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Abstract: Forage-based nutrients constitute the main forage value of forage grass. Elymus nutans
Griseb possesses a wide ecological adaptability, enhanced crude protein content, good palatability,
and excellent genes. Herein, employing medium- (MPLC) and high-pressure liquid chromatography
(HPLC), along with online HPLC-DPPH (OHD)-based identification, two primary radical scavenging
compounds were extracted and identified from the methanolic extract of Elymus nutans Griseb. With a
starting material of 300 g of Elymus nutans Griseb, 5.95 g of the target DPPH suppressors fraction (Fr6)
was separated following one cycle of MCI GEL® CHP20P medium pressure liquid chromatography.
A Kromasil 100-5-Phenyl column was subsequently employed for further purification of the fraction,
which yielded 432.16 mg of Fr62 (7.26% recovery) and 489.01 mg of Fr63 (8.22% recovery). The target
compounds were then assessed based on their structure and purity, and two compounds (salcolin A
and tricin) were extracted with > 95% purity. This newly designed procedure was highly effective
for the targeted flavonoids, and high-purity radical scavenger extraction from forage extracts. This
methodology can potentially provide a scientific basis for their quality evaluation.

Keywords: Elymus nutans Griseb; preparative isolation; DPPH inhibitors; flavonoids

1. Introduction

Oxidative stress is a physiological event whereby excess stress results in the large
accumulation of free radicals and reactive oxygen species, which in turn, diminishes the
antioxidant defense capacity of the body [1,2]. Oxidative stress often causes biomolecular
damage, as well as metabolic and physiological dysregulation, which subsequently tips the
delicate balance between in immune function and inflammatory response in animals [3–5].
Oxidative stress and the inflammatory responses are integrated and amplified in specific cell
types to enhance disease progression. Inflammatory diseases can decrease the production
performance, reproductive performance, life span and quality of livestock products. This
can not only result in huge economic losses to farms, but also endanger the health of
consumers [6,7]. Therefore, early regulation of livestock and poultry diets are necessary for
intervention, not only to alleviate antibiotics usage to combat drug residues and bacterial
resistance challenges while reducing antibiotics costs, but also to protect the health of the
animal organism [8,9].

Elymus nutans Griseb. (E. nutans) is a perennial, tufted and self-pollinated plant
belonging to the Elymus L. genus of the Poaceae family. It inhabits the grasslands, thickets,
river banks, mountain slopes, and forest margins, of the Inner Mongolia Autonomous
Region, Gansu Province, Hebei Province, Shaanxi Province, Qinghai Province, Sichuan
Province, Xinjiang Uygur Autonomous Region and Tibet Autonomous Region. E. nutans
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possesses broad-ranging ecological adaptability, cold and drought tolerance, elevated crude
protein content, good palatability, and excellent genes that are lacking in other wheat crops,
such as disease and insect resistance [10]. It is widely used in the improvement of alpine
degraded pastures and the construction of artificial grasses, and it is an excellent source of
forage. High quality forage is the key to enhancing animal husbandry, and the nutritional
quality of forage will not only impact the growth and development of livestock, but also
modulate the yield and quality of products. Hence, forage quality evaluation is of particular
importance to the animal husbandry industry [11,12]. E. nutans, is a well-established high
quality forage grass, which is rich in flavonoids. Flavonoids are essential nutrients that
directly scavenge free radicals, and augment antioxidant enzyme activity. Using E. nutans
in animal feed can ensure adequate flavonoids supplementation in animals, which can be
beneficial to their health and the quality of their meat products.

Antioxidant active substances are generally assessed using two procedures, namely,
traditional and online modes [13,14]. The traditional involves hydroxyl radical scavenging
and the superoxide anion method. In contrast, the on-line mode involves HPLC-DPPH,
with the added benefits of automation, stabilization, and rapidity. In addition, this mode
simultaneously analyzes and evaluates the antioxidant activity of a single component in tra-
ditional Chinese medicine [15,16]. Subsequently, the potential antioxidant components are
separated using preparative chromatography, which can efficiently achieve the preparative
separation of antioxidant active substances within samples.

