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Abstract: Triticum aestivum (wheat) is one of the most significant crops worldwide. This study
compares the chemical composition and radical-scavenging activities of two cultivars of T. aestivum,
Saekeumkang wheat (SW) and Baekkang wheat (BW). Sprouted wheatgrass extracts of SW and BW
were analyzed using assessments of total polyphenol and flavonoid contents, liquid chromatography-
electrospray ionization/mass spectrometry (LC-ESI/MS), and high-performance liquid chromatog-
raphy with a photodiode array (HPLC-PDA). Radical-scavenging activities were evaluated using
2,2-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid) (ABTS-*) and 2,2-diphenyl-1-picrylhydrazyl
(DPPH) assays. The results indicated that SW had a higher total polyphenol content than BW, while no
significant differences were observed regarding total flavonoid content. HPLC-PDA analysis, guided
by LC-ESI/MS, identified four compounds—saponarin, schaftoside, isoorientin, and isovitexin—with
isoorientin (3.02 mg/g extract) and schaftoside (4.23 mg/g extract) present in higher concentrations in
SW compared to BW. In the ABTS-* assay, the two samples did not show noticeable differences, with
SW displaying a scavenging ability with an ICs of 3.36 mg/mL, and BW with an ICsj of 3.19 mg/mL.
Contrarily, the DPPH assay results showed an inverse trend, suggesting that the radical-scavenging
behavior may be influenced by the synergistic and antagonistic interactions of the compounds in SW
and BW extracts.

Keywords: Triticum aestivum; HPLC/PDA; phytochemical; total phenolic content; antioxidant activity

1. Introduction

Wheat, rice, corn, and barley are major staple foods globally [1]. More than two-thirds
of the world’s inhabitants depend on rice as a staple food [2], including being preferred
by Korean customers [3]. Wheat, Triticum aestivum L. (TAL), is widely cultivated and the
second most significant staple food globally [4], and has a long history of farming, starting
between 8000 and 10,000 BC [5]. TAL is a member of the family Poaceae and is known
for its high content of various nutrients, including vitamins A and C [6]. The Poaceae
family, which includes about 11,000 species, displays the unique characteristic of a seed
coat merged with an outer layer of the ovary [7]. In the Republic of Korea, the average
person consumes about 32 kg of wheat per year, most of which is imported from other
countries, such as the United States of America (USA) or Canada [8]. In addition to being a
food crop, TAL is an allelopathic crop that can be utilized for weed control [9]. Moreover,
wheatgrass has the potential to alleviate osteoporosis, for example, by inhibiting dendritic
cell-specific transmembrane protein and cathepsin K [10].

There are several studies regarding the chemical composition of TAL grain and grass.
The grain of TAL contains several phenolic compounds. For instance, McKeehen et al. [11]
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analyzed the phenolic profiles of six TAL cultivars using high-performance liquid chro-
matography (HPLC), and found that ferulic and p-coumaric acids were primary con-
stituents. In addition, Kowalska et al. [12] isolated 14 phenolic compounds from the aerial
parts of TAL, including luteolin derivatives, such as isoorientin (luteolin-6-C-glucoside).
The young grass of the wheat plant has also been shown to contain various other substances,
such as chlorophyll and vitamins [13]. Ghumman et al. [14] conducted a HPLC analysis to
identify the chemical composition of TAL grass and found that it contained phenolic com-
pounds, such as gallic acid, catechin, and chlorogenic acid. Furthermore, Luyen et al. [15]
isolated eight compounds, including isoorientin, isoscoparin, and daucosterol, from a
methanol (MeOH) extract of TAL sprouts. However, there is still a lack of research about
the chemical composition and biological functions about the two less-studied cultivars,
namely Saekeumkang wheat and Baekkang wheat.

Sprouted TAL, or wheatgrass, is widely utilized as a juice for human consumption
owing to its potential pharmaceutical uses, such as managing thalassemia and hemolytic
anemia [16]. In addition, wheatgrass juice has become popular globally as a nutritional
supplement, as it contains valuable nutrients, for example, amino acids and vitamins [17].

Several studies have demonstrated the nutritional and other benefits of sprouted
vegetables, such as buckwheat and barley sprouts. For example, buckwheat sprouts have
been studied for their abundance of minerals and amino acids; in addition, they possess
higher rutin contents than buckwheat [18]. The phytochemicals that have been isolated
from the seeds of tartary buckwheat include kaempferol, quercetin and kaempferol-3-O-
rutinoside [19]. The results from an oral in vivo assay on inhibited rats confirmed that
the flavonoids isolated from buckwheat sprouts conferred anti-stress effects [20]. Due to
their flavor and scent, buckwheat sprouts are utilized as a food ingredient, for example, in
salads [21]. Likewise, barley grass is a rich source of various components, such as vitamins,
proteins, chlorophyll, and saponarin [22]. While comparing the chemical composition
of the fermented and unfermented sprouts of barley, Uy et al. [23] have performed a
HPLC/PDA analysis to identify compounds such as lutonarin, saponarin and isoorientin.
Furthermore, it has shown potential as a nutraceutical, as its juice exhibits antioxidant and
anti-obesity activity [24]. In addition, Li et al. [25] found that barley grass juice alleviated
tumor development in a hepatocellular carcinoma model. As a result of the germination
process, the phenolic contents in grains can be altered [26].

In addition, TAL grass has been studied as a treatment for diseases and a dietary sup-
plement [27]. Previous studies have demonstrated that the shoots of TAL have many health
benefits, such as being anti-carcinogenic, anti-inflammatory, inhibiting ulcers, preventing
arthritis, acting as an antioxidant, and demonstrating anti-aging activities [28,29]. In a
study by Kothari et al. [30], TAL grass juice, which contains flavonoids, triterpenoids, and
saponins, was administered to rats with hypercholesterolemia and effectively prevented
hyperlipidemia by excreting excess cholesterol.

