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Abstract: Lipophilic metabolites such as carotenoids, fatty acids, vitamin K1, phytosterols, and
tocopherols are important antioxidants that are used in the cosmetics, foods, and nutraceutical
industries. Recently, there has been a growing demand for the use of byproducts (wastes) as a
potential source of industrially important compounds. The leaves of Kaempferia parviflora (black
ginger) (KP-BG) are major byproducts of KP-BG cultivation and have been reported to contain several
bioactive metabolites; however, the composition of lipophilic metabolites in KP-BG leaves has not
been examined. In this study, the lipophilic antioxidant profile was analyzed in the leaves of KP-BG
plants grown in vitro and ex vitro. Lipophilic compounds, namely carotenoids (80.40–93.84 µg/g
fresh weight (FW)), tocopherols (42.23–46.22 µg/g FW), phytosterols (37.69–44.40 µg/g FW), and
vitamin K1 (7.25–7.31 µg/g FW), were quantified using LC–MRM–MS. The fatty acid profile of the
KP-BG leaves was identified using GC–FID/MS. The content of individual lipophilic compounds
varied among the KP-BG leaves. Ex vitro KP-BG leaves had high levels of lutein (44.38 µg/g FW),
α-carotene (14.79 µg/g FW), neoxanthin (12.30 µg/g FW), β-carotene (11.33 µg/g FW), violaxanthin
(11.03 µg/g FW), α-tocopherol (39.70 µg/g FW), α-linolenic acid (43.12%), palmitic acid (23.78%),
oleic acid (12.28%), palmitoleic acid (3.64%), total carotenoids (93.84 µg/g FW), and tocopherols
(46.22 µg/g FW) compared with in vitro KP-BG leaves. These results indicate that ex-vitro-grown KP-
BG leaves could be used as a valuable natural source for extracting important lipophilic antioxidants.

Keywords: black ginger; byproducts; carotenoids; fatty acids; phylloquinone; tocopherols; phytos-
terols

1. Introduction

The genus Kaempferia Linn. (Zingiberaceae) includes approximately 60 medicinal
herbs native to Southeast Asia, China, and India [1]. Kaempferia species have been used
in indigenous medicine for centuries [2]. Kaempferia extracts possess antimicrobial [3],
antinociceptive [4], antitumor [5], antiallergenic [6], antiobesity [7], antiviral [8], antioxi-
dant [9], anticholinesterase [10], anti-inflammatory [11], neuroprotective [12], and wound
healing [13] properties. Several bioactive metabolites, namely diterpenoids, flavonoids,
phenolics, steroids, triterpenes, and volatile oils, have been identified in Kaempferia species
(reviewed in [2]).

