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Abstract: Phyllostachys glauca McClure leaves (PML), as economical natural product material, contain
abundant phenols, particularly flavonoids, with significant biological activities that contribute to their
widespread applications in food, pharmaceutical, and cosmetic industries. To study the significant
phenols in PML, an ultrasound-assisted deep eutectic solvent extraction method with high efficiency
and low toxicity was established for extracting the phenols from PML and the bamboo leaves of
17 other bamboo species. Using the Ultra Performance Liquid Chromatography (UPLC) method,
the content of phenols in the leaves of the 18 bamboo species was determined. PML were found to
contain neochlorogenic acid, chlorogenic acid, cryptochlorogenic acid, isoorientin, and orientin at
contents of 0.793 ± 00.17 mg/g, 0.491 ± 0.0081 mg/g, 0.485 ± 0.0043 mg/g, 0.465 ± 0.0021 mg/g,
and 0.044 ± 0.0005 mg/g, respectively, with a total content of 2.278 mg/g. These contents were
significantly higher than those found in the leaves of 17 other bamboo species. Additionally, the
significant phenols, neochlorogenic acid, chlorogenic acid, and cryptochlorogenic acid were found
simultaneously in the leaves of 15 bamboo species, especially in PML. Therefore, PML can be
viewed as the natural product material with considerable application values, owing to its abundant
phenols, and can exhibit its importance in utilizing neochlorogenic acid, chlorogenic acid, and
cryptochlorogenic acid as resources.

Keywords: Phyllostachys glauca McClure leaf; ultrasound-assisted deep eutectic solvent extraction;
significant phenol; resource utilization

1. Introduction

Bamboo belongs to the Gramineae plant, and has excellent environmental adaptability
and extremely fast rate of growth [1,2]. Therefore, it can be viewed as a kind of econom-
ical natural product material. Otherwise, Bamboo leaves are rich in phenols [3], which
exhibit numerous biological activities, including anti-inflammatory [4], antibacterial [5],
anticancer [6], and antiviral [7] activities. In recent studies, flavonoids have been identified
as the most predominant phenol in bamboo leaves with excellent antioxidant activity and
anti-inflammatory activity [8,9], especially being isoorientin [10–15]. Similarly, Phyllostachys
glauca McClure leaves (PML), reported to be a natural antioxidant [16], are abundant in
flavonoids and some phenolic acids [17], making them a subject of extensive investigation
in the field of natural products.

However, the major phenols from PML still need to be further explored using a
reasonable extraction method. At present, most of the extraction methods of phenols
from bamboo leaves are the traditional organic solvent extraction method and common
ultrasonic extraction method with methanol or ethanol as solvent. The former has the
disadvantages of low extraction efficiency, high toxicity, and laborious operation. The latter
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only uses ordinary solvent to extract, which still has the disadvantages of high toxicity and
low extraction efficiency [18–21]. Fortunately, deep eutectic solvent (DES), proposed by
Abott in 1999 [22], can be used as a novel solvent with green economy and high extraction
efficiency to replace common solvents, such as methanol and ethanol [23,24]. Therefore, in
this study, the ultrasonic-assisted deep eutectic solvent method was used to extract phenols
from bamboo leaves, with the advantages of high extraction efficiency and low toxicity.
Otherwise, an established Ultra Performance Liquid Chromatography (UPLC) method was
used to determine the phenols content.

This study is aimed at revealing the major phenols from PML with overwhelming
contents compared with other bamboo species leaves, and in exploring the connotative
findings using contents data. Otherwise, establishing an ultrasound-assisted deep eutectic
solvent extraction method with high extraction efficiency is also significant for the efficient
utilization of nature products.

2. Materials and Methods
2.1. Materials
2.1.1. Solvents

Methanol (HPLC grade, J.T. Baker, Shanghai, China), Acetonitrile (LC-MS grade,
J.T. Baker, Shanghai, China), Choline chloride (AR grade, Shanghai Aladdin Biochemical
Science and Tech-nology Co., Ltd., Shanghai, China), Formic acid (LC-MS grade, Fisher
Scientific, Waltham, MA, USA), Ethylene glycol (AR grade, J.T. Baker, Shanghai, China),
Anhydrous ethanol (AR grade, Beijing Tongguang Fine Chemical, Beijing, China), Deion-
ized water, Neochlorogenic acid standard (HPLC grade, so-dium columbite bio, Chengdu,
Sichuan, China), Chlorogenic acid standard (HPLC grade, sodium columbite bio, Chengdu,
Sichuan, China), Cryptochlorogenic acid standard (HPLC grade, sodium columbite bio,
Chengdu, Sichuan, China), Isoorientin standard (HPLC grade, Source Leaf Bio, Shanghai,
China), and Orientin standard (HPLC grade, Source Leaf Bio, Shanghai, China).