Quality forage is an indispensable feed material for cattle, sheep and other herbivores,
and is of great importance to the development of animal husbandry [11,17]. The antiox-
idant active substance enrichment in forage grasses is critical for sustaining the normal
physiological growth requirements of livestock and poultry [18]. It is well reported that E.
nutans is a high-quality forage grass preferred by horses, cattle and sheep. Currently, most
studies on E. nutans have examined genetic diversity and strategies to enhance yield. This
study, examining the E. nutans quality using antioxidant active substances as indicators, is
the first report of its kind. Herein, an HPLC-1,1-diphenyl-2-picrylhydrazyl (HPLC-DPPH)
on-line analytical procedure was developed for the rapid selection of antioxidant active
components from complex chemical compositions. After on-line analysis of the crude
ethanol based E. nutans extract, the main components were quickly identified as having
certain antioxidant activities. The main component was enriched using MCI GEL® CHP20P
medium-pressure liquid chromatography (MPLC), and was detected in fraction Fr6 after
liquid chromatography analysis. The Kromasil 100-5-Phenyl column was selected for fur-
ther preparative separation of the two potential antioxidant active components in Fr6 after
the analysis of Fr6 using different columns. Finally, using HPLC-DPPH accompanied by the
medium- and high-pressure liquid chromatography method, the two potential antioxidant
flavonoid main components were successfully identified and separated from E. nutans,
providing a scientific basis for their quality evaluation.

2. Materials and Methods
2.1. Apparatus and Reagents

LC-10AD and LC-16 HPLC apparatuses were utilized to generate an online HPLC-
DPPH identification system. An NU3000 UV-Vis detector, two NP7000 prep-HPLC pumps,
a 5 mL manual administrator, and an LC workstation were employed in a preparative
MPLC workstation (Hanbon Science & Technology Co., Ltd., Jiangsu, China). Samples were
degassed with DGU-20A3R (Shimadzu Instruments Co., Ltd., Beijing, China) prior to HPLC
analyses via an LC-16A equipment with attached autosampler and column thermostat. The
Waters QDa electrospray ionization (ESI) mass spectrometer (Waters Instruments Co., Ltd.,
Milford, MA, USA) was used to acquire the ESI-MS data. The 1H and 13C NMR spectra
were measured via the Bruker Avance 600 MHz (Bruker, Karlsruhe, Germany) using the
DMSO-d6 solvent. An UV absorbance reading was acquired via a Readmax 1900 microplate
reader (Shanghai Shanpu Biotechnology Co., Ltd. Shanghai, China).
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MCI GEL® CHP20P (120 µm) separation materials were collected from Mitsubishi
Chemical Corporation (Japan). Odyssil C18 column (4.6 × 250 mm, 5 µm) was from Agela
Technologies (Tianjin, China). Two Kromasil 100-5-Phenyl columns (4.6 × 250 mm, 5 µm
and 20 × 250 mm, 5 µm) were supplied by Nouryon Kromasil Corporation (Sweden).
Ethanol, preparative acetonitrile (ACN), and HPLC grade ACN were acquired from Kelon
Chemical Reagent Factory (Chengdu, China). DPPH was obtained from Sigma Aldrich
(Berlin, Germany). Moore water purification station was used to obtain ultrapure water
from deionized water for use in HPLC (Chongqing, China).

2.2. Sample Preparation, DPPH Suppressor Identification, and Active Fraction Enrichment

The medicinal material of E. nutans was acquired in July 2020 from the Goluo Tibetan
Autonomous Prefecture, Qinghai Province (4200 m, N 34◦28′, 17′′, E 100◦14′, 41′′) and was
subsequently identified as E. nutans by Lijuan Mei of the Northwest Institute of Plateau
Biology, Chinese Academy of Sciences. The acquired samples were housed in the Key
Laboratory of Adaptation and Evolution of Plateau Biota, Chinese Academy of Sciences
under the number No. 20200709.