Kaempferia parviflora, known as black ginger (KP-BG), is distributed in India, Laos,
Myanmar, and Thailand. KP-BG is commercially produced in Thailand and other South-
east Asian countries using rhizomes. The rhizome of KP-BG is used to treat infantile colic,
weakness, diabetes, male impotence, gout, and ulcers in folk medicine. Methoxyflavones
(5,7-dimethoxyflavone, 3,4,5,7-tetramethoxyflavone, 5-hydroxy-3,7,3,4-tetramethoxyflavone,
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5,3′-dihydroxy-3,7,4′-trimethoxyflavone, 5,7,4′-trimethoxyflavone, and 3,5,7,4,5-pentame-
thoxyflavone), kaempferiaosides, and terpenoids obtained from KP-BG rhizome extracts
have been reported to possess anti-allergic [6], adaptogenic [14], antimutagenic [15], hep-
atoprotective [16], anti-osteoporotic [17], and antioxidant [17] properties. The foliage of
Kaempferia spp., a major byproduct of Kaempferia cultivation, is also considered a good
source of bioactive metabolites [18–23], and has been reported to have antinociceptive,
anti-inflammatory [20], sedative [21], antioxidant, and tyrosinase inhibition [22] properties.
The leaves of Kaempferia galanga and Kaempferia rotunda are also used as food flavoring
agents and for preparing beverages [22,24,25]. The total carotenoid, flavonoid, phenolic,
essential oil, and alpha-tocopherol contents in leaves of several Kaempferia spp. have been
reported [22,23,26,27]. Chan et al. [22] reported that the total phenolic content and antiox-
idant capacity were higher in the leaf extract than in the rhizome extract of K. galanga.
To date, there is only one study [23] on the bioactive metabolite profile and biological
activity of KP-BG foliage extract. Park et al. [23] screened bioactive metabolites in both
in-vitro-cultured and ex-vitro-grown KP-BG plant leaves. Their results showed the pres-
ence of many bioactive metabolites (phenolics and flavonoids) in KP-BG leaves that were
previously reported in rhizomes. However, no literature is available about the lipophilic
compounds present in the leaves of KP-BG. Carotenoids, fatty acids, phylloquinone, phy-
tosterols, and tocopherols are lipophilic compounds that play important roles in plant
development and defense against stress [28–31]. These lipophilic nutrients are also cru-
cial for human health [32,33] because of their antioxidant, antiaging, anti-inflammatory,
anticancer, and cardioprotective properties [34,35]. Thus, there is a growing demand for
the evaluation of lipophilic substances in plants. The content of bioactive metabolites
in field-grown plants is often influenced by climatic and soil conditions. In the present
study, the profile and content of lipophilic compounds in KP-BG leaves of in-vitro-raised
plantlets and ex-vitro (polyhouse)-grown plants were investigated. The analysis and
quantification of these antioxidant components using LC–MRM–MS and GC–FID/MS is
documented for the first time. The results show the presence of five classes of metabolites,
namely carotenoids, fatty acids, phylloquinone, phytosterols, and tocopherols, in KP-BG
byproducts that have beneficial effects on human health. The levels of several lipophilic
compounds were higher in ex vitro KP-BG leaves than the in vitro KP-BG leaves. The high
content of lipophilic metabolites, mainly α-carotene in KP-BG leaves, encourages scientists
to explore this plant further.

2. Materials and Methods
2.1. Standards and Chemicals

Authentic standards of phylloquinone (Vitamin K1), γ-tocopherol (γ-Toc), β-tocopherol
(β-toc), α-tocopherol (α-Toc), 24α-ethyl cholesterol, 24α-methyl cholesterol, trans-β-apo-
8′-carotenal (internal standard), 5-α-Cholestan-3β-ol (internal standard), 37-component
fatty acid methyl esters (FAME) mix, CRM47885 (standard fatty acid), ammonium for-
mate (NH4HCO2), boron trifluoride (BF3)–methanol (MeOH) solution (14% in methanol),
butylated hydroxytoluene (Bht), cyclohexane (Cyhex), dichloromethane (Dcm), isopropyl
alcohol (Ipa), magnesium carbonate (MgCO3), sodium sulfate anhydrous (Na2SO4), sodium
chloride (NaCl), and magnesium oxide (MgO) were purchased from Merck Ltd., Seoul, Ko-
rea. Acetone (Ace), water (H2O), hexane (Hex), methyl tert-butyl ether (MTBE), methanol
(MeOH), chloroform (CHCl3), and ethanol (EtOH) were acquired from Daejung, Siheung-si,
Korea. The major carotenoids, namely (all-E)-violaxanthin (Vio), (all-Z)-neoxanthin (Neo),
(all-E)-lutein (Lut), and (all-E)-β-carotene (β-Car), used in this study were purified from
lettuce (Romaine green: Lactuca sativa var. longifolia ‘Esse’) using preparative thin-layer
chromatography (TLC), employing a kieselguhr and magnesium oxide (1:1, w/w)-coated
TLC plate, and a mobile phase of Ace: Hex (1:1, v/v) [36]. Similarly, another carotenoid,
(all-E)-α-carotene (α-Car), was purified from carrots.
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2.2. Plant Material