Wheats take between 6 and 10 days to germinate and become wheatgrass [31]. In
addition to wheat sprouts, other plant sprout foods, including broccoli and buckwheat
sprouts, have been studied for their biological activities [32]. During germination, many
compounds, nutrients, and secondary metabolites, including vitamins, minerals, and
phenolic compounds, are produced [31,33]. However, further research is needed to better
understand how sprouting contributes to and enhances the nutritional value of foods [33].
Therefore, this study aimed to profile the phytochemicals and bioactive properties of the
TAL sprouts using liquid chromatography—electrospray ionization/mass spectrometry
(LC-ESI/MS), HPLC, total phenolic/flavonoid content, and antioxidant activities.

2. Materials and Methods
2.1. Plant Materials and Cultivation of Sprouts
The seeds of the TAL cultivars, Saekeumkang wheat (SW) and Baekkang wheat (BW),

were obtained from Jeonbuk State Agricultural Research & Extension Services, Iksan,
Republic of Korea. SW and BW samples were deposited at Jeonbuk State Agricultural
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Research & Extension Services, Iksan, Republic of Korea. The SW and BW seeds were sown
in a cultivation box [300 (L) x 220 (W) x 80 (H) mm] and soaked for 12 h, with 3 replicates,
on 1 November 2023. They were allowed to germinate in darkness for 2 days after seeding.
From the 3rd day, when sprouts began to appear, light-emitting-diode white light was
applied for 8 h a day; and hydroponic cultivation was performed with a circulation system
of 2 min per hour. The temperature was managed at 20-22 £ 1 °C with 65% relative
humidity. The upper part of the seedling that emerged from the seed was uniformly cut
using a knife. On the 13th day after sowing, wheatgrass was harvested, dried at 70 °C for
2 days, and then ground. The ground wheatgrass samples have been immediately used for
analysis after extraction.

2.2. Instruments and Reagents

Quantitative analyses were conducted using a Waters Alliance €2695 HPLC Separation
Module with a Waters 2998 photodiode array (PDA) detector (both Waters Corp., Milford,
MA, USA). The J'sphere ODS-H80 column (250 x 4.66 mm, S-4 um) was purchased from
YMC Co., Ltd. (Asan, Republic of Korea), and the trifluoroacetic acid was obtained from
Thermo Scientific Inc. (Waltham, MA, USA). The HPLC-grade water and MeOH were ob-
tained from Honeywell (Burdick and Jackson, Muskegon, MI, USA). Folin and Ciocalteu’s
phenol reagent, aluminum chloride hexahydrate, and sodium carbonate have been pur-
chased from Sigma Aldrich (Saint Louis, MO, USA). 2,2’-azino-bis-(3-ethylbenzothiazoline-
6-sulfonic) acid (ABTS-*) and 2,2-diphenyl-1-picrylhydrazyl (DPPH) have been acquired
from Thermo Fisher Scientific Inc. (Waltham, MA, USA). Syringic acid (1), saponarin (2),
3-feruloylquinic acid (3), schaftoside (4), isoorientin (5), isoschaftoside (6), vitexin-2-O-
rhamnoside (7), isovitexin (8), scoparin (9), and 2-hydroxycinnamic acid (10) were supplied
by Natural Product Institute of Science and Technology (www.nist.re.kr; accessed on 3
March 2024), Anseong, Republic of Korea (Figure 1).

Figure 1. Cont.
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Figure 1. Chemical structures of syringic acid (1), saponarin (2), 3-feruloylquinic acid (3), schaftoside
(4), isoorientin (5), isoschaftoside (6), vitexin-2-O-rhamnoside (7), isovitexin (8), scoparin (9) and
2-hydroxycinnamic acid (10).

2.3. Extraction of TAL Samples

The extraction method of samples was selected based on the evaluation of an appro-
priate solvent for high antioxidant activity conducted by Kulkarni et al. [34]. Dried samples
(10 g) of the sprouted cultivars were extracted using a Soxhlet extractor (Mtops Co., Seoul,
Republic of Korea) with 200 mL of ethanol (EtOH). The extraction procedure was repeated
thrice. The extracted solvent was concentrated using a rotary evaporator (Eyela, Tokyo,
Japan) to obtain a solid TAL wheatgrass extract.

2.4. Total Phenolic Content (TPC)

The solid TAL wheatgrass samples (10 mg) were dissolved in 5 mL of water to a
concentration of 2 mg/mL to prepare SW and BW test solutions. Tannic acid was prepared
as a standard at a concentration of 1 mg/mL and then diluted to concentrations ranging
between 6.25 and 200 ppm to construct a standard calibration curve. First, 60 pL of standard
or test solution was applied to a 96-well plate and 40 pL of 2N Folin and Ciocalteu’s phenol
reagent was added to each well. Next, 100 pL of 7.5% sodium carbonate (Na;CO3) solution
was added to each well and the plate was gently tapped to mix the solution well. Finally,
the solution was mixed using a microplate shaker (FINEPCR Co., Gunpo, Republic of
Korea) and measured using a microplate reader (BioTek, Winooski, VT, USA) at 760 nm
after being incubated for 30 min at room temperature in the dark. The total phenolic content
of samples was calculated as mg tannic acid (TA)/g units.

2.5. Total Flavonoid Content (TFC)

Quercetin was used as the standard for determining the flavonoid content. To create a
standard calibration curve, 1 mg of quercetin was dissolved in 80% EtOH to a concentration
of 1 mg/mL, and subsequently diluted to solutions between 3.9 and 125 ppm. Five mg
of each sample was dissolved in 5 mL of 80% EtOH to a concentration of 1 mg/mL. The
standard and test solutions were filtered through a 0.45 um polyvinylidene fluoride (PVDF)
membrane filter before use. Then, 100 pL of standard or test solutions were pipetted
into the wells of a 96-well plate, followed by adding 100 uL of 2% aluminum chloride
hexahydrate and mixing with a microplate shaker. The reaction was measured using a
microplate reader at an absorbance of 430 nm after being incubated for 10 min at room
temperature in complete darkness. The total flavonoid content of samples was calculated
as mg quercetin (QE)/g units.