The sample underwent air drying in a cool place prior to being crushed into powder,
then 300 g of E. nutans was accumulated and isolated two times with methanol (4.0 L
for 24 h per isolation). The resulting extract (8 L) underwent filtration, and was further
concentrated via evaporation under reduced pressure to a 500 mL volume. Next, this was
combined with silica gel (10 g), followed by drying at 40 ◦C. Subsequently, the sample was
ground, then sifted to achieve a 48.0 g weight (12.67% yield). DPPH suppressors were
then identified within the E. nutans extract, using the online HPLC-DPPH technique. The
methanolic extract was separated on the Odyssil C18 (4.6 × 250 mm, 5 µm) column. A
gradient elution was performed using a linear rise in ACN (mobile phase B) concentration
in 0.1% v/v formic acid aqueous solution (HCOOH, mobile phase A) from 5 to 95% B over
a 60 min period. In this case, the eluent flow rate was 1.0 mL/min, and the administration
volume was 1 µL. Post-column derivatization, a methanolic solution of DPPH (50 µg/mL)
was applied at a flow rate of 0.8 mL/min, and the absorbance was monitored at 517 nm.

The dried silica gel mixture was then placed into a medium pressure chromatog-
raphy tower (49 × 100 mm), attached to a medium pressure chromatography column
(49 × 460 mm) with 1.2 L MCI GEL CHP20P stationary phase. The elution step was per-
formed with ACN/water for 0–120 min (5–95% ACN) at a flow rate of 57.0 mL/min and
a detection wavelength of 254 nm. Following one experimental operation, the process
yielded a 5.95 g sample after concentration of the condensed target fraction (Fr6), with
recovery of 15.66%.

2.3. Identification and Isolation of Potential DPPH Suppressors Based on High-Pressure Liquid
Chromatography Separation

To further separate Fr6, 20 mg of the sample was suspended in methanol/water
solution (1.0 mL, 9:1 v/v), and prior to filtration, a 0.45 µm organic filter membrane
(20.0 mg/mL). DPPH suppressors were identified in the targeted fraction Fr6 via the online
HPLC-DPPH approach. HPLC was conducted as follows: Using the Odyssil C18 analytical
column and an elution gradient, ACN (mobile phase B) was dropped linearly from 5% to
95% B into 0.1% v/v formic acid in water (mobile phase A), over 30 min. The flow rate and
injection volume were 1.0 mL/min, 10 µL, respectively. It was detected at 254 nm. The
column oven temperature was 30 ◦C. To conduct post-column derivatization, a 25 µg/mL
solution of 100% DPPH anhydrous ethanol was used. The DPPH flow rate was 0.8 mL/min.
The absorption was measured, at 517 nm.

The fraction analysis indicated that the Fr6 fraction possessed active compounds. For
Fr6 (5.95 g), preparative separation was performed on a preparative Kromasil 100-5-Phenyl
column (20 × 250 mm, 5 µm). The 0.1% v/v formic acid in water served as mobile phase
A, while the acetonitrile solution (analytical purity) served as mobile phase B. Elution
conditions were determined by an isocratic elution with 35% acetonitrile for 20 min. The
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flow rate was 19.0 mL/min, the detection wavelength was 254 nm. The preparation was
performed at room temperature. Lastly, Fr62 and Fr63 were acquired and condensed to
yield 432.16 and 489.01 mg respectively with a net recovery rate of 15.48%.

2.4. Purity and Activity Evaluation of the Extracted DPPH Suppressors

The Odyssil C18 analytical column was used to assess the purity of the isolated DPPH
inhibitors. The mobile phase A was formic acid in water at 0.1% v/v, while the mobile
phase B was acetonitrile. The analytical column was employed with gradient elution for
60 min in 5–95% acetonitrile, with a flow rate of 1.0 mL/min and an injection volume of
1 µL, respectively. The wavelength of detection was recorded at 254 nm.

3. Results and Discussion

3.1. Sample Pretreatment, DPPH Suppressor Identification, and MCI GEL® CHP20P Medium
Pressure Liquid Chromatography Enrichment

DPPH is a stably present free radical with the potential to chemically react with the
active hydrogen of antioxidant substances, thereby altering the chemical structure of the
antioxidant substances. The two HPLCs were attached in series by a three-way valve and a
polyether ether ketone (PEEK) tube approximately 18 m in length and 0.25 µm in radius.
Owing to the presence of free radical suppressors within the sample which interacted with
DPPH, the absorption value at 517 nm is reduced to an inverted peak. The chromatograms
of the two HPLC analyses were compared, which led to the rapid identification of free
radical suppressors in the samples [19,20].