Leaves (3 months old) of KP-BG were collected from in-vitro-raised plantlets and ex-
vitro (polyhouse)-grown plants. KP-BG plantlets were raised according to Park et al. [23].
Briefly, surface-sterilized rhizome buds of KP-BG were cultivated on Murashige and
Skoog (MS) basal medium with agar (0.8%), sucrose (3%), 6-benzyladenine (8.0 µM),
and thidiazuron (0.5 µM) under 24 ± 1 ◦C and a 16 h photoperiod (40 µmol s−1 m−2)
for shoot induction. After four weeks, the regenerated KP-BG shoots were grown on
medium MS with agar (0.8%), sucrose (3%), and indole-3-butyric acid (2.0 µM) under
24 ± 1◦C and a 16 h photoperiod (45 µmol s−1 m−2) for root induction. The cultures were
subcultured on the same fresh rooting medium at 6-week intervals. After 6 weeks, rooted
KP-BG plantlets were planted into plastic trays containing a mixture of peat moss, perlite,
and vermiculite (40:30:30) and maintained in a growth room under a 16 h photoperiod
(90 µmol s−1 m−2) at 24 ± 1 ◦C. They were fertigated with MS basal nutrient solutions at
three-day intervals. After 5 weeks, well-developed KP-BG plantlets were transplanted into
plastic pots containing peat moss, perlite, and vermiculite (40:30:30) and maintained in a
polyhouse under a 12 h photoperiod (230 µmol s−1 m−2) at 26± 1 ◦C. They were fertigated
with Hyponex nutrient solution (2 g L−1; N:P:K; 20:20:20) every four days. Lettuce and
carrot were procured from E-mart (Seoul, Korea).

2.3. Analysis of Lipophilic Metabolites Using Liquid Chromatography–Multiple Reaction
Monitoring–Mass Spectrometry (LC–MRM–MS)

The lipophilic metabolites were extracted from KP-BG leaves using Ace:Hex:EtOH
(1:2:1) containing 0.1% (w/v) Bht (lipophilic extraction (LE) solution) as previously de-
scribed [37]. Briefly, 4 g (exact to 0.001 g) of KP-BG leaves was placed in an amber glass vial
containing 40 µL of trans-β-apo-8′-carotenal and 5-α-Cholestan-3β-ol (internal standards,
dissolved in Ace, 1 mg/mL), a pinch of MgCO3, and 10 mL of LE solution. Samples
were homogenized, sonicated (300 W, 60 Hz) for 15 min (JAC-2010, Sonics & Materials
Inc., Newtown, CT, USA), centrifuged (5000× g for 5 min at 4 ◦C), and the supernatant
was collected. The sample was re-extracted with 10 mL of fresh LE solution until the
extract became colorless. Combined supernatants were evaporated at <35 ◦C using a rotary
vacuum evaporator (RE 111, Büchi, Flawil, Switzerland), reconstituted with 4 mL of Ace
comprising 0.1% BHT, and filtered (0.45 µm, Nylon syringe filter, Whatman) into an amber
vial for LC–MRM–MS analysis.

Conditions for quantitative lipophilic antioxidant determination were adopted as
described by Kim et al. [38]. Analysis was performed on a triple quadrupole mass spec-
trometer (SCIEX API 3200™, Applied Biosystems/MDS SCIEX, CA, USA) equipped with
liquid chromatography (Exion LC™ system, Applied Biosystems/MDS SCIEX, Foster City,
CA, USA). The LC separation was accomplished using a C30 carotenoid column YMC,
250 × 4.6 mm × 5 µm (Wilmington, NC) using mobile phases consisting of solvent A
(MeOH/H2O (95:5, v/v) containing NH4HCO2 (5 mM)) and solvent B (MTBE/MeOH/H2O
(90:7:3, v/v/v) containing NH4HCO2 (5 mM)) following the gradient elution starting from
0% B to 100% B in 45 min with a constant flow rate (1 mL/min) at 20 ◦C. Then, 20 mL of
KP-BG leaf extract was injected into the YMC column using an autosampler. The optimized
values of multiple reaction monitoring are listed in Table S1. Three independent extracts
obtained from in vitro or ex vitro KP-BG leaves were analyzed in triplicate.