2.1.2. Instruments

A Yunbang YB-500 multifunctional pulverizer (Yongkang Speed Front Industry &
Trade Co., Ltd., Jinhua, Zhejiang, China), JXFSTPRP-24 Automatic sample rapid grinder
(Shanghai Jingxin Business Development Co., Shanghai, China), MP5002 electronic balance
(Shanghai Hengping Scientific Instrument Co., Ltd., Shanghai, China), ISO9001 precision
electronic balance (Sartorius, Gottingen, Niedersachsen, Germany), HH.SY11-Ni Elec-
trothermal constant-temperature water bath pot (Beijing Changfeng Instrumentation Co.,
Ltd., Beijing, China), Intelligent digital display constant-temperature water bath (Tianjin
Sateri Experi-mental and Analytical Instrument Manufacturing Factory, Tianjin, China),
KQ-800E Ultrasonic Cleaner (Kunshan Ultrasonic Instrument Co., Ltd., Suzhou, Jiangsu,
China), TB1677-MD 4C NT Vacuum pump (Vacuubrand, Wertheim, Baden, Germany),
1290 Infinitely series ultra-high–performance liquid chromatography (UPLC) (Agilent Tech-
nologies, Santaclara, CA, USA), and a TGL-16C Benchtop Centrifuge (Shanghai Anting
Scientific Instruments, Shanghai, China).

2.1.3. Bamboo Leaves

Eighteen mature, disease-free, pest-free, intact bamboo leaves were harvested from the
National Botanical Garden (Beijing, China) in October 2023 and authenticated by researcher
Wang Jinge of the National Botanical Garden, including Phyllostachys glauca f. yunzhu,
Phyllostachys glauca McClure, Phyllostachys glauca var. variabilis, Phyllostachys propinqua, Phyl-
lostachys aureosulcata “Spectabilis”, Phyllostachys bissetii McClure, Phyllostachys aureosulcata
McClure, Phyllostachys iridescens C. Y. Yao, Pleioblastus kongosanensis f. aureostriatus, Pleioblas-
tus gozadakensis Nakai, Pseudosasaja-ponica (Sieb. et Zucc.) Makino, Pleioblastus argenteostriatus,
Pleioblastus fortunei v.Houtte Nakai, Shibataea chinensis Nakai, Shibataea lanceifolia C. H. Hu,
Hibanobambus tranguillans f. shiroshima H. Okamura, Indocalamus decorus Q. H. Dai, and
Indocalamus tessellatus (Munro) P. C. Keng.
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All of the bamboo leaves were stored at the International Centre for Bamboo and Rat
tan (ICBR), Beijing, China.

2.2. Experimental Preparation
2.2.1. Preparation of DES

The preparation of DES referred to the literature [25]. Choline chloride (AR grade)
and ethylene glycol (AR grade) were accurately weighed in a 1:2 molar ratio and placed
in a 1000 mL flat-bottomed flask, which was heated in an electrically heated thermostatic
water bath at 80 ◦C with stirring for 1 h until the solution was translucent, homogeneous,
and clarified.

2.2.2. Extraction of Phenols from Bamboo Leaves

Bamboo leaves were cleaned with deionized water and shade-dried at room tempera-
ture. Then, dried bamboo leaves were placed in a multifunctional pulverizer to smash into
the bamboo leaf residues. The obtained bamboo leaf residues were put into the automatic
sample rapid-grinding machine in batches of 1 min, with a pre-set frequency of 60 Hz to
grind into bamboo powder. The obtained bamboo powders were stored in the refrigerator
at −80 ◦C for use.

One gram of bamboo powder was extracted using the ultrasonic extraction method
with the DES (Choline chloride and ethylene glycol in molar ratio 1:2) each time at a
temperature of 50 ◦C. Subsequently, the crude extract was subjected to vacuum suction
filtration using a Buchholz funnel for 5 min.