2.6. ABTS-* Radical-Scavenging Activity

The ABTS-* radical-scavenging assay was conducted according to the protocol of
Doan et al. [35]. To assess the ABTS-* radical-scavenging activity of the TAL extracts, test
solutions of the two cultivars were made by dissolving 50 mg of each TAL EtOH extract in
water. Then, 10 pL of these solutions were added to a 96-well plate, followed by 200 uL
of ABTS-* working solution. The solutions were mixed using a microplate shaker and
then allowed to react in the dark for 30 min. Absorbance was measured at 734 nm using a
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microplate reader. Each test was performed in triplicate; the ABTS-* working solution was
replaced with water for the blank test. Ascorbic acid served as the standard. The radical-
scavenging activity of samples was indicated as a half-maximal inhibitory concentration
(ICs0) value (mg/mL).

2.7. DPPH Radical-Scavenging Activity

The DPPH radical-scavenging assay was conducted as described by So et al. [36]. First,
50 mg of each TAL EtOH extract was dissolved in EtOH and filtered through a PVDF
membrane filter to prepare the test solution. Then, 10 uL of the prepared test solutions
were added to a 96-well plate, followed by 200 uL of DPPH working solution. The plate
was agitated using a microplate shaker and left to react in the dark for 30 min. Absorbance
was measured at 514 nm using a microplate reader. The procedure was repeated three
times for each sample, with EtOH replacing the DPPH working solution for the blank test.
Ascorbic acid was used as the standard and control group.

2.8. Conditions for LC-ESI/MS

A Vanquish ultra-HPLC system (Thermo Scientific Inc. (Waltham, MA, USA) with a
Cortex T3 column (150 x 2.1 mm, 16 um particle size, Waters Corp., Milford, MA, USA)
kept at 45 °C was used for separation. The mobile phase consisted of water with 0.1%
formic acid (eluent A) and acetonitrile with 0.1% formic acid (eluent B). The total run time
was 55 min: the gradient started at 3% eluent B, ramping up to 15% over 15 min, then
climbing to 100% over the next 35 min, and holding for an additional 5 min. After that,
the column was re-equilibrated to 3% eluent B for 5 min. A constant flow rate of 0.25 mL
was maintained. A heated electrospray ion source equipped with a high-resolution mass
spectrometer (HRMS) was used for the analysis. The HRMS collected full-scan MS spectra
(m/z 100-1500) with a resolution of 70,000 using a quadrupole system, while operating in
positive and negative modes. For the positive ion mode, the spray voltage was adjusted to
3.5 kV, while for the negative ion mode, it was set to 3.0 kV. For the MS2 fragmentation, the
10 most intense precursor ions were chosen, and the spectra were acquired at a resolution
of 17,500. Additional MS parameters included a capillary temperature of 320 °C, sheath
gas at 50 astronomical units (AU), sweep gas at 1 AU, and auxiliary gas at 10 AU.

2.9. Preparation of Standard and Sample Solutions for HPLC Analysis

The TAL EtOH extracts were prepared to test solutions of 10 mg/mL by dissolving
30 mg of the extracts in 3 mL of MeOH and filtering them through a 0.45 um PVDF
membrane filter before HPLC analysis. Each standard was prepared to 1 mg/mL by
dissolving it in MeOH.

2.10. Conditions for HPLC/PDA

The quantitative HPLC/PDA analysis was conducted using a Waters Alliance 2695
HPLC Separation Module and Waters 2998 PDA detector. A J’sphere ODS-H80 column was
selected as the stationary phase. The flow rate was maintained at 1 mL/min, the injection
volume was set at 10 puL, and the ultraviolet (UV) wavelength was fixed at 254 nm. For the
mobile phase, 0.1% of trifluoroacetic acid in water (A) and acetonitrile (B) were used, and
the gradient elution system was arranged as follows: 88% A between 0 and 8 min, 80% A
at 20 min, 75% A at 40 min, 0% A at 45 to 50 min, and 88% A between 53 and 65 min.

2.11. Calibration Curves

The standard solutions were serially diluted to produce calibration curves. The area
of the calibration curve’s standard peak was indicated by the Y-axis values (AU), while
the X-axis values (ug/mL) represented the standards’ concentration. The calculation of
the total content of the standards (mg/g) involved multiplying the concentration of the
standard (C), the total volume of the test solution (V), the dilution factor (D), and the
standard purity (P), then dividing the result by the sample weight (W).
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2.12. Statistical Analysis

The experimental results are presented as the mean and standard deviation. Statistical
significance was tested using the Minitab 16 software (Minitab LCC, State College, PA,
USA), with an analysis of variance (ANOVA), followed by Duncan’s multiple range test.

3. Results
3.1. TPC and TFC

TPC and TFC were performed to gather preliminary profile information about the
TAL samples before conducting an in-depth chemical composition analysis. The assay
results demonstrated that the TPC of SW was higher compared with the BW, at 38.3 and
32.7 mg/g, respectively (Table 1). In contrast, no significant difference was seen in the TFC
of the SW and BW cultivars, with 12.5 and 14.8 mg/g, respectively (Table 1). Based on
these results, it was anticipated that the cultivars’ flavonoid compounds, determined by
HPLC/PDA, would be similar.

Table 1. TPC and TFC in the sprouts of SW and BW wheats.