Comparative High-Performance Liquid Chromatography (HPLC) Analysis of Carotenoids
in Carrot, KP-BG, and Lettuce

Extraction and analysis of carotenoids were performed following the protocols of
Kim et al. [37] and Park et al. [39], respectively. The identification of (all-E)-α-carotene
was performed by comparison of the RT with standard (all-E)-α-carotene) and absorption
spectra were recorded by a diode array detector (DAD).
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2.4. Composition of Fatty Acids

Lipids from KP-BG leaves were extracted following our optimized protocols [40,41],
with minor modifications, originally based on a previous report [42]. First, 1 g of fresh
leaves of KP-BG was mined with 20 mL of Ipa/Cyhex (10:12, v/v) and 0.075% Bht (w/v),
sonicated for 10 min (JAC-2010; 300 W, 60 Hz), centrifuged (8000× g for 10 min at 4 ◦C), and
the supernatant was collected. The sample was re-extracted with 20 mL of fresh solvent.
Combined supernatants (approximately 40 mL) were partitioned with an equal volume of
1 M NaCl. The Ipa layer was collected, filtered through Na2SO4, and evaporated at 35 ◦C
using a Büchi RE 111 rotary vacuum evaporator; the residue was dissolved in 3 mL of
Cyhex/Dcm (1:3, v/v) containing 0.1% Bht, and stored at −20 ◦C.

Fatty acid methyl esters (FAMEs) were prepared using a BF3–MeOH solution (14% in
methanol), according to the manufacturer’s guidelines, with minor modifications. First,
1 mL of KP-BG lipid sample was placed in a 5 mL glass vial and evaporated at 35 ◦C
using a Büchi RE 111 rotary vacuum evaporator; 1 mL of BF3-MeOH solution was added,
and then it was heated at 60 ◦C for 10 min. After cooling, the KP-BGFAME solution was
washed with 1 M NaCl, recovered in 2 mL of Hex containing a small amount of Na2SO4,
and filtered through a 0.45 µm nylon syringe filter into a vial.

FAMEs were quantitatively analyzed according to Saini et al. [41] using an Agilent
(Agilent Technologies Canada, Inc.) 7890 B GC equipped with a flame ionization detector
(FID), an autoinjector, and an SP-2560 100 m × 0.25 mm I.D. × 0.20 µm film thickness
capillary GC column (Merck KGaA, Darmstadt, Germany). The column oven temperature
was set to hold at 140 ◦C for 5 min, increased to 240 ◦C at a rate of 4 ◦C/min, and finally
held at 240 ◦C for 15 min. Nitrogen was used as the carrier gas (2 mL/min). For GC–MS
analysis, a QP2010 SE system (Shimadzu, Japan) was used. Three independent extracts
(FAMEs) obtained from in vitro or ex vitro KP-BG leaves were analyzed in triplicate.

3. Results
3.1. Lipophilic Metabolite Content

The amounts of lipophilic metabolites in the KP-BG leaves are listed in Table 1. The
lipophilic metabolites identified and measured in KP-BG leaves by LC–MRM–MS can be
categorized as carotenoids, vitamin K1, tocopherols, and phytosterols. Higher amounts of
total carotenoids (93.84 µg/g FW) and total tocopherols (46.22 µg/g FW) were found in
the leaves of ex-vitro-raised KP-BG, whereas the levels of vitamin K1 (7.31 µg/g FW) and
total phytosterols (44.40 µg/g FW) were higher in the leaves of in-vitro-grown KP-BG than
ex-vitro-raised KP-BG.

LC–MRM–MS chromatograms of carotenoids found in KP-BG leaf extracts are shown
in Figure 1. Five carotenoids were identified in the KP-BG leaves. Among them, Lut
(39.42–44.38 µg/g FW) was the major carotenoid, followed by α-Car (10.85–14.79 µg/g
FW), Neo (10.10–12.30 µg/g FW), β-Car (10.61–11.33 µg/g FW), and Vio (9.42–11.03 µg/g
FW) (Table 1). LC–MRM–MS chromatograms of vitamin K1, tocopherols, and phytosterols
in KP-BG leaf extracts are shown in Figure 2. α-Toc (31.08–39.07 µg/g FW) was the
predominant tocopherol in KP-BG leaves, followed by β-Toc (3.44–5.66 µg/g FW) and
γ-Toc (3.08–5.49 µg/g FW). Two phytosterols were identified in the leaves of KP-BG.
Specifically, 24α-ethyl cholesterol (30.55–36.62 µg/g FW) was the dominant phytosterol,
followed by 24α-methyl cholesterol (7.14–7.78 µg/g FW).
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Table 1. Contents of major lipophilic metabolites from the KP-BG leaves, quantified (µg/g FW) by
the LC–MRM–MS method.