Owing to the extremely limited information on E. nutans based DPPH suppressors,
the condensed E. nutans methanol extract (500.0 mL) was identified using the online
HPLC-DPPH system with a Odyssil C18 analytical column (4.6 × 250 mm, 5 µm), and
the identification chromatogram is presented in Figure 1B (Figure 1A depicts the actual
online HPLC-DPPH system). As illustrated in Figure 1B, the main DPPH suppressor peaks
(marked with hearts in Figure 1B) were evident at retention durations between 30–32.5 min
of E. nutans methanol extract.

Figure 1. The actual online HPLC-DPPH system (A) and the analytical chromatogram on a Odyssil
C18 analytical column and DPPH inhibitory activity profile of the E. nutans crude sample (B).
The actual micro gel chp20p medium pressure liquid chromatography system (C) and E. nutans
amorphous silica gel mixture separation chromatogram (D).

There was a considerable amount of chlorophyll in the methanol E. nutans extract.
These substances can interfere with the subsequent separation and can easily contami-
nate the column. Hence, chlorophyll elimination was performed before chromatographic
evaluations. It is well established that the MCI GEL® CHP20P filler for medium pressure
chromatographic separation is composed of styrene-divinylbenzene copolymer matrix,
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which stabilizes the spherical structure and properties in extreme acid-base solutions and
organic solvents, which in turn, guarantees target compound repeatability during purifi-
cation. This approach allows for process development and separation optimization, to
yield enhanced resolution and product recovery. Dry sample loading was performed by
placing 48.0 g of the combined sample to a small medium pressure column (49 × 100 mm)
and connecting it to a medium pressure column (49 × 460 mm) equipped with 1.2 L of
MCI GEL® CHP20P for dry sample loading preparation (Figure 1C). Figure 1D depicts the
chromatogram for extract separation using MCI GEL® CHP20P and methanol–water eluent.
After one cycle, Fr1, Fr2, Fr3, Fr4, Fr5, and Fr6 were obtained by collecting, condensing,
and weighing the desired component.

To further analyze the sample, these fractions were resuspended in a methanol/water
mixture (9:1 v/v, 1.0 mL, 20.0 mg/mL) prior to filtration through a 0.45 µM organic filter
membrane. Subsequently, the accumulated fractions Fr1-Fr6 were assessed via a Odyssil
C18 analytical column under the identical parameters as in Figure 1B. The chromatogram of
the analysis of the crude sample of E. nutans and fractions Fr1-Fr6 is shown in Figure 2. As
shown in Figure 2, the main DPPH inhibitors of the E. nutans crude sample were efficiently
enriched in fraction Fr6. A solution for further chromatographic separation was obtained
by resuspending Fr6 in 60.0 mL of water/methanol (1:9 v/v), followed by filtering through
a 0.45 µm filter.

Figure 2. HPLC analysis of the E. nutans crude extract and Fr1-Fr6 on the Odyssil C18 analytical column.

3.2. Identification and Extraction of Candidate DPPH Suppressors Based on High-Pressure Liquid
Chromatography Separation

The target fraction Fr6 was initially assessed by a Odyssil C18 column (4.6 × 250 mm,
5 µm). As depicted in Figure 3A, a primary peak was evident with asymmetric peak shape
for Fr6 on the Odyssil C18 column. Hence, its separation on the Odyssil C18 column did
not achieve good results. Subsequently, we chose to analyze it on a Kromasil 100-5-Phenyl
column. The analytical chromatogram is illustrated in Figure 3B. Based on our results,
Fr6 was able to achieve a good separation on the Kromasil 100-5-Phenyl column, with
four symmetrical peaks obtained (peaks 1–4). By comparison, the Kromasil 100-5-Phenyl
column was chosen for further Fr6 separation and purification in order to improve the
separation efficiency.
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Figure 3. HPLC analysis of E. nutans Fr6 on the Odyssil C18 analytical column (A) and on a Kromasil
100-5-Phenyl analytical column (B). The analytical chromatogram (C) and DPPH radical scavenging
profile (D) of the E. nutans target Fr6 sample on the Kromasil 100-5-Phenyl analytical column analytical
column. The numbers 1, 2, 3 and, 4 represent four different peaks. Red hearts indicate peaks with
antioxidant activity, and I and II correspond to corresponding inverted peaks, indicated by arrows.

