◦S 27.888◦E). Extraction of EOs from fresh and dried flower samples
was carried out following ASTM (D8282-19) guidelines [57] and according to the methods
of Naz et al. [58] and Oyedeji et al. [59] with slight alterations. A hydro-distillation method
using a Clevenger-type apparatus was employed to extract essential oils from the flowers
of the cultivars. This technique is reliable, enables efficient isolation of volatile constituents,
and the % yield (w/w) standardizes the results obtained regardless of the amount of plant
material available. The fresh flower samples were extracted immediately upon arrival from
the farm, while the dried samples were extracted subsequently. A sample-to-solvent ratio
sufficient to ensure that the solvent (distilled water) level was above the level of the plant
material was used in a round-bottom flask [60]. The round-bottom flask was placed on
the heating mantle, and the temperature was set to 100 ◦C for 1 h, then decreased to 80 ◦C
for 3 h, for a total extraction time of 4 h, until no further EO accumulation was observed,
indicating that the extraction was complete. The EO was collected over a hexane–water
mixture. The EO accumulated in the hexane portion was collected and stored in glass vials
at 0–4 ◦C until analysis.

3.4. Physicochemical Analysis of the EOs

The yields of the EOs were determined gravimetrically (w/w) as the percentage (%)
yield of fresh (LFO, CFO) and dried (DLFO, DCFO) flower of the C. sativa cultivars using
Equation (1)

Essential oil yield (%) =
W1
W2

× 100 (1)

where W1 = net weight of oils (grams) and W2 = total weight of fresh/dried plant (grams)
The oil yield is reported as (% w/w). Gas chromatography coupled with mass spectrometry
(GC-MS) was used to determine the chemical composition (terpene profiles) of the extracted
essential oils.

3.5. GC-MS Sample Preparation and Analysis

Chromatographic separation was performed on a gas chromatograph (6890 N, Agilent
Technologies Inc., Santa Clara, CA, USA) coupled to an inert XL EI/CI Mass Selective
Detector (MSD) (5975B, Agilent Technologies Inc., Palo Alto, CA, USA). The GC-MS system
was coupled to a CTC Analytics PAL autosampler. Separation of the essential oils was
performed on a 5% phenyl dimethylpolysiloxane fused-silica non-polar ZB-5MS (30 m,
0.25 mm ID, 0.25 µm film thickness) capillary column (model number: Zebron 7HG-G010-
41, Phenomenex Inc., Torrance, CA, USA). Helium was used as the carrier gas at a flow
rate of 1 mL/min. In total, 50 µL of the sample was diluted with 950 µL of acetone before
injection into the GC-MS, 1 µL of the EOs of C. sativa cultivars was diluted in 4 µL n-
hexane, and the mixture was injected on the GC operated at a 50:1 split ratio. The injector
temperature was maintained at 240 ◦C. The oven temperature was programmed as follows:
50 ◦C for 6 min, ramped at 5 ◦C/min to 320 ◦C, and held for 2 min. The MSD was operated
in full scan mode, and the source and quad temperatures were maintained at 230 ◦C
and 150 ◦C, respectively. The transfer line temperature was maintained at 250 ◦C. The
mass spectrometer was operated in electron impact (EI) mode at 70 eV, scanning from 35 to
650 m/z.
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Identification and Quantification of the EOs

The chemical compounds were quantified on the basis of the relative response in the
MS chromatograms and identified through their linear retention indices (LRI) relative to a
series of n-alkanes (C9–C36) on the same capillary column. The LRI values obtained were
compared with values reported in the NIST web book, ChemSpider, PubChem and other
literature [59,61–63].

3.6. Determination of Antioxidant Activity

The DPPH free radical scavenging activity of the EOs was determined following a
previously reported method [64] with slight modifications. A total volume of 40 mL of
0.1 mM DPPH free radical in methanol was added to 1 mL (1000 µL) of a serially diluted
oil sample at 100, 50, 25, 12.5 and 6.25 µg/mL in triplicate. Next, 100 µL of the test samples
and the control solution was transferred to a 96-well plate and incubated in the dark at
room temperature for 30 min. The absorbance was measured at 490 nm on a microplate
reader. Radical scavenging activity was calculated according to Equation (2).

% DPPH inhibition =
ABScontrol − ABSsample

ABScontrol
× 100 (2)

where ABSsample = absorbance of the test sample, while ABScontrol = absorbance of the
negative control (methanol). The data obtained were plotted against the concentration of
the oil samples, and the fitting of the data to the dose–response equation provided the IC50

values, which show the concentration that caused a 50% inhibition of the DPPH radical.

3.7. In Vitro Anti-Inflammatory Analysis of EOs

The in vitro anti-inflammatory potential of the floral EOs was determined by their
inhibitory effect on protein denaturation using the egg albumin denaturation assay, as
described by Ameena et al. [65], with slight modifications. For this, 0.1 mL of albumin from
a fresh chicken egg, 1.4 mL of phosphate-buffered saline with a pH range of 6.8–7.4 (15 M)
and 1 mL of C. sativa flower oil at concentrations of 6.25, 12.5, 25, 50 and 100 µg/mL were
mixed in three replicates. The reaction mixture was incubated at 37 ◦C for 15 min away
from direct light. Then, it was heated to 70 ◦C and held for 5 min in a thermostatic water
bath. The resulting mixture was allowed to cool before the absorbance was measured at
490 nm. Diclofenac was used as the reference anti-inflammatory drug. The percentage
inhibitory effect of the EOs on egg albumin denaturation (EAD) was calculated according
to Equation (3).