2.3. Establishment of the UPLC Method
2.3.1. Preparation of Sample Solution

The extract obtained after vacuum suction filtration was filtrated through a 0.22 µm
filter membrane for analysis using UPLC, with an extraction time of 30 min, water content
in DES of 40%, and solid-to-liquid ratio of 1:15.

2.3.2. Chromatographic Conditions

An Agilent Proroshell 120 EC-C18 chromatographic column (150 mm × 2.1 mm,
2.7 µm) was used. Formic acid solution (0.1%) was used as mobile phase A, and acetonitrile
was used as mobile phase B. The elution conditions were 0–40 min and 10–15% mobile
phase B. The column temperature was set at 35 ◦C. The injection volume was 1 µL, and
the flow rate was 0.08 mL/min. The wavelength of the diode array detector (DAD) for the
determination of neochlorogenic acid, chlorogenic acid, and cryptochlorogenic acid was
325 nm, and the wavelength for the determination of isoorientin and orientin was 345 nm.

2.3.3. Preparation of the Mixed Standard Stock Solution

Standard solutions of neochlorogenic acid, chlorogenic acid, cryptochlorogenic acid,
isoorientin, and orientin were individually prepared in 10 mL volumetric flasks using
methanol as the solvent to yield concentrations of 0.25 mg/mL. Sequentially, 1 mL of each
solution was transferred and combined to create a mixed standard stock solution.

Chromatogram comparison and methodological verification: DAD chromatograms
of the sample solution and mixed standard stock solution were compared at 325 nm and
345 nm. Retention time and ultraviolet (UV) spectral data were used for the qualitative
identification of the 5 phenols in PML. The linear relation and sensitivity were determined
by diluting each standard solution by half 7 times. Furthermore, the precision, sample
stability, measurement reproducibility, and accuracy were investigated.

2.3.4. Quantitative Determination Using UPLC

The content of phenols in sample solutions was determined using UPLC, and each
measurement was conducted parallelly in triplicate.
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2.4. Optimization of the Process Conditions of Ultrasound-Assisted Deep Eutectic
Solvent Extraction
2.4.1. Single-Factor Test

The effects of extraction time, water content in DES, and solid-to-liquid ratio on the
total phenol content were studied using a single-factor test.

2.4.2. Orthogonal Test

L9 (33) was used to conduct an orthogonal test, building upon the results from the
single-factor test. Thus, the most optimal process conditions, as well as the degree of
dominance and significance of each factor, were determined. The orthogonal test factor
level is shown in Table 1.

Table 1. Orthogonal factors level table.

Factors

A (min)
Extraction Time

B (%)
Water Content in DES

C (g/mL)
Solid-to-Liquid Ratio

20 30 1:20
30 40 1:25
40 50 1:30

Next, a comparison was made among the common ultrasonic extraction method using
methanol or ethanol as solvents, the traditional organic solvent extraction method, and the
ultrasound-assisted deep eutectic solvent extraction method in terms of total phenol content.

A traditional organic solvent extraction method referred to the literature [26]. Fifty
grams of bamboo powder was placed in a 1000 mL round-bottom flask, adding 500 mL of
anhydrous ethanol for three hot reflux extractions. Each extraction was 6 h. The extraction
temperature was set at 60 ◦C. Then, the filtrates were combined to reduced pressure
filtration. Subsequently, we transferred 1 mL of the extract passed through a 0.22 µm filter
membrane, and injected it for detection.

2.5. Determination of the Content in the Leaves of Different Bamboo Species

The content of phenols in bamboo leaves was analyzed using the UPLC method
established in this study.

3. Results and Discussion
3.1. UPLC Characterization

Neochlorogenic acid, chlorogenic acid, cryptochlorogenic acid, isoorientin, and ori-
entin were identified in the PML. The five phenols have positive biological activities [27–31],
involving antioxidant, anti-inflammatory, antibacterial, anti-cancer, and antiviral activities.
The structures of these compounds are illustrated in Figure 1.

DAD chromatograms of the sample solution and mixed standards are shown in
Figure 2.

Compounds 1, 2, 3, 4, and 5 in PML were qualitatively identified based on their
retention times in the DAD chromatogram and UV spectral data. The relative standard
deviations (RSDs) of the retention times of compounds 1, 2, 3, 4, and 5 were 0.09%, 0.06%,
0.11%, 0.15%, and 0.10%, respectively.
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of mixed standards at 325 nm.