An online HPLC-DPPH approach was employed to quickly screen for free radical
suppressors in Fr6. The E. nutans Fr6 sample was identified with the online HPLC-DPPH
system using the Kromasil 100-5-Phenyl column and the recognition chromatogram is
displayed in Figure 3C,D. DPPH suppressors peaks (negative peaks I–II in Figure 3D
corresponds to the red heart in Figure 3C) were strongly visible in the E. nutans target
fraction Fr6.

Based on the aforementioned analytical findings, a Kromasil 100-5-Phenyl preparative
column (20 × 250 mm, 5 µm) was selected for additional preparation to enhance the DPPH
suppressor purity. Under the condition of isocratic elution of acetonitrile-0.1% v/v formic
acid in water (0–20 min, 35% acetonitrile), the DPPH suppressor peaks showed sufficient
resolution, as indicated in Figure 3C,D. Hence, subsequent examinations were made under
this setting. Following linear amplification, the DPPH inhibitor peaks were separated and
purified on the Kromasil 100-5-Phenyl preparative column under optimized conditions. The
result is presented in Figure 4. It can be seen from the figure that good baseline separation
of Fr62, Fr63 can be achieved on the Kromasil 100-5-Phenyl column, and the peak shapes
revealed good symmetry. This explains the good complementary selectivity of Odyssil
C18 and Kromasil 100-5-Phenyl columns, which can be used in combination to improve
separation efficiency and monomer purity in natural product separation and purification
work. Fr62 and Fr63 were accrued and condensed after passing through 75 replicates,
yielding 432.16 and 489.01 mg, respectively, and providing a net recovery of 15.48%.

Figure 4. The preparative chromatogram of the E. nutans target Fr6 sample on a Kromasil 100-5-
Phenyl preparative column. The red part represents the target component (Fr62 and Fr63).
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3.3. Purity, Activity and Structural Characterization of the Isolated DPPH Suppressors

The extracted DPPH suppressors, Fr62 and Fr63 activities, and purity were re-evaluated
using the online HPLC- DPPH system with a Odyssil C18 analytical column. As depicted
in Figure 5, all compounds possessed purities above 95%.

Figure 5. Purity and DPPH inhibitory activity of the target fraction activity verification chromatogram
of the isolated Fr62 (A,B), and Fr63 (C,D) fractions on the Odyssil C18 analytical column. Red hearts
indicate peaks with antioxidant activity, indicated by arrows.

The resulting ESI-MS, 1H NMR and 13C NMR spectra were compared against the
published literature to delineate the structure of the target DPPH suppressors Fr62 and
Fr63 (Figure 6). The structural identification of Fr62 and Fr63 from the supplementary
information are presented in Figures S1–S6 (Supplementary Materials). The two DPPH
suppressors Fr62 and Fr63 match the data for salcolin A and tricin, respectively, based on
all spectrum data [21,22].

Figure 6. Chemical structures of the isolated DPPH inhibitors. (A,B) represent the chemical structure
of Fr62 and Fr63, respectively.

Compound Fr62 (salcolin A, 432.16 mg, yellow powder, ESI-MS m/z: 525.39 [M-H]−,
calc. for C27H26O11 m/z 526.1475): 1H NMR (600 MHz, DMSO-d6) 7.31 (2H, s, H-2’, 6’),
6.93 (1H, d, J = 1.8 Hz, H-2”), 6.75 (1H, dd, J = 8.1, 1.8 Hz, H-6”), 6.70 (1H, d, J = 8.1 Hz,
H-5”), 6.69 (1H, s, H-3), 6.56 (1H, d, J = 2.0 Hz, H-8), 6.21 (1H, d, J = 2.0 Hz, H-6), 5.17 (1H,
m, H-7”), 4.35 (1H, ddd, J = 5.2, 5.1, 3.7 Hz, H-8”), 3.88 (6H, s, 3’, 5’-OCH3), 3.75 (3H, s,
3”-OCH3), 3.49 (1H, dd, J = 11.5, 5.2 Hz, H-9”a), 3.44 (1H, dd, J = 11.5, 5.1 Hz, H-9”b); 13C
NMR (151 MHz, DMSO- d6) 181.8 (C-4), 164.7 (C-7), 163.0 (C-2), 161.4 (C-5), 157.4 (C-9),
153.0 (C-3’, 5’), 147.0 (C-3”), 145.4 (C-4”), 139.5 (C-4’), 133.2 (C-1”), 125.2 (C-1’), 119.4 (C-6”),
114.7 (C-5”), 111.0 (C-2”), 104.8 (C-3), 104.3 (C-10), 103.7 (C-2’, 6’), 99.0 (C-6), 94.4 (C-8),
86.5 (C-8”), 72.2 (C-7”), 60.2 (C-9”), 56.4 (C-3’, 5’-OCH3), 55.5 (C-3”-OCH3). According to
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our ESI-MS, 1H NMR and 13C NMR data, as well as in the literature review, the compound
was identified as salcolin A [21].