Sample TPC (mg TAE/g) TFC (mg QE/g)
SW 383+1.72 12.5+232
BW 327 +14Pb 148 +202

TAE, tannic acid equivalent; QE, quercetin equivalent; *° lowercase letters indicate statistically significant differences.

3.2. LC-ESI/MS

The LC-ESI/MS analysis results identified ten compounds (Table 2). Figure 2 shows
the total ion chromatograms of SW EtOH extract, and the proposed compounds of the
LC-ESI/MS data analysis, including saponarin (2), schaftoside (4), isoorientin (5), and
isovitexin (8), are shown in Table 3.

Table 2. LC-ESI/MS profiling of the sprouts of the SW in positive and negative ionization modes.

Retention Time (min) MW [M — H]— MW [M + H]* Proposed Compound
11.60 367.1 - 3-Feruloylquinic acid 2
12.61 197.1 - Syringic acid 2
14.91 163.0 - 2-Hydroxycinnamic acid 2
16.21 563.1 - Isoschaftoside 2
17.12 593.2 - Saponarin 2
17.49 193.1 - Ferulic acid 2
17.90 563.1 565.1 Schaftoside 12
19.88 577.2 579.2 Vitexin-2-O-rhamnoside 2
19.89 431.1 433.1 Isovitexin 12
20.59 461.1 463.1 Scoparin 2

1 positive ion mode; 2 negative ion mode. H, additional proton; M, molecular compound; MW, molecular weight.

Table 3. Calibration curves for saponarin (2), schaftoside (4), isoorientin (5), and isovitexin (8).

Compound tr 2 Calibration Equation b R-Value ¢
2 16.6 - -
4 174 Y =10902X + 2665.4 1.0000
5 18.0 Y =21185X — 676.99 1.0000
8 22.1 - -

a retention time; P Y = peak area, X = concentration of the standard (ug/mL); © R-value = correlation coefficient for
five data points in the calibration curve.
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Figure 2. Total ion chromatograms of the sprouts of the SW in negative (a) and positive (b) ionization modes.
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3.3. HPLC/PDA Analysis

Ten compounds were selected for HPLC analysis, based on the LC-ESI/MS data
and the literature [37]. Among them, saponarin (2), schaftoside (4), isoorientin (5), and
isovitexin (8) were detected in the SW and BW extracts. Schaftoside (4) and isoorientin (5)
were quantified according to the calibration curves constructed for each; the calibration
curves exhibited good linearity, with a correlation factor of 1 (Table 3). The HPLC/PDA
chromatograms of the standards and samples are shown in Figures 3 and 4. The SW
exhibited slightly higher contents of schaftoside (4) and isoorientin (5) compared with BW
for the ethanolic extracts and dry-weight samples (Table 4). To illustrate, the schaftoside (4)
contents of the BW and SW ethanolic extracts were 3.91 and 4.23 mg/g, respectively, and
their isoorientin (5) contents were 2.53 and 3.02 mg/g, respectively.

0.507 r f 0

0.251 2\

B JM _\J@\M N R

10 20 30 40 50 60 min

AU

Figure 3. A HPLC/PDA chromatogram of compounds 1-10. The labeled peaks represent syringic
acid (1), saponarin (2), 3-feruloylquinic acid (3), schaftoside (4), isoorientin (5), isoschaftoside (6),
vitexin-2-O-rhamnoside (7), isovitexin (8), scoparin (9), and 2-hydroxycinnamic acid (10).

0.50"
4 f
2 0.25 \< 8
y
J ¥ e |
T T i l T I
10 20 30 40 50 60 min
@)
0.50°
5

0.257 \< y/

AU

10 20 30 40 50 60 min

(b)

Figure 4. HPLC/PDA chromatograms of the sprouts of SW (a) and BW (b). The labeled peaks
represent saponarin (2), schaftoside (4), isoorientin (5), and isovitexin (8).



Appl. Sci. 2024, 14, 10763 9o0f 12

Table 4. The contents of saponarin (2), schaftoside (4), isoorientin (5), and isovitexin (8) in the sprouts

of SW and BW.
SW BW
Compound
mg/g Extract mg/g DW mg/g Extract mg/g DW
2 tr tr tr tr
4 4.23+0.052 110 £0.012 3.9140.03° 0.98 +0.01°
5 3.02+£0.02° 0.78£0.01° 2.53+0.02° 0.63 +0.01°
8 tr tr tr tr

tr, trace amount; > lowercase letters indicate statistically significant differences.

3.4. Antioxidant Activities

The antioxidant assay results show that BW exhibited slightly stronger antioxidant
ABTS-* and DPPH radical-scavenging activities, having half-maximal inhibitory concentra-
tion (ICsp) values of 3.19 and 14.14 mg/mL, respectively, compared with SW’s ICsy values
of 3.36 and 16.12 mg/mL, respectively (Table 5). BW exhibited slightly stronger antioxi-
dant activities regarding DPPH than SW; however, it did not show significant difference
regarding ABTS-*.

Table 5. The radical-scavenging activity of the sprouts of SW and BW.

ABTS-* Radical-Scavenging Activity = DPPH Radical-Scavenging Activity

Sample (ICsp, mg/mL) (ICsp, mg/mL)

SW 3.36 & 0.09 @ 16.12 4 0.40
__.BwW_ . __389+03°* 1414+051°>

AA 0.124+0.00P 0.12 £ 0.00 €

AA, ascorbic acid; ICsp, half-maximal inhibitory concentration; abc Jowercase letters indicate statistically signifi-
cant differences.