3.2. Methodological Verification
3.2.1. Linear Relation and Sensitivity

Standard linear equations were established using concentration as the abscissa and
peak area as the ordinate. A strong correlation between the peak area and concentration, as
well as the high sensitivity of the instrument, can be seen in Table 2.
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Table 2. Linear relation and sensitivity.

Compounds Linear Function Correlation
Coefficient (R2)

Linear Range
(µg/mL)

LOD
(µg/mL)

LOQ
(µg/mL)

Neochlorogenic acid Y = 35,164.75X + 119.66 0.9998 3.91~250.00 0.30 0.90
Chlorogenic acid Y = 51,171.93X + 55.34 0.9999 3.91~250.00 0.30 0.90

Cryptochlorogenic acid Y = 31,457.10X - 3.30 0.9998 3.91~250.00 0.30 0.90
Isoorientin Y = 36,908.03X + 84.71 0.9993 3.91~250.00 0.30 0.90
Orientalin Y = 44,372.87X + 20.90 0.9999 3.91~250.00 0.30 0.90

Note: Limit of detection (LOD) is the minimum concentration for a substance to be detected. The limit of
quantification (LOQ) is the minimum concentration for a substance to be quantitatively determined.

3.2.2. Instrument Precision, Sample Stability, Measurement Reproducibility, and Accuracy

The RSDs of the peak areas for compounds 1, 2, 3, 4, and 5 were 0.46%, 0.29%, 0.19%,
0.34%, and 0.07%, respectively, as determined by five consecutive injections of the standard
mixing stock solution. These findings demonstrate the excellent precision of the instrument.

The sample solution was injected five times at 3 h intervals in one day to assess the
intra-day stability based on the RSDs of the peak areas. Similarly, the inter-day stability
was assessed by injecting the sample solution at the same time over five consecutive days.
The RSDs of the peak areas of compounds 1, 2, 3, 4, and 5 for assessing intra-day stability
were 0.36%, 0.18%, 0.64%, 1.08%, and 1.75%, respectively. Similarly, the RSDs of the peak
areas of compounds 1, 2, 3, 4, and 5 for assessing inter-day stability were 0.72%, 0.88%,
1.44%, 0.47%, and 1.15%, respectively. These findings demonstrate the excellent stability of
the sample solution.

Six sample solutions prepared in different batches were injected to assess their repro-
ducibility by determining the RSDs of the peak areas of compounds 1, 2, 3, 4, and 5. The RSDs
of the peak areas of compounds 1, 2, 3, 4, and 5 were 1.37%, 1.07%, 1.19%, 0.89%, and 1.14%,
respectively, which demonstrated the excellent reproducibility of the extraction method.

Nine samples of bamboo powders (1 g each) of known content were precisely weighed
and divided into three groups and labeled as A, B, and C. Each group was supplemented
with a known standard solution at low, medium, and high concentrations, respectively, and
the recovery was calculated. The results are shown in Table 3.

Table 3. The results of recovery.

Compounds Original
Quantity (mg/g)

Added
(mg/g)

Measured
(mg/g)

Recovery
(%)

RSD (%)
(n = 3)

Neochlorogenic acid
0.618 0.300 0.902 94.78 3.03
0.618 0.600 1.234 102.66 0.74
0.618 0.900 1.480 95.82 0.79

Chlorogenic acid
0.383 0.200 0.589 102.83 3.68
0.383 0.400 0.772 99.75 1.81
0.383 0.600 0.924 90.22 0.75

Cryptochlorogenic
acid

0.368 0.200 0.532 82.00 2.20
0.368 0.400 0.780 103.00 2.52
0.368 0.600 0.970 100.28 2.83

Isosaxonin
0.385 0.250 0.623 95.07 1.75
0.385 0.400 0.722 84.25 1.07
0.385 0.600 0.948 93.89 1.73

Orientalin
0.038 0.025 0.060 88.00 9.09
0.038 0.035 0.069 89.52 4.87
0.038 0.060 0.089 82.78 5.07

The recovery outcomes illustrate the high accuracy of the determined content. The
contents of compounds 1, 2, 3, 4, and 5 from PML under the process conditions of 30 min
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of extraction time, 40% of water content in DES, and 1:15 of solid-to-liquid ratio were
0.618 ± 0.0038 mg/g, 0.383 ± 0.0017 mg/g, 0.368 ± 0.0012 mg/g, 0.385 ± 0.0026 mg/g,
and 0.038 ± 0.0020 mg/g, respectively, and the total content was 1.792 mg/g.