S/No Analyte In Vitro Leaves Ex Vitro Leaves

1 (all-E)-Violaxanthin 9.42 11.03
2 (all-Z)-Neoxanthin 10.10 12.30
3 (all-E)-Lutein 39.42 44.38
4 (all-E)-α-carotene 10.85 14.79
5 (all-E)-β-carotene 10.61 11.33

6 Total carotenoids
(S/No. 1+2+3+4+5) 80.40 93.84

7 Phylloquinone (Vitamin K1) 7.31 7.25
8 γ-Tocopherol 5.49 3.08
9 β-Tocopherol 5.66 3.44
10 α-Tocopherol 31.08 39.70

11 Total tocopherols (S/No.
8+9+10) 42.23 46.22

12 24α-ethyl cholesterol 36.62 30.55
13 24α-methyl cholesterol 7.78 7.14
14 Total phytosterols 44.40 37.69
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3.2. Composition of Fatty Acids

The GC chromatograms of FAMEs of KP-BG leaves are shown in Figure 3. Eight
fatty acids were identified in the KP-BG leaves, as shown in Table 2. α-Linolenic (43.12%),
palmitic (23.78%), oleic (12.28%), palmitoleic (3.64%), and lauric (1.14%) acids were the
major fatty acids in the ex-vitro-raised KP-BG leaves, whereas linoleic (21.35%) and capric
(5.47%) were the dominant fatty acids in the leaves of in-vitro-raised KP-BG. However, the
stearic acid content (4.85–4.86%) in both leaf tissues was almost similar (Table 2). Higher
levels of total saturated fatty acids (SFAs, 33.89%) and total polyunsaturated fatty acids
(PUFAs, 61.03%) were found in KP-BG leaves grown in vitro. Ex-vitro-raised KP-BG leaves
had a higher content of total monounsaturated fatty acids (MUFAs, 15.91%) than the KP-
BG leaves grown in vitro (5.08%). The ratios of PUFAs:SFAs (1.80) and PUFAs:MUFAs
(12.00) in the KP-BG leaves grown in vitro were higher than those in the ex-vitro-raised
KP-BG leaves.
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S/No FAME RT (Minute) In Vitro Leaves Ex Vitro Leaves

1 C10:0 (Capric) 11.029 5.47 3.03
2 C12:0 (Lauric) 13.666 1.03 1.14
3 C16:0 (Palmitic) 20.509 22.53 23.78
4 C16:1 (Palmitoleic) 21.744 1.37 3.64
5 C18:0 (Stearic) 24.082 4.86 4.85
6 C18:1n9c (Oleic) 25.169 3.71 12.28
7 C18:2n6c (Linoleic) 26.789 21.35 8.17
8 C18:3n3 (α-Linolenic) 28.625 39.68 43.12

Oleic: linoleic acid 0.17 1.50
Total SFAs 33.89 32.80

Total MUFAs 5.08 15.91
Total PUFAs 61.03 51.29
PUFAs: SFAs 1.80 1.56

PUFAs: MUFAs 12.00 3.22

Values are % of total fatty acids. SFAs: total saturated fatty acids; MUFAs: total monounsaturated fatty acids; PUFAs: total polyunsaturated
fatty acids; RT: retention time.

4. Discussion

In recent decades, there has been a growing interest in using byproducts (wastes) as a
potential source for obtaining industrially important compounds. Ginger leaves have been
reported to contain several bioactive metabolites [22–27]; however, the profile and content
of lipophilic metabolites in KP-BG leaves have not been examined. Lipophilic compounds
such as carotenoids, tocopherols, plant sterols, and fatty acids are important antioxidants
that are used in the cosmetics, foods, and nutraceutical industries [32,43]. Plants and several
microorganisms produce carotenoids as fat-soluble colored pigments, which are used as
natural colorants in various industries [36,44]. These colored pigments are important
components required for light harvesting and photoprotection in plants [28]. The profile
and content of carotenoids in reproductive (flower, fruit, and seed) and vegetative (leaf and
stem) organs vary with plant species, cultivar, growth stage, and environment. In this study,
the ex-vitro-raised KP-BG leaves had higher total carotenoid content (93.84 µg/g FW) than
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the in-vitro-grown KP-BG leaves (80.40 µg/g FW). A similar result was observed in Aronia
melanocarpa [45] and Sedum dasyphyllum [46]. Of the identified carotenoids, Lut was found
to be a major component (44.38 µg/g FW) in KP-BG leaves (Table 1). Lut has been identified
as the predominant carotenoid in leafy green vegetables and the mature leaves of many
medicinal plants [37,39,45–47].