4. Discussion

The current study aimed to determine the chemical composition and identify the bioac-
tive activities of two cultivars of TAL to identify potential pharmaceutical and nutraceutical
uses. As a result of the HPLC analysis, we also detected compounds in the samples that
have been previously studied in other cultivars of wheatgrass [11-15]. Saponarin (2), a
C-glycosidic flavonoid from Passiflora incarnata, is known to lower blood pressure, reduce in-
flammation, and support cardiac health [22,38]. Isoorientin (5), from Passiflora edulis leaves,
exhibits anti-inflammatory, antinociceptive, antioxidant, antidepressant, and anti-cancer
properties, and helps increase bone mineral density in rats [39—43]. Schaftoside (4) aids
wound healing, has strong antioxidant activity, and regulates melanin production [44—-46].
Isovitexin (8) is effective in inhibiting o-glucosidase [47].

BW has shown higher DPPH radical-scavenging activity compared to SW, but the two
samples were not statistically different regarding the ability to scavenge ABTS-*. Also,
contrary to expectations that higher total polyphenol contents would also influence the
bioactive functions of the two samples, the results of DPPH radical-scavenging activity
exhibited an opposite trend. The correlation between various phytochemicals and their
antioxidant activities in the wheatgrass samples can be explained by the synergistic and
antagonistic effects of antioxidant compounds [48,49]. According to the results of the ferric-
reducing antioxidant power assay for compounds, including caffeic acid and quercetin,
some combinations produced the most synergistic effects; in contrast, the combination
of rutin, rosmarinic acid, and caffeic acid produced antagonistic results (—21.8%) [50].
Moreover, Mao et al. [51] proposed that acteoside found in the flowers of Osmanthus fragrans
and gallic acid in green tea produced meaningful synergistic effects, which exceeded the
sum of their individual activities [52]. The current study has uncovered the chemical
information and biological functions of two less-studied cultivars of wheatgrass. It is
expected that this research could be a starting point about future potential to industries,
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such as pharmaceutical aspects. However, further studies about several aspects are required.
For instance, to understand the correlation between the bioactive compounds found in TAL,
and its antioxidant activities, further research regarding the synergistic and antagonistic
effects of its compounds is needed. Also, to fill diverse information in the gap about these
cultivars, studies regarding additional bioactive functions of these cultivars are also needed.

5. Conclusions

This study aimed to determine the chemical composition and bioactive properties
of wheatgrass extracts from two TAL cultivars, SW and BW. Analyses using LC-ESI/MS,
HPLC/PDA, TPC, and TFC were conducted to profile the SW and BW extracts’ chem-
ical composition, and ABTS-* and DPPH radical-scavenging assays were performed to
investigate their biological activities. The results revealed that SW exhibited a higher TPC
compared with BW but a lower TFC. Four flavonoid compounds, including schaftoside
(4) and isoorientin (5), were detected by HPLC/PDA analysis. The SW displayed stronger
ABTS-* radical-scavenging activity (ICsp, 3.25 mg/mL) compared with the BW (ICs,
4.00 mg/mL); however, the opposite trend was observed for DPPH radical-scavenging
activity. This trend may be explained by the synergistic and antagonistic effects of different
combinations of antioxidant compounds. Therefore, future studies are needed to scrutinize
the combined effects of the marker compounds for TAL.

Author Contributions: HPLC/PDA, TPC, TFC analysis and radical-scavenging activity, N.Y.; sam-
pling and resources, S.-H.J. and J.-S.P.; LC-ESI/MS analysis, W.].K.; experimental design and concep-
tion, J.-S.P.; supervision, writing—review and editing, S.L. All authors have read and agreed to the
published version of the manuscript.

Funding: This work was supported by the Regional Innovation Cluster Development (R&D) research
projects (P0025455) funded by the Ministry of Trade, Industry and Energy (MOTIE), Republic of Korea.

Data Availability Statement: The data presented in this study are available from the corresponding
author on request.

Acknowledgments: This work was supported by Gyeonggido Business & Science Accelerator (GBSA),
Suwon, Republic of Korea.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.  Nuss, E.T;; Tanumihardjo, S.A. Maize: A paramount staple crop in the context of global nutrition. Compr. Rev. Food Sci. Food Saf.
2010, 9, 417-436. [CrossRef] [PubMed]

2. Asma, ].; Subrahmanyam, D.; Krishnaveni, D. The global lifeline: A staple crop sustaining two-thirds of the world’s population.
Agric. Arch. 2023, 2, 15-18. [CrossRef]

3. Jeong, O.Y,; Park, H.S.; Baek, M.K,; Kim, W.J.; Lee, G.M.; Lee, C.M.; Bombay, M.; Ancheta, M.B.; Lee, ]. H. Review of rice in Korea:
Current status, future prospects, and comparisons with rice in other countries. J. Crop Sci. Biotechnol. 2021, 24, 1-11. [CrossRef]

4. Rajoria, A.; Mehta, A.; Mehta, P.; Ahirwal, L.; Shukla, S. Phytochemical analysis and estimation of major bioactive compounds
from Triticum aestivum L. grass with antimicrobial potential. Pak. |. Pharm. Sci. 2015, 28, 2221-2225. [PubMed]

5. Faltermaier, A.; Waters, D.; Becker, T.; Arendt, E.; Gastl, M. Common wheat (Triticum aestivum L.) and its use as a brewing
cereal—A review. J. Inst. Brew. 2014, 120, 1-15. [CrossRef]

6.  Zendehbad, H.S.; Mehran, ] M.; Malla, S. Flavonoids and phenolic content in wheat grass plant (Triticum aestivum). Asian J. Pham.
Clin. Res. 2014, 7, 184-187.