3.3. Optimization of Process Conditions
3.3.1. The Single-Factor Test

The effects of extraction time, water content in DES, and solid-to-liquid ratio on the
content of total phenols are shown in Figures 3–5.
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Figure 3 shows a notable increase in the content of total phenols from 10 min to 30 min,
with the total content peaking at 30 min. Next, the content of total phenols exhibits a steady
decline from 30 min to 40 min. Finally, there is a noticeable decrease from 40 min to 50 min.
This trend likely stems from the challenge of achieving complete extraction at 10 min and
20 min. On the other hand, phenols undergo decomposition at excessively prolonged
extraction times such as 40 min and 50 min. Consequently, 30 min of the extraction time
was associated with the highest content (Figure 3), and 20, 30, and 40 min of extraction
times were used for the orthogonal test.

Apart from the range of 20% to 30%, the upward trend in the content of total phenols
(Figure 4) was less steep than 30% to 50% (Figure 3), with the content of total phenols
peaking at 50%. On the other hand, a notable downward trend of 50% to 60% was noted.
This trend could be reasonably attributed to the reduction in the viscosity of DES after
the addition of water, which enhanced the solubility of phenols in DES (Figure 4). Conse-
quently, there was a consistent increase in the content of total phenols from 30% to 50%.
Nevertheless, the saturation of the dissolution ability of DES after the addition of water led
to a stagnation in the increasing trend in total phenol content, causing it to drop from 50%
to 60% [32,33]. In summary, the orthogonal test using 30%, 40%, and 50% of water content
in DES were conducted.

In Figure 5, a surge in the content of total phenols can be observed from 1:10 to 1:15,
which is attributable to the challenge of achieving complete infiltration of bamboo powders
using DES, resulting in a low total phenol content at 1:10. Subsequently, a steady increase
in the content of total phenols can be noted from 1:15 to 1:25, culminating in an inflection
point at 1:25. The increase in solid-to-liquid ratio may decrease the viscosity of DES, thereby
enhancing the dissolution capacity of DES until saturation [34]. Consequently, 1:20, 1:25,
and 1:30 of solid-to-liquid ratios were used for the orthogonal tests.

3.3.2. The Single-Factor Test

Results from the orthogonal test are shown in Table 4.
SSPS statistical software version 26 (IBM) was used to perform the main effect analysis,

and the results are shown in Table 5.
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Table 4. Results from the orthogonal test.

No Extraction Time A
(min)

Water Content of DES
B (%)

Solid-to-Liquid Ratio C
(g/mL)

Total Content of Total Phenols
(mg/g)

1 20 30 1:20 1.503
2 20 40 1:30 1.602
3 20 50 1:25 1.784
4 30 30 1:25 2.227
5 30 40 1:20 2.140
6 30 50 1:30 2.086
7 40 30 1:30 1.922
8 40 40 1:25 1.928
9 40 50 1:20 1.841

K1 1.630 1.884 1.828
K2 2.151 1.890 1.980
K3 1.897 1.904 1.870

R 0.521 0.020 0.152

Note: K value is the average value of each level under the same factor. It is used to evaluate the advantage of
each level.

Table 5. Results from the main effect analysis.

Source Sum of Squares df Mean Square F Value p Value

A 0.408 2 0.2039 22.567 0.042
B 0.001 2 0.0003 0.034 0.967
C 0.037 2 0.0184 2.036 0.329

Error 0.018
Note: “p value < 0.05” indicates that the factor has a significant effect on the result.

The order of dominance in the effects on the content of total phenols caused by extrac-
tion time, water content in DES, and solid-to-liquid ratio was extraction time > solid-to-
liquid ratio > water content in DES, as determined using range analysis. The significance of
each factor was examined using a variance analysis. Extraction time has a significant effect
on the content of total phenols, whereas the water content in DES and the solid-to-liquid
ratio did not have a significant effect. On the other hand, the optimal process conditions
were identified based on the K1, K2, and K3 values, which correspond to 30 min of extrac-
tion time, 50% of water content in DES, and 1:25 of solid-to-liquid ratio. The final contents
of compounds 1, 2, 3, 4, and 5 from PML were determined to be 0.793 ± 0.0017 mg/g,
0.491 ± 0.0081 mg/g, 0.485 ± 0.0043 mg/g, 0.465 ± 0.0021 mg/g, and 0.044 ± 0.0005 mg/g,
respectively, resulting in a total content of 2.278 mg/g. Additionally, the results from the
common ultrasonic extraction method using methanol or ethanol as a solvent and the
traditional organic solvent extraction method are shown in Table 6.