α-Car and β-Car are important provitamin A carotenoids found in Cucurbita pepo,
Daucus carota, Ipomoea batatas, and some cultivars of apricot, beans, and squash at high
concentrations [48,49]. However, these provitamin A carotenoids were found in green
leaves at low concentrations. In addition, the β-Car content in leaf tissues is often higher
than that α-Car [50]. In this study, the presence of a high amount of α-Car (similar to β-Car)
in ginger foliage was surprising. Generally, in green foliage, complete conversion of α-Car
to Lut causes the dominance of lutein and the absence of α-Car [51]. α-Car was absent in the
leafy vegetables studied by Lakshminarayana et al. [51], including Basella rubra, Peucedanum
sowa, Moringa oleifera, Trigonella foenum-graecum, Spinacia oleracea, Sesbania grandiflora, and
Raphanus sativus. Similarly, α-Car was not recorded in the fresh-cut foliage of Romaine (red)
(Lactuca sativa var. romana), Komatsuna (Brassica rapavar. perviridis), salad rocket (Garden
rocket, Arugula) (Eruca sativa, syn. E. vesicaria subsp. sativa), wild rocket (perennial wall
rocket) (Diplotaxis tenuifolia), and Batavian lettuce (Lactuca sativa L. var. acephala) [52]. Thus,
considering the previous findings of the absence of α-Car in several green foliages and
confirming its significant presence in ginger leaves, we recorded the absorbance spectrum
by online HPLC–DAD, which was in addition to the confirmation by retention time and
molecular mass of qualifier (Ql) and quantifier (Qt) transition ions of α-Car and other
metabolites quantified by LC–MRM–MS. However, the MRM transition of m/z 537.5/137.5
is common between α-Car and β-Car. The retention time (28.31 and 30.07 min for α- and
β-Car, respectively; Figure 1), transition of m/z 537.6/123.0 (produced selectively from
α-carotene; Figure 1), and the absorbance spectrum can easily distinguish between α-Car
(λmax: 446, 472) and β-Car (λmax: 450, 476) (Figure 4). Similarly, the chromatograms
of lettuce and carrot were compared. Orange carrots are the most significant source of
α-Car [53]. The α-Car peak was absent in lettuce, whereas it was dominant in ginger leaves
and carrots (Figure 5).
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Phylloquinone, another important antioxidant, is a lipid-soluble vitamin found in
plants [54]. The phylloquinone content in KP-BG leaves (7.31 µg/g FW) (Table 1) was
higher than that found in artichokes (16.2 µg·100 g−1 FW), broccoli (102 µg·100 g−1 FW),
broccoli raab (242 µg·100 g−1 FW), carrot (8.3 µg·100 g−1 FW), celery (29.0 µg·100 g−1

FW), cucumber (16.4 µg·100 g−1 FW), lettuce ‘Green leaf’ (127 µg·100 g−1 FW), pepper
(green) (7.1 µg·100 g−1 FW), potato (red) (3.2 µg·100 g−1 FW), sweet potato (1.8 µg·100 g−1

FW), radish (1.4 µg·100 g−1 FW) [55], and broccoli byproducts (leaves) (24.3 µg/g FW) [56].
Tocopherols are important bioactive compounds mainly obtained from photosynthetic
organisms [57]. The levels of individual tocopherols differed among KP-BG leaves. γ-Toc
(5.49 µg/g FW) and β-Toc (5.66 µg/g FW) levels were higher in in vitro KP-BG leaves
than in ex vitro KP-BG leaves (Table 1). However, the major tocopherol (α-Toc) content
in ex vitro KP-BG leaves (39.70 µg/g FW) was higher than that in in vitro KP-BG leaves
(31.08 µg/g FW). The variation in the tocopherol content of KP-BG leaves may be due to
differences in the growing environment, plant physiological status, and nutrient availability.
The production of metabolites through plant organ cultures also changes according to
environmental and nutritional factors [39,45,46]. It is worth mentioning that the α-Toc
content in ex vitro KP-BG leaves (39.70 µg/g FW) is higher than that of various medicinal
plants, such as Tanacetum vulgare (2.2 µg/g dry weight (DW), Silene vulgaris (11.21 µg/g
DW), Urtica dioica (16.52 µg/g DW), and Rosa canina L. cv. Plovdiv 1 (34.05 µg/g DW) [58].
Moreover, 24α-ethyl cholesterol is a valuable phytosterol found abundantly in plants
and has been reported to have antimicrobial, antioxidant, anti-inflammatory, antidiabetic,
anticancer, and immunomodulatory activities [59]. In this study, 24α-ethyl cholesterol was
found to be the major phytosterol in KP-BG leaves.