% inhibition of EAD =
A0 − A1

A0
× 100 (3)

where EAD = egg albumin denaturation, A0 = absorbance of the control and AI absorbance
in the presence of samples and standard. The concentration that inhibited EAD by 50% was
taken as the IC50 value, which was calculated by linear interpolation between concentrations
immediately above and below 50% inhibition.

3.8. Statistical Analysis

The antioxidant and anti-inflammatory assay results were analyzed using KyPlot
software, version 6.0 (Kyenslab, Tokyo, Japan). Differences between the standard and
EO samples were compared for significance using a parametric test (paired t-test). All
measurements are expressed as the mean ± standard deviation (n = 3). Linear square
regression was selected to calculate IC50 values. Differences considered significant (p ≤ 0.05)
are labeled with an asterisk (*) within the bar graphs.
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3.9. In Silico Molecular Docking

Molecular docking analysis was conducted using the main chemical constituents of
the essential oils from the flowers of two C. sativa cultivars to investigate their potential to
mitigate oxidative stress and inflammation. The Protein Data Bank (http://www.rcsb.org)
provided the PDB structures of NOX2 and NIK (NF-κB-inducing kinase), with the PDB
IDs 7U8G [66] and 4DN5 [67], respectively. After removing the water atoms from the
protein structures, AutoDockTools (version 1.5.6) were used to add polar hydrogen atoms
and Kollman charges in preparation for docking. The NCBI PubChem (https://pubchem.
ncbi.nlm.nih.gov/) was used to download the phyto-compounds. The downloaded SDF
structures were then converted to PDB format using the Open Babel Server [68]. The
ligand structures were optimized for energy using the PRODRG server [69], and then their
energies were subsequently minimized using the GROMOS 96 force field. The Discovery
Studio visualization program was used to visualize the docked complexes after Autodock
Vina completed the molecular docking process [70,71].

4. Conclusions
This study investigated the flower (inflorescences) of two C. sativa cultivars from

Komga, South Africa, for their essential oils, and antioxidant and anti-inflammatory activi-
ties. Eighteen (18) major constituents were identified to be present in fresh and dried flower
oils of both cultivars. The dried flower of the Cherrywine cultivar (DCFO) afforded a higher
oil yield (1.99 w/w), while the EOs from the Lifter cultivar contained more chemical con-
stituents (51). Notably, the EOs from both cultivars were cannabinoid-free and contained
predominantly oxygenated sesquiterpenes. The EO from the fresh Lifter flower oil (LFO)
showed moderate antioxidant activity compared with the other flower oils, based on its
considerable DPPH radical scavenging effects. The activity of the LFO may be attributed
to its overall chemical composition with the exclusive presence of cis-β-ocimene, fenchol
exo-, pinene hydrate, cis-p-mentha-2,8-dien-1-ol, α-terpineol, bicyclogermacrene, nerolidol,
ledol, and caryophylla-4 (12),8(13)-dien-5-α-ol. The flower EO samples exhibited potential
anti-inflammatory activity in vitro, with potency indicated by their IC50 values; however,
variability in the inhibitory responses limits the ranking of the samples. Consistent results
from the standard control replicates in the antioxidant and anti-inflammatory assays indi-
cate that the method was reliable, and the observed variations among the tested EO samples
are unlikely to be due to methodological inconsistencies and are probably due to sample
composition and possible storage-related effects. In silico studies suggest β-bisabolene
and α-curcumene as potential molecular targets for the observed bioactivity, on the basis
of their high binding energy scores with the NOX2 and NIK proteins implicated in ROS
and inflammation, respectively. This study has therefore highlighted the considerable
antioxidant and anti-inflammatory activity of C. sativa flower oils and their potential for
managing oxidative stress-related conditions. However, a limitation of the study is that the
two cultivars were grown under different environmental conditions; thus, the observed
differences in chemical profiles may reflect both genetic variation and environmental effects.
Consequently, the present findings should be interpreted with caution as a comparison of
essential oil profiles under the respective cultivation conditions, given the limited sample
size (n = 3), and further studies with increased replication are recommended. Cultivation of
both cultivars under the same and controlled environmental conditions would be necessary
to distinguish genetic effects from environmental influences. Future directions may also in-
clude structural characterization of the major compounds, mechanistic and dose–response
confirmation, evaluating the toxicity, including MTT cytotoxicity, total ROS analysis, phar-
macokinetic properties and in vivo activity of the oils against oxidative damage to DNA,
lipids and proteins.
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Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/molecules31111814/s1, Figure S1: GC-MS Total Ion Chromatograms
of: (a) Fresh Lifter flower oil (LFO); (b) Dried Lifter flower oil (DLFO); (c) Fresh Cherrywine flower
oil (CFO); (d) Dried Cherrywine flower oil (DCFO).
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The following abbreviations for the amino acids found in proteins, as well as other abbreviations, are
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Ile Isoleucine
Leu Leucine
Phe Phenylalanine
Arg Arginine
His Histidine
Ser Serine
Trp Tryptophan
Val Valine
Tyr Tyrosine
Lys Lysine
Ala Alanine
Thr Threonine
Gly Glycine
Glu Glutamic acid
Gln Glutamine
Asp Aspartic acid
Asn Asparagine
Cys Cysteine
Met Methionine
CAT Catalase (enzyme)
GSH Reduced glutathione
IC50 Inhibitory concentration
ABSSample Absorbance value of samples
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ABSControl Absorbance value of control
DNA Deoxyribonucleic acid
NOX2 NADPH oxidase 2
NADPH Nicotinamide adenine dinucleotide phosphate (reduced form)
NF-κβ Nuclear factor kappa B
NIK NF-κB-inducing kinase
EAD Egg albumin denaturation
VOCs Volatile organic compounds
MVA Mevalonic acid
MEP Methylerythritol
EOs Essential oils
ROS Reactive oxygen species
MTT cytotoxicity 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
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