7. Peterson, PM. Poaceae (Gramineae). In Encyclopedia of Life Sciences; John Wiley & Sons, Ltd.: Chichester, UK, 2013. [CrossRef]

8.  Kim, S.S.; Byeon, Y.S.; Kim, M.].; Lee, D.; Kwak, H.S. Influence of wheat flour milling yield on physicochemical, microbial, and
antioxidant properties of Korea wheat (Triticum aestivum L. var. Jokyoung). J. Food Qual. 2020, 2020, 8899869. [CrossRef]

9. Ma, Y. Allelopathic studies of common wheat (Triticum aestivum L.). Weed Biol. Manag. 2005, 5, 93-104. [CrossRef]

10. Lee, H.G; Yang, ].Y,; Kim, S.H.; Lim, S.A.; Kim, ] K; Kang, C.S.; Kim, K.H.; Choi, S.W.; Seo, W.D. Wheat seedling extract and its
constituents attenuate RANKL-induced differentiation and fusion of osteoclasts and bone resorption. Appl. Biol. Chem. 2023,
66, 65. [CrossRef]

11. McKeehen, ].D.; Busch, R.H.; Fulcher, R.G. Evaluation of wheat (Triticum aestivum L.) phenolic acids during grain development

and their contribution to Fusarium resistance. |. Agric. Food Chem. 1999, 47, 1476-1482. [CrossRef]


https://doi.org/10.1111/j.1541-4337.2010.00117.x
https://www.ncbi.nlm.nih.gov/pubmed/33467836
https://doi.org/10.51470/AGRI.2023.2.3.15
https://doi.org/10.1007/s12892-020-00053-6
https://www.ncbi.nlm.nih.gov/pubmed/26687741
https://doi.org/10.1002/jib.107
https://doi.org/10.1038/npg.els.0003689
https://doi.org/10.1155/2020/8899869
https://doi.org/10.1111/j.1445-6664.2005.00164.x
https://doi.org/10.1186/s13765-023-00819-w
https://doi.org/10.1021/jf980896f

Appl. Sci. 2024, 14, 10763 11of 12

12.

13.
14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Kowalska, L; Pecio, L.; Ciesla, L.; Oleszek, W.; Stochmal, A. Isolation, chemical characterization, and free radical scavenging
activity of phenolics from Triticum aestivum L. aerial parts. J. Agric. Food Chem. 2014, 62, 11200-11208. [CrossRef] [PubMed]
Mujariya, R.; Bodla, R.B. A study on wheat grass and its nutritional value. Food Sci. Qual. Manag. 2011, 2, 1-8.

Ghumman, A.; Singh, N.; Kaur, A. Chemical, nutritional and phenolic composition of wheatgrass and pulse shoots. Int. J. Food
Sci. Technol. 2017, 52, 2191-2200. [CrossRef]

Luyen, T.B.; Tai, B.H.; Thao, N.P,; Cha, ].Y.; Lee, YM.; Kim, Y.H. A new phenolic component from Triticum aestivum sprouts and its
effects on LPS-stimulated production of nitric oxide and TNF-« in RAW 264.7 cells. Phytother. Res. 2013, 28, 1064-1070. [CrossRef]
[PubMed]

Padalia, S.; Drabu, S.; Raheja, I.; Gupta, A.; Dhamija, M. Multitude potential of wheatgrass juice (green blood): An overview.
Chron. Young Sci. 2010, 1, 23-28.

Rodriguez, F.C.; Gallagher, E.; Rai, D.K.; Burgess, C.M. Nutritional and physiochemical properties of wheatgrass juice and
preservation strategies. Food Chem. Adv. 2022, 1, 100136. [CrossRef]

Kim, S.L.; Kim, S.K; Park, C.H. Introduction and nutritional evaluation of buckwheat sprouts as a new vegetable. Food Res. Int.
2004, 37, 319-327. [CrossRef]

Lee, ].M.; Lee, K.H.; Yoon, Y.-H.; Cho, E.J.; Lee, S. Identification of triterpenoids and flavonoids from the seeds of tartary buck
wheat. Nat. Prod. Sci. 2013, 19, 137-144.

Watanabe, M.; Ayugase, ]. Anti-stress effects of flavonoids from buckwheat sprouts in mice subjected to restraint stress. Food Sci.
Technol. Res. 2008, 14, 253-260. [CrossRef]

Ghimeray, A.K.; Sharma, P.; Phoutaxay, P; Salitxay, T.; Woo, S.H.; Park, S.U.; Park, C.H. Far infrared irradiation alters total
polyphenol, total flavonoid, antioxidant property and quercetin production in tartary buckwheat sprout powder. J. Cereal Sci.
2014, 59, 167-172. [CrossRef]

Zeng, Y.; Pu, X;; Yang, J.; Du, J.; Yang, X,; Li, X;; Li, L.; Zhou, Y,; Yang, T. Preventive and therapeutic role of functional ingredients
of barley grass for chronic diseases in human beings. Oxidative Med. Cell. Longev. 2018, 2018, 3232080. [CrossRef]

Uy, N.P; Lee, H.-D.; Byun, D.C.; Lee, S. Comparison of the contents of total polyphenol, total flavonoid, and flavonoid derivatives
in unfermented and fermented barley sprouts. J. Appl. Biol. Chem. 2023, 66, 48. [CrossRef]

Thatiparthi, J.; Dodoala, S.; Koganti, B.; KVSRG, P. Barley grass juice (Hordeum vulgare L.) inhibits obesity and improves lipid
profile in high fat diet-induced rat model. J. Ethnopharmacol. 2019, 238, 111843. [CrossRef] [PubMed]

Li, J.; Zhang, W.; Xu, H.; Zhou, L.; Guo, H.; Zhang, S.; Lu, R; Liang, X.; Chang, M.; Liu, C. Barley grass juice attenuates
hydrodynamic transfection-induced HCC initiation in mice. Nutr. Cancer 2022, 75, 750-760. [CrossRef] [PubMed]

Kim, I.S.; Hwang, C.W.; Yang, W.S.; Kim, C.H. Multiple antioxidative and bioactive molecules of oats (Avena sativa L.) in human
health. Antioxidants 2021, 10, 1454. [CrossRef] [PubMed]

Sundaresan, A.; Selvi, A.; Manonmani, H.K. The anti-microbial properties of Triticum aestivum (wheat grass) extract. Int. J.
Biotechnol. Well. Indus. 2015, 4, 84-91. [CrossRef]

Singh, N.; Verma, P.; Pandey, B.R. Therapeutic potential of organic Triticum aestivum Linn. (wheat grass) in prevention and
treatment of chronic diseases: An overview. Int. J. Pharm. Sci. Drug Res. 2012, 4, 1014.