To the best of our knowledge, there are no reports on the fatty acid profile of KP-BG.
In this study, the fatty acid composition of KP-BG leaves was examined using GC–FID/MS
for the first time. α-Linolenic acid was found (39.68–43.12%) to be the most abundant
fatty acid in KP-BG leaves (Table 2). Similarly, α-Linolenic acid was identified as the
predominant fatty acid in the leaves of Mertensia maritima [39], Aronia melanocarpa [45],
Sedum dasyphyllum [46], and Ajuga multiflora [60]. In the in-vitro-raised KP-BG leaves, the
proportion of oleic acid (OA) decreased, and that of linoleic acid (LA) increased. A reverse
trend was observed in the ex-vitro-grown KP-BG leaves (Table 2). In plants, ∆12-fatty acid
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desaturase catalyzes the conversion of C18:1n9c (OA) to C18:2n6c (LA) [61]. Comparison
of OA:LA peaks can be discussed, as the OA:LA ratio is 0.17 in in-vitro-raised KP-BG
leaves and 1.5 in leaves obtained from ex-vitro-grown KP-BG plants (Figure 6). OA has
been reported to have anticancer activity and prevent cardiovascular diseases [62]. LA is
an important PUFA that is essential for human life [63]. In this study, the KP-BG leaves
raised in vitro had higher total PUFA content (61.03%) than the ex-vitro-grown KP-BG
leaves (51.59%). In addition, the percentage of individual identified fatty acids varied
among the KP-BG leaves. Similar results were also observed in in vitro cultures of Sedum
dasyphyllum [46], Ajuga multiflora [60], Argania spinosa [64], and conifers [65]. It has been
disclosed that plant growth regulators (PGR) could alter the fatty acid profile of treated
plants [46,60]. The addition of PGR to in vitro culture media is often required to stimulate
callus and shoot formation. Such calli and shoots (in-vitro-raised) may accumulate higher
levels of fatty acids than ex-vitro-grown plants [46].
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5. Conclusions

The lipophilic metabolite profiles and contents of KP-BG leaves were successfully ana-
lyzed using LC–MRM–MS and GC–FID/MS. The analysis and quantification of lipophilic
components is an engaging task and, using the sophistication offered by the dual analytical
approaches, we have been able to analyze and quantify the antioxidant compounds. The
present report elaborately consolidates the bioactive components present in these leaves.
In total, five carotenoids, three tocopherols, two phytosterols, eight fatty acids, and vitamin
K were identified in KP-BG leaves. Further, the quantification data confirmed that Lut,
α-Toc, 24α-ethyl cholesterol, and α-linolenic acid were the major lipophilic metabolites in
KP-BG leaves. In addition, the content of α-car was higher than that of β-car. The findings
of this study confirmed that KP-BG byproducts are a rich source of lipophilic antioxidants.
However, the beneficial effects of the individual lipophilic compounds identified in KP-BG
byproducts should be studied. This study confirms that KP-BG leaves are a rich reservoir
of the numerous listed antioxidant-rich bioactive metabolites and emphasizes the need to
exploit these resources for human benefit.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/antiox10101573/s1, Table S1: Optimized values of declustering potential (DP), entrance
potential (EP), collision energy (CE), cell exit potential (CXP) and retention time (Rt) of qualifier (Ql)
and quantifier (Qt) transition used for the liquid chromatography (LC)-multiple reaction monitoring
(MRM)-mass spectrometry (MS) quantification of major lipophilic metabolites from the Kaempferia
parviflora (black ginger) (KP-BG) leaves.
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