Table 6. The results from common ultrasonic extraction method and traditional organic solvent
extraction method.

Compounds Ultrasonic Extraction Methanol
as Solvent (mg/g)

Ultrasonic Extraction Ethanol
as Solvent (mg/g) Traditional Organic Solvent

Neochlorogenic acid 0.691 ± 0.0044 0.839 ± 0.0035 0.727 ± 0.0044
Chlorogenic acid 0.432 ± 0.0015 0.527 ± 0.0030 0.471 ± 0.0006

Cryptochlorogenic acid 0.422 ± 0.0026 0.505 ± 0.0047 0.436 ± 0.0015
Issorientin 0.278 ± 0.0035 0.105 ± 0.0021 0.589 ± 0.0006
Orientin 0.011 ± 0.0006 / 0.030 ± 0.0006

Total content 1.834 1.976 2.253

Note: “/” indicates that the relative constituent was not detected.
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The common ultrasonic extraction method using methanol as a solvent resulted in the
content of total phenols that was 19.49% lower than the method used in this study. The
content of total phenols obtained after common ultrasonic extraction using ethanol as a
solvent was 13.26% lower than the method used in this study. Otherwise, the content of
total phenols obtained in this study was 1.10% higher than the traditional organic solvent
extraction method undergoing hot reflux for a long time. These findings demonstrate the
advantage of ultrasound-assisted deep eutectic solvent extraction on extraction efficiency
compared with the common ultrasonic extraction method and the traditional organic
solvent extraction method. Therefore, this method could be effectively used to extract
phenols from bamboo leaves owing to its high extraction efficiency and low toxicity.

3.4. Analysis of the Contents of 5 Phenols from the Leaves of 18 Bamboo Species

Detailed information on the contents of five phenols from the leaves of 18 bamboo
species are shown in Table 7.

Table 7. Information on the contents of five phenols from the leaves of 18 bamboo species.

NO Latin Name Neochlorogenic
Acid (mg/g)

Chlorogenic
Acid (mg/g)

Cryptochlorogenic
Acid (mg/g)

Issorientin
(mg/g) Orientin (mg/g)

Total
Content
(mg/g)