Rana, S.; Kamboj, J.K.; Gandhi, V. Living life the natural way—Wheatgrass and health. Funct. Foods Health Dis. 2011, 1, 444-456.
[CrossRef]

Kothari, S.; Jain, A.K.; Mehta, S.C.; Tonpay, S.D. Hypolipidemic effect of fresh Triticum aestivum (wheat) grass juice in hypercholes-
terolemic rats. Acta Pol. Pharm. 2011, 68, 291-294.

Suriyavathana, M.; Roopavathi, I; Vijayan, V. Phytochemical characterization of Triticum aestivum (wheat grass). J. Pharmacogn.
Phytochem. 2016, 5, 283-286.

Geng, J.; Li, J.; Zhu, E; Chen, X; Du, B,; Tian, H.; Li, J. Plant sprout foods: Biological activities, health benefits, and bioavailability.
J. Food Biochem. 2022, 46, €13777. [CrossRef] [PubMed]

Miyahira, R.F.; Lopes, J.O.; Antunes, A.E.C. The use of sprouts to improve the nutritional value of food products: A brief review.
Plant Foods Hum. Nutr. 2021, 76, 143-152. [CrossRef] [PubMed]

Kulkarni, S.D.; Tilak, J.C.; Acharya, R.; Rajurkar, N.S.; Devasagayam, T.P.A.; Reddy, A.V.R. Evaluation of the antioxidant activity of
wheatgrass (Triticum aestivum L.) as a function of growth under different conditions. Phytother. Res. 2006, 20, 218-227. [CrossRef]
Doan, T.T.M.; Tran, G.H.; Nguyen, T.K,; Lim, ].H.; Lee, S. Antioxidant activity of different cultivars of Chrysanthemum morifolium
and quantitative analysis of phenolic compounds by HPLC/UV. Appl. Biol. Chem. 2024, 67, 17. [CrossRef]

So,].; Lee, HD,; Kim, ].H.; Lee, S.; Lim, ].H. Antioxidant, antimicrobial, and skin-whitening effects and quantitative analysis
of phenolic compounds in Korean wild Chrysanthemum flowers via HPLC/UV. Hortic. Environ. Biotechnol. 2024, 65, 215-227.
[CrossRef]

Wang, C.Y,; Li, XM.; Du, H.X;; Yan, Y.; Chen, Z.Z.; Zhang, C.X,; Yan, X.B.; Hao, S.Y.; Gou, J.Y.; Wang, C.Y.; et al. Change of
flavonoid content in wheatgrass in a historic collection of wheat cultivars. Antioxidants 2024, 13, 899. [CrossRef]

Qimin, L.; van den Heuvel, H.; Delorenzo, O.; Corthout, J.; Pieters, L.A.C.; Vlietinck, A.J.; Claeys, M. Mass spectral characterization
of C-glycosidic flavonoids isolated from a medicinal plant (Passiflora incarnata). J. Chromatogr. B Biomed. Sci. Appl. 1991, 562,
435-446. [CrossRef]

Yuan, L.; Li, X.; He, S.; Gao, C.; Wang, C.; Shao, Y. Effects of natural flavonoid isoorientin on growth performance and gut
microbiota of mice. |. Agric. Food Chem. 2018, 66, 9777-9784. [CrossRef]


https://doi.org/10.1021/jf5038689
https://www.ncbi.nlm.nih.gov/pubmed/25356666
https://doi.org/10.1111/ijfs.13498
https://doi.org/10.1002/ptr.5097
https://www.ncbi.nlm.nih.gov/pubmed/25165783
https://doi.org/10.1016/j.focha.2022.100136
https://doi.org/10.1016/j.foodres.2003.12.008
https://doi.org/10.3136/fstr.14.253
https://doi.org/10.1016/j.jcs.2013.12.007
https://doi.org/10.1155/2018/3232080
https://doi.org/10.3839/jabc.2023.048
https://doi.org/10.1016/j.jep.2019.111843
https://www.ncbi.nlm.nih.gov/pubmed/30951844
https://doi.org/10.1080/01635581.2022.2151633
https://www.ncbi.nlm.nih.gov/pubmed/36495148
https://doi.org/10.3390/antiox10091454
https://www.ncbi.nlm.nih.gov/pubmed/34573086
https://doi.org/10.6000/1927-3037.2015.04.03.1
https://doi.org/10.31989/ffhd.v1i11.112
https://doi.org/10.1111/jfbc.13777
https://www.ncbi.nlm.nih.gov/pubmed/34050545
https://doi.org/10.1007/s11130-021-00888-6
https://www.ncbi.nlm.nih.gov/pubmed/33719022
https://doi.org/10.1002/ptr.1838
https://doi.org/10.1186/s13765-024-00875-w
https://doi.org/10.1007/s13580-023-00570-7
https://doi.org/10.3390/antiox13080899
https://doi.org/10.1016/0378-4347(91)80597-6
https://doi.org/10.1021/acs.jafc.8b03568

Appl. Sci. 2024, 14, 10763 120f 12

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

Lim, J.H.; Park, H.S.; Choi, J.K; Lee, L.S.; Choi, H.J. Isoorientin induces Nrf2 pathway-driven antioxidant response through
phosphatidylinositol 3-kinase signaling. Arch. Pharm. Res. 2007, 30, 1590-1598. [CrossRef]