Compound Fr63 (tricin, 489.01 mg, yellow powder, ESI-MS m/z: 329.21 [M-H]−, calc.
for C17H14O7 m/z 330.0740): 1H NMR (600 MHz, DMSO-d6) 3.88 (6H, s, 2OCH3), 6.20 (1H,
d, J = 2.0 Hz, H-6), 6.56 (1H, d, J = 2.0 Hz, H-8), 6.98 (1H, s, H-3), 7.32 (2H, s, H-2’, 6’); 13C
NMR (151 MHz, DMSO-d6) 181.8 (C-4), 164.3 (C-7), 163·6 (C-2), 161.4 (C-9), 157.4 (C-5),
148.2 (C-3’, 5’), 139.9 (C-4’), 120.4 (C-1’), 104.4 (C-2’, 6’), 103.7 (C-10), 103.6 (C-3), 98.9 (C-6),
94.2 (C-8), 56.4 (OCH3). According to our ESI-MS, 1H NMR and 13C NMR data, as well as
in the literature review, the compound was identified as tricin, by a comparison with the
compound in the literature [22].

Sacolin A and tricin participate in a myriad of biological activities, namely, anti-
inflammatory, antioxidant, antiviral, antitumor and immunomodulatory, especially anti-
inflammatory effects. Both compounds are flavonoids, which are commonly found in
graminaceous plants, such as bamboo, barley, rice, wheat, and maize, and are considered
to be healthy and harmless nutrients. The present study demonstrated that sacolin A and
tricin are abundant in E. nutans, thus, providing insight into the extraction and purification
of sacolin A and tricin.

4. Conclusions

Flavonoids are widely available in a variety of forage grasses. Owing to their numer-
ous biological functions, the application of flavonoids can significantly improve animal
production performance, enhance animal body resistance to disease and improve animal
body immune function [23]. Flavonoids also possess weak estrogenic activity, which can
markedly enhance animal growth, the egg-laying performance of poultry, promote re-
productive system development, and improve fertility. Moreover, flavonoids augment
the immune function of T cells, natural killer cells, and killer cells. Lastly, owing to their
excellent antioxidant activity, flavonoids scavenge free radicals and reduce their production.

Herein, we employed a rapid and efficient method based on a combination of medium-
and high-pressure chromatography, and online HPLC-DPPH analysis was designed to
screen, isolate and purify flavonoids from E. nutans. By pre-processing the sample using
MCI GEL® CHP20P MPLC, the process yielded 5.95 g of the target fraction Fr6. Further,
Kromasil 100-5-Phenyl column was used for the separation and purification of target frac-
tion Fr6, yielding 432.16 mg of Fr62 (7.26% recovery) and 489.01 mg of Fr63 (8.22% recovery).
The reassessment of purity and radical scavenging activity showed that all compounds are
active with >95% purity. In all, two flavonoids were isolated with satisfactory purity from
the target sample, which indicated that the combination of medium- and high-pressure
chromatography and online HPLC-DPPH method was efficient for preparative separation
of the flavonoids from E. nutans. Moreover, this procedure is significant for the isolation
and purification of flavonoids from other forage grasses.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/separations9120437/s1, Figure S1: ESI mass spectrum of salcolin
A; Figure S2: 1H NMR Spectrum (600 MHz) of salcolin A (in DMSO-d6); Figure S3: 13C NMR
Spectrum (151 MHz) of salcolin A (in DMSO-d6). Figure S4: ESI mass spectrum of tricin; Figure S5:
1H NMR Spectrum (600 MHz) of tricin (in DMSO-d6); Figure S6: 13C NMR Spectrum (151 MHz) of
tricin (in DMSO-d6).
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