1 Phyllostachys glauca f.
yunzhu 0.172 ± 0.0021 0.118 ± 0.0006 0.167 ± 0.0012 0.005 ± 0.0003 / 0.506

2 Phyllostachys glauca 0.793 ± 0.0017 0.491 ± 0.0081 0.485 ± 0.0043 0.465 ± 0.0021 0.044 ± 0.0005 2.278

3 Phyllostachys glauca var.
variabilis 0.271 ± 0.0020 0.174 ± 0.0025 0.188 ± 0.0006 0.120 ± 0.0017 / 0.749

4 Phyllostachys propinqua 0.018 ± 0.0010 0.025 ± 0.0002 0.037 ± 0.0030 0.261 ± 0.0020 / 0.341

5 Phyllostachys aureosulcata
“Spectabilis” 0.059 ± 0.0012 0.047 ± 0.0006 0.092 ± 0.0012 0.105 ± 0.0020 / 0.303

6 Phyllostachys bissetii
McClure 0.184 ± 0.0015 0.098 ± 0.0010 0.161 ± 0.0012 0.057 ± 0.0003 / 0.500

7 Phyllostachys aureosulcata
McClure 0.296 ± 0.0100 0.267 ± 0.0038 0.218 ± 0.0047 0.174 ± 0.0040 0.018 ± 0.0006 0.973

8 Phyllostachys iridescens C. Y.
Yao 0.154 ± 0.0020 0.155 ± 0.0012 0.140 ± 0.0035 0.283 ± 0.0087 / 0.732

9 Pleioblastus kongosanensis
aureostriatus / 0.007 ± 0.0002 0.024 ± 0.0006 0.124 ± 0.0012 / 0.155

10 Pleioblastus gozadakensis
Nakai 0.119 ± 0.0076 0.102 ± 0.0026 0.112 ± 0.0006 0.100 ± 0.0047 / 0.433

11 Pseudosasajaponica (Sieb. et
Zucc.) Makino 0.155 ± 0.0015 0.094 ± 0.0006 0.120 ± 0.0012 0.112 ± 0.0006 / 0.481

12 Pleioblastus argenteostriatus / / / 0.202 ± 0.0015 / 0.202

13 Pleioblastus fortunei v.Houtte
Nakai 0.167 ± 0.0010 0.119 ± 0.0010 0.127 ± 0.0002 0.305 ± 0.0044 / 0.718

14 Shibataea chinensis Nakai 0.157 ± 0.0017 0.102 ± 0.0006 0.153 ± 0.0006 0.122 ± 0.0012 / 0.534
15 Shibataea lanceifolia C. H. Hu 0.305 ± 0.0044 0.238 ± 0.0015 0.145 ± 0.0021 0.189 ± 0.0010 / 0.877

16 Hibanobambus tranguillans
f.shiroshima H. Okamura 0.432 ± 0.0050 0.284 ± 0.0040 0.275 ± 0.0025 0.167 ± 0.0036 / 1.158

17 Indocalamus decorus Q. H.
Dai / / 0.039 ± 0.0001 0.099 ± 0.0026 / 0.138

18 Indocalamus tessellatus
(Munro) P. C. Keng 0.128 ± 0.0010 0.097 ± 0.0020 0.120 ± 0.0012 0.143 ± 0.0020 / 0.488

Note: “/” indicates the relative constituent was not detected.

PML were found to contain the highest contents of five phenols, which were 0.793
± 00.17 mg/g, 0.491 ± 0.0081 mg/g, 0.485 ± 0.0043 mg/g, 0.465 ± 0.0021 mg/g, and
0.044 ± 0.0005 mg/g for compounds 1, 2, 3, 4, and 5, respectively, and the total content
was 2.278 mg/g. The content of the five phenols in the leaves of all bamboo species was
predominantly presented in PML regardless of whether it pertained to the individual or
total content. Therefore, PML have significant application values owing to the presence
of abundant and significant phenols. Otherwise, the average contents of compounds 1,
2, 3, 4, and 5 in the leaves of the 18 bamboo species were calculated to be 0.189 mg/g,
0.134 mg/g, 0.145 mg/g, 0.168 mg/g, and 0.003 mg/g, respectively, and compounds 1, 2,
and 3, which are commonly identified in honeysuckle [35], were detected simultaneously in
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the leaves of the 15 bamboo species. Hence, compounds 1, 2, and 3 can also be identified as
the significant phenols in the tested bamboo leaves in addition to flavonoids. In summary,
PML, as a kind of economical natural product material, can be considered as a significant
source of the five phenols with significant application values, and can also be regarded as
a novel approach for using compounds 1, 2, and 3 to expand its application potential in
food [36], pharmaceutical [37], and cosmetic [38] industries. However, other bamboo species
having higher phenol content in leaves are still waiting to be found. Otherwise, the specific
application of PML needs to be furthermore explored under the conclusion of this study.

4. Conclusions

Ultrasound-assisted deep eutectic solvent extraction showed low toxicity and high
extraction efficiency for extracting phenols from bamboo leaves compared with common
ultrasonic extraction using methanol or ethanol as a solvent and traditional organic solvent
extraction methods. The contents of neochlorogenic acid, chlorogenic acid, cryptochloro-
genic acid, isoorientin, and orientin from PML measured using UPLC were determined to
be 0.793 ± 00.17 mg/g, 0.491 ± 0.0081 mg/g, 0.485 ± 0.0043 mg/g, 0.465 ± 0.0021 mg/g,
and 0.044 ± 0.0005 mg/g, respectively, and the total content was 2.278 mg/g, which was
found to be the highest among all the bamboo leaves examined. Furthermore, compounds
1, 2, and 3 were simultaneously detected in the 15 leaves of bamboo species, especially in
PML. Therefore, compounds 1, 2, and 3 can be considered as the primary phenols in the
tested bamboo leaves. Overall, this study highlights the significant values of the use of
PML in food, pharmaceutical, and cosmetic industries, and offers a novel approach to the
resource utilization of compounds 1, 2 and 3, which is attributable to the abundant and
significant phenols content and economy of PML.
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