Alves, ].S.E; Marques, ].I; Demarque, D.P.; Costa, L.R.F,; Amaral, ].G.; Lopes, N.P; da Silva-Janior, A.A.; Soares, L.A.L.; Gavioli,
E.C,; Ferreira, L.D.S,; et al. Involvement of isoorientin in the antidepressant bioactivity of a flavonoid-rich extract from Passiflora
edulis £. flavicarpa leaves. Rev. Bras. Farmacogn. 2020, 30, 240-250. [CrossRef]

Lin, X.; Wei, J.; Chen, Y.; He, P; Lin, J.; Tan, S.; Nie, J.; Lu, S.; He, M; Lu, Z,; et al. Isoorientin from Gypsophila elegans induces
apoptosis in liver cancer cells via mitochondrial-mediated pathway. J. Ethnopharmacol. 2016, 187, 187-194. [CrossRef] [PubMed]
Cao, Z.; Liu, W,; Bi, B.; Wu, H.; Cheng, G.; Zhao, Z. Isoorientin ameliorates osteoporosis and oxidative stress in postmenopausal
rats. Pharm. Biol. 2022, 60, 2219-2228. [CrossRef] [PubMed]

Povetyeva, T.N.; Afanasyeva, O.G.; Zibareva, L.N.; Nesterova, Y.V.; Suslov, N.I; Kulpin, P.V,; Zyuzkov, G.N.; Krylova, S.G;
Vsyakikh, O.V. Investigation of wound healing activity of the flavonoid schaftoside isolated from Lychnis chalcedonica. Res. Results
Pharmacol. 2023, 9, 99-104. [CrossRef]

Kashchenko, N.I.; Olennikov, D.N.; Chirikova, N.K. Phytohormones and elicitors enhanced the ecdysteroid and glycosylflavone
content and antioxidant activity of Silene repens. Appl. Sci. 2021, 11, 11099. [CrossRef]

Kim, P.S,; Shin, J.H.; Jo, D.S.; Shin, D.W.; Choi, D.H.; Kim, W.]J.; Park, K.; Kim, ].K.; Joo, C.G,; Lee, ].S.; et al. Anti-melanogenic
activity of schaftoside in Rhizoma Arisaematis by increasing autophagy in B16F1 cells. Biochem. Biophys. Res. Commun. 2018, 503,
309-315. [CrossRef] [PubMed]

Choo, C.Y.; Sulong, N.Y.; Man, F; Wong, T.W. Vitexin and isovitexin from the leaves of Ficus deltoidea with in-vivo a-glucosidase
inhibition. J. Ethnopharmacol. 2012, 142, 776-781. [CrossRef]

Olszowy-Tomcezyk, M. Synergistic, antagonistic and additive antioxidant effects in the binary mixtures. Phytochem. Rev. 2020, 19,
63-103. [CrossRef]

Nguyen, AN.T,; Vu, T.T.T,; Do, HT.T.; Nguyen, T.H.; Le, H.V,; Pham, HK.T.; Truong, P.C.H.; Pham, D.P; Tran, M.H. Identification
of phenolic compounds from Vietnamese artichoke (Cynara scolymus L.) leaf and their antioxidant activities. Nat. Prod. Sci. 2024,
30, 39-51. [CrossRef]

Hajimehdipoor, H.; Shahrestani, R.; Shekarchi, M. Investigating the synergistic antioxidant effects of some flavonoid and phenolic
compounds. Res. J. Pharmacogn. 2014, 1, 35-40.

Mao, S.; Wang, K; Lei, Y;; Yao, S.; Lu, B.; Huang, W. Antioxidant synergistic effects of Osmanthus fragrans flowers with green tea
and their major contributed antioxidant compounds. Sci. Rep. 2017, 7, 46501. [CrossRef]

Song, F; Tang, M.; Wang, H.; Zhang, Y.; Zhu, K.; Chen, X.; Chen, H.; Zhao, X. UHPLC-MS/MS identification, quantification of
flavonoid compounds from Areca catechu L. extracts and in vitro evaluation of antioxidant and key enzyme inhibition properties
involved in hyperglycemia and hypertension. Ind. Crops Prod. 2022, 189, 115787. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1007/BF02977329
https://doi.org/10.1007/s43450-020-00003-x
https://doi.org/10.1016/j.jep.2016.04.050
https://www.ncbi.nlm.nih.gov/pubmed/27130644
https://doi.org/10.1080/13880209.2022.2142614
https://www.ncbi.nlm.nih.gov/pubmed/36382865
https://doi.org/10.18413/rrpharmacology.9.10034
https://doi.org/10.3390/app112311099
https://doi.org/10.1016/j.bbrc.2018.06.021
https://www.ncbi.nlm.nih.gov/pubmed/29890139
https://doi.org/10.1016/j.jep.2012.05.062
https://doi.org/10.1007/s11101-019-09658-4
https://doi.org/10.20307/nps.2024.30.1.39
https://doi.org/10.1038/srep46501
https://doi.org/10.1016/j.indcrop.2022.115787

	Introduction 
	Materials and Methods 
	Plant Materials and Cultivation of Sprouts 
	Instruments and Reagents 
	Extraction of TAL Samples 
	Total Phenolic Content (TPC) 
	Total Flavonoid Content (TFC) 
	ABTS+ Radical-Scavenging Activity 
	DPPH Radical-Scavenging Activity 
	Conditions for LC-ESI/MS 
	Preparation of Standard and Sample Solutions for HPLC Analysis 
	Conditions for HPLC/PDA 
	Calibration Curves 
	Statistical Analysis 

	Results 
	TPC and TFC 
	LC-ESI/MS 
	HPLC/PDA Analysis 
	Antioxidant Activities 

	Discussion 
	Conclusions 